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He who knows and knows he knows
He is a wise man, seek him.
He who knows and knows not he knows,
He is asleep, wake him.
He who knows not and knows he knows not,
He is a child, teach him.
He who knows not and knows not he knows not,
He is a fool, shun him.

—Anonymous
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Forensic pathology is perhaps the smallest of medical
specialties, yet it is one that is often in the forefront of
intense public interest. Indeed, the forensic pathologist is
the community pathologist who relates to the next of kin
and allied professionals including law enforcement per-
sonnel, public health officials, attorneys in civil and crim-
inal cases, physicians, insurance companies, and many
others.

The overall duties of the forensic pathologist or
medical examiner are to investigate the death of an indi-
vidual, assimilate all the medical, scientific and eviden-
tiary information, and relate this to the lay public and, if
necessary, to a court of law. It is axiomatic that the death
investigation begins at the scene of death (or where the
fatal incident began if death occurred at a different time
or place). It is frequently at the scene visit that the
medical examiner learns about the terminal events pre-
ceding death and other critical information about the
decedent. Oftentimes, the medical examiner personally
responds to the death scene to gain a better appreciation
of the circumstances of death and determine the best
approach to the autopsy to eventually answer antici-
pated questions. Therefore, the primary purpose of the
scene visit is to guide the further investigation of the
pathologist, and this may also incidentally aid law
enforcement personnel at the scene as well.

Traditionally, the forensic pathologist has been
charged with determining the “cause and manner of
death” of those decedents falling within the medical
examiner’s or coroner’s jurisdiction. In reality, the cause
and manner of death are already known in a great many,
if not the majority, of cases. Indeed, the next of kin may
be more concerned with the effects of chronic alcohol or
drug abuse than knowing that the actual cause of death
was due to coronary artery disease, and a criminal
defense attorney may be more concerned about the
effects of cocaine than the pathway of the bullets through
the body. Hence, the real, but often unstated, focus of the

forensic pathologist is to identify, document, and pre-
serve everything of a potentially evidentiary nature.
Indeed, the “art of forensic pathology” is to anticipate the
questions that will be asked in the future: today, tomor-
row, and several years from today. Most importantly, the
forensic pathologist must, as accurately as possible,
provide answers to such questions and problems which
may not be apparent even at the time of the autopsy. For
example, an attorney walked into a medical examiner’s
office one day about an automobile crash that occurred
4 years earlier. The reason for the crash was that a con-
struction company failed to replace a stop sign, and two
cars collided at the intersection with one of the vehicles
(containing the decedent driver) having a secondary
impact with an illegally placed utility pole. Because the
scene and autopsy findings were meticulously docu-
mented, it could be determined after all this time that it
was the impact with the utility pole that resulted in the
fatal injury. This, in turn, permitted a wrongful death
action against the municipality.

Unfortunately, answers are not always satisfactory, as
anyone who has had to express an opinion as to time of
death can readily appreciate. Also, answers may not
always be easy or readily acceptable to others: a mother
may find it difficult or impossible to accept that a death
was a suicide, or was the result of drug abuse. Lastly,
there are times when the most honest thing to say is 
“I don’t know”, in lieu of creating a specious theory 
of death not supported by historical, pathological, or 
scientific evidence.

This is a time in which “high tech” forensic science has
captivated the attention and imagination of the general
public and scientists alike. Yet the basic tool of the foren-
sic pathologist is the “low tech” autopsy. The actual
autopsy procedure has not substantially changed from
the days of Virchow and Rokitansky, yet it readily pro-
vides a wealth of information from direct observations
to providing the raw material for further, often highly

Foreword
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sophisticated, scientific investigation. At the autopsy
table, however, the prosector must be acutely aware of a
number of factors. First, that the forensic autopsy is the
first laboratory exercise in the death investigation.
Second, that what is not found, may have equal or even
greater importance than the actual autopsy findings (e.g.,
there is no evidence of homicidal strangulation). Third,
the autopsy findings must be correlated with the termi-
nal events and scene of death, with the lack of correla-
tion mandating additional investigation. Fourth,
observations must be objective, allowing room for inter-
pretation as additional information surfaces. Further
medical or police investigation, chemical and toxicolog-
ical analysis, histologic sections, and a host of other
potential postmortem procedures will all modify the
interpretation of the autopsy findings. Not infrequently,
the speculative opinions expressed at a death scene or at
the autopsy table lead to additional investigation and
testing that generate opinions which may be entirely dif-
ferent from those initially expressed.

The jurisdiction of the coroner or medical examiner is
generally divided into three categories: sudden unex-
pected death while in apparent good health, suspicion
for unnatural death, and a potential or perceived threat
to public health. Once jurisdiction is assumed, the deci-
sion must be made as to how much of an investigation
is necessary. Unfortunately, excuses are too frequently
conjured to avoid doing an autopsy: the “obvious”
suicide, motor vehicle crash victims, the 85-year-old man
found dead at home with no medical history, etc. In
reality, there are two very good reasons to autopsy the
“obvious:” one is that sometimes the “obvious” is not
(e.g., the presumed “heart attack” victim has internal evi-
dence of head trauma or strangulation), and the second
is that the public we serve expects answers to questions
that are not necessarily related to the cause of death.

Only a few decades ago, forensic pathology was a spe-
cialty of obscurity that existed in poorly staffed, grossly
under-funded, and poorly equipped morgues. Today, the
practice of forensic pathology is more sophisticated and
better organized with thriving professional organiza-
tions and interactions with a host of other organizations.
Today, forensic pathologists examine and interpret injury
patterns and patterned injuries on living individuals 
as well as deceased victims of violence, are actively
involved in organ and tissue procurement organizations,
are central to mass disaster management and scientific
victim identification, and, through research, identify
hazards in the environment, from dangerous toys to dan-
gerous drugs. Today’s heightened awareness of bioter-
rorism emphasizes the role of the forensic pathologist in
medical surveillance.

As forensic pathology has progressed, so have the lit-
erature and the texts improved over the years. Forensic
Pathology: Principles and Practice is an example of such an
achievement, being a well-researched text with practical
guidelines and numerous, excellent photographs. This is
a significant contribution that will help the novice and
expert alike achieve the public service goals of forensic
pathology: to investigate death for the benefit and pro-
tection of the living.

Charles V. Wetli, M.D.
Chief Medical Examiner and Director of Forensic

Sciences
Suffolk County, New York

Clinical Professor of Pathology
State University of New York at Stony Brook

Hauppauge, New York
February 2005
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We have written this book as an educational aid to
help those in the field of medicolegal death investigation
learn not only the principles of forensic pathology, but
also the somewhat more nebulous subtleties of the prac-
tice of forensic pathology. This is best achieved, we feel,
by the careful and thoughtful integration of pictures and
text, presented in a clear, succinct format that is useful
not only for forensic pathologists, but also for field
agents/investigators, homicide detectives and other law
enforcement personnel, prosecuting and defense attor-
neys, clinicians, and all others wishing to advance their
knowledge in this demanding yet rewarding field. 
Photographs are important because a large part of 
learning is derived from pattern recognition and other
visual cues that simply cannot be described, no matter
how detailed or colorful a textual description.

We have tremendous respect for this profession and
share great enthusiasm in our work. Every day is an
opportunity to learn, and provide answers to loved ones,
law enforcement officials, and others regarding the
untimely demise of an individual. Whether it is helping
to positively identify unknown remains, determining
how and why a death came about, or providing other
important information, knowing that our work benefits
others, sometimes in profound and unimaginable ways,
is satisfying and humbling at the same time. For the
opportunity to provide this expertise, we thank all those
who have taught, and continue to teach us—our
mentors, colleagues, police detectives, and perhaps most
of all, the decedents, who have much to teach us, should
we choose to be receptive. With this book, we hope to
return some of that knowledge, and help others realize
what an enlightening, stimulating, and challenging pro-
fession forensic pathology is.

David Dolinak, M.D.
Evan Matshes, M.D.

Emma Lew, M.D.
February 2005

The determination of the cause and manner of sudden,
unexpected, and violent deaths represents the practice of
a distinct and recognized medical specialty called foren-
sic pathology. Simply speaking, forensic pathology can
be defined as the application of knowledge from medi-
cine and pathology to problem solving in the field of law.

Who are forensic pathologists? Contrary to popular
belief, forensic pathologists are not socially isolated base-
ment dwellers who perform autopsies in their dimly lit
morgues, nor are they flamboyant, volatile celebrities
who drive to scenes in Hummers. First and foremost,
forensic pathologists are physicians. As such, they are
knowledgeable in human form and function, its
derangements, and the interrelationship between health,
trauma, toxin, and disease at both the individual and
community levels. This understanding of medicine is
fundamental to the practice of forensic pathology, and
must never be subjugated or negated. After training as
medical doctors, forensic pathologists undertake a 4-year
or longer period of postgraduate training in anatomic
and or general/clinical pathology, followed by at least 1
year of subspecialty training in forensic pathology. At
each step along the way, these individuals write and pass
local, regional, and national examinations and thus,
demonstrate their comprehension of the subject matter.
The attainment of board certification is a standard and
accepted way for physicians in all specialties to demon-
strate competency in their area of practice.

Throughout this long training course, the junior foren-
sic pathologist has performed hundreds of autopsy and
scene investigations under the direct supervision of
trained and certified experts in the field who are also
enthusiastic and seasoned educators. In reality, this type
of training is not universally available in training pro-
grams. To compensate, students turn to books and other
literature in hopes of obtaining additional knowledge.
When one takes a serious look at the myriad of forensic
pathology books available, a few notable publications
stand out. Works by DiMaio, Spitz, Polson, Gee, and
Knight are among the resources most commonly studied
by the neophyte and the experienced pathologist.

Preface
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Located within the Medical Examiner Department of
Miami-Dade County, Florida, is an unpublished “book”
with more than 81,000 “chapters,” each “chapter” a 
separate death investigation file and each containing an
integration of circumstance data with autopsy data. This
“book” covers four decades of a working career as the
director of the agency. Lessons learned from this “book”
constitute personal knowledge of the innumerable vari-
ations of presentations of disease and injury, and they far
exceed space limitations imposed by any atlas, text, or
monograph. This “book” has not been published, but
portions have been used for training of forensic pathol-
ogists, police investigators, and many others engaged in
forensic or health-related vocations.

A forensic pathology article or book is never complete.
It is impossible to publish everything known on any
subject. Each death investigation differs from another in
some fashion. Each death investigation contains some
unique quality. For this reason, the user of a text or atlas
must be aware that a description or illustration repre-
sents only one of countless variations. A grievous error
is the assumption that an observation at autopsy cannot
represent what the circumstances suggest because that
pattern does not appear in a book or has not been
encountered during prior experience. An autopsy
pattern that is new to the observer is most likely associ-
ated with the particular case’s circumstances. To opine
that something is not simply because one has not previ-
ously seen or heard of it is illogical.1 A grievous example
occurred in a case of mutilation by dog . Two separate
child abuse experts, seeing a localized loss of tissue and
flesh on the lower abdomen, entered into the hospital

record the same conclusion: “I don’t know what it is, but
it is not dog” when, in fact, the entire milieu of injury
plus circumstance was unequivocally dog induced. An
innocent mother was jailed based on this fallacy. Over-
reliance on only part of available evidence is perilous. A
good forensic pathologist is always capable of learning
something valuable from each case investigation.

Case investigation

A forensic pathology investigation is not merely a matter
of autopsy performance and determination of cause 
and manner of death. A series of steps comprises the
totality of the investigation. Fulfillment of these steps
strengthens—and omission weakens—the investigation
and conclusions of the forensic pathologist, the medical
examiner, or the coroner. The case folder of a proper
forensic death investigation consists of documentation of
scene and circumstances and autopsy using photogra-
phy, diagrams, and text. The autopsy must not be rote; it
must instead be goal oriented. It should demonstrate
variations of topic emphasis and be readily understood
by the reader. Injuries and medical interventions must be
differentiated from each other. Interpretations and con-
clusions must be based on sound medical principles and
cognition. Failure to follow these principles may result
in wrongful convictions and liabilities for the forensic
pathologist.

The initial step in the logical approach to forensic
problem solving is documentation. If one does not rec-
ognize something at the death scene, or something on or
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in the body, or the significance of a witness statement,
proper documentation will ensure that future correct
interpretations can be made. If initial documentation is
poor, no amount of later intelligent appraisal may correct
initial errors of interpretation.

Proper documentation, in terms of clarity, commences
with photographs. No word description can ever dupli-
cate that which has been captured by a photograph.
Before one writes words of description, thought
processes have already altered what the eye may have
seen. Subjective influences modify the chosen words.
Cameras can record and document patterns without
alterations induced by the human mind.

Photographs must be proper. The scene should be doc-
umented in an untouched condition before evidence is
disturbed. Commence with a distance photograph, then
a closer picture, and follow that up with an orientation
picture for each close-up or macrophotograph. Without
the orientation picture, the close-up may be incompre-
hensible in its relationships. The same applies to body
photographs during the autopsy. Focus and proper light-
ing are essential. A common error in scene photography,
where sunlight and shadow coexist, is underexposure of
the shadowed portions. Fill flash during daylight must
become part of the photographic routine.

Death scenes are initially filmed undisturbed by the
investigator. When the body is removed, its resting place
should be photographed. At the morgue, initial “as is”
photographs are made for purposes of property man-
agement. From this point onward, the untouched rule no
longer applies. Subsequent photographs must be prop-
erly composed. Extraneous tools, blood, gloved hands,
or background must be removed from view before the
shutter is activated. The identification number should
not detract from photographic quality. A proper ruler
should be present if one-to-one photographic compar-
isons are needed. Lack of proper composition seems
most common when police photographers, familiar with
the need to leave the scene untouched, continue this
practice in the morgue after the body has been altered 
by an autopsy procedure. Extraneous blood, filth, tools,
and background items should be removed and autopsy
features made clean if one is attempting to document
wound details. Photography is a means of communica-
tion. Photographic attention to detail serves to document
with far greater accuracy than any other forms of 
communication.

The individual shown in Image 1.1 committed suicide
by shotgun. Unfortunately, an innocent man was wrong-
fully convicted of this “murder.” The photograph has
atrocious composition; blood, discarded dura, a needle,
a dirty wooden block, and a gloved hand contaminate
the autopsy photograph.

Diagrams and measurements are useful to demon-
strate relationships of objects that appear in photographs
of both scene and body. Autopsy diagrams are of two

types. One type exists as rough notes useful for subse-
quent dictation of the report. The other type is the clari-
fication diagram. The reader of the autopsy report of a
gunshot wound is assisted by a diagram, free of extra-
neous notes, which reveals only location and direction-
ality of gunshot wounds. When attached to the final
report, these clarification diagrams serve to assist reader
comprehension of descriptive text.

Pathologists are taught during residency training to
create word descriptions of autopsy observations. Word
descriptions tend to become stereotypic rote sayings
without purposeful thought. Worse yet, some death
investigative agencies use preprinted forms that contain
short spaces to be filled in. The autopsy record suffers a
lack of orderly description. Although the listed items
may consider all the organs, the order of arrangement
and contracted space result in a short list of findings that
does not create an understanding of the forces that result
in associated injuries.

Reprehensible reports are not complete, are disorga-
nized, and commingle irrelevant effects of therapy with
lesions of concern. The pathologist must be aware of the
particular purpose of the autopsy and how it is to corre-
late with the circumstances leading up to death. A half
century ago, Alan Moritz published an article “Classical
Mistakes in Forensic Pathology,” which must be studied
repeatedly by forensic pathologists during training and
thereafter.2 Errors pointed out by Moritz still contami-
nate the practice of forensic pathology today and most
likely shall continue to do so in the future.

Autopsy report

An ideal autopsy report is goal oriented and based on
awareness of the needs of investigators who must
depend on the report. The pathologist should know what
occurred prior to the autopsy and should present data in
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Autopsy report

a clear and logical order specific to case investigative
needs. The reader should be able to readily comprehend
the thought process and logic of the pathologist.

The report, a word description of the body and its
normal and abnormal expressions, is presented in logical
order for the benefit of the reader. The report should be
comprehensible on first reading. A most useful format
starts with an introduction that paints a word picture of
physical characteristics and prior skin lesions or other
deformities. All too frequently the pathologist demon-
strates a lack of clarity of thought by running together
into one confusing paragraph all descriptive attributes of
the victim. It is suggested that the pathologist acquire
and study a readily available small text on grammar and
writing style.3 The paragraph style of a morning news-
paper may also serve as a useful model.

The next portion is a logically arranged documenta-
tion of external and internal medical intervention,
injuries and marks. Separate clusters of procedures,
those associated with cardiopulmonary resuscitation4

and those associated with surgical and other forms of
therapy, should be individually grouped. This presup-
poses that the pathologist has requested and received the
terminal medical records of the victim, including rescue
paramedic reports. Most reprehensible is the pathologist
who assigns evidence of homicide to therapeutic injuries.
Endotracheal tubes produce marks on lips and larynx.
Adhesive tape on baby skin leaves linear red marks. 
Cardiopulmonary resuscitation (CPR) can, albeit rarely,
rupture the liver or spleen and extravasate blood into the
peritoneal cavity. Should internal abdominal injuries and
bleeding be present in a child or adult who has been
subject to CPR, numerous microscopic slides should be
prepared from margins of torn viscera and from
retroperitoneal hemorrhagic tissues in a search for
healing changes of preexisting injury obscured by CPR
artifacts. Never attribute CPR artifacts to preexisting
injury.

Innocent people have suffered arrest and incarceration
due to negligence by a pathologist who fails to separate
cardiopulmonary resuscitation artifacts from those that
represent inflicted injury. Invariably the pathologist has
violated the cardinal rule of reading and understanding
medical records in order to sort injury patterns into 
categories of relevance.

Next is the evidence of injury section. A wound that
penetrates skin must be documented as a single wound
from beginning to end. A pathologist who assigns a
wound number to the bullet entry and another to the
bullet exit while listing the internal injuries elsewhere in
the report displays an illogical mind-set and lack of com-
petency to perform forensic investigations. The purpose
of the autopsy description is clarity, not confusion. The
reader should be able to visualize mentally where the
bullet entered, what it did during its passage, and where
it exited.

Most forensic pathologists do a reasonable job of 
documenting the entry and exit portions of a gunshot
wound pathway, including listing of internal organ
damage. Overlooked are measurements that create the
“wound profile.”5 The profile consists of internal mea-
surements of the length and diameter of the residual
wound pathway left behind by the bullet. This is useful
in assessment of the variables of tissue susceptibility to
permanent injury, a factor dependent on elasticity of
tissue, energy, and projectile size and configuration. The
depth of passage of a bullet within the tissues of the body
may offer clues as to range of fire. A bullet traveling 
a great distance loses velocity due to air resistance. 
Lack of expected depth of penetration might indicate
that the bullet was fired from a great distance instead 
of from close by, an observation useful to police 
investigators.

Of little use is the description of the entry as being “15
inches from the top of the head and 4 inches to the right
of the midline.” What mental image does this descrip-
tion furnish? The initial description should locate the
skin defect in relation to nearby anatomic landmarks.
The purpose of a measurement from a fixed site on head
or heel is to compare entry and exit as to vertical loca-
tion on the body. It should not be the initial or only
description of the skin wounds.

As for range of fire, a mistake seen all too frequently
is to attribute irregularity of the entry wound to the
muzzle of the gun without consideration of the absence
of gunpowder soiling and the presence of an intermedi-
ary target through which the bullet passed. Most bullets
pass through intermediary targets before reaching skin.
Clothing on the torso or hair on the head are common
intermediaries and modifiers of patterns needed for
range determination. Any item, other than air, between
the victim and the shooter may constitute an intermedi-
ary target.

Following documentation of injuries, both surface and
deep, the general internal observations pertaining to
each organ are described. Injuries, presented in the injury
section of the report, need not be described again.

A reader of the autopsy report may initially view the
listing of the gross findings as a preview of content.
These findings should be in a logical order of importance
to the needs of the case. Although some might consider
a summary of the entry, exit, and pathway injuries of a
gunshot wound to be redundant, having already been
detailed within the text of the report, the reader will find
the short synopsis most useful and time saving. For
example: “Perforating gunshot wound (A) of right upper
anterior thorax with laceration of right lung and exit
right posterior chest” quickly affords the reader a
concept of where Wound A bullet struck, what serious
damage occurred, and where it exited. Complete details
may be found within the injury section of the autopsy
description. The purpose of a forensic autopsy report is
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to afford the reader a rapid and clear understanding of
salient injuries.

Some agencies list samples taken for additional study
as part of the autopsy report. If not listed in the autopsy
report, such information should be clearly stated some-
where in the case folder. Additional reports, such as 
neuropathology consultation or microscopic descrip-
tions, follow. These are appended to the body of the
report along with subsequent test reports. What results
is a complete unified packet of the work product by and
under the direction of the forensic pathologist.

Initial anatomic pathology training usually requires
the trainee to prepare a summary of the clinical aspects
of the case along with an appended clinicopathological
summary. This elementary training exercise must not be
carried over into the practice of forensic pathology. Initial
circumstantial data are derived from other agencies and
may be incomplete. They may contain restricted infor-
mation that should not be released as part of the pathol-
ogy work product even though the autopsy is public
record. The clinicopathology exercise offers potential for
error. Speculations by the pathologist contaminate the
pathology work product. One may enter preliminary
correlative discussions elsewhere in the case folder in
keeping with a public record law and in a format subject
to future change as new data are received. Problems will
be minimized by separation of the autopsy work product
from police and medical history information.

Portions of the report must be capable of expansion as
need dictates. Certainly someone dying during a stress-
ful event ought to have a large portion of the autopsy
devoted to the heart. Is the cardiac description adequate
to paint a word picture of the appearance of the heart
and its components and lesions? Many autopsy reports
lack descriptive detail of the distribution of the epicar-
dial arteries. “Right dominant” is an opinion, not a
description. An example of a proper description in a crit-
ical case could be “The right coronary artery arises from
its aortic ostium, which is located above the right coro-
nary cusp of the aortic valve. It gives rise to the sinoa-
trial node artery 1.5cm from its ostium, continues along
the atrioventricular groove to the crux of the heart where
it gives rise to the posterior descending branch. It con-
tinues on to the posterior third of the left ventricle to give
rise to two terminal branches.” The reader of this
autopsy report will visualize the pathway of the right
coronary artery and appreciate effects of stenosis or
occlusion much better than the reader of the “right dom-
inant” autopsy. Within the body of the report, interpre-
tive opinion should not become a substitute for objective
description.

When anticipation of future litigation is considered,
each microscopic block and its slide should be separately
identified. If microscopic findings are of concern, each
slide must be separately described. All too frequently,
pathologists combine microscopic slide findings in such

a manner that no specific comparison can be made
between a pathology report by one expert with the report
by another. This promotes confusion.

Correlation

Before the autopsy is interpreted, circumstances prior to
death must be considered. Preliminary information that
accompanies the body is often incomplete. Additional
data should be sought before completion of final corre-
lation with the autopsy. If the pathologist is also a
medical examiner and is in control of data acquisition, a
logical approach to the gathering of information by the
medical examiner agency should be developed. Nor-
mally, historical data consist of two types, demographic
data pertaining to the victim profile plus circumstances
leading up to death.

Case folder demographic data should be as complete
as possible starting with the name, if known, home
address, age, race, sex, marital status, occupation, and
other facts that delineate which social subset of society
this person occupied. Social subsets vary in terms of risks
of disease or injury. Even the name denotes ethnicity
subset risks or may be critical to the understanding of
the purposes of the autopsy. Consider this example: A
pathologist performed an autopsy and did not find any-
thing attributable to a cause of death. He telephoned me
to request toxicological examination. I requested demo-
graphic data commencing with the name. I recognized it
as belonging to a family, a social subset, that carried the
genetic disposition for primary pulmonary hyperten-
sion. I had previously performed an autopsy on the child
of the woman. The gross appearance of the lungs in
primary pulmonary hypertension appears normal. Diag-
nosis depends on microscopic study. Cor pulmonale 
is often subtle and is likely to be overlooked by the
pathologist.

Given knowledge of societal subsets and their risks
plus the terminal event circumstances, a reasonable
forensic pathologist ought to have a good idea of what
to search for during the autopsy and how to correlate
both the autopsy and historical data into a proper cause
and manner of death. All too frequently errors result
from failure to anticipate the potential for future prob-
lems. To prevent trouble, study and gain familiarity with
guidelines that promote a complete investigative
approach.6

Cognition

Cognition, a combination of knowledge, perception, and
judgment, is an essential attribute of a proper forensic
pathologist. Many medicolegal death investigations are
simple, self-solving, and forgiving of marginal perfor-
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mance by the pathologist. However, some cases are
complex, either in the determination of cause and
manner of death or in terms of associated controversy
and adverse publicity. For these reasons, a competent
forensic pathologist should strive for thoroughness of
investigation, even in noncontroversial situations. If the
agency and its professional personnel have developed a
habit of excellence for all investigations, complex cases
will cease to be a problem.

The pathologist may fall into the trap of rote thinking
and rote methodology where the autopsy lacks ongoing
correlation with circumstances or consideration of the
needs of those who depend on the autopsy findings.
Computer programs that expand the report with fluff
and information on procedures that were not conducted
are a serious error source that could place the patholo-
gist in legal jeopardy. A mind-set that leads to dictation
of nonexistent findings is equally dangerous to the
pathologist and others. Pathologists have been disci-
plined for such errors.

The most common error in medical diagnosis is 
overreliance on noncontributory data.7 Consider this
example: A small child became ill. During hospitalization
the critical status of the child necessitated endotracheal
intubation. Adhesive tapes to hold various tubes were
applied to the face and upper extremities. An arterial line
was placed in the groin. At death, terminal CPR was
extensive. The pathologist opined that the child died of
inflicted injuries, manner homicide. The mucosa of the
upper lip was superficially hemorrhagic but the frenu-
lum was intact. That was not caused by a blow to the
mouth but by attempts at intubation. Linear red marks
on the face and extremities were not caused by whipping
but by adhesive tape on fragile infant skin. A blue color
to the base of the scrotum on the side nearest the arte-
rial line was not due to a kick to the perineum, as opined,
but was caused by extravasated blood from the site of
arterial puncture. Although the chance of such an iatro-
genic injury is exceptionally rare, intraperitoneal blood
from a ruptured spleen was not the result of a blow to
the abdomen before hospitalization, as opined, but was
caused by terminal CPR. A CT scan of head, chest, and
abdomen prior to the resuscitation demonstrated an
intact spleen and an absence of blood in the peritoneal
cavity. These grievous errors by the pathologist could
have been averted if the hospital record had been care-
fully evaluated. Some pathologists may possess a pecu-
liar lack of concern for their actions and are too eager to
opine inflicted injury and homicide based solely on
autopsy patterns.

A cardinal rule of proper forensic pathology is to 
consider that each chronological step during preautopsy
circumstance of treatment of the live victim, or 
manipulation of the body after death, is a potential
source of tissue injury that might be noted at autopsy.
Autopsy findings represent a combination of lesions that

occurred over time. Circumstantial events may be inno-
cent or malicious and resulting injuries must be carefully
segregated as to origin, during the autopsy.

When a pathologist makes grievous errors in autopsy
interpretation, one must conclude either that the pathol-
ogist lacks cognitive ability, lacks proper autopsy train-
ing, or both. The decline in the autopsy rate of hospital
deaths, zero in some institutions, serves to reduce the
ability of the pathology trainee to gain autopsy skills.
When errors occur, it behooves those concerned to assess
both the pathologist and the prior training of that pathol-
ogist, if remedial action is sought.

Another problem is unquestioned acceptance of pub-
lications that repeat concepts that were never really
tested. For example, the barbiturate pharmacology liter-
ature is contaminated with the concept of “automatism.”
The patient takes a capsule, forgets and takes another,
and this continues under the influence of the drug until
a serious or fatal intoxication occurs. What is the evi-
dence for this widely accepted premise? It may be traced
to a letter to the editor in the British Medical Journal in
1934 when a practitioner speculated about three patients
who overdosed on barbiturates.8 This fallacious medical
dogma was traced to its source by an attorney who rep-
resented an insurance company. He traced every refer-
ence in texts and articles. No studies existed to support
the automatism speculation, only the letter to the editor.9

Although the popularity of short-acting barbiturates as
hypnotics is minor compared to a half century ago, this
false automatism concept lives on in Internet references
concerning barbiturates. Another dogma that achieved a
life of its own is “dry drowning,” in which 10 percent of
drowned victims do not aspirate any fluid. This concept
also goes back to the early 1930s when Cot published a
review of drowning investigations. However, he did not
specifically nor adequately describe the phenomenon
attributed to him.10 The lack of a scientific basis of pub-
lished literature on shaken baby syndrome (SBS) has
been faulted by Donohoe who reviewed all the publica-
tions on SBS up to 1998.11 Also, a position paper should
not be relied on as a scientific source. It merely represents
a consensus of like believers. Flying saucers containing
space aliens and spontaneous human combustion have
their believers who could publish consensus-based posi-
tion papers. Reviews and position papers may be useful
as a reference literature start, but only a start. Non-
critical acceptance of publications may demonstrate
impaired cognition.

Eventually the forensic pathologist should develop
enough experience to begin study of the logic of foren-
sic problem solving. A forensic pathology reference
library needs a section on logic and the development of
cognitive thinking. Logic has been discussed and studied
since ancient times. However, application of classic logic
theory to the practice of forensic pathology is frustrating.
Most that is written has little relevance to daily forensic
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problem solving. Jon J. Nordby, Ph.D., is an experienced
death scene investigator whose doctoral dissertation
dealt with logic. A combination of forensic experience
and education has resulted in a practical reference, Dead
Reckoning, The Art of Forensic Detection.12 Built around 10
case examples, his discussion of proper and improper
thought processes can enhance the ability of a forensic
pathologist to conduct proper case investigations and to
arrive at logical conclusions. Another useful Nordby
publication deals with why experts differ in their con-
clusions when faced with the same data. The eye sees but
the conscious observation is shaped by the experience
and expectations of the observer.13 Two persons, of dif-
ferent background and expectations, looking at the same
scene or data, will mentally select parts of what exists
and may synthesize different observations. In a personal
test, I studied a skin slide of a human bite mark. I then
showed it to an experienced dermatopathologist who
proceeded to observe a single focus of four or five 
interstitial erythrocytes, one of which was fragmented.
Although I had carefully studied this slide, a fragmented
erythrocyte seen by my eye did not register at a level of
conscious thought. The next time I examined the slide, I
readily observed erythrocyte fragmentation. The differ-
ence was the experience of it being demonstrated plus a
newfound awareness of such a phenomenon.

Available, at no cost other than downloading from a
computer, is a book that fully clarifies cognitive inter-
pretation of case investigative data.14 The book is based
on a compilation of analytical staff training articles 
utilized by the Central Intelligence Agency. The subject
matter teaches cognitive analysis of data; in this book of
intelligence (spy) data. It teaches how to make proper
sense out of incomplete data, a problem faced daily in
forensic death investigation. One need only to substitute
“death investigation” in place of “intelligence” and the
principles apply to forensic problem solving.

Professional liability

Forensic pathology practice has been relatively free of
professional liability claims due to factors that tend to
protect the expert witness. That status is subject to
change. The forensic pathologist should be aware of
potential consequences of deficient death investigations.
Expectations are greater today than 50 years ago.
Medical examiner facilities and professional training
have been greatly expanded and improved. Perceptions
of error or deficiencies are more apt to lead to questions
of liability. The flood of professional liability claims
against clinicians has raised public awareness of liability.
Exoneration of a wrongfully convicted, factually inno-
cent person, where deficient forensic pathology practice
and opinion were the core of the case, may lead to lia-
bility exposure. Fortunately for the forensic pathologist,

most homicide case convictions depend on police, not
pathology, investigations. Yet the pathologist must be
aware that “thin ice” opinions as to cause might create
liability problems later. If the pathologist takes into con-
sideration all the circumstances and correlates these with
the autopsy findings, there should be little expectation 
of liability. When the pathologist pays little heed to the
circumstances, the odds of incorrect interpretation of
autopsy findings are enhanced.

A coroner pathologist’s opinion that a child had died
as a result of multiple stab wounds, despite the fact 
that it had been found in a room occupied by a bloodied
dog, led to an innocent mother being jailed for murder
of her child. When dog injury experts became involved,
it was clear that the dog was responsible. Litigation
against the pathologist coupled with widespread
adverse publicity ensued. One may expect more liability
claims against pathologists whose opinions are based
solely on autopsy findings, especially when such find-
ings are unusual.

Another consideration is action by professional licens-
ing agencies against the errant expert witness.15

Although not a common event, the potential is there. In
Florida, the physician licensing agency takes notice of
professional liability malpractice claims against physi-
cians and compares these against the specifications of the
medical practice act. In the United Kingdom, a recent
action by a licensing agency resulted in a loss of license
to practice based on the testimony offered by a physician
expert witness in a criminal trial. Whether or not the
courts shall uphold this action is immaterial. The expert
witness was exposed to a most unpleasant hearing, the
need to retain legal counsel, and widespread news media
scrutiny. Testimony by this and other medical experts has
resulted in a judicial review of convictions where parents
have been convicted of killing a child.16

Potential liability falls into two areas, errors during 
the autopsy investigation and errors of testimony. One
should beware of testifying beyond one’s capability and
training. The physician in the U.K. case presented mis-
leading statistics testimony, a field in which he was not
competent. The Royal Statistical Society demonstrated
the fallacy of the testimony. The society stated,
“Although many scientists have some familiarity with
statistical methods, statistics remains a specialized area.
The Society urges the Courts to ensure that statistical 
evidence is presented only by appropriately qualified
statistical experts, as would be the case for any other
form of expert evidence.”17 Rendering opinion testimony
outside one’s area of recognized expertise is not 
proper.

Forensic pathologists utilize consultant services, 
neuropathologists, odontologists, anthropologists, and
so forth. However, the pathologist does not abrogate
accountability when the consultant may be in error. The
responsibility for the determination of cause of death
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rests with the pathologist, especially when that patholo-
gist acts as a medical examiner in charge of the
medicolegal death investigation. In a highly publicized
case, the medical examiner accepted the consultant 
neuropathologist’s opinion that the high cervical spinal
cord had been contused during police apprehension of a
subject who later died in the hospital. What the medical
examiner and his consultant failed to note was that the
hospital admission neurological examination did not
demonstrate a high cervical cord lesion. The patient had
suffered hypoxia and developed a “respirator brain.”
The supposed cord injury was tissue reaction at the inter-
face of the avascular necrotic brain and the viable cord,
which had a different and intact blood supply. Tissue
reactions and microscopic changes are similar for both
direct trauma and the junction between viable and non-
viable tissue. This case developed great negative public-
ity for the medical examiner.

The lesson is that the forensic pathologist must con-
sider all aspects of a case and cannot transfer account-
ability to the consultant. When hospitalization has
occurred, the clinical record must be correlated with the
autopsy findings.

An investigative technique useful in a complex case
investigation is to pretend that a body is not available for
examination. Carefully review all available circumstan-
tial and hospital data and estimate what an autopsy
might disclose. Now, compare those historical data with
the autopsy findings. This procedural step may prevent
errors of interpretation.

The forensic pathologist acquires evidence during the
autopsy examination. Evidence must be preserved and
not discarded unless proper retention schedules are fol-
lowed. In the event of litigation that extends beyond the
retention period, discarding of evidence needed for liti-
gation may result in a charge of spoliation of evidence
against the pathologist. If the spoliation prevented a
plaintiff attorney from winning a case, the pathologist
may become a defendant in the legal action and assume
responsibility for the legal judgment that would be held
against the initial defendant, now immunized due to the
negligence of the pathologist.

Verily, the forensic pathologist must be well trained 
in anatomic pathology and its application to forensic
pathology, must properly document and investigate the
circumstances leading up to death, must exercise proper
cognitive judgment in the correlation of circumstance
with autopsy, and must be aware of legal pitfalls and
how to avoid them. Less than this may result in wrong-

ful arrest and imprisonment of innocent persons with
adverse consequences for the pathologist.

Do

• Conduct an autopsy whenever legally permitted.
• Prepare autopsy reports for easy reader interpretation.
• Consider history and circumstances before arriving at

an autopsy interpretation.

Don’t

• Confuse effects of therapy with significant trauma.
• Render cause of death opinions based solely on

autopsy findings.
• Determine cause and manner of death from irrelevant

data.
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Death Scene 
Investigation
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The scene is pertinent in every death investigation, and
is essential for the determination of the cause and manner
of death for certain scenarios.1,2 Medical examiners or
their investigators will respond to scenes of nonnatural
death to view the body in the context of its surroundings.
In fact, nonattendance at death scenes has been regarded
as one of the classical mistakes in forensic pathology.3

Hospital pathologists performing forensic autopsies who
are not trained to, or able to, attend death scenes should
be provided with information on how, when, and where
the body was found, by whom, and under what circum-
stances. In some deaths, the immediate environment
does not contribute to death, such as in cases of metasta-
tic breast carcinoma. In other cases, the environment
plays a role although it does not cause the death; for
example, consider a case in which a person with marked
coronary atherosclerosis collapses with a dysrhythmia
while shoveling snow. On the other hand, the scene
description and scene photographs are critical in docu-
menting that the physical circumstances and body
posture are indicative of death due to positional asphyxia
because the autopsy in these cases may yield very few
findings. The most meticulous autopsy in all academia
will provide only a speculative cause and manner of
death in a 30-year-old man with a negative history, 
negative toxicology, and autopsy findings of visceral 
congestion. Yet at the scene, a screwdriver is next to an
uncovered electrical outlet on a rain-soaked patio at the
decedent’s house, which is undergoing renovation. The
cause and manner of death are provided by the scene.

Why go to the scene? The purpose of having the pathol-
ogist attend the death scene is severalfold. By viewing
the body in the context of its surroundings, the patholo-
gist is better able to interpret certain findings at the
autopsy such as a patterned imprint across the neck from
collapsing onto an open vegetable drawer in a refrigera-
tor. The pathologist is also able to advise the investiga-
tive agency about the nature of the death, whether to
confirm a homicide by a specific means, evaluate the 
circumstances to be consistent with an apparent natural
death, or interpret the blood loss from a deceased person
as being more likely due to natural disease than to injury.
This preliminary information helps the investigative
agency to define its perimeter, structure its approach,
organize its manpower, secure potentially important 
evidence, and streamline its efforts.

Last but not least, the opportunity to meet at the scene
initiates the collegial working relationship between the
pathologist and the detective/investigator, and pro-
motes interagency rapport as both professionals strive to
solve the medical mystery of why that particular person
died at that particular time, under those particular 
circumstances. This is not melodrama, just intellectual
satisfaction for exploring an extremely important, edu-
cational, and fascinating aspect of death investigation.
After all, a gunshot wound is a gunshot wound; it is the
circumstances behind that gunshot wound that are fre-
quently so compelling and always so instructive about
human nature.
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Death scene investigation

Scene etiquette
Pathologists and law enforcement agents work coopera-
tively in a team effort. Although the medical expert has
jurisdiction over the body, law enforcement has jurisdic-
tion over the entire scene. The pathologist is invited to
the scene and, as a guest, must comply with house rules.
The lead detective will walk the pathologist through the
scene, relaying information and pointing out salient fea-
tures. The pathologist should realize that the area within
the perimeter of the scene is one giant piece of evidence,
and restrict his or her physical contact to the body and
items immediately touching the body. Photography is a
part of the processing of the crime scene and is per-
formed in cooperation with and alongside law enforce-
ment; the scene and body are photographed before
anything is moved or removed. Treat the body with
respect. Never remove the clothing in full view of
onlookers. If it is not feasible to move the body to a
secure area of the scene, police officers may hold up
sheets around the body, mobile panels may be used, or
police vehicles may be used to block visibility from the
public.

Homicide victims need to be examined front and back
to determine the nature and extent of injuries. For
example, once the nature of the injuries is confirmed
(gunshot wounds with no casings on the scene), the
police will be able to focus their efforts on finding a
shooter with a revolver, as opposed to searching for an
assailant with another type of weapon such as an ice
pick. Once the extent of injuries is seen, the pathologist
will know how many radiographs are required. A
beating death will alert the team that a struggle may
have ensued, and scalp hair and fingernail scrap-
ings/clippings are required, in addition to a blood 
standard obtained during the autopsy. Whenever sexual
assault/battery is a possibility, specimens for a sexual
battery kit must be obtained from the deceased victim
prior to cleaning the body. Bodies with patterned injuries
from an object or weapon still at the scene should be pho-
tographed with the object close to, but not touching, the
injured part of the body. The patterned injury and the
object should be photographed separately with a scale.
A weapon may be brought to the autopsy for compari-
son with the wounds only after the weapon has been
processed for trace evidence, DNA, and fingerprints to
prevent allegations of contamination at the autopsy.

Always be professional—remember that onlookers,
including the decedent’s family, and news media may 
be at the perimeter of the scene, so do not say or do 
anything that would reflect poorly on yourself and the
organization you represent. Trash (discarded gloves, etc.)
should be placed in bags designated for investigators’
refuse, and not in the garbage cans that are part of the
scene because in actuality, they are evidence. Never
remove items from a scene for souvenirs.4
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Sample scene report (Images 2.1 through 2.6)

Case #: 05-1000
Date: 01 June 2005
Time arrived at scene: 3:00 p.m.
Location: 123 Main Street (at the rear of the building)
Police agency: Smalltown Police Service
Lead investigator: Detective Smith
Initial information: According to the police, the body of a
young woman was found at 12:00 noon behind the dump-
ster in this parking lot at the above location. The woman is
presently unidentified and nothing is known surrounding
her death. The police, at this time, believe that she may have
been dumped at this location.
Observation of surroundings: The body of a young woman
is behind a dumpster in the back of the lot. The scene is in
a parking lot that is partially fenced and has an opening for
vehicles. Close to the body is a small patch of dirt with a rec-
tangular mark that is suggestive of a tire mark. No obvious
black tire marks are on the parking lot surface.
Observation of victim: The victim is a young woman 
face-down on the ground, wearing sneakers, black Levi
jeans, and a tube top. The tube top is on inside-out. Short
brown and white hairs are on her pants. The police vacu-
umed the body and the surrounding ground for any trace
evidence prior to my examination. Electrocardiogram pads
are on her back. The victim is not wearing socks. No money,
identification, or other objects are in her pants pockets.
Abundant red foam emanates from her mouth and nose.
Flies are buzzing around her head. Dried white paint or dust
is on her arms and left hand. A small amount of dried blood
is on her left arm. No punctures are on her arms. She has 
an abrasion of her right inner thigh. She is wearing gold-
colored panties that are in place and are not damaged. No
debris is on the bottom of the sneakers. There are no pal-
pable facial or nasal fractures. The nasal septum is intact. She
has brown irides with no conjunctival petechiae. Tache noire
is present. She has undamaged natural teeth and her frenula
are intact. The victim has curly, dark brown hair that appears
to be wet or shiny and, according to the police, appeared to
be wet when she was first discovered. She is wearing a
bracelet with clear stones on her left wrist. Some of the
stones have fallen out of their sockets. The victim has red
livor mortis on the dependent portions of her body, consis-
tent with her body position, and faint livor mortis on her left
flank. The victim is lying face-down with her left arm bent
upward and her right arm bent downward. Her fingernails
are intact and undamaged. Some dirt is underneath her 
fingernails. The victim has generalized rigor mortis, which is
broken with difficulty. Her anus, labia, and vagina are unin-
jured. Specimens for a sexual battery kit are obtained during
the scene investigation, prior to taking the rectal tempera-
ture. The rectal temperature is 90 degrees Fahrenheit at 4
o’clock in the afternoon. The ambient temperature is 90
degrees Fahrenheit. It is hot, dry, slightly overcast with an
occasional wind gust. Paper bags were placed over her hands
before I left the scene.
Scene impression (including probable cause and manner of
death): Unclassified—cause and manner of death pending
autopsy and toxicology.



Scene etiquette 11

2.1

2.2

2.3

2.4

2.5

2.6



Death scene investigation

Natural death

An elderly couple was found at home (Image 2.7). The
husband’s body was semiprone over the wife’s legs. 
The supine body of the wife was in obvious early putre-
factive decomposition with bloating, marbling, discol-
oration, and blister formation (Image 2.8). The husband’s
body did not show evidence of decomposition (Image
2.9). As the woman appeared to have died possibly 1 to
2 days prior to the man, it raised the speculation that the
husband committed suicide after his wife died.

Autopsy disclosed that the woman died from a rup-
tured myocardial infarct with resultant hemoperi-
cardium (Image 2.10). The husband had a dark fluid in
the stomach with associated dark staining of the lower
esophagus (Image 2.11). The husband’s cause of death
was pended for toxicological analysis to rule out an over-
dose. Toxicology was negative for both decedents. The
husband’s cause of death was determined to be hyper-
tensive heart disease with a contributory cause of dia-
betes mellitus.

Take-home message
More than one death at a scene suggests an environ-
mental cause such as carbon monoxide toxicity unless
obvious trauma (such as gunshot wounds) is involved;
the discrepancy in preservation between the husband
and the wife made an environmental cause less likely.
One should try to explain inconsistencies such as the 
differential rate of decomposition in this case. The
husband’s dementia, his own infirmities, and their iso-
lated social existence likely prevented him from respond-
ing appropriately when his wife died.
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Natural death 13

Points to consider

- Remember that your safety and the safety of others is
of primary concern.

- Be sure to consider environmental conditions such as
carbon monoxide toxicity, particularly because such
conditions can impact the health of investigators (e.g.,
headaches, nausea, vomiting, etc.).

- Given the above circumstances where the wife
appeared to have died first, it was appropriate to rule
out an intentional overdose by the husband, especially
after finding the dark fluid in the stomach.

- Budgetary constraints aside, it would be ideal if toxi-
cological analyses could be performed on every person
who dies outside of a hospital.

- Admission blood should be requested from hospitals
for patients dying of nonnatural causes; the limitation
here is that many hospitals discard blood specimens
after a few days.

- It is recommended that specimens be taken and held,
even if toxicological analyses are not requested,
because unexpected issues or requests may arise.

Natural death

An elderly woman had not been seen by her neighbors
for 2 days. She was found supine on her bedroom floor
in her locked apartment (Image 2.12). Her nightgown
was displaced upward, exposing the pelvis and genitalia
(Image 2.13). Contusions and abrasions were on her face

(Image 2.14), torso, and extremities. White foamy fluid
drained from her nostrils. The cords from a radio and a
telephone were loosely wrapped around her left wrist
and hand. Neighbors did not notice any injuries when
she was last seen. A package of cigarettes, an ashtray full
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Death scene investigation

of cigarette butts, and a plastic bag containing ashes and
cigarette butts in the living room indicated that she was
a heavy smoker (Image 2.15).

Autopsy disclosed that the contusions and abrasions
on her face and body were symmetrical and located over
the bony prominences of the body. The lower labial
mucosa had a recent ecchymosis but also had a mucosal
scar that aligned with the left upper lateral incisor and
the left lower canine (Image 2.16). The heart had an old
posterior inferior wall infarct (Image 2.17), and the lungs
were anthracotic and emphysematous (Image 2.18). The
cause of death was atherosclerotic heart disease with a
contributory cause of pulmonary emphysema.

Take-home message
The scene was suspicious for foul play because of the
abrasions and contusions, displacement of the clothing,
and the cords wrapped around the left wrist and hand.
People dying from natural causes may become hypoxic
and confused terminally. They may fall against furniture
and knock items over, and the scene may appear ran-
sacked. Note the type and location of injuries to differ-

entiate between those that could result from falls and
those that are more likely to be inflicted. Police investi-
gation of the terminal events and the autopsy should
resolve questions of criminal activity.

Points to consider

- Do have a look around the rest of the scene because
there may be findings pertinent to the cause and/or
manner of death.

- Although the woman’s body was in the bedroom, evi-
dence of her heavy smoking was in the living room.

- Look for and collect medications belonging to the dece-
dent to accompany the body to the medical examiner.
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Natural death

- Photograph the body and its surroundings, even in
cases of apparent natural death.

Natural death

An elderly white female was found naked at home
(Image 2.19). A large puddle of blood was on the
bedroom floor carpet, close to the body. Blood on the tops
of her feet indicated that she was bleeding from some
higher site, down onto her feet (Image 2.20). Blood on
the soles of her feet indicated that she was walking
around in her blood (Image 2.21). A loose aspirin tablet
and bottles of aspirin were on the kitchen counter, 
and many more bottles and boxes of aspirin were in a

kitchen cabinet (Images 2.22 and 2.23). Aspirin is an anti-
inflammatory medication that is also known to be a
gastric irritant. Her history of severe arthritis and the
finding of numerous aspirin bottles at the scene were
suggestive of a natural death, likely associated with a
gastrointestinal hemorrhage. Autopsy disclosed a
normal stomach; however, a vascular malformation was
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in the small bowel (Image 2.24). The small bowel proxi-
mal to the vascular malformation was normal color. The
bowel distal to the bleeding lesion was dark blue from
the blood in the lumen (Image 2.25). The blood on the
scene was red and not black like melena stool, possibly
because the vascular malformation bled so profusely
prior to death. No additional vascular lesions or polyps,
nodules, or masses were anywhere along the gastroin-
testinal tract, from the mouth to the anus. The cause of
death was gastrointestinal hemorrhage due to vascular
malformation of the small bowel.

Take-home message
Blood on the scene is not always indicative of trauma.
People with natural disease such as esophageal varices

due to cirrhosis, pulmonary TB, and bronchogenic carci-
noma may have hematemesis or hemoptysis leading to
death. Tumors under the skin may erode through and
bleed externally. Hemodialysis patients have vascular
shunts that may erode through the skin and bleed pro-
fusely. The speculative cause of death (gastrointestinal
hemorrhage) apparent from this scene could only be con-
firmed or refuted by an autopsy.

Points to consider

- The entire scene must be examined in any suspicious
death.

- Blood at a scene does not always indicate trauma.
- All of the decedent’s medications should be collected

and submitted with the body to the medical examiner.
- All medication types and dosages should be invento-

ried and documented in cases of suspected overdose
or where narcotics are concerned.

- Discrepancies in the inventory should be noted, such
as an empty bottle of Demerol that held 30 pills when
the prescription was filled 1 day earlier.

Natural death

An apartment door was noted to be ajar and there was
obvious recent damage to the lock (Image 2.26). Smears
of blood were on a gray stairwell railing and a window
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Natural death

frame, both of which were close to the apartment. The
living room was in disarray with furniture overturned
and items strewn on the floor. The elderly male tenant
was prone on the living room floor with a small glass
tabletop covering the right flank (Image 2.27 and 2.28).
The bedroom appeared ransacked with drawers pulled
out, clothing dumped on the floor, and items thrown on
the bed (Image 2.29). Autopsy disclosed small abrasions
on the right side of the face and the right shoulder, con-
sistent with agonal collapse to the floor. The enlarged
heart had pericardial/epicardial adhesions, aortocoro-
nary bypass grafts, and a permanent pacemaker (Image
2.30). The native coronary arteries had marked athero-
sclerosis (Image 2.31). Lacunar infarcts were in the left
basal ganglia (Image 2.32). There was no evidence of
trauma contributing to death.

The scene was suggestive of a homicide, possibly
during the course of a burglary. Without trauma, homi-
cide was still a consideration if the decedent had been
threatened with his life by a burglar with a firearm and
suffered a dysrhythmia because of fear and stress above
and beyond the usual accepted stresses of life (see
Chapter 22).

Police investigation disclosed that a burglary did
occur 2 days earlier at this apartment, that the ransack-
ing had occurred during that previous incident, and that
the black stains on the door were from police dusting the
door for fingerprints. The tenant was not concerned
about the mess and did not clean up after the burglary.
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The following night, voices were heard as three burglars
entered the apartment and were scared away by the
tenant’s body on the floor. The cause of death was ath-
erosclerotic and hypertensive cardiovascular disease.
The remote temporal relationship between the first bur-
glary and the deaths did not support a homicide.

Take-home message
The pathologist must work in conjunction with law
enforcement to arrive at the appropriate cause and
manner of death. The scene would have been identical
had the man died during a burglary where he was threat-
ened. The autopsy findings would also be identical, but
the manner of death would be homicide. A direct threat
to his life would be all that was required to send this man
with extensive cardiac disease into a lethal dysrhythmia.

Points to consider

- Note the type and location of visible injuries on the
body.

- Keep in mind the history and scene findings as you
certify the cause and manner of death.

- Death certification should not be made on the basis of
the autopsy findings alone, without consideration of
the history and scene.

Natural death

A mother went to check on her 6-week-old baby 3 hours
after he was last fed. A blood-tinged stain was on the

pillow under the baby’s face, and the baby was cool and
unresponsive. She called 911, and Fire-Rescue personnel
responded and pronounced the baby dead. Homicide
detectives requested that the mother re-create the scene
exactly as she found her baby. The baby had been
covered up to the neck by a light blanket. The body was
not moved from its original position prior to examina-
tion by the medical examiner.

The baby slept in a crib in the parent’s bedroom
(Image 2.33). The baby was prone inside the crib, with
the head turned to the right, and the arms up on either
side of the head (Image 2.34). A pale red stain was on the
pillow below the baby’s face (Image 2.35). Fire-Rescue
personnel checked for cardiac electrical activity by
placing electrocardiographic patches on the back (Image
2.36). Purple livor mortis on the face spared the left
cheek; the area of contact pallor on the left cheek was
consistent with the position in which the baby was found
(Image 2.37).

Full-body radiographs disclosed no fractures, cal-
luses, areas of periosteal irregularity or thickening, or
soft tissue masses. Autopsy showed petechiae in the
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Accident 19

thymus, epicardium, and visceral pleura. There was no
gross evidence of natural disease or trauma. Microscopic
examination showed no diagnostic features that were
contributory to death. Toxicology was negative. A post-
mortem screen for metabolic disorders was negative.

In some jurisdictions, this death would be attributed
to SIDS; however, some medical examiners prefer to
certify such deaths as undetermined of cause and
manner.

Take-home message
The position in which an infant is found may be crucial
in establishing the cause and manner of death. Because
SIDS is a diagnosis of exclusion (see Chapter 15), the
history, terminal events, scene findings, autopsy, toxicol-
ogy, and appropriate ancillary studies must be consid-
ered before an infant death is determined to be due 
to SIDS.

Points to consider

- Scene investigation is very important in these cases
whether or not the body is located at the scene.

- If the baby has been transported to the hospital, one
can use a baby doll to have the parent or guardian
demonstrate the exact positions in which the infant,
blankets, etc., were found.

- The position of the head and face in the original 
environment is of great importance and should be
demonstrated.

- The pattern of livor and pallor on the face can be very
informative.

- Always consider the possibility of asphyxia or condi-
tions conducive to asphyxia such as cosleeping (bed-
sharing) with adults, wedging, very heavy blankets,
etc.

- Bodies at the scene should be examined carefully for
evidence of injury.

- Police should be responsible for the initial interview of
parents and caregivers; only then should these indi-
viduals be asked to reconstruct the scene.

- Observe the surrounding environment for evidence of
smoking, ethanol and drug use; note the general state
of cleanliness and maintenance; inspect the refrigera-
tor for type and amount of food, etc.

Accident

A motorcyclist changed lanes on the freeway to avoid
stopped traffic ahead of him. As he started to change
lanes, he struck the rear of the vehicle in front of him and
also another vehicle before traveling into the next lane
where he went underneath a tractor-trailer and was
rolled over by the rear wheels. The tractor-trailer did not
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stop. In the foreground of Image 2.38 is the damaged
motorcycle; a trail of tissue leads from the motorcycle to
the body covered by a yellow sheet in the center lane.
His helmet had been knocked off his head (Image 2.39).
A compound comminuted fracture of the head and face
was obvious (Image 2.40). The extruded heart was next

to the motorcycle. The interrupted trail of blood leading
away from the heart creates the impression that the
beating heart skipped along the road to its final resting
position (Image 2.41). Portions of avulsed bowel were on
the road (Image 2.42).

The gaping defect adjacent to the left axilla was where
the heart was extruded from the chest (Image 2.43). An
impressive amount of tissue strewn on the road from the
crushed victim was collected (Image 2.44). The cause of
death was blunt trauma.

Take-home message
Some of the most impressive cases of trauma result from
motor vehicle-related incidents. The pathologist will
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appreciate the nature of the forces involved by viewing
the extent of the destruction at these scenes. Traffic inves-
tigators can demonstrate markings on the road and other
scene findings to explain the events leading to the final
resting positions of the vehicle(s) and victim(s).

Points to consider

- Photography of all traffic scenes should try to capture
the circumstances surrounding the cause of the crash.

- Taking photographs from all sides of the vehicle(s) and
victim(s) is important.

- Some victims will need to be extricated from their
crushed vehicles by the jaws of life.

- Removal of the roof, doors, or body panels will allow
visualization of the body in situ within a crushed
vehicle.

- A pedestrian victim of a hit-and-run incident may
harbor physical evidence on his or her body and 
clothing.

- The clothed body of a hit-and-run victim may be
wrapped in a clean, white sheet prior to removal from
the scene so that all trace evidence can be recovered
under optimal lighting conditions in the morgue.

- The clothing and the white sheet should be receipted
to the investigative agency to maintain the proper
chain of custody.

- Scalp hair and blood from the victim, which can be
used for DNA evidence, should also be receipted to the
investigative agency.

Accident

Four friends came from South America to vacation for a
week. When one of the visitors failed to return to work
in South America early the following week, worried
family members called another woman who went to the
vacation house to check on the four visitors. A blue car
was parked on the driveway, in front of the closed

garage. The woman entered the house with a key. By the
time she climbed one flight of stairs to the landing on the
second floor, she had a headache. She went into the
master bedroom, saw two women dead in bed (Image
2.45), and ran back downstairs to call the police. A red
van parked in the garage had an empty gasoline tank;
the keys were in the ignition, and the ignition was turned
on. A third female victim was in an upstairs bathroom;
she was the person who had driven the van into the
garage and apparently forgot to turn it off. A young man
dead on the floor of a smaller bedroom had driven the
blue car back to the house. All four bodies were in early
putrefactive decomposition.
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The woman on the right side of the bed in the master
bedroom had bright red purge fluid draining from the
nostrils. Her hands were clenched in fists on her upper
chest (Image 2.46). The young woman in the bathroom
also had her hands clenched in fists (Images 2.47 and
2.48). Her livor mortis was bright red (Image 2.49). The

22

young man in the smaller bedroom also had bright red
lividity (Image 2.50).

Autopsy of the four victims disclosed no anatomic
cause of death. All four victims had lethal concentrations
of carbon monoxide. The two women with the clenched
fists likely suffered seizures prior to death. Investigation
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of the house disclosed that the intake for the air condi-
tioner was in the garage, and had sucked in fumes from
the running van. The cause of death for all four victims
was acute carbon monoxide toxicity.

Take-home message
When more than one person is dead at a scene with no
apparent trauma, and especially if the bodies are in a
similar stage of decomposition, think of an environmen-
tal cause such as carbon monoxide toxicity, sulfuryl flu-
oride (insecticide) toxicity, etc. The scene must be made
safe and/or the investigators must have personal pro-
tective equipment appropriate for the particular safety
hazard before they are allowed to make entry.

Points to consider

- Each victim must be photographed and documented
individually.

- Each victim must be autopsied and have specimens
taken for toxicology.

- Full toxicology must be requested on the specimens
taken from each victim.

- Specimens in addition to the routine vitreous, blood,
bile, urine, gastric contents, liver, and brain may need
to be collected, depending on the toxic substances
involved.

- The terminology carbon monoxide toxicity is preferred
to carbon monoxide poisoning because the word poi-
soning can connote intent.

Accident

The woman shown in Image 2.51 was trying to open the
electronically controlled iron gate by reaching through
the bars to depress the button on the control panel
mounted next to the gate. The moving gate crushed her
against the frame of the gate, pinning her body in the
upright position (Images 2.52 and 2.53). Black grease on
her left hand was from her efforts to push open the gate.
Dirt, a linear indentation, and purple ecchymoses on the
left side of the mandible (Image 2.54) and neck correlated
with internal ecchymoses and a fracture of the hyoid
bone at autopsy (Image 2.55). Petechiae were evident on
the face and in the eyes at the scene (Image 2.56), and
petechiae in the lining membrane of the sphenoid sinus
(Image 2.57), subglottic region of the larynx, and poste-
rior hypopharynx were found at autopsy. The cause of
death was traumatic (or mechanical) asphyxia.

Take-home message
A visit to the scene may provide the cause and manner
of death at a glance. In the autopsy room, a young
woman with neck trauma and facial and conjunctival
petechiae would raise the suspicion of a homicide if the
history and scene photographs were not available.
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Points to consider

- Photograph the body from different angles to demon-
strate the upright position of the body pinned in place,
the edge of the gate against the neck, and the position
of her left hand.

- Look for and photograph pertinent findings on the
body such as the conjunctival petechiae and the marks
on the left side of her neck.

- Meticulous documentation should be the standard for
all cases because it cannot be predicted which cases
will undergo major scrutiny in either criminal or civil
court.

- Toxicological analyses should be performed on all acci-
dental deaths to evaluate the potential contribution of
drugs and ethanol to the fatal event.
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Accident

The body of a homeless man was found under a bridge
with his face in the water (Images 2.58 and 2.59). Drug
paraphernalia scattered on the bank behind him
included a cigarette lighter, crushed soda can with
residue on the bottom, and a needle and syringe with
blood in the hub (Images 2.60 through 2.63). Autopsy
disclosed mild cerebral swelling and marked pulmonary
edema. Pulmonary edema is common to drug overdoses
and drowning, but not pathognomonic for either because
it can also be seen in natural deaths and in any death
associated with agonal heart failure.

Because the scene was suspicious for drowning as well
as for drug overdose, the sphenoid sinus was examined.
The fluid in the sphenoid sinus supported the suspicion
of drowning (Image 2.64). It is thought that a breath
taken while under water may lead to aspiration of fluid
into the sphenoid sinus, regardless of the state of 
consciousness.
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Toxicology was positive for morphine and 6-
monoacetylmorphine, consistent with recent heroin
abuse. Benzoylecgonine in the serum indicated that
cocaine had been used, but not immediately prior to

death like the heroin. The cause of death was acute
heroin toxicity with a contributory cause of submersion
in water.
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Take-home message
Scenes often give valuable clues as to the cause of death
and can guide the autopsy procedures. Submersion of
the face in water prompted the pathologist to examine
the sphenoid sinus for fluid. Pulmonary edema in this
context was likely due to heroin toxicity and submersion
of the face in water. Pulmonary edema, like all autopsy
findings, must be evaluated in the context of the history,
scene, autopsy, toxicology, and other pertinent studies.

Points to consider

- It is very important to know the circumstances in
which the body was found.

- Look for and collect all drug paraphernalia to be sub-
mitted to the toxicology laboratory associated with the
medical examiner/pathologist or the laboratory for
law enforcement, whichever is appropriate in your
jurisdiction.

Accident

Fire erupted in a house and all occupants were able to
escape except an elderly female who was bedridden. The
smoke and soot from the fire left a black stain on the
outside wall above the windows and doors (Image 2.65).
Fire gutted the house, including the bedrooms (Images
2.66 and 2.67). The body of the elderly invalid woman
was in her bed (Images 2.68 and 2.69). The metal side
rails of the bed were still up and relatively intact. The
body is supine and the arms are elevated and flexed at
the elbows and wrists (Image 2.70). This “pugilistic atti-
tude” is characteristic of heat effect on the muscles to
cause contraction and resultant positioning to imitate the
stance of a boxer with the arms upheld. The skin is rela-
tively spared around the pelvis where an undergarment
was in place (Image 2.71). Arson investigators identified

what appeared to be an overloaded electrical outlet in
the kitchen as the origin of the fire. Autopsy disclosed
soot in the upper airways and the intrapulmonary
bronchi, and cherry-red coloration of the blood, muscles,
and viscera. The carbon monoxide concentration in the
blood was 86 percent. The cause of death was house fire.
Some jurisdictions prefer an anatomic cause of death
such as inhalation of smoke and soot.

Take-home message
Autopsy findings must correlate with the scene circum-
stances. If a charred body found in a fire does not have
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soot in the airways or an elevated concentration of
carbon monoxide (greater or equal to 50 percent) in the
blood, that person may have been dead before the fire
started. A carbon monoxide concentration lower than the
usual accepted lethal concentration may be seen in fire
deaths involving people with heart and/or lung disease,
the very elderly, or the very young. The classical cherry-
red coloration is somewhat subjective and may be
missed if the lighting is poor.

Points to consider

- Look for factors that may have prevented the victim(s)
from escaping.

- The manner of death often depends on the findings of
arson investigators.

- Intense or prolonged fires can result in heat fractures
and detachment of extremities; be sure to collect all
body parts.
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- Avoid creating additional artifactual disruption, par-
ticularly of the jaws and teeth, in order to preserve
dental features for identification.

- Full-body radiographs are recommended on charred
bodies to rule out gunshot wounds and penetrating
wounds with other foreign objects; the cutaneous
wounds associated with these injuries would have
been eradicated by the fire.

Accident

A teenage boy was seen working under his car in the
afternoon. His motionless legs were protruding from
under the fallen left side of his car hours later (Image
2.72). Fire-Rescue personnel responded, the left side of
the car was jacked up, and the teenager was pulled out
from under the car (Image 2.73). The small jack that he
had been using had collapsed, dropping the car on the
teenager’s chest. The left side of the car was jacked up
properly by the responders to the scene. Once the

teenager was pulled out from under the car and deter-
mined to be dead, the body and scene were preserved
for law enforcement investigators and the medical 
examiner.

The undercarriage is flush with the side of the car. Dirt
and grease stain the arms and the right side of the neck
(Image 2.74). The fallen car has compressed the torso,
leaving patterned lividity with defined areas of contact
pallor (Image 2.75). The back shows intense purple livid-
ity (Image 2.76). Lividity and contact pallor are also
prominent on the face and neck (Image 2.77). Interest-
ingly, the internal lividity is also intense in the tongue
and upper larynx (Image 2.78). The sharply defined area
of internal pallor corresponds with the external contact
pallor across the neck in the previous photograph and is
due to compression by some portion of the vehicle.
Autopsy disclosed additional findings of petechiae in the
lining membrane of the sphenoid sinus, epiglottis,
larynx, upper trachea, hypopharynx and epicardium,
and pulmonary contusions without rib fractures. The
cause of death was traumatic asphyxia.
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Take-home message
The diagnosis of traumatic asphyxia can often be made
at the scene with the body being found pinned under-
neath a heavy weight, which prevented the victim from
breathing. The autopsy will show no other anatomic
cause of death.

Points to consider

- Good photographic documentation of the scene, to
illustrate the circumstances of the death, is important
to support the diagnosis of traumatic asphyxia.

- Autopsy findings that support the diagnosis should be
photographed.

- If additional blunt trauma is identified, such as frac-
tured ribs, lacerated lungs, and a lacerated heart, the
cause of death is more appropriately called crush
injuries of chest.

Accident

A woman returned from work in the late afternoon to
find her garage door open; a ladder was under the entry
to the attic of the garage, and a left hand was dangling
from the attic (Image 2.79). She ran into the house to find
her husband, but there was no response. She rushed back
to the garage and realized that the dangling arm was
wearing her husband’s watch (Image 2.80). The hand
was not moving and there was no response to her shouts
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(Image 2.81). She called 911, and Fire-Rescue personnel
responded, surveyed the scene, and called the police
after shutting off the power. The woman confessed that
she had been nagging her husband to fix the garage door
opener.

The 28-year-old white male decedent was prone on
the garage attic floor with his right hand still loosely
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grasping a metal utility knife (Image 2.82). The blade of
the knife had incised the plastic insulation around an
electric cord (Images 2.83 and 2.84). The electrical cord
was the ultimate source of power to the garage door
opener. A flashlight by the right hand was on. A screw-
driver and a pair of pliers were close by, next to the elec-

2.80

2.81

2.82

2.83

2.84



Accident 31

trical box. The body had no external evidence of injury;
specifically, no burns were seen on the hands.

Autopsy disclosed mild cerebral swelling, slight pul-
monary congestion and edema, and no natural disease.
The paucity of external and internal findings was con-
sistent with a low-voltage electrocution in the context of
the scene. The decedent had no medical history, was a
nonsmoker, and drank socially. The cause of death was
electrocution.

Take-home message
The scene findings are absolutely crucial in determining
the cause and manner of death in a low-voltage electro-
cution because, in many cases, the body may have no
evidence of injury.

Points to consider

- Ensure that the scene has been made safe prior to
making entry.

- The scene must be photographed meticulously to
demonstrate how the electrocution occurred.

- Examine the hands specifically for the presence of elec-
trothermal burns.

- If an electrocution cannot be substantiated by exami-
nation of the scene alone, the scene should be secured
until the autopsy results are known.

- If a tool or piece of machinery was involved in the elec-
trocution, that item should be impounded and exam-
ined by a certified electrician.

- On occasion, the entire wiring system of the building
may require inspection.

- It is always informative to consult an electrical 
engineer or other professional from the local 
electrical company to educate yourself and your 
colleagues about the technical aspects of a particular
electrocution.

Accident

Two men were painting a three-story building. The man
on the ground heard a yelp from his colleague who was
on the roof. He looked up in time to see his colleague
give a small jump and fall off the roof, landing on his
head 2 to 3 feet from the side of the building (Image 2.85).
The long aluminum handle from a roller paint brush
landed next to the body (Image 2.86). The handle was
broken and had a brown-black burn mark (Image 2.87).
High-voltage power lines were located only a few feet
away from the side of the building (Image 2.88). The
victim’s 5-gallon paint bucket was next to the low wall
around the edge of the roof (Image 2.89).

Yellow-brown electrothermal burns across the dece-
dent’s right palm and distal right forearm are consistent
with having been sustained while holding the aluminum
handle of the roller brush (Image 2.90). Burn defects in

the right trouser leg were associated with a large burn
on the medial aspect of the right knee (Image 2.91). It
appears that the point of “entry” of the electricity was
along the aluminum handle to the right hand and
forearm, and the point of “exit” was the right leg where
the knee was in contact with the low wall along the edge
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of the roof. Blunt head trauma was also present from the
three-story fall.

Death was attributed to high-voltage electrocution
and blunt head trauma because the head injuries
appeared antemortem. Civil attorneys pressured the
medical examiner to commit to either the electrocution

or the head trauma as being more contributory to death;
the issue was settled in civil court.

Take-home message
The diagnosis of high-voltage electrocution can be made
at the scene, from the physical circumstances, and from
burns that are usually present on the body. This is in con-
trast to low-voltage electrocutions where the scene find-
ings are absolutely crucial because the body may not
have electrothermal burns.

Points to consider

- If electrocution is suspected, one must ensure that the
power has been turned off before investigators enter
the scene.

- Photographically document the physical circum-
stances that led to the victim’s contact with high-
voltage power lines.

- The environmental circumstances are important for
high-voltage electrocutions, but are actually critical for
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the determination of low-voltage electrocution because
there may be no anatomic findings in low-voltage elec-
trocutions.

- Photographically document the energizing source and
how the victim was grounded.

- Electrical tools or equipment apparently used by the
victim should be impounded and examined by an elec-
trical expert who will look for defects in wiring, etc.

Accident

A woman could not reach her nephew the previous day,
so she went to his home and peeked through the front
window; she immediately ran to call police. The young
man’s body was found naked on the sofa in the living

room of his one-bedroom apartment (Image 2.92). The
apartment appeared ransacked, with furniture and
pillows strewn over the floor and along the hallway
leading past the bedroom to the bathroom (Image 2.93).
A needle and syringe were on the floor of the hallway
closet (Image 2.94). Multiple small abrasions were on the
extremities (Image 2.95) and a contusion was on the right
lower back (Image 2.96). Purple livor mortis over the
dorsum of the body was fixed. A rectal temperature
taken at the scene was 92 degrees Fahrenheit (Image
2.97). An ambient temperature taken at the same time
was 88 degrees Fahrenheit (Image 2.98). Toxicology con-
firmed cocaine metabolites in the blood. His rectal tem-
perature at the scene and lack of clothing were consistent
with hyperthermia, and the ransacked appearance of the
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apartment and the abrasions on the extremities were con-
sistent with the hyperactivity associated with a cocaine-
induced excited delirium. Had police entered during his
excited delirium, a struggle would have been likely. The
cause of death was cocaine-induced excited delirium.

Take-home message
If the circumstances at the scene are consistent with the
bizarre behavior associated with an excited delirium,
take a rectal temperature and an ambient temperature,
noting the date and time of each. This will document
hyperthermia associated with cocaine use as well as
hyperthermia associated with other illicit drugs, natural
psychotic reactions, infection, general hyperactivity, and
medications.

Points to consider

- Photograph the disarray of the scene as well as the
body.

- Photograph the front and back of the body to docu-
ment injuries.

- Photograph the thermometer registering the body tem-
perature and include a watch in the photograph to doc-

ument the date and time at which the temperature was
taken.

- Photograph the thermometer registering the ambient
temperature and include a watch in the photograph to
document the date and time at which the temperature
was taken.

- Collect specimens for full toxicological analyses.

Accident

A man was bar-hopping with his friends one evening.
His body was found on the outdoor patio of his ground-
floor apartment the next morning, hidden by the trees
and bushes along the wall (Image 2.99). He routinely left
his key at home and climbed over the iron fence along
the patio to enter the apartment without disturbing his
parents (Image 2.100). The body is seated on the ground
with the head between the trunks of two trees (Image
2.101), and the neck wedged tightly into the angle where
the tree trunks converged (Image 2.102). He apparently
climbed over the iron fence and slipped, falling into the
trees. The only anatomic finding at autopsy was an irreg-
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ular abrasion diagonally across the front of the neck,
caused by the tree trunk (Image 2.103). There were no
facial or conjunctival petechiae and no injuries in the soft
tissues of the neck, hyoid bone, thyroid cartilage or cer-
vical spine. The blood ethanol concentration was 0.54
percent. Because he was so intoxicated, he could not

extricate himself from that position. The cause of death
was positional asphyxia.

Take-home message
Without a scene investigation and appropriate photo-
graphic documentation, it would be difficult to certify
the cause and manner of death. The diagnosis of posi-
tional asphyxia is made by the terminal physical position
of the victim, which prevents adequate breathing. That
valuable information is lost once the victim’s body is
moved/removed from that position. The scene circum-
stances are essential to the diagnosis of positional
asphyxia.
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Points to consider

- The scene must be photographed to show the position
of the victim in his environment.

- The circumstances at some scenes also reveal why the
victim could not extricate himself from his terminal
position; photography is essential to document this
feature.

- Photograph all injuries.
- The neck should be dissected to look for any injuries

in the soft tissues, hyoid bone and thyroid cartilage,
and cervical spine.

- The intracranial contents are examined to rule out a
subarachnoid hemorrhage due to rupture of one of the
vertebral arteries in the neck.

- Toxicology should be requested on all accidental
deaths.

Suicide

Witnesses heard a loud thud and saw the body of a man
on the driveway in front of a high-rise apartment
(Images 2.104 and 2.105). Obvious head trauma was
associated with blood and brain spatter on a U.S. mail
truck in front of the building, portions of calvarium on
the driveway, and extruded cerebrum on the driveway
approximately 6 feet from the decedent’s feet (Image
2.106). A patterned abrasion on the left flank reflected the
pattern of the tile comprising the driveway (Image
2.107). The decedent lived on the 12th floor, directly

above where the body was found. A chair on the balcony
had been placed in front of the railing, the seat of which
had shoe prints that matched the soles of the shoes worn
by the decedent (Image 2.108). The cerebellum and
brainstem were on the sidewalk, a few yards beyond the
decedent’s head, in the direction opposite to where the
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cerebrum came to rest. It appears that the decedent
landed on his head, resulting in a compound skull frac-
ture which allowed the cerebrum to escape upon impact
through the now gaping defect in the skull and scalp.
The body bounced once upon initial impact, flipping the
head and body in the opposite direction, and flinging the
cerebellum and brainstem out through the open calvar-
ium to strike the brick wall before falling onto the side-
walk (Images 2.109 and 2.110). The cause of death was
blunt trauma.

Take-home message
A visit to the scene confirmed the man’s intent of suicide
with the chair placed in front of the balcony railing, his

hand prints on the railing, and the contents of his pockets
(money) piled on the kitchen counter. It is not unusual
for bodies to bounce on impact from a height. People
willfully jumping from a height may take a running leap
or push themselves off the building, whereas people who
fall accidentally frequently just drop close to the side of
the building.

Points to consider

- The person’s medical, social (including drug and
ethanol use), and psychiatric history should be
obtained; there may be accounts of suicide ideation,
threats, and even attempts in the past.

- Photographically document the position of the body in
relation to the building. The distance between the body
and the side of the building should be documented in
cases where there is a fall from a height, whether it be
a suicide, accident, or a homicide.

- One should go up to the point of origin of the
jump/fall, photographing downward onto the body;
protruding structures that the individual may strike
before the final impact on the ground will be obvious.

- Photograph evidence at the point of origin of the fall
(e.g., scuff marks, fingerprints, eyeglasses, suicide
notes, etc.).

- Don’t limit your investigation to the immediate vicin-
ity of the body because one death may be associated
with two or more geographically separate scenes.

Suicide

This woman was found supine in bed, fully dressed
(Image 2.111). The upper front of her shirt was heavily
blood-stained around six bullet holes. The bullet holes in
the shirt, bullet holes in the brassiere, and six gunshot
wounds on the left side of the chest were associated with
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heavy soot deposition, consistent with contact gunshot
wounds (Images 2.112 and 2.113). A revolver was loosely
grasped in the left hand (Image 2.114). Six rounds had
been chambered in the cylinder of the revolver, and all
six had been fired.

Analysis of the blood spatter on the wall to the left of
the bed (Image 2.115) was consistent with the woman

38

sitting up in bed as she fired the first shot. She dropped
backward onto the bed as she fired the next three shots.
Once supine, and realizing that she was not dead, she
repositioned the muzzle of the revolver to below the left
nipple and fired the last two shots (Image 2.116). This
explained the similar pathways of the first four bullets
that remained in the body (Image 2.117), and the paral-
lel pathways of the last two bullets, which were oriented
in a different direction to exit the left side of the back and
embed in the mattress (Image 2.118). The cause of death
was gunshot wounds.

Take-home message
There may be multiple self-inflicted gunshot wounds 
if the wounds are not immediately incapacitating. The
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location of self-inflicted gunshot wounds must be
anatomically accessible or possible for the decedent 
to execute. The weapon must be present at the scene 
of an immediately incapacitating self-inflicted gunshot
wound. Gunshot wounds that are immediately incapac-
itating enter the skull and brain (not just the face or scalp)
or the cervical spinal cord. Shots to the heart and aorta
leave 10 to 15 seconds where the victim is still capable of
potential movement (see Chapter 6).

Points to consider

- Examine the immediate surroundings of the body
because pertinent evidence may facilitate interpreta-
tion of autopsy findings.

- Recognize the positive contribution of crime scene
experts—a blood spatter expert in this case.

- For the safety of all scene investigators, firearms and
other weapons should be documented photographi-
cally and impounded by the police prior to further
examination of the scene.

- If the blowback or pattern of blood spatter on the
hands is important, it should be photographed prior to
swabbing the hands for gunshot residue.5

- All gunshot wound deaths should have the hands
swabbed for gunshot residue prior to manipulation of
the body, regardless of whether it is an apparent homi-
cide, suicide, or accident.

- Allegations may be raised at a future date that it was
the decedent who was actually the aggressor and fired
a firearm first before the weapon was wrestled away;
in other words, the shot that killed the decedent was
fired by the subject in self-defense.

Suicide

The body of a man was found hanging in the small bath-
room of his boat. The rope ligature that was around the
neck had been draped over the top of the bathroom door
(Image 2.119), which was then closed to keep the liga-
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ture in place. The man knelt to tighten the noose around
his neck as his body became partially suspended. The
witness who found the scene opened the door and the
decedent’s body dropped (Image 2.120). Bottles of beer
on the sink may have been used to bolster his courage
(Image 2.121). A handwritten farewell note to his wife on
a counter in the kitchen was signed with a diagram of a
stick-man with an unhappy face waving goodbye
(Image 2.122). Multiple crumpled notes were discarded
in the trash in the kitchen (Image 2.123). He had battled
financial difficulties in the past few years.

Autopsy disclosed an abraded, patterned ligature
mark across the front of the neck that was consistent with
the rope that was used to fashion the noose of the liga-
ture (Image 2.124). Internally, the subcutaneous fat deep

to the ligature mark was compressed. No ecchymoses
were in the soft tissues of the neck, and the hyoid bone
and thyroid cartilage were intact. The cause of death was
hanging. Possible mechanisms of death in hanging are
avoided on the death certificate because it is only spec-
ulative whether death was due to compression/obstruc-
tion of the airway, occlusion of arterial or venous
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vasculature, or stimulation of the carotid bulbs 
bilaterally.

Take-home message
The secured scene, intact clothing, presence of a note of
intent, existence of a motive, and no other cause of death
are consistent with a suicide. Toxicological analyses
should be performed in all suicides.

Points to consider

- Hangings can be suicidal, occasionally accidental, and
rarely homicidal.

- An optimal suicidal hanging scene will include a
suicide note, evidence of a secured scene, lack of ran-
sacking or other disturbance, and no other significant
injuries to the body, apart from other self-inflicted
wounds (e.g., of the wrists) with the weapon present.

- Suicide notes are found in only 30 to 50 percent of
cases.

- Hanging is the most common mechanism of autoerotic
asphyxia (an accidental death).

- The scene circumstances suggesting an autoerotic
death classically include presence of pornography
within the victim’s view, exposed genitals, a release
mechanism for the ligature, protection of the neck from
ligature marks, and evidence of previous similar activ-
ity.

- Autoerotic asphyxia victims usually do not have a
history of suicidal ideation, threats, or attempts.

- Deaths due to hanging do not require that the body be
fully suspended. For example, a man tied a rope
around his neck, tied the other end to a hot water
heater, sat on a chair, and then simply leaned  forward.

- Document whether or not the body was suspended.
- If the body was suspended, document from what it

was suspended, how high off the ground, and the dis-
tance of the feet from the ground.

- Look for incised wounds and scars on the neck, arms,
and wrists.

- The ligature furrow pattern should be consistent with
the ligature.

- When the ligature is removed, do not disturb the knot.
Cut through the ligature away from the knot. (Do NOT
untie it!)

- The ligature should be submitted to the investigative
agency.

- If the body has been suspended at great height, care
should be taken to avoid artifactual injury during
removal of the body from the scene.

Suicide

A camper came upon the fully clad, supine, decompos-
ing body of a man in the woods (Image 2.125). To add 
to the witness’s alarm, the head was absent. Police
responded, and during their search of the area, found the
head within several feet of the body. The face, upper
chest, and right forearm were skeletonized, and the
remainder of the body was in moderate putrefactive
decomposition (Images 2.126 and 2.127). A rope was
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dangling above the legs from a large tree branch (Image
2.128). A knotted noose was fashioned in the rope at the
approximate height of the body (Images 2.129 and
2.130). This man apparently hanged himself. Over time,
decomposition loosened the soft tissues and the weight
of the hanging body was enough to detach the torso from

the head. Postmortem animal scavenging moved the
head and defleshed the face, neck, upper chest, and right
forearm. The cause of death was hanging.

Take-home message
The scene is instrumental in determining the cause and
manner of death in many cases involving decomposing
and skeletonized bodies because the soft tissue indica-
tors of disease and injury are artifactually altered or
absent. Postmortem changes may mimic antemortem
disease or injury, and examination of the body alone
without knowledge of the history and scene findings
may be misleading; at best, this results in an inaccurate
cause of death, and, at worst, it may result in an inno-
cent person being arrested and charged with murder. An
incomplete body does not necessarily indicate inten-
tional dismemberment because postmortem animal
activity and weathering by the elements can remove and
scatter body parts.

Points to consider

- Recovery of bodies at night is not optimal because
items that are not visible with artificial lighting can be
overlooked.

- It is appropriate to return to the scene the following
day to ensure that all evidence or body parts have been
recovered and to allow for better photography of the
surrounding area.

- LOOK UP—evidence may be in the trees, on the
ceiling, on the balcony above, etc.

42

2.128

2.129 2.130



Suicide 43

- Postmortem animal scavenging and weathering by the
elements may scatter remains at variable distances
from the body.

Suicide

The driver of an 18-wheeler truck saw an oncoming car
drifting out of its own lane into his lane. The truck driver
swerved and attempted to avoid the car, but his maneu-
vers were not successful and the two vehicles collided
(Image 2.131). The frontal impact caused tremendous
intrusion that extended into the driver’s compartment of
the car (Image 2.132), fatally injuring the driver. The
truck jack-knifed through a retaining wall into a canal
(Image 2.133), but the truck driver was uninjured.

A scar from a healed incised wound was found on the
right wrist during the autopsy (Image 2.134) of the car
driver. A suicide note was found at his residence (Image
2.135). The cause of death was blunt trauma.

Take-home message
Vehicular suicides are easy to miss, but should be con-
sidered when a single-occupant vehicle drives headfirst
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into a large stationary object (such as a pole, tree, or
bridge), striking dead center (Images 2.136 and 2.137).
Where another vehicle is involved, the second vehicle is
noticeably larger and would effectively act as a station-
ary object. Circumstances that routinely contribute to
vehicular collisions such as poor visibility, poor road
conditions, and inclement weather may not be present.

Points to consider

- Witness accounts (obtained through the traffic homi-
cide investigator) may be very informative about the
precrash movement of the vehicle.

- The decedent’s medical, social, and psychiatric history
may document depression and/or suicidal ideation,
threats, and attempts.

- Are the circumstances plausible for an accident?
- Unusual circumstances or features of the scene as

noted by the traffic investigator must be documented.
- Be sure to photograph pertinent features as noted by

the traffic homicide investigator including tire marks
on the road, brake pedal marks on soles of shoes, etc.

- Not only is documentation of injuries important, but
also documentation of other anatomic findings on the
body (e.g., scars on the wrists).

- A complete autopsy should be performed (from brain
to pelvic organs) and full toxicological analysis
requested.

Suicide

The body of a man was seen floating in a lake near the
shore (Image 2.138). Once the body was recovered, a
number of important features were noted. Early putre-
factive decomposition with bloating and slippage of the
skin was evident (Image 2.139). The body was fully
clothed and all garments were in place and intact. A
diver’s weight belt was around the waist. A heavy chain
was looped around the neck and fastened around the
waist, over the top of the weight belt (Image 2.140). A
gunshot wound was in the right sideburn area (Image
2.141). Another gunshot wound was in the left temporal
scalp (Image 2.142). The initial impression was that this
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was a homicide. Autopsy disclosed that the gunshot
wound on the right was an entrance wound (Image
2.143) and the gunshot wound on the left was an exit
wound. The radiograph of the head confirmed that no
projectile fragments remained in the head (Image 2.144).
The decedent’s wallet was in his back pocket, and it con-
tained a driver’s license. Further investigation disclosed
that he was an unemployed tugboat captain who had
recently been turned down for a job. The mate to the
chain around his neck and waist was found at his home.
His handgun was missing and was never found. His
flashlight was along the shore, not far from the body. 
His girlfriend indicated that he was feeling old and

“dumpy.” The cause of death was gunshot wound of
head.

Take-home message
First impressions or presumptions should be supported
and validated by physical evidence and history. The
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initial impression of a suspicious death was dispelled
after a thorough investigation of the scene, including a
search through the pockets of the clothing on a decom-
posing body, and a thorough police investigation into the
history and circumstances of the decedent’s life.

Points to consider

- A suspicious death should be treated as a homicide
until proven otherwise to ensure proper collection of
evidence and documentation of findings.

- It is good policy to respond to scenes of unclassified
deaths when law enforcement or the state or district
attorney expresses concern and would like a medical
opinion.

- Evaluation of gunshot wounds at the scene can be dif-
ficult, especially if the body is bloody or undergoing
decomposition.

- The nature of the gunshot wounds (entrance or exit) is
best evaluated at the autopsy when features such as
internal and external beveling can be seen.

Suicide

Neighbors called the fire department after they saw
smoke billowing out of the windows of a second-story
apartment. As firefighters started putting out the fire,
they found a man on the floor of the master bedroom; he
was underneath a closet door. The man was carried out
of the apartment but died before he could be transported
to the hospital. The bare mattress on the bed had deep
slashes across the surface (Image 2.145). Arson investi-
gators discovered that fires had been started in at least
four separate locations inside the apartment. A fire
started in the washer and spread upward to the dryer,
which was stacked on top of the washer (Image 2.146).
A pair of shoes had been set on fire in a second bedroom
(Image 2.147). The bathroom of the master bedroom had
a fire in the cupboard under the sink. Another fire was

set in the vicinity of where the victim was found between
the bed and the closet. A red container of gasoline was
by the victim’s head (Image 2.148). A half-full red con-
tainer of gasoline was outside the door of the bathroom
in the master bedroom. Pivotal evidence on the dining
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room table included the smoke detector that had been
removed from the ceiling and a recent store receipt for
two gasoline cans (Images 2.149 and 2.150). Socks tucked
into the front of the decedent’s underpants were soaked
in gasoline (Image 2.151). The cause of death was apart-
ment fire. Some jurisdictions prefer an anatomic cause of
death such as inhalation of smoke and soot.

Take-home message
The cause and manner of death in a fire scene should be
certified only after a complete evaluation of the scene,
autopsy findings, toxicology, and other pertinent studies.
The evaluation must include the assessment by the arson
investigators in order to assign the appropriate manner
of death.

Points to consider

- In addition to general overall photographs of the scene,
document specifically those features that indicate how
or where the fire started; these features, in turn, may
help determine the manner of death.

- Full-body radiographs should be taken on charred
bodies.

- Look for heat-related changes such as opacity of the
eyes (cornea and lens), fractures of the skull and
extremities, splitting of the skin, and extrusion of the
bowels through the abdominal wall.

- Look for findings that verify that this is a fire-related
death such as soot in the airways and cherry-red col-
oration of the blood, muscles, and viscera.
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- On external and internal examinations, be wary of
trauma above and beyond that of thermal artifact.

- Toxicology MUST be performed and a carbon monox-
ide concentration requested

Homicide

A woman was found prone on the floor just inside the
front door of her house (Image 2.152). A puddle of blood
was on the floor under her head. A distinct pattern of
blood spatter on the wall above and to the right of the
head was consistent with originating from the position
of the head on the floor (Image 2.153). Blood was
smeared on the back of her shirt (Image 2.154). Multiple
patterned ecchymoses/contusions on the back were 
consistent with a blood-stained baseball bat on the 
lawn outside the house (Images 2.155 and 2.156). All 
of the contusions were oriented from left to right and
downward.

Autopsy disclosed one right frontal scalp laceration
and five additional right parietal scalp lacerations

(Image 2.157). The parietal scalp lacerations were in close
approximation and parallel with each other. Multiple
depressed right calvarial fractures were associated with
focal superficial lacerations of the cerebrum.

Most likely, the victim was struck with the baseball bat
first on the right frontal scalp. This blow caused her to
collapse prone onto the floor. Once she was on the floor,
the additional five blows were dealt to the right parietal
region. The victim was immediately immobilized from
the first or the second blow, allowing the successive
impacts to be delivered to virtually the same location on
the head.

The blows to the back were delivered after the blows
to the head. The blood from the scalp lacerations was

48

2.152

2.153

2.154

2.155



Homicide-suicide 49

transferred from the bat to the back of the shirt. The
cause of death was blunt craniocerebral trauma.

Take-home message
The scene findings in conjunction with the autopsy find-
ings may provide evidence of the sequence of terminal
events.

Points to consider

- Photographs are taken of the scene and body before
anything is moved or removed.

- The degree of livor and rigor mortis should be noted
and will help determine the postmortem interval.

- Jewelry and personal effects from the body and cloth-
ing are photographically documented, then removed
and submitted to the investigative agency.

- Be careful when searching clothing (and pockets
specifically) because sharp objects such as needles and
razor blades may injure the investigator.

- The pathologist and law enforcement cooperate in the
processing of the body at the scene, for example, col-
lecting trace evidence prior to manipulation and
removal of clothing from the body.

- Clothing may mask injuries and should be removed if
the body is indoors or if it can be done discretely out-
doors (shielded from the eyes of the lay public and
news media by sheets, mobile panels, or law enforce-
ment vehicles).

- Removal of the clothing reveals injuries on all parts of
the body and can expedite processing of the body if 
the pathologist requests certain procedures prior to
autopsy (e.g., radiography and obtaining specimens
for a sexual battery kit).

- Scalp hair samples, nail scrapings/clippings, and
blood should be obtained in cases where the victim
was in contact with the assailant.

Homicide-suicide

A 25-year-old woman had moved in with her 34-year-old
boyfriend 3 weeks earlier. The brother of the boyfriend
came to the house to borrow tools one afternoon and
found the couple dead in their bedroom. The man’s body
was on the floor on the left side of the foot of the bed; a
contact gunshot wound was on the right side of his head
and a semiautomatic pistol was next to his right hand.
The female decedent was on her left side on the bed
(Image 2.158). An intermediate-range gunshot wound
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was behind her right ear (Image 2.159) and the exit
wound was on the left temple (Image 2.160). The exit
wound had an irregular abrasion margin, which was
more prominent inferiorly. A perforating gunshot wound
was on the distal left forearm. The wound on the flexor
aspect of the forearm had an irregular abrasion margin
and was surrounded by a faint purple ecchymosis
(Image 2.161). The wound on the extensor aspect of the
forearm had a less prominent, irregular, incomplete abra-
sion margin (Image 2.162). Interpretation of the forearm
wounds alone for determining direction of bullet travel
would be difficult. The scene provided the answers for
the atypical exit wound on the left temple and for the
two wounds on the left forearm. The woman was
wearing a watch on her left wrist. The case of the watch
and a projectile were on the bed in a puddle of blood next
to the left wrist (Image 2.163). An indentation was on the
back of the detached case of the wristwatch (Image
2.164). The remainder of the metal band of the watch was
on the distal left forearm, with the case of the watch
absent from the extensor aspect of the forearm. It became

apparent that the woman was lying on her left side with
her left wrist under the left side of her head when she
was shot. The atypical wound on the left temple is a sup-
ported exit wound. The wound on the flexor aspect of
the left forearm is a supported reentry wound, and the
wound on the extensor aspect of the forearm is another
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supported exit wound. The indentation on the back of
the case of the watch is from the exiting projectile as it
tore the case of the watch off the metal band. The pro-
jectile path was reconstructed at the end of the autopsy
(Image 2.165). The cause of death was gunshot wound
of the head.

Take-home message
Gunshot wounds are bloody at the scene and cannot be
interpreted accurately in some cases while still at the
scene. Careful photographic documentation of the scene
can help in the interpretation of atypical wounds found
at autopsy.

Points to consider

- Hand swabs for gunshot residue should be obtained in
all gunshot wound victims whether the death is homi-
cidal, suicidal, or accidental because allegations may
surface later that the victim was the aggressor and fired
a weapon first.

- The pathologist should try to determine whether
wounds are entrance or exit because perforating
gunshot wounds mean that the scene must be searched
for projectiles.

- Gently blotting excess blood from gunshot wounds in
a fresh body will not destroy the features of contact
wounds or intermediate-range wounds.

- The locations of blood at a scene should be pho-
tographed because the patterns may help to recon-
struct the terminal events, including location and
movement of the victim during and after the infliction
of injuries.

- Although the shooter is dead in a homicide-suicide
and the case is considered “closed” by law enforce-
ment, no shortcuts are taken and the homicide victim
should be processed and documented as carefully as
any victim from an “open” homicide case.

Homicide

A woman was found prone on the floor next to her bed
with her nightgown displaced upward, exposing her
naked buttocks and legs (Image 2.166). Patches of blood
were on the bed near the body (Image 2.167), and the
back of her nightgown was bloody (Image 2.168). A
screwdriver was on the carpet next to her face; pho-
tographs were taken of this potential weapon (Image
2.169). Blood was on the carpet beneath the body (Image
2.170). Examination of the body disclosed stab wounds
to the neck, chest, abdomen, and back, with defensive
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injuries on the hands. A bloody knife on the scene was
photographed with a scale (Image 2.171). The cause of
death was stab wounds.

Take-home message
The unwitnessed, suspicious death of a female, espe-
cially one who is partially clad, must be treated as a
potential sex-related homicide. Suspicious deaths of
males may also be sex-related homicides. In both cases,
specimens should be obtained for a sexual battery kit.

Points to consider

- The scene of a sharp force injury death may be very
bloody.

- Potential weapons at the scene should be pho-
tographed with a scale.

- It is prudent to examine and photograph the resting
area of the victim (after the body is removed) because
items of evidence may have fallen underneath the
victim.

- Be vigilant of sharp objects buried or hidden within
clothing or the body.

- Look for defensive injuries.
- Clothing may mask injuries and should be removed if

the body is indoors or if it can be done discretely out-
doors (shielded from the eyes of the lay public and
news media by sheets, mobile panels, or law enforce-
ment vehicles).
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- Removal of the clothing exposes all injuries on the
body and can expedite processing of the body if the
forensic pathologist requests certain procedures prior
to the autopsy (e.g., radiography and obtaining speci-
mens for a sexual battery kit).

- Scalp hair samples, nail scrapings/clippings, and
blood should be obtained in cases where the victim
was in contact with the assailant.

Homicide

A toddler was reported missing by his stepfather. Police
searched the neighborhood and found the naked body 
of the 2-year-old boy in a dumpster (Image 2.172).

Although abrasions, ecchymoses, and burns were on
many areas of the body, the facial and head injuries were
the most extensive (Image 2.173).

The dumpster was transported to the medical exam-
iner department, and the entire contents of the dumpster
were examined for related evidence (Image 2.174).

The toddler’s home was neat and clean. Toys were
organized in piles in the child’s room (Image 2.175). An
indentation was in the wall above the toddler’s crib
(Image 2.176). The indentation was round, and the size
of the indentation was consistent with the contour of the
child’s head (Images 2.177 and 2.178). The height of the
indentation above the mattress of the crib was consistent
with the standing height of the child. The cause of death
was multiple injuries due to blunt trauma.
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Take-home message
Homicide victims may be disposed of in a location 
different from where they were killed. A visit to the 
original scene of injury (if known) may yield valuable
information about the terminal events. One must not
underestimate the value of scene investigation.6

Points to consider

- The body should be photographed in the context of its
surroundings before it is moved or removed.

- The immediate area around the body may hold items
of evidence that should also be photographed.

- Trace evidence and specimens for a sexual battery kit
must be obtained from the body before it is cleaned.

- Full-body radiographs are recommended for children
up to 5 years of age.

- Remember to look in the eyes and mouth and examine
the external genitalia and anus.

- Photograph pertinent negatives as well as identifiable
injuries.

- The brain and spinal cord should be removed and
examined.

- Examination of the middle ears should be routine in
pediatric cases.

- Not all injuries in child abuse cases are acute.
- Look for healing as well as fresh fractures in the skull,

ribs, and extremities.
- Healing rib fractures should be examined microscopi-

cally to assist in dating the fractures.
- Examine the radiographs and palpate the extremities

to look for soft tissue masses (e.g., myositis ossificans)
arising from healing soft tissue and periosteal lesions.

- Identifiable lesions on the extremities such as bruises
and masses should be incised to verify the nature of
the lesion, and examined microscopically if required.

- A visit to the scene is recommended in cases of appar-
ent natural death in children.

Homicide

A homeless man strolling through a park at night passed
a three-story observation tower and stumbled on the
body of a middle-aged white male next to a picnic table
at the foot of the tower (Image 2.179). The tower was
known to be used by the homeless after dark. Personal
effects, empty beer cans, and a moderate amount of
blood were on the third story of the tower (Image 2.180).
Drops of blood were on the wooden railing on the third
story, directly above the body (Image 2.181). The dece-
dent had evidence of attendance by Fire-Rescue person-
nel with the clothing displaced to allow the application
of defibrillator patches to the chest (Image 2.182). Purple-
red contusions covering the face were distinctively pat-
terned and varied from one area of the face to another
(Image 2.183). Homicide detectives interviewed people
who frequented the area and found witnesses (other
homeless people) who recounted a fight between the
decedent and “Big Man,” an aggressive, belligerent
person who was beating the decedent before picking him
up and throwing him over the railing. Because the 
patterned contusions on the face were reminiscent of
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shoe tread prints, Big Man’s lone pair of shoes was
impounded once he was arrested. The parallel marks on
the left temple were consistent with the lateral or medial
treads on the sole of the shoe. The arrow-shaped marks
on the left side of the forehead and left cheek were 
consistent with the central midline treads (Images 2.184
and 2.185).

The autopsy disclosed a complete transverse transec-
tion of the descending thoracic aorta distal to the origin
of the left subclavian artery, a deceleration-type injury
consistent with the victim being thrown off the third
story of the tower and landing on the ground below. The
cause of death was blunt trauma.
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Take-home message
Autopsies should be performed in all nonnatural deaths,
especially homicides. At the scene, this appeared to be a
beating death that included stomping. Not until after the
autopsy was performed was it learned that the victim
may have been thrown from the third story of the tower.
The aortic transection, a deceleration-type injury, sup-
ported the witnesses’ accounts that the victim was
thrown off the tower in addition to being beaten. This
differentiation may be important legally if more than one
person were involved in the fight against the victim. As
you are documenting the injuries, try to envision the
mechanism of the injury or how it was inflicted. When
multiple injuries are involved, evaluate their individual
contribution to the death.

Points to consider

- Patterned injuries should be photographed with a scale
to allow comparison with a proposed weapon.

- In beating deaths where there is potential close contact
between the assailant and the victim, a tube of the
victim’s blood, a sample of the victim’s head hair, and

fingernail scrapings/clippings should be obtained and
receipted to the investigative agency.

- Where possible, a proposed weapon may be brought
to the autopsy for comparison with patterned injuries,
but only after that weapon has been processed for trace
evidence, DNA, and fingerprints to prevent allegations
of contamination at the autopsy.

Homicide

A robber was confronted by a police officer who fell
while chasing the robber. As the robber swung a knife at
the officer on the ground, the officer opened fire with his
semiautomatic pistol and shot the robber several times.
The injured robber ran from the area of the shooting,
which was behind and to the left of the parked car
(Image 2.186), up to and around the front of the car, and
continued for approximately three dozen more steps
until he collapsed and died (Image 2.187). The body was
on the grass (at the scene) for a few hours while the scene
was being processed. Irregular punctate abrasions creat-
ing pseudostippling around one gunshot wound were
from postmortem ant bites (Image 2.188). Although one
of the gunshot wounds perforated the descending tho-
racic aorta (Image 2.189), the robber managed to run
approximately 30 yards before he collapsed. The cause
of death was gunshot wounds.

Take-home message
Gunshot victims are not blown backward as in the
movies, nor are they all immediately incapacitated. Indi-
vidual victims react differently to gunshots; some people
faint at the sight of a pointed gun or the sound of a
gunshot, whereas others may run two or more city
blocks after being shot in the aorta or the heart. Unless a
person is shot in the head or through the cervical spinal
cord, there is potential for continued intentional move-
ment whereby the injured subject may return fire or
attack the original shooter.
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Points to consider

- Police-involved shootings are intensely scrutinized,
potentially high-profile cases with frequent social,
ethnic, and racial overtones.

- Documentation must be meticulous and include a
complete autopsy, histology, and toxicological 
analyses.

- Photographs should include positive and, sometimes
more importantly, negative findings, that is, lack of
injury to the eyes, nose, mouth, neck, hands, external
genitalia, anus, abdomen, back, legs, and feet.

- Note and photograph the location of the casings (if a
semiautomatic pistol is involved) relative to the loca-
tion of the body; this may provide an indication of the
postinjury survival period.

- Photographs of the body and swabs of the hands for
gunshot residue must be taken before the clothing or
body is moved.

Homicide

A 16-year-old teenager invited his senior high school
friend over to the house. The friend became fascinated
with a rifle that the teenager’s father kept in a corner of
the bedroom, and picked up the rifle for closer scrutiny.
In the process of manipulating the rifle, the friend aimed
at the teenager and depressed the trigger, not realizing
that the weapon was loaded. The teenager sustained an

intermediate-range gunshot wound to the left cheek,
inferolateral to the left eye (Image 2.190).

Where rifles, shotguns, or any version of a firearm
with a long barrel is involved, it is standard practice to
measure the length of the weapon, specifically the dis-
tance between the trigger and the muzzle (end of the
barrel; Image 2.191). The distance between the dece-
dent’s axilla (or shoulder) and the thumb and/or index
and middle fingertips is also documented. The measure-
ments from the weapon and from the decedent may be
useful should allegations arise that the decedent’s
wound was self-inflicted.
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The teenager’s body was in the bedroom where he
dropped immediately after being shot (Image 2.190). The
rifle was usually kept propped up in the corner of the
bedroom that is beyond the decedent’s right foot in
Image 2.192. The telephone on the bed was used by the

friend to call 911. The intermediate-range gunshot
wound is surrounded by punctate abrasions (stippling;
Image 2.193). The cause of death was gunshot wound of
the head.

The manner of death is homicide because the victim
died as a result of the actions of another person. The
degree of culpability is decided legally. Medically, homi-
cide indicates that one person died at the hands of
another; the medical designation does not encroach on
the legal jurisdiction of assigning guilt or responsibility
(in other words, excusable or justifiable homicides are
determined by the legal system).
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Take-home message
Firearm deaths that are not self-inflicted are usually
homicides. True accidental gunshot wounds are more
rare and would be appropriate in the following example
situations: a 4-year-old grabs a loaded semiautomatic
pistol, begins to play with the weapon, and somehow
manages to depress the trigger, shooting himself; a pet
cat jumps onto a table, knocking a loaded semiautomatic
pistol to the ground, discharging the weapon and killing
the homeowner.

Points to consider

- In any death from a rifle or shotgun, whether homi-
cide, suicide, or accident, the firearm should be mea-
sured and photographed with a scale.

- The length of the victim’s upper extremity should also
be measured.

- Interpretation of gunshot wounds at the scene can be
difficult because such wounds are bloody.

- The hands should be swabbed for gunshot residue
before the body is moved.

Homicide

A 32-year-old woman was found at home by her
husband who had been grocery shopping during his
lunch break from work. Once he saw the body, he ran for
help, not even sure that it was his wife who was supine
on the floor of the bedroom (Image 2.194). The woman’s
head was wrapped in two plastic bags, which were
knotted at the front of her neck (Image 2.195). Around
her neck were a T-shirt and a towel, both knotted in front.
Her wrists were bound behind her back by a belt over
the top of a broken shoelace, which remained around the
right wrist (Image 2.196). She had been beaten, stabbed
64 times, and finally electrocuted by having the copper
wires from a cut electrical cord wrapped around parts of
her lower extremities and the cord then plugged into an
electric outlet in the wall (Image 2.197).

Stabbing scenes are generally very bloody because the
bleeding victim is trying to escape or is stumbling
around until he or she collapses. This scene was not
bloody because the victim was already injured, bound,
and moribund on the floor before she was stabbed. Nev-
ertheless, she was alive when she was stabbed because a
vital reaction (redness and bleeding) was associated with
each wound. The single yellow wound in the right lower
corner of the picture (Image 2.198) was made post-
mortem at the scene by the medical examiner; because
postmortem interval was a critical issue, every factor was
used to help narrow the time since death, including a
body core temperature. The small incision in the
abdomen was used because specimens for a sexual
battery kit had not yet been collected.

A simple technique to document multiple stab
wounds clustered on a relatively flat region of the body
is to trace the wounds onto a translucent plastic sheet
placed over the body (Image 2.199). The labeled sheet is
decontaminated, folded, and added to the case file.
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Many of the stab wounds had associated abrasions
that varied in size and shape, with some wounds remi-
niscent of flying saucers or spaceships (Image 2.200). The
weapon remains unknown. The cause of death was mul-
tiple injuries.

Take-home message
The pathologist and the homicide investigator together
decide the best approach to processing the body in the
context of the particular scene circumstances. The police
requested that the medical examiner take a body tem-

perature prior to complete processing of the scene. After
the body temperature was taken, the medical examiner
left until police completed their scene documentation,
then returned to examine the rest of the body and 
scene.
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Points to consider

- Photograph every aspect of a complex homicide, doc-
umenting every mechanism of injury.

- Document photographically as you remove layers of
evidence (for example, bags over head and ligatures
around neck).

- Remember to obtain fingernail scrapings/clippings
and specimens for a sexual battery kit prior to having
the body cleaned.

- Remember that determination of postmortem interval
is an inexact science at best and is really an estimation
of postmortem interval; the postmortem interval
should be given as a range of time (for example, 6 to
12 hours, as opposed to 8 hours and 45 minutes).

Homicide

A homeless woman lived in a recessed alcove on the side
of a public building (Image 2.201). A homeless friend
found her unresponsive on her foam mattress in the
morning. She was covered up to her neck by a sheet. The
decedent had been overheard the previous evening
arguing with a man. A junior detective responded to the
scene and called the medical examiner department to
inform them that the body was being sent in. The
medical examiner on call decided to respond to the scene
before the body was removed. The supine body was
naked on the foam mattress (Image 2.202). Abrasions
were seen on the face, neck, chest, and extremities at the
scene (Images 2.203 and 2.204). Ecchymoses were 

in the right eye. These findings alone suggested a non-
natural death.

Homicide was confirmed at autopsy with findings of
a fractured mandible, subdural (Image 2.205) and sub-
arachnoid hemorrhage, ecchymoses in the soft tissues of
the neck (Image 2.206) with a fracture of the hyoid bone,
and intraperitoneal ecchymoses. An abrasion on the
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chest was subtly patterned and reminiscent of a shoe
print (Image 2.207). The cause of death was multiple
injuries.

Take-home message
Homicides are often obvious at the scene and will be
treated appropriately by police investigators immedi-
ately. It is the unusual or suspicious case with few find-
ings that requires assistance from the pathologist to
interpret subtle marks and provide guidance to law
enforcement in their investigation. In other words, the
pathologist will be able to provide medical interpretation
of the body in the context of the scene and advise law
enforcement if it is an apparent natural death, undeter-

mined cause and manner based on the scene, or suspi-
cious for homicide.

Points to consider

- Anatomic and circumstantial findings at a scene can be
subtle.

- The degree of external trauma on the body is not nec-
essarily reflective of the severity of internal trauma.

- Small lesions on the neck should always be considered
significant until proven otherwise because strangula-
tions and asphyxial deaths in general may leave few
marks externally.

- The eyes should always be examined for petechiae.
- Specimens for a sexual battery kit must be obtained

from a naked woman with external injuries.
- Specimens for a sexual battery kit should be obtained

from any woman whose death was not witnessed
when the circumstances are suspicious.

- Specimens for a sexual battery kit should be obtained
from any homosexual man (and any child) whose
death occurred under suspicious circumstances.
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Homicide

A teenage girl was found supine on a mattress in her ran-
sacked home (Image 2.208). She was naked, with her
arms out to the sides of the head, and her legs flexed and
externally rotated, exposing the perineum (Image 2.209).
Petechiae in the eyes (Image 2.210) and labial mucosal
abrasions in the mouth were indicative of asphyxia
(Image 2.211). A large pillow to the right of the head had
pink stains. The genitalia were examined at the scene
without touching or moving the rest of the body; no
trauma or obvious trace evidence was seen (Image
2.212). Specimens for a sexual battery kit were taken
(Image 2.213). The body was then tented by the police to
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- In some cases, the collection of one type of evidence,
for example, tenting the body with Superglue fumes to
reveal fingerprints, may delay the opportunity to take
specimens for a sexual battery kit.

- It may be possible to collect some specimens without
moving the body or contacting other parts of the 
body.

References

1. Thogmartin JR. Fatal fall of an aircraft stowaway: a demonstration
of the importance of death scene investigation. J Forensic Sci
2000;45(1):211–15.

2. Avis SP. An unusual suicide. The importance of the scene investi-
gation. Am J Forensic Med Pathol 1993;14(2):148–50.

3. Moritz AR. Classical mistakes in forensic pathology: Alan R. Moritz
(American Journal of Clinical Pathology, 1956). Am J Forensic Med
Pathol 1981;2(4):299–308.

4. Rogers TL. Crime scene ethics: souvenirs, teaching material, and
artifacts. J Forensic Sci 2004;49(2):307–11.

5. Yen K, Thali MJ, Kneubuehl BP, Peschel O, Zollinger U, Dirnhofer
R. Blood-spatter patterns: hands hold clues for the forensic recon-
struction of the sequence of events. Am J Forensic Med Pathol
2003;24(2):132–40.

6. Wagner GN. Crime scene investigation in child-abuse cases. Am J
Forensic Med Pathol 1986;7(2):94–9.

64

contain Superglue fumes in an attempt to raise finger-
prints on the body (Image 2.214). The body was trans-
ported to the medical examiner department once the
police completed their examination for latent finger-
prints. Autopsy disclosed mild cerebral swelling and
pulmonary edema. A layer-by-layer dissection of the
neck showed no injuries in the soft tissues, hyoid bone
and thyroid cartilage, or the cervical spine. The cause of
death was asphyxia due to smothering.

Take-home message
The pathologist works cooperatively with law enforce-
ment to ensure that all evidence is recovered. This is
accomplished by discussion and mutual agreement on
the order in which different types of evidence are 
collected.

Points to consider

- Investigators must decide what type of evidence takes
priority.

- Specimens should be collected for a sexual battery kit,
but because fingerprints may also be present on the
skin, the investigative agency and the pathologist must
decide on the order of evidence collection.
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The term autopsy (Gr. autopsia for “seen by oneself”) has
been defined as “personal observation or examination;
seeing with one’s own eyes”1 and “inspection of a dead
body which has been opened so as to expose important
organs either to ascertain the cause of death, or if this is
known, the exact nature and extent of the lesions of the
disease, and any other abnormalities present.”1 Autop-
sies in some form have been performed since the time of
early civilization to determine why a person has died.
The autopsy consists of an external examination, fol-
lowed by internal examination of the organs. The organs
are individually weighed and then examined by various
dissecting techniques, evaluating not only for disease
processes, but for malformation from birth, or deforma-
tion through infection, injury, or other conditions. The
hospital autopsy and the forensic autopsy are goal-
directed medical procedures performed to better under-
stand how a death came about. Although they have
similarities, the hospital autopsy and the forensic
autopsy also have vast differences.

The hospital autopsy

The hospital autopsy is performed by trained pathologists
with the written permission of the next of kin to deter-
mine the cause of death, the extent of natural disease, or
the combination of comorbidities that led to the person’s
death. Hospital autopsies also may examine what effect
particular therapies had on the course of disease. Hos-
pital autopsies may uncover previously unrecognized

disease that might have impacted the person’s well-
being and demise. It also provides valuable information
that helps clinicians better understand how disease led
to a person’s death. Ultimately, the hospital autopsy is a
medical education tool that enables physicians to con-
tinue their lifelong process of learning and treating
patients with increasingly honed skills.

Hospital autopsies focus on the internal examination
and the correlation of findings with the clinical records.
Even though imaging studies and laboratory testing are
becoming increasingly refined, clinical tests are not
without their limitations, and one should not assume
that “tests are infallible” and, therefore, that there is
nothing to be learned at autopsy. Recent studies have
documented the value of autopsies (both hospital and
forensic) in revealing previously undiagnosed diseases,
sometimes revealing conditions that could have altered
patient care and perhaps led to a more favorable
outcome.2–10 As such, in addition to physician education,
autopsies are of value to the family, who with more infor-
mation, may gain closure about their loved one’s death.
They may even become aware of inheritable conditions
that could possibly impact their own lives.

The forensic autopsy

The term forensic (L. forensis for “public place”) has been
defined as “belonging to courts of judicature or to public
discussion and debate; used in legal proceedings, or in
public discussions.”1 It has also been defined as “spe-



The forensic autopsy

cializing in or having to do with the application of sci-
entific, especially medical, knowledge to legal matters,
as in the investigation of crime.”11 A forensic autopsy is
performed to determine the cause and the manner of
death in people dying sudden, unexpected, violent,
drug-related, or otherwise suspicious deaths. The cause
of death is the event or events that lead to anatomic or
physiologic derangement, no matter how brief or pro-
longed, that results in the individual’s demise.12 The
manner of death is a descriptor of the circumstance under
which the person died. In most jurisdictions, this will be
one of natural, accidental, suicidal, homicidal, or unde-
termined means. The forensic autopsy is not only per-
formed when the cause of death is unknown, but also in
some cases to confirm suspected causes of death, to
verify particular conditions or injuries related to the
cause of death, or to exclude injury or disease as having
caused or contributed to the cause of death. The forensic
autopsy is a problem-oriented, goal-directed procedure
that seeks to provide answers to present and future anti-
cipated questions.

The forensic autopsy is performed under local, state,
provincial, or other governmental mandate by fully
trained pathologists who have had an additional year of
training in the field of forensic pathology. Although the
autopsy is sometimes regarded as the forensic patholo-
gist’s only investigative tool, the autopsy should be
regarded as but one piece of the medicolegal death inves-
tigative puzzle. The importance of historical information
(including but not limited to medical, psychiatric, med-
ication, and family histories), circumstantial information
from the death scene and witnesses of the event, and
information from family members, law enforcement, and
others cannot be overemphasized. Similarly, investiga-
tion of the scene of injury or death is important in every
medical examiners case. In fact, some causes of death
(such as positional asphyxia) have scene-dependent
diagnoses. Because every human being is unique, it
should not be surprising that medical examiners may be
faced with a limitless number of death scenarios. This
provides a challenge that requires not only detailed
investigation, but in some cases also the use of ancillary
tests including radiology, cultures, and specialized labo-
ratory techniques.

Do all medical examiner cases need autopsies?
Simply, no. The decision as to whether or not a case
needs to be autopsied depends largely on the circum-
stances of the death and the appearance of the body.
Additional useful information includes the individual’s
medical history and the terminal event. At a minimum,
all cases of homicide, suspected homicide, deaths occur-
ring while in police custody, charred bodies from fires,
cases where there is a possibility of criminal prosecution
(such as hit-and-run accidents), and sudden and unex-
pected deaths in children should be autopsied. It is best
to autopsy those cases in which evidence of injury may

be obscured or otherwise hidden, such as in cases of
moderate to advanced decomposition. The decision to
autopsy other cases depends largely on the local juris-
diction and office policy. Some offices choose to autopsy
all nonnatural deaths and all natural deaths regardless
of age, if there is either insufficient or no medical history
to explain the deaths. Other jurisdictions will autopsy
only select nonnatural deaths and natural deaths of indi-
viduals less than 50 or 60 years old who are without a
sufficient medical history to explain their deaths.

“Sign-out” cases
External examinations are performed on all forensic
cases, including those that are not autopsied. During the
external exam of unautopsied cases, the body is exam-
ined for evidence of disease, injury, or other signs of foul
play. Photographs (including pertinent negatives) are
obtained, toxicological specimens are collected, and the
body is released to the funeral home without having been
autopsied. The cause of death determination is based
either on the known medical history or, when autopsy is
not possible, from obvious injuries on the body. In some
cases of elderly individuals without sufficient medical
history, but with congruent historical and circumstantial
investigative information, the medical examiner may
choose to ascribe death to “atherosclerotic cardiovascu-
lar disease.” As a general rule, due to the ubiquitous
nature of cardiovascular disease, this diagnosis is a rea-
sonable presumption in these cases. However, when the
cause of death is not reasonably known, or when the
death is nonnatural, we advocate for postmortem exam-
ination. Although this decision might be limited by prac-
ticality, funding, or political influence, the role of autopsy
in these cases should not be subjugated.

“Autopsy” cases
The forensic pathologist does not need written permis-
sion from the next of kin to perform a forensic autopsy.
In fact, it is not unusual for individuals whose death falls
under the medical examiner’s jurisdiction to not have
next of kin available, due to isolation, homelessness, or
due to the person’s identity not being known. When next
of kin is known, they may at times request that no
autopsy be performed. Although many times such a
request may be complied with, occasionally, the medical
examiner must perform an autopsy on an individual
against the request of the next of kin, particularly in cases
of homicide or suspected homicide, but also under other
conditions, such as cases with potential public health
hazards. The opposition to autopsy may be voiced for a
variety of reasons, including religion. Many times, the
situation can be resolved with thoughtful discussion 
and a mutually agreeable compromise reached. Further
information on religious objections to autopsy is 
available.13–15

The forensic autopsy is a complete, professionally 
performed and accurately recorded procedure that is
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performed not only to establish a cause and manner of
death, but to obtain information that helps correlate or
disprove facts and circumstances believed to be related
to the death. Information obtained at autopsy may aid in
identifying an unknown individual and provide evi-
dence that may be used in future legal endeavors. The
forensic autopsy also aims to determine if and when a
person sustained any injuries and, if so, what signifi-
cance they may have had in causing the person’s death
when considered alone or in combination with natural
disease processes. If injuries are identified, many times
the nature of them, in combination with case investiga-
tion, can be determined to be suicidal, accidental, or
homicidal. Information gleaned from a forensic autopsy
can help reconstruct a fatal incident. The forensic
autopsy may also help answer when the person became
ill and approximately when he or she may have died.
Sometimes the forensic autopsy is performed on a person
with significant natural disease that alone may be con-
sidered fatal, but one must be certain that there are no
internal injuries.

By careful external and internal examination, includ-
ing toxicological studies, the forensic autopsy can help
distinguish between natural deaths of no public health
concern and other natural and nonnatural deaths that
may be of consequence to public safety or health, as well
as the criminal and civil justice systems.

The external examination performed by forensic
pathologists is typically more thorough and detail ori-
ented than that performed during the course of routine
hospital autopsies. In addition to documentation, evi-
dence collection is of great importance. Examples of 
evidence that might be collected include gunshot residue
on hands, DNA under fingernails, blood samples, sexual
assault specimens, and trace evidence such as paint chips
in hit-and-run cases. The evidence collected during a
forensic autopsy is handled with the proper chain of
custody. The attention to detail in this regard will prove
helpful should the case ever go to trial and the chain of
custody is called into question.

The nature of injuries is first identified on the external
examination. Injuries such as gunshot wounds are dif-
ferentiated from stab wounds, and patterned abrasions,
fractures, contusions, lacerations, and other injuries are
identified. However, the external examination has its
obvious limitations, because the presence of external
injury is not a reliable indicator that death resulted from
trauma. Therefore, the internal examination is important
to document the extent of any injury, the extent of natural
disease, and possibly the interaction of the two in
causing death. Injury and natural disease are not neces-
sarily mutually exclusive. Documentation should not be
limited to apparently “significant” trauma, because often
the significance of a lesion is unknown until more thor-
ough investigation and collaboration with outside agen-
cies (such as law enforcement) is possible. One should
consider documenting even very small injuries visible on

the skin, eyes and eyelids, in the scalp and other hairy
areas, in the mouth, on the genitals, around the anus, and
so forth. Marks on the body that are not traumatic in
nature (such as postmortem pressure marks or creases)
should at least be documented photographically—such
findings occasionally become the subject of intense judi-
cial scrutiny and speculation.16

Photographs are taken at every forensic autopsy. Pho-
tographs can be invaluable in documenting the appear-
ance of an injury such as a gunshot wound, stab wound,
or laceration. Because forensic autopsies are often per-
formed to rule out injury, “negative photographs” of
uninjured tissues and organs can be as valuable as pho-
tographs of injuries. Although one can often accurately
describe abnormalities in tissues and organs, pho-
tographs provide a permanent visual record of the
finding, and they may capture the appearance of a
finding in detail or reflect characteristics of a finding that
escaped its original description. Because it is not unusual
for bodies undergoing a forensic autopsy to be
“unknown” or only “tentatively identified,” a picture of
a person’s face may enable a loved one or acquaintance
to positively identify the person.

The internal examination provides further documen-
tation of the presence or absence of injury and/or
disease. The internal examination also allows for the col-
lection of specimens for toxicology such as heart blood,
gastric contents, bile, and urine, as well as samples of
solid organs that may prove useful in the toxicological
analysis of certain cases. However, despite detailed
investigation and a complete autopsy, sometimes the
cause of death and/or the manner of death cannot be
determined.

The forensic autopsy may extend the investigation of
the case to many different agencies both in and out of the
field of medicine. Consultants may include anthropolo-
gists and/or forensic osteologists, depending on the 
condition of the body and whether or not the identity is
known. The body may be altered before the examination
is performed by organ and/or tissue harvesting per-
formed by proper agencies and with next of kin permis-
sion. The harvested organs and tissue help not only save
lives, but help people live better lives. The medical exam-
iner should be consulted in cases falling under its juris-
diction in which the family has consented for tissue
and/or organ harvesting and donation. Although it is
uncommon for such requests to be denied, it is impor-
tant for the medical examiner to be notified ahead of time
for approval to clear any potential problems with evi-
dence collection, documentation of injuries, or other
issues.

Forensic autopsies give family members and/or other
loved ones closure, and also provide evidence to be used
in a court of law. The forensic autopsy provides infor-
mation that confirms or dispels previous information or
accusations; it may provide information that helps to
exonerate a falsely accused person or provide additional
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incriminating evidence. Forensic autopsies may reveal 
a previously unrecognized infectious disease such as
meningitis or tuberculosis that can help alert the still-
living people who had close contact with the deceased
to seek preventive treatment. The forensic autopsy may
reveal hereditary conditions to which family members
can be alerted before they are morbidly or mortally
stricken. Sometimes in the sudden death of a person who
previously appeared healthy, the autopsy will reveal a
“silent” condition for which they could have been
treated such as diabetes or hypertensive-type heart
disease—conditions for which the surviving family
members can be tested. Through communication with
outside agencies, public safety is improved. Examples
include improved motor vehicle safety devices (such as
air bags) and new medical procedures and therapies,
including medications. Trends in abuse of both prescrip-
tion and illegal drugs are identified. The prospect is to
live better, safer, and healthier lives through the knowl-
edge gained from the deceased at autopsy.

Evidence collection

The old adage “when two bodies come into forceful col-
lision with one another, there is an exchange of traces”17

often holds true in human physical altercations (i.e.,
pieces of one object are frequently left on another). Evi-
dence to be collected from a body varies with the type of
case and the circumstances of the death. The following is
a useful listing of evidence that may be collected in par-
ticular circumstances. Personal judgment will determine
what actually needs to be collected from a particular case.
When a body is transported from a scene, it is advanta-
geous to either place the body in a clean body bag or wrap
the body in a clean sheet to prevent the loss of evidence
or possibly the accumulation of unrelated debris.

- Gunshot wound homicide: bullet(s), blood standard, hair
standard, clothing, fingernail clippings, scalp hair from
around gunshot wound entrance (for gunpowder
analysis)

- Gunshot wound suicide: same as in gunshot wound
homicide

- Sharp force injury homicide: clothing, blood standard,
hair standard, fingernail clippings

- Strangulation: clothing, blood standard, fingernail clip-
pings, sexual activity kit, ligature

- Suicidal hanging: ligature, blood standard, clothing
- Blunt force injury homicide: hair standard, blood stan-

dard, clothing, fingernail clippings
- Hit-and-run pedestrian: hair standard, blood standard,

clothing, paint chips on body or in wounds
- Accidental gunshot wound (rare): same as in gunshot

wound homicide
- Burns/decomposition: as above according to type of

death. In addition, clothing from burned bodies should

be placed in sealed metal cans. Any and all evidence
related to personal identity should be documented and
retained. One should note that burned teeth are
extremely fragile—treatment of the teeth with Super-
glue or a similar agent might prove helpful

- Child abuse: blood standard, hair standard, clothing

In addition to the preceding list, in industrial accidents
(work-related accidents) when there is an electrocution,
fall (with possible malfunction of safety harness), blunt
force injury, penetrating injury, or strangulation (in
machinery), it is useful to collect the clothing and any
object(s) that became embedded within the body or pen-
etrated the skin. One must be vigilant about anticipating
what evidence might be useful in future civil and/or
criminal proceedings from any type of case. All collected
evidence must be placed in properly sealed and labeled
evidence envelopes, bags, or containers, and then signed,
dated, and submitted with proper chain of custody. This
allows the location of the evidence to be traced until its
potential use in court.

Regarding the different types of evidence collected,
the blood standard can be obtained by placing several
drops of the individual’s blood on prepackaged filter
paper and then allowing it to dry. In this form, it does
not need to be refrigerated. If liquid blood is not avail-
able (as in decomposed bodies), skeletal muscle is a good
specimen for DNA, particularly if it still has a red tinge.
Liver and spleen should be avoided because they have
high levels of autolytic enzymes. With more advanced
decomposition, teeth, ribs, and femurs are good speci-
mens for DNA. The hard cortical bone is more useful
than bone marrow, because marrow decomposes along
with the rest of the body. The hair standard must be
pulled, not cut. This is because valuable DNA is in the
roots of the hair. Fingernail clippings should be collected
with new fingernail clippers to minimize the possibility
of DNA contamination.

Handwipings for gunshot residue analysis can be col-
lected either by wiping the hands with a clean cotton-
tipped applicator wetted with appropriate solution, or
by repeatedly contacting the skin of the hands with a
sticky applicator, depending on the technique that will
be used to analyze the evidence. Note that if handwip-
ings, fingernail clippings, and analysis for trace evidence
on the hands are not performed at the scene or in the hos-
pital, the hands should be placed in brown paper bags
taped at the wrist for transport to the medical examiner
department to help protect evidence that may be located
on the hands. One should not place plastic bags on the
wrists because when the body is placed in the body
cooler, condensation may form within the plastic bags,
possibly washing off some of the evidence.

In arson cases, it is important to store the clothing in
sealed metal containers (clean new paint cans work
well). This is because if the clothing is allowed to air dry
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before analysis is performed, important volatiles possi-
bly reflective of an accelerant might evaporate. The
sealed can helps preserve the potential accelerants.
Bloody clothing from cases with injury should be allowed
to dry in a secure drying room before being packaged for
delivery to the crime laboratory. Clothing should be
packaged in a paper “breathable” bag.

A guide for collection of the sexual activity kit is
included in the sexual battery chapter (Chapter 20).
Although it is common to collect sexual activity kits in
cases of strangulation or suspected strangulation, one
must realize that victims of sharp force injury, blunt force
injury, and gunshot wounds may also have been victims
of unwanted sexual activity, either before or after death.
One should collect a sexual activity kit (also known as a
“rape” kit) when the circumstances of the case suggest
sexual assault. Such kits can be performed on men and
women of all ages. It is always better to collect evidence
and ultimately not use it rather than to later regret a crit-
ical omission. As mentioned elsewhere in this book, in
cases of suspected sexual assault, it may be advantageous
to swab the individual’s nipples, any stains on the body,
and any bite marks with a clean cotton-tipped applicator
wetted with sterile saline that is then allowed to air dry.
These areas may have DNA from saliva and/or semen
that can be matched to the suspect(s). In fact, in any case
in which there has been close physical contact, any blood
droplets on the body that seem out of place should be
swabbed with a clean cotton-tipped applicator.

Bullets may either be individually photographed or
individually inscribed with the case number and then
placed in separate sealed evidence envelopes labeled
with the bullet number (or letter) and the place where it
was recovered. When inscribing bullets, one should try
to avoid disrupting any markings on the sides of the
bullet (the “lands and grooves”), an important location
used by firearm analysts to make ballistic comparisons.
Instead, the bullet is ideally inscribed either on its base
or on a surface that was flattened on contact with the
body. In cases of shotgun wounds, any plastic shot sleeve
and fiber wadding should be collected. If buckshot was
used, all of the large pellets must be collected, because
they may resemble bullets on x-ray. However, with bird-
shot, only a representative sample of pellets needs to be
collected.

If a person has been sprayed with pepper spray, this can
be collected by swabbing the suspect area with clean
cotton-tipped applicators wetted with methanol and
then allowed to air dry. In these cases, one may see an
orange/yellow or other colored residue on the skin. It is
helpful to also prepare a “control” swab consisting of just
the cotton-tipped applicator and methanol. Trace evidence
such as fibers, hairs, and paint chips should be searched
for and collected in appropriate cases. The trace evidence
can be placed onto clear sticky tape, or taped to a small
sheet of acetate paper and then placed into an evidence

envelope. Bone and cartilage with tool marks can be saved
in formalin for future comparison with a possible imple-
ment or knife. If illicit drugs are located in the clothing,
on the body, or in the body, they should be confiscated
and submitted to the investigative agency for possible
analysis.

Occasionally, DNA must be collected from a decom-
posed body. Because blood is no longer an option, one
may wish to use pulled scalp hair (with hair roots). If this
is not available, bone is a valuable source of DNA. Of all
the bones, a tooth is the best source of DNA, but other
bones (e.g., femur, rib, vertebra) may be cut, frozen, and
retained. When collecting bone for DNA purposes, if a
bone saw is used, it is preferable to use a new blade each
time to avoid DNA contamination. If this is not done, a
used saw blade should be washed repeatedly with a
bleach and soap solution.

The autopsy report

The autopsy report should be a clear, concise, easy-to-
read, and well-organized document that accurately
states factual information collected at autopsy. The
autopsy report usually contains the following separate
sections for easy structured organization and reference:

• External examination
• Evidence of therapy
• Evidence of injury
• Internal examination
• Microscopic examination
• Toxicology
• Summary of findings
• Cause and manner of death

Concise wording is important so as not to confuse
anyone reading the report. One should avoid repetitive
statements such as “there is,” “is located,” “the presence
of,” “is revealed to be,” and “is noted,” which, if one is
not careful, can easily be repeated many times over and
over throughout the report. One should avoid redundant
wording such as “brown in color,” “firm in consistency,”
and similar phrases. One should avoid unnecessary
wording such as “shows” and “demonstrates.”

Typical autopsy procedures such as “the body is
opened in a standard Y-shaped incision” and “the renal
capsules strip with ease” should not be stated. However,
unique autopsy procedures such as a posterior neck dis-
section, layer-wise anterior neck dissection, and incisions
of the back, wrists, and ankles are appropriately and
importantly described to document performance of such
procedures. These suggestions are recommended to
eliminate superfluous wording that adds nothing perti-
nent to the case.

It is important to clearly state all of the injuries and
other significant findings discovered at autopsy.
However, it is equally important, and sometimes even
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more important to state pertinent negatives when they are
deemed significant. For example, in a police custody
death in which independent witnesses state that a choke
hold was used, if there are no internal neck injuries, it
should be so stated, according to the detailed neck dis-
section that was performed. Likewise, if someone sus-
tains a tangential gunshot wound of the scalp, if there is
no underlying head injury, it should be stated that the
skull is not fractured, the brain is not bruised, and there
is no epidural, subdural, or subarachnoid blood.

The autopsy report may be read by a variety of people,
including other physicians, family members, law
enforcement personnel, and attorneys. The number of
people reading the autopsy report will have widely
varying educations, reading levels, vocabularies, and
familiarity with medical terminology. Although it may
be impossible to use vocabulary that satisfies all levels of
intellect, the medical examiner should at least be sure to
use proper English and be sure that the information is
communicated in an effective and readable manner. Each
page of the autopsy report should contain the name of
the decedent and the case number. When injuries such
as gunshot wounds, stab wounds, or lacerations due to
a beating are present, it is advantageous to neatly draw
in the wounds on a clean body diagram labeled with the
individual’s name and case number. The body diagram
is a neat, simple, and clean representation of the injuries
that one could demonstrate in a courtroom setting.

Finally, the last page of the autopsy report commonly
states the cause of death, the manner of death, and has
the signature of the forensic pathologist.

Summary

The differences between the hospital and forensic
autopsy are evident, and can be summarized by the fol-
lowing generalities (although they may overlap to some
extent).18

The hospital autopsy involves history from the hospi-
tal chart and an identified person with known disease
processes, whereas the forensic autopsy involves history
from the terminal event and scene, the identification of
the person is sometimes not known, and the focus is on
trauma with or without concomitant natural disease. The
hospital autopsy may deal with drug reactions and seeks
a mechanism of death, whereas the forensic autopsy
often deals with toxicology issues and seeks a cause and
manner of death. The hospital autopsy is academically
oriented and medically confidential, whereas the foren-
sic autopsy seeks evidentiary and confirmatory value
and is for the public interest. The hospital autopsy often
relies on histologic assessment, whereas the forensic
autopsy utilizes histology for confirmation. The hospital
autopsy utilizes clinical pathology correlation in the pro-
tocol, whereas the forensic autopsy report is objective
and without interpretation.

Forensic pathology aids in helping protect public
health and safety, enhance quality assurance, advance
research and education in medicine, and help with
jurisprudence, and the administration of justice.19 In all,
the forensic autopsy is performed for the well-being of
the public, because society demands answers and expla-
nation of death. Through the forensic autopsy, informa-
tion is collected that allows us all to live better lives.
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Sudden Natural Death
Graeme Dowling, M.D.

4

Although a major component of forensic pathology is the
ability to recognize and interpret injury and determine
its role in causing death, the majority of cases investi-
gated by medical examiners or coroners are sudden
deaths caused by natural disease. In some instances,
there will be a well-documented history of potentially
lethal natural disease, allowing for a straightforward
cause of death determination. Unfortunately, the major-
ity of cases present without antemortem documentation
of significant pathology.

“Sudden natural death” means different things to 
different people. Some believe that the term should be
limited to those cases wherein the time from the onset of
symptoms to collapse and death is seconds, whereas
others will accept up to 24 hours of symptomatic illness
prior to death. It is interesting to note that the spectrum
of diseases causing a sudden natural death varies signif-
icantly with the definition used. The truly sudden or
“instantaneous” death almost invariably involves 
diseases of the cardiovascular system, whereas broader



Sudden natural death

definitions can involve virtually any organ system or
disease. This chapter will use a rather broad definition of
the term “sudden natural death” in order to include as
many disease processes as is reasonably possible.

The practice of forensic pathology is quite different
from other branches of pathology and medicine in that
the forensic pathologist will often accept the mere “asso-
ciation” of a natural disease with a sudden death, in the
absence of any other significant findings, as meaning that
particular disease caused the death. Varying degrees of
certainty exist when drawing conclusions about a cause
of death. The finding of significant coronary artery
disease with a coronary thrombus and acute myocardial
infarct in a person who died while complaining of chest
pain results in a high degree of certainty as to the cause
of death. The isolated finding of significant atheroscle-
rotic narrowing of one or more coronary arteries in a
person who was simply found dead, and who has no 
significant past medical history, may make a pathologist
leery about attributing the death to coronary artery
disease, yet that conclusion is reasonable. As always, the
forensic pathologist must draw conclusions based on 
the most reasonable explanation of the complete 
investigative findings.

Atherosclerotic cardiovascular disease

Diseases of the heart account for approximately 90
percent of all sudden deaths due to natural disease, with
atherosclerotic coronary artery disease being the under-
lying cause of approximately 75 to 90 percent of sudden
cardiac deaths. This is the predominant pathology seen
in natural deaths investigated by medical examiners and
coroners in North America. The remaining cardiac-
related deaths can be attributed to hypertension, valvu-
lar disease, nonatherosclerotic coronary artery disease,
myocarditis, cardiomyopathy, or conduction system 
disorders.

Death due to atherosclerotic coronary artery disease is
of greatest incidence in the 35- to 64-year age range. Only
25 to 40 percent of individuals dying suddenly of ather-
osclerotic coronary artery disease will have evidence of
an acute myocardial infarct. The remainder have suf-
fered a cardiac arrhythmia, usually ventricular tachycar-

dia degenerating to ventricular fibrillation, originating
from an ischemic (but not infarcted) focus of
myocardium. They can be symptomatic for as little as 
6 to 10 seconds, representing the time from the onset 
of their terminal arrhythmia to loss of consciousness. In
those who are symptomatic, overwhelming tiredness is
the most common complaint, followed by shortness of
breath. Chest pain is only the third most commonly
reported symptom. Sudden death is the first and only
symptom of the underlying atherosclerotic coronary
artery disease in approximately 25 to 40 percent of indi-
viduals who die in this way. The only significant finding
at autopsy is severe atherosclerotic narrowing of the
coronary arteries, which can be extensive or can be local-
ized to as little as a single focus of greater than 75 percent
narrowing in one vessel. In some there may even be less
than 75 percent atherosclerotic narrowing of the coro-
nary arteries. Attributing the death to atherosclerotic
coronary artery disease is reasonable in this instance if
the death is sudden and there are no other significant
autopsy or toxicology findings. A coronary thrombus
may be present (Image 4.1), in which case an infarct may
have developed had the individual survived longer. The
myocardium is generally histologically unremarkable,
although there may be sites of contraction band necrosis
(Image 4.2), which are not specific for acute ischemia,
and sites of patchy nontransmural myocardial fibrosis
(Image 4.3), suggesting the presence of chronic ongoing
ischemia.

Although underlying risk factors, such as hyperten-
sion, smoking, diabetes mellitus, hypercholesterolemia,
and a family history of cardiovascular disease should be
searched for in all cases, this is particularly relevant if
significant atherosclerotic coronary disease is found in
males less than 35 years of age or in premenopausal
women. A search for a history of cocaine abuse and post-
mortem screening of blood for cocaine is advisable in
these cases, as cocaine use has been associated with the
early onset of atherosclerosis and with acute coronary
thrombosis. In addition, cholesterol and triglyceride
levels can be measured in postmortem blood samples.
The results of such postmortem screenings must be inter-
preted with caution, because it is often not possible to
establish when individuals last ate prior to their death.
Family members should be advised of significantly ele-
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Figure 4.1 Cross-sectional anatomy of variably narrowed atherosclerotic blood vessels.
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So what is significant coronary artery narrowing?

It is generally accepted that 75 percent narrowing of a coro-
nary artery, by any disease process, is significant and can result
in clinical expression of disease, including sudden death. One
must then ask, “Does 75 percent refer to the area or diame-
ter of the vessel and what does 75 percent narrowing look
like?” Estimates of coronary artery narrowing are made with
respect to the cross-sectional luminal area of the vessel. When
one considers that the area of a circle = pr2 (where r = the
radius), then one can calculate that reducing the diameter of
a coronary artery by 50 percent with a concentric plaque is

the equivalent of reducing its area by 75 percent. This is why
radiologists look for a site of 50 percent narrowing of the
diameter of a coronary artery on an angiogram when trying
to establish the presence or absence of significant coronary
artery disease. The schematic diagrams of Figure 4.1 illustrate
varying degrees of luminal narrowing produced by concentric
plaques. Although it is nice to be able to accurately estimate
various degrees of coronary artery narrowing, the most
important point is recognizing whether the narrowing is
greater than or equal to 75 percent.

vated cholesterol or triglyceride levels so that they them-
selves can seek medical attention in order to rule out a
familial hyperlipidemia.

A 29-year-old male was playing hockey when he left
the ice complaining of chest discomfort. He collapsed on
the bench and was in ventricular fibrillation when para-

medics arrived. All attempts at resuscitation were unsuc-
cessful. He smoked one package of cigarettes per day, but
had no other significant past medical history. At autopsy,
there was greater than 75 percent atherosclerotic nar-
rowing of the left anterior descending coronary artery
(Image 4.4). There were no other cardiac abnormalities.

4.1
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A 35-year-old hypertensive male collapsed and died
suddenly in his prison cell after complaining of recent
flu-like symptoms associated with left shoulder and back
pain. At autopsy an occlusive antemortem thrombus was
found at a site of significant atherosclerotic narrowing
within the left circumflex coronary artery (Image 4.5).
Histologically, there was evidence of a plaque fissure
(Image 4.6), which is thought to play a role in the patho-
genesis of atherosclerosis-associated thrombi. There was
gross (Image 4.7) and histologic (Image 4.8) evidence of
an acute transmural myocardial infarct extending from
the base to the apex of the lateral free wall of the left 
ventricle, with slight extension onto the anterior and 
posterior walls.

This is the more classic presentation of atherosclerotic
coronary artery disease, associated with an acute
myocardial infarct, known to clinicians and pathologists
in patients admitted to hospital with persistent chest
pain. As previously mentioned, an acute myocardial
infarct is seen much less frequently in individuals who

die suddenly as a result of atherosclerotic coronary
artery disease.

A 58-year-old male collapsed suddenly in the emer-
gency room of a rural hospital where he had presented
complaining of upper back pain. An ECG obtained prior
to his collapse was interpreted as normal. At autopsy,
approximately 500 milliliters of fluid and clotted blood
was found within the pericardial sac (Image 4.9). There
was significant narrowing of each major coronary artery,
together with occlusive antemortem thrombus in the
proximal third of the right coronary artery. A transmural
infarct extended from the base to the apex of the poste-
rior free wall of the left ventricle, with dissection of 
blood from the left ventricular chamber through the
necrotic myocardium and into the pericardial sac 
(Image 4.10).

Rupture of an acute myocardial infarct (i.e., cardior-
rhexis) through a free wall of the left ventricle is one of
the two most common causes of hemopericardium com-
plicating natural disease seen by forensic pathologists
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(the second is aortic dissection). Most commonly, the
rupture occurs within 3 to 7 days of the onset of the 
terminal infarct.

In some cases of arrhythmic sudden cardiac death due
to atherosclerotic coronary artery disease, wherein there
is an apparent lack of any previous cardiac history, defin-
itive evidence of chronic ischemic heart disease may be
found. Apart from significant atherosclerotic narrowing
of coronary arteries, there may be evidence of previous
infarcts or of more widespread myocardial fibrosis with
left ventricular hypertrophy and dilatation (Image 4.11).
In these cases, the question is not so much why the
person died, but how he or she managed to live so long
in the face of such serious cardiac disease.

Apart from atherosclerotic coronary artery disease,
atherosclerosis can also present as the underlying cause
of a sudden natural death in the form of a ruptured
abdominal aortic aneurysm. This 81-year-old male was
complaining of back and abdominal pain. He became
unresponsive as his family transported him to hospital,
and he subsequently died in the emergency room. At
autopsy, a large retroperitoneal hematoma was identified
(Image 4.12). An atherosclerotic abdominal aortic
aneurysm, which measured approximately 7 centimeters
in diameter, was found just proximal to the bifurcation
of the abdominal aorta. There was an obvious rupture of
the right anterolateral surface of the aneurysm (Image
4.13), thus accounting for the retroperitoneal hematoma.

4.9
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The intimal surface of the aneurysm exhibited the typical
appearance of extensive complicated atherosclerotic
plaque associated with adherent laminated antemortem
thrombus (Images 4.14 and 4.15).

Do

• Remember that the majority of sudden deaths caused
by atherosclerotic coronary artery disease are not
associated with a coronary thrombus or an acute
myocardial infarct.

• Remember that the first and only symptom of signif-
icant coronary artery disease can be sudden death.

• Look for risk factors of atherosclerosis (including
cocaine abuse) in the medical history and at autopsy,
particularly when significant disease is found in
males less than 35 years of age and in premenopausal
females.

• Have a clear image in your mind of what 75 percent
narrowing (i.e., significant narrowing) of a coronary
artery actually looks like.

Don’t

• Assume that the absence of an acute myocardial
infarct means a death cannot be attributed to athero-
sclerotic coronary artery disease.

• Be surprised by the extent of atherosclerosis and
ischemic heart disease that can be found at autopsy 
in individuals with no prior cardiac symptoms or
history.

Hypertensive cardiovascular disease

Although hypertension is well known as a significant
risk factor for the development of atherosclerosis, and 
is often found in association with sudden death due to
atherosclerotic coronary artery disease, one must also
recognize that hypertension can be the underlying cause
of death. In particular, hypertensive left ventricular
hypertrophy can be associated with sudden arrhythmic
deaths, or with dissecting aortic aneurysms and sponta-
neous/nontraumatic intracerebral hemorrhage (to be
discussed later in the section on central nervous system
disease).

Concentric left ventricular hypertrophy is generally a
reflection of underlying hypertension. However, histo-
logic sections, including sections of the interventricular
septum, should be examined in these cases to rule out
other causes of left ventricular hypertrophy, most
notably hypertrophic cardiomyopathy. In the absence of
other explanations for concentric left ventricular hyper-
trophy, it is reasonable to attribute the underlying cause
of the hypertrophy to hypertension.

Holter monitor studies have shown that individuals
with hypertensive left ventricular hypertrophy can have
intermittent arrhythmias, including nonsustained ven-
tricular tachycardia. Furthermore, hypertensive hyper-
trophy may play a role in causing myocardial ischemia,
irrespective of the presence or absence of atherosclerotic
coronary artery disease. Therefore, it is not surprising
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that hypertensive left ventricular hypertrophy can be the
sole anatomic finding in some sudden deaths.

A 39-year-old male complained of feeling unwell and
left work early. He was found dead several minutes later
collapsed in his car with his fist clenched over his chest.
His medical history was significant only for untreated
hypertension. Autopsy demonstrated a 610-gram heart
significant only for concentric left ventricular hypertro-
phy (Image 4.16). Histologically, the myocardium exhib-
ited hypertrophy of myocytes and a generalized increase
in interstitial fibrous tissue (Image 4.17). There was
benign nephrosclerosis of the kidneys, visible both
grossly (Image 4.18) and histologically (Image 4.19). This
death was attributed to hypertensive cardiomyopathy.

The majority of dissecting aortic aneurysms are
thought to arise as a complication of hypertension. Those
dissections associated with sudden death are most com-
monly limited to the ascending aorta (Stanford Type A
dissection) with tearing of the adventitia and extension
of blood into the pericardial sac. Less commonly, there
will be dissection into the left pleural cavity or retroperi-

toneum. Histologically, one will often find cystic medial
necrosis of the aorta (Image 4.20; elastic stain). There is
some debate as to whether cystic medial necrosis is a
primary histologic abnormality that can cause dissection
or whether it is a secondary change produced by hyper-
tension or by connective tissue diseases, such as
Marfan’s syndrome.

A 76-year-old male complained of chest pains before
collapsing. He was taken to hospital, treated for minor
injuries, and released. He returned to hospital 3 days
later with complaints of chest and stomach pain. Because
there was no laboratory evidence of myocardial
ischemia, he was once again discharged home. He was
found dead at home the next day. At autopsy, 1 liter of
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fluid and clotted blood was present within the pericar-
dial sac, surrounding a dilated and hemorrhagic ascend-
ing aortic arch, which bore a small adventitial tear.
Further evaluation revealed an intimal tear located just
above the aortic valve, with a large dissecting aortic
aneurysm extending down the complete length of the
aorta and into major aortic arch branches. Biventricular
hypertrophy was also noted (Image 4.21).

Marfan’s syndrome
Marfan’s syndrome must be considered in the differential
diagnosis of the underlying cause of an aortic dissection,
particularly in a young individual with no known
history or anatomic features of hypertension. Recogni-

tion of Marfan’s syndrome is important because it is an
autosomal dominant disorder of connective tissue
(although it can also occur as a new mutation in 25 to 30
percent of cases).

A 17-year-old female with an unremarkable past
medical history collapsed and died suddenly at her
home after a 5-day history of chest pain. At autopsy, she
was noted to be of tall stature (183 centimeters), had a
long arm span (174 centimeters), arachnosyndactyly
(Images 4.22 and 4.23), high arched palate, shoulder and
buttock striae, and mild pectus excavatum. Internally,
examination demonstrated hemopericardium arising
from an aortic dissection. Both the intimal (Image 4.24)
and adventitial tears (Image 4.25) were located on the
ascending aorta. Finally, one must also recognize that
dissecting aortic aneurysms may also be associated with
congenitally bicuspid aortic valves (Image 4.26), even in
the absence of valvular stenosis or hypertension.

Do

• Remember that hypertensive left ventricular hyper-
trophy can be a cause of sudden death even in the
absence of significant atherosclerotic coronary artery
disease.

• Remember that hypertension is the most common
underlying cause of concentric left ventricular 
hypertrophy.

• Remember that hypertensive left ventricular hyper-
trophy is not always associated with a clinical history
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of hypertension and/or with other hypertensive end-
organ pathology (e.g., benign nephrosclerosis).

• Rule out hypertrophic cardiomyopathy as a cause of
concentric left ventricular hypertrophy.

• Look for a dissecting aortic aneurysm with the heart
still in situ when hemopericardium is found at
autopsy. If a dissecting aortic aneurysm is identified,
try not to cut through the ascending aorta or the aortic
arch when removing the heart, because this is the
most likely site of an intimal tear.

• Look for both historical and/or autopsy evidence 
of hypertension, Marfan’s syndrome, and congeni-
tally bicuspid aortic valve when a dissecting aortic
aneurysm is found.

Don’t

• Presume that you cannot make a diagnosis of hyper-
tension when concentric left ventricular hypertrophy
is found in the absence of a history of hypertension
and in the absence of any other hypertensive end-
organ pathology.

Valvular disease

The most common valvular abnormalities associated
with sudden death involve the aortic valve and, in 
particular, aortic outflow tract stenosis. Spontaneous
bacterial endocarditis is seen on occasion, although
endocarditis associated with intravenous drug abuse
may be seen more frequently in larger centers. Mitral
valve prolapse, although said to be present in about 2
percent of the population, is actually quite rare as a cause
of sudden death.

A 63-year-old male was driving a taxicab when he
pulled over to the side of a roadway, collapsed, and died.
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Autopsy revealed a hypertrophied and dilated left 
ventricle caused by congenitally bicuspid stenosis of the
aortic valve (Image 4.27). The residual valve orifice
would not admit the tip of a small finger, which is 
a common finding in aortic valvular stenosis of any 
etiology.

Aortic valve stenosis
Examination of the aortic valve from above is the best
way to establish the etiology of aortic valvular stenosis.
The congenitally bicuspid aortic valve has two cusps,
one of which is slightly larger than the other. The slightly
larger cusp often has a partially calcified ridge, the
median raphe, extending across its midpoint. The
median raphe can be mistaken for the fused edges of two
adjoining valve cusps, as seen in acquired postinflam-
matory aortic valvular stenosis. Unlike postinflamma-
tory fusion, however, the median raphe does not extend
to the free edge of the valve cusp and does not extend
up to the height of the valve commissures on the aortic
wall. Congenitally bicuspid aortic valves, which occur 
in approximately 2 percent of all births, are the most
common congenital abnormality of the heart valves.
They can be seen as incidental findings in children and
young adults, but are not usually stenotic. Stenosis of the
valve develops with calcification of its cusps over time,
such that sudden death due to congenitally bicuspid
valvular stenosis is usually seen in individuals between
60 and 75 years of age.

Acquired postinflammatory aortic valvular stenosis
(Image 4.28), the second most common cause of aortic
valvular stenosis, is usually seen as a cause of sudden
death in individuals between 50 and 60 years of age.
When viewed from above, the valve will exhibit varying
degrees of fusion of its commissures. In some cases, two
cusps can be fused in such a manner that the valve
appears quite similar to a congenitally bicuspid valve
(Image 4.29). One of the cusps will be twice the size of
the second cusp on a postinflammatory valve. Unlike the
median raphe of the congenitally bicuspid valve, fusion

of the cusps extends up to the free edge of the valve and
extends up to the full height of the valvular commis-
sures. In the absence of associated mitral valve disease,
isolated postinflammatory aortic valvular stenosis is no
longer thought to be rheumatic in origin, but rather is
thought to be the result of some other inflammatory
process, the etiology of which remains unknown.

Senile calcific aortic valvular stenosis is usually seen
in individuals over 70 years of age. The commissures of
the valve are generally free of adhesions, but deposits of
calcium are found on the aortic surfaces of the cusps
(Image 4.30). The calcification produces reduced mobil-
ity of the cusps, resulting in valvular stenosis. Although
the stenosis may be associated with left ventricular
hypertrophy, the advanced age of individuals with senile
calcific valvular stenosis is such that there are often other
lethal natural disease processes present. Thus, it is often
difficult to attribute the sole cause of a sudden death to
senile calcific aortic valvular disease.

Membranous subaortic stenosis
Membranous subaortic stenosis, an uncommon cause 
of left ventricular outflow tract obstruction, is usually
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detected clinically in children and adolescents. The
subaortic membrane is usually a thin or broad “discrete”
band of fibroelastic tissue, or can be a broader fibromus-
cular band referred to as tunnel subaortic stenosis. The
aortic valve itself may be normal, but may also exhibit
thickening of its cusps, which predisposes it to the devel-
opment of infection or insufficiency.

Supravalvular aortic stenosis
Supravalvular aortic stenosis, which can take the form 
of membranous stenosis, an hourglass deformity, or
hypoplasia of the ascending aorta, is a decidedly rare
cause of sudden death in adults.

A 42-year old male collapsed during an exercise class.
All attempts at resuscitation were unsuccessful. He had
a history of an aortic valve lesion of unknown etiology
since the age of 16. He had been investigated 1 year pre-
viously for syncopal episodes while running and for
shortness of breath on exertion. He was told to modify
his exercise program, but he was running 6 miles a day
and participating in four exercise classes per week at the
time of his death. At autopsy, there was left ventricular
hypertrophy and dilatation together with the presence of
a thin fibrous membrane extending around the circum-
ference of the left ventricular outflow tract below the
aortic valve (Image 4.31).

Infective endocarditis
Infective endocarditis is a rare cause of sudden death,
although it may be seen more commonly in chronic intra-
venous drug abusers. In those cases not related to drug
abuse, one will often find abnormal heart valves with
superimposed infection by bacterial organisms, such as
alpha-hemolytic Streptococcus viridans, which tend to
produce a subacute clinical presentation (i.e., so-called
subacute bacterial endocarditis). More clinically aggres-
sive organisms, such as Staphylococcus aureus, can infect
normal cardiac valves and will usually create a more
acute clinical picture. On occasion, however, organisms

usually associated with subacute disease will infect
normal valves. In those instances where infective endo-
carditis is found involving the tricuspid and pulmonary
valves, careful attention should be paid to either 
historical or autopsy evidence of intravenous drug
abuse. Cultures and Gram stains of the vegetations
should be taken in all cases of infective endocarditis.

A 44-year-old male presented to hospital with a 
1-week history of left lower quadrant abdominal pain
associated with anorexia. He had a history of chronic
ethanol abuse and homozygous hemoglobin C disease.
Shortly after his admission, he became bradycardic and
hypotensive. He deteriorated rapidly and died shortly
thereafter. At autopsy, the left and right coronary ostia
were located adjacent to each other above the left coro-
nary cusp. There was no gross evidence of chronic valvu-
lar disease, however vegetations were present on each
cusp of the aortic valve, and the left and right coronary
cusps were ruptured. The vegetation on the left coronary
cusp extended upward into the left main coronary artery
(Image 4.32). Gram-positive cocci were found in the veg-
etations (Image 4.33; Gram stain). Mycotic aneurysms
were found in the right coronary artery and the right
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middle cerebral artery (Image 4.34), and there was puru-
lent transmural infarction of the posterior free wall of the
left ventricle. An antemortem blood culture grew alpha-
hemolytic Streptococcus viridans.

Mitral valve prolapse
Mitral valve prolapse is the most common congenital
heart disease, occurring in approximately 5 percent of
persons over 15 years of age. It occurs at a higher fre-
quency in individuals with Marfan’s syndrome. Features
of mitral valve prolapse, which include a redundant
“accordion”-like widening of the valve leaflets, excessive
length of the posterior valve leaflet, thickening of the
central spongiosa portion of the valve leaflets with exces-
sive deposits of acid mucopolysaccharide material, and
thickening and rupture of chordae tendineae, are usually
incidental findings in cases where there is another
obvious cause of death. On very rare occasions, mitral
valve prolapse will be the only anatomic abnormality
present to account for a sudden death. Some individuals
with mitral valve prolapse experience chest pain and/or

cardiac arrhythmias, although the anatomic basis for this
is not understood (referred to eponymously as Barlow’s
syndrome). There is also a higher rate of infective endo-
carditis involving these valves.

A 40-year-old female collapsed suddenly and died
while shopping. Clinically she was known to have mitral
valve prolapse. At autopsy, the mitral valve, when
viewed from above, was noted to have thickened and
redundant leaflets (Image 4.35). Individual chordae
tendineae were ruptured (Image 4.36). Histologic sec-
tions confirmed the presence of excessive acid
mucopoly-saccharide material within the central spon-
giosa of the leaflets (Image 4.37).

Do

• Examine the cardiac valves (especially the aortic and
mitral valves) from above prior to opening.

• Try to establish the underlying pathology of a stenotic
aortic valve, rather than just attributing a death to
“aortic stenosis.”
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• Obtain cultures and Gram stains of the vegetations 
in cases of infective endocarditis in order to properly
identify the responsible organism.

Don’t

• Assume that mitral valve prolapse must be the cause
of a sudden natural death when it is identified at
autopsy: It is the most common congenital heart
disease, but is a rare cause of sudden death; and, as
always, this autopsy finding must be considered in
conjunction with the history, scene, and circumstances
of the death before drawing a conclusion about the
cause of death.

Nonatherosclerotic coronary 
artery disease

The progressive increase in prevalence of atherosclerotic
coronary artery disease has led to the unspoken agree-
ment that “coronary artery disease” is synonymous with
“atherosclerotic coronary artery disease.” However,
there are a variety of nonatherosclerotic diseases and
congenital abnormalities of the coronary arteries that are
potential causes of sudden death. Some of these can be
easily missed due to their more subtle gross appearances.
Because they tend to manifest within the childhood and
adolescent years, they should be part of any differential
diagnosis of sudden apparent natural death in subadults.

There are a variety of congenital abnormalities of the
coronary ostia and arteries, including abnormal location
of the ostia, ostial stenosis and/or ostial ridges, and acute
angle take-off of the proximal portion of a coronary
artery. Quite often, more than one of these abnormalities
will occur in one patient. Anomalous origin of the coro-
nary arteries can be found in approximately 1 in 200 indi-
viduals, such that it is very clear these are not necessarily
lethal entities. Chest pain, myocardial infarction,
syncope, and sudden death do occur in some individ-

uals, albeit rarely, and the actual mechanisms that
produce these signs and symptoms are not particularly
clear. Theories include decreased blood flow through the 
narrowed ostium caused by expansion of the aorta
during systole and compression of an anomalous left
mainstem coronary artery extending between the aorta
and the pulmonary artery during systole.

A normal life span is quite possible for individuals
with these anomalies, as illustrated in Images 4.38 and
4.39, which show an ostial ridge and acute angle take-off
of the left mainstem coronary artery, located above the
commissure between the left and right coronary cusps in
a 66-year-old male who died of atherosclerotic coronary
artery disease. The bottom line is that examination of the
coronary ostia is an essential part of the examination of the
heart in cases of sudden cardiac death, particularly in those
instances where the cause of death is not readily apparent.

An 8-year-old male collapsed suddenly and died
while playing video games at his home. He had no sig-
nificant past medical history, although his parents
expressed concern about the fact that he had recently
fallen and struck his head against a coffee table. At
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autopsy, there was no evidence of a head injury, however
the ostium of the left mainstem coronary artery was
found immediately adjacent to that of the right coronary
artery in the right sinus of Valsalva (Image 4.40). A ridge
of tissue extended partially around the left coronary
ostium (coronary ostial ridge), and the proximal portion
of the vessel was angled at less than 45 degrees to the
adventitial surface of the aorta (acute angle take-off of
the coronary artery). Furthermore, the left mainstem
coronary artery extended between the pulmonary trunk
and the aorta (Image 4.41). No other abnormalities were
identified to account for death.

Coronary artery spasm
Coronary artery spasm, also referred to as Prinzmetal’s
angina and variant angina, is typically seen as angina 
at rest accompanied by ST-segment elevation on ECG
with a reversible decrease in the luminal diameter of a
coronary artery on angiogram. Although coronary artery
spasm can occur in those with atherosclerotic coronary
artery disease, it is also found in individuals with other-
wise normal coronary arteries. Myocardial infarction and
rare cases of sudden death do occur. The difficulty for
the forensic pathologist is that a diagnosis of coronary
artery spasm is not possible based on autopsy findings,
but requires previous clinical documentation of the
spasm. Without this, the cause of death will be “unde-
termined.” However, one can speculate that disease of
the heart would be the most likely cause of death, based
on the suddenness of the collapse and death, with 
coronary artery spasm mentioned in the differential of
possible underlying disease entities.

A 43-year-old male collapsed suddenly and died while
at work. No anatomic abnormality of the heart or any
other organ was identified at autopsy and postmortem
toxicology was negative. His past medical history 
was significant for episodic angina at rest. Coronary
angiograms had revealed no evidence of significant ath-

erosclerotic coronary artery disease, however, spasm of
the right coronary artery could be induced with an injec-
tion of ergonovine. Image 4.42 shows the right coronary
artery prior to injection of ergonovine, whereas Image
4.43 illustrates spasm of the right coronary artery subse-
quent to injection.

Spontaneous coronary artery dissection
Spontaneous coronary artery dissection is a rare cause of
death and is a separate entity from dissecting aneurysms
of the aorta. It has no known association with either
hypertension or Marfan’s syndrome, but tends to affect
women (about 85 percent preponderance) with about

84

4.40 4.41

4.42



Nonatherosclerotic coronary artery disease 85

one-third of these women being either pregnant or post-
partum. The dissection occurs in the outer third of the
media or between the media and adventitia. Although it
is not uncommon to see an adventitial eosinophilic
inflammatory cell infiltrate (Image 4.44), the significance
of this is uncertain. Cystic medial necrosis is seen in only
a minority of cases. Traumatic dissection of a coronary
artery is exceptionally rare, but will be associated with a
history and/or autopsy evidence of blunt impact injury
involving the anterior chest wall.

A 42-year-old female collapsed and died after com-
plaining of the sudden onset of chest pain. She had no sig-

nificant past medical history. At autopsy, the adventitial
surface overlying the left anterior descending coronary
artery appeared to be hemorrhagic (Image 4.45), however,
on sectioning, an isolated dissection of this portion of the
vessel was discovered (Images 4.46 and 4.47). There was
no evidence of acute myocardial ischemia.

A 23-year-old male was found dead on the floor
beside his bed. His past medical history was significant
for investigations of chest pain for a number of days
prior to his death. His family history was significant for
premature atherosclerotic heart disease with the death of
other family members between 30 and 40 years of age.
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The only autopsy finding of note was a 1.5-cm-long intra-
mural segment of the midportion of the left anterior
descending coronary artery (Images 4.48 and 4.49).
There was no evidence of acute myocardial ischemia or
of myocardial fibrosis within the distribution of this
vessel.

This case illustrates the conundrum faced by a foren-
sic pathologist when a sudden death is associated with
a relatively common anatomic abnormality. An intra-
mural coronary artery, also referred to as myocardial
bridging, is simply a segment of coronary artery covered
by a layer of myocardium. They are common enough to
be considered a normal anatomic variant, yet, on occa-
sion, one will be found in an individual who has died
suddenly where there is no other identifiable cause of
death. Whether or not intramural coronary arteries are a
legitimate cause of death is still somewhat controversial,
but there does appear to be clinical evidence that these
vessels can cause myocardial ischemia. In some cases,
surgical ablation of a myocardial bridge has relieved
symptoms of ischemia. Given this, it is conceivable that

they are a cause of sudden death, an idea supported by
rare case reports in the literature. Depending on one’s
own level of comfort, the cause of death in this example
could be ruled due to intramural coronary artery (par-
ticularly given the previous history of intermittent chest
pain) or undetermined. There are no easy answers to
cases like this and, as always, one must try to put the
autopsy findings in the context of the medical history, 
the scene, and the circumstances of the death in order to
establish the most reasonable death certification.

Do

• Examine the coronary ostia and the pathway of the
proximal portions of the coronary arteries, particu-
larly in children, teenagers, and young adults who
have died suddenly.

Don’t

• Ignore the seemingly trivial nature of coronary ostial
and arterial abnormalities (e.g., ostial ridges, intra-
mural coronary arteries) when faced with a sudden
natural death where no other cause of death has been
identified—these subtle abnormalities can be the
cause of death.

• Assume that a pathologist cannot make a definitive
conclusion about the cause of death in the absence of
any significant anatomic findings—if the clinical
history fits with the scene and the circumstances 
of the death, the diagnosis can be made even when
there is nothing to see at autopsy (e.g., coronary artery
spasm).

Myocarditis

Myocarditis is generally associated with prodromal
symptoms of fever and flu-like illness that can last for
several days, such that these deaths are arguably not as
sudden as many of those previously described in this
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chapter. Cases of myocarditis do, however, come to the
attention of death investigation systems primarily
because they often involve younger individuals who
were thought to be healthy, apart from their recent vague
flu-like symptoms. Although the heart usually has some
congestion or petechiae of the epicardial surface, associ-
ated with pallor and softening of the myocardium, there
are instances, such as the case discussed here, where the
heart is completely unremarkable to gross examination
or the gross changes are subtle enough to be missed.

A 20-year-old male had a 2-day history of intermittent
fever and vomiting. He was assessed in the emergency
room of a hospital and was thought to have a mild gas-
troenteritis. He was discharged home, but deteriorated
during the next several hours, developed shortness of
breath, and then became unresponsive. All attempts at
resuscitation were unsuccessful. At autopsy, there was no
visible abnormality to account for death. In particular, the
heart appeared grossly unremarkable. A postmortem
blood culture did not grow any bacterial organisms. His-
tologic examination of the heart revealed patchy mixed
inflammatory cell infiltrates of the myocardium associ-
ated with myocyte necrosis (Image 4.50). The cause of
death was attributed to viral myocarditis.

A 14-year-old boy had felt unwell for the past 3 or 4
days. While delivering newspapers, the teenager became
short of breath and was witnessed to collapse on the
sidewalk. Although neighbors called 911, he died. A
postmortem radiograph of the chest showed an enlarged
cardiac silhouette (Image 4.51). The most notable
autopsy finding was cardiomegaly (Image 4.52). A
transverse section through the ventricles showed subtle
circumferential subendocardial pallor (Image 4.53).
Microscopically, a prominent predominantly lympho-
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cytic interstitial inflammatory infiltrate was associated
with focal myofiber destruction (Image 4.54).

For the most part, myocarditis in North America and
Western Europe is thought to have a viral etiology, with
the coxsackie A and B viruses being most common. The
difficulty is that routine viral serology, cultures, and even
DNA hybridization techniques almost inevitably fail to
detect a virus, such that they are of little assistance in
establishing a diagnosis. For the forensic pathologist, 
the diagnosis rests in the histologic appearance of the
myocardium. Typical inflammatory cell infiltrates are
predominantly lymphocytic, but polymorphs can be
present. Hypersensitivity myocarditis, which is usually
caused by an allergic reaction to drugs, should be 
suspected when eosinophils are a prominent part of 
the myocardial inflammatory cell infiltrate.

Apart from its presentation as a fulminant illness with
death, viral myocarditis can be subacute, chronic, and
even clinically silent, and is now recognized as one of the
underlying causes of dilated cardiomyopathy. Subclini-
cal myocarditis can be an incidental finding in some
cases. Image 4.55 shows an active viral myocarditis in
the heart of an 8-year-old male who suffered a lethal 
penetrating head injury when he was struck by the leg
of a chair that had been flung at him by an adult. The
cause of death was clearly his head injury, yet the degree
of inflammation of the myocardium was histologically in
excess of that seen in Image 4.50, where the cause of
death was attributed solely to viral myocarditis.

Do

• Consider viral myocarditis in the differential diagno-
sis of anyone dying following a short flu-like illness.

Don’t

• Assume that a normal gross appearance of the
myocardium means myocarditis cannot be present.

• Diagnose myocarditis simply because inflammatory
cells are found in the myocardial interstitium. There
must be evidence of myocyte necrosis before such a
diagnosis can be made.

• Worry about obtaining viral cultures and serology in
cases of viral myocarditis because they are rarely of
any assistance in making the diagnosis.

Cardiomyopathy

Although many cases of cardiomyopathy come to clini-
cal attention due to signs and symptoms of heart failure,
in some individuals their first symptom will be sudden
death or their symptoms will be so insidious as to be
ignored until death occurs. This is particularly true for
hypertrophic cardiomyopathy and right ventricular 
cardiomyopathy, but can occasionally be seen in cases 
of dilated cardiomyopathy.

Hypertrophic cardiomyopathy
Hypertrophic cardiomyopathy is a relatively common
cardiac disease, said to occur in about 1 in 500 individu-
als in the general population, yet it remains a relatively
uncommon cause of sudden death when compared to its
overall frequency. Its etiology lies in mutations of one of
a number of genes that produce proteins necessary for
the structural integrity, contractile function, or regulation
of the cardiac sarcomere. Unfortunately, DNA analysis
for hypertrophic cardiomyopathy is not widely available
and, as such, the autopsy diagnosis still relies on
anatomic features. The heart will exhibit either concen-
tric or asymmetric left ventricular hypertrophy. Asym-
metric hypertrophy is said to be present when the
interventricular septal thickness is 1.3 times greater than
that of the posterolateral free wall. Left ventricular
outflow tract obstruction is a feature of some cases, such
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that hypertrophic cardiomyopathy has also been referred
to as hypertrophic obstructive cardiomyopathy (HOCM)
and idiopathic hypertrophic subaortic stenosis (IHSS).

Anatomic features that suggest the presence of
outflow tract obstruction include thickening of the 
anterior mitral valve leaflet and formation of a fibrous
plaque, reflecting a mirror image of the mitral valve
leaflet, on the adjacent left ventricular outflow tract
endocardium. Histologically, most cases will exhibit a
fairly characteristic bizarre branching of myocytes, par-
ticularly prominent in the interventricular septum. It is
very important that histologic sections of the interven-
tricular septum and the left ventricular free walls be
taken perpendicular to the long axis of the heart in order
to properly demonstrate these myocytes. Another char-
acteristic feature is the presence of thickened intramural
coronary arteries. Each of these features can be present
in variable degrees, such that the diagnosis may be 
difficult. Because hypertrophic cardiomyopathy is 
inherited as an autosomal dominant disorder, when the
diagnosis is established, it is important to recommend
that close family members undergo clinical testing for
this disease.

A 43-year-old female collapsed and died suddenly in
her home. She had no significant past medical history,
but a sibling had died suddenly several years previously
with an autopsy diagnosis of “cardiac death of undeter-
mined etiology.” At autopsy, the heart weight was 590
grams and there was evidence of asymmetric hyper-
trophy of the left ventricle, particularly prominent in the
anterior portion of the interventricular septum (Image
4.56). This produced left ventricular outflow tract
obstruction with thickening of the anterior mitral valve
leaflet and mirror image fibrous thickening of the left
ventricular outflow tract adjacent to the anterior mitral
valve leaflet (Image 4.57). Another view of anterior
mitral valve leaflet thickening, from a different case, is
shown in Image 4.58. Histologically, bizarre branching
myocytes were found throughout the left ventricular

myocardium, but were most prominent within the inter-
ventricular septum (Image 4.59). Characteristic endothe-
lial and medial thickening of intramural coronary
arteries was noted (Image 4.60). A diagnosis of 
hypertrophic cardiomyopathy was made. Review of the
histologic sections from the sibling who died previously
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also revealed the characteristic findings of hypertrophic
cardiomyopathy.

Arrhythmogenic right 
ventricular cardiomyopathy
Arrhythmogenic right ventricular cardiomyopathy (also
referred to as ARVD or arrhythmogenic right ventricular
dysplasia) is a relatively rare disorder that presents
pathologically as either paper-like thinning of the right
ventricular myocardium associated with replacement of
the myocardium by a mixture of fibrous tissue and fat,
or as transmural fatty infiltration of the right ventricular
myocardium extending from the epicardium to the endo-
cardium. There may be evidence of patchy myocardial
fibrosis and chronic inflammatory cell infiltrates. Occa-
sionally, fatty infiltration will be found within the
myocardium of the left ventricle. In some cases, such as
the one discussed next, the diagnosis is relatively
straightforward. In others, assessing the degree of fatty
infiltration as being abnormal can be challenging, 
particularly in the elderly. As such, referral to a cardiac
pathologist is warranted. Because arrhythmogenic right
ventricular cardiomyopathy can be a familial disorder
(primarily autosomal dominant inheritance), family
members should undergo clinical examination for the
disease when the diagnosis is made.

A 42-year-old female was found dead on a bed in a
hotel room that she had been cleaning. There was no
known significant past medical history. At autopsy, there
was transmural fatty infiltration and thickening of the
right ventricular myocardium (Image 4.61). Histologi-
cally, the fatty infiltration extended completely through
the myocardium to the endocardium (Image 4.62), with
formation of islands of myocardium completely sur-
rounded by adipose tissue (Image 4.63). A diagnosis of
arrhythmogenic right ventricular cardiomyopathy was
made.

90

Dilated cardiomyopathy
In cases of dilated cardiomyopathy, there is dilatation of
all four cardiac chambers, with predilection for more
severe disease in the left ventricle. Although there will
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be left ventricular hypertrophy, ventricular dilatation can
produce a normal or even reduced free wall thickness.
The endocardium will exhibit variable degrees of fibrous
thickening and mural thrombi are often present. The his-
tologic changes are nonspecific, but include endocardial
fibrosis, interstitial fibrosis within the myocardium,
hypertrophy and/or actual thinning of myocytes (as a
result of ventricular dilatation), myocytolysis, and occa-
sional chronic inflammatory cell infiltrates. The diagno-
sis can only be made in the absence of hypertension,
coronary artery disease, and valvular disease. Silent or
subclinical viral myocarditis is thought to be the under-
lying cause of many cases of dilated cardiomyopathy. 
So-called alcoholic cardiomyopathy is a form of dilated 
cardiomyopathy that occurs in alcoholics, usually in the
absence of alcoholic cirrhosis. This is one of the more
common reasons for a dilated cardiomyopathy to come
to the attention of a forensic pathologist. Peripartum 
cardiomyopathy is a form of dilated cardiomyopathy 
of unknown etiology arising in the third trimester of
pregnancy or the first 6 months postpartum.

A 35-year-old female, who lived in a remote northern
community, was found dead in bed. She had apparently
felt unwell for an unspecified number of days prior to
her death. Her eighth child had been delivered 6 weeks
previously without complications. There was no clinical
history of hypertension. At autopsy, the atrial and ven-
tricular chambers were dilated, and the myocardium
was uniformly pale in color (Image 4.64). There was
increased trabeculation of the left ventricle, such that it

had a morphologic appearance similar to that of the right
ventricle. Histologic examination of the myocardium
revealed variable degrees of myocardial fibrosis, with
some myocyte hypertrophy and occasional chronic
inflammatory cell infiltrates (Image 4.65). The cause 
of death was attributed to peripartum cardiomyopathy.

Alcoholic cardiomyopathy
Alcohol and its metabolites are directly toxic to the heart.
In addition, chronic ethanol abusers may have some
element of thiamine deficiency, raising the possibility of
additional cardiac pathology. Although an association
between chronic ethanol abuse and dilated cardiomy-
opathy is known, a mechanism is not, and the morphol-
ogy of alcoholic dilated cardiomyopathy is no different
than any other form of dilated cardiomyopathy.

A 65-year-old known alcoholic was found collapsed in
the hallway of his apartment building. His buttocks were
in the air and his pants were around his ankles (Image
4.66). There was no evidence of trauma on the body. At
autopsy, the only finding of note was a prominent dilated
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cardiomyopathy (Image 4.67). Toxicology showed only a
negligible amount of alcohol. His cause of death was
attributed to dilated cardiomyopathy arising as a result
of chronic ethanol abuse.

Myotonic dystrophy
Myotonic dystrophy is an autosomal dominant disease
of skeletal muscle that can be associated with cardiomy-
opathy and occasionally with sudden death. The patho-
logic appearance of the heart is actually quite nonspecific
(in fact, the heart can appear to be normal), with histo-
logic abnormalities appearing in skeletal muscle rather
than cardiac myocytes. DNA hybridization is used to
detect an increased number of repeats of a trinucleotide
sequence (CTG) in the gene that encodes myotonin
protein kinase. These studies can be performed on post-
mortem blood, ideally collected in a tube containing
EDTA, although definitive results become less likely
with increasing postmortem period.

A 45-year-old male collapsed and died suddenly while
carrying plywood at his worksite. Although he was sus-
pected to have myotonic dystrophy, this diagnosis had
never been confirmed. At autopsy, there was evidence of
left ventricular hypertrophy and slight dilatation,
together with dilatation of the right ventricle. Histologi-
cally, the myocardium appeared to be relatively unre-
markable, however, sections of skeletal muscle exhibited
some central nuclei (Image 4.68) and nuclear chains
(Image 4.69), as can be seen in myotonic dystrophy. Ring
fibers, which are most characteristic of this disease, were
not seen. Postmortem DNA hybridization studies were
consistent with a diagnosis of myotonic dystrophy.

Do

• Search for any past medical history or histologic find-
ings that might suggest the underlying etiology of a
dilated cardiomyopathy.

• Examine the right ventricle of the heart, looking for
evidence of hypertrophy, thinning, and/or significant
fatty infiltration.

• Consider the diagnosis of hypertrophic cardiomyopa-
thy in cases of concentric, as well as asymmetric, left
ventricular hypertrophy.

• Take histologic sections of the interventricular septum
at right angles to its long axis in order to identify the
abnormal myocytes seen in hypertrophic cardiomy-
opathy.

• Look for evidence of intramural coronary artery
abnormalities as an additional histologic sign of
hypertrophic cardiomyopathy.

• Recommend clinical screening of a family when you
make a diagnosis of hypertrophic cardiomyopathy or
right ventricular cardiomyopathy.

Don’t

• Make a diagnosis of “cardiomyopathy” in the pres-
ence of hypertension, significant coronary artery
disease, or valvular disease.
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Cardiac conduction system disorders

For those forensic pathologists who are adventurous,
and who have a very well-paid, enthusiastic histotech-
nologist, microscopic examination of the cardiac con-
duction system can be of merit in establishing an
underlying cause of death in select cases. This is partic-
ularly true when there is gross or histologic evidence of
a disease process that is also capable of affecting the con-
duction system. It is far less likely to be of assistance
when there is no other gross or histologic abnormality of
the heart and no past medical history to suggest the pres-
ence of a conduction system disorder. Examination of 
the conduction system can be superficial or detailed,
depending on the nature of the case at hand. Obvious
gross abnormalities involving the conduction system
will only need a few sections to establish the histology
of the disease process. A more detailed examination gen-
erally involves processing and viewing 40 to 80 slides,
while highly detailed studies, involving hundreds to
thousands of slides from a single case, are far beyond 
the capabilities of most forensic pathologists and their
histology laboratories.

A 35-year-old male with a history of alcohol abuse was
found dead on a sofa. At autopsy, the heart muscle was
somewhat soft and gray-white tissue was noted infil-
trating the interventricular septum, particularly in the
vicinity of the atrioventricular node and the bundle of
His (Image 4.70). Histologically, this proved to be sar-

coidosis (Images 4.71 and 4.72), with additional sarcoid
granulomata being found in the lungs and the hilar
lymph nodes.

This represents one of those unusual cases wherein the
decision to examine the cardiac conducting system his-
tologically is easily made due to the presence of a grossly
identifiable abnormality in the vicinity of the atrioven-
tricular node. Cardiac sarcoidosis will more commonly
present clinically as a restrictive or infiltrative type of
cardiomyopathy, but it can involve the cardiac conduct-
ing system and can therefore be a rare cause of sudden
cardiac death. Sarcoid infiltration of the conducting
system is virtually always associated with grossly visible
infiltration of other portions of myocardium.

A 46-year-old female, with a history of hypertension
and ECG evidence of Wolff-Parkinson-White Syndrome
(WPW), was found dead in her bedroom. Previous 
ECGs suggested that an accessory pathway was located
somewhere around the right atrioventricular ring. The
ring was serially sectioned, and a single thin accessory
bundle of cardiac muscle (a so-called bundle of Kent)
was found extending through the epicardial soft tissues
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between the right atrium and ventricle (Image 4.73). 
This provided anatomic confirmation of the clinical 
diagnosis.

Preexcitation syndromes
Wolff-Parkinson-White (WPW) syndrome is the best
known of the preexcitation syndromes. It is caused by an
accessory pathway, or more commonly multiple path-
ways, of conducting tissue extending between the atria
and ventricles, either within or outside of the atrioven-
tricular node. The accessory pathways are thought to
allow more rapid transmission of a sinoatrial node
impulse to the ventricles than normally occurs through
the atrioventricular node. This results in shortening of
the PR interval and “slurring” of the upward or down-
ward slope of the QRS complex (i.e., the delta wave),
which are the ECG hallmarks of classical WPW syn-
drome. On occasion, the accessory pathways also permit
retrograde transmission of an electrical impulse from the
ventricles to the atria, creating a reentrant circuit and
potentially lethal tachyarrhythmias. Electrophysiologic
testing is used to find these accessory pathways so they
can be surgically ablated.

If sudden death occurs, but a diagnosis of WPW syn-
drome has not been established clinically, it is not feasi-
ble for a forensic pathologist to serially section both
atrioventricular rings in hopes of finding accessory atri-
oventricular connections. Such studies require the prepa-
ration and examination of hundreds, if not thousands, of
slides. Unfortunately, the cause of death must usually be
certified as “undetermined” with the suggestion that a

cardiac conduction disorder, such as WPW syndrome, is
part of the differential diagnosis. This is particularly true
when the person was known to have had previous syn-
copal events. Wolff-Parkinson-White syndrome can be
familial, with autosomal dominant inheritance. A muta-
tion of the gene that encodes a regulatory subunit of
AMP-activated protein kinase has now been identified in
some families with WPW syndrome. As a result, it is wise
to recommend clinical and ECG examination of close
family members when a diagnosis of WPW, or any of 
the preexcitation syndromes for that matter, is suspected
in a sudden cardiac death.

A variety of other cardiac conduction disorders may
present to a forensic pathologist as a case of sudden
cardiac death. The best known of these is the long QT
syndrome (LQTS). Although prolongation of the QT
interval can be acquired, there are a variety of con-
genital forms that are now known to be genetic ion-
channel disorders of variable penetrance and expression.
Affected individuals can develop a complex tachycardia,
referred to as torsades de pointes, as well as ventricular fib-
rillation, such that syncope and sudden death do occur.
Another more recently described disorder is the Brugada
syndrome, wherein there is sudden onset of ventricular
fibrillation thought to arise from abnormal electrical
activity in the right ventricle. This has been linked to an
ion-channel gene mutation.

Of particular note, the lethal arrhythmias seen in cases
of LQTS and other cardiac conduction disorders often
occur during exercise and, in particular, during swim-
ming. One should always consider the possibility of a
cardiac conduction disorder when a good swimmer
“drowns” for no apparent reason. Experimental studies
in molecular genetics can now detect gene abnormalities
in approximately 50 percent of those with ECG evidence
of LQTS. Unfortunately, these genetic tests are only avail-
able on an experimental basis. Once again, unless the
clinical diagnosis of LQTS is made prior to a sudden
death, the forensic pathologist will not be able to estab-
lish this diagnosis at autopsy. As with WPW syndrome,
if a forensic pathologist suspects that LQTS, or any other
form of cardiac conduction disorder, is a potential cause
of death, it is always wise to recommend that close
family members undergo clinical and ECG examinations
to rule out the possibility of familial disease. This is par-
ticularly true for any family member who has experi-
enced “seizures,” syncopal episodes, or palpitations for
which no underlying cause has been established.

Do

• Consider keeping appropriate blocks of tissue from
the sinoatrial and atrioventricular nodes as “stock”
when you have a sudden death where no obvious
cause is identified at autopsy; this should be con-
sidered even more seriously if there is a past history
of syncope, “seizures,” or palpitations.
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• Perform histology of the conducting system when
there is a grossly visible abnormality of the interven-
tricular septum.

• Consider the diagnosis of a cardiac conduction system
disorder (particularly the long QT syndrome) when 
a good swimmer suddenly “drowns” or when an 
athletic person dies suddenly during exercise.

• Recommend clinical screening of a family when you
diagnose a cardiac conduction system disorder. In
addition, give serious consideration to recommend-
ing clinical screening of a family when you 
suspect there is such a disorder present but cannot
definitively prove it.

Don’t

• Be scared to suggest the presence of a cardiac con-
duction system disorder when the history and the cir-
cumstances of the death are right, but you are unable
to find any histologic abnormality of the conducting
system—often no histologic abnormality is seen in
these disorders.

• Assume that a history of “seizures” means the
primary pathology will be found in the brain—
cardiac conducting system disorders can present as
recurrent “seizures.”

Central nervous system disease

A number of the diseases traditionally considered as
primary central nervous system pathologies are, in
reality, diseases of the cardiovascular system (e.g., 
ruptured cerebral artery berry aneurysm, hypertensive
intracerebral hemorrhage). Sudden death due to diseases
of the central nervous system can be broadly classified
into seizure-related disorders, intracranial hemorrhage
of varying etiologies, meningitis, and tumors.

Sudden unexpected death in epilepsy (SUDEP)
Epileptics can die suddenly in a variety of circumstances.
Postictal unconsciousness can leave the individual in a
position that compromises the airway, as illustrated in
the case shown in Images 4.74 through 4.76. A more
common variation of this is the epileptic who drowns as
a result of having a seizure while taking a bath (Image
4.77). Seizures may also lead to secondary trauma
including falls, fires, and motor vehicle collisions. Quite
apart from these trauma-related deaths, status epilepti-
cus is a recognized medical emergency that can cause
death if the seizures are not brought under control.
Although most physicians are aware of these types of
seizure-related deaths, many are unaware of the fact that
one of the most common means by which epileptics die
is following a seizure that is no different from any other
they have previously suffered in their lifetime. The actual
mechanism by which these deaths occur is not currently
understood, but would appear to be related to some

physiologic disruption of brainstem cardiac and/or 
respiratory function.

A 27-year-old male was found dead slumped against
a bed in his room, with his head and neck hyperextended
as shown earlier in Image 4.74. He had a history of
poorly controlled seizures of unknown etiology that

4.74

4.75

4.76



Sudden natural death96

arose while he was in his teens. At autopsy, there was
ecchymosis of the tongue (Image 4.75) and an abrasion
on the undersurface of the chin consistent with his ter-
minal position (Image 4.76). No other injuries or natural
disease processes were identified to account for death. In
particular, there was no gross or histologic abnormality
of the brain to account for a seizure disorder. The imme-
diate cause of death was certified as “postural asphyxia”
with the underlying cause of death being “idiopathic
epilepsy.”

Historical and circumstantial (scene and other) infor-
mation are generally far more revealing than autopsy
findings in cases of SUDEP. This is particularly true for
traumatic deaths. Those individuals who simply die fol-
lowing a seizure often do so while sleeping. They may
have a history of poorly controlled seizures and/or
recently witnessed seizure activity, but in some cases the
family will indicate that the decedent was seizure free for
months, or even years, prior to the sudden death. If the
person was in bed, he will usually be found on the floor
beside it or with the bedding in a state of disarray (Image
4.78). There may be a small amount of white or blood-
tinged foam on the mouth (Image 4.79) and within the
airways. This is thought to be a sign of terminal respira-
tory failure and is a fairly common finding in deaths
caused by central nervous system disease or injury,
drowning, drugs, and sudden infant death syndrome.
The tongue may have injuries consistent with biting, as
shown in Image 4.75, but this is not universally present.
Bite injuries of the tongue do not necessarily mean that
a person had epilepsy; rather, they are simply an indica-
tor of seizure-like activity, of any cause, close to the time
of death. Another nonspecific but supportive finding 
is terminal urinary incontinence.

In the majority of epileptic deaths, no gross or histo-
logic abnormality of the brain will be identified. These
deaths are most common when the epilepsy arose in
childhood or adolescence and can be attributed to “idio-

pathic epilepsy.” The older a person is when seizure
activity starts, the more likely there is to be some identi-
fiable underlying disease process (e.g., tumor) to account
for it, in which case that entity becomes the underlying
cause of death. Postmortem toxicology often reveals 
subtherapeutic levels of anticonvulsant medications or
even a complete absence of these medications.

A 53-year-old female with a history of intermittent
seizures since the age of 12 was found dead in her bed.
She had had a witnessed seizure earlier in the day. The
only finding at autopsy was unilateral hippocampal scle-
rosis (Images 4.80 and 4.81). There was a subtherapeutic
level of valproic acid in the postmortem blood.
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Although repetitive seizures can cause bilateral 
hippocampal sclerosis, presumably due to hypoxic/
ischemic injury of these watershed structures, unilateral
hippocampal sclerosis is accepted as an underlying cause
of seizures.

Spontaneous intracranial hemorrhage
Berry aneurysms are generally located at the bifurcation
points of major vessels in the circle of Willis. Those that
rupture and cause sudden death are most commonly
found in the anterior half of the circle of Willis. Ruptured
aneurysms can vary from millimeters to centimeters in
diameter, with smaller ones being easily missed without
a diligent search. Although pathologists have long been
taught to fix brains in formalin prior to neuropathologic
examination, an exception should be made in the case 
of nontraumatic basal subarachnoid hemorrhage. It is
much easier to remove the meninges and gently wash
away subarachnoid blood to expose the circle of Willis
in the fresh state. The aneurysm will generally be found
in the vicinity of the heaviest concentration of subarach-

noid blood. On occasion, berry aneurysms can rupture
into the subdural space, producing a subdural
hematoma that can appear to be traumatic in origin.
Likewise, a berry aneurysm can also rupture primarily
into the cerebral hemispheres, with extension into the
lateral ventricles, thereby simulating a hypertensive
intracerebral hemorrhage. Careful examination of the
circle of Willis is therefore necessary to establish defini-
tively the presence or absence of a ruptured berry
aneurysm. Individuals who die of a ruptured berry
aneurysm will often have a history of, or autopsy find-
ings suggestive of, hypertension. Hypertension is
thought to promote both the enlargement and rupture of
berry aneurysms. Berry aneurysms can also be found 
in association with adult polycystic kidney disease. On
occasion, large intact berry aneurysms can be found as
completely incidental findings in deaths attributable to
other causes (Image 4.82).

A 62-year-old morbidly obese female went outside to
smoke a cigarette when she suddenly collapsed and
died. At autopsy, there was basal subarachnoid hemor-
rhage concentrated primarily over the brainstem (Image
4.83). This was washed away, in the fresh state, to reveal
a berry aneurysm located at the bifurcation of the basilar
artery into the two posterior cerebral arteries (Image
4.84). There was a tiny perforation of the apex of the
aneurysm (Image 4.85).

Spontaneous hemorrhage within the central nervous
system, attributable to hypertension, arises primarily
within the basal ganglia, but can also be found in theGliosis

Gliosis

Hippocampal Neurons
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cerebellar hemispheres and the brainstem. Postmortem
toxicology should be performed in order to rule out the
presence of drugs that might cause an acute elevation of
blood pressure (e.g., cocaine or methamphetamine), but
there is more likely to be a clinical history of hyperten-
sion and/or autopsy evidence of concentric left ventric-
ular hypertrophy. If none of these is present, it is still
reasonable to attribute spontaneous hemorrhage in one
of these three sites to hypertension, in the absence of any
other vascular pathology, because hypertension is often
clinically silent and does not always produce classical
concentric left ventricular hypertrophy and benign
nephrosclerosis.

A 57-year-old hypertensive male was found dead on
the ground at his workplace. At autopsy, there was a

large intracerebral hematoma centered over the left basal
ganglia (Image 4.86). This finding, together with con-
centric left ventricular hypertrophy, was in keeping 
with the history of hypertension.

Arteriovenous malformations
Arteriovenous malformations are most frequently found
within the distribution of the middle cerebral artery
(Images 4.87 and 4.88), but can also occur in the mid-
brain, cerebellum, and spinal cord. They should be
looked for whenever there is subarachnoid and/or
intracerebral hemorrhage not clearly related to hyper-
tension or a ruptured berry aneurysm. Although they 
are often large enough to be identified grossly, there are
occasions where histologic examination of numerous
sections of the blood within a hematoma will be needed
in order to identify the malformation. Histologically,
these lesions are composed of a collection of closely
spaced arteries and veins often with intervening gliotic
tissue and evidence of remote hemorrhage. The vessels
themselves can be dilated or can have thickened walls
with duplication of internal elastic lamina in arteries and
“arteriolization” of the veins.
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A 57-year-old female was found unconscious in her
bathroom and died shortly after admission to hospital.
She was reported to have had a bad cold for 2 weeks. She
complained of a sinus headache and then started to
vomit on the day of her death. At autopsy, there was an
intracerebral hematoma, with intraventricular extension,
arising from a large arteriovenous malformation 
centered over the right caudate nucleus (Images 4.89 
and 4.90).

Meningitis
The forensic pathologist will usually see bacterial
meningitis in those who do not seek medical attention or
in situations where a person seeks medical attention but
is discharged home after a clinical diagnosis of viral flu-
like illness is made. The diagnosis is normally quite easy
to make on gross examination of the brain. Occasionally,
however, purulent material will not be visible beneath
the meninges, and the finding of meningitis will come as
a surprise when histologic sections are examined. It is
important for the pathologist to have a high index of

suspicion for meningitis (or any form of overwhelming
sepsis for that matter) in individuals who die following
a flu-like illness. Postmortem blood cultures and/or cere-
brospinal fluid cultures should be taken whenever the
diagnosis is suspected. Intracranial cerebrospinal fluid is
most easily obtained by puncture of the cisterna magna,
following sterilization of the skin with iodine and
alcohol (Image 4.91). A swab of the purulent meninges
can also be submitted for culture if cerebrospinal fluid is
not obtained. The three organisms that account for the
majority of cases of bacterial meningitis in the adult pop-
ulation are Streptococcus pneumoniae, Neisseria meningi-
tidis, and Listeria monocytogenes. It is important to report
cases of meningitis to local public health officials, par-
ticularly if infection with N. meningitidis is suspected,
because close contacts of the decedent (often including
autopsy personnel) will require antibiotic prophylaxis.

A 38-year-old male was found dead in his home after
a brief flu-like illness with headaches, nausea, and vom-
iting. At autopsy, purulent material was visible beneath
the meninges (Image 4.92). Histologically, acute inflam-
matory cell infiltrates were found throughout the
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meninges (Image 4.93) and Gram stains revealed gram-
positive diplococci (Image 4.94). Postmortem cere-
brospinal fluid cultures grew S. pneumoniae.

Central nervous system tumors
The majority of tumors involving the central nervous
system are diagnosed clinically. On occasion, the foren-

sic pathologist will see primary or secondary involve-
ment of the central nervous system by tumor in individ-
uals whose deaths appear to be sudden and without
much in the way of prior signs or symptoms. On other
occasions, extremely large tumors will be incidental find-
ings in individuals with another cause of death. Image
4.95 shows a subependymoma in the fourth ventricle of
a police officer who was shot in the line of duty. He had
no known previous symptomatology. Likewise, Image
4.96 shows an exceptionally large meningioma com-
pressing the right cerebral hemisphere in a 62-year-old
female who died of heart disease. She did not have any
documented symptoms related to the meningioma.

This 55-year-old female was found dead on the floor
of her residence. She had recently complained of dizzi-
ness and numbness on her left side, but was otherwise
healthy. At autopsy, there was a tumor arising within the
right side of the midbrain (Image 4.97) that was histo-
logically proven to be a glioblastoma multiforme (Image
4.98).
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Colloid cysts
Colloid cysts are a rare cause of sudden death. They are
often found in the anterior portion of the third ventricle,
and usually present clinically in adulthood, causing
severe headache that may be related to changes in the
position of the head. Their location and relative mobility
allow them to intermittently obstruct the foramen of
Monro, such that they can cause hydrocephalus. This is
also thought to be the mechanism by which they cause
sudden death.

A 22-year-old female IV drug abuser was admitted to
hospital complaining of severe frontal headache associ-
ated with nausea and vomiting over a 12-hour period. A
CT scan revealed enlargement of the ventricles together

with a mass in the vicinity of the pineal gland. She
became comatose shortly after her admission and died.
At autopsy, there was a colloid cyst of the third ventricle
with hydrocephalus and cerebral edema (Image 4.99).
The cyst had a low cuboidal epithelium on a thin 

4.95

4.96

4.97

4.98

4.99



Sudden natural death

collagenous wall and was filled with PAS-positive 
amorphous material (Image 4.100; PAS stain).

Do

• Understand that epileptics can die suddenly after a
seizure that appears no different from any other
seizures they have had in their lifetime.

• Look for the underlying cause of seizures in those
who die of a seizure disorder, because this will be the
actual underlying cause of death.

• Wash away basal subarachnoid blood and examine
the basal cerebral arteries at the time of autopsy,
rather than after fixation, in order to identify the
source of hemorrhage.

• Look for the source of subarachnoid hemorrhage in
proximity to the heaviest concentration of subarach-
noid blood.

• Look for historical or autopsy evidence of hyperten-
sion with a ruptured berry aneurysm and with a
“spontaneous” intracerebral, intracerebellar, or 
brainstem hemorrhage.

• Look for gross or histologic evidence of an arteriove-
nous malformation when you encounter a “sponta-
neous” intracerebral, intracerebellar, brainstem, or
spinal cord hemorrhage.

• Perform toxicology in order to rule out drugs, such as
cocaine and amphetamines, as the underlying cause
of a “spontaneous” intracerebral, intracerebellar, or
brainstem hemorrhage.

• Perform cerebrospinal fluid, blood, and/or meningeal
cultures whenever meningitis is suspected or found
at autopsy.

• Inform a public health official whenever a diagnosis
of meningitis is made.

Don’t

• Assume that a bitten or injured tongue means an indi-
vidual died as a result of a seizure or of “epilepsy.”

• Assume that grossly normal meninges rule out
meningitis.

Respiratory system

The majority of diseases involving the respiratory
system will present clinical signs and symptoms that
result in a clinical diagnosis, such that if and when death
occurs it is neither sudden nor unexpected. This is par-
ticularly true for chronic obstructive pulmonary disease
and for most pulmonary malignancies. On occasion
though, diseases of the respiratory system can cause
sudden death and can even be quite dramatic in their
presentation.

Lobar pneumonia
Lobar pneumonia, which is most commonly caused by
Streptococcus pneumoniae, is usually diagnosed clinically.
In those who do not seek medical attention and proceed
to die, a postmortem chest x-ray can be used to detect
consolidative changes (Image 4.101).

A 58-year-old male alcoholic was found dead in his
residence. He had a 2-day history of productive cough
and had complained of feeling unwell, but did not seek
medical attention. At autopsy, there was complete 
consolidation of the lower left lobe (Image 4.102), with
histologic evidence of polymorph infiltrates filling the
alveolar airspaces (Image 4.103). A Gram stain revealed
the presence of gram-positive diplococci consistent with
S. pneumoniae.

Pneumocystis carinii pneumonia
Forensic pathologists must be aware of the numerous
infections that can arise secondary to human immuno-
deficiency virus (HIV) infection and attempt to confirm
the diagnosis with postmortem serology. Public health
officers must be notified of either a possible or a con-
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firmed diagnosis of HIV infection so that follow-up of
close contacts of the decedent can be undertaken.

A 45-year-old male was found dead in his residence
after he failed to show up for work. He had no recent
medical history. At autopsy, both lungs exhibited com-
plete consolidation of each lobe. Histologically, foamy
eosinophilic material filled the alveoli (Image 4.104) and
Grocott stains confirmed the presence of Pneumocystis
carinii (Image 4.105). Significant postmortem hemolysis
interfered with establishing a serological diagnosis of
HIV infection, although this would be the most likely
underlying cause of the pulmonary disease.

Hantavirus infection
Some pulmonary infections (particularly those due to
viruses) can present as diffuse alveolar damage. Han-
tavirus is transmitted to humans when they contact
infected deer mouse (Peromyscus maniculatus) feces or
urine. As such, it is most commonly encountered in rural
settings. As with many viral infections, the affected 
individual will initially have nonspecific symptoms of a
flu-like illness, but will then develop rapid onset of 
respiratory symptoms and hypotension. Death can occur
within hours to days of the onset of symptoms. The lungs
have the typical gross and histologic appearance of
diffuse alveolar damage, without features specific for
hantavirus. However, the diagnosis can be made by post-
mortem serology. Confirmatory serologic tests require
nonformalin fixed lung tissue, so it is wise to freeze a
small amount of fresh lung at autopsy if hantavirus 
pulmonary syndrome is suspected.

An 18-year-old male was found dead in bed at his
rural home. He had a brief history of a flu-like illness,
but had not sought medical attention. At autopsy, the
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lungs weighed in excess of 1,000 grams each and exhib-
ited histologic findings of diffuse alveolar damage
(Image 4.106). Postmortem serology revealed IgG anti-
body to the Sin Nombre hantavirus. The diagnosis of
hantavirus pulmonary syndrome was suspected prior to
serological confirmation, due in part to a recent regional
outbreak of hantavirus. Public health physicians discov-
ered deer mouse droppings in the decedent’s bedroom.

Pulmonary artery thromboemboli
Traditionally thromboemboli are discussed in the context
of diseases of the respiratory system, even though they
are vascular in origin and their underlying causes gen-
erally have nothing to do with the respiratory system. It
is not sufficient to simply determine that an individual
has died of a pulmonary artery thromboembolus. 
Pulmonary thromboemboli and deep venous thrombi
are immediate and intermediate causes of death, respec-
tively, but do not reflect the actual underlying cause of
death. Although natural disease processes can cause pul-
monary thromboemboli, as in the case illustrated next,

they can also be caused by injury (e.g., deep venous
thrombosis and embolization complicating immobiliza-
tion of a fractured ankle in a cast).

When a pulmonary thromboembolus is found, one
should attempt to identify the source of the embolus.
Lethal pulmonary thromboemboli arise from large veins
above the level of the knees, including the inferior vena
cava, the renal veins, the common iliac veins, the exter-
nal iliac veins, and the deep veins of the thighs. The latter
can be examined by making an incision that extends
from the medial third of the inguinal ligament down to
the medial surface of the knee, reflecting the muscle, and
opening the femoral and popliteal veins (Image 4.107).
The only difficulty with this procedure is that the entire
thrombus may embolize, such that the primary site of
thrombosis cannot be seen. Another common method for
examination of deep leg veins is to incise the midline of
the calf, expose and reflect the gastrocnemius muscle,
and then cross section and squeeze it to see if thrombi
can be expressed from the veins at this level (Image
4.108). If thrombi are present in these smaller veins, the
presumption is made that thrombi are also present in the
large veins above the knee.

A 51-year-old male diabetic and previous alcoholic
was found dead at home. Family members reported that
he had been losing weight in recent months and that he
appeared “sickly.” At autopsy, a large coiled pulmonary
thromboembolus was found within the pulmonary trunk
and both main pulmonary arteries (Image 4.109). This
arose from thrombi in the femoral vein of the right leg
(Image 4.110). Furthermore, there was evidence of ade-
nocarcinoma of the pancreas (Images 4.111 and 4.112)
with metastases to the liver.

Reactive airway disease

Extrinsic asthma is a relatively common disease, partic-
ularly in children, which both patient and parent often
regard to be more of an inconvenience than a serious
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illness. The reality is that asthma can be lethal within
minutes of symptom onset. The typical findings at
autopsy include hyperinflation of the lungs with thick
mucous plugging of the bronchi. The chronicity of the
disease is reflected by protrusion of bronchi above the
cut surfaces of the lungs, produced by parabronchial
hyperplasia, and by thickening of basement membranes

and parabronchial inflammation, which usually includes
numerous eosinophils. Difficulty is sometimes encoun-
tered in cases where hyperinflation of the lungs and
mucous plugging are not particularly pronounced. In
these cases, determining the cause of death lies, as
always, in providing the most reasonable opinion, taking
into account the history, the circumstances of the death,
and the pathologic findings.

A 49-year-old male with a long history of asthma col-
lapsed and died after complaining of shortness of breath
and tightness of his chest. At autopsy, both lungs were
hyperinflated such that they filled the pleural cavities
(Images 4.113 and 4.114). There was gross evidence of
mucous plugging within bronchi, which protruded
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above the cut surfaces of the lungs (Image 4.115). Histo-
logic examination confirmed the presence of mucous
plugs within bronchi, thickening of bronchial basement
membranes, parabronchial muscular hyperplasia, and
parabronchial mixed inflammatory cell infiltrates,
including numerous eosinophils (Images 4.116 and
4.117).

The forensic pathologist tends to see chronic obstruc-
tive pulmonary disease as an incidental finding in indi-
viduals dying of injuries or other natural diseases, rather
than as the underlying cause of a sudden death. Emphy-
sema (Image 4.118) and chronic bronchitis can be the
underlying cause of cor pulmonale, with right ventricu-
lar hypertrophy (Image 4.119) and other clinical or
autopsy findings of right-sided heart failure. These indi-
viduals may have terminal arrhythmias that would make
their death seem “sudden.” They are also prone to devel-
oping pulmonary thromboemboli, pneumothorax, and
bronchopneumonia. The latter two entities can be iden-
tified by postmortem chest x-ray (Images 4.120 and
4.121).

One of the more dramatic ways that pulmonary
disease may make itself known is by massive hemopty-
sis with sudden death. This is usually caused by a malig-
nant lung tumor, but can also be caused by tuberculosis
(Image 4.122) or conceivably by any other necrotizing
pulmonary disease.

A 58-year-old female was found dead in her bed with
blood emanating from her mouth (Image 4.123). The
blood was found to arise from a previously undiagnosed

106

4.114

4.115

4.116

4.117



Respiratory system 107

4.118

4.119

4.120

4.121

4.122

4.123



Sudden natural death

squamous cell carcinoma of the lung that had invaded a
pulmonary artery branch and an adjacent bronchus
(Image 4.124), thus forming a bronchoarterial fistula
with rapid exsanguination.

Do

• Consider the use of postmortem chest x-rays as a
means of diagnosing significant and/or lethal pul-
monary disease, particularly if the next of kin are
objecting to an autopsy.

• Perform histology, lung tissue or blood cultures, and
postmortem serology, and also freeze a small piece of
fresh lung, in cases where there is gross evidence of
an “atypical” pneumonia or diffuse alveolar damage.

• Remember that acute asthmatic exacerbations can
rapidly progress to death in some cases.

• Search for the thrombotic source and the underlying
cause of pulmonary thromboemboli.

Don’t

• Forget that the incidence of tuberculosis is on the rise
and that it can be spread more easily to the unwary
pathologist and autopsy personnel than some of the
viruses that most people are more conscious and
fearful of (e.g., HIV).

Gastrointestinal system

Diseases of the gastrointestinal system tend not to
present as sudden death, but rather with signs and
symptoms that warrant medical attention. In some cases,
however, avoidance of physicians, ignoring of symp-
toms, or vagueness of symptoms can create situations
where there is at least an appearance that the death was
sudden. Bleeding gastric or duodenal ulcers (usually
benign, but occasionally malignant) are one of the most
common gastrointestinal diseases that will present in this
manner, and the scene can be as dramatic as that for
massive hemoptysis. Coffee-ground emesis is a good
indicator of hemorrhage arising from an ulcer, because
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the blood must pass through the acid of the stomach, 
but occasionally the rapidity of hemorrhage can produce
the same bright red bleeding that one would see with
hemoptysis or bleeding esophageal varices. In cases
where the bleeding is slower, there may not be any
hematemesis but altered blood will extend throughout
the small bowel and colon.

A 56-year-old female was found dead in her bedroom.
Her face and the bed were covered with thick coffee-
ground emesis (Image 4.125) and a pail located adjacent
to the bed contained similar material. At autopsy, 
the upper gastrointestinal tract contained a large quan-
tity of altered blood. The blood was found to originate
from a large chronic duodenal ulcer that had eroded into
the lumen of an artery in its base (Images 4.126 and
4.127).
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Perforation of gastric and peptic ulcers
Another presentation of gastric and duodenal ulcers as
a cause of “sudden death” is peritonitis arising from
ulcer perforation (Image 4.128). In fact, whenever peri-
tonitis is encountered at autopsy it is wise to check the
gastric antrum and the duodenum first as the most likely
sites of gastrointestinal perforation. As with any perfo-
rated viscus, one will tend to see tense abdominal dis-
tention on external examination. If a postmortem x-ray
is obtained, free air will be present in the peritoneal
cavity, although it may not necessarily be located 
below the diaphragm as seen in an upright antemortem
abdominal x-ray.

An 8-year-old female child presented to the emer-
gency room of a hospital with a 2-day history of fever,
abdominal pain, and vomiting. Her parents took her
home after waiting 2 hours without seeing a physician.
Several hours later, they took her to a walk-in clinic
where a diagnosis of peritonitis was made. She was
transferred to hospital for an emergency laparotomy 
and was found to have a ruptured acutely inflamed
appendix (Image 4.129). Postoperatively she developed
sepsis and subsequently died.

Complications of appendicitis
Although not regarded as sudden death, the forensic
pathologist may come across rare cases of ruptured
appendix with peritonitis, typically when there are con-
cerns about the medical care that a patient received in an
emergency room or walk-in medical clinic. Clinically dif-
ferentiating acute appendicitis and other acute gastroin-
testinal inflammations (e.g., diverticulitis) from viral
flu-like illnesses can be difficult, occasionally leading to
the discharge of a patient with an incorrect diagnosis and
significant risk of dying with peritonitis and/or sepsis.

Finally, as a further comment on how some individu-
als can simply adjust to or put up with the symptoms of
acute-on-chronic disease, this 41-year old male was
found dead in his chair while he was watching televi-
sion. His family was home at the time, and he had not
complained to them about feeling unwell. At autopsy,
there was an extremely large indirect inguinal hernia
(Image 4.130), which both the patient and the family had
known about for quite some time, although medical
treatment had not been sought. The small bowel within
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the hernia was strangulated and perforated, such that
there was generalized peritonitis.

Endocrine system

Diabetes mellitus
Although endocrine diseases do not account for a large
number of sudden natural deaths, it is surprising how,
on occasion, an individual can ignore the symptoms of a
serious endocrine imbalance and subsequently be found
dead. The family may be completely unaware of any
illness or may only know of vague complaints made by
the decedent. In addition, those with known endocrine
disorders can die rapidly of an acute exacerbation of
their disease, usually brought on by infection or by poor
compliance with treatment.

Undiagnosed diabetes mellitus may be discovered
unintentionally when high levels of acetone appear in a
postmortem blood ethanol screen. Previously diagnosed
insulin-dependent diabetics who develop viral flu-like
illnesses, with vomiting and diarrhea, may decide not to
take insulin simply because they do not feel well enough
to eat. These individuals will develop rapid onset of dia-
betic ketoacidosis and may die in as little as a few hours
without medical attention. One may see death caused 
by a nonketotic hyperosmolar state in a non-insulin-
dependent diabetic. Therefore, it is always wise to check
the postmortem vitreous glucose level in known 
diabetics, even when there seems to be another plausible
cause of death.

A 34-year-old male was found dead on a sofa in his
home (Image 4.131). He had a recent history of weight
loss, but had not seen a physician for quite some time.
At autopsy, he had an inflamed ulcer over the back of his
right shoulder and significant atherosclerotic coronary
artery disease. A blood ethanol concentration was per-
formed as a matter of routine. No ethanol was present,

but high levels of acetone were detected. The post-
mortem vitreous glucose was subsequently found to be
315mg/100mL (17.5mmol/L), in keeping with a diag-
nosis of ketoacidosis arising secondary to undiagnosed
type I diabetes mellitus.

Blood glucose concentrations decrease rapidly after
death and are therefore not reliable for detecting hyper-
glycemia. The vitreous glucose, which correlates well
with antemortem blood glucose, is more stable post-
mortem and is therefore a better test to perform. Vitre-
ous glucose is only good for detecting hyperglycemia.
Hypoglycemia cannot be reliably established because the
blood and vitreous glucose levels decline after death.
Standard visual blood (not urine) glucose strips can be
used as a rapid screen for determining postmortem 
vitreous glucose levels at the time of external examina-
tion or autopsy (Image 4.132). Unfortunately, many of
the inexpensive electronic monitors, used by diabetics to
monitor their blood glucose levels, do not work well
with vitreous.

Polyglandular autoimmune syndromes
The polyglandular autoimmune syndromes are autoim-
mune disorders that affect two or more endocrine
organs. Type II polyglandular autoimmune syndrome
typically occurs in adult females and is defined as any
combination of Hashimoto’s thyroiditis, hypoparathy-
roidism, adrenal insufficiency, and gonadal failure. Type
I diabetes mellitus and a myriad of autoimmune dis-
orders are also common in these individuals. The possi-
bility of type II polyglandular autoimmune syndrome
with acute adrenal failure should be considered in any
individual with a history of diabetes and thyroid disease
who dies rapidly during the course of a flu-like illness.
Gross and histologic examination of the adrenal glands,
together with postmortem plasma cortisol levels, will
confirm the diagnosis. Most cases are sporadic, but there
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is some indication that the disorder is autosomal domi-
nant with variable penetrance. It is also known to be
associated with HLA alleles B8 and DR3.

A 28-year-old diabetic female with hypothyroidism
was found dead in her home after 24 hours of nausea
and vomiting for which she had not sought medical
attention. At autopsy, the thyroid gland was small and
showed the typical histologic appearance of
Hashimoto’s thyroiditis (Image 4.133). The adrenal
glands were very difficult to find, with Image 4.134
depicting a cross section of one entire gland. The cortices
were depleted and contained chronic inflammatory cell
infiltrates. The residual cortical cells had abundant
eosinophilic cytoplasm and atypical nuclei (Image
4.135). The postmortem vitreous glucose was elevated,
but there was no ketoacidosis. The postmortem plasma
cortisol level was 6.2mg/100mL or 171nmol/L (normal
a.m. = 5 to 25mg/100mL or 140 to 690nmol/L; normal
p.m. = 3 to 12mg/100mL or 80 to 330nmol/L). Although
the cortisol level was in the lower range of normal, it
should have been much higher given the history of a
recent flu-like illness. A diagnosis of acute Addisonian

crisis arising in an individual with type II polyglandular
autoimmune syndrome (Schmidt syndrome) was 
made.

This 38-year-old male was admitted to hospital in
heart failure, with a 1-week history of fever, orthopnea,
and peripheral edema. He suffered a cardiac arrest
shortly after admission. Prior to his cardiac arrest, a 
clinical diagnosis of thyrotoxicosis was considered. 
Antemortem thyroid function tests showed depressed
thyroid-stimulating hormone and elevated serum thy-
roxine. Autopsy demonstrated left ventricular hyper-
trophy and dilatation of the heart with patchy fibrous
expansion of the myocardium. The diffusely enlarged
thyroid weighed 115 grams. The thyroid follicles were
small, lacked colloid, and were lined by tall columnar
epithelial cells with formation of papillae (Image 4.136).
These features are quite typical of diffuse toxic goiter in
Grave’s disease.

This death would not be considered sudden in the
strictest sense of the term, but it does illustrate how
rapidly thyrotoxicosis can progress to serious illness, 
and rarely death, if left untreated. Cardiac signs and
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symptoms, including tachycardia, atrial fibrillation, and
cardiomegaly are frequent presenting features in 
hyperthyroidism, with possible progression to conges-
tive heart failure. Cardiac pathology is not particularly
specific, but includes left ventricular hypertrophy, a gen-
eralized increase in interstitial fibrous tissue, and occa-
sional focal lymphocytic and eosinophilic inflammatory
cell infiltrates. Thyroid function tests, particularly
thyroid-stimulating hormone and serum thyroxine
levels, can be performed on postmortem blood samples.

Do

• Consider undiagnosed diabetes mellitus as a poten-
tial cause of death in cases of “sudden” death where
there are no significant anatomic findings, particu-
larly if there is a recent history of weight loss,
polyuria, and/or polydipsia.

• Examine the adrenal glands carefully in cases of death
following a “flu-like” illness in individuals with 
a combination of diabetes mellitus and hypothy-
roidism; order postmortem plasma cortisol levels if
the adrenals appear to be small.

Don’t

• Measure postmortem glucose levels in blood; instead,
use the vitreous humor.

• Make a diagnosis of hypoglycemia based on post-
mortem vitreous glucose levels.

Sepsis

An overwhelming variety of bacterial and viral infec-
tious diseases can present as sudden death. The key to
making a diagnosis at autopsy is to have a high index of
suspicion for sepsis and to order appropriate post-
mortem tests, including blood cultures and occasionally
blood or cerebrospinal fluid serology. An indication of
potential sepsis at autopsy is the finding of extremely

rapid decomposition, particularly if the body has been
properly refrigerated. In Image 4.137 marbling is evident
on the legs in spite of the fact that the decedent had died
only 4 hours previously and his body had been refriger-
ated during most of that time.

A young child was admitted to hospital with a history
of vomiting, diarrhea, and cough. She was febrile and
dehydrated. Although intravenous fluids were started,
she deteriorated rapidly and died within hours of admis-
sion. At autopsy, there were skin and visceral petechiae,
together with purpura (Image 4.138). The adrenal glands
were hemorrhagic (Image 4.139), but no localized site of
infection was identified. In particular, there was no evi-
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dence of meningitis. The death was reported to a public
health officer on the presumption that this was a case of
meningococcemia with Waterhouse-Friderichsen syn-
drome, however the postmortem blood cultures grew
Streptococcus pneumoniae.

Investigation of possible sepsis-related deaths should
include inquiries at the hospital laboratory as to the
results of any antemortem blood cultures. Postmortem
blood cultures do work, though, particularly if one
obtains a pure culture of a pathogenic organism that fits
with the clinical picture and the autopsy findings. Post-
mortem blood cultures can be taken via subclavian or
femoral puncture, after sterilization of the skin with
poviodine followed by an alcohol swab (Image 4.140).
Blood cultures can also be obtained internally by
opening the pericardial sac, having an assistant lift the
heart by its apex, and obtaining blood from the right
atrium (Image 4.141). Because the pericardial sac is
sterile, with the possible exception of any bacteria
causing a septic process, there is no need to sterilize 
the pericardial surface of the atrium with poviodine and
alcohol or with heat.

A 40-year-old female was admitted to hospital with
abdominal pain and hypotension. She was thought to be
septic. She had been seen in the same emergency room
on three different occasions over the previous couple of
days, complaining of left-sided flank pain. Antemortem
blood work including blood cultures were collected, but
failed to grow any bacterial organisms. Her symptoms
had been attributed to renal colic and she had been dis-
charged on each occasion after receiving pain relievers.
At the time of her final admission, she deteriorated
rapidly and died. At autopsy, both kidneys exhibited 
the typical gross and histologic findings of acute
pyelonephritis (Images 4.142 and 4.143). Antemortem
blood cultures were collected after antibiotics had been
started and failed to grow any bacterial organisms.
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Urosepsis is most commonly encountered in those
with neurogenic bladders or obstructive uropathy. On
occasion, the forensic pathologist will see the sudden
death of a previously healthy person caused by sepsis
arising from undiagnosed acute pyelonephritis. Use of
the diagnosis “urosepsis” and other infections as cause
of death statements on clinician-provided death certifi-
cates should cause death investigators to ask for more
information as to the proximate cause of death. Such
phraseology is commonplace amongst clinicians, partic-
ularly those who are involved in the treatment of para-
plegic and quadriplegic patients. This particular group
of patients is most likely to have an underlying cause of
death of unnatural origin (motor vehicle accidents,
gunshot wounds, etc.).

Do

• Obtain postmortem blood cultures whenever you
have reason to believe an individual has died as a
result of sepsis.

• Interpret postmortem blood cultures with caution,
paying particular attention to whether an organism
grown in a postmortem culture makes clinical sense
and whether it grows as a pure or mixed culture.

• Report any death where you suspect infection with
Neisseria meningitidis to a public health official.

Don’t

• Assume that an individual dying with autopsy 
evidence of the Waterhouse-Friderichsen syndrome
will always have sepsis due to N. meningitidis.

Chronic ethanol abuse

Deaths arising from the acute toxic effects of ethanol and
from the wide variety of injuries that acutely intoxicated
individuals can inflict upon themselves and others pre-
sented elsewhere in this volume. This discussion will be
limited to those diseases that reflect the chronic abuse of
ethanol. The propensity of chronic alcoholics to develop
lobar pneumonia has been covered previously under 
diseases of the respiratory system, while alcoholic 
cardiomyopathy was briefly mentioned in the 
cardiovascular system.

As with bleeding peptic ulcers and bronchoarterial fis-
tulas, bleeding esophageal varices can produce a dra-
matic scene that may initially appear to be suspicious for
violence. It will be rapidly evident that the blood origi-
nates from the mouth, as opposed to any injury, and the
autopsy findings of bleeding esophageal varices associ-
ated with micronodular cirrhosis of the liver will confirm
this impression.

A 68-year-old male with a history of chronic ethanol
abuse was found dead in his washroom with blood spat-
tered on his clothing, the floor, and in a small bucket at

his feet (Image 4.144). At autopsy, he was found to have
micronodular cirrhosis and diffuse fatty change of the
liver (Images 4.145 and 4.146). The blood arose from
esophageal varices (Image 4.147).
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Chronic alcoholics can die suddenly and unexpect-
edly, with the only significant findings at autopsy being
diffuse fatty change of the liver (and occasionally cir-
rhosis and/or background alcoholic hepatitis) together
with toxicologic findings of either no or a nonlethal
ethanol level in the blood. These deaths are attributed to
chronic ethanol abuse; however, the exact mechanism by
which death occurs is still not clearly understood. In
some cases, there may be evidence of alcoholic ketoaci-
dosis, whereas in others there may be an observation of
seizure-like activity, suggestive of withdrawal seizures,
prior to death. In most, however, no clear pathophysio-
logic derangement can be identified. Theories as to
potential mechanisms of death include QT prolongation
with cardiac arrhythmias, hypoglycemia, electrolyte
imbalances, and even pulmonary fat emboli arising from
the liver.

A 52-year-old female with a history of alcohol abuse
was found dead in her motel room. At autopsy, there was
diffuse fatty change of the liver, together with Mallory’s
hyaline within hepatocytes and some acute inflamma-
tion consistent with alcoholic hepatitis (Image 4.148).

The postmortem blood alcohol concentration was 0.24g
percent (52mmol/L). The cause of death was attributed
to chronic ethanol abuse.

Ethanol abuse is one of the major causes of both acute
and chronic pancreatitis, but acute hemorrhagic pancre-
atitis is seen less commonly as an immediate cause of
death in alcoholics than those deaths associated with
diffuse fatty change of the liver or with complications of
cirrhosis.

A 38-year-old female, with a history of chronic ethanol
abuse, was found dead in her home. She had been com-
plaining of abdominal pain associated with nausea and
vomiting, but had not sought medical attention for this.
At autopsy, there was retroperitoneal hemorrhage
(Image 4.149) arising as a result of acute hemorrhagic
pancreatitis (Images 4.150 and 4.151).

Do

• Realize that chronic alcoholics can die suddenly and
unexpectedly with the only significant findings at
autopsy being diffuse fatty change of the liver and 
a nonlethal level of ethanol in the blood. The cause of
death is chronic ethanol abuse; the mechanism of
death is not known.

Don’t

• Automatically assume that a chronic alcoholic has
died as a result of their ethanol abuse—some propor-
tion of alcoholics die of completely unrelated disease.

• Automatically assume that a chronic alcoholic with an
upper gastrointestinal hemorrhage has cirrhosis and
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bleeding esophageal varices—many will have other
causes of upper gastrointestinal hemorrhage.

• Automatically assume that a chronic alcoholic has
diffuse fatty change of the liver and/or micronodular
cirrhosis—many chronic alcoholics have grossly and
histologically normal livers at autopsy.
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Blunt Force Injury
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5

Blunt force injuries are possibly the most common
injuries documented and interpreted by forensic pathol-
ogists. These injuries are routinely discovered in deaths
of all causes and manners, whether it be bruising that
follows a heart attack–related collapse, or tearing of
tissue with a violent beating. The three key manifesta-
tions of the blunt force injury spectrum are abrasions, 
contusions, and lacerations, each of which is created in
response to the direct application of force to the body.
One must not forget that there is wide variation in the
amount of force needed to create an injury and that the
external appearance of some wounds may either grossly
under- or overestimate the severity of an impact. There-
fore, it is advantageous to examine, document, and
ponder the significance of underlying soft tissue, bony,
vascular, and visceral injury. Careful correlation with cir-

cumstantial data is important in the interpretation of
findings, a fact emphasized in the discussion of deaths
related to commotio cordis.

Multiple factors influence the final appearance and
severity of a blunt force injury. These can be arbitrarily
viewed as being subject dependent, object dependent, or
some combination of the two. Subject- or decedent-
dependent factors include the anatomical region being
impacted, the age of the individual (there is great varia-
tion in the fortitude of cutaneous and subcutaneous
structures as we age), and their medical status (certain
medical conditions and drugs may alter physiology,
including blood clotting). Impacting object-related
factors include the type of instrument or surface making
contact with the body, the body surface area impacted,
and the amount of time it makes contact. Because both
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the object and the subject may be moving at the time of
impact, the amount of force involved in the creation of
the injury is multifactorial.

External examination

External injuries should be carefully documented both
diagrammatically and photographically. The photogra-
phy of injuries should always include an overall (orien-
tation) picture and a series of macroscopic images to
draw out necessary detail. A case number should always
appear in autopsy photographs and, where applicable, 
a ruler or other scale. One must not blindly examine
injuries for the purpose of autopsy report description. It
is key that the autopsy pathologist look for patterns or
orientation to the injury. For example, in a motor vehicle
accident victim, is there an oblique abraded contusion over the
chest from a seat belt? In a hit-and-run accident, are there any
paint chips in the pedestrian’s lacerations? In a bludgeoning,
are there any tool marks on the calvarium from where the
implement struck the head?

Abrasion

An abrasion or scrape occurs when the skin contacts an
opposing surface and the movement of either the skin or
the surface results in friction that pulls away the super-
ficial layer(s) of skin. Although some authors arbitrarily
classify abrasions into categories according to their
appearance or causatory factors, this is not nearly as vital
as recognizing and documenting that an abrasion exists,
noting the presence of a pattern, and making some 
indication as to whether the wound is likely ante- or
postmortem.

The 40-year-old woman shown in Image 5.1 was
ejected from her motor vehicle when she crashed at
highway speeds into a parked car. She survived for 4
hours in hospital before dying of a closed head injury.
Note the dark red-brown abrasions over her left chin and
cheek. The reddish appearance of this injury indicates an
antemortem origin with vital reaction occurring in the
traumatized tissue.

A 25-year-old man was witnessed to collapse and die
of a previously undiagnosed cardiac abnormality. At the
scene, a large round abrasion was observed over the
right malar prominence (Image 5.2). As is typical of peri-
and postmortem abrasions, this had yellow-brown col-
oration and a texture somewhat like parchment. There
was no evidence of a vital reaction. At autopsy, this same
abrasion had dried, was red-brown in color (Image 5.3),
and mimicked the appearance of the smaller, more pos-
terior (antemortem) abrasion, thus illustrating the need
for examination of injuries at the scene of death, and
careful correlation of the history with autopsy findings.

Image 5.4 shows a middle-aged man who was found
at the base of a 19-story building with multiple traumatic
injuries consistent with a fall from a great height. Note
the obvious fracture and deformity of the right arm and
forearm, and the roughly rectangular peri- or post-
mortem abrasion at the antecubital fossa.
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Patterned abrasions

Adequate study of injuries includes interpretation of
their possible significance. Although the importance of
an individual injury may not be readily apparent, thor-
ough documentation and recognition of primary and

associated injuries (contusions, lacerations, etc.) can
avert unforeseeable problems. One must remember that
injuries which have no potential in and of themselves to
cause death may have evidentiary value at some later
date.

Occasionally, one is able to glean important informa-
tion from wounds such as in the 19-year-old female 
featured in Image 5.5. This individual was one of four
people killed in a single-vehicle accident. The patterned
abrasion on her chest is consistent with that left by a 
passenger-side seat belt. This feature proved key to the
ultimate identification of the driver because severe 
body fragmentation and commingling at the scene led to
confusion among investigators.

Images 5.6 and 5.7 show a 21-year-old man who was
witnessed to skid with his motorcycle and roll into a
ditch. Notice the large confluent areas of abrasion com-
monly referred to as road rash. The patchy, nearly full-
thickness abrasions across his torso, right shoulder and
back, and face are consistent with the historical circum-
stances of rolling against the rough asphalt and coming
to rest within dense brush.
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Subtleties in abrasion morphology can be of great sup-
portive value during the investigation of a death. The
middle-aged man of Image 5.8 was beaten and allegedly
stomped to death. Note the small wavy abraded lines 
on the right malar prominence that resemble the sole of
a shoe.

Allegations of brutality at the hands of police are not
infrequent in today’s litigious society. This young man
(Image 5.9) was shot by police officers after a robbery 
led to a street-side gun battle. After viewing medical
examiner identification photographs, family members
expressed concern that this individual had not only been
shot, but beaten as well. Photographic documentation of
the injuries, and of the rough ground at the scene, 
adequately demonstrated that the abrasions resulted
because of a terminal collapse onto asphalt, and not
police brutality.

Image 5.10 represents the sole autopsy photograph
taken from a poorly documented case of apparent
natural death in the 1970s in which a 58-year-old man

was found dead next to a piece of farm equipment.
Autopsy demonstrated “significant” coronary artery
disease without acute occlusion or obvious myocardial
infarction. More than 20 years later, after allegations that
the individual was murdered by his brother, further
investigation revealed that the man had died unexpect-
edly after being hit in the chest repeatedly with a farming
implement. New information from witness interviews,
combined with a single photograph from an inquisitive
pathologist, was paramount to a successful—albeit
delayed—investigation.

Dating of abrasions
The literature contains multiple different techniques or
approaches to the dating of abrasion healing.1–4 We
believe, however, that due to interpersonal variability in
human physiology, underlying pathology, and mecha-
nisms of trauma, it is not possible to provide accurate
dating of abrasions based on gross morphologic or
microscopic appearances.
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Contusion

A contusion or bruise occurs when a blunt impact tears
capillaries and larger blood vessels, resulting in the
escape of blood into the extravascular space. Bruises can
be differentiated from livor mortis in that livor involves
the settling of blood to dependent portions of the vascu-
lar system, and not the surrounding tissues. As such,
incised areas with dependent lividity will not appear
hemorrhagic.

Various terms exist to describe the gross appearance
of a contusion. These include petechiae (small punctate
hemorrhages), ecchymoses (generally small contusions),
and hematoma (focal space-occupying collection of blood
that expands and/or distorts the tissue configuration).

Image 5.11 demonstrates a right flank bruise in a 60-
year-old man who died of an acute myocardial infarct
approximately 20 minutes after being hit with a baseball
at a recreational game. Image 5.12 illustrates the densely
hemorrhagic nature of the affected area and the distinct
margins between normal and abnormal tissue.

One must remember that the appearance of a contu-
sion may not adequately reflect the degree of force used
to cause the injury. For example, many elderly individu-
als (particularly those on systemic steroids) develop
senile ecchymoses (Image 5.13) all over their bodies, but
most characteristically on their extremities. These are
known to occur with little force, and even spontaneously
as a result of thinning of the perivascular connective
tissue.5,6 One must also consider blood thinning medica-
tions such as warfarin that may accentuate hemorrhages.
On the opposite end of the spectrum is the individual
who has been the victim of significant violence and has
significant internal injury, but with little to no external
evidence of injury. Young children frequently fall into
this category.7

Examine the abdomen of this 2-year-old female
(Images 5.14 and 5.15) who died suddenly in the emer-
gency department after presenting with an alleged single
episode of vomiting. With the exception of two contu-
sions each less than 1 centimeter, the abdomen is devoid
of gross trauma (Image 5.14). Opening of the abdomen
revealed near transection of the jejunum, multiple
omental lacerations, and more than 200 milliliters of
blood (Image 5.15). Police questioning of the father ulti-
mately revealed a history of repeated blunt abdominal
abuse.

As previously mentioned, a large focal collection of
blood is frequently referred to as a hematoma. Although
hematomas may occur anywhere in the body, they are of
particular interest and significance when found in the
connective tissues of the scalp and subgaleal space.
Examine the reflected and densely hemorrhagic scalp of
the 56-year-old man in Image 5.16. In the absence of sig-
nificant antemortem disorder of hemostasis, injuries of
this variety represent the application of significant force
to the head. As such, the intracranial contents are at par-
ticular risk of trauma. Additionally, note the large area
of blood-stained periosteum of the right parietal bone,

5.11

5.12 5.13



Blunt force injury

consistent with an area of impact on the scalp in a man
who was beaten about the head with a brick.

Documentation of contusions
The full extent of bruising (and even the presence of a
bruise) may not be readily apparent on external exami-

nation.8–10 This is particularly true when the decedent has
darker skin tones. Exposure of the subcutaneous tissues
and subsequent photographic documentation can be
helpful. Few situations exemplify this necessity as much
as investigations of possibly battered children.

When the autopsy pathologist is interested in demon-
strating the presence and/or severity of contusions, a
layered approach to body wall dissection may be appro-
priate. The 2-year-old child abuse victim of Image 5.17
died as a result of multiple blunt force injuries. In this
case, the skin and subcutaneous fat were carefully dis-
sected away from the underlying musculature, thus
allowing for easy visualization of hemorrhagic areas.
Some authors state that this has altered their pattern of
death certification by clarifying the etiology of some
cases of blunt trauma.10

It is not always necessary to perform thorough dis-
sections to demonstrate bruising. In this example (Image
5.18), a 16-year-old female died in hospital 12 hours after
being thrown from a motor vehicle at a high rate of
speed. A small area of contusion in her upper midline
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back was incised to illustrate significant underlying
hemorrhage and intramuscular hematoma, thus demon-
strating a lack of concordance between external appear-
ance of injuries and their actual severity.

Patterned contusions
As previously mentioned, the examination of an obvi-
ously traumatized victim should include an attempt to
recognize patterns or orientation of individual or
grouped injuries. Occasionally, such patterns will be so
distinctive as to allow little room for interpretation. For
example, the individual in Image 5.19 was run over by
a motor vehicle. Note the prominent imprint of the tire

over his back. Other injuries may have an appearance
highly suspicious for a specific etiology. The individual
featured in Image 5.20 was struck multiple times with an
asp. In these circumstances, the impact of such an object
causes crushing of the tissue immediately subjacent 
to the site of contact, and an area of contact pallor typi-
cally results. Adjacent to this pale region, one finds 
contusion—in this case, present as large, confluent areas
of hemorrhage. A classical example of beating with a
pipe is pictured in Image 5.21.

Following the recognition of possible patterned
injuries, thorough documentation should occur. This
might include photography of wounds opposing alleged
weapons. However, this must only occur after the
responsible police agency has cleared this evidence for
use in the morgue because contamination with foreign
fingerprints, DNA, and so forth, is a possibility.

Smaller, seemingly less important bruises should also
be properly documented. Examine the small linear con-
tusions on the left arm of the young female pictured in
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Image 5.22. These marks have an appearance consistent
with “finger grab marks,” as might be seen if someone
were forcefully restrained. This young woman was
beaten and possibly sexually assaulted—as such, this
finding could be of importance at trial.

Not a bruise
As previously mentioned, not every instance of subcuta-
neous hemorrhage can be attributed to impact trauma
(e.g., senile ecchymoses). In cases of basilar skull frac-
ture, particularly with orbital plate involvement, or with
a fractured nose, blood can dissect along fascial planes,
creating the appearance of contusion.11 This is particu-
larly common in the periorbital region, giving the dece-
dent “raccoon eyes.” This has concerned many a police
officer and uninitiated death investigator into believing
that the person was involved in a fistfight with resultant
“black eyes” (Image 5.23), such as this young woman
who died in a motor vehicle accident. She had a 
massive basilar skull fracture. Image 5.24 demonstrates
prominent hemorrhage subjacent to the fractured orbital
plate.

Clinicians refer to Battle’s sign as bleeding into the
mastoid air cells due to basilar skull fracture with a 
resultant bluish coloration of the skin overlying the
affected mastoid process. This may mimic a bruise. The
young male featured in Image 5.25 died as a result of
massive closed head injury and had a “positive Battle’s
sign.”

Dating of contusions
Multiple investigators have studied contusions from the
perspective of determining their age.9,12–18 Although we
believe that many of these publications allow for inter-
esting debate in the scientific arena, there is currently no
technique that provides examiners with useful, depend-
able, highly accurate information. Underlying our dis-
satisfaction with current techniques, which primarily
consist of determining age by bruise color, as well as his-
tologic and immunohistochemical methods, is the basic
fact that every human being has his or her own spectrum 
of unique physiologic responses. Because healing is a physio-
logic process, it is not possible to precisely determine age of
contusions.
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Laceration

A laceration forms when an object impacts the body with
a force that exceeds the elastic capacity of the skin and
underlying tissues. Thus, a laceration is a forceful tearing
of the skin. This is in contradistinction to the vague and
varied usage of the word by clinicians and lay public in
which it commonly refers nonspecifically to all cuts or
tears of skin.

The individual shown in Image 5.26 was beaten with a
metal pipe, resulting in multiple linear lacerations on the
vertex of the scalp. As is true with all injuries, shaving of
involved hair can allow for greater visualization of injury.
Fear of shaving should not be an excuse for inadequately
visualizing and documenting an important injury.

On external examination, one must not forget to
inspect hidden areas of the body for evidence of blunt
force injury. As such, the oral cavity and anogenital
regions deserve scrutiny (additionally, see Chapter 20).
Blunt impact to any bony area of the body is likely to
result in laceration when overlying tissues are forcibly
and rapidly compressed against the bone. The orofacial
and scalp regions are at particular risk because of the
complex, bony nature of the skull and the relative thin-
ness of overlying soft tissue.

Impact to the mouth is likely to result in contusion and
laceration of the overlying labial and buccal mucosa as
the nonkeratinized epithelium is crushed against the
teeth and bony jaws. In addition to their value in death

certification, such contusions and lacerations may also be
important for courtroom testimony when degree of vio-
lence and suffering are discussed.

The 2-year-old child shown in Image 5.27 died as a
result of multiple homicidal blunt force injuries. A large,
gaping laceration of the buccal and alveolar vestibules is
clearly visible with retraction of the lips. This finding
played a part in demonstrating to the jury that due to the
multiplicity and complexity of injuries, including those
to the mouth and face (in combination with historical
and circumstantial evidence), an accidental manner of
death was unlikely.

Just as it is important to recognize and document
healing injuries externally, one must have adequate
knowledge of normal oral anatomic variation to recog-
nize healing injuries in the mouth (Image 5.28). This 3-
month-old child died as a result of severe closed head
injuries. Notice the healing laceration of the maxillary
frenum. A finding such as this can provide supportive
evidence of ongoing abuse.

5.26

5.27

5.28



Blunt force injury

Avulsion
The term avulsion refers to the tearing away of tissues
from their attachments. Avulsion may be a minor, local
injury, or it may be severe and involve large areas of the
body. In the individual in Image 5.29, note the relatively
small area of scalp avulsed from the calvarium.

This woman (Images 5.30 and 5.31) was a pedestrian
who was run over by a large, heavy truck. Note the
severe amount of tissue disruption of her back, buttock,
and leg (Image 5.30). The wheel of the truck tore a large
area of tissue off of her leg and avulsed most of the tissue
of her buttock. Note the large amount of avulsed tissue
that can be reflected (Image 5.31).

Crush and chop injuries

A particular type of blunt force injury that may also have
a component of sharp force injury is the “chop” injury,
which is caused by objects such as a lawnmower blade,
a propeller, sword, or axe. In a chop injury, the skin and

soft tissues are lacerated and the underlying bone may
be fractured.

These chop injuries (Image 5.32) were sustained by a
man who was injured by the blades of a large industrial
lawnmower. Note the large, deep injuries of the buttock
and leg. There were also multiple fractures of the pelvis
and femur.

The child shown in Images 5.33 through 5.35 was
thrown from the boat he was riding in and was subse-
quently injured by the propeller of another boat. Note
the roughly parallel deep chop injuries of the torso and
arm (Image 5.33). Closer examination of the arm (Image
5.34) and the hand (Image 5.35) shows extensive soft
tissue disruption and fractures.

Extremes of crushing injury
This pedestrian (Image 5.36) was transected through the
torso when he was run over by a train. Note the large,
wide abrasion extending nearly horizontally across his
lower chest and the extensive disruption of the abdomi-
nal soft tissues.
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The elderly man shown in Images 5.37 through 5.42
was found down in a parking lot near the apartment
building in which he lived. Based on the investigation
and the injuries, it was determined that he had jumped
from his fifth-story balcony, instead of being a pedestrian
run over by a motor vehicle, as had been considered. 
At autopsy, there was convincing evidence that he had
landed on his feet after descending from a great height.
Both of his legs were fractured below the knees (as is
commonly seen in pedestrians struck by motor vehicles),
but there were also contusions and tears on the bottom
of his feet (Image 5.37). Incisions into the soles of the feet
reveal multiple fractures and blood extravasation (Image
5.38). The top of the foot also had contusions (Image
5.39) and displaced fractures with blood extravasation
(Image 5.40). Furthermore, there was bleeding in the
lower pelvis (Image 5.41) associated with multiple pelvic
fractures. In fact, the head of a femur had been displaced
into the pelvis (Image 5.42). This is all convincing evi-
dence that he had landed on his feet, with severe forces
transmitted through his feet and into his legs, where 
his femur either fractured, or was pushed through the

acetabulum and into the lower pelvis. The mechanism of
injury is clearly from impact to the ground following
descent from a significant height,19 and not from being
run over by a motor vehicle.

Sometimes, a person is found down in a parking lot or
on or near a roadway, and it is not clear whether the
person was a pedestrian struck by a motor vehicle or
someone who was already down on the ground for one
reason or another and was subsequently run over. In this
scenario, the legs can be examined for evidence of an
impact. A man was found dead in a parking lot. Exter-
nally, there was no evidence of injury of his legs (Image
5.43). Dissection showed no injury posteriorly (Image
5.44), however a large contusion was unexpectedly found

5.33

5.34

5.35

5.36



Blunt force injury132

5.37

5.39

5.41

5.38

5.40

5.42



Weapon identification 133

in the lateral aspect of his left thigh (Image 5.45) and was
consistent with having been hit by a motor vehicle. Leg
dissection can be helpful in locating contusions in the legs
that may not be visible on the surface of the skin.

Weapon identification

Wounds of the skin and bone may provide information
about the implement used in a beating. An excellent
example of patterned injury to the skin is the marks left
by teeth. Human bite mark evaluation has become an
important part of the forensic dentistry realm. Use of a
variety of techniques, impressions left in skin,20–26 and
inanimate objects at the scene27,28 can provide useful
information about the dental characteristics of the person
who made the bite mark. By swabbing areas of suspected
bite marks, DNA may be lifted from saliva deposited in
the wound.29 For more information on bite marks, see
Chapter 27.

When an implement strikes a victim, it may impart a
distinctive pattern to the skin and, in some cases, to the
underlying bone. Many authors have reported thought-
ful techniques and principles for documentation and
evaluation of tool marks.30–39 Others have demonstrated
the success of tool mark examination in the identification
of unique implements in unusual cases.40–43 Ultimately,
however, the discovery and processing of tool marks
follows the same principles as those for any other injury
found at death. These include recognition of an abnor-
mality and documentation through diagrams, photogra-
phy, and a written report. Where applicable, retention of
specimens that demonstrate physical evidence of trauma,
particularly injury to cartilage and bone, is appropriate.
This will allow for more thorough examination by tool
marks experts at some later date, if necessary.

The specimen of Image 5.46 represents a portion of
calvarium removed from an individual who was beaten
to death with an unidentified implement. Notice the dis-
tinctive marks left in the bone.
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This man (Images 5.47 and 5.48) was beaten with a
hammer. On his scalp, note the two rectangular defects
(Image 5.47). With the scalp reflected, note the same two
defects, producing tool marks in the calvarium (Image
5.48), and the other associated skull fractures. These 
tool marks are characteristic of the “claw” end of a
hammer.

Explosive injury

Explosion injuries consist of blunt force injury caused by
physical objects and from the concussive pressure wave
(shock wave) that sweeps over the body. The physical
objects may be from numerous sources including the
exploding device, other objects that are fragmented and
impact the body, and structural material from a residence
that collapsed onto the body. The clothing may be shred-
ded or torn/blown off the body. It is important to obtain
x-rays before the clothing is removed to document bomb
pieces such as springs, rivets, and wires that may be
either in the clothing or on/in the body. The clothing

may also be analyzed for bomb chemicals. The clothing
and body may be burned if the bomb/explosion was of
an incendiary nature. If the body is burned, one may see
linear streaks of unburned skin at the outer edges of the
eyes (resembling crow’s feet) and unburned horizontal
creases in the forehead. These findings are consistent
with the individual squinting (and hence being alive) at
the time of the explosion.

At autopsy, the tympanic membranes may be rup-
tured. The physical injuries should be documented with
consideration for what particular body position the indi-
vidual may have been in when the explosion occurred.
One should also examine for radiolucent bomb compo-
nents that may have not been previously recognized.
External injury may consist of amputations and gaping
areas of pulpified tissue and scattered areas of epider-
mal denudations. Internally, the shock wave will more
heavily damage air-containing organs such as the lungs
and the bowel, which may have extensive blood extrava-
sation. The bowel may be ruptured.

Two young men were killed in a residence when a mil-
itary-type explosion device detonated. The extent of the
explosive nature of the event is evident by buckling and
partial separation of the walls of the residence from the
roof. Note the extensive fragmented debris that cluttered
the room (Image 5.49). One of the victims was located in
the middle of the debris and had severe injuries (Image
5.50). The other victim was taken to the hospital.

Before the autopsy was begun, x-rays were taken.
Note the multiple radiopaque fragments of shrapnel in
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the thigh and leg (Image 5.51). At autopsy, note the
extensive injury of the side of the torso with partial evis-
ceration, extensive tissue disruption, and also scattered
burns (Image 5.52). The radiopaque fragments of 
shrapnel were recovered (Image 5.53). The other fatality
had multiple severe injuries, including burns and 

amputation of his hand and forearm (Image 5.54).
Wooden dowel rods were placed in the penetrating and
perforating wounds to demonstrate the path of the 
projectiles.

Explosions in residences are infrequent, but are
mainly due to natural gas ignitions. Also, one must con-
sider chemical explosions related to the manufacture of
illicit drugs such as methamphetamine, propane tank
explosions, and explosions related to industrial equip-
ment. Also possible is an explosion from a primary
explosive device. When this is the case, careful collection
of embedded shrapnel and investigation of the scene
may allow for the identification of the exploding device.

Internal examination

As is the case in all medicolegal autopsies, internal exam-
ination entails measurement of blood/fluid volumes in
body cavities, descriptions of fractures, vascular injury,
and visceral organ damage. One must also remember
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what resuscitative and therapeutic procedures were 
performed and not mistake these for traumatic injuries.
As illustrated in Chapter 24, postmortem changes can
affect—and even mimic—the appearance of antemortem
injuries, a fact necessitating careful interpretation of find-
ings in altered human bodies. Some cases may require the
use of additional autopsy procedures such as a posterior
neck dissection (see Chapter 29) of a pedestrian struck
by a car, or leg dissections (anterior and/or posterior) on
a person found down on or near a road and one must
attempt to rule in or out vehicular involvement that is
not immediately obvious.

Fatal blunt force injuries are most commonly the result
of motor vehicle accidents, beatings, or falls from great
height. The internal ramifications of severe blunt trauma
are also covered in Chapter 11. Because the phenomenon
of commotio cordis is not usually considered to be an
injury associated with extremes of force, such as those in
motor vehicle accidents, we have chosen to include the
following brief discussion.

Lethal blunt chest trauma and 
the negative (or nearly negative)
autopsy

Few areas of forensic pathology exemplify the need for
collateral history as much as those involving witnessed
collapse and death following impact to the chest. Blunt
cardiac trauma can be classified as being either structural
or functional in origin.44 Structural causes are easily diag-
nosed by the autopsy pathologist who finds cardiac con-
tusion, myocardial and/or valvular laceration, papillary
muscle rupture, or coronary artery injury with resultant
infarction.45 Sudden death occurring after low to moder-
ate impact to the chest has been termed commotio cordis
or cardiac concussion.46–48 Children, particularly males
aged 5 to 18 years, seem to be at increased risk,44,46 pos-
sibly because the marked pliability of the adolescent rib
cage49 allows for greater inbending and contact with
mediastinal structures.

The instantaneous nature of deaths of this type has
been attributed to ventricular fibrillation (or other ven-
tricular arrhythmias degenerating to fibrillation) and 
secondary trauma-induced apnea.50–53 Studies of rare
survivors have also brought forth evidence of concurrent
coronary artery vasospasm with secondary changes in
myocardial contractility.54,55 At a cellular level, Link et al.
have demonstrated possibly altered K+-ATPase channel
activity.56

Typical cases of commotio cordis involve a young
athlete playing hockey, baseball, or lacrosse who is hit
directly in the chest—a finding confirmed by animal
research which showed that death is most likely to occur
only after a direct precordial impact.57 Although rare
examples of successful resuscitation exist, this has only

been possible with very early defibrillation.58 When
resuscitation is not successful, medical examiners should
endeavor to obtain ECG or rhythm strips from EMT or
hospital staff, because documentation of ventricular dys-
rhythmia and fibrillation are diagnostically supportive.

At autopsy there is generally no evidence of chest
impact, a fact that again drives home the importance of
circumstantial investigative information. Internal exam-
ination will reveal no anatomic cause of death, although
careful study of the cardiac anatomy is mandated to rule
out underlying abnormality.59

Medical complications of injuries

Many people who die as the result of traumatic injury do
so soon after the injury is sustained, often within
seconds, minutes, or hours of injury. However, many
others die after some period of survival, from days or
weeks to months, and even years after the injury. If a
person’s death can be attributed to the original injury,
then that original injury must be considered the proxi-
mate cause of death (see Chapter 30). This has important
considerations from the perspective of death certifica-
tion. The following medical complications in injury can
all be associated with natural disease processes. As such,
it is important that the individual certifying these deaths
consider the condition or injury that initiated the
sequence of events leading to the medical complications
and eventual death of the individual. A homicidal, acci-
dental, or suicidal death can easily be overlooked if one
does not seek out what initiated the complications.

Although the trauma itself is stressful to the body,
oftentimes the stress developed in the recovery period is
more pronounced, particularly if the injuries are severe
and the recovery period long. Severe injury requiring
surgical treatment and life-sustaining medical devices
such as mechanical respirators is frequently complicated
by the body’s response to trauma and its attempts to
heal. One will encounter a multitude of healing
responses and complications in people who die while
attempting to recover from traumatic injuries. This is not
meant to be an all-encompassing review of compli-
cations associated with injuries, but rather a concise
review of some of the more common and/or significant
conditions.

Infection
Infection is the most common complication of injury
leading to serious morbidity and/or mortality. Although
pneumonia occurs less commonly than local wound infec-
tions and urinary tract infections, it is associated with a
much higher mortality rate. Factors that predispose to
pneumonia include immobility/hypomobility, atelecta-
sis, mechanical ventilation, aspiration, and sepsis, and
less commonly intra-abdominal or soft tissue abscesses.
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Infection risk is increased with invasive procedures and
with indwelling catheters and tubes such as central lines
and Foley catheters.

The spleen is an important immune organ. If an
injured spleen is removed, the body has an increased
propensity for infection, especially with encapsulated
organisms. Postsplenectomy sepsis can complicate 
surgical removal of an injured spleen months to years
after the injury. This most commonly occurs with bacte-
ria such as Streptococcus pneumoniae and meningococcus.
Those status postsplenectomy also appear to have a
higher incidence of viral infections and infections from
nonencapsulated organisms.

Disseminated intravascular
coagulation/coagulopathy
Hemostasis is a complex process dealing with the fluidity
and clotting of blood. Trauma affects various tissue 
substances, platelets, and coagulation proteins, causing
defects in the platelet, clotting, and fibrinolytic systems.
Coagulation abnormalities resulting from trauma are
characterized by decreased clotting ability in the blood.
This is due to a multitude of factors, some of which are
unknown. With a large amount of blood loss and exten-
sive blood replacement, one is likely to develop throm-
bocytopenia and a loss of other coagulation factors. Also,
hypothermia, alcohol intoxication, and various elec-
trolyte abnormalities likely decrease the effectiveness of
blood coagulation.

Disseminated intravascular coagulation (DIC) is a
condition in which the body quickly uses up (“con-
sumes”) various clotting factors, eventually resulting in
decreased clotting ability of the blood. DIC may occur in
patients with a wide variety of tissue damage and necro-
sis, such as shock, burns, and trauma, but also in sepsis
and malignancy. DIC may also arise in those with severe,
nonspecific stress. DIC is well known to complicate
severe traumatic brain injury. The brain has the highest
concentration of tissue thromboplastin. Severe head
injury often leads to the release of thromboplastin, initi-
ating coagulation, consuming various clotting factors,
and resulting in decreased clotting ability of the blood.
There appears to be a direct relationship between the
severity of head injury and the development of DIC.60 As
such, remember that when a person with brain injury
dies, an associated coagulopathy is most likely sec-
ondary to the head injury and not a preexisting coagu-
lopathy if none was known to previously exist.61

Acute respiratory distress syndrome/diffuse
alveolar damage
Acute (or adult) respiratory distress syndrome (ARDS) is
the most important cause of acute respiratory failure in
surgical patients of all ages.62 ARDS is a complex entity
characterized by clinical evidence of respiratory failure

with diffuse alveolar capillary injury. This involves loss
of alveolar capillary membrane integrity with resultant
increased microvascular permeability with leaking of
plasma protein into the interstitium, and subsequent
atelectasis, hypoventilation, shunting, and hypoxemia.
ARDS is nonspecific and reflects the response of the 
lung to acute injury, whether it is trauma, endotoxin, or
some other insult that is followed by an inflammatory
response. Although the onset of ARDS is generally rapid,
the resolution of ARDS is typically slow, with recovery
(if recovery occurs) over days to weeks. Those with
ARDS frequently have secondary pneumonia and sepsis.
Sepsis may be regarded as the most common predispos-
ing factor to ARDS, but other factors include chronic
alcohol abuse, chronic lung disease, and mechanical 
ventilation.62

At autopsy of individuals with early ARDS, the lungs
are bloody red/maroon, congested, and heavy, with the
combined lung weight often exceeding 2,000 grams.
With survival of a few days or a week, the lungs become
diffusely firm and consolidated and may resemble liver
tissue in appearance. The cut edge of lung tissue tends
to retain its shape, rather than weeping or collapsing as
occurs with edema and congestion alone. In the acute
phase (a few days or so), microscopy of the lungs will
demonstrate alveolar and interstitial edema, neutrophils,
alveolar blood, and eosinophilic hyaline membrane 
formation.62–64 The hyaline membranes arise from 
condensed plasma proteins that have leaked into 
the alveolar space following injury to the
endothelial–epithelial barrier.63 After the acute phase, the
tissues proceed into the organizing phase, characterized
at first by pneumocyte hyperplasia, and then accompa-
nied by fibroblastic proliferation and interstitial chronic
inflammation.62,64 The chronic/healed stage consists pri-
marily of fibrosis and chronic inflammation and may be
described nonspecifically as “interstitial fibrosis.”64

Other complications of the pulmonary system include
atelectasis, aspiration, neurogenic pulmonary edema,
and effects of prolonged ventilatory support. Those
undergoing prolonged mechanical ventilation can 
accumulate a large amount of mucus in their airways,
and a large mucus plug can cause obstruction of 
airflow.

Deep venous thromboses/pulmonary 
artery thromboemboli
The three main predisposing factors to the development
of vascular thrombi are hypercoagulability, venous
stasis, and vascular injury (Virchow’s triad). The trauma
patient is particularly prone to the development of deep
venous thromboses, especially with lower extremity
fractures. Although there are many avenues of prophy-
laxis, including anticoagulation, vena cava filter, and
sequential compression devices/stockings or other
squeezing or compressional treatments of the legs, these
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are not always applicable to a particular patient. Deep
venous thromboses may develop covertly and quickly
break away, travel to the lungs, and cause catastrophic
pulmonary emboli with resultant sudden and unex-
pected death.

When pulmonary artery thromboemboli are detected,
dissection of the legs should be performed to look for
deep venous thromboses (see Chapter 4). When dissect-
ing for venous thrombi, one also has a chance to docu-
ment contusions, fractures, or other injuries of the legs.
Although the incision and dissection of the legs is most
easily performed with the body prone, it can also be per-
formed with the body supine. With this technique, inci-
sions are made in the medial aspects of the lower legs
from the ankle through the popliteal fossa, or more prox-
imal, if needed. After the skin and subcutaneous tissue
are reflected, the Achilles tendon is cut, and the muscles
of the lower leg pulled upward (toward the head) along
their fascial plane. Horizontal incisions can then be made
in the reflected muscle and in the deep veins coursing
along the tibia and fibula. Venous thromboses will pro-
trude out a short distance from the cut surface of muscle
as formed cylindrical blood clots that hold their shape.
Thromboses that have been present for longer periods of
time and have fibrous tissue will likely remain in place
and may have a tan appearance. Postmortem blood clots
are soft, maroon, partially liquid, and may drain from the
tissue.

Acute tubular necrosis
Acute tubular necrosis is the most common pathologic
finding in those with acute renal failure and most often
results from ischemia to the renal parenchyma. Histo-
logic examination will reveal casts of cellular debris
occluding the tubules and necrosis of tubular epithelial
cells. Acute renal failure in surgical patients usually
carries a grave prognosis because it often occurs along
with the failure of other organ systems.

Compartment syndrome
Compartment syndrome is a condition in which injured
muscles swell, increasing pressure in an area of closed
tissue space, resulting in a compromise of the circulation
to the associated muscles and nerves. Typically, this
occurs within fascial compartments in the lower leg, but
can also occur in the forearm, thigh, hand, and buttock.
In the leg, compartment syndrome may follow fracture
of the tibia, combined arteriovenous injury of the knee,
severe muscle contusion, or prolonged compression.65

Abdominal compartment syndrome is also recognized
and can lead to respiratory insufficiency and ischemia of
the abdominal contents. Common causes of compart-
ment syndrome include fracture with bleeding, contu-
sion of muscle, burns, but also snake bites and electrical
injury. Untreated, compartment syndrome may lead to
necrosis of muscle and other tissues.

Fat embolism
Fat embolism should be considered in the trauma patient
who develops tachypnea, dyspnea, and confusion from
a few hours to a few days after an injury. There may also
be petechiae on the chest, axilla, and conjunctiva. Labo-
ratory testing may also indicate thrombocytopenia.
Although fat embolism is commonly attributed to frac-
tures of the pelvis or long bones such as the femur, with
marrow (and fat) forced into the circulation via torn
blood vessels, it may also occur in the absence of frac-
tures, in which fatty tissue is pulpified and forced into
torn blood vessels. Alternatively, rather than being
mechanical in nature, fat emboli might be physiologic,
due to biochemical alterations associated with shock
with the precipitation of plasma lipids into fat droplets.
In most cases of fat embolism syndrome, there is likely
a combination of both mechanical and biochemical
factors of fat embolus formation. Fat embolism may also
occur in those with burns, severe infections, and lipo-
suction. Fat emboli in the pulmonary arteries can be
easily overlooked, but special stains such as oil red O
stain on fresh/frozen tissue and osmium tetroxide on
fixed tissue can highlight intravascular fat.

Necrotizing fasciitis
Necrotizing fasciitis is an infection of the fascia that
spreads along the fascia and can lead to gangrene of the
skin and/or muscle as blood vessels supplying these
regions thrombose. It usually involves the extremities,
groin, and abdomen, although virtually any part of the
body can be involved. It may be indolent, and initial
signs may include edema or cellulitis. Systemic toxicity
may have a rapid onset.

Physiologic stress ulcers (Cushing’s ulcer,
Curling’s ulcer)
Ulcers may occur in the gastric mucosa in critically ill
patients and develop in the setting of severe physiologic
stress. The term stress ulcer, unlike peptic ulcer, is not a
primary disease, but rather is a manifestation of under-
lying illness and is most frequent in the body of the
stomach. Stress ulcers are believed to result from a 
combination of physiologic factors including decreased
blood flow, hypoperfusion/reperfusion injury,66 and
coagulopathy.67,68 Shock is believed to result in gastric
mucosal ischemia that, when combined with gastric acid
and possible duodenal contents, can cause acute ulcera-
tions in as little as 2 to 3 days. Many of those who
develop stress ulcers have been on mechanical ventila-
tion for more than 2 days.67,68 The risk of developing
ulcers with significant gastrointestinal bleeding increases
with the severity of the illness, the duration of mechan-
ical ventilation, and the length of stay in the intensive
care unit.67 Cushing’s ulcers occur following head
trauma or surgery and are deep ulcers of the esophagus,
stomach, or duodenum and do not require shock or
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sepsis for their development.65 Curling’s ulcer is stress
ulceration of the duodenum or stomach in those with
large burn injuries.

Neurogenic pulmonary edema
Neurogenic pulmonary edema (NPE) is a condition in
which increased interstitial or alveolar lung water occurs
in those with acute diseases of the central nervous
system, most commonly acute severe head trauma,
intracerebral hemorrhage, and subarachnoid hemor-
rhage. By definition, those who develop NPE do not have
hypervolemia or any cardiac or other pulmonary disor-
ders. Clinically, NPE presents as a sudden onset of 
congestion, alveolar hemorrhage, and a protein-rich
exudate. Its etiology and pathogenesis are not defini-
tively known, but it is theorized to develop from massive
sympathetic discharge that produces a marked increase
in peripheral vascular resistance, which in turn shifts
blood centrally into the pulmonary vasculature. The
increased pressure in the pulmonary capillaries and
venules likely causes structural damage and altered
structural permeability.65

The open abdomen
In those undergoing emergency abdominal surgery for
trauma, it is not unusual for the surgeons to leave the
abdomen open after completion of the operative proce-
dure. The reasons for not closing the abdomen are
varied, but include physically not being able to close the
abdomen and to allow for healing by secondary intent.
After severe blunt abdominal trauma, particularly fol-
lowing fluid resuscitation of many liters of crystalloid
solution and blood, the intestines, mesentery, and
retroperitoneal tissues may swell extensively, precluding
physical approximation of the surgical margins. If the
surgical margins were forcibly and tightly reapproxi-
mated, the resultant increased intra-abdominal pressure
would likely attenuate hepatic, renal, and intestinal
blood flow.65 A tight abdomen may also cause respiratory
compromise by limiting diaphragmatic excursion and
may also cause fascial necrosis.65 Alternatively, if there is
abundant spillage of fecal material or other gross conta-
mination of the abdomen, the surgical incision may be
left open to allow for repeated washouts. The procedures
to cover an open abdomen will vary by location, but
often include placing a clear plastic wrap directly over
the bowel, covered by a surgical towel, which is in turn
covered by adhesive surgical wrap.

Multiple system organ failure
Multiple system organ failure (MSOF) is a condition
describing the failure of multiple organs that usually
occurs in a progressive fashion, is self-perpetuating, and
often terminates in death. It most frequently involves 
the pulmonary system first, followed variably by the
hepatic, gastrointestinal, and renal systems. It is believed

to be closely related to sepsis, because up to 90 percent
of those with MSOF can be found to eventually have evi-
dence of advanced sepsis.69 Although it is believed to be
primarily due to sepsis, blood cultures are not uncom-
monly negative. The pulmonic failure is usually charac-
terized by ARDS, the hepatic failure by elevated liver
enzymes, the renal failure by acute tubular necrosis, the
cardiovascular failure by vasodilation and increased
cardiac output, the neurologic failure by coma, gastroin-
testinal failure by ileus, and by the onset of endocrine,
metabolic, and immunologic failure.65

Do

• Document blunt force injuries with a combination of
photographs and body diagrams.

• Look for patterned abrasions. If they are not obvious,
they will often be missed unless specifically looked
for. Patterned abrasions should be photographed with
an ABFO ruler when appropriate.

• Recognize the characteristic linear bruise caused by
impact with a long firm object.

• Incise the legs to identify deep leg bruises in a 
pedestrian found in or around a road (in appropriate
cases).

• Remember that abrasions and lacerations can 
occur over bony facial prominences in those who 
collapse.

Don’t

• Confuse a blunt force injury such as a laceration with
a sharp force injury such as an incised wound.

• Forget that the skin of an elderly person is more fragile
and more easily torn and bruised than that of a
younger person.

• Forget that periorbital ecchymoses are often secondary
to internal injury with fractures of the orbital plates.
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Sharp force injuries span the spectrum of incised and
stab wounds. These distinctive injuries, by their very
nature, are produced by specific implements and
weapons, as contrasted with blunt force injuries, 
which can be sustained by simply falling. The term 
laceration is used frequently to indicate all cuts, tears, or
disruptions of human tissue. In the forensic pathology
world, a laceration differs markedly from incised and
stab wounds in that lacerations are forceful tears of tissue
due to blunt force impact. Unlike the sharp edges of a
sharp force injury, the margins of a laceration tend to be
irregular. Lack of distinction between the etiology of
these two types of wounds could lead to profound
medicolegal consequences.

Sharp force injuries add another dimension of evi-
dentiary value when implements leave markings on 
cartilage or bone. Such tool marks have been used to 
successfully identify causative weapons and may (indi-

rectly) link perpetrators to crimes. This is particularly
true in the study of dismembered remains where cutting
instruments are typically required to disarticulate, dis-
figure, or mutilate a body, thereby potentially leaving a
variety of tool marks.

An incised wound made by a sharp instrument such
as a knife, scalpel blade, or razor blade has defined,
nonabraded edges with no tissue bridging. It is a slicing
wound that is longer than it is deep. A stab wound is
deeper than its surface length. Knife stab wounds may
have a blunt end as well as a tapered end, indicating a
single-edge blade. The width of the blunt end will
approximate the thickness of the back (noncutting edge)
of the blade. Stab wounds may gape on some areas of
the body. Reapproximation of the skin edges will provide
a more accurate measurement (the edges can be held in
apposition by clear tape).
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Physical features of a knife

Knives have physical features that are of importance to
the forensic investigation of sharp force injuries (Image
6.1). These features include the handle, crossguard
(flared area of protection between the handle and blade;
arrow A), ricasso (blunt segment of blade adjacent to
crossguard; arrow B) and blade. Important features of
the blade include its length, width, thickness, whether it
has one or two cutting edges (i.e., single or double-edge),
and whether one or both edges are serrated. The signif-
icance of the ricasso is that it has two blunt ends so that
if the knife blade is inserted up to the ricasso, the stab
wound may have two blunt ends. If the blade is thrust
with force into the body so that the crossguard impacts
the skin, a patterned contusion or abrasion consistent
with the crossguard may be seen. Although knives are
usually used to inflict incised and stab wounds, the
handle can be used as a blunt force weapon and may
leave patterned injuries from a beating.

Anatomy of a stab wound

Single-edge
Wounds from a single-edge blade typically have a sharp
or tapered end and a blunt end (Image 6.2), but may also
have two tapered ends if the blade is inserted superfi-
cially. In this example, the wound is slightly gaping. Stab
wounds made from the same knife may appear variably
slit-like or widely gaping based on their orientation to
elastic fibers in the skin. If the stab wound happens to be
oriented parallel to the elastic fibers, the wound will
appear slit-like. If the stab wound is perpendicular to the
elastic fibers, the edges of the wound will be pulled away
from each other, creating a gaping wound. A stab wound

oriented obliquely to the elastic fibers may appear vari-
ably or irregularly gaped.

The wound edges can be pushed together and held in
place for measurement of the width of the wound, or
they can be reapproximated with tape (Image 6.3) to
provide a more accurate determination of the wound
size. Some sharp force injuries are large and gape widely,
distorting their true shape. The wound edges should be
reapproximated manually or with tape to reconstruct the
shape of the wound.

Double-edge
The wounds produced by a double-edge blade are 
typically pointed or tapered at both ends (Image 6.4).
However, two tapered ends do not always indicate a
double-edge knife.

Serrated
The large curvilinear stab wound on the left side of the
neck has subtle serration of the posterior edge (Image
6.5). A serrated blade does not necessarily leave a ser-
rated wound. Macroscopic photographs of each wound
at autopsy will capture subtle details that may be missed
by the pathologist during the performance of the
autopsy. In this example, subtle serrations are seen along
the inferior edge of the gaping stab wound (Image 6.6).
The same knife caused these parallel curvilinear abra-
sions as the edge of the knife scraped across the skin
(Image 6.7).

Scissors
A stab wound from scissors leaves a wound that is more
broad than the typical stab wound with a knife because
the scissor blades are so much thicker. This wound will
have a small “step” along one or both edges to reflect the
normal approximation of one scissor blade overtop of the
other (Images 6.8 and 6.9).
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The patterned stab wounds on the right side of the
forehead and the chest (Image 6.10) resemble four-point
stars consistent with a Phillips screwdriver (Image 6.11).
Other wounds on the chest had a different configuration
and were consistent with having been inflicted by a pair
of scissors (Image 6.12).

Notanda about stab wounds

Stab wounds by the same knife can vary in size and
shape, depending on the type of blade, the body region
stabbed, the depth of insertion, and the angle of 
withdrawal. A single cutaneous stab wound may have
more than one pathway in the body because it may be
partially withdrawn and reinserted without being com-
pletely withdrawn out of the skin. Therefore, the wound
track(s) of each cutaneous wound must be followed
internally.

The presence of an abrasion around the stab wound,
especially a patterned abrasion, may indicate that the
knife has been inserted up to the handle or crossguard,

with the handle producing the abrasion. In the example
of Image 6.13, the victim was stabbed with a single-edge
blade. The stab wound on the far right side of the pho-
tograph best shows the superior blunt end and the infe-
rior sharp end. Similarly, ecchymosis surrounding the
stab wound might be representative of impact with 
the knife’s crossguard or with the assailant’s thrusting
hand. A V-shaped, chevron-shaped or check mark
appearance of a wound suggests an angle of withdrawal
that is different from the angle of insertion into the 
body.

Academically, a chest x-ray prior to the autopsy on a
victim with stab and/or incised wounds may be used to
evaluate for an air embolus, which would appear as an
area of radiolucency in the right side of the heart. Proce-
dures on documenting an air embolus are described in
more detail in Chapter 29. An air embolus may be
created if a vein is cut (particularly in the neck or upper
chest), allowing air to enter the venous system and
become lodged in the right side of the heart, resulting in
an air lock so that blood cannot pass through on its way
to the lungs.
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X-rays should be taken of all stab and incised wounds
to evaluate for broken-off knife blades or knife blade tips
that may injure the pathologist. The broken blade should
be recovered as evidence.

Wound track
Knife wounds on the head should never be probed before
the intracranial contents are examined at autopsy. This
will prevent artifactual tracks through the soft brain
tissue. Following photographic documentation, stab
wounds on other parts of the body may be gently probed
through the subcutaneous tissues to get a general
impression of the direction of the wound path. Probes
should never be thrust into deeper tissues prior to exam-
ination of the intrathoracic and intraperitoneal organs in
situ. Never eviscerate until the organs are examined in
situ for injuries associated with the wound track. In fact,
the best way to estimate the length of the wound track
is to insert a probe through the skin and wound track
through the injured organs and tissues to the track’s 
termination prior to evisceration. An additional pair of
hands from an assistant is helpful at this stage.

Most stab wounds are penetrating but they can be per-
forating. The features of the exit wound in perforating
stab wounds should be described with as much detail
(location, size, orientation, etc.) as the entrance wound
and the direction of the wound path. The distance
through the body from the entrance wound to the exit
wound should be recorded.
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Depth of stab wound
The length (or depth) of the entire wound track, begin-
ning from the skin surface, should be measured or esti-
mated to best approximation; this measurement will give
an estimate of the length of the blade (as far as it was
inserted into the body). It is emphasized that measure-
ment of wound track length is a best estimate in the chest
and the abdomen. It is an estimate in the chest because
once the sternum is removed, the mediastinal structures
drop toward the back of the thoracic cavity. Wound
tracks through the heart and lungs should also be mea-
sured. It is also only an estimate in the abdomen because
the knife can be plunged into the soft abdominal wall,
compressing the intraperitoneal organs and tissues and
creating a wound track that is artifactually longer than
the inserted length of the blade. In children and young
adults where the chest wall and ribs are relatively elastic,
the same principle applies that a forcefully plunged knife
or continued exerted pressure on the knife by the
assailant may compress the chest wall and again result
in wound tracks that are artifactually longer than the
inserted length of the blade. Conversely, the instrument
(weapon or object) causing a stab wound may be longer
than the wound track in the body because it may not
have been inserted completely.

Direction of the incised wound
The direction of infliction of an incised wound may be
difficult to interpret with certainty. Minute skin tags
pointing towards the beginning end or tiny amounts of
“heaped up” epithelium at the terminating end may
provide a clue to directionality.

Handedness of the assailant
The handedness (right- or left-handed) of the assailant
cannot be determined by the wounds alone. If the rela-
tive positions of the victim and assailant are known at
the moment of the stabbing, an opinion may be rendered
that one is more consistent than the other, but such opin-
ions are entirely contingent on each individual case.

Knives left in situ
If a knife (or other weapon) is left inserted in the body,
discuss with the investigating police agency whether
they want to process the handle of the knife (or exposed
portion of the weapon) for trace evidence and finger-
prints prior to the autopsy. The body is radiographed to
verify the size, appearance, and position of the blade
inside the body (Image 6.14). Photography should docu-
ment the knife from different angles (Image 6.15). The
knife or weapon should be marked at the level of the
skin; this provides the depth of the stab wound on 
the weapon itself. Depending on where the knife is em-
bedded, it may be possible to view and photograph the
weapon in place, after making the standard autopsy inci-
sions in the chest and abdomen, before withdrawing the
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knife. Slowly withdraw the knife, noting the direction of
the wound path relative to the victim (for example, from
the victim’s front toward his back, from his left side
toward his right side, and downward toward the feet).
You now have the depth of the wound (unless the knife
had already been partially withdrawn by the assailant)
and the direction of the wound path. The extricated knife
should be photographed with a scale (Image 6.16). The
knife should be receipted uncleaned to the investigative
agency. The wound can now be documented in routine
fashion for a stab wound, including photography of the
stab wound itself (Image 6.17). If an abrasion is associ-
ated with the stab wound, compare the abrasion with the
crossguard of the knife, and photograph the wound and

the crossguard with a scale if the abrasion is consistent
with having been caused by the crossguard.

This radiograph of the head is ominous (Image 6.18).
Note that the handle of this metal knife has five round
ornamental holes. This man survived one day in hospi-
tal after being stabbed in the head. Only three of the five
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ornamental holes in the knife handle were exposed exter-
nally, and the tip of the blade reached the brainstem.
After the knife was extricated from the head, it left this
slightly gaping stab wound that is filled with blood clot
(Image 6.19). The ends of the wound appear blunt and
slightly abraded, consistent with the knife being thrust
into the head up to the handle. The blade of the knife had
a double edge, with fine serration of one edge, but the
handle was rectangular, consistent with the shape of the
wound (Image 6.20).

Defensive injuries

Defensive injuries are injuries sustained by victims as
they are trying to protect themselves from an assailant.
The diagnosis of a defensive injury is not an anatomic or
pathologic one, but is actually a circumstance-dependent
designation. For example, one may sustain an incised
wound across the volar aspects of the fingers from the
knife slipping as one slices a tomato held in the hand—
that wound is anatomically consistent with a defensive

injury, but is not a defensive injury by circumstance.
Classically, defensive injuries refer to sharp force injuries
on the hands, forearms, and even upper arms, poten-
tially involving both the extensor and flexor aspects. By
definition, defensive injuries may also be sustained on
the legs and feet as the victim is on the ground kicking
away an assailant. Defensive injuries are not restricted to
sharp force injuries, but include blunt force injuries,
gunshot wounds, and chop wounds.

Defensive injury posturing
As the left arm comes up to ward off a stab to the torso,
an incised wound could be inflicted on the extensor
aspect of the forearm (Image 6.21). If the knife blade is
grabbed, incised wounds may result on the palm and the
volar aspects of the fingers (Image 6.22). When the arms
are put up to protect the face and chest, a stab wound
may be inflicted on the palm of the hand (Image 6.23) or
on the lateral aspect of the upper arm (Image 6.24). A
slashing motion may produce an incised wound across
the ulnar border of the forearm (Image 6.25).
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Image 6.26 shows an incised wound to the proximal
middle finger, sustained during a homicidal knife 
attack.

The body of a man found in a car had multiple stab
wounds on the chest. The defensive injury on his right
hand was an incised wound to the right thumb that
extended into the thenar eminence (Image 6.27).

Documenting stab wounds

The following wound features should be documented:

- Location on the body
- Measurements from a landmark such as the top of the

head and distance from the midline of the body
- Size and shape of the wound
- Orientation (use the face of a clock for reference, for

example, the ends of a transverse wound are at 3
o’clock and 9 o’clock)

- Associated abrasions and ecchymoses
- Tissues injured (wound track)
- Direction through the body (wound path)

- Length of wound track through tissues beginning from
the skin

- Associated findings such as hemothorax, hemoperi-
toneum, etc.

- Presence of tool marks on cartilage and bone.

Chop wounds

Chop wounds are intermediary between blunt and sharp
force injuries in that they involve both tissue laceration
and slicing. Among the most common objects causing
chop wounds are axes (Image 6.28; note the abraded
edges), machetes, and propeller and machinery blades.
The chop wounds from boat propeller blades are typi-
cally parallel and curvilinear.

A man drove his personal watercraft into the port side
of a boat. The propeller wounds begin on the face and
continue down the neck onto the left shoulder and left
upper arm (Image 6.29). A wound across the forehead
fractured the frontal bone, including the orbital plates
(Image 6.30). This wound also transected the frontal
lobes. Experimentation with the port propeller on a block
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of clay reproduced the wounds (Images 6.31 and 6.32)
and allowed the determination to be made that the
young man went feet first into the port propeller and not
the starboard propeller.

A man’s body was found floating in the ocean 
approximately one-half mile offshore. A gaping head
wound was interpreted initially by police investigators
to be propeller injuries sustained after the victim
drowned (Image 6.33). Attempted reconstruction of the
scalp disclosed multiple curvilinear lacerations on the
left side and back of the head (Image 6.34). Examination
of the underlying remaining skull disclosed multiple
linear “chop” injuries that were oriented in different
planes, not consistent with the parallel wounds expected
from a propeller strike (Image 6.35). In this example,
notice the clearly defined, linear wounds on the left
lateral side of the skull, which span the temporo-
occipital skull, and extend onto the left ramus of the
mandible. The linear chop-type injuries are consistent
with the machete that was used to kill the victim.

Sharp force injuries caused by other 
objects

Stab wounds can be caused by noncutting objects
(instruments/weapons) such as wires, skewers, pokers,
screwdrivers, and glass. Meticulous photography with a
scale will preserve the wound characteristics and allow
comparison with proposed weapons.

A man was shot by police after he created a distur-
bance and fled. In addition to abrasions on the right side
of the forehead, and multiple wounds on the lower half
of the face and neck from buckshot, he has a sharp force
injury on his nose. The disturbance he created was a fight
during which he was struck on the face with a bottle.

The injury on the nose is an incised wound with clean
edges produced by the glass of the bottle that was broken
on his face (Image 6.36). Shards or splinters of glass in
the wound may be of evidentiary value and should be
preserved.
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An unrestrained right rear seat passenger was pro-
pelled forward during a front-end collision. She landed
in the right front passenger seat with her face impacting
the front windshield. In Image 6.37, her chin is resting
on the dashboard and her face is just inside the shattered
windshield. Multiple abrasions and superficial lacera-
tions from the broken glass of the windshield cover her
face. If the broken glass is sharp enough, the edges of the
wounds may be clean enough to be considered incised
wounds.

Images 6.38 through 6.41 are of a man who was
impaled by wires because of a malfunction of equipment
during the production of prestressed concrete. The wires

in the radiograph correspond with wires perforating the
left forearm and other wires penetrating the abdomen
(Image 6.38). The wire penetrating the abdomen impaled
the left kidney (Image 6.39). The victim had pulled out
two wires from his chest at the scene before he was trans-
ported to hospital. Those two wires had perforated the
trachea and descending thoracic aorta. In Image 6.40, the
green probe is through the wound in the aorta. In Image
6.41, the probe is through the perforating wound in the
trachea; note the associated ecchymosis in the trachea.
When the wires were pulled out, they left a traumatic
aortotracheal fistula. He coughed up blood at the scene.

Puncture wounds can result from multiple objects,
including teeth. A white tiger pounced on a zoo
employee who was inattentive and making too much
noise while cleaning the tiger’s den (Image 6.42). A bite
on the man’s head and neck left multiple irregular
wounds (Image 6.43). One of the tiger’s teeth was deeply
imbedded in a puncture wound from the bite (Images
6.44 and 6.45).
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Suicide

Most suicidal stab wounds are easily differentiated from
homicidal stab wounds on the basis of the history, 
terminal events, scene, and autopsy findings. A stab or
incised wound on a part of the body that is accessible 
to the victim’s own hand, that is, a wound that is 
anatomically possible to self-inflict (e.g. stab wound to
the chest), will require examination of the factors listed
above to help in determining the manner of death. A stab
wound to most areas on the back is usually impossible
to self-inflict. It cannot be emphasized enough that the
autopsy findings should be correlated with the history,
terminal events, and scene findings. Such comprehensive
correlation should help dispel the allegation that a homi-
cidal stab wound victim actually died through acciden-
tal or suicidal means by “falling on or walking into the
knife” again and again.
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This young man incised the flexor aspects of his fore-
arms before hanging himself (Image 6.46). People who
commit suicide by sharp force injuries frequently have
multiple incised wounds of variable depth, which may
be found on the neck, arms (especially the antecubital
fossae and flexor aspects of the forearms), and the flexor
aspects of the wrists. Look for scars in the same areas to
indicate previous attempts (Image 6.47). The wrists must
be extended to expose delicate scars in the flexor creases.

Although the discovery of a body with multiple sharp
force injuries can be alarming, the location/distribution
of injuries is important in the differentiation between sui-
cidal and homicidal injuries. The stab wounds on the
chest and abdomen in Image 6.48 were self-inflicted,
along with the incised wound on the left side of the neck
and the incised wounds in the left antecubital fossa and
on the left wrist. Typical self-inflicted incised wounds
may be on the neck, in the antecubital fossae, and on the
flexor aspects of the forearms, as well as on the wrists
(Image 6.49).

Hesitation marks
Hesitation marks are multiple superficial, usually paral-
lel incised wounds that are seen in cases of self-inflicted
sharp force injuries, often adjacent to a larger, deeper,
and potentially lethal wound.

In Image 6.50, numerous hesitation marks accompany
the self-inflicted gouges to the neck by a broken bottle.
Hesitation marks are not always present with self-
inflicted incised wounds such as in this man who had no
injuries anywhere else on the body (Image 6.51).

Dissection of incised wounds

Self-inflicted incised wounds that result in death should
be dissected to determine which major vessels were
injured. At times, the wounds may be relatively superfi-
cial, but if there are a high number of wounds, all of
which are bleeding, every wound will contribute to
eventual hemorrhagic shock and death. Postinjury func-
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tion or capability may be an issue if, for example, a
subject incised his wrists and allegedly pointed a gun at
police before he was shot and killed. A dissection of the
incised wounds would clarify which muscle tendons
were transected and help determine the functional capa-
bility that would remain following the incised wound
(Image 6.52). In other words, after the wounds were self-
inflicted, would the subject have the physical capability
to pick up a firearm and point it at the police? An
anatomy atlas is a useful companion at the autopsy.

Postinjury activity

Stab wounds are usually not immediately incapacitating
(unless they sever the spinal cord or medulla oblongata),
and the victim may be capable of movement for some
time after the injury. This, of course, is dependent on the
vessels and other tissues injured. For example, a stab
wound of the heart, aorta, and pulmonary arteries will
lead to a more rapid death than injury of smaller or lower

pressure vessels such as veins, but may still permit con-
tinued activity by the victim for a limited time.

Research has illustrated marked variability in human
capability to function after a fatal injury. In one study, 22
percent of stab wound victims were observed to have
some physical efforts (ranging from walking to running
several hundred meters).1 Other studies showed that
after such an injury, between 24.5 percent2 and 71
percent3 of victims survived at least 5 minutes after
injury, including some individuals with injuries to the
heart and aorta. When asked to estimate the possibility
of postinjury survival, one should consider multiple
factors, including the blood vessels and tissues injured,
the age and health of the individual, the results of toxi-
cological analyses, and all other pertinent findings.

A man was stabbed in the chest while he was in the
middle of the street (Image 6.53), but managed to walk
at least 30 feet before collapsing and dying on his front
doorstep (Image 6.54). Autopsy disclosed a stab wound
to the left ventricle of the heart.

Tool mark analysis

The forceful impact of an object against human tissue
may lead to the development of recognizable patterned
injury.4,5 Although these patterns can be present on the
skin, they are indelibly preserved in dense tissue like car-
tilage and bone where the shape and texture of the
implement may be imprinted. Classical examples of tool
marks from the blunt force injury spectrum include
blows to the head with hammers and wrenches. Discrete
markings may be left on cartilage or cortical bone in
deaths due to sharp force injury; tool marks are much
less distinct on medullary bone. In Image 6.55, note the
linear indentations found on the skull of a homicidal
stabbing victim. Like the tool marks found in some blunt
force injury deaths, those resulting from sharp force
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trauma may be used to identify suspect weapons. In
Image 6.56, note the fine striations present on the cut
surface of the costal cartilage from a stabbing victim.
Such striations can be documented photographically for

later comparison against the striations of a suspect’s
weapon; the cartilage itself may be retained as evidence.

During the autopsy of a homicidal stabbing, tool
marks were visualized on the cut surface of a costal car-
tilage (Image 6.57). The cartilage was carefully removed,
trimmed, fixed in formalin, and submitted to a tool mark
examiner for study. The examiner created clay impres-
sions of both the cartilage surface and the cutting edge
of a suspect’s knife (Image 6.58). Through comparison
microscopy, the striations were seen to be highly consis-
tent in appearance and, therefore, the stab wounds
through the cartilage were determined to be consistent
with having been caused by the suspect’s knife.

So you’ve found tool marks . . .

If your evaluation of a stabbing victim has revealed possible
tool marks, great care must be taken when handling the spec-
imen. Artifactual distortion of these marks can limit the
success of later studies. Once marks have been identified,
described, and photographed the piece of cartilage or bone
should be removed without handling the surface with the
tool marks. It is often helpful to label your own resection

margin with India ink or other marker. Excess soft tissue
should be removed carefully without adding artifactual
marks. If removal artifact is created, the autopsy marks should
be identified and documented as such. After the specimen has
been trimmed and rephotographed, it should be placed in 10
percent formalin and submitted to tool mark examiners for
proper evaluation.
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Dismembered bodies

The investigation of cases of dismembered human
bodies can be complex and, as such, mandate careful
documentation and an organized approach.6 The type of
processing required will be contingent on the preserva-
tion of the recovered remains. Scenes with dismembered
human body parts, like any other scene, are under the
jurisdiction of the investigating police agency, and the
pathologist must work in cooperation with law enforce-
ment. The containers in which dismembered remains are
found may harbor evidence and need to be processed
separately. The scene should be photographed before
anything is disturbed. Once the remains are uncovered
or exposed, additional photography is required. The
remains must be examined to determine whether they
are from one victim or are commingled remains from
more than one victim.

After transportation of the remains back to the
morgue, all body parts are radiographed. The body parts
should be arranged in anatomic order. All remains
should be examined with the primary objectives of estab-
lishing identification and determining the cause of death.
A specific search should be made for tool marks, particu-
larly on articular cartilage, other cartilages, and smooth
cortical bone (tool marks are less evident on medullary
bone). Precise descriptions should be made of identify-
ing features such as tattoos and scars. Appropriate spec-
imens should be obtained for toxicologic analysis, DNA
profiling, and a sexual battery kit. Samples for DNA
analysis might include muscle, a segment of the shaft of
a long bone, and plucked hair, depending on the remains
available and the degree of preservation.

The best body part for potential identification is the
head, especially if the dentition is intact. Depending on
the state of preservation, a photograph may be taken for
legal identification; the dentition should be charted by 
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a forensic odontologist. With advanced decomposition,
the skull should be defleshed to allow for the creation of
a forensic osteologic profile and for possible three-
dimensional facial reconstruction. If the hands are
present and preserved, fingernail scrapings/clippings
are taken prior to fingerprinting and palmprinting. Keep
in mind that foreign DNA may be present under the
nails.

After radiography, collection of specimens for a sexual
battery kit, autopsy, collection of specimens for toxico-
logic analysis and DNA profiling, and documentation
and preservation of tool marks, the remains should be
carefully defleshed for osteologic analysis and profiling.

Dismembered remains may be found combined in a
single container for disposal or be discarded and dis-
tributed widely in individual portions. The zippered
blue bag in Image 6.59 was retrieved from a dumpster
by a man throwing out his trash. Inside were two pack-
ages wrapped identically in black garbage bags and
masking tape. Each package contained a relatively mus-
cular thigh from a white adult (Images 6.60 and 6.61).
Because the blue bag was in a dumpster, this mandated
that the rest of the contents of the dumpster be exam-
ined. The last item to be examined from the dumpster
was a white plastic supermarket bag that was knotted.
The plastic bag was heavy and contained a yellow
sponge, two white Styrofoam cups, and three yellow
rubber gloves. A small amount of blood was on the
sponge. At the bottom of the bag was an ovoid package
the size of a small turkey, wrapped in a black garbage
bag and masking tape (Image 6.62). Investigators were
excited, anticipating that this package would contain the
victim’s head. Once unwrapped, the buttocks of a white
adult were displayed (Image 6.63). This package was the
dismembered pelvis of a white adult male; the penis was
not circumcised. The following day, a maintenance man
was emptying garbage cans along the front of a hotel.
The contents of one of the garbage cans included two
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packages wrapped in black garbage bags and masking
tape. What terrified the maintenance man was that the
shape of each package was that of a lower leg and foot
(Image 6.64). The hotel where these packages were found
was several blocks from where the blue bag containing
the pelvis and thighs was recovered.

It appeared that all five body parts were from the 
same victim. The body parts were photographed and
described and then assembled on a single body tray for
a composite photograph. The edges of the skin on adja-
cent body parts were sutured to reapproximate the parts
(Images 6.65 and 6.66). Notice that the proximal incised
edge on the right knee matches the distal incised edge.
Even better evidence that the two portions of right lower
extremity were from the same individual is the vertical
incision that begins on the thigh portion and continues
downward, crossing the transverse, dismembering inci-
sion onto the lower leg.

Tool marks on the articular cartilage of the joints were
photographed (Image 6.67). The waist size was esti-
mated from the pelvis. The shoe size was obtained by
measuring the feet in a shoe scale used in shoe stores.

The DNA profiles from all five body parts were identi-
cal. The bones were defleshed and examined. The age of
the victim was estimated to be in the thirties based on
examination of the symphyseal surfaces of the pubic
bones. The antemortem stature was estimated by mea-
suring the long bones. The medical examiner noted that
the left ankle was more rigid than the right, and the cir-
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cumference of the left calf was smaller than the circum-
ference of the right calf; these findings suggested that the
victim may have had a limp. The cause of death was not
evident from the recovered remains, and no additional
remains from the victim have been found.

Postmortem wounds

Decomposing bodies will have associated postmortem
color changes. Following photography, wounds should
be incised to disclose a hemorrhagic track that is still
visible in the subcutaneous fat of antemortem wounds,
even in decomposing bodies. The subcutaneous fat sur-
rounding the injury should not be the hemorrhagic red
of the antemortem wound, but should still be yellow.

The naked body of a young man was found at an
illegal dump site (Image 6.68) along with blood-stained
sheets and a large black garbage bag (Image 6.69). The
black garbage bag contained loops of small bowel, utility
knife blades, and the ends of ruptured latex packets
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(Image 6.70). When the bloody body was turned supine,
a wound was noted on the abdomen. A gaping, longitu-
dinal midline incision ran the entire length of the
abdomen (Image 6.71). Examination of the abdominal
incision at autopsy disclosed lack of a vital reaction along
the edges of the wound, indicating that this was a post-
mortem incision (Image 6.72). This young man was a
body packer or drug mule who had swallowed an
unknown number of latex-wrapped packets of heroin in
Colombia before flying to the United States. Circum-
stances suggest that he had met with the people who
were to receive the packets; however, he died before he
could pass all of the packets from his gastrointestinal
tract. These individuals wanted to retrieve the packets
still inside the body and simply incised the abdomen,
extracted the loops of small bowel, and milked whatever
packets were palpable out of the bowel to retrieve them.
Several packets in other portions of the gastrointestinal
tract were found at autopsy. Toxicology confirmed
heroin toxicity.
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Decomposing bodies/bodies in water

With prolonged submersion in water, antemortem
wounds on the body will become pale and lose the
expected red vital reaction typical of antemortem
wounds. This is because blood is gradually leached out
of the wounds by the water over time. Antemortem
wounds may be difficult to distinguish from postmortem
wounds on the basis of surface appearance alone. Fea-
tures that could distinguish antemortem from post-
mortem wounds, such as hemorrhage along the wound
track, may be discovered during dissection of the
wound. All wounds should be evaluated in the context
of the remainder of the autopsy findings, history, termi-
nal events, and scene findings. For example, multiple
stab wounds found at the root of the neck in the torso
discussed in the next paragraph were likely antemortem
because of their location and nature, as opposed to the
postmortem wounds from dismemberment.

The decomposing torso of a man was seen floating in
a canal. The head, hands, and lower extremities were
absent. Although alligators were known to be in the

canal, the absence of the head and the symmetrical loss
of extremities concerned investigators (Image 6.73). The
suspicion of foul play was confirmed when they saw the
concrete cinder block tied to the waist. Multiple stab
wounds were around the roof of the neck, and were pre-
sumed to be the cause of death. 
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Do

• X-ray all sharp force injuries to look for broken knife
blades or knife blade tips.

• Obtain a chest x-ray to evaluate for possible air
embolism.

• Describe the location, size, shape, and orientation of
stab and incised wounds.

• Describe ecchymoses and especially patterned abra-
sions associated with stab wounds.

• Photograph patterned injuries with a scale.
• Examine the injuries along the wound track prior to

evisceration of the organs.
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• Measure the length of the wound track (i.e., depth) of
stab wounds.

• Describe the direction of the wound path through the
body.

• Retain all tool marks on cartilage and cortical bone.
• Submit all possible tool marks to tool mark examiners.

Don’t

• Thrust probes into stab wounds prior to document of
the organs in situ.

• Cut out stab or incised wounds and retain them;
instead, photograph wounds with a scale to preserve
their shape, size, and orientation.

• Forget to examine cartilage and bone for the presence
of tool marks.

• Alter tool marks by rubbing, cutting or otherwise
mutilating the evidence.
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Gunshot wounds are the most common cause of death 
in homicides in the major metropolitan regions of the
United States. Therefore, the pathologist who performs
forensic autopsies should have a working knowledge 
of gunshot wounds and their proper documentation.
Regardless of which of the innumerable and ever increas-
ing variety of firearms is used, gunshot wounds have
basic characteristics that help to distinguish entrance
wounds from exit wounds and determine category of
range of fire. Intermediary targets, ricochet bullets, and
postmortem artifacts will add features that may compli-
cate interpretation. Modern generations of the Taser® are
gaining in popularity with police agencies as a less lethal
weapon and, anecdotally, have decreased the number of
SWAT callouts and police-involved shootings. However,
the Taser is not without its own controversy.1–3

Among the many different types of firearms are 
the shotgun and the rifle, both of which are available 

in an array of different models and with a variety of
ammunition. The shotgun is a smooth-bore firearm with
a long barrel, designed to fire a shell containing a single
large lead slug or lead pellets that, on exiting the barrel,
spread out in a cone-like distribution to cover a large
surface area. The shotgun is used mainly for hunting
game, and common ammunition is appropriately
named, ranging from tiny lead pellets (birdshot), to 
large pellets (buckshot), to a single large lead projectile
(slug).

Rifles also are long-barreled firearms that can be
divided into two general categories: rimfire (low power)
and centerfire (high power). The rimfire rifle is most
commonly of .22 caliber, is used in hunting small game,
and has muzzle velocities of less than 1400 feet/second.
The centerfire rifle is used in hunting and in war and has
a much higher muzzle velocity, typically in the 2000 to
3500 feet/second range.
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Wounds produced by shotguns and high-powered
rifles are highly destructive when fired at close range.
The high-powered rifle often produces devastating
wounds at distant ranges, also. The shotgun, however, at
increasingly distant ranges, loses its destructive nature,
and with increasing range of fire over longer distances,
the pellets may penetrate tissues only superficially.

Fundamentals of wound ballistics

Pathologists who investigate deaths due to gunshot
wounds should have at least an elementary understand-
ing of wound ballistics (the study of the effects of pene-
trating projectiles on the body). Much of the scientific
knowledge in this area is the work product of Dr. Martin
Fackler and others at the Letterman Army Institute of
Research. For more information on this topic, refer to the
literature published by this group, or the volume on
gunshot wounds written by Dr. V. DiMaio.4

The morphology of a gunshot wound, its pathway
through the body, and even its exit are dependent on
multiple factors. Before a projectile makes contact with
the body, it is affected by its own shape, size, weight
(manufacturing specifications), the weapon it was fired
from, the presence of intermediary targets, etc. The
nature of the gunshot wound in tissue is affected by the
angle of impact, the type of tissues through which 
the projectile travels (e.g., bone versus fat), how deep the
projectile penetrates, whether the missile fragments, and
the nature of the permanent and temporary cavities.5–7

The permanent cavity is the actual track of crush (lacer-
ation) injury caused by the passage of the projectile. The
temporary cavity occurs when a projectile passes
through the tissue with sufficient speed to cause the
tissue to stretch and deform.8 The projectile creates a
pressure wave that expands radially around the projec-
tile track, deforming the tissues with decreasing magni-
tude more distant from the projectile track. The pressure
wave is caused by energy transfer from the projectile to
the tissues as its velocity is reduced. Although this has
been compared with the splash seen after throwing a
stone into water (i.e., a “harmless tissue splash”),9 prac-
tical experience has shown that the rapid and violent
expansion of tissues adjacent to a permanent cavity can
have serious sequelae. This is particularly evident when
high-velocity projectiles pass near solid organs, lacerat-
ing them, as commonly occurs with the liver, kidneys,
spleen, and even aorta (Image 7.1). Velocity is not every-
thing however. The muzzle velocities of a 12-gauge
shotgun (approximately 1350 feet/second), .44-caliber
Magnum revolver (approximately 1390 feet/second),
and .22-caliber long rifle (1255 to 1280 feet/second) are
similar, yet the wounds produced by each are vastly 
different. Studies performed by the Federal Bureau of
Investigation demonstrate that wounding potential

depends on placement and penetration of the projectile,
degree of cavitation of tissues, deformity, yaw and frag-
mentation of the projectile, and character of the target
tissue.10 Elastic tissues such as lungs may have relatively
small wounds, whereas solid organs such as liver and
kidney will rupture and lacerate.

Although the projectile did not perforate the aorta
(Image 7.1), the temporary cavity caused by the projec-
tile passing in the near vicinity resulted in stretch 
lacerations.

Studies with ordnance gelatin have demonstrated that
impact of the projectile with tissue (simulated with the
gelatin) creates a sonic shock wave (Figure 7.1). This
wave travels faster through tissue than the projectile
itself, but plays no role in wound track formation.5,7,11

Projectile velocity is not the sole predictor of wound
severity,6,8 because the projectile’s tendency to deform
and/or fragment and become unstable along its path
through the body (yaw or rotation about its horizontal
axis) also causes significant injury. Although a bullet’s
yaw may play a contributory role in wound morphology,
it is a projectile’s tendency to fragment that plays a 
more significant role in wound ballistics.6,12,13 Bullet 
yaw through tissue should not be confused with yaw
through the air—a concept considered by Fackler to be
fallacious.

Entrance gunshot wounds

Indeterminate range
The classical indeterminate range entrance gunshot
wound has a central defect/perforation surrounded by
a margin of abraded skin (abrasion margin; Image 7.2).
The apparent shape of the central defect can vary
depending on the nature of the subcutaneous tissue that
can protrude into and out of the defect. The shape of the
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Permanent Cavity

Temporary Cavity Sonic
Shock
Wave

Figure 7.1 Diagram of a projectile track through tissue showing the sonic wave preceding the bullet. The projectile track
itself is the permanent cavity, whereas the temporary cavity is formed by a stretching of the surrounding areas. Repro-
duced with permission from Fackler ML. Ballistic injury. Ann Emerg Med 1986;15(12):1451–5.

wound can be distorted by its location on the body. The
shape of the abrasion margin can vary and be asymmet-
rical or irregular. An eccentric elliptical abrasion margin
can be a clue to the direction of the projectile path. An
eccentric abrasion margin results from one side of the
obliquely oriented projectile contacting and abrading the
skin more on that side than on the other. The term 

indeterminate range is preferable and more accurate than
distant range gunshot wound. An indeterminate range
gunshot wound is one that lacks features that define an
intermediate range or a contact gunshot wound, regard-
less of the range of fire. An intermediary target (includ-
ing clothing) can shield the skin and screen or filter out
gunpowder and soot.

The smallest defect from any one projectile results
from a perpendicular strike to the skin. An angled pro-
jectile, for example, from a ricochet, presents a larger
surface area to the target skin and results in a larger
wound.

Contact range
Contact gunshot wounds are recognized by several fea-
tures. Soot and gunpowder residue expelled along with
the fired projectile will stain the wound edges dark gray
to black. The degree of dark discoloration is contingent
on the firearm and the ammunition. Soot on the skin
around the wound indicates that there was some space
between the muzzle of the firearm and the skin in order
to allow the escape of soot. The end of the barrel (muzzle)
of a firearm can leave an ecchymotic or abraded muzzle
imprint on the skin around a contact gunshot wound.
The muzzle imprint will mirror the contours of the
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muzzle (Images 7.3 and 7.4). Muzzle imprints may be
partial (Images 7.5 and 7.6).

Hard contact gunshot wounds, where the muzzle is
pressed firmly into the skin, can result in tears that
impart a stellate configuration to the wound. This is 
most frequently seen in gunshot wounds to the head
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where the hot expanding gases forced between the 
scalp and calvarium are released by creating tears in the
scalp.

Image 7.7 shows a hard contact gunshot wound of the
right temporal scalp with a large gaping stellate tear, soot
deposition on the temporalis muscle and on the outer
table of the skull around the entrance wound, and com-
minution of the temporal bone.

A hard contact entrance gunshot wound with lacera-
tion of the skin and deposition of residue in the edges of
the wound is on the forehead of a young homicide victim
(Image 7.8).

This is a near (loose) contact gunshot wound through
hair in the sideburn area (Image 7.9). A layer of hair
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allows just enough room for soot to deposit on the skin.
Hair around such a gunshot wound may be submitted
to the firearm examiner for residue analysis. In loose
contact or near-contact gunshot wounds, there may also
be searing of the skin by the heated gases expelled from
the muzzle. The searing can impart a black/dark brown
discoloration around the edges of the wound.

This contact gunshot wound to the left temporal
region (Image 7.10) has tearing of the skin and some
deposition of soot and gunpowder residue in the wound
edges. The woman was killed as she slept.

Contact gunshot wounds through thin intermediary
targets, like clothing, are still frequently recognizable as
contact wounds. It would be optimal if the bullet hole 
in the clothing, or other intermediary target, could be
examined for tears, soot, and gunpowder residue.

Intraoral gunshot wounds into the head are best visu-
alized and demonstrated after the tongue is resected
(Images 7.11 and 7.12). Once the brain has been removed,
the projectile path may be demonstrated by inserting a
probe along the wound track (Image 7.13).
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Abrasion margins around entrance wounds dry and
may turn a dark red-black; this drying artifact may be
misinterpreted as soot and residue in the wound edges,
and the entire wound may be erroneously designated as
a contact wound (Image 7.14). The true nature of the
dark discoloration may be resolved by taking a histo-
logical section and looking for gunpowder microscopi-
cally. Image 7.15 is a low-power section from a gunshot
wound in a burnt body—it was not possible to determine
whether the wound was contact range. At low power,
dark pigmentation is seen along the skin surface. With
higher power (Image 7.16) translucent, nonrefractile par-
ticulate foreign material consistent with gunpowder was
present. The wound was consistent with a contact range
wound.

Intermediate range
When a gun is fired, pieces of burnt and unburned gun-
powder and soot are expelled along with the projectile.

Intermediate-range gunshot wounds are defined by the
presence of punctate abrasions caused by pieces of 
gunpowder striking and abrading the skin. These red
punctate abrasions are collectively termed stippling and
are not washed away, although gunpowder deposited on
the skin and embedded in the abrasions can be washed
away. Stippling is important in that the radius of the stip-
pling pattern can help to determine the range of fire.
Intermediate range is usually within 2 to 3 feet, but the
stippling pattern is contingent on the firearm and the
ammunition. Test firing with the same weapon and iden-
tical ammunition is recommended, whenever feasible, to
estimate the range of fire. Soot can be deposited on the
skin around the intermediate-range gunshot wound and
is usually not visible beyond a several-inch radius. Soot
and stippling are most concentrated immediately around
the gunshot wound and decrease in concentration away
from the wound. Increasing the range of fire will increase
the area of stippling but decrease the density of the stip-
pling. Soot and stippling can be eccentrically deposited
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if the firearm is angled or if an intermediary target shields
the skin.

The man shown in Image 7.17 first grazed his right
parietal scalp with an intermediate-range gunshot
wound, then repositioned the muzzle against his right
temple and died from the hard contact gunshot wound
that was inflicted next.

The stippling around an intermediate-range gunshot
wound will vary with the firearm and ammunition used.
This is an exceptionally prominent pat-tern of confluent
punctate abrasions from a .44-caliber Magnum revolver
(Image 7.18).

Test firing will help to approximate the range of fire
in an intermediate-range gunshot wound if the actual
firearm used is available and the exact type of ammuni-
tion used is known. Test fire patterns at different ranges
of fire can then be compared with the stippling around
the intermediate-range gunshot wound.

A jealous boyfriend shot this man in the head (Image
7.19). The range of fire was important to the prosecuting
attorney, so test firing of the weapon used by the shooter
was performed with the identical type of ammunition.
Test fire patterns into cardboard, especially at close or
near-contact range, will differ from those into skin
because the two mediums are obviously different.
However, it was still evident that at the 1-inch range
(Image 7.20), the gunpowder was more concentrated
(over a smaller area) than the stippling around the
gunshot wound. The test fire pattern at 2 inches (Image
7.21) closely approximated the pattern of stippling
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around the actual gunshot wound. The test fire pattern
at 6 and 12 inches showed gunpowder patterns that were
obviously more sparse and wider than the stippling
pattern around the gunshot wound.

Stippling can occur through a layer of clothing
(Images 7.22 and 7.23). The stippling is sparse around

the gunshot wound, but is definitely present (Image
7.24). If the range of fire needs to be estimated more accu-
rately, test firing should be performed if the actual
weapon used is available; the test fire patterns are com-
pared with the gunpowder pattern on the outer layer of
clothing and not with the stippling around the gunshot
wound on the skin. The identical ammunition, if known,
should also be used in the test firing.

An intermediate-range gunshot wound was on the left
temple of a female homicide victim (Image 7.25). The
man who shot the woman had an intermediate-range
gunshot wound to the right temple (Image 7.26). The
wounds in both the woman and the man were inflicted
with the same firearm and ammunition. Note the pres-
ence of black soot and residue and increased concen-
tration of stippling immediately around the gunshot
wound in the female as compared with minimal soot
residue and a wider, less concentrated stippling pattern
around the gunshot wound in the male. The range of fire
was slightly greater in the male.

The woman shown in Image 7.27 has an intermediate-
range gunshot wound on the right side of the forehead.
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The stippling terminates abruptly along the right. The
interrupted pattern of stippling is explained by the pres-
ence of stippling and prominent soot deposition on the
medial aspect of the right upper arm, which was obvi-
ously up by the side of the face at the time she was shot
(Image 7.28).

This man has a gunshot wound to the medial aspect
of the right eye, surrounded by stippling over most of
the face (Image 7.29). The left eyeball also has stippling,
indicating that his eyes were open at the time he was shot
(Image 7.30).

The abrasions from pseudostippling are less regular 
in size, configuration, and pattern of distribution. The
causes of pseudostippling include insect bites, interme-
diary targets (such as glass or wood), and fragmentation
of the projectile.

This man has a gunshot wound on the right side of the
chin (Image 7.31). Stippling is evident immediately
around the gunshot wound, but additional irregular, dis-
crete to focally confluent punctate abrasions are on the left
side of the face and the neck. These additional irregular
abrasions demonstrate pseudostippling from ant bites.

Graze wounds
Graze gunshot wounds are usually superficial. Graze
wounds have skin tags that point toward the firearm. In
other words, the skin tags point opposite to the direction
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of travel of the projectile. Tiny skin tags can frequently
be seen in entrance gunshot wounds, and in exit wounds
to indicate direction of travel of the projectile.

As mentioned, a graze gunshot wound has skin tags
that point toward the gun. In this case, the firearm is on
the right, with the projectile passing from right to left
(Image 7.32).

The skin tears on this graze wound point to the left,
indicating that the projectile is traveling from left to right
(Image 7.33).

This is a superficial, tangential gunshot wound to the
back of the head (Image 7.34). The entrance wound on
the right has an abrasion margin along the right edge,

and skin tags that point to the right, consistent with a
right-to-left pathway. The crescentic wound on the left is
the exit wound. Scalp wounds like this are often associ-
ated with keyhole wounds in the underlying skull.

Ricochet wounds
Ricochet gunshot wounds may consist of a single
entrance wound or multiple, often irregular and fre-
quently superficial entrance wounds. The superficial
wounds may contain fragments of projectile or material
from the object which the projectile ricocheted off. Rico-
chet wounds may occur, for example, if the victim is
down on the sidewalk and the shooter stands over the
victim and fires multiple shots. Some of the fired rounds
may strike the sidewalk and fragment. These projectile
fragments and fragments from the chipped sidewalk
may then strike the body. Consider an intermediary target
or a ricochet projectile if the projectile recovered from the body
is more deformed and more superficially located than would 
be expected. For example, it would not be consistent 
to recover a flattened/deformed copper-jacketed 9-
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millimeter projectile from the subcutaneous fat deep to
an entrance wound on the upper arm because, first, the
projectile should not be deformed from going through
just skin and, second, that projectile should have been
able to perforate the soft tissues of the upper arm and
enter the chest, or fracture the humerus in its path.

Intermediary targets
Intermediary targets can modify the appearance of
entrance wounds.14 Intermediary targets include cloth-
ing, jewelry, items in pockets, furniture, doors, windows,
walls, vehicle parts, and any object that is interposed
between the muzzle of the firearm and the skin. Foreign
material from the intermediary target(s) may be carried
into the body by the projectile. The nose of a projectile
fired through the metal of a vehicle will typically 
flatten.

This man was shot through an intermediary target, the
rear window of a car (Image 7.35). The irregular pseu-
dostippling associated with the gunshot wound to the
outer end of the left eyebrow was caused by splinters
and fragments of broken glass from the rear window.

A policeman died in a firefight involving multiple
shooters. He sustained a number of gunshot wounds and
although there was a lethal shot to the head, rounds fired
at his torso also resulted in injuries even though he was
wearing a bulletproof vest (Image 7.36). A projectile
entering beneath the left upper edge of the vest was asso-
ciated with a superficial perforating gunshot wound to

the left upper back (Image 7.37) and a tear in the lining
of the vest when the projectile exited the back (Image
7.38). Because the vest was snug against the skin, as the
projectile perforated the upper back, the tissues were
crushed between the temporary cavity formed by the
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passing projectile and the overlying vest, resulting in
prominent contusions not normally seen with superficial
perforating gunshot wounds. A gunshot wound to the
central midback penetrated the vest and caused an abra-
sion surrounded by a prominent contusion (Image 7.39).
Although no projectiles perforated the vest, the force of
the projectile strike to the midback was diffused by the
vest, resulting in a contusion much larger than the actual
strike area of the projectile. The projectile from the
gunshot to the midback penetrated the vest and can be
seen on the radiograph of the vest (Image 7.40).

A bullet hole in a victim’s left front shirt pocket (Image
7.41) was associated with an entrance gunshot wound
and a circular abrasion. Although no soot or residue was
around the bullet hole, and there was no blackening of
the edges of the gunshot wound, a contact gunshot
wound was considered because with the circular abra-
sion, the two lesions together appeared consistent with
a contact wound from the offending weapon (Image
7.42). The gunshot wound itself would be consistent with
the muzzle (end of the barrel) and the circular abrasion
would be consistent with the recoil spring guide rod. In
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fact, the circular abrasion was actually from the projec-
tile jacket separating from the core after the projectile
perforated the shirt; the separated jacket struck the skin
adjacent to the indeterminate range entrance wound
from the projectile core (Image 7.43).
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The entrance gunshot wound shown in Image 7.44 
is not immediately recognizable as a gunshot wound
because of its large, irregular nature. The associated
peripheral lacerations and abrasions resulted from the
projectile passing through an intermediary target (pane
of window glass) before striking the victim. It is impor-
tant to collect any fragments of glass that are found
within such wounds because they may be of evidentiary
value. Glass and other intermediary targets may not be
visible on radiographs so always exercise caution while
dissecting wound tracks; projectile jackets and fragments
may also be sharp.

This apparent contact gunshot wound (Image 7.45)
has a muzzle imprint and residue in and around the
wound edges. However, the wound was actually pro-
duced by firing the gun through a pillow compressed up
against the chest. The pillow had a torn contact bullet
hole surrounded by abundant soot and residue. The sep-
arate patch on the right is likely from soot and residue

escaping between the cylinder and the frame of the
revolver, or cylinder flare (Image 7.46). A hollow point
projectile was retrieved from the body. The hollow point
nose did not deform (mushroom) because the nose was
plugged with material from the pillow (Image 7.47). Sim-
ilarly, hollow point projectiles plugged with bone will
not mushroom.

This robbery victim was wearing a shirt with a collar
and a necklace. The necklace was broken during the
assault. Wounds are visible on the neck and left clavicu-
lar region (Image 7.48). At autopsy, two irregular
wounds were in proximity on the front of the neck and
left clavicular region. Both were entrance gunshot
wounds. Their atypical nature results from the projectiles
passing through the necklace and shirt (intermediary
targets) before entering the body (Image 7.49). The chest
radiograph shows a projectile lodged in the upper tho-
racic spine. Adjacent to the projectile are two irregular
metallic objects which were links from the yellow metal
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necklace around the victim’s neck that were carried into
the body by the projectile as it perforated the necklace
(Image 7.50). A copper-jacketed medium caliber projec-
tile and two links from the necklace were recovered from
the cervical spine (Image 7.51). The deformed nose of the
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projectile had distinct indentations that conformed
exactly to the links from the necklace.

Distinguishing entrance from 
exit wounds

The clothing over a gunshot wound can provide addi-
tional information about the range of fire. The shirts of
this gunshot victim had been cut by Fire-Rescue person-
nel (Image 7.52); a gunshot wound is on the left chest lat-
erally (Image 7.53). Although the outer shirt is black, the
white undershirt shows definite soot associated with the
bullet hole (Image 7.54). Gunpowder and soot may be
seen as gray on black clothing. Clothing is submitted to
the firearms examiner for analysis of residue.

If two or more gunshot wounds on a body are diffi-
cult to interpret for entrance or exit characteristics, the
corresponding bullet holes in the clothing may assist in
that determination. Fibers around a bullet hole may be
clearly inverted or everted. A gray ring of bullet wipe
(grease and dirt from the projectile) may be seen around
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entrance holes. On rare occasion, the features of a
gunshot wound are so uncharacteristic that the entrance
wound cannot be differentiated from the exit wound,
and examination of the clothing does not help. However,
internal clues may exist such as bullet wounds in bone
that may show internal beveling associated with an
entrance wound. Interestingly enough, the entrance

wounds in solid organs and even hollow organs such as
the stomach are frequently smaller than the exit wounds.
The radiograph may also provide clues if projectile or
bone fragments are distributed along the direction of
bullet travel.

The premise that exit wounds are larger than entrance
wounds is a generality only. A man was found in early
decomposition on his bed with a rifle next to his body. A
gaping stellate wound on the right side of the forehead
extended posteriorly to the right parietal region (Image
7.55). A smaller stellate wound was on the occipitopari-
etal region (Image 7.56). Examination of the right fore-
head wound disclosed central blackening of the wound
edges, consistent with a contact wound. Examination of
the calvarium disclosed external beveling of the edges 
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of the skull wound deep to the occipitoparietal scalp
wound (Image 7.57), confirming that the posterior,
smaller wound was the exit. Skull wounds may be com-
minuted and, as such, require reapproximation of the
bony fragments to allow confirmation of the nature of
the beveling.

This 3-year-old was shot at intermediate range in 
the right frontal region (Image 7.58). The intracranial
gunshot was associated with orbital plate fractures, lac-
eration of the medial aspects of the eyelids (Image 7.59),
and extrusion of the left eyeball at the scene (Image 7.60).
All of these findings are associated with the gunshot
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wound, and not from direct blunt trauma. Similarly, in
some cases of gunshot wounds to the head, prominent
unilateral or bilateral periorbital ecchymoses are due to
fractures of the orbital plates (blowout fracture) and
tracking of blood through the fascial planes, and not 
due to direct blunt trauma to the eyes. These blow-
out fractures associated with intracranial gunshots are
related to the pressure wave and energy transfer (of the
temporary cavity) to the brain and soft tissues, and will
not occur if an empty defleshed skull is shot.

Exit gunshot wounds

Exit wounds are more irregular than entrance wounds
and are not associated with muzzle imprinting, searing,
soot deposition, or stippling. The edges are often torn,
resulting in a stellate configuration or ragged appear-
ance. There may not be a central defect once the skin
edges are approximated. A stellate, hard contact entrance
wound is differentiated from a stellate exit wound by the

7.57

7.58

7.59

7.60



Exit gunshot wounds 179

presence of a central round defect and blackening of the
central wound edges in the entrance wound.

Exiting projectiles that have lost their energy and
velocity may just lacerate the skin or stay subcutaneous.
An abrasion may overlie the subcutaneous projectile and
results from clothing or other objects abutting the site of
attempted exit of the projectile. The subcutaneous pro-
jectile may be surrounded by ecchymosis and have asso-
ciated palpable crepitus in the surrounding tissues.

Image 7.61 shows a classical stellate exit gunshot
wound where the edges can be reapproximated.

Low-velocity exit
A slit-like exit gunshot wound that resembles a stab
wound is a low-velocity exit. The significance of a low-
velocity exit wound is that the projectile is likely to be in
the vicinity of the body or even within the clothing.

This woman was shot in the left temple during sleep.
The slit-like exit wound behind the right ear (Image 7.62)

indicates that this was a low-velocity exit and that the
projectile should be in the vicinity of the body. The pro-
jectile was ensnared in her hair close to the exit wound
(Image 7.63).

Image 7.64 shows the ultimate low-velocity projec-
tile—it did not have enough energy perforate or even lac-
erate the skin.

Supported exit
A supported or shored exit wound has an abrasion
margin that is usually less regular than the abrasion
margin around the associated entrance wound. Sup-
ported exit wounds result from the exit site being in
contact with another object as the projectile is attempt-
ing to exit the body, thereby crushing the skin.15 Such
objects include common items like walls, chairs, floors,
pavement, and clothing, but can be anything that is up
against the body at the site of the exiting projectile. When
the projectile does not have enough energy to exit the
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body, it will crush the skin against the opposing surface
and result in an abrasion over the location of the subcu-
taneous projectile.16

This man’s entrance gunshot wound (Image 7.65) has
circumferential abrasion margin with no searing, soot
deposition, muzzle imprinting, or stippling, making it
consistent with an indeterminate-range gunshot wound.
Ecchymosis surrounds the wound. The gunshot wound
in Image 7.66, on the same man as is depicted in Image
7.65, also has a circumferential abrasion margin, but it is
irregular. This wound is actually the supported (shored)
exit wound that corresponds with the previously demon-
strated entrance wound. These wounds illustrate the dif-
ficulty of differentiating some exit gunshot wounds from
entrance wounds.

The man in Image 7.67 received a perforating gunshot
wound to the left upper arm with the entrance on the
extensor (posterior) aspect and the exit on the medial
aspect of the arm. The exit is surrounded by a prominent
abraded ecchymosis. In Image 7.68, a reentry gunshot

wound to the left side of the chest has an irregular cir-
cumferential abrasion. The irregular abrasion results
from the left upper arm being against the side of the
chest when the shot was fired. The projectile crushed the
skin of the arm against the skin of the chest as it passed
from one to the other. This explains the prominent
abraded ecchymosis around the exit wound on the left
upper arm as well as the irregular abrasion around the
reentry wound on the left side of the chest. Clothing
probably contributed to the abrasion.

Gunshot wounds in bone

Entrance wounds in bone demonstrate beveling. Beveling
refers to the funnel shape of the wound, with the funnel
opening up in the direction in which the projectile is trav-
eling. Exit wounds in bone also demonstrate beveling,
again with the funnel opening up in the direction in which
the projectile is traveling. Beveling is best seen in the cal-
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varium of the skull and in ribs. The beveling effect mani-
fests also in glass, plaster, and probably other materials.

Valuable information can be gained about the direc-
tion of bullet travel in a defleshed skull. Evidence of a
perforating gunshot wound was found on this skull
(Image 7.69). The entrance wound was in the right squa-
mous temporal bone, and the exit was along the left side
of the coronal suture. Note the fracture originating from
the entrance wound and crossing the frontal bone to the
left. The entrance wound was obviously comminuted
with many of the bony fragments absent. The left coronal
exit wound has obvious external beveling (Image 7.70).
Apart from the external beveling, another clue exists that
identifies the left coronal defect as the exit wound. A frac-
ture radiating from the exit wound across and down to

the left squamous temporal bone stops at a transverse
fracture that originated from the right-sided entrance
wound and crossed the orbital plates and the left side of
the sphenoid bone (Image 7.71).

This projectile had enough energy to fracture the cal-
varium but not enough energy to push out the bony frag-
ments and perforate the scalp (Images 7.72 and 7.73).
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Note the external beveling and subgaleal hematoma 
over the fractured calvarium. Image 7.74 shows a circu-
lar strike mark surrounded by fractures on the endocal-
varial surface representing the site of impact of a
projectile which did not have enough energy to perforate
the calvarium. This is an incomplete skull exit wound.

Keyhole gunshot wounds are tangential, relatively
superficial gunshot wounds of the head where the pro-
jectile may exit through the same cutaneous wound or
through a separate exit wound close to the entrance
wound. The distinctive calvarial feature is the presence
of both entrance and exit characteristics in a single skull
wound.

Keyhole wounds (Images 7.75 and 7.76) in the skull
typically have features of both entrance (internal bevel-
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ing) and exit wounds (external beveling). They are called
keyhole wounds because their shape is reminiscent of an
old-fashioned keyhole (Image 7.77). The rounded end 
of the wound will have internal beveling, consistent 
with the entrance portion of the wound (Image 7.78). 
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The externally beveled end is obviously the exit 
portion.

This calvarium (Image 7.79) from an individual who
had neurosurgical intervention after a gunshot wound to
the head has multiple circular defects that are approxi-
mately the same size. The true entrance gunshot wound
is above one of the smooth-edged burr holes. Although
the circular defects on the outer table of the skull ap-
pear similar, the internal beveling associated with the
entrance gunshot wound clearly differentiates the true
gunshot wound from the adjacent burr hole (Image 7.80).

Internal ricochet
Strike marks on the endocalvarium are clues that the pro-
jectile has undergone an internal ricochet.

Examination discloses that the pathway of the projec-
tile into the left occiput was from back to front, left to
right, and upward (Image 7.81). One would expect that
the projectile would be located within the right side of
the head in a penetrating gunshot wound. However, the
radiograph of the head shows the projectile in the left

side of the cranium (Image 7.82). One must then consider
the possibility of an internal ricochet. A very careful
examination of the pathway through the brain will
usually disclose the direction of projectile travel within
the skull (Images 7.83 through 7.85; the string is used 
to demonstrate the path of projectile travel within the
skull). Look for strike marks on the endocalvarial sur-
faces to locate the point of impact of an internal ricochet
(Image 7.86). Remember that it is the initial pathway of
the projectile (prior to internal ricochet) that is important
and of evidentiary value, and not the terminal post-
ricochet pathway, which is artifact.
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Delayed gunshot wound deaths

Deaths from gunshot wounds may be so long delayed
that the network of health care workers around a chronic
patient has forgotten the original history. Consider the
case of a 51-year-old man whose death certificate was
sent to the medical examiner for cremation approval. The
cause of death of urosepsis prompted the medical exam-
iner to request more history. A man was shot in the back
12 years prior to death and became paraplegic, with 
subsequent complications including decubitus ulcers,
osteomyelitis requiring a right above-knee and a left
below-knee amputation, and neurogenic bowel and
bladder problems. Once the remote gunshot wound

history was uncovered, the body was requested by the
medical examiner department for proper certification. A
chest radiograph of the embalmed body disclosed a pro-
jectile on the left side of the thoracic spine. The autopsy
disclosed an ascending purulent meningitis that was
associated with sacral osteomyelitis due to a large sacral
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ulcer. The meningitis extended up to the brain, with
exudate covering the brainstem and the medial aspects
of the cerebellar hemispheres. The old projectile was
recovered from the spine and receipted to the police. The
cause of death was ascending purulent meningitis due
to remote gunshot wound of the back. The manner of
death was homicide. There is no statute of limitations on
homicides in most jurisdictions (see Chapter 30).

Other injuries associated with firearms

Pistol whipping
Firearms are not restricted to inflicting injuries by just
shooting projectiles. They are predominantly metallic
objects that can be used to deliver blunt force injuries, as
in pistol whipping. Different parts of the firearm will
leave different patterned injuries. All patterned injuries
should be described, measured, and photographed with
a scale.

The man in Image 7.87 was killed by gunshot wounds
during an attempted robbery. In addition to the gunshot
wounds on the body, an unusual laceration was found
on the left frontal scalp. The laceration consisted of a
linear component and a small, stellate component. The
etiology and significance of this laceration were
unknown, but the injury was described, measured, and
photographed.

Three years later during the pretrial conference, the
prosecuting attorney asked whether the body had any
injuries that could be attributable to pistol whipping
because the accused had confessed to pistol whipping
the victim prior to shooting him. The pathologist exam-
ined the actual weapon used during the crime (Image
7.88) and noted that the edge of the slide was the same
distance from the protruding oval button as the distance
between the two components of the left frontal scalp lac-
eration; the button was consistent with the small stellate
laceration. She was therefore able to comment that the
scalp laceration was consistent with having been
inflicted by the firearm.

Glaser safety slug

The Glaser safety slug is designed to penetrate the body
and destroy tissues, but not exit the body. They have
been used by U.S. air marshals because of this safety
feature. Glaser rounds look like other projectiles except
for the small blue plastic ball located in the hollow point
nose. The rest of the projectile is filled with small metal
pellets. The blue or gray plastic ball is not visible on a
radiograph, therefore, if it is known that a Glaser round
was used, the pathologist must search for the little blue
or gray ball (as well as the small metal pellets and the
jacket) during the autopsy.

A man died from two gunshot wounds to the
abdomen. A postmortem radiograph disclosed the round
shadow of a projectile in the left upper quadrant of the
abdomen, a fragment of projectile jacket in the left mid-
abdomen, and multiple small metal pellets, mostly in the
left side of the abdomen (Image 7.89). A copper-jacketed
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medium caliber projectile, portions of a separate copper
jacket, a few tiny metal pellets, and a small blue plastic
ball were recovered during the autopsy (Image 7.90).

Taser

The Taser is considered to be less lethal than a firearm. It
affects neuromuscular control in subjects who are struck
and has been used by law enforcement as a means to
subdue violent and uncontrollable individuals. The Taser
M26 comes in a carrying case with three replaceable air
cartridges (Image 7.91). Each cartridge contains two
probes or electrodes that are connected by high-voltage
insulated wire (Image 7.92); the probes deploy up to 21
feet when fired. The cartridge attaches to the front of the
Taser. The deployed probes may attach directly to skin or
to clothing. An electrical charge is applied through the
probes and is effective through up to 2 inches of clothing.
Neuromuscular function is affected by the 50,000 volts of
electricity discharged through the probes, and the subject
drops in a state of temporary paralysis. Both probes must
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strike their target to close the circuit in order to function.
Without the air cartridge, the Taser may be applied
directly to a subject and the electrical charge is applied
through two electrodes in the “muzzle” of the device.
(Also see Chapter 13.)

Small burns were inflicted on the right buttock by
direct application of the Taser through the denim jeans
worn by this subject (Image 7.93).

Technical approach to gunshot 
wounds

Radiography of gunshot wounds
Radiographs should be obtained on all gunshot wound
cases. Radiographs are especially important when there
is an apparent exit wound because the exit wound may
have been caused by only a portion of the projectile or
by a fragment of fractured bone. Should a jacketed pro-
jectile separate inside the body, the projectile core may
exit, leaving the jacket which has the rifling marks; the
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rifling marks represent crucial evidence and, hence, the
jacket must be recovered.

Radiographs demonstrate the number and location of
projectiles in the body and thereby assist in their recov-
ery. A lateral radiograph (in addition to an anteropos-
terior radiograph) will localize a projectile along the
parasagittal plane and facilitate recovery. Not all projec-
tiles (fragments) on the radiograph are necessarily
current; remember that projectiles from old gunshot
wounds will also appear.

A bullet embolus should be searched for when a bullet
enters the body but does not exit and was not recovered
during surgery. Multiple radiographs may be required to
locate the projectile in the body.17 The entrance gunshot
wound on the left upper chest (Image 7.94) of this inno-
cent bystander is associated with an entrance wound in
the descending thoracic aorta and a small laceration in
the posterior aspect of the thoracic aorta (Image 7.95).
The chest radiograph did not show a projectile, and
although trauma surgeons had performed a thoraco-
tomy, they did not retrieve a projectile. Additional radio-
graphs of the rest of the body disclosed a projectile 

in the right thigh (Image 7.96). The projectile had
embolized down the aorta and into the right femoral
artery where it became lodged (Image 7.97).

The chest radiograph (Image 7.98) of a man who was
shot once in the chest shows a single projectile in the left
side of the chest. The projectile was recovered from the
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left pleural cavity during autopsy. As the left lung was
being examined, a second foreign object was found
embedded on the lateral surface of the lower lobe. This
second object was an aluminum jacket from the recov-
ered projectile (Image 7.99). Aluminum jackets cannot be
seen on radiographs.

Two metallic objects of varying radiodensity are in
demonstrated in this x-ray (Image 7.100) from an indi-
vidual who was shot in the head. Projectile cores are 
typically radiodense and appear white. Metallic jackets
are usually more radiolucent or gray. In this example, the
projectile core is on the right, and the metallic jacket is
on the left.

Probes
Probes are effective in demonstrating the paths of pro-
jectiles through the body. All cutaneous wounds must be
photographed at low and high power prior to any phys-
ical intervention such as the insertion of probes. Wounds
on the extremities (Image 7.101) may be probed unless
dissection is required to identify injuries to specific struc-
tures such as the femoral artery; the dissection must
come first to prevent artifactual injury by the probe.

Wounds on the torso may be probed as far as through
the chest and abdominal walls, but not any deeper into
the body cavities until after the organs and tissues have
been examined in situ and the injuries photographed.
After photography, probes may then be placed even
through perforated organs to demonstrate the projectile
track and direction, and another photograph taken with
the probe in place.

Wounds through the head must never be probed prior
to examination of the intracranial contents because the
injured brain is even softer than usual and artifactual
tracks can be made easily. Probes may be placed only
after removal of the brain and examination of the intra-
cranial surfaces.

Projectiles
Projectiles fired from a weapon with rifling (lands and
grooves in the barrel) will acquire rifling marks (longi-
tudinal striations), which have the potential to be
matched to a specific firearm. Metal instruments may
distort and obliterate rifling marks and, therefore, should
never be used to recover or handle projectiles. If the pro-
jectile is metal-jacketed, the rifling marks will be on the
jacket. If the projectile is manufactured without a metal
jacket, the rifling marks will be on the lead projectile
itself. Some projectiles are coated with a copper wash
that does not separate from the projectile.

Recovered projectiles should be described as small,
medium, or large caliber. The presence and color of a
projectile jacket should be included. The degree of defor-
mity is noted in general terms only. Recovered projectiles
should be gently cleaned of blood and soft tissue (tiny
slivers of bone may embed in the deformed projectile)
and placed in separate envelopes or containers individ-
ually labeled with the pathologist’s case number, the
name of the decedent, the case number of the investiga-
tive agency, the anatomic location from which the pro-
jectile was recovered, the date, and the pathologist’s
signature or initials.
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Caliber of projectiles
The caliber of a projectile cannot be determined from the
cutaneous wound because skin is elastic, and wounds
from the same weapon with identical ammunition may
vary in appearance from one area of the body to another.
The size of the cutaneous wound is still measured and
documented. The size of circumscribed gunshot wounds
in bone is more reflective of the caliber of the projectile
(because bone is a hard substance), but only the mea-
surement of the wound should be documented in the
autopsy report without opining about the exact caliber
of the projectile. Examples of small caliber projectiles
include .22, .223 and .25; examples of medium caliber
projectiles include .32, .38, 380, .40, .357, and 9 and 10 mil-
limeter; examples of large caliber projectiles include .44,
.45, and .50.

How to approach a multiple gunshot 
wound case
Proper documentation of a multiple gunshot wound case
cannot be rushed. The body must be photographed from
the front and the back. For expediency, following the
front overall body photographs, orientation and close-up
photographs of gunshot wounds on the front of the body
may be obtained and the wounds described prior to
turning the body and documenting the back. As the body
is turned, blood may gush or dribble out of wounds and
require additional cleaning before the wounds on the
back are photographed and described.

Never match up cutaneous entrance wounds with
cutaneous exit wounds without verifying their pathways
through the body. All projectile paths in the torso should
be followed through the body cavities. Unless all path-
ways are followed, the pathologist may, for example,
miss the path of a projectile that enters the lower thigh
and terminates in the neck. The author had a case where

multiple gunshot wounds were on both the front and the
back of the thorax. The projectile from one frontal
gunshot wound ricocheted off the spine to exit the front,
and the projectile from one back gunshot wound rico-
cheted off the spine to exit the back. The clues to the
proper wound tracks were seen as strike marks on the
spine and associated perforating injuries in the lungs.

Things to consider for multiple 
gunshot wounds

- Use letters to denote multiple gunshot wounds, dou-
bling the letters (AA, BB, etc.) beyond the 26th wound.
Numbering the wounds may erroneously connote the
order in which the wounds were received.

- Do not dissect the organs before all projectile paths
through the torso have been verified because the organ
injuries frequently assist in determining the wound
path(s).

- Intersecting (criss-crossing) gunshot wounds through
the torso are especially challenging; determination of
the wound paths is crucial if more than one shooter is
involved, and absolutely essential if the shooters rep-
resent a combination of suspects and law enforcement.

- Where multiple gunshot wounds are in close approxi-
mation on the torso, or there are many intersecting
gunshot wounds, individual pathways may be difficult
to follow and it may be possible to only describe and
list the injuries to the organs and tissues and not 
possible to assign specific tracks to the many tissue
perforations; general directions of the projectile paths
should still be given.

- Where there are numerous projectile fragments on 
the radiographs of a certain area of the body, repeat 
the radiographs following the autopsy; you may be 
surprised at how many large fragments remain to be
recovered.

Documenting gunshot wounds

All gunshot wounds, both entrance and exit, should be pho-
tographed and described. The following features should be
included in your protocol and your file:

- Photographs of all gunshot wounds with orientation shots
and close-up shots

- Location of the wound on the body (both the region of the
body and measurements from head or heel and midline of
the body)

- Size of the wound
- Shape of the wound
- Presence or absence of searing, soot deposition, muzzle

imprinting, and stippling around entrance wounds
- Path of the projectile through the organs and tissues before

you eviscerate the body
- Description of the track of injured organs and tissues

through the body
- Direction of the projectile path through the body
- Description of the projectile fragments recovered and the

locations from which they were recovered

- Photographs of the projectile fragment(s) recovered.

Additional important procedures include the 
following:

- Establishing a chain of custody for the projectile(s)
- Examining intermediary targets if available
- Taking a section of an apparent contact range gunshot

wound for histology to confirm the presence of gunpowder
on microscopic examination

- After initial photography, cleaning the gunshot wound to
remove extraneous blood and replacing extruded, dangling
tissue back into the wound so that the true characteristics
of the wound can be seen; the clean gunshot wound is
rephotographed

- Making a separate “clarification” body diagram to docu-
ment the location and pathways (direction) of the gunshot
wound(s) only, without other autopsy notes cluttering the
page.
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Shotguns

Shotguns have a long barrel with a smooth bore and are
designed to fire a shell containing multiple lead pellets
that, on exiting the barrel, spread out over a large area.
This allows one to fire the weapon in the general direc-
tion of a target and have a better chance of hitting the
target if it is small or moving. The common types of
ammunition are birdshot and buckshot. Although there
are many different types of shotgun ammunition, only
the more common types are presented here.

Shotguns differ in the width of the barrel, with most
calibers described by the term gauge, which refers to the
number of lead balls of the given bore diameter that 
add up to 1 pound. Shotgun gauges range from 10 (the
largest—only 10 lead balls of that bore size add up to 1
pound) to 28 (the smallest—28 lead balls are needed 
to add up to 1 pound). The only exception is the .410
shotgun, which has a bore 0.410 inch in diameter.

Shotgun ammunition
Birdshot
Birdshot ammunition consists of many tiny lead pellets
that are held within a plastic shot sleeve (Image 7.102).
The plastic shot sleeve (white) sits on top of gunpowder,
which in turn sits on top of primer and a metal base. This
sleeve is enclosed by a plastic casing (green). The rela-
tionship of the bottom of the plastic sleeve, the gun-
powder, and the metal base is seen in Image 7.103.

As the charge exits the end of the barrel, all of the 
birdshot pellets exit as a group (Image 7.104). Note the
orange flame at the end of the barrel, which produces the
searing seen in close-range wounds and the small cloud
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Gunshot wound protocol example

The following is a sample description that documents a per-
forating intermediate-range gunshot wound (X):

X is a perforating gunshot wound to the torso that has the
entrance wound on the left lower back laterally, 23 inches
below the top of the head, and 6 inches to the left of the
lumbar spine. The 1-centimeter wound has a 2–millimeter-
wide abrasion margin inferiorly and is surrounded by punc-
tate abrasions (stippling) that extend out to a radius of 3/4
inch from the center of the wound superiorly, 1 1/4 inches
inferiorly, and 1 3/4 inches laterally at the 9:30 o’clock posi-
tion. The projectile perforates the posterolateral aspect of the
left tenth intercostal space, left leaflet of the diaphragm,
spleen, stomach, posterior border of the left lobe of liver, infe-
rior aspect of the pericardial sac, heart, anterior aspect of the
pericardial sac, right upper lobe of lung, and the right second
rib anteriorly before exiting the right upper chest through a
1.1-centimeter irregular wound with no abrasion margin that
is located 4 1/2 inches superior to the right nipple, 12 1/4

inches below the top of the head, and 3 3/4 inches to the right
of the midline. The projectile path is from back to front, left
to right, and upward. No projectile fragments are along the
wound track.

Gunshot wound X is associated with 950 milliliters of clotted
and fluid blood in the left pleural cavity, 825 milliliters of
clotted and fluid blood in the right pleural cavity, and 20 mil-
liliters of clotted and fluid blood in the pericardial sac. The
spleen is extensively lacerated. The gunshot wound is along
the anterior greater curvature of the stomach. The peritoneal
injuries are associated with a small amount of extravasated
blood. A 3-centimeter gaping perforation is on the posterior
basal aspect of the left ventricle, associated with a perfora-
tion of the interatrial septum, and a gaping 6 by 4 centime-
ter defect involving the anterior root of the aorta and the
right atrium. The defect in the aorta is adjacent to the right
coronary ostium. A dark red contusion involves the medial
aspect of the left lower lobe of lung.
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pulls the shot sleeve back as its petals open (Image
7.107). It is at about this point that if the charge strikes
the skin, the entrance wound may have a unique cross-
shaped abrasion from the petals of the shot sleeve. With
increasing distance, the plastic shot sleeve falls back
further (Image 7.108) and the lead pellets begin to spread
out in a progressively wider distribution (Image 7.109).
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of soot and gunpowder that produces the soot and stip-
pling seen in close and medium-range wounds. Note the
ruler in the background marking the distance from the
end of the barrel.

As the charge travels away from the end of the barrel,
the pellets initially are contained within the plastic shot
sleeve (Images 7.105 and 7.106). Soon, the air resistance
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With a close-range shotgun wound, the shot sleeve is
likely to follow the lead pellets into the wound. As the
range of fire increases, the shot sleeve is likely to deviate
off course and strike the skin, leaving an abrasion. If the
range of fire increases even more, then the shot sleeve
may not leave an abrasion on the skin, or may not even
strike the skin at all. A plastic shot sleeve may leave a
skin abrasion from a range of fire up to approximately
10 to 15 feet.

Buckshot
Buckshot consists of large lead pellets, often packed
along with filler material (white), and encased in a plastic
sleeve (Image 7.110). If fired at close range, the filler
material may produce stippling-type marks in the skin
around the entrance wound. This should not be confused
with true stippling from gunpowder. The filler material
may also be seen in the wound and on the clothing. In
Image 7.110, the gunpowder remains in the metal base
and is not shown. Uncommonly, the buckshot pellets 
are copper or nickel plated to minimize distortion and

increase range (Image 7.111). These plated pellets must
be distinguished from bullets.

Lead pellets in shotgun ammunition are often sepa-
rated from the gunpowder by cardboard or fiber disks 
of material called wadding. The wadding serves several
functions, including cushioning the pellets from the blast
of hot gases, preventing heat from the charge from fusing
or distorting the pellets, and helping form a gas seal
between the gunpowder and pellets.

Shotgun slugs
Slugs are large, single lead projectiles such as the Foster
round (Image 7.112) and the sabot (Image 7.113). The
sabot is an unusual shape, but theorized to be fired with
a greater velocity.

Shotgun wounds
Contact
Shotgun wounds impart a large amount of energy to the
tissues, particularly if fired at contact or close range. In
this intraoral 12-gauge shotgun wound, note the blowout
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and overall destruction of the top of the head (Image
7.114). Contact range shotgun wounds of the head often
produce devastating injuries with extensive tissue dis-
ruption. In these situations, it may seem impossible at
first to determine where the entrance wound is located.
However with careful and meticulous reapproximation
of the tissues, the entrance wound and exit wound are
often revealed.

In this intraoral shotgun wound, note the tissue tears
extending from the sides of the mouth (Image 7.115).
These tears result from the large amount of gases exiting
the end of the barrel at high pressures.

In contrast to the head, contact shotgun wounds of the
torso often have a fairly innocuous appearance, likely
related to the elastic nature of the tissues of the body
walls and the ability of the chest or abdominal cavities to
be able to accommodate a large amount of expelled gas.

A man shot himself in the chest with a 20-gauge
shotgun. In Image 7.116 note the circular entrance
wound with circumferential marginal abrasion and the
eccentric rim of soot on this contact wound. In another
example, this .410 self-inflicted contact shotgun wound

of the chest shows searing of the skin from the cloud of
hot gas/flame that exited the end of the barrel (Image
7.117).

A man used a 12-gauge shotgun to inflict a contact
shotgun wound on his chest using buckshot ammuni-
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tion. Note the unique circular abrasion adjacent to the
entrance wound (Image 7.118). This is seen in double-
barrel shotguns in which only one of the barrels fires.

Like gunshot wounds, shotgun wounds can be tan-
gential. Note the large, gaping shotgun wound of the
neck in this man (Image 7.119). Note the dark soot depo-
sition at the inferior edge of the wound, which gives
information as to the range of fire (close) and the direc-
tion (upward).

Intermediate (medium) range to distant range
In this medium-range shotgun wound of the shoulder
(Image 7.120), note the somewhat scalloped margin of
the wound, the large amount of stippling, and the scat-
tered tiny white particles of filler material. In a close-
range shotgun wound, the wound is generally circular
with sharp margins because all of the pellets are together
and have not yet spread out. As the range of fire
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increases, the pellets gradually spread out, at first pro-
ducing a “scalloping” of the edge of the wound (at
approximately 2 to 4 feet), then producing separate
“satellite” defects close to the central wound (at approx-
imately 3 to 5 feet); when far enough away, the pellets no
longer produce a central main wound, but create a
general spread of pellets (Image 7.121). This occurs at a
range of approximately 8 to 10 feet.

As the range of fire increases and the pellets spread
out, they create a wider spread of entrance wounds on
the body. In this buckshot shotgun wound (Images 7.122
and 7.123), note not only the wider spread of entrance
wounds, but also the spiral-shaped abrasion on the skin
produced by a component of the shotgun shell, likely the
plastic sleeve or wadding. The plastic sleeve or wadding
may leave characteristic abrasions on the skin that may
give important clues as to the range of fire. These “petal
mark” abrasions can be obvious if the plastic sleeve was
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fully expanded when it struck the skin (Image 7.124), or
may be fairly subtle, present only as small squared-off
abrasions at the margin of the wound (Images 7.125 and
7.126). The edges of the plastic sleeve expand in the air
to form a “cross” that causes four abrasions. The excep-
tion to this is the .410 ammunition in which the plastic
sleeve expands into only three petals and, hence, will
leave only three abrasions.

In this spread of buckshot wounds that perforated the
torso (Image 7.127), note how one can easily differenti-
ate the entrance from the exit wounds (Image 7.128). The
entrance wounds are circular and have circumferential
marginal abrasions (Image 7.127). The exit wounds are
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generally slit-like tears in the skin and, at least in this
example, do have some marginal abrasion, likely repre-
senting shored exits (Image 7.128).

The spread of the pellet wounds on the body should
be measured. This will be helpful in determining the
range of fire. During the course of investigation, if the
original shotgun is recovered, the identical ammunition
can be loaded and the weapon test-fired at varying 
distances until a similar spread of pellet markings is
achieved on the target (Image 7.129).

Shotgun slugs usually produce large, gaping circular
to ovoid defects (Image 7.130) that not uncommonly
have irregular margins. On x-ray, the lead slug is often
deformed into the shape of a comma. The internal injury
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created by shotgun slugs is highly destructive and
similar to that created by high-velocity rifles.

One must collect a representative sample of birdshot
pellets to be submitted for analysis. However, all buck-
shot pellets must be collected because buckshot pellets
appear similar to bullets on radiographs, and one needs
to rule out a concomitant gunshot wound(s). Occasion-
ally, apparent multiple gunshot wounds on a body with
multiple bullets on x-ray, will be discovered at autopsy
to be a distant-range shotgun wound with buckshot sim-
ulating bullets on the x-ray.

Radiography of shotgun wounds
Radiographs are helpful in determining where pellets
are and the size of those pellets. Note the chest radi-
ograph of this person shot with birdshot (small pellets,
left) and buckshot (large pellets, right) (Image 7.131). The
differential diagnosis for small pellets on a radiograph
should include shotgun birdshot, Glaser safety slugs,
and ratshot/snakeshot (varmint shot). In this person,
note the characteristic comma-shaped fragments of pro-
jectile in this person shot with a shotgun slug (Image
7.132).
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Although radiographs will demonstrate pellets, they
will not demonstrate other components of the shotgun
charge that may enter the body at medium, close, and
contact range. One must search manually for other com-
ponents of the ammunition such as the plastic sleeve or
plastic wadding and for cardboard or felt wadding. Iden-
tifying these components of the ammunition in the
tissues gives more information as to the range of fire and
the type of ammunition used.

Note the numerous small, scattered, superficially
excavated scars identified on the hip of this middle-aged
man who died of natural causes (Images 7.133 and
7.134). A radiograph revealed a remote shotgun wound
of the hip with birdshot (Image 7.135). The small scars
were healed pellet entrance wounds.

Rifles

Rifles can be divided into lower velocity (such as the .22-
caliber rimfire rifle) and high velocity, which includes the

.30–30, .308, .30–06, .223, and AK-47 centerfire rifles.
These high-velocity rifles have muzzle velocities that
range from 2000 to 3500 feet/second, as opposed to the
lower velocity .22 rifle and most handguns, which have
muzzle velocities on the order of 1200 feet/second or
less. The high-velocity rifles can produce a range of
destructive wounds. The entrance wound is typically
small, but the internal injuries often show extensive
tissue disruption.

The projectile often fragments in the body and the x-
ray may show a “lead snowstorm” of fragments scat-
tered along the projectile path as bits of the projectile are
stripped off during its passage through the tissues. The
projectile need not strike bone for this to occur. Such frag-
mentation translates into destructive energy imparted to
the tissues, and with such a high bullet velocity (recall
the equation that energy equals one-half the mass of an
object multiplied by the square of its velocity: E =
1/2mc2), it is no wonder that such destruction results.
Tissue destruction away from the direct path of the bullet
arises from the large temporary cavity (and pressure
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wave), which is created as the bullet is slowed by the
tissues, and from the energy imparted to the tissues.
Organs may be lacerated and tissues injured distant from
the actual track of the bullet.

Contact wounds of the head, chest, and abdomen are
particularly devastating, with extensive tissue destruc-
tion resulting from the jet of high-pressure gas exiting the
muzzle, and the large temporary cavity produced by the
bullet. Distant-range wounds usually have small
entrances that are in contrast to the extensive internal
tissue destruction. Related to the high velocity, many of
these wounds from high-power rifles are perforating
wounds (depending on the ammunition, tissues injured,
etc.), and the exit wounds are typically irregular and
larger than the entrance wound.

In the high-power rifle wound of Images 7.136 and
7.137, note the circular entrance wound with the mar-
ginal abrasion on the front of the chest and the extensive,
gaping exit wound in the axilla.

When a high-velocity rifle round first perforates an
intermediary target, the bullet becomes deformed and is
more irregular in its orientation in flight. This will typi-

cally result in a larger, more irregular entrance wound,
accompanied by satellite defects due to partial fragmen-
tation of the bullet or fragments of the intermediary
target striking the skin. This is often the case in individ-
uals shot while in their motor vehicles or through the
door or wall of a building.

Because fragments of bullet remaining in the body are
usually severely deformed, one may not find larger
pieces of lead and/or jacketing as seen in regular, lower
velocity gunshot wounds. Efforts must be made to
recover larger fragments of projectile and jacketing.

Shotguns and high-power rifles often have long
barrels, and in cases of self-inflicted wounds, it may be
questioned as to whether the individual’s arms were of
sufficient length to have been able to pull the trigger
themselves. One should take measurements of the arms
at autopsy. The distance from the entrance wound to the
tip of the middle finger of the outstretched arm should
also be measured. But remember that people are
resourceful and that there are many different ways of
pulling the trigger, whether by using a toe, a stick
(Images 7.138 and 7.139), or some other object.
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Tips for autopsying a case with high-velocity rifle wounds

- First, identify the possibility of high-velocity rifle wounds
based on casings found at the scene.

- Expect to see a lead snowstorm on x-ray.
- Recover the larger fragments of projectile and rule out any

other type of gunshot wounds.
- Expect to see a small entrance wound coupled with exten-

sive internal tissue destruction.
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Do

• Look at radiographs before beginning the autopsy to
identify types of projectiles (and fragments) and their
location.

• Look under the breasts in women, and around and
under the scrotum in men, to identify hidden perfo-
rating wounds and reentry wounds.

• Look in the axillae, natal cleft, and intertriginous
regions of the groin/perineum for hidden exit and
reentry wounds.

• Consider a possible reentry wound in the chest or
abdomen when there is a perforating gunshot wound
to the upper extremity.

• Examine all gunshot wounds yourself for interpreta-
tion of entrance and exit wounds even though emer-
gency room physicians or trauma surgeons may have
already documented their interpretation in the hospi-
tal records.18

• Remember that not all holes in a gunshot victim who
dies in hospital are projectile wounds—some may be 
iatrogenic.

• Remember that not all projectiles on a radiograph are
necessarily current but may be from old gunshot
wounds.

• Establish the path of the projectile through the organs
and tissues before you eviscerate the body.

• Measure the spread of pellet wounds (from a shotgun)
so that if the weapon becomes available, it may be test-
fired to determine a more accurate range of fire.

• Recover all buckshot-sized shotgun pellets to exclude
concomitant bullet wounds.

• Use probes in body cavities to aid in demonstration of
the projectile’s pathway (Image 7.140).

• Reapproximate wounds to aid in their characteriza-
tion (Images 7.141 and 7.142).
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Don’t

• Match entrance and exit wounds based on the exter-
nal examination alone—the internal pathways must
be verified.

• Put probes through the head, chest, or abdomen
before examination of the organs in situ.

• Push probes through loose tissue because this can
result in artifactual tracks with incorrect directionality.

• Place probes until the track of injured tissues has been
verified; probes may be placed following evisceration
to demonstrate the projectile’s path.

• Accept interpretation of entrance and exit wounds
from the hospital record; make your own determina-
tion from examination of the wounds directly.

• Dissect the eviscerated organs until you have finished
documenting the paths of the projectiles because you
may need the organs for reference.

• Forget to search for components of a shotgun charge
that are not visible on a radiograph such as a plastic
sleeve and fiber wadding.

• Be deterred by a large amount of tissue damage
caused by a contact shotgun wound or rifle wound;
careful reconstruction of the tissues will often reveal
the entrance (and exit) wounds.

• Ever handle projectiles with metal instruments
because forceps, scalpel blades, clamps, etc., can
distort rifling marks on lead projectiles and metal
jackets.
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Asphyxia
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8

Technically speaking, everyone dies of asphyxia. There
comes a point, arising from either natural disease, injury,
drug toxicity, or some combination thereof, at which
blood flow to and from the brain, heart, and other organs
is insufficient, and terminal asphyxia is the end point of
life. However, in the majority of these cases, the death is
not attributed to asphyxia, but rather to the underlying
condition leading to a cessation of respirations (such as
myocardial infarct, ruptured cerebral artery berry
aneurysm, drug toxicity, or multiple gunshot wounds).
A death is attributed to asphyxia only when the asphyxia
itself is the condition that directly causes the death.

Asphyxia may result from a number of varied cir-
cumstances. It may arise from breathing air that is low
in oxygen, from compression of the external airways
(nose and mouth), from obstruction of the internal
airways, from external compression of the neck or chest,
or from awkward positioning of the body. “Chemical”
asphyxia has been attributed to toxins such as carbon
monoxide and cyanide that act on the molecular and cel-
lular level by hindering the delivery of oxygen to the

tissues. It is not unusual for different mechanisms of
asphyxia to occur together in the same case. Because
some types of asphyxia may leave no observable find-
ings at autopsy, proper scene investigation can be crucial.
In some cases of asphyxia, if the scene has been altered,
and the manner by which asphyxia was produced
removed, one may not be able to determine the cause of
death.

Asphyxia (Greek for “breathlessness”) is defined as the
lack of oxygen in the blood or the failure of cells to utilize
oxygen, and a failure of the body to eliminate carbon dioxide.
Asphyxial deaths are commonly divided into different
categories based on the nature of the cause for inade-
quate respiration. Asphyxial deaths include suffocation,
smothering, choking, positional asphyxia, mechanical
asphyxia, traumatic asphyxia, hanging, strangulation,
and “chemical” asphyxia. Asphyxial deaths span the
spectrum from the obvious to the inconspicuous. The
autopsy findings of asphyxia are in general nonspecific,
but may include such findings as petechiae and cyanosis.
These findings may be subtle or not identified at all. 
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In fact, the information needed for the diagnosis of
asphyxia and, hence, the cause of death, may lie entirely
in the scene investigation and the circumstances of the
death (see Chapter 2). In cases where the body is still at
the scene of death, scene investigation should include
visualization of the body and the immediate environ-
mental factors producing the asphyxia prior to move-
ment of the body. Photographs can be of great assistance
in documenting the circumstances of asphyxial deaths.

Petechiae

Autopsy findings in cases of asphyxia often include
petechiae (pinpoint hemorrhages) of the bulbar and/or
palpebral conjunctiva and less commonly of the eyelids
or other areas of the face, neck, or other regions of the
body. When petechiae are seen on the skin of the face or
eyelids, coexistent petechiae of the conjunctiva are also
almost always present. For example, the person in Image
8.1 died an asphyxial death. Note the petechiae of the
bulbar conjunctiva. In Image 8.2, note the petechiae 

of the palpebral conjunctiva. Petechiae are believed to
result from the rupture of venules and capillaries when
the venous return from the head is obstructed, while the
arterial blood flow to the head is maintained. This is not
difficult to induce, because it takes considerably less
pressure to compress and block the low-pressure thin-
walled jugular veins than the high-pressure thick, 
muscular-walled carotid arteries. Selective compression
of only the jugular veins results in increased pressure in
the small blood vessels of the head, eventually leading
to their rupture.1,2 The same mechanism of petechiae for-
mation is responsible for the formation of petechiae in
the hand and wrist of this person (Image 8.3). In this 
scenario, the petechiae can be associated with venous
compression and obstruction caused by a tourniquet or
blood pressure cuff on the upper arm. Petechiae may also
be seen in the mucosa lining the sphenoid sinus (Image
8.4).

One must remember that although petechiae are com-
monly seen in cases of asphyxia, they are not diagnostic of an
asphyxial death.1 They may be seen in nonasphyxial
deaths such as some forms of fatal heart disease, some
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burn victims, and in those with coagulopathy.3,4 It is
equally important to note that petechiae may be absent
in an asphyxial death. Petechiae may also occur as a post-
mortem artifact in bodies found in the prone position.
This is because when the body is prone, blood pools 
in the facial tissues and may cause small blood vessels 
to distend and eventually rupture, forming petechiae.
Note the extensive facial, periorbital, and conjunctival
petechiae/hemorrhages in this older woman who died
of atherosclerotic cardiovascular disease (Images 8.5 and
8.6). She was found dead, lying prone on her bed. An
anterior neck dissection was negative (Image 8.7), and
there was no evidence of injury and no suspicion of 
foul play.

In this example (Images 8.9 through 8.10), a middle-
aged man was found prone after dying of a combination
of heart disease and drug toxicity. Note the marked con-
gestion of his face (Image 8.8), with scleral hemorrhage
and conjunctival petechiae (Image 8.9). A detailed neck
dissection was negative (Image 8.10).

Although they are nonspecific, petechiae in conjunc-
tion with appropriate investigative, scene, and other

autopsy findings, are often considered to be additional
evidence of asphyxia. In the absence of other investiga-
tive information, the value of petechiae is nebulous.

Suffocation

Suffocation is a broad term encompassing many different
types of asphyxia. It has been used to represent cases 
of entrapment, suffocating gases, smothering, choking,
mechanical asphyxia, and traumatic asphyxia. Because
the terms suffocation and asphyxia are very broad, medical
examiners should endeavor to certify asphyxial deaths
with descriptors that are as detailed as possible.
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Entrapment
Entrapment is a type of suffocation in which an individ-
ual is in an airtight or relatively airtight container and
gradually consumes the available oxygen until there is
no longer enough oxygen to sustain life. In years past,
cases of entrapment occurred if a young child became
trapped within an airtight refrigerator and was unable to
get out. Today, with the advent of safer refrigerator
designs, such deaths are rare. Entrapment may occur in
stowaways or other travelers in railroad cars, particu-
larly in hoppers designed to carry liquids or powders
that have an airtight or a nearly airtight seal. The indi-
vidual shown in Image 8.11 was found in an empty
cement rail car (hopper) with a tight hatch. Note that in
entrapment deaths, elements of hyperthermia and/or

dehydration may also be present that, together with
asphyxia, culminate in the person’s demise.5 These other
factors may play a prominent role in the death, particu-
larly when the person is in a hot environment. The
manner of death in these cases may be accident or homi-
cide, depending on whether someone else was responsi-
ble for the person’s death or not, either through one’s
direct actions or through negligence.

Another form of suffocation involves the creation of a
local hypoxic environment within a plastic bag securely
fastened around the head. In this case of suicidal suffo-
cation (Images 8.12 and 8.13), note the clear plastic bag
that this young man placed over his head. The open end
of the bag was secured with a rubber band around his
neck. As is advocated in the assisted suicide book Final
Exit,6 note the mask over the nose and mouth (to keep
the plastic bag from sticking to the face) and the wash-
cloth on the back of the neck (soaked in cool water for
comfort). In these cases, asphyxia is enhanced by the 
consumption of sleeping pills or other drugs that 
induce sleep or unconsciousness. The person is further
instructed to hold the rubber band away from the neck
so that they can breathe comfortably. As the drugs take
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effect and the person falls asleep, their hands fall down,
and the rubber band then cinches around their neck, 
producing an airtight seal, and eventual suffocation. 
Toxicology testing may reveal ethanol, anxiolytics, or
sedatives that were taken not only to induce sleep or
cause the person to lose consciousness, but also for relax-
ation and to help the person better tolerate the event.6–8

This form of suicide may be more common in elderly or
frail people because of its painlessness and ease of secur-
ing plastic bags.7

In cases of suffocation induced in this manner, because
no significant mechanical compression of the neck
occurs, petechiae are not expected. In a series of 30 plastic
bag–related suffocation deaths, petechiae were found in
only 5 cases.8 In another series of similar deaths, only 7
of 93 cases had conjunctival or facial petechiae. One must
be cautioned that if a person commits suicide through
such means, and a caregiver, friend, or family member
removes the plastic bag and any associated items, there
will likely be no indication of the asphyxial event. If the
person has significant age/natural disease, the death
may be attributed to natural disease without the perfor-
mance of an autopsy or toxicologic studies. Depending
on the duration and tightness of rubber band applica-
tion, a faint impression may remain on the neck (Image
8.14). This observation is of particular importance in
cases where such an apparatus may have been used, 
but was removed prior to the arrival of the medical
examiner.

The two general categories of gaseous suffocation are
cases in which a gas displaces oxygen, leading to a
hypoxic air mixture, and cases in which a substance pre-
vents cells from utilizing oxygen. Gases such as helium
may displace oxygen, creating a hypoxic air mixture and
leading to death. Another type of gaseous suffocation
may be found in individuals who work in a confined
space in which oxygen may be gradually used up or dis-
placed by other gases. An example is the worker who 
collapses shortly after descending into a vat or a sewer
without an appropriate breathing apparatus. With a very

low concentration of oxygen, one can lose consciousness
rapidly. Unknowing coworkers and rescue personnel
responding to help can become quickly overcome by 
the insufficient oxygen and any possible combination 
of toxic gases. In some cases, the gas itself may be lethal.

In cases of carbon monoxide toxicity, increased amounts
of carbon monoxide are inhaled, which binds to red
blood cell hemoglobin, preventing oxygen from binding
and being utilized by the body tissues. In cases of faulty
residence heating units or vehicle exhaust fume inhala-
tion, the tissues and blood have a bright cherry-red dis-
coloration due to the decreased ability of the red blood
cells to release oxygen. In cases of house or vehicle fires
involving smoke production (and, hence, carbon monox-
ide) and inhalation, there may be the additional finding
of black soot in the airways (Image 8.15). (See Chapters

8.13 8.14

8.15



Asphyxia

10 and 21 for additional discussions on carbon monox-
ide deaths.)

Smothering
Smothering is a form of suffocation in which the external
airways (nose and mouth) are compressed or blocked,
preventing the inspiration of air. Smothering comes 
in many forms, and may involve someone physically
placing their hand(s) or some other object over an indi-
vidual’s nose and mouth, wrapping tape or other mate-
rial over the face (Image 8.16), or compressing the
external airways by virtually any other means. Tears and 
contusions in the labial, buccal, and/or gingival mucosa
may be reflective of a struggle during the smothering
process. Additionally there may be hemorrhage from 
the nose, abrasions on the nose or face, or fractures of 
the nasal complex. Because there may be a paucity of
autopsy findings, scene examination may prove crucial.
One should be cognizant of such things as bloody fluid
or lipstick on a nearby pillowcase, other articles of bed-
ding, or other material.

Choking
Choking is a form of asphyxia in which the internal
airways are obstructed. Choking may be homicidal if a
gag is placed in the mouth and/or pharynx, but most
cases of choking are accidental and often involve physi-
cally compromised or intoxicated people, often with no
dentition or with dentures, eating inappropriate foods or
eating too quickly. The food bolus is usually large, often
too large to enter the trachea, and becomes lodged in the
posterior hypopharynx, blocking the glottis and the
esophagus. In this scenario, the person is sometimes able
to exhale, but cannot inhale. In other cases, the obstruct-
ing bolus of food (or other object) passes into, and
occludes, the trachea or bronchi. Particular attention
should be called to the possibility of choking when
screening cases reported to a medical examiner depart-

ment in which a death occurred while eating or while
seated at a kitchen or dinner table with food on the table.
This has classically been referred to as a “café coronary.”
Choking in adults can prove fatal, despite resuscitation
attempts. When a death is due to choking, one must con-
sider what conditions contributed to or predisposed the
person to choking. Such conditions include intoxication
with alcohol or drugs and various underlying physical
and/or mental impairments.

Choking is not uncommon in infants and toddlers,
because those in this age range may place a wide range
of nonfood material in their mouths. Furthermore, their
dentition is absent or rudimentary, their chewing skills
are limited, and they may try to eat inappropriate foods.
This toddler was fed a grape by his mother (Image 8.17).
The grape was not chewed and became lodged in his
oropharynx.

This young man, who was mentally challenged,
choked on a plastic bag. Note how the bag became crum-
pled and wedged in his oropharynx (Image 8.18). With
the esophagus opened (Image 8.19), note that the plastic
bag was partially swallowed down the esophagus. In
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healthy adults, choking often involves eating tough
pieces of meat too quickly, sometimes while intoxicated.

In elderly people, neurodegenerative diseases such as
Parkinson’s disease and Alzheimer’s disease, often in
combination with loose or ill-fitted dentures or poor or
absent natural dentition, may predispose to a choking
episode.9 In this elderly person (Image 8.20), note the
poorly chewed orange wedged in the pharynx. In this
elderly person (Image 8.21), note the small carrots
occluding the trachea and bronchi. Also, consider
whether someone may have been fed improper food
based on their ability to eat, or fed too quickly. In all cases
of suspected choking and other types of asphyxia (and
ideally in all autopsies), the hypopharynx should be
manually explored to examine for any obstructing object
such as bubble gum or peanut butter that may cause
choking. Keep in mind that obstructing materials may
not be initially detected if they are displaced cephalad
during the removal of the neck tissues.

One must be aware that in many cases, gastric con-
tents may be redistributed after death from the stomach

to the upper airway. This may also occur during resus-
citation attempts or during disorganized muscular con-
tractions and relaxations that occur during the agonal
period. Its importance lies in recognizing it as such and
not misinterpreting it as antemortem choking and a
cause of death.

Vagal stimulation and rapid death

It is interesting to note that food and foreign bodies can
cause death not only by choking, but also rarely by acute
and pronounced distention of the esophagus. In this sce-
nario, the mechanism of death is not airway obstruction,
but rather a vagally mediated event, namely, brady-
cardia, cardiac dysrhythmia, bronchospasm, seizure, or
some other mechanism. The proposed mechanism is
esophageal distention-mediated stimulation of tensore-
ceptors in the wall of the esophagus, causing vagal
outflow that terminates in the medulla, where the
impulse pathway overlaps with those of the respiratory
and cardiac pathways, causing bradycardia, dysrhyth-
mia, or bronchospasm. This is the mechanism by which
significant esophageal distention may elicit a detrimen-
tal—and possibly fatal—cardiopulmonary response.10–12

Vagal reflexes arise from not only the esophagus, but also
from the pharynx and larynx. This may also help explain
why in some cases of choking due to upper airway
obstruction, death appears to ensue quicker than might
be expected from an asphyxial event alone.13
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Positional, mechanical, and 
traumatic asphyxia

Mechanical asphyxia
Mechanical asphyxia is a broad term used to cover a wide
range of different asphyxial situations, but in most cases
requires that either the body is positioned in such a way
that respiration is compromised (positional asphyxia) or
enough external pressure is placed on the chest, neck, 
or other areas of the body to make respiration difficult
or impossible. In some cases, mechanical asphyxia may
also refer to neck compression that results in compro-
mised blood supply to the brain and/or impaired respi-
ration. In cases in which there is severe compression of
the chest (usually from a large, heavy object), the term
traumatic asphyxia is used, although mechanical asphyxia
would also be appropriate. One should consider the 
possibility that more than one asphyxial mechanism 
is involved in a given death. Also, as a result of 
varying definitions for the subtypes of asphyxia, death
certification conventions for these types of deaths will
vary greatly between offices and individual medical
examiners.

In cases with significant external pressure on the chest,
the uncompressed areas of the upper chest, the neck, and
the face appear congested and cyanotic and there are
often Tardieu spots and petechiae near the junction of the
compressed/noncompressed tissues. Tardieu spots are
larger petechiae seen in a variety of conditions and, like
petechiae, are nonspecific. Although the amount of pres-
sure actually applied to the chest may be small, it could
be enough to prevent adequate expansion (excursion) of
the rib cage during breathing. This may be seen in indi-
viduals wedged in tight environments such as in a
chimney, small tunnel, or other narrow passageway. In

this scenario, the most important information is gained
from the scene investigation, because there may be no
significant findings at autopsy.

The young woman shown in Images 8.22 and 8.23 was
trapped under her motor vehicle after it rolled over. She
had petechiae of her face and conjunctivae and no inter-
nal injuries. She died of mechanical asphyxia (the term
traumatic asphyxia may also be appropriate). In cases of
traumatic asphyxia, severe compressive forces are
applied directly to the chest, hindering respiration (as in
a person wedged underneath a heavy object such as a
toppled piece of equipment), and the individual usually
has no significant internal traumatic injury. In some
cases, however, rib fractures and other injuries have been
reported.

Positional asphyxia
Positional asphyxia occurs when an individual acquires
a certain body position in which their breathing is com-
promised, often because of neck twisting with kinking or
compression of the trachea and/or elevation of the
tongue into the posterior hypopharynx. Although posi-
tional asphyxia can occur under a myriad of circum-
stances, classical positional asphyxia often involves
inebriated individuals who collapse in a narrow space
such that their neck is bent or twisted, therefore pre-
venting adequate respiration.

In this case of positional asphyxia (Image 8.24), a
young man became trapped under the wheel and in the
wheel well of his truck as it was backing up after being
left in gear. There were no significant internal injuries. In
another case of positional asphyxia, this intoxicated
young man fell into a pit-like area, wedging his neck
between the “V” of tree trunks, occluding his airway
and/or blood supply to his head (Images 8.25 and 
8.26).
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Hanging and strangulation

Hanging and strangulation make up a category of
asphyxial deaths characterized by external pressure 
on the neck that compresses the airway and/or blood
vessels supplying and draining blood to the head. The
carotid arteries are compressed between the force
applied to the neck and the hard anterior surface of the
cervical vertebrae. Hanging involves compression of the 
neck structures by a ligature placed around the neck that is
constricted with the help of all or part of the body weight.
Although most hangings are suicidal in manner, one
should not expect to find suicide notes, because they are
present in less than 50 percent of cases.

Strangulation involves compression of the neck structures
by a force other than the body’s own weight by manual squeez-
ing or by application of a ligature. Strangulations are
usually homicidal. An additional asphyxiating factor
found in cases of hanging and strangulation is obstruc-
tion of the laryngeal inlet by upward displacement of the
tongue and pharynx caused by the constricting force
around the neck.

Although conjunctival and facial petechiae can be
seen in both hangings and strangulations, they are more
common and more prominent in strangulations. This is
likely due to the violent nature of resistance put up by
strangulation victims, with resultant intermittent and
variable occlusion of the carotid arteries and jugular
veins. When the jugular veins are occluded, but the
carotid arteries remain patent, pressure builds up in the
cephalic venules and capillaries (proximal to the jugular
venous obstruction), favoring the formation of petechiae.
This is in distinction to hangings, where there is more
likely complete, simultaneous, and prolonged compres-
sion of both the carotid arteries and jugular veins. With
compression of both the arteries and veins of the neck,
there is no significant intravascular pressure differential,
and the formation of cephalic petechiae is not favored.

The rapidity of the onset of unconsciousness and time
until death are variable, depending to a large extent on
how effectively the carotid arteries and/or airway are
compressed. Neck compression may result in loss of con-
sciousness in a matter of 5 to 10 seconds from occlusion
of the carotid arteries, although the heartbeat is likely to
remain for many minutes. Regardless of the manner of
asphyxia, death will usually occur within 3 to 5 minutes
of complete respiratory arrest. Because this estimate is
greatly dependent on the effectiveness of the asphyxia
and the individual’s underlying natural disease, time 
to death is highly variable. Also, if the victims were 
to struggle violently, they may quickly consume their
limited blood oxygen reserves and, therefore, have a
shorter survival period.

In hangings and strangulations, one must perform
careful external and internal examinations of the neck to
properly document either the presence or absence of
injuries. If a ligature is around the neck, it should be pho-
tographed circumferentially around the neck before it is
removed. The ligature is then cut at a location away from
any knot and removed from the body. Cutting the liga-
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ture distant from the knot helps preserve the integrity of
the knot. The ends of the cut ligature can then be tied to
each other with string or taped back together and saved
as evidence.

The layered neck dissection
The neck dissection consists of several stages of careful
tissue dissection performed to either document injury or
the absence of injury. After careful inspection, documen-
tation, and photographing of the neck and any injuries,
the skin and subcutaneous tissues are reflected off the
underlying skeletal muscles along a fascial plane (Image
8.27). Following exposure of the anterior cervical strap
muscles, the muscles are then dissected off of each other
in a layer-by-layer, stepwise fashion along fascial planes
until the thyroid cartilage and trachea are exposed
(Image 8.28). Following this, the tongue, hyoid bone, and
larynx are removed as a unit. The tongue can then be
cross sectioned and separated from the hyoid bone. The
hyoid bone is then separated from the thyroid cartilage
and the soft tissues carefully removed to expose any frac-
tures. During the dissecting process, particular care
should be given to any areas of hemorrhage, and pho-
tographs taken when appropriate. The superior horns of
the thyroid cartilage are then gently palpated, and the
pharyngeal tissues cut away. The thyroid laminae and
the cricoid cartilage are examined for injury, and the
cricoid cartilage is separated. Then, the thyroid cartilage
is opened posteriorly, and the mucosa of the larynx
examined.

It is preferable to perform neck dissection as one of the
last autopsy procedures, after the thoracic and abdomi-
nal viscera and brain have been removed. This allows for
drainage of blood from the neck tissues and provides 
a more bloodless and, therefore, cleaner anterior neck
dissection. The anterior cervical strap muscle dissec-
tion and the subsequent dissection of the pharyngeal
tissues, hyoid bone, and thyroid cartilage should be per-

formed by the prosector, and never delegated to an
autopsy technician. In this way, injuries can be optimally
identified, interpreted, and photographed as they are
encountered. (See Chapter 29 for detailed neck dissection
procedures.)

Neck organ anatomic variations
There is considerable anatomic variability of the laryn-
gohyoid complex. These variances have occasionally
been mistaken for fractures; such confusion can be
avoided by noticing the absence of extravasated blood
(which would be expected in antemortem fractures).
First, the hyoid bone has two symmetrical joints that
separate the greater horns from the body of the hyoid
bone. These joints are often flexible, particularly in
younger individuals in whom they have not yet fused.
Some pathologists have also been confused by the
normal lesser horns of the hyoid bone. These two,
roughly pyramidal structures are located on the superior
half of the hyoid bone at the junction of the greater horns
to the hyoid body. Again, these findings can be distin-
guished from fractures by the lack of associated blood
extravasation.

One may also encounter triticeous cartilages, which
are little cartilaginous nodules embedded in the thyro-
hyoid ligament. These may be confused with a fracture
of the superior horns of the thyroid cartilage. They,
however, are a normal anatomic variant and, in one
study, were identified in 12 out of 40 cases.14

In the thyroid cartilage of Image 8.29, note the small
triticeous cartilage at the tip of the superior horn of the
thyroid cartilage. Although not evident in Image 8.29,
the triticeous cartilages can be readily palpated as
nodules, and because they are connected to the hyoid
greater horns by only a small amount of tissue, they 
are easily moved in different directions (Image 8.30).
Although the superior horn of the thyroid cartilage is a
common location for fracture with significant neck com-
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pression, the triteceous cartilage should not be misiden-
tified as a fracture at this location. True fractures may
have clearly irregular, fragmented bony ends, and would
have associated hemorrhage into surrounding soft tis-
sue. In decomposed bodies, blood extravasation at a frac-
ture site may be indistinct or equivocal, making the dis-
tinction of a triticeous cartilage from a fracture somewhat
more challenging, but easily done. In this decomposed
thyroid cartilage (Image 8.31), note the triticeous carti-
lage at the tip of the right superior horn of the thyroid
cartilage that is easily moved around and palpated as a
nodule. Aside from dissection and direct visualization 
of fractures, radiography may help identify fractures of
the greater horns and hyoid body and help differentiate
fracture from a segment of cartilage. Refer to Chapter 29
for a pictorial review of the normal neck anatomic struc-
tures and a review of how to perform an anterior neck
dissection.

Hanging
The ligature usually consists of a rope, electrical cord,
belt, or other material fashioned into a slip knot. A wide

variety of material can be used as a ligature, and choice
of ligature is limited only by what the person has access
to and his or her imagination. Jail and prison hangings
will often involve cloth ligatures torn from bedsheets or
possibly from the prisoner’s own clothing. In cases in
which the ligature is fashioned out of linked metal chain
or other very hard material, instead of being cut, the lig-
ature can be loosened and lifted off of the head, again
with preservation of the knot if possible. In some cases,
the ligature has been previously removed from the body,
either by family members or by medical rescue person-
nel. In these cases, the ligature should accompany the
body to the medical examiner department for examina-
tion. If the scene is not attended by a medical examiner,
the ligature should be left in place so that the medical
examiner can view it as it is on the body. The entire lig-
ature, as it envelops the neck’s circumference, should be
photographed. In some cases, the ligature in a hanging
may form more than one loop around the neck.

In most hanging deaths, a near-circumferential liga-
ture abrasion furrow wraps around the neck. In a typical
hanging, the ligature extends roughly transversely
across the midregion of the front of the neck, just above
the level of the thyroid prominence. On the sides of the
neck, the ligature abrasion extends upwards, and often
forms an inverted “V” in the back of the neck. The
inverted “V” represents where the knot of the noose was
located (the point of suspension) and may also be to the
side of the head, usually behind one of the ears. It is 
not unusual for the ligature abrasion to be incomplete,
because it may not be detectable near the knot as a result
of the point of suspension often pulling the ligature up
off the surface of the skin. One should carefully examine
the ligature abrasion to be sure that it is consistent with
the ligature used. If the ligature was previously removed
from the body and accompanied the body to the medical
examiner department, it should be examined, photo-
graphed, and retained as evidence.
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Ligature variation
A variety of ligature materials may be used for hanging,
ranging from a rope or a chain to a cord, belt, towel, bed-
sheet, and so forth. The narrower the ligature, the deeper
and more pronounced the ligature furrow. The broader
and softer the ligature, the more superficial and faint the
ligature furrow. The ligature abrasion should always be
carefully examined to make sure that it correlates with
the ligature used, as in this case of a young man who
hanged himself with a belt (Images 8.32 and 8.33). Note
the similarity in the pattern of the belt and the abrasion
on the neck. Note the similarities in the pattern of the lig-
ature and abrasion pattern in this hanging with a beaded
chain (Image 8.34) and in this hanging with a laid fiber
rope (Image 8.35). Sometimes, more than one ligature
furrow can be identified (Image 8.36). This may result
from the ligature being wrapped more than one time
around the neck, or may result from the body (and/or
ligature) changing position while hanging. If the ligature
consists of a broad flat sheet or some other soft material
such as the sheet shown in Image 8.37, then there may
be little, if any, ligature abrasion around the neck. Also,

if the person was rescued and hospitalized for some
amount of time before dying, one may not see a ligature
abrasion or other marks on the neck. In these cases, 
the cause of death is largely determined by the
history/investigation and the exclusion of anything
more definitive. In many cases, decomposition does not
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preclude the documentation of important findings in
hangings. In this decomposed body (Image 8.38), despite
the skin discoloration and slipping, one can still appre-
ciate a ligature furrow with a patterned abrasion similar
to the laid fiber rope ligature.

Note that the body does not need to be fully sus-
pended with the feet clear of the ground for a hanging
to occur. In fact, oftentimes, the hanged person is in the
standing position, with their feet clearly planted on the
ground. Alternatively, they may have their knees on the
ground, or they may be in a variety of slumped positions.
Hangings may occur with the person in a sitting position
with the body positioned in such a way that the weight
of the head itself, in combination with neck flexion,

causes obstruction of blood flow through the neck. These
types of hangings may be seen in jails with the use of a
bedsheet or other cloth ligature passed though the lower
rails of the cell wall or door, with the person found with
the ligature still around his or her neck, sitting on the
floor, or slumped over on the floor. Hanging may even
occur with the person in a semisupine or prone position.

In deaths due to hanging, a variety of anatomic find-
ings may be identified at autopsy. Sometimes, the tongue
is partially protruded from the mouth and the tip of the
tongue is dark from drying artifact. In hangings where
the person is suspended, one may see prominent livid-
ity and petechiae on the lower legs from blood pooling
according to gravity and the bursting of small blood
vessels (Image 8.39). Petechiae may also be seen on the
bottoms of the feet (Images 8.40 and 8.41). Petechiae on
the legs and feet are often referred to as Tardieu spots
and are the result of pronounced lividity causing the dis-
tention and rupture of dependent blood vessels.1 Tardieu
spots are thus a postmortem phenomenon.

In hangings, the anterior neck dissection is usually
negative. Because there is usually no struggle, hemor-
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rhages rarely appear in the anterior neck cervical strap
muscles, and the anterior neck dissection is unremark-
able. The hyoid bone, thyroid cartilage, and cricoid 
cartilage are usually intact, but may occasionally be 
fractured. When present, the fractures almost exclusively
involve the superior horns of the thyroid cartilage and
the greater horns of the hyoid bone, and do not involve
the body of the hyoid bone or the laminae of the thyroid
cartilage. In a review of 307 accidental and suicidal hang-
ings, fractures of the hyoid bone and/or thyroid carti-
lage were found in approximately 9 percent of cases and
were more common in older individuals.15 In this study,
full suspension of the body was not necessary to produce
fractures. Older people have more heavily calcified14,15

and sometimes more “brittle” hyoid bone and thyroid
cartilage that are more easily fractured than that of a
young person whose cartilages are often quite pliable.
Calcification of the thyroid and cricoid cartilage is highly
variable, but starts around the age of 20 years and
increases gradually with age.14

Fractures of the cervical spine are unusual in routine
hangings, unless the decedent had osteoporosis or
another bone disease. When fractures occur, they tend to
be associated with judicial-type hangings in which the
body is dropped some distance and then suspended.
Osteologic trauma in such cases has been reported as
fractures of the hyoid cornua, styloid process, occipital
bone, body of the second cervical vertebra, and trans-
verse process fractures of C1, C2, C3 and C5.16

Homicidal hanging
Homicidal hangings are extremely rare,17 but may be 
suspected when the investigation and autopsy findings
appear more consistent with a struggle, such as an exces-
sive amount of external and/or internal neck injury, 
possibly with a fracture of the cricoid cartilage, which is
distinctly uncommon from a hanging. There may also 
be defensive-type injuries, or an inconsistent pattern of
lividity. The investigative and autopsy information may
reflect a strangled person who was subsequently placed
into a hanging position to simulate a suicide, or a person
who was intentionally hanged, perhaps after she had
become subdued from ethanol or drug toxicity. Alterna-
tively, one may rarely encounter a suicidal hanging
staged as a homicide. Such staged crimes are rare, but
these hangings may also have a gunshot wound, incised
wounds, a gag, blindfold, ligature binding, or other
unusual features. In such instances, one should deter-
mine if the person could have caused his death all by
himself, and whether there is evidence of any struggle.
The body should be closely examined for any hesitation
marks or scars, and his medical, psychiatric, and social
history obtained. Consideration of all of the case infor-
mation will help resolve the case. The purpose of why
one would attempt to disguise his suicide as a homicide
is individual, but may include life insurance factors, an
effort to gain notoriety, or to exact revenge against family
or friends.18

Judicial hanging
Judicial hangings are mainly a topic of historical interest,
however, rare examples may be seen in modern society,
or in unusual suicidal hangings, in which the body drops
for some distance before the neck is caught by the taut
rope. The appropriate distance for the body to drop in a
judicial hanging has been the subject of much debate in
history. If the drop distance is too short, the person hangs
for a period of time, struggling as he slowly dies. If the
drop distance is too great, the body is decapitated.19 If
the drop distance is just right, then the classic cervical
vertebral injury, fracture of the neural arch of C2 verte-
bra with fracture-dislocation of C2 from C3 vertebra,
occurs, with stretching or tearing of the cervical spinal
cord and immediate loss of consciousness and rapid
death.20 A rapid death may also be explained by sub-
arachnoid blood around the brainstem, which is likely a
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Sample autopsy protocol

“A ligature abrasion extends circumferentially around the
neck, forming a shallow abraded ligature furrow. The ligature
abrasion consists of dried, tan skin measuring from 1/8 to 3/8
inch wide and has fine longitudinal grooves. Anteriorly, the
ligature abrasion extends transversely across the neck just
above the level of the thyroid cartilage, 10 inches below the
top of the head. The ligature abrasion tilts slightly upwards
on each side of the neck. On each side of the neck, the liga-

ture furrow extends superiorly. On the right side of the head,
the ligature furrow is 9 inches below the top of the head. On
the left side of the head, the ligature furrow is 9 inches below
the top of the head. Posteriorly, the ligature furrow forms an
inverted ‘V’ in the midline, 7 inches below the top of the head.
There are no scratches, contusions, or any other marks on the
neck.”
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gross indication of spinal shock, with paralysis of vital
centers in the brainstem and upper cervical spinal 
cord.21

The neck fracture is believed to result from a violent
submental jerk that suddenly hyperextends the head. It
is believed that the fracture is more prone to occur at the
C2/C3 junction because this region is a possible area 
of mechanical weakness of the cervical vertebrae; the
C2/C3 region is the junction between the fixed C1/C2
vertebrae (atlantoaxial complex) and the partly rotatory
“typical” cervical vertebrae.20 Cervical vertebral frac-
tures, however, occur at variable rates in judicial hang-
ings and have been reportedly demonstrated in 17
percent22 to 100 percent16 of cases. In judicial hangings,
there usually is no fracture of the odontoid process.

Strangulation
Strangulations are almost always homicidal (except in
children where they tend to be accidental). A person may
be strangled by another person’s hands (manual stran-
gulation) or by a ligature (ligature strangulation). Also,
a person may be strangled by virtually any object that is
pushed onto and compresses the neck, such as a forearm,
a knee, or any type of fixed object such as a metal bar. 
In these cases, the assault may be referred to as man-
ual strangulation, neck compression, or other similar
wording.

In cases of strangulation (or hanging), the application
of pressure to the neck, first and foremost, can occlude
the carotid arteries. A surprisingly small amount of pres-
sure is required to compress these vessels, and the liter-
ature has frequently cited pressures varying from 5
pounds23 to 11 pounds.24 Although descriptions of verte-
bral artery compression and quantification of required
forces can be found in the literature, the location of those
portions of the vertebral artery not enclosed by the ver-
tebral column are very short, are buried within the sup-
raclavicular fossae and low neck, and are unlikely to be
involved in the majority of cases of mechanical asphyxia.
Although unconsciousness due to arterial (carotid) com-
pression has been documented at an average of 10
seconds, note that many fatal violent asphyxial events
are prolonged and typically involve repeated periods of
partial or complete occlusion of vessels. The duration of
the attack is likely one of the variables determining the
degree of physical findings discovered on anterior neck
dissection.

In homicidal strangulations, there is usually a size 
and strength discrepancy between the victim and the
assailant. The victim is usually a woman, an elderly
person, or a person of small stature, and the assailant a
comparatively larger, stronger man.25 In all suspected
strangulations (male and female), a sexual activity kit
(“rape kit”) should be among the evidence collected. As
with all hangings, in all strangulations, the skin and soft
tissues of the neck should be carefully evaluated for

injuries. Detailed anterior and posterior neck dissections
should be performed. The hyoid bone and thyroid carti-
lage should be carefully evaluated for fracture, both
grossly and radiographically.

Suicidal strangulations are rare, but occasional reports
have been published.26 In suicides, self-strangulation is
possible if the person is able to secure a ligature around
her neck that will remain in place and remain tight on its
own. Examples of suicidal strangulations may include
tying a tight knot in a ligature or cinching a plastic cord
with teeth that “lock” into place around the neck. In sui-
cidal strangulations, the ligature must be able to remain
in place and remain tight on its own, because once the
person loses consciousness and loses his grip on the lig-
ature, lessening its constriction, he will likely regain con-
sciousness with subsequent reperfusion of his brain. This
is why one cannot manually strangle oneself—as soon as
one loses consciousness, there is a loss of grip on the
neck, and reperfusion is established. Strangulations may
rarely be accidental, as in workplace accidents in which
a tie or other article of clothing is caught on machinery.
In cases of suicidal and accidental strangulation, homi-
cidal strangulation should be suspected first and ruled
out.

Refer to Chapter 13 for discussions on choke holds
and lateral vascular neck restraint (“carotid sleeper”)
holds associated with restraint deaths while in custody.

Evidence collection
In all suspected strangulations, before the body is
washed and before the autopsy is started, if the finger-
nails are of sufficient length, they should be clipped and
saved. If a suspect is identified, that person’s DNA could
be potentially matched to DNA found under the victim’s
fingernails. Additionally, one should ensure that law
enforcement officers have attempted to obtain trace evi-
dence or latent fingerprints before the body is washed.
Also, if a ligature is still in place, the ligature is saved. It
may be used for possible DNA matching. Trace DNA of
the assailant has been detected on ligatures.27 This evi-
dence is to be collected in strangulations and suspected
strangulations along with the victim’s clothing, blood,
and hair standards, trace evidence such as loose hairs
and fibers, and a sexual activity kit. Proper sexual activ-
ity examination is particularly important; in one review,
rape was identified as the motive in 32 out of 54 (60
percent) female strangulations.28 Evidence collected,
such as semen, can be particularly important in linking
an individual to the crime.

In this manual strangulation of a young woman
(Image 8.42), note the scleral hemorrhages. In addition
to petechiae, larger scleral hemorrhages can be seen in
relation to neck compression. Aside from conjunctival
and facial petechiae, one can also see petechiae in the
mucosa of the sphenoid sinus in cases of asphyxia 
with neck compression. In this case of strangulation
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(Image 8.43), note the petechiae of the sphenoid sinus.
Petechiae can also be identified in the laryngeal mucosa
and, like petechiae of the sphenoid sinus or elsewhere,
are by themselves not diagnostic of anything, but 
are helpful when interpreted in the context of the entire
case.

Note the small abrasions and contusions of the ante-
rior neck (Image 8.44). The abrasions of the neck may be
from the assailant’s hands or from the victim’s hands as
the victim tried to pull the assailant’s hands off of her
neck. If the skin is wet, abrasions may not be readily
apparent. However, they will usually become more
prominent after the skin has been allowed to dry as
occurs when the body is placed in a cooler overnight.

A step-by-step anterior neck dissection (see Chapter
29) is very important to identify and photographically
document the extent of contusions to the neck muscles,
which are reflective of violence. With the skin and sub-
cutaneous tissues reflected, note the bruising of the ante-
rior cervical strap muscles (Image 8.45), which becomes
more and more apparent as each successive layer of neck
muscle is reflected (Image 8.46).

216

8.42

8.43

8.44

8.45

8.46



Hanging and strangulation

Fractures of the larynx, which includes the hyoid
bone, thyroid cartilage, and cricoid cartilage, are often
identified in cases of strangulation. However, in the case
shown in Images 8.43 through 8.46, the hyoid bone,
thyroid cartilage, and cricoid cartilage were not frac-
tured. This is not at all unusual, given that the person
was 20 years old, and the hyoid bone and neck cartilages
at this young age are not yet calcified and are still quite
flexible and likely to be able to withstand a significant
amount of compression before fracturing. As the age of
a victim increases, the likelihood of hyoid bone and
thyroid cartilage fractures increases, due to increased 
calcification of the bone and cartilage and possible
increased brittleness of the structures. An x-ray of the
hyoid bone and thyroid cartilage may aid not only in the
detection of fractures, but in determining the degree of
calcification (Image 8.47).

In this strangulation (Image 8.48), note fractures of
each of the superior horns of the thyroid cartilage. In
another case (Images 8.49 and 8.50), there is a fracture of
the left superior horn of the thyroid cartilage. In strangu-
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lations, fractures often involve the superior horns of the
thyroid cartilage because they are relatively thin struc-
tures that are firmly compressed against the unyielding
anterior surface of the cervical vertebrae. Also, the supe-
rior horns of the thyroid cartilage are firmly attached to
the greater horns of the hyoid bone by the thyrohyoid lig-
aments and significant force applied to either structure
can lead to the fracture of either or both structures.

In this strangulation (Image 8.51), note that both
greater horns of the hyoid bone are fractured. The frac-
tures are not visually apparent until the bloody soft
tissues are dissected away (Image 8.52). In all cases of
strangulation, be sure to remove the tongue and examine
it for hemorrhages. In the same strangulation case, note
the hemorrhages in the tongue (Image 8.53). In another
case of strangulation (Image 8.54), note the fractures of
the hyoid bone and the thyroid cartilage. True fractures
of these structures have some amount of blood extrava-
sation in the associated tissues and should therefore be
easily differentiated from postmortem injury, occasion-
ally related to organ removal.
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In a review of 41 manual strangulation deaths, con-
junctival/scleral petechiae were identified in 89 percent
of cases. Fractures of the hyoid bone and/or thyroid car-
tilage were identified in all 14 of the male victims and 
in half of the female victims.28 In the same study, in 
48 ligature strangulation deaths, conjunctival/scleral
petechiae were identified in 86 percent of the cases, and
5 of the 21 male victims and 1 of the 27 female victims
had fractures of the hyoid bone and/or thyroid carti-
lage.28 In a study of 20 strangulations (10 with fractures
of the hyoid bone, 10 without), those with hyoid frac-
tures tended to be older and more likely to have fused
hyoid bones.29 Certainly, one can be strangled without
sustaining fractures of the hyoid bone or thyroid carti-
lage, but the chances of sustaining fractures of these
structures increases with age and corresponding calcifi-
cation, fusion, and brittleness of the hyoid and larynx.
The extent of external injury and internal injury in stran-
gulations varies with the intensity of the assault and the
resistance provided by the victim. On occasion, one may
be strangled without any external or internal evidence of

injury. This may occur if someone was obtunded, intoxicated,
or otherwise unconscious and unable to put up much 
resistance, enabling the assailant to use a reduced amount of
force.

It is advisable in strangulations to perform a posterior
neck dissection to identify additional injuries. When one
encounters deep cervical hemorrhage and laryngeal frac-
tures, one must also consider the possibility of other
types of violent injury such as neck compression from an
implement or a direct blow to the neck such as that
inflicted by a “karate chop.”

In decomposed strangled bodies, one often must rely
less on the findings of petechiae, neck abrasions/contu-
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sions, and anterior neck muscle hemorrhages, all of
which can be very difficult or impossible to identify in
decomposed tissue (Image 8.55). Careful dissection of
the neck structures may reveal fractures. Note the frac-
ture of the superior horn of the thyroid cartilage in this
individual (Image 8.56).

In this ligature strangulation (Image 8.57), in which
the body has decompositional changes, note the differ-
ent types of ligatures that were wrapped around the neck
and tied in the back of the neck. As in hangings, in liga-
ture strangulation, the ligature and ligature furrow must
be carefully photographed and described. In ligature
strangulations, the encircling ligature furrow is usually hori-
zontal and located at or below the thyroid prominence, whereas

in hanging, it is usually located above the thyroid prominence
and angles upward from the front to the back of the neck. In
ligature strangulations, the lethal neck constriction may
be caused by several means, including manually pulling
on both ends of the ligature, tightening a noose with a
running knot, or occasionally placing a long, hard rod
through a knot of a ligature around the neck or under-
neath a tied ligature. The rod is then twisted for several
revolutions, which tightens the ligature’s tautness
around the neck.

The body of a strangled homicide victim may be
burned in an attempt to destroy evidence. In such cases,
even with significant charring of the body, remnants of
the ligature may remain around the neck,30 protected
from the fire by the folds of skin in the neck. As this 
material is likely friable, one should photograph it before
removing it, and then rephotograph the neck. Carbon
monoxide testing should be performed, and should be
expected to be low, because the victim (or surroundings)
is usually set on fire after the assault has ended and the
person is likely already dead. However, in some asphyx-
ial deaths, a person may be strangled to unconscious-
ness, but not death, and may continue to maintain
respiratory activity. If the fire is allowed to smolder for
some time, the victim may attain an elevated carboxy-
hemoglobin level via agonal respirations, perhaps pro-
viding another element of asphyxia (carbon monoxide
toxicity) to his or her death.

Per law enforcement investigation, the young lady
shown in Images 8.58 through 8.60 was strangled until
she became unconscious. The assailant then set the bed
next to her on fire and closed the door as he left the room.
He had reportedly heard some breathing/gurgling
sounds as he left the room. She was found unresponsive
a short time later. Note the abrasions on her neck and on
the undersurface of her jaw (Image 8.58). She also has
conjunctival petechiae and a contusion of the tongue
(Image 8.59)—findings that support the claim of stran-
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gulation. She had thermal burns over approximately half
of her body, and evidence of smoke inhalation, charac-
terized by soot lining her airways (Image 8.60) and a
blood carboxyhemoglobin saturation level of approxi-
mately 30 percent. Such autopsy findings are consistent
with the scenario of someone being strangled to the point
of unconsciousness, but able to maintain enough respi-
ratory drive to inhale sufficient smoke (and carbon
monoxide) to provide an added component of chemical
asphyxia.

Artifacts resembling strangulation ligature marks
Certain situations can produce neck findings that may be
confused with ligature strangulation. Probably the most
common is the bloated decomposed body in which the
neck tissues swell to such an extent that they press
against a shirt collar or necklace. When the shirt or neck-
lace is removed, one may notice a blanched, horizontal
impression extending circumferentially around the neck.
This should not be confused with an antemortem injury
and should be recognized as the body is undressed. Also,
overlapping rolls of neck skin can be mistaken for a lig-

ature mark. This can be seen in infants, elderly individ-
uals, and others with abundant neck tissue (see Chapter
24).

Other neck artifacts involve body positions attained
during the person’s collapse or activities performed
shortly before his or her death. This decomposed man
(Image 8.61) was found in the prone position, having col-
lapsed to the ground face first near his kitchen table. He
had collapsed onto electrical wiring that was extending
from his computer and phone to the wall. Note how he
had collapsed onto these wires and, in fact, became par-
tially suspended by a telephone cord that passed under-
neath his neck, keeping his head, neck, and upper body
off the ground (Image 8.62). At autopsy, note the ligature
mark created by the telephone cord that extended
roughly horizontally across the front and sides of his
neck (Images 8.63 and 8.64). Without knowledge of how
the body was positioned at the scene, the ligature mark
from the telephone cord could be easily misidentified as
a ligature mark associated with homicidal strangulation.
At autopsy, he had heart disease, and no evidence of
internal neck injury.
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Differentiating suicidal from 
homicidal asphyxia
Differentiating a suicide from a homicide can be chal-
lenging in some cases of asphyxia. The following are
characteristics of each that should help guide one down
the “suicide” or “homicide” path. However, one must be
cautioned that many of the characteristics of suicidal
asphyxias may also be found in the homicidal category,
and vice versa. Also, the identification of characteristics
typical of one is not necessarily “proof” of either homi-
cide or suicide. One must consider the following typical
characteristics of each category within the context of the
complete case investigation.

Suicide
- In secured residence
- Suicide note
- History of depression, schizophrenia, or other mental

illness
- On psychiatric medications
- Prior suicide attempt/ideation
- Significant recent life-altering event (such as death of

spouse, or to be placed in a nursing home, or to be sent
back to jail)

- Hesitation marks or scars on wrists, neck, or elsewhere
- Ligature furrow above level of thyroid cartilage
- Little internal neck injury (reflecting no or mild 

struggle)
- Fracture of thyroid cartilage horns, hyoid bone, and

cricoid cartilage very uncommon

Homicide
- “Dumped” body
- Unlocked residence
- Evidence of burglary or belongings rummaged

through
- Jewelry/belongings missing
- Inconsistent statements from acquaintance/witness/

other
- Convincing motive(s) identified
- Recent life insurance policy started/significant recent

shifts of money
- History of previous physical/sexual assault
- Ligature binding of extremities
- Body arranged for “display” purposes
- Evidence of possible sexual assault (legs apart, dried

fluid in groin, injuries to genitals)
- Clothing in disarray—it may appear as if the body was

redressed, or panties pulled back up
- Inconsistent pattern of lividity or rigidity—evidence

the body has been moved
- Defense injuries on hands/arms (broken fingernails,

contusions or abrasions)
- Ligature furrow at/below level of thyroid cartilage
- Fingernail-type abrasions of neck
- Large amount of external neck injury
- Often with more than a little internal neck injury
- “Date rape”–type drugs detected in blood, such as flu-

nitrazepam (rohypnol), ketamine, GHB
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Autoerotic deaths

Autoerotic deaths are a distinct category of asphyxial
death that occurs in young males, in which the person
accidentally hangs or strangles himself while intention-
ally inducing hypoxia for the purpose of enhancement of
orgasm experienced during masturbation. During such
self-induced hypoxia, one may come close to uncon-
sciousness, but avoid passing out by releasing the mech-
anism causing the asphyxia. Death occurs when the
degree of hypoxia becomes too great, causing the person
to lose consciousness and lose control of their voluntary
muscular actions that are needed to prevent the stran-
gulation or hanging from becoming lethal. Alternatively,
there may be failure of an intricate release mechanism of
ligatures that was designed to operate depending solely
on a change in the body position. The victim is usually
white, middle-class, educated, and commonly in the
range of 15 to 30 years old,31,32 although cases have been
reported from 9 years to 80 years of age.33

The scene
An autoerotic death should be considered at the scene of
any asphyxial death. Although in some cases there are
only subtle indications of autoerotic activity, in many
cases, this type of death is often readily recognized when
the body is first viewed at the scene. The person is in
various stages of undress with the genitals exposed or
may be clad in clothing of the opposite sex.31 There is
usually pornographic material within easy visual range,
bondage, and evidence of masochism and masturba-
tion.31,33–35 Rectal foreign bodies may be found. There
may be evidence of electric current applied to the geni-
tals.35 Also, mirrors or video cameras may be placed so
that the person can see (and review) his own activities
(Image 8.65).32 No suicide note is found. It is important
to be aware of the concept of autoerotic activity and its
characteristics to avoid misclassifying such a case as a
suicide or a homicide (and vice versa). One should first
rule out suicide and homicide before determining that
the death is autoerotic in nature. Evidence of previous
similar activity is supportive of autoerotic activity.

The body at the scene
In examining the body at the scene, it is important to 
be able to determine precisely how the hypoxia was
induced and, importantly, what the “release mechanism”
was that would allow the ligature to relax. Oftentimes in
autoerotic cases, the person devises the neck ligature in
such a way so that he can control the amount of con-
striction around his neck (and, hence, his degree of
hypoxia) and be able to relax or release the ligature if he
feels he is going to pass out. The apparatus can be simple
or elaborate. Although the vast majority of cases employ
ligatures around the neck as the means of inducing

hypoxia, a series of three autoerotic asphyxia cases using
propane gas has been reported.36 Propane gas can be
toxic as well as hypoxia inducing (because it displaces
oxygen from hemoglobin). Also, suffocation via a plastic
bag placed over the head or various degrees of smoth-
ering with tape or other material over the face may 
be encountered. One should entertain any means of
hypoxia as possibly associated with autoerotic activity,
not just the classic neck ligature binding scenario.

Autoerotic activities are usually solitary and clandes-
tine, often taking place in remote areas such as garages,
basements, or closets, although they may occur in situa-
tions of group sex. Because their activities are often
intended to be kept hidden, one may notice a handker-
chief or other soft material between the ligature and the
skin of the neck, intentionally placed there to prevent
any ligature abrasions or other suspicious marks.32,35

Because these activities are usually kept secret, and the
appearance of the body so graphic, a family member
finding the body may be shocked and embarrassed.
Because of this, they may attempt to “clean up the scene”
and hide the evidence. This can be troubling in deter-
mining the cause and nature of the death, particularly if
there was no injury to the body.

Autoerotic deaths in women are distinctly less
common than in men, but do occur rarely.32,37 In a review
of six such cases, the evidence of sexual activity was
characterized by foreign bodies adjacent to or in the
vagina, vibrators, or ropes tied around the genitals and
breasts.37 The ritual is usually not as elaborate as that
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seen in male cases. One must keep in mind that an
asphyxial death in a woman caused by a ligature is sus-
picious for homicide and should be considered a stran-
gulation homicide until one can convincingly prove that
the death is associated with autoerotic activity.

Incaprettamento

Incaprettamento is a rare form of homicidal asphyxia
that has been reported to be applied by the Italian
Mafia.38 In this form of asphyxia, one end of a rope is tied
in a noose and placed around the victim’s neck. The
other end of the rope is used to secure the victim’s ankles
behind their back. Victims can avoid constriction of the
rope around the neck (and asphyxiation) if they are able
to maintain their legs in the flexed position. However,
once they tire, and are no longer able to maintain their
legs in a flexed position, they relax, the noose around
their neck tightens, and they strangle.38 This particularly
macabre method of asphyxia is regarded as intended to
be an admonition to others.38 However, in an autopsy
series of 18 such cases, it was concluded that the death
is usually caused by strangulation before incapretta-
mento, with the body subsequently bound after death,
perhaps to facilitate disposal of the body and/or to com-
municate a motive/purpose of the homicide.38

Carotid sinus stimulation

Whenever significant neck compression occurs, there
may be compression and stimulation of the carotid sinus,
which is situated just cephalad to the bifurcation of the
common carotid arteries. Stimulation of this structure
may lead to vagal effects such as bradycardia and
hypotension or may lead to other types of dysrhythmia.
The vagal effects may rarely be overwhelming and pos-
sibly lead to a rapid onset of cardiac standstill and
sudden death.39 Hence, one may not need to necessarily
occlude the airway or vasculature in order to cause death
by neck compression. This may be the mechanism of
sudden death in individuals who collapse immediately
during the application of a neck hold or an impact to the
neck, and in whom no significant pathologic findings are
identified at autopsy.39 However, because during a strug-
gle, most individuals are tachycardic and hypertensive,
vagal stimulation will most likely lead to normal cardio-
vascular parameters or mild hypotension and/or brady-
cardia and not be a factor in causing sudden death. This
is likely true because in normal individuals, stimulation
of the carotid sinus produces only mild bradycardia and
mild hypotension.

The individuals who are believed to be susceptible to
rapid vagal death are likely older people with significant
cardiovascular disease who were known to be sympto-

matic from previous episodes of carotid sinus stimula-
tion such as fainting spells or dizziness associated with
pressure on their neck. Additional evidence of violence
such as abrasions resembling fingernail marks on the
victim’s neck and significant internal neck injury com-
bined with conjunctival petechiae effectively rules out
death by carotid sinus stimulation.

Asphyxial deaths in motor 
vehicle accidents

Although most individuals who die in motor vehicle
accidents die of blunt force injury, a small percentage of
victims die from asphyxia, either by itself or in combi-
nation with other injuries. Accidental asphyxiation from
seat belts is rare, but cases have been reported, and
involve an incapacitated individual (likely from concus-
sion and/or intoxication) who in some way had the seat
belt caught around the neck.40 In other cases, torso com-
pression, neck flexion, facial occlusion, body inversion,
and blood aspiration may act solely or in combination,
often with concussion and/or alcohol intoxication, to
cause death.41 In these cases, additional factors relevant
to an asphyxial death include the presence of petechiae,
obesity, and natural disease. Obesity was particularly rel-
evant in deaths due to body inversion.

Resuscitation artifact

Resuscitation efforts may produce injuries of the neck
that must be distinguished from true inflicted injury
caused by neck compression. Resuscitation injuries are
often related to intubation and may involve oral injury,
pharyngeal injury, and injury of the tracheal mucosa.42

The middle-aged man shown in Images 8.66 and 8.67
was witnessed to collapse and die suddenly and unex-
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pectedly. Resuscitation attempts were made, and he was
a difficult intubation. His death was determined to be
due to severe coronary artery atherosclerosis. Note the
resuscitation-related hemorrhages of the tongue and 
the pharyngeal tissues caused by intubation attempts
(Image 8.66). In addition, he had petechiae of the mucosa
of his sphenoid sinus (Image 8.67), which is a nonspe-
cific finding, but in the appropriate scenario, may
provide additional evidence of asphyxia. In another case,
note the contusions of the pharyngeal tissues in an indi-
vidual who was difficult to intubate (Image 8.68).

In a study of 50 deaths in which there had been 
endotracheal intubation, 37 of the cases (74 percent) had
airway injuries resulting from the intubation proce-
dure.42 In this study, there were no fractures of the hyoid
bone or the thyroid cartilage, but there was a wide range
of soft tissue injuries including contusions, lacerations,
abrasions, and petechiae that most commonly involved
the laryngeal and tracheal mucosa (64 percent), the
mouth (28 percent), epiglottis (22 percent), posterior
pharynx (16 percent), cervical strap muscles (14 percent),
and piriform recesses (12 percent). There was cutaneous

injury of the neck in 4 percent. Conjunctival petechiae
were seen in 21 percent and facial petechiae in 6 percent.
As such, one must be careful when interpreting subtle
findings in the context of possible resuscitation artifact.
For additional discussion on resuscitation artifact, refer
to Chapter 14.

Do

• Realize the importance of scene investigation in
understanding asphyxial deaths, particularly in cases 
of suffocation and positional asphyxia/mechanical
asphyxia.

• Perform a careful step-by-step layerwise neck dissec-
tion in all hangings and all suspected strangulations.

• Perform neck dissections yourself; do not delegate this
procedure to an autopsy technician.

• Interpret autopsy findings in the context of the entire
case investigation.

• Examine the hypopharynx for any type of obstructing
material or object in all autopsies.

• Keep autoerotic asphyxia in mind during any scene of
asphyxial death.

• Adequately photograph all internal neck injuries in
hangings and strangulations.

Don’t

• Forget to collect proper evidence (including sexual
activity evidence, fingernail clippings, and clothing) in
cases of suspected strangulation.

• Forget about the nonspecific nature of petechiae.
• Forget to save the ligature for possible DNA collection

in cases of ligature strangulations.
• Forget to properly photograph all ligatures and inter-

nal neck injuries; in some cases, photography to doc-
ument the absence of injury is important.

• Confuse hyoid bone joints or triticeous cartilage in the
thyrohyoid ligament with antemortem injury.
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Drowning
Michael D. Bell, M.D.

9

Drowning is defined as death from asphyxia within 24
hours of submersion in water. Drowning claims nearly
8000 lives annually. It is the fourth leading cause of acci-
dental death in the United States. For children, it is the
second leading cause of accidental death for school-age
children and the number one cause for preschoolers. The
overall drowning and submersion injury death rate was
1.93/100,000 people for all age groups in 1995. Peak inci-
dence of 3.22/100,000 injury deaths occurred in children
younger than 4 years. Two-thirds of drownings occur in
the summer months and 40 percent occur on Saturday
and Sunday. Some 90 percent occur in freshwater even
in states with large coastal regions. More than half of
these cases occur in home swimming pools. One-quarter
to one-third of the drowning victims had swimming
lessons. Although drowning affects both sexes, males
have a rate three times higher than that of females
because of increased reckless behavior and use of
alcohol.

Drowning occurs when a person submerged in water
attempts to breathe and instead aspirates water, leading
to decreased oxygenation, hypoxemia, and hypoxic
brain injury and death. Aspiration of only 1 to 3mL/kg
of fluid can result in significantly impaired gas exchange.
Although differences observed between freshwater and
saltwater aspirations in electrolyte and fluid imbalances
are frequently discussed, they are of little clinical 

significance in drowning. Most patients aspirate less
than 4mL/kg of fluid. Eleven milliliters per kilogram is
required for alterations in blood volume, and more than
22mL/kg of aspiration is required before significant elec-
trolyte changes develop.1

Freshwater is hypotonic relative to plasma and causes
disruption of alveolar surfactant. This results in alveolar
instability and atelectasis. Seawater, which is hyperos-
molar relative to blood, increases the osmotic gradient
and, therefore, draws fluid into the alveoli. This dilutes
the surfactant. Both mechanisms injure the alveolar/
capillary unit, resulting in a lower functional residual
capacity and pulmonary edema. Acute respiratory dis-
tress syndrome (ARDS) may result from aspiration if the
person survives the initial drowning. Increased airway
resistance from debris plugging the patient’s airway, as
well as release of inflammatory mediators, causes vaso-
constriction and impairs gas exchange. Hypovolemia is
secondary to fluid losses from increased capillary per-
meability. Profound hypotension may occur during and
after the initial resuscitation period. Hyponatremia 
may develop in young children from swallowing large
amounts of freshwater. Myocardial dysfunction may
result from ventricular dysrhythmias and asystole 
due to hypoxemia. In addition, hypoxemia may directly
damage the myocardium, decreasing cardiac output.
Metabolic acidosis may impair cardiac function. 
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Pulmonary hypertension may result from the release of
pulmonary inflammatory mediators, which increase the
right ventricular afterload, thus decreasing contractility.

Drowning is the frequent cause of death in bodies that
are recovered from water. Drowning is, however, the
final common pathway of different initiating causes of
the person’s incapacitation in water. When a body is dis-
covered in water, one must question why the person was
in the water initially and why the person was unable to
get out of the water. Inability to swim, hazardous envi-
ronment, trauma, seizure disorder, heart disease, exhaus-
tion, alcohol and drug use, hypothermia, and other
causes should be sought to answer the question of why
this person drowned.

Signs of drowning

The effects of water on the skin
Maceration or softening of the skin begins within
minutes after immersion in water. Forensic pathologists
from temperate climates write that maceration may not
appear for hours if the water is cold.2 The hands (Image
9.1) and feet (Image 9.2) with their thick keratin layer are
the first areas to macerate. Their surfaces become wrin-
kled, pale, and saturated with water.

If a body is removed from water (lake, ocean, bathtub),
examination of the skin for blunt injuries should be
delayed until the body is dry. Abrasions are not easily
seen until drying occurs. When the body is allowed to
dry, the abrasion becomes brown and is easily seen.3 The
body of a young female was pulled from a body of water
(Image 9.3). Although some trauma to the neck and
lower jaw was visible at the scene, the extent of injury
was evident after overnight drying of the tissues in the
morgue refrigerator (Image 9.4).
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Water and the aerodigestive systems
One of the signs of drowning is the appearance of foam
issuing from the nose and mouth.4 This foam is a mixture
of proteinaceous liquid derived from the lungs and air
whipped up by terminal respiratory movement. The
foam is created and has the same appearance of whipped
up egg whites. The foam is derived from the pulmonary
tissue as seen in Image 9.5. The foam may be white as in
Image 9.6 or rose or red with the incorporation of blood
as in Image 9.7.

The lungs from a drowned person are often hyper-
inflated and meet at the midline, partially obscuring the
pericardial cavity when the thorax is first opened at
autopsy as seen in Image 9.8. The lungs fill the pleural
cavities, and impressions created by the ribs may be seen
on the pleural surfaces of the lungs. This pulmonary
hyperinflation resembles that seen in obstructive lung
disease and is called emphysema aquosum.5

Although water is inhaled into the lungs, it may also
enter the respiratory sinuses including the ethmoid and
sphenoid sinuses. The jugum sphenoidale is easily
removed, exposing the contents of the sphenoid sinus.
Any fluid residing in the sinuses can be withdrawn with
a needle-bearing syringe and photographed for docu-
mentation as seen in Image 9.9.

Water, as well as silt, sand, and aquatic vegetation,
may also be swallowed during drowning and fill the
stomach as seen in Image 9.10. Some pathologists have
argued that water may enter the mouth and pass down
the esophagus into the stomach passively if the water is
turbulent6 rather than the more likely process of active
swallowing. Other pathologists have argued that the
postmortem relaxation of the gastroesophageal sphinc-
ter allows water to fill the stomach and, therefore, water
in the stomach cannot be used as a sign of drowning.7
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Middle ear and mastoid air cell hemorrhage has been
used as a sign of drowning. Hemorrhage in the middle
ear is often inferred by observing bilateral red discol-
oration in the petrous temporal bones as seen in Image
9.11. One can also see the same discoloration in the bones
that overlay the frontal and sphenoid sinuses. This phe-
nomenon has been ascribed to changes in the hydro-
static pressures in the ear when a body sinks and then is
brought to the surface.8

Visceral congestion
Congestion of the internal organs or viscera is a nonspe-
cific finding in drownings and other asphyxial deaths.
Some pathologists have argued that the degree of cere-
bral congestion depends on whether the drowning

occurred in freshwater or saltwater with the gray matter
more congested or hyperemic in saltwater immersion.9

Image 9.12 shows a coronal section of cerebrum with
prominent congestion of the gray matter in a man who
drowned in freshwater. This phenomenon is nonspecific
for drowning and is seen in other conditions including
drug overdose.10

Near drowning

Drowning is death within 24 hours of immersion in
water. Near drowning is survival beyond 24 hours after
the patient is removed from the aqueous environment.11

Near drowning patients may survive or die later. Central
nervous system (CNS) injury is the major determinant of
subsequent survival and long-term morbidity in near
drowning. The most important contributions to morbid-
ity and mortality resulting from near drowning are
hypoxemia and a decrease in oxygen delivery to vital
tissues, especially the brain. CNS damage occurs because
of hypoxemia sustained during the drowning episode. In
Image 9.13, the cortical and deep gray matter is thinner
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than normal with tissue softening and loss at the
gray–white junction. This laminar necrosis is not specific
for drowning and can result from any cause that pro-
duces generalized brain hypoxemia. Near-drowning
patients frequently develop pneumonia, either infectious
or chemical.

Other artifacts of water immersion

Diatoms
Diatoms are microscopic algae with a silicaceous
exoskeleton first discovered in lung fluid in 1896.
Diatoms are from the class Diatomaceae and are charac-
terized by their two valves or frustule that encloses their
cytoplasmic contents. At least 10,000 species have been
subclassified based on their degree of halophilia. Diatom
testing assumes that when a person drowns in diatom-
containing water, these microscopic algae are inhaled,
penetrate the alveolar capillaries, and circulate by a still
beating heart to distant organs, such as the brain, kidney,
liver, and bone marrow. These organs are removed at
autopsy, acid digested, and examined for the presence of

diatoms. The presence of diatoms in the lung is not diag-
nostic as in this microscopic image (Image 9.14) of a
diatom in a pulmonary alveolus. The silica skeletons of
diatoms are birefringent when viewed microscopically
with polarized light. Most pathologists do not believe
that the laborious and technically difficult diatom testing
approach is sufficiently specific or sensitive for the diag-
nosis of drowning.

Bodies commonly float in the water face down with
the head and extremities hanging downward as in 
Image 9.15. The body is susceptible to abrasion if the
water is shallow and turbulent enough to allow the body
to scrape against the stony bottom.

Animal scavenging
With the face submerged, the drowned body will often
attract aquatic animals such as fish, turtles, and crus-
tacean creatures to this movable feast. Animals will feed
on the soft bits of the face including the lips, nose, and
ears12 as seen in Image 9.16. Notice the circumoral loss
of tissue with irregular scalloped edges indicative of
postmortem animal predation.
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Larger aquatic animals may bite or amputate the
drowned body while it remains in the water. Alligators
and crocodiles live in rivers and canals and may damage
the body of a drowning victim. Image 9.17 shows the
characteristic pattern of punctures from an alligator. The
large punctures are paired and get closer to each other
as they approach the snout.

Sharks may also bite or amputate a body floating in
the ocean. Image 9.18 shows the characteristic pattern of
a shark bite with a large oval section of skin, soft tissue,
and skeletal muscle missing. The edges of the wound are
focally scalloped and abraded. Along the inferior edge is
an additional set of wounds created by the secondary
rows of teeth that sharks carry in their jaws.

Injuries
When a body floats in water that is shared by propeller-
driven boats, characteristic injuries can be produced on
the body. Propellers produce large incised cuts in the
skin, soft tissue, and muscle. These cuts are sharp, well
demarcated, and equidistantly separated by normal skin
as seen in Image 9.19.

By virtue of being in water, a living person who sus-
tains large open wounds from a shark or boat propeller
will leach blood into the water and appear bloodless
when the body is later discovered and removed for
examination. This phenomenon makes the determina-
tion of whether the wound was made while the person
was alive or dead all the more difficult because the usual
sign of vitality, soft tissue hemorrhage, is absent.13 The
decedent in Image 9.20 has obvious propeller injuries 
to his head and chest. The wounds appear bloodless 
and may be erroneously interpreted as occurring post-
mortem or after death. The skin pallor and epidermoly-
sis from a prolonged postmortem interval also confound
the analysis. The proper interpretation is that one cannot
tell if these wounds occurred while the person was alive
or dead.

The decomposed body in Image 9.21 with its putre-
factive breakdown will obscure the usual findings found
in drowned bodies. The lungs with their dark red hemol-
ysis appearance will be collapsed and exude minimal red
decomposition fluid from their parenchyma. Abundant
dark red fluid accumulates in the pleural cavities pre-
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sumably from transudation out of the water-filled lungs.
Decomposed bodies that are recovered from the water
should still be autopsied to detect occult homicides such
as strangulation or natural disease.

Autopsies of bodies found in water

Why should we perform a postmortem examination on
a body found in the water if the most likely cause of
death is drowning? Rarely is the pathologist presented
with the classic story of a novice swimmer stranded in
water, frantically struggling and flapping his arms in
desperation before sinking to his death. Most decedents
are found after having been submerged in water for an
unobserved period. Without a history of the immediate
circumstances surrounding the “drowning,” the post-
mortem examination becomes important to rule out
natural disease or injury as the cause of why the dece-
dent was unable to escape the deadly aqueous environ-
ment. This is especially true in those individuals that 
we would consider unlikely to drown. In Image 9.22, 

this woman was found with her head submerged in a
bathtub in a hotel room. The decedent recently com-
plained of severe headaches that were temporarily ame-
liorated by taking a hot bath. At autopsy, the decedent
had metastatic breast cancer to the brain, causing cere-
bral edema as seen in Image 9.23. This presumably
caused her to pass out or have a seizure while getting
her bath ready and fall face down into the water, drown-
ing to death.

Victims of homicidal violence may be placed in the
water after death in order to dispose of the body. Image
9.24 shows a man who was strangled to death, then
weighted down with a concrete block and placed into the
water.
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Murder victims are not the only bodies recovered from
the water with weights to keep them submerged. Occa-
sionally suicidal individuals will place weights on their
body to prevent themselves from reconsidering their
self-destructive act and returning to the surface for air
and survival. Image 9.25 shows a suicidal man who left
a suicide note in his car and weighed himself down with
a concrete block and wire clothes hanger.

Dangerous aquatic life

Drowning isn’t the only danger in water—some aquatic
animals can be deadly. Fatalities from coelenterate
envenomation are rare. Fatal cases involving Physalia
physalis (Portuguese man-of-war) and Chiropsalmus
quadrumanus have been reported in the southeastern
United States along the Gulf of Mexico and Atlantic
Ocean. The autopsy findings in fatal cases were nonspe-
cific (congested heavy lungs, acute passive congestion of
the viscera, subendocardial hemorrhage) except for the
skin injury, which consisted of linear eruptions. Image
9.26 shows the characteristic skin lesions of a coelenter-
ate or jellyfish sting. In living victims, jellyfish enveno-

mation produces a painful linear, erythematous, urticar-
ial rash at the site of tentacle contact. In victims floating
in the water who died from other causes, jellyfish contact
produces no visible vital reaction, but the nematocysts
may still be seen microscopically in the skin at the sites14

of contact as seen in Image 9.27.

Scuba diving

Scuba (self-contained underwater breathing apparatus)
diving is a popular recreational activity with an esti-
mated 2.5 to 3.1 million certified divers. The scuba diver
who dies underwater poses a difficult diagnostic
dilemma for investigating authorities and pathologists.
The investigation should be thorough and follow a stan-
dardized outline. This investigation should include the
victim’s past medical and social history, dive profile, a
detailed history of the terminal event and resuscitation
efforts, environmental conditions, examination of the
diving equipment, and finally the autopsy.15 The utility
of going to the scuba death scene not only involves
examining the body but, more importantly, inventorying
and impounding all scuba gear. Image 9.28 shows a
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scuba diver who was just recovered from the water. This
diver’s weight belt was tied in a knot around his waist
because the safety buckle did not work. Inventory the
equipment and photograph it, preferably while it is still
attached to the victim. A visit to the death scene (or at
least to the boat dock) is helpful for this purpose of 
documenting and gathering all the diving equipment.
The cylinder’s air valve should be closed at the scene to
prevent air loss from the tank.

Not all scuba divers die from drowning. Image 9.29
is a coronal section of brain with a large intracerebral
hematoma. This brain belonged to a 37-year-old scuba
diver who was discovered on the surface of the ocean,
incoherent; his left side was moving and kicking, but his
right side was immobile and limp. He was admitted to
the hospital and died 2 days later. This is a case where
the autopsy is helpful in determining the cause of this
diver’s sudden incapacitation and death.

Several medical conditions disqualify patients from
diving. Coronary artery disease (especially if the person
has had recent angina or a previous MI) is one such con-
dition with its risk of sudden incapacitation by severe
chest pain or rhythm disturbance. Approximately 10 to
20 percent of scuba fatalities involve individuals with
severe coronary artery disease. Other conditions that
normally disqualify a person from diving include seizure
disorder, recurrent episodes of syncope, sickle cell
disease, insulin-dependent diabetes mellitus, the pres-
ence of pulmonary cysts or blebs, severe chronic obstruc-
tive pulmonary disease with bullous emphysema,
spontaneous pneumothorax, and certain middle-ear
problems or surgery. Temporary disqualifying condi-
tions include pregnancy and abdominal wall or inguinal
hernias.

Barotrauma
Barotrauma is tissue injury caused by the failure of a gas-
filled body cavity to equalize its internal pressure with
changes in the ambient pressure. The anatomic regions

most commonly involved are the sinuses, middle ear,
and lungs. Barotrauma of the lungs produces life-
threatening extra-alveolar air syndrome. Extra-alveolar
air syndrome can cause death or unconsciousness (and
subsequent drowning) during ascent while breathing
compressed air. The scuba regulator normally delivers
air at ambient pressure and lung volume remains con-
stant regardless of the depth. However, if you hold your
breath and close your glottis (during a hasty or panicked
ascent), then the obstructed alveoli will overexpand
(from Boyle’s law) and burst, with air dissecting into the
pulmonary interstitium. This air can enter the pleural
cavities (pneumothorax), mediastinum (pneumomedi-
astinum), pericardial sac (pneumopericardium), subcu-
taneous tissues, or pulmonary veins. Air that enters the
pulmonary veins can embolize to the coronary or cere-
bral arteries (CAGE or cerebral artery gas embolism).
Radiography or computed axial tomography (CAT) can
assist in diagnosing extra-alveolar air in the pleural or
pericardial cavities or intravascular locations more easily
than the standard postmortem examination.16 Image 9.30
shows a left pneumothorax (see left apex) on chest radi-
ograph, and Image 9.31 shows air in the subarachnoid
space in a cranial CAT scan. Both imaging studies came
from a 20-year-old man with no scuba diving training or
experience who joined his three friends for a day of scuba
diving. He was found unresponsive and transported to
the nearest hospital where these imaging studies were
done prior to his death.

Scuba diving equipment is examined in less than 25
percent of fatalities, but this examination is as important
as the other investigations. The following procedures
should be done with the scuba equipment:

- Immediately gather and impound all of the equipment.
- Inventory the equipment.
- If possible, photograph the victim with the equipment

still on prior to removal.
- Record the final tank pressure and close the air valve

to prevent air loss from the tank.
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- Check the tank and regulator for defects.
- Check for a weight belt. Is one present? Weigh it if

available.
- Record the condition of the buoyancy compensator. Is

it inflated? Is it filled with water?
- Have the equipment examined by an unbiased knowl-

edgeable diving expert who will provide a written
report.

- Have air samples from the tank tested for correct
partial pressures and presence of toxic gases.

- Have the internal lining of the tank inspected for 
corrosion.

In Image 9.32, visual inspection of the second stage of
this regulator reveals a torn diaphragm or valve.

Examination of any computerized equipment carried
by the deceased diver can be critical to the death inves-
tigation. A diver who died of air embolism used a
DataMax Pro computer console during his dive, which
provided important information about the dive. The
computer console in Image 9.33 indicated a maximal
depth of 34 feet and a total bottom time of 7 minutes. The
large number (6) of triangles underneath the number
“34” indicated that ascent was very rapid and in excess
of 120ft/min. The recommended ascent rate is under
60ft/min. Panic in this inexperienced diver led to a rapid
uncontrolled ascent and fatal barotrauma.

Pneumothorax is one example of barotrauma. Differ-
ent methods are available for demonstrating a pneu-
mothorax at autopsy. For instance, one can use an
Erlenmeyer flask assembly: A large Erlenmeyer flask is
partially filled with water. A two-hole stopper plugs the
opening of the flask. A glass tube is inserted into one of
the holes until it ends within the water. The other end of
the tube is connected to a large-bore needle or trocar by
elastic tubing. The other hole is left open. When the
trocar enters a cavity with air under pressure, the air will
bubble in the water contained in the flask. One can also
use the time-honored “water in flank pockets” trick as
outlined by Kindwall and Pellegrine17 and as seen in
Image 9.34. If the pneumothorax is large and under
tension, one can hear an audible hiss as one first cuts into
the affected pleural cavity. This will be overlooked if
someone other than the pathologist eviscerates the body.
Radiography or direct observation of frothy air-filled
intracardiac blood best identifies air emboli in the heart
when the heart is first excised. The examination of the
heart or other blood-filled organs for air emboli while
underwater is impractical and a bloody mess. Air
bubbles in mesenteric and subarachnoid veins are 
nondiagnostic.
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Do

• Perform a complete postmortem examination on all
bodies recovered from the water.

• Remember that the postmortem findings in drowning
are not specific for drowning.

Don’t

• Forget that blood can leach from large wounds in a
body recovered from the water, making the determi-
nation of wound vitality difficult.

• Forget to impound all the scuba equipment in a scuba
death and have the equipment examined by an inde-
pendent knowledgeable expert.

• Fail to consider arterial gas embolism in the sudden
death of a scuba diver.
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Environmental Injury
David Dolinak, M.D.
Evan Matshes, M.D.
Emma Lew, M.D.

One cannot engage in the activities of a typical day
without interacting and being influenced by environ-
mental factors. Many of these factors are considered a
nuisance, and typically cause only a small amount of
morbidity, such as burning one’s finger on a hot pan,
getting rained on, being scratched by a pet animal,
getting shocked while unplugging a toaster, or shivering
during a walk outside on a cold winter day. However,
taken to an extreme, such environmental conditions can
lead to sudden and unexpected death from a lightning
strike, severe burns or smoke inhalation from a house
fire, being bitten by a poisonous or toxic animal, being
stung by a bee or wasp, being electrocuted while at work,
or extremes of hot and cold temperatures. Such seem-
ingly innocuous environmental factors, such as bee
stings that elicit a deadly anaphylactic reaction or a 
devastating lightning strike, may quickly lead to death.

Alternatively, the individual may survive the initial
event, only to eventually die days, weeks, or months
later of medical complications stemming from the event.
The cases and information presented in this chapter are
but a representation of the vast, unending possibilities of
physical and electrical injuries and toxins to which we
may be exposed.

Thermal injury

Fatal thermal injury spans a spectrum of scenarios, from
the elderly person with multiple medical problems who
spilled hot water on himself, resulting in a focal burn
(but with fatal medical complications), to the young, 
previously healthy car crash–related burn victim who
survived in the intensive care unit for weeks before
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expiring, to the severely charred, unidentified torso
found in an intentionally set house fire. The injured
person may die within minutes to hours from his 
injuries or may die days or weeks later of complications.
Death may ensue because of the burns themselves,
smoke inhalation, or some combination of the two.

Depending on how the injury was sustained, fatal
thermal injuries may engender an accidental, suicidal, or
homicidal manner of death. Scene investigation is impor-
tant and is often crucial in determining the manner of
death. If a house fire is determined to be intentionally set
(an arson fire), the death is ruled homicide, whereas 
if the house fire is determined to be the result of an 
electrical event, smoking, heating/cooking equipment, a
portable heater, children playing with matches, or other
unintentional cause, then the death is ruled accidental.
In evaluating those with thermal injuries, one must
attempt to determine whether or not the person was
alive at the time of the fire and what actually caused the
death: burns, smoke inhalation, natural disease process,
injury, drug toxicity, or some combination of factors.
Individuals who survive the initial effects of the burns
will usually succumb to complications of the burns such
as sepsis, shock, electrolyte and fluid abnormalities, and
multisystem organ failure.

The skin is the largest and most recognizable organ 
of the body. The total body surface area burned is best
estimated using the rule of 9s: The head and neck is 9
percent, the chest 18 percent, back 18 percent, each leg
18 percent, and each arm 9 percent of the total body
surface area. Determining the depth of a burn (first
degree, second degree, etc.) is difficult, especially if the
person has undergone treatment and/or has skin
sloughing. Many times, the most that can be said is that
the burn is a “deep burn.”

With any burned body, it is important to determine
whether the decedent was dead or alive at the time of the
fire. It is difficult, if not impossible, to grossly distinguish

antemortem from postmortem burns, particularly in
charred bodies. This issue arises frequently and in 
many different scenarios. Examples of postmortem
burning/charring include homicide victims who are
intentionally set on fire in attempts to destroy evidence,
or victims of car crashes who die immediately from
severe blunt force injuries, only to have the car subse-
quently ignite and become engulfed in flames. Evidence
that the person was alive at the time of the fire includes
soot lining the airways (Image 10.1) and an elevated
blood carboxyhemoglobin saturation. Additional evi-
dence, if the person has lived long enough, is the 
microscopic documentation of an inflammatory reaction
to the burn.

The skin has the highest number of pain receptors of
any region in the body. It is not uncommon to be asked
by attorneys and family members if a person was alive
or not at the time of the thermal injury. If he was alive,
these parties may also ask whether or not the decedent
was conscious while he was burned and, if so, for how
long. The goal of this questioning is to gain a better
understanding of the amount of pain/suffering experi-
enced by the burn victim. Accordingly, autopsy of the
burn victim should be performed with this in mind,
although one must appreciate that these questions some-
times simply cannot be answered with any degree of 
certainty.

Artifacts of thermal injury
It is important to recognize artifactual changes in charred
bodies (fourth-degree burns) that may simulate ante-
mortem injuries. The pugilistic attitude seen in charred
bodies refers to the arched back, elevation of the arms,
and mild flexion of the hips and knees that resemble the
stance of a boxer. This posture is due to heat effect on the
muscles, causing some muscle groups to contract as they
cook or coagulate, pulling the parts of the body into this
characteristic position (Image 10.2). Also, the skin may
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split superficially in areas and resemble incised wounds.
Splits in the abdominal wall allow loops of small bowel
to protrude through the defect (Image 10.3). Charred
bodies will have heat-related changes in the eyes. The
corneas acquire a white translucency and the lenses
become opaque (Image 10.4).

Commonly, one sees artifactual epidural blood. This 
is thought to be due to heat forcing blood out of the
marrow of the calvarium through veins and out over the
surface of the dura. Although epidural blood is often an
artifact, subdural blood is often genuine. Extradural red-
brown heat hematomas have a spongy, foamy appear-
ance (Image 10.5) as opposed to the uniformly smooth,
dark red appearance of an antemortem hematoma
(Image 10.6).

As the body burns, the bones of the extremities
become exposed where the soft tissues have burned
away, and can fracture. The hands may burn down to
small nubs of tissue and the feet may detach (Image
10.7). As the body continues to burn, portions of the scalp
split and burn away, the skull fractures from the heat and

portions fall off, and the brain burns away. The head
does not explode. The brain inside the intact cranium of
a charred body appears swollen with widening and flat-
tening of the gyri and obliteration of the sulci (Image
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10.8). Contrary to popular belief, this is not due to the
creation of steam within the cranium with the expansion
of brain tissue, but rather, the contraction of the coagu-
lating dura against the surface of the brain. The tissues
of the body walls can be burned away, exposing the
organs inside the chest and abdominal cavities. The
exposed organs also become charred (Images 10.9 and
10.10).

Other artifactual changes include fractures of charred
bone, and fine, seemingly random heat fractures of the
calvarium in which the calvarial bone is often friable
with flaking of the outer table of bone. Many times, it
may be difficult, if not impossible, to differentiate
genuine from artifactual fractures of bone, particularly
when it is fragile and fragmented from thermal artifact.

Thermal injury may alter or destroy preexisting
injuries. Heat is known to shrink tissues as the water is
released and the proteins coagulate. Because of this,
gunshot wounds, stab wounds, and other injuries may
be shrunken to a small size, so small that they may be
easily overlooked at autopsy. In homicides, the body
may be intentionally burned in an attempt to cover 
up or destroy the evidence. Despite these attempts,
however, the injuries are oftentimes still identifiable.

Artifact created at the scene includes postmortem
physical trauma or disruption of tissue caused by the
high-pressure water hoses of fire fighters attempting to
douse the fire. Additionally, the remains in a house fire
may be damaged by falling debris from an unstable
structure. A charred body may be inconspicuous, blend-

ing in nearly imperceptibly with the charred environ-
ment or may be underneath other charred debris; it can
be unintentionally stepped on by investigators, creating
artifactual trauma. With increasing severity of thermal
injury, the remains become progressively charred and
friable, and a certain amount of fracturing or separation
of parts of the body can be created by simply moving the
body into a body bag. Fragmentation or fractures may
occur no matter how carefully or gently the body is
removed.

Radiant heat
The woman shown in Image 10.11 fell asleep while sun-
bathing during the summertime while wearing shorts
and socks. Note the darkened skin of the legs reflecting
sunburn. This is generally regarded as a superficial burn.

A more severe burn is on the shoulder and chest of
this individual who was found dead in his residence near
a space heater (Image 10.12). The skin is charred cen-
trally. At the periphery, the skin is variably leathery, dis-
colored, and slipping. This is regarded as a deep burn. It
is very difficult to determine if burns are antemortem or
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postmortem, unless the individual has survived long
enough to have an inflammatory reaction.

Flame burns
This person was in a car crash after which her car became
engulfed in flames. Note the black, crusty charring of the
body (Image 10.13). In cases such as this, the arms and
wrists are often in a flexed position—the aforementioned
“pugilistic” stance—and the legs are flexed. The extrem-
ities are in these positions because the biceps and the
quadriceps are the bulkier, stronger muscles and, when
burned, undergo coagulation and contract with a greater
force than their opposing muscles.

Skull fractures are a known artifact of thermal injury
with charring, but one must always exclude antemortem
injury before ascribing fractures to postmortem artifact.
This middle-aged man was found dead in his burned
house (Image 10.14). A scalp disruption/defect was
identified in the right side of his charred forehead (Image
10.15). Reflection of the scalp disclosed displaced skull
fractures that, when reapproximated, were shown to be
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the result of an entrance gunshot wound (Images 10.16
and 10.17).

In motor vehicle accidents in which the victim
becomes charred, it may be difficult to determine
whether calvarial fractures are antemortem or post-
mortem, particularly if part or most of the calvarium is
burned away and the remaining pieces of calvarium are
flaking and charred. In the case of an elderly man in a
motor vehicle accident (Image 10.18), although much 
of his calvarium was burned away, the cerebral 
hemispheres were largely intact, although they were
shrunken and firm due to thermal artifact. There was
blood in the posterior cranial fossa and along the brain-
stem anteriorly. Note the gaping basilar hinge fracture in

the skull. This fracture is not related to heat artifact,1 as
attested to by the blood in the posterior fossa.

Scalding
Scalding with hot gases or fluids results in desquamation
of the skin and an intense erythema of the exposed areas
(Image 10.19). Scalding by liquids may have a distinctive
or pour pattern over specific areas of the body. The loca-
tion and pattern of the scalded regions may help differ-
entiate between accidental scalding and intentional
scalding (see Chapter 17).

Pseudoburns
A number of conditions can mimic burns. The woman in
Image 10.20 suffered from Stevens-Johnson syndrome
and had an erythematous rash from small blisters that
burst and became focally confluent. The differentiation
between those conditions that mimic burns and true
burns from various agents is inherent in the histories.

Delayed fire deaths
Delayed deaths from burns have many secondary
changes. Thorough documentation of external injury, 
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followed by proper evaluation of internal findings is 
key. Gauze dressings may cover the entire body if 
the burns are extensive. There may be evidence of
debridements, fasciotomies, and application of skin
grafts (Image 10.21). Large areas of desquamated 
skin may involve the palms of the hands and the soles
of the feet (Image 10.22). Internally, consolidated lungs
are a common finding. In the majority of cases, death is
due to infection, however, there is often multisystem
failure, and the cause of death is appropriately summa-
rized as “complications of thermal injuries.” As in 
any fire death, when determining manner of death,
pathologists must communicate with arson investigators
and other fire or law enforcement officers who can con-
tribute valuable information about the circumstances of
the fire.

Caveats for certain types of burn cases
Homicidal
When a charred body is found in a house, field, car 
trunk, or other suspicious locations, preautopsy 
full-body x-rays are useful to identify bullets and
perhaps knife blades because the cutaneous wounds 

will often be obscured by thermal artifact. Despite the
outside appearance of the body, the internal organs are
often well preserved and injury paths are often easily 
followed.

Evidence supporting an arson fire (and homicidal 
designation) may include accelerants detected at the
scene. Related to this, the clothing of fire victims 
should be saved in sealed metal cans for accelerant
analysis. Because accelerants typically rapidly vaporize,
they may be lost if not placed in a sealed, impermeable 
container. Clean, unused paint cans serve this function
well.

Accidental
Accidental deaths from thermal injury often involve
victims of motor vehicle crashes and accidental house
fires (caused by smoking in bed, portable space heater,
etc.). The victim may be intoxicated with alcohol or some
other drug(s).

It is useful to perform posterior neck dissections in
victims of motor vehicle accidents, particularly if the
body is charred and there are no devastating injuries.
This may reveal neck fractures, atlanto-occipital injury,
or other evidence of severe neck flexion/extension or
torsion that was not previously recognized (see Chapters
19 and 29 for more on posterior neck dissection). If a res-
idential fire is at all suspicious, it should be treated as a
homicide to ensure proper evidence collection. If the
manner of death is later determined to be nonhomicidal
in nature, one can choose to turn over noncontributory
evidence to the police for storage or disposal.

Suicidal
Investigate the medical, psychiatric, and social history 
of the victim. Certain cultures and customs engage in
self-immolation (self-burning) as a means of committing
suicide. Self-immolation may be performed as an acute
emotional reaction or by those with a fire fetish or those
who are performing it for idealistic purposes.2 Some of
the victims have schizophrenia.  The person often uses
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an accelerant such as gasoline. Investigators must also
determine if the person has ever threatened suicide or
spoken of burning himself. Suicidal fire deaths are rare
and, as such, before designating such cases as suicide,
homicide and accident must be ruled out.

Cremation

The cremation of a human body requires temperatures
and durations that are out of the range of typical struc-
tural, automobile, or other fires. To cremate a human
body, temperatures in the range of 670 to 810 degrees
Celsius or higher are applied for 2 to 3 hours. Bodies sub-
jected to this degree of thermal exposure will be reduced
to ashes and small, easily fragmentable pieces of calcine,
crumbling bone. Image 10.23 depicts partially blackened
bone fragments from a house fire which did not reach
crematorium temperatures (see Chapters 24 and 26).

Spontaneous human combustion

Spontaneous human combustion does not exist. The
concept had gained acceptance in the past two centuries
(and is perhaps still accepted) to explain fire deaths in
which (classically) the torso and often the head were
burned nearly completely to ashes, whereas the extrem-
ities were often preserved and nearby flammable objects
paradoxically left intact and unburned. The victim was
usually described as an obese elderly intoxicated
woman, and the death always occurred indoors.3,4 In
such cases, there was almost always a greasy film coating
the walls and ceiling of the residence. In all, or nearly all
cases, the victim either smoked a pipe or was near a
flame of some sort.4

Although it may appear as though the body had sud-
denly burst into flames, in the majority of purported
cases, an ignition source could be identified.4 It appears

that after the person is rendered unresponsive (by a
cardiac event, etc.), his or her clothing catches fire and
burns the limited amount of oxygen available in the
room, after which the flame is extinguished, and the
body smolders, feeding off the fat as it melts. This is
known as the wick effect, and is not too dissimilar to the
action of a candle and its wick. This smoldering process
would then cause the deposit of oily film that coats the
walls and ceilings. The smoldering is believed to stop at
the extremity joints, because of reduced fat at these loca-
tions. The smoldering can attain very high temperatures,
as evidenced by the fact that it is not unusual for bones
of the torso to be completely incinerated. The near-com-
plete incineration of the bones may be aided by the fact
that many such victims are elderly and likely have sig-
nificant osteoporosis.4

Identification of fire victims

Identification of fire victims is important, and because of
a lack of recognizable facial features and fingerprints, it
is often dependent on dental x-ray comparison. Other
possible features of identity include unique bodily fea-
tures, tattoos, comparison of body x-rays, old healed
fractures, and DNA (see Chapter 25). Because the body
of a charred person is often fragile and easily frac-
tures/fragments, the teeth and mandible should be
treated with care until x-rays have been taken to secure
a possible identification. Without care and attention, the
fragile teeth and mandible can be easily disrupted, and
the teeth, fillings, or dental prostheses may become dis-
lodged or lost. Because of this, one should be careful
when removing the tongue or using an oscillating bone
saw on the calvarium.

Carbon monoxide

Aside from soot lining the airways, additional clues that
a person was alive at the time of a fire is a bright cherry-
red coloration of the skeletal muscle, viscera, and blood
due to carbon monoxide (CO) inhalation and sub-
sequent elevated blood carboxyhemoglobin level.
Carbon monoxide forms from the incomplete combus-
tion of hydrocarbons during a fire, and it is inhaled if
someone is alive and breathing during the time of the
fire. The blood carboxyhemoglobin level will also be ele-
vated if someone is breathing motor vehicle exhaust
fumes, as in a deliberate attempt to commit suicide. The
carbon monoxide binds to hemoglobin with an affinity
approximately 200 to 250 times that of oxygen, leading
to the formation of carboxyhemoglobin, with impaired
release of oxygen to tissues, and hypoxia at the cellular
level.5 Although the blood is rich in oxygen, the body is
not able to utilize it, and the person dies a chemical
asphyxial death.
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saturation levels in car crash victims tend to be lower,
likely from increased ventilation in an outdoor environ-
ment, often in combination with coexisting physical
injuries that cause a faster death.

Older individuals and those with significant medical
disease (in particular, heart disease) will have less phys-
ical reserve and may succumb to lower levels of car-
boxyhemoglobin saturation—sometimes even at levels
as low as 20 percent. With the previously mentioned
increase of carboxyhemoglobin in heavy smokers, one
must be cautious in the interpretation of mildly elevated
blood levels.6 The presence or absence of soot in the
airways will be an important indicator that the individ-
ual was alive at the time of the fire.

The carboxyhemoglobin saturation level will not be
“artificially elevated” in a dead person simply by being
in or near a fire; that is, carbon monoxide will not diffuse
through the skin or otherwise be absorbed by a dead
body. Likewise, soot will not enter the intact airways of
a person already dead before the fire. The carboxyhe-
moglobin saturation level recorded in the blood reflects
the extent of carbon monoxide inhaled during life. If the
thermal injuries are minimal and the evidence of smoke
inhalation is convincing, the death may be attributed to
“smoke inhalation” or “toxic effects of carbon monox-
ide.” One must also consider the converse—that a person
may have been alive during a fire, yet have normal blood
carboxyhemoglobin saturation levels. This has been
described in flash fire victims.7 The interpretation of blood
carboxyhemoglobin levels, like any toxicology value, must be
interpreted in the context of the entire case. It has been deter-
mined that there is no significant difference in the blood
carboxyhemoglobin levels drawn from peripheral versus
heart sites.8

Carbon monoxide is a colorless, odorless gas. As such,
for safety purposes, one should exercise caution in
scenes that are suspicious for carbon monoxide toxicity.
Two or more people found dead in a residence with no
obvious cause of death is suspicious for carbon monox-
ide toxicity, particularly if the deaths occur as the cold
weather is approaching and residential heating units are
being utilized. It is not uncommon for the rescue or
investigating personnel initially at the scene to complain
of headaches or nausea—symptoms that are often attrib-
uted to carbon monoxide. The scene should be ade-
quately ventilated, and the possible source of carbon
monoxide sought and extinguished.

Hyperthermia

Humans need to maintain their body temperature within
a fairly narrow range to allow for optimal function of
bodily systems. The hypothalamus is the main structure
that regulates heat loss and gain. A very high body 
temperature (hyperthermia) can be fatal. Hyperthermia is

Hyperthermia

The cherry-red coloration is evident in the skin (Image
10.24). The man figured in Image 10.25 died from carbon
monoxide toxicity and is not burnt but covered with
black soot down to the waist.

With the exception of smokers (who may have a base-
line blood carbon monoxide concentration of up to 10 or
15 percent), most individuals who die sudden unex-
pected deaths will have little to no carboxyhemoglobin
in their blood. In deaths due solely to the toxicity of CO,
the blood carboxyhemoglobin saturation levels are gen-
erally in the range of 50 to 80 percent. The higher levels
of blood carboxyhemoglobin (in the range of 70 to 80
percent) are likely to be seen in otherwise healthy people
breathing smoke or car exhaust fumes in an enclosed
environment. Such examples include victims inside a
residential house fire or in a car in an enclosed garage
(such as is seen in a suicide attempt with deliberate
inhalation of exhaust fumes). Because the car exhaust
fumes are also hot, it is not unusual for those found dead
of carbon monoxide toxicity inside a garage to have
thermal-induced slipping of the skin and oftentimes
early decompositional changes despite being dead a rel-
atively short amount of time. Blood carboxyhemoglobin
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more often seen in the summer months in particularly
hot environments, and is more common in those with
less medical reserve such as the young, elderly, and those
with severe medical conditions such as significant heart
disease. In fact, a significant number of heat-related
deaths occurring during a heat wave will not be solely
from hyperthermia, but will result from heat stress
fatally exacerbating underlying significant medical
disease.9 Hyperthermia can also be fatal in healthy
young people, particularly if they are exercising or labor-
ing excessively in a hot environment. Even in fairly hot
environments, the body will often adequately cool itself
down by different means, including conduction, convec-
tion, radiation, and evaporation.10 Although those dying
of hyperthermia usually will have body temperatures of
greater than 105 degrees Fahrenheit,11 the preterminal or
terminal body temperature is often not available, and the
diagnosis of hyperthermia many times is based largely
on scene investigation and the circumstances of the
death. When the body temperature is not available, but
the circumstances of the death suggest hyperthermia,
hyperthermia may be listed as the cause of death or at
least as a significant contributory condition.10,11

Predisposing factors that may limit one’s ability to tol-
erate a hot environment include old age,9 significant
medical disease (particularly cardiovascular disease9),
dementia, obesity, and medications such as antipsy-
chotics and drugs with anticholinergic side effects.12,13

Drugs with anticholinergic side effects such as tricyclic
antidepressants, antihistamines, and chlorpromazine
impair the sweating mechanism and hence hinder the
body’s ability to eliminate heat.14 Diuretics cause volume
depletion, limiting the body’s ability to increase cardiac
output and sweating. Sympathomimetic drugs such as
cocaine, amphetamines, and ephedrine can increase the
body temperature.14 Diabetes (via peripheral neuropathy
and peripheral vascular disease) can limit one’s ability to
peripherally vasodilate and release excessive heat.
Dementia may hinder one’s ability to adequately react to
a hot environment such as taking off excessive clothing,
avoiding the heat, or drinking adequate fluids. The
excessive fat of obese people provides added insulation,
making heat release more difficult. Obese people also
have a higher baseline of heart stress, with resultant
cardiac hypertrophy. The added stress of heat com-
pounds the potential for dysrhythmia or heart failure.
Medical conditions that may cause hyperthermia include
thyrotoxicosis and sepsis, although the body tempera-
tures reached often fall short of those with severe 
hyperthermia.

Because deaths from hyperthermia are due to cardiac
dysrhythmia, seizure, or shock, gross and microscopic
autopsy findings are nonspecific, and those who are
resuscitated die from secondary, nonspecific findings.10,15

One may see skin slippage. Survivors who eventually 
die from complications of hyperthermia will usually

develop disseminated intravascular coagulation, shock,
and multisystem organ failure.16 Those with hyperther-
mia are not uncommonly dehydrated, a finding that can
be detected by vitreous fluid electrolyte and urea nitro-
gen analysis (see Chapter 21).

Infants left in cars
Infants and young children are more susceptible to
developing hyperthermia from a hot environment
because of their reduced capacity for sweating, their
higher metabolic rate, greater thermolability, and larger
body surface-to-volume ratio. Infants left in motor vehi-
cles can die of hyperthermia in a relatively short amount
of time. A car left under full sunshine in the summertime
can rapidly reach very high internal temperatures. In one
study, with an ambient temperature of 98 degrees
Fahrenheit, the temperature inside of cars reached 124 to
152 degrees Fahrenheit within 15 minutes of closing the
doors. Within 5 minutes of closing the doors, at least 75
percent of the final temperatures had been reached.17 In
another study, in cars left in direct sunlight with outside
temperatures ranging from 82 to 97 degrees Fahrenheit,
the temperatures inside of the cars ranged from 82 to 136
degrees Fahrenheit.18 Each circumstance must be 
evaluated individually, for there is sure to be variation in
the rate of internal vehicle temperature rise based on
numerous factors, including the type of car, ambient tem-
perature, and the amount of direct sunlight. What
remains certain is that the inside temperature of a car left
in the hot sun can increase quickly. Most of these
infant/early childhood hyperthermic deaths are classi-
fied as accidental, but consideration may be given to
homicide if it is believed that the caretaker acted with
excessive negligence or disregard for the safety of the
child.

Other medical causes of hyperthermia, such as neu-
roleptic malignant syndrome, serotonin syndrome, lethal
catatonia, and malignant hyperthermia are covered in
Chapter 22.

Hypothermia

The discovery of a frozen body brings with it many chal-
lenges for the forensic pathologist. In addition to the
obvious difficulties of storing and thawing the body, one
is also challenged with an autopsy complicated by freez-
ing artifact and progressively worsening decomposition.
Some pathologists will “miss the big picture” by focus-
ing on the autopsy as a means to certify death while in
reality there are few, if any, diagnostic autopsy clues for
hypothermia. Although postmortem examination is
important, its role is not so much to confirm hypother-
mia, but to rule out natural disease and violence as inca-
pacitating or lethal factors that led to the individual’s
discovery in a frozen state.
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Hypothermia can be subclassified in different ways, the
simplest of which is to divide fatalities into those occur-
ring on land (dry), and those occurring in water (wet 
or immersion hypothermia). In cases of immersion
hypothermia, the individual tends to succumb to the
effects of the cold water more rapidly than on land. They
quickly lose consciousness and drown. The investigation
should determine how the victim came to be in the water.
Because cases of dry hypothermia tend to be more
complex to investigate, they will be the focus of the
remaining discussion. One should note that the princi-
ples that govern dry hypothermia and immersion inves-
tigations are analogous.

The hypothermia scene
Because hypothermia deaths are diagnosed primarily on
circumstantial evidence, investigators must not fail to
appreciate the value of thorough scene investigation 
and documentation. Because the “scene” itself was the
causative factor leading to death, investigators must also
determine what circumstances brought the decedent to
the scene, and whether this was under his or her own
volition. Such determinations are highly case dependent,
but may include such things as characterization of the
place of death (How did the decedent come to die here?
Is it possible that he walked here on his own? Was he
dropped off?); documentation of footsteps/track marks
leading up to the body; thorough documentation of the
presence or absence of trauma visible on the body, or
blood on the clothing or surrounding scene; and so forth.
Image 10.26 is of a 50-year-old alcoholic man who was
found frozen in an open field. Investigation revealed he
had walked away from home in a drunken and disori-
ented state, eventually collapsing in this position.

Although we advocate for thorough documentation of
the body at all death scenes (see Chapter 2), it is doubly
important in cases of hypothermia because of artifactual
distortion that will result because of the freezing and
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thawing process. In the course of freezing, water
expands and therefore alters cells, tissues, and even the
gross appearance of the body. For example, some dece-
dents may appear much older than their actual age. Fol-
lowing this, the process of thawing in the morgue is slow
and occurs at differential rates for different parts of the
body. As such, some areas of the body will be starting to
decompose, dry, and even mummify while others remain
frozen. This freezing–thawing–decompositional artifact
can markedly affect the appearance of markings and
wounds on the body. Therefore, the most accurate rep-
resentation of injuries will be at the time of body dis-
covery, before the body undergoes this process.

Archetypal features of the hypothermia scene
Rarity aside, two features of hypothermia death scenes
have been cited in the literature: terminal burrowing behav-
ior (also known as hide and die syndrome) and paradoxical
undressing. Terminal burrowing behavior has been
described as a perimortem act by the disoriented, dying
hypothermia victim, who while attempting to protect
himself from the cold, might attempt to burrow into
snow, brush, or other constituent of the environment,
and even under or within furniture if indoors.19–21

Although this has been reported as a relatively frequent
occurrence (as common as 25 percent of all cases),19 our
experience shows it to be a far more rare event. Similarly,
paradoxical undressing is a perimortem act in which the
victim removes his clothing,22–24 reportedly as a physio-
logic failure of vasoconstriction where warm blood is
allowed to flow back to the frozen skin, bringing with it
a hot or burning sensation.25 The literature reports para-
doxical undressing as occurring in 50 percent26 to 70
percent23 of cases; our experience differs in that we have
discovered this phenomenon with much less regularity.
Common or not, one must be aware of this phenomenon
because the scene of an undressed hypothermia victim
can appear very suspicious. Investigators must caution,
though, against treating cases of a naked frozen body as
“not suspicious” based solely on the possibility that
paradoxical undressing has occurred.

Autopsy findings
Some of the literature suggests that autopsy-based find-
ings can be diagnostic of hypothermia26,27 when in fact
the diagnosis of fatal hypothermia is primarily based on
circumstance investigation. The role of the autopsy is to
rule out other causes of death, to collect evidence as nec-
essary, and to contribute to the identification process.
Over time, a few physical findings have been noticed
with increased regularity among hypothermia victims.
Although none of these should be treated as diagnostic,
they are supportive of circumstantial findings of a “body
exposed to a cold environment.” Wischnevsky’s gastric
lesions are simply gastric erosions, ulceration, and 
hemorrhage discovered in the context of a hypothermia
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death (Image 10.27).26,28,29 Takada et al. report locating
this finding in approximately 88 percent of their studied
hypothermia deaths, and report their pathophysiology
as “a deterioration in the response to cold stress caused
by local ischemia and reperfusion after microcirculatory
collapse of the gastric mucosa.”29

A supportive finding is purple or violet patches of
skin, usually found on the extremities (Image 10.28).26,28

Although these can be artifacts of refrigeration, their
presence on a body found frozen outdoors is supportive
of the hypothermia diagnosis. Along with this finding,
one might infrequently notice that the coloration of the
dependent lividity has changed to a bright pink or red,
similar to that found in carbon monoxide toxicity or
cyanide poisoning.30

Although some authors have developed complicated
biochemical methods to diagnose hypothermia31,32 and
have even studied the difference in the color of blood
from the right and left ventricles,27 we maintain that 
the most practical and useful aspects of examination 
of the hypothermia victim are a thorough and well-
documented investigation of the scene, personal and
social histories, and other circumstantial information.

Practical hint: It is (obviously) impossible to autopsy
a frozen body, and allowing it to thaw in a cooler can
take days or even weeks. We have found that placing the
body on a stretcher at room temperature, and allowing
an oscillating fan to blow on it for 1 to 2 days, helps to
promote rapid and uniform thawing of frozen remains.

Electrocution

Electricity-related deaths result from an overwhelming
transmission of electrical current to the body, most com-
monly causing ventricular dysrhythmia. Electrocutions
can be challenging cases to solve and usually require

detailed investigation to determine how and why an
individual became electrically energized. In some cases,
the assistance of an electrical engineer or person trained
in another electrical field is desirable to help with the
examination of a power tool or other electrical device.
Older or poorly maintained electrical devices are often
suspect, because they are prone to develop defects in
their circuitry over time. As more and more modern
homes become equipped with ground fault current inter-
rupters (GFCIs) and tools and work environments are
made safer, electrocutions should become less frequent.

Although most people are familiar with the term volts,
a volt simply is a measure of electromotive force in a
system. It is the amount of current flow per unit time, or
amperes, that is the single most important factor to con-
sider in human electrocution. How does the amount of
amperes correlate with human symptoms and death?
The following approximations for 60-hertz alternating
current in humans is generally accepted: An ampere of
0.001 gives a barely perceptible tingle. An ampere of
0.020 can cause muscular paralysis. An ampere of 0.100
can cause ventricular fibrillation, and an ampere of 2.000
can cause ventricular standstill.33 Most electrocutions
involve alternating current.

The electrical burn
Electrical burns arise if the temperature of the skin is
raised long enough to produce structural damage to the
skin. Oftentimes, one sees typical electrical burns only in
high-voltage electrocutions (greater than 600 to 1000
volts).33 One of the reasons that electrocutions can be
challenging deaths to identify is that in about one-half of
low-voltage electrocutions, there are no electrical burns or
other autopsy findings to suggest electrocution.33 Because res-
idential houses are approximately 120 volts, one may not
see skin burns, and scene investigation is the key to the
diagnosis. Hence, if the circumstances at the scene are
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not obvious, and an electrocution is not suspected, a low-
voltage electrocution can be easily overlooked. This is
particularly true in watery environments, such as in
bathtubs, where cutaneous burns are rare because the
water in the tub provides an energization of the body
that is too diffuse to cause focal electrothermal skin
damage.34 The same principle holds true for deaths in the
rain or swimming pool, where water greatly reduces the
skin’s resistance to electrical current.

Symptoms in electrocution
Electrocution should be suspected in all work-related
deaths and in all deaths in which an individual was
either using a power tool or machine or was around an
electrical device. The victim may be witnessed to have a
variety of responses on being electrocuted. He may shout
out from the trauma of the shock, but other times may
simply be witnessed to walk around for 5 to 10 seconds
while in ventricular fibrillation and then collapse.
During this time, he may even state that he was shocked.
Alternatively, he may simply slump or collapse and be
unresponsive; whatever the individual’s response, it
occurs within seconds of the event.

The electrocution scene
Death investigators should approach the scene carefully
to avoid additional electrocutions, particularly in haz-
ardous and watery environments. Many times, the elec-
tricity will already have been turned off, but one should
be sure to verify this. Approaching the scene and body
carefully is prudent if electrocution was not previously
suspected in the case and if the electrical hazard is still
active. The investigation of electrical burns should
involve an attempt to discover the point of contact with
the energized source and the point of contact with the
ground. In each case, one must appreciate how the elec-
trical circuit was completed from the source, through the
victim, and to the ground. The clothing should be exam-
ined carefully for burns, areas of melting, or other evi-
dence of thermal damage that represents points of
contact with an electrically charged object.

The man shown in Images 10.29 through 10.31 was
electrocuted while at work. Note the electrocution burn
on the palm of his left hand (Image 10.29). On micro-
scopic examination, note the bubbly coagulation necro-
sis of the epidermis (Images 10.30 and 10.31). Image
10.31 shows a small amount of dark material on the
surface of the burned skin. Sometimes, small particles 
of metal from the conducting surface will become
deposited on the skin at the contact site. This may help
in relating the potential source of electricity to the contact
site on the body; however, such metallic material may
also become deposited on the skin if the metal object is
hot or from simple contact between the metal part and
the skin.34 Although a “streaming” appearance of cells
and their nuclei in the epidermis has been advocated as
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distinct in electrocution burns, similar appearances have
been noticed in thermal injury from other conditions.34

Although this histologic finding is supportive of an elec-
trical contact site, it is not considered diagnostic of an
electrical contact site.
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Principles of investigating electrocutions
Investigation of an electrocution begins with the scene,
continues to the autopsy, and also includes the tools,
appliances, or machinery involved in the incident. In this
example (Images 10.32 and 10.33), a telephone worker
was electrocuted while using an electric drill on a non-
insulated cherry picker. Meticulous investigation dis-
closed a series of technical failures that allowed the
electrocution to occur. The initial failure was in the drill
where repeated bending led to stress fatigue of the mul-
tistrand wiring, and eventual continuity between ener-
gized strands and the ground wire strands. The GFCI
had a broken internal ground, and the selenium diode
rectifier had heated, failed, and disintegrated. The drill
was radiographed to demonstrate broken wires (Image
10.32). The insulation had melted off and the wire
strands inside the green ground wire had broken off and
fused (Image 10.33).

Remember to examine the entire body carefully (front
and back) in suspected electrocutions for electrical burns
where the current entered and exited the body. Particu-
larly careful attention should be directed at the hands,

especially the fingers. Also be sure to examine the feet
and the shoes for evidence of electrical burns.

Lightning strike
Lightning strikes are high voltage—often in the range of
100,000 volts. When lightning strikes a person, the results
are often devastating, and quickly fatal, although some
victims survive. When examining the body, one should
seek out the entrance and exit sites of the current. As the
exit site is often in the feet, the lightning strike may rip
apart a shoe, melt it, or blow it off the foot. Articles of
clothing may be found some distance from the body
(Image 10.34). All articles of clothing should be carefully
examined for areas of burning, melting, and tearing.
Additional findings on the body may include singed hair
and burn marks underneath metal articles of jewelry.
Lightning strikes are often not witnessed, because many
involve people in remote areas or people in relatively
populated areas in which the other people have taken
shelter. If a lightning strike is suspected, but not wit-
nessed, information on lightning strikes in the area can
be obtained from the National Lightning Detection
Network35 or from local weather stations.

This victim of a lightning strike (Image 10.35) sur-
vived for a short amount of time in the hospital until his
death. Note the extensive electrical burns over his torso.
In lightning strikes, also look for ruptured tympanic
membranes and Lichtenberg figures.35 A Lichtenberg
figure, also known as ferning or keraunopathy,36 is a short-
lived branching fern-like arborizing pattern of skin dis-
coloration sometimes seen in lightning strikes. They 
are transient and usually disappear within 24 hours.
Although they are associated with lightning strikes, and
are even considered pathognomonic of lightning strikes,
they are not fully understood. Lichtenberg figures may
be due to necrosis and hemolysis of erythrocytes with an
accelerated development of lividity.33
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Chemical burns

Chemical burns are uncommon. When they do occur,
they cause skin damage that can lead to significant mor-
bidity or death.

This elderly woman (Images 10.36 and 10.37) was
cleaning her house when she slipped and fell in dilute
household liquid bleach solution (sodium hypochlorite).
She was not able to clean herself off right away and was
eventually hospitalized for cutaneous chemical burns
from the bleach. She died 2 weeks later. Note the chem-
ical burns over most of her back and right side (Image
10.36). On microscopic examination, note the necrosis in
the epidermis and dermis (Image 10.37).

This body (Images 10.38 and 10.39) had a bleach solu-
tion poured on and around it in an attempt to clean up
blood after a shooting. Note the irregular maroon chem-
ical cutaneous burns over the back. One can also see a
horizontal patterned chemical burn mark in the area of
the waistband of his shorts.

Lesions caused by bleach are due to its alkalinity and
its oxidoreduction abilities, which cause coagulation of
cutaneous proteins.37 Bleach burns tend to develop
slowly and are worsened if the bleach is not cleaned off
the skin in a timely manner.37 Because they do not imme-
diately cause pain, the severity of the burn depends
largely on the duration of exposure/contact.
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Anaphylaxis

The term anaphylaxis denotes an acute immunologic reac-
tion characterized by cutaneous, gastrointestinal, respi-
ratory, and cardiovascular signs and symptoms that can
rapidly progress to shock and death. The postmortem
diagnosis of anaphylactic deaths usually requires suspi-
cion gleaned from the circumstances of the death,
because autopsy findings are often inconspicuous.
Because of this, some anaphylactic deaths, like certain
toxic/drug-related deaths, may be undetected. Anaphy-
lactic deaths are caused by a severe reaction to a variety
of stimuli from many etiologies including insects (such
as bees, wasps, and fire ants), ingested foods (such as
peanuts or seafood), medications (such as penicillin), or
radiologic contrast agents. The allergic reaction may
result in symptoms such as hypotension, bronchospasm,
airway obstruction, and shock.38 At autopsy, one may see
insect stingers in the skin, or swelling and erythema at
an insect bite/sting location. One may also see findings
such as laryngeal or epiglottic edema, and mucus plug-
ging in the bronchi. Histologic examination may reveal
tissue edema with mast cells and eosinophils. However,
many times an anaphylactic death is due to rapidly
developing shock rather than asphyxia and, therefore,
there may be little time for tissue reaction and no signif-
icant findings at autopsy.38 In diagnosing an anaphylac-
tic death, it is necessary to synthesize information
compiled from the circumstances of the death, the
person’s medical history, and blood testing, in the
absence of a more convincing cause of death.

Testing for anaphylaxis
During an anaphylactic reaction, blood levels of tryptase
(released from mast cells) and histamine will rise, but
their increase is transient, not necessarily specific, and
may be delayed in onset.39 Tryptase is a neutral protease
that is present in secretory granules of mast cells and is
released when mast cells are immunologically activated.
Tryptase has a half-life of approximately 2 hours and
tryptase levels correlate well with mast cell activation in
anaphylaxis.40 Postmortem blood testing for histamine
and tryptase may be helpful, but the results are often
equivocal and nonspecific. Histamine has a particularly
short half-life (on the order of minutes), adding to its
unreliability.40,41 Testing for IgE antibodies (allergen-spe-
cific immunoglobulin E antibody levels) directed against
the offending agent is more specific. Postmortem blood
testing for IgE antibodies is available for a host of aller-
gens, including bee stings,42 fire ant stings,43 and other
insects44,45 and foods.46 One should keep in mind that an
elevated IgE antibody level merely indicates prior expo-
sure/sensitization to the allergen45 and is not necessarily
diagnostic of an acute allergic reaction. An elevated IgE
antibody level does not by itself directly prove that death

was due to anaphylaxis.44 However, when coupled with
an elevated tryptase level (which is sensitive for an acute
allergic reaction), the two values, interpreted in the total
case context, may provide strong evidence of an acute
anaphylactic death. However, in select severe anaphy-
lactic deaths in which death occurs very rapidly (in
minutes), the tryptase level may not have sufficient time
to be significantly elevated and may paradoxically
appear at a near-normal level.44

Most cases of fatal anaphylaxis occur with exposure
to certain foods or other ingested substances. Among the
most common food allergies are peanuts and shellfish,
but anaphylaxis may occur with virtually any food. Spe-
cific testing for food-related IgE is available for many dif-
ferent foods. In select cases, one may wish to impound
and save unconsumed portions of food eaten by the
victim for the purpose of creating a custom reagent to
search for food-specific IgE antibodies unique to the
case.46 The term exercise-induced anaphylaxis (EIAn) has
been applied to those developing a hypersensitivity reac-
tion following strenuous physical activity.47 Many cases
of EIAn follow the consumption of food containing an
allergen-specific IgE, and the anaphylactic event is
believed to result from a synergism of a food reaction
and exercise.47 Fatal anaphylaxis may also occur in reac-
tion to medications, intravenous contrast dye solution,
and other medical diagnostics/treatments. The most
common medication allergy is to penicillin.48

If one does not consider an anaphylactic reaction at
the time of autopsy, or even days, weeks, or months later,
all is not lost, because delayed analysis of IgE appears to
be fairly reliable.44 When stored at -20 degrees Celsius or
colder, IgE has shown to be stable for at least 12 months,
even after four freeze–thaw cycles.49 The levels of
tryptase, however, appear more labile (and, hence, less
reliable) with prolonged storage and have been shown
in some cases to increase with the postmortem interval.
A significantly elevated tryptase is probably best viewed
as supportive, but not diagnostic, of an anaphylactic
reaction.39 In addition to the nonspecificity of the serum
tryptase level, one report indicates that serum IgE may
be elevated in the setting of trauma, sepsis, and other
nonatopic conditions and that both tryptase and IgE
increase with the postmortem interval.50

In a large number of cases, the diagnosis of fatal ana-
phylaxis remains challenging. Such cases require
detailed scene investigation and medical history, and
careful consideration of the entire case, including
autopsy findings (gross and microscopic), toxicology
results, and serum tryptase and IgE levels to arrive at a
conclusion that anaphylaxis is the cause of death. One
should not rely solely on blood testing results, which
may yield potentially deceiving information when inter-
preted in isolation. Also, the magnitude of the IgE anti-
body elevation does not necessarily reflect the risk or
severity of anaphylaxis, which also depends on the
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quantity of allergen obtained, its distribution in the body,
the body’s response, and the promptness of medical
therapy. Allergic reactions are unpredictable. A previ-
ously treatable mild to moderate allergic reaction may,
on reexposure, be refractory to medical therapy and
prove deadly.

A man who was allergic to mangoes decided to eat one
anyway (Image 10.40). He started to have difficulty
breathing, collapsed, and died. Compare the swollen
edematous tongue of the man who ate the mango (top)
to the normal tongue from a man dying of atherosclerotic
heart disease (bottom).

Hymenoptera and venom-related 
deaths

The term hymenoptera encompasses a variety of stinging
insects, including honey bees, Africanized honey bees
(“killer bees”), wasps, yellow jackets, hornets, and fire
ants that together cause between 20 and 50 deaths annu-
ally in the United States.43 Both allergic and toxic reac-
tions can be fatal. The venom contains the enzymes
phospholipase A2 and hyaluronidase, and vasoactive
amines such as histamine and dopamine. The venom
also contains a melittin protein that hydrolyzes cell
membranes and a protein called peptide 401 that triggers
mast cells to degranulate.42 Regarding honey bee stings,
the venoms of the Western honey bee and the African-
ized honey bee are of comparable toxicity. Toxic enveno-
mations occur with massive envenomation from
numerous stings and are caused by the direct toxic
effects of the venom. It has been estimated that between
500 and 1,500 bee stings can provide a lethal dose of
venom in an adult.42 Anaphylactic reactions involve a prior
sensitization to the toxin via a previous sting, and may
be manifest as an immediate hypersensitivity reaction
characterized by the rapid onset of urticaria, hypoten-

sion, dyspnea, and shock occurring within minutes of 
a sting.

Insects are the second most common cause of fatal
anaphylaxis in the United States. Deaths due to toxic
envenomation involving hundreds or thousands of
stings are much less common; however, the initial symp-
toms can resemble anaphylaxis because of the vasoactive
amines present in the venom. With large envenomations,
one may develop hemolysis, rhabdomyolysis, and hepa-
tocellular and myocardial necrosis, leading to shock and
death. In contrast, those allergic to the toxin may develop
anaphylaxis and possible death following a single sting.
Most deaths related to bee stings are the result of ana-
phylaxis. Excluding anaphylactic reactions, a single sting
will not inject sufficient toxin to produce a systemic toxic
reaction. A single sting, can, nonetheless prove fatal if 
it occurs in the mouth, tongue, or throat and causes
enough local tissue swelling to cause acute airway
obstruction. This could occur if a bee settles on food or
in a drink and is swallowed.

At autopsy, careful external examination may reveal
one or more stingers from the honey bee remaining par-
tially or fully lodged in the skin. Even if no stingers are
found (as is the case most of the time with wasps and
hornets whose stingers do not usually detach) and there
are no areas of local tissue reaction, scene investigation,
medical history, and other information should alert
medical examiners to the possibility of an anaphylactic
death. Bee or other insect stings should be considered in
the sudden, unexpected, and unexplained death of an
individual, particularly if occurring outdoors, in the
summer months, or in the vicinity of such insects or
nests. In this scenario, it is advantageous to obtain a
serum tryptase level and an analysis of IgE to bee venom
(or wasp venom or any other suspected insect venom).
Elevated levels of both the tryptase and IgE antibody are
indicative, under the appropriate circumstances, of an
anaphylactic death.42

Deaths from insect stings appear to be more common
in young children and older adults. The reason for this
trend is unknown, but may be related to the smaller
diameter of the airways in young children, which can
more readily lead to respiratory compromise due to
bronchoconstriction and/or obstruction with mucous
secretions. Older adults may be more susceptible
because of underlying heart disease and an inability to
tolerate extremes of physiologic stress.

Wasp sting
A middle-aged man was stung by a wasp in his residence
a few weeks before his death. He developed a rash that
eventually subsided. On the day of his death, he was
dressing when he was again stung by a wasp. Soon after,
he told his wife that he was having a reaction to the sting.
He then collapsed, seized, and became still. Although he
received prompt emergency care, he died.
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At autopsy, he appeared fit, and had no rash, identifi-
able insect sting, or any other cutaneous lesions. Inter-
nally, there was no swelling of his pharyngeal tissues.
Microscopically, there were no mast cells or eosinophils.
Serum testing revealed a total tryptase level of 87ng/mL
and a beta-tryptase level of 23ng/mL (normal
<1ng/mL). Two types of serum tryptase are measured:
alpha tryptase and beta tryptase. Alpha tryptase is the
form predominantly in blood at baseline, whereas beta
tryptase is the predominant form increased during sys-
temic anaphylaxis.40,51 A beta tryptase level >10ng/mL in
postmortem serum is required before considering ana-
phylaxis as a cause of death. In this case, serum mea-
surement of an allergen specific to IgE wasp venom was
“highly positive.”

Considering the circumstances of the death and the
serum studies, his cause of death was listed as “anaphy-
laxis due to wasp envenomation.” It is interesting that
had the history not been provided, considering the
absence of any cutaneous lesions and no pharyngeal
tissue swelling, anaphylaxis would not have been con-
sidered as the cause of death.

Animal venom-related deaths
Pit vipers (rattlesnakes and other crotalids)
Snakes use their venom to kill their prey and also to aid
digestion. The venom of rattlesnakes and other crotalids
(cottonmouth, copperhead) contains enzymes that
possess cytotoxic, hemorrhagic, and neurotoxic proper-
ties. Proteolytic enzymes such as collagenase and
hyaluronidase result in marked swelling and local tissue
necrosis at the envenomation site. The venom also con-
tains phospholipases and proteases that cause additional
tissue necrosis. The affected limb may develop compart-
ment syndrome. Severe envenomation may lead to pro-
gressively worsening shock and multisystem organ
failure in the ensuing hours to days, and may eventually
cause death.52

Coral snakes
A smaller number of deaths have been associated with
coral snakes compared to the pit vipers. The venom of
coral snakes has not been extensively studied, but is a
neurotoxin, causing curare-like effects on the neuromus-
cular junction, and neurologic symptoms such as weak-
ness, paresthesias, diplopia, and slurred speech. The
venom may produce paralysis and act centrally on the
respiratory center causing respiratory paralysis and
death. Unlike the pit vipers, the venom contains little or
no proteolytic cytotoxins and produces comparatively
little local tissue reaction.52

Brown recluse spider
The venom of the brown recluse spider contains
hyaluronidase, alkaline phosphatase, and sphingomyeli-
nase D, which cause local tissue necrosis as well as
hemolysis.53,54 Secondary to these substances, within a

week, the bite mark classically develops a necrotic ulcer
surrounded by extensive sloughing and necrosis of fat.
In some cases, necrotizing fasciitis of varying severity
may ensue.53 In most cases, systemic manifestations are
mild and self-limited, however, in some cases may
include fulminant intravascular hemolysis and dissemi-
nated intravascular coagulation. Hemolysis may lead to
hemoglobinuria, renal failure, shock, and death.52,54

Bites from a wide variety of different insects may have
a surprisingly similar appearance, and if the insect is not
seen when it bit the person and is not subsequently avail-
able for identification, one may not be able to classify the
death as anything more specific than “insect bite.”
However, specific tests that utilize enzyme-linked
immunosorbent assay (ELISA) are available for detect-
ing the venom from a brown recluse spider bite.55,56 The
highest yield tissue sample for the venom is the skin
tissue at the bite location, where venom has been
detected at least 7 days after the bite.55 The skin tissue at
the bite site should be preserved by freezing prior to
testing.

Black widow spider
The venom of the black widow spider contains the neu-
rotoxin alpha-latrotoxin, which acts on the presynaptic
membrane, causing the opening of nonspecific cation
channels and resulting in an increase in neurotransmit-
ter release and a decrease in neurotransmitter reuptake.
Symptoms are related to dysfunction of the autonomic
nervous system and include nausea and vomiting,
hypertension, sweating, and tachycardia. With support-
ive therapy, these bites are rarely fatal. They may,
however, prove fatal with large envenomations in infants
or elderly people with heart disease. A possible distin-
guishing feature is that the area of the bite may develop
a “target-like” lesion.52

Scorpion
There are many species of scorpion, but only Centruroides
exilicauda, found in Mexico, Arizona, New Mexico, and
Texas, possess venom potent enough to cause systemic
toxicity. The venom acts at ion channels on neurons,
causing massive release of neurotransmitter. The victim
may develop a hyperadrenergic state followed by
hypotension and shock, and possibly death. Tissue
necrosis is notably absent, due to the lack of proteolytic
enzymes in the venom.52

Do

• Be aware of the artifacts that can result from thermal
injuries, particularly when the body is charred.

• Treat suspicious burn injury/charred body cases as
homicides with the appropriate performance of x-rays
and collection of evidence.

• Consider electrical injury when the circumstances are
appropriate, even if there are no recognizable electri-
cal burns.
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• Realize the subtlety of autopsy findings in anaphylac-
tic deaths and the importance of medical history and
scene investigation in such deaths.

• Be careful to take into account the scene investigation,
medical and social histories, and autopsy findings
when interpreting a blood carboxyhemoglobin satu-
ration level.

• Anticipate that identification, cause of death, manner
of death, and whether or not the person was dead or
alive at the time of burning will be issues in the
autopsy of a charred body.

Don’t

• Forget about the blood tests that are available in sus-
pected anaphylactic deaths, including tryptase and
IgE analyses.

• Forget to place clothing of a suspected arson case or
any other case in which accelerants may have been
used, in clean, sealed metal cans.

• Forget conditions that may predispose one to fatal
effects of hyperthermia, such as heart disease, demen-
tia, old age, and medications.

• Negate the importance of scene investigation in cases
of fatal hypothermia.

• Forget that one may die of anaphylaxis, yet have a
negative autopsy and microscopic examination.
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Motor Vehicle Collisions
Dwayne A. Wolf, M.D., Ph.D.

11

The ubiquitous nature of motor vehicles in today’s
society is reflected in the practice of forensic pathology
in that the majority of accidental deaths in most juris-
dictions result from collisions involving cars, sport utility
vehicles, trucks, and motorcycles. In 2001, highway fatal-
ities accounted for 41,821 deaths in the United States.1

Autopsy examination of motor vehicle fatalities has
several objectives. First, autopsy may help determine,
deny, or confirm facts of the crash. For example, are

injury patterns consistent with driver versus passenger?
In automobile–pedestrian crashes, was the pedestrian
struck from the front, rear, or side? In automobile–pedes-
trian crashes, was the pedestrian struck by the vehicle or
run over by the vehicle? Other reasons for autopsy exam-
ination of vehicular deaths include, but are not limited
to, the following: toxicological examination, determina-
tion of preexisting diseases that may have impaired the
driver’s ability to navigate the roadway, determination
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of injury patterns with an eye to assessment of efficacy
of vehicle safety features, and collection of trace evidence
(e.g., paint chips) or documentation of patterned injuries
in hit-and-run fatalities.

Death certification in motor vehicle 
accidents

The manner of death in motor vehicle crash fatalities is
classified as accident by convention.2 Exceptions include
cases where clear evidence indicates that intentional
actions on the part of the driver (or pedestrian) led to the
fatal outcome. Thus, if a pedestrian is intentionally run
over by the driver of a car, the case may be properly clas-
sified as a homicide. Alternately, if a pedestrian inten-
tionally dashes into the path of a moving vehicle, the
case may be properly classified as a suicide. Of course,
reliable evidence (including witness statements) is 
generally required to classify manner in one of these
“unconventional” ways. Classification of motor vehicle
fatalities as accidental does not affect the ability of the
courts and legal system to prosecute cases as various
degrees of manslaughter or homicide. For example,
drunk drivers are frequently prosecuted for vehicular
homicide when the corresponding death certificate lists
the manner of death as accident. See Chapter 30 for more
information.

The 24-year-old man of Images 11.1 through 11.3 was
the driver of a small sedan that was witnessed to be
driving erratically at a high rate of speed. Moments later,
the car was impaled on the rear end of a slower moving
tractor trailer. Although a cause of death, blunt craniofa-
cial trauma, was clearly evident on external examination
(Images 11.1 and 11.2), a complete autopsy was per-
formed. In addition to confirmation of the fatal injuries,
a previously undiagnosed cerebellar primitive neuroec-
todermal tumor was identified. Note the variegated red

to yellow lesion infiltrating the right dentate nucleus and
surrounding white matter in Image 11.3. Toxicology tests
were negative. Thus autopsy was able to provide at least
one possible explanation (seizures or altered conscious-
ness) for loss of control of the vehicle.

The 34-year-old pedestrian of Images 11.4 through
11.6 was struck by a pickup truck on the inside lane of 
a six-lane highway. Multiple witnesses described eva-
sive maneuvers on the part of the vehicle, as the pedes-
trian ran from right to left, paused momentarily then
darted back toward the truck. Witnesses indicated that
the pedestrian “rolled” off the side of the truck. Multiple
thoracoabdominal and extremity injuries were predom-
inantly on the left side of the body. The left tibia and
fibula were fractured and the fractured ends protruded
through a laceration on the medial aspect of the left leg
(Image 11.4). Patterned abrasions corresponded to glanc-
ing impacts with trim on the truck (Image 11.5). The
pickup truck had no indication of frontal impact with the
pedestrian, but cloth swipe marks were on the right side
of the truck (Image 11.6) above the rear wheel well. Sub-
sequent investigation revealed that the pedestrian had
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been despondent over the breakup with his wife. The
manner of death was classified as suicide.

Motor vehicle crash scenes
Motor vehicular crash fatalities present an abundance of
blunt force injuries for the pathologist. The injuries are
frequently patterned and often distributed in character-
istic ways depending on the circumstances and nature of
the crash. A goal in the autopsy of a crash fatality is to
correlate known circumstances of the crash with injuries
sustained by the driver, passenger, or pedestrian in order
to corroborate (or refute) witness statements. This serves,
along with other physical evidence, to clarify or bolster
arguments in civil or criminal proceedings regarding cir-
cumstances of the crash. Witness statements are gener-
ally accurate in broad terms, but frequently differ and
conflict in various details. The details may be of minor
or major significance. Moreover, autopsy findings 
may be misleading in the absence of adequate scene
information.3

A pedestrian was struck by a motor vehicle at a busy
intersection. His legs were fractured at a height corre-
sponding to the bumper of a small sedan (Image 11.7).
The patterned injury on the left shoulder bore a striking
resemblance to the logo of a popular small vehicle
(Images 11.8 and 11.9). Although the etiology of the 
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patterned injury is obscure, clear evidence at the scene
indicated that he was struck by a different brand of 
car, confirming multiple eyewitness accounts. Therefore,
scene evaluation prevented overinterpretation of a
unique patterned injury at the autopsy table.

A 46-year-old man was last seen by his brother the
prior evening, driving away from his brother’s home. He
and his car were found in a ditch the next morning by a
passing motorist. Skid marks leading from a straight-
away, across the roadbed (Image 11.10) at the curve 
and across the shoulder (Image 11.11) into the ditch
(Image 11.12) indicated that the decedent was traveling
at an excessive speed, applied brakes prior to the curve,
skidded sideways, and plunged into the ditch. Evidence
of impact against the windshield and steering wheel cor-
responded to forehead injuries and a C4 fracture, and
aortic laceration, respectively. The rubberized brake
pedal presented a series of vertical ridges (Image 11.13),
corresponding to markings on the sole of his left shoe
(Image 11.14).

High–speed, single-vehicle crash scene
A group of four youths were in a sports car, drag racing
on a city street. The driver lost control, skidded for an
extended distance, and then collided with fixed objects.
Analysis of the scene clearly indicated that the vehicle
was traveling sideways as it crossed the curb since the
width between the two sets of skid marks is wider than
the width of the car (Image 11.15). An oval skid mark on
the porch marks the impact site with a tire, with the 
tire impacting sideways (Image 11.16). The vehicle then
impacted a tree and split into two pieces. One decedent
and the front half of the car were on one side of the inter-
section (Image 11.17, note decedent covered with yellow
cloth; Image 11.18, front of the car). The rear half of the
car was on the opposite side of the intersection (Image
11.19). The second decedent was deposited within the
intersection (Image 11.20; note decedent covered with
yellow cloth at the curb). Vehicular fragmentation and
the lack of any patterned injuries precluded determina-
tion of which decedent, if either, was driving. Surpris-

11.9

11.10

11.11

11.12



Motor vehicle crash scenes 263

11.13

11.14

11.15

11.16

11.17

11.18



Motor vehicle collisions

ingly, the other two occupants survived. However, their
statements conflicted with regard to occupant positions
within the car.

Injuries sustained in motor vehicle 
crashes

Analysis of injury patterns and types in motor vehicular
fatalities sometimes allows conclusions regarding the
mechanism of injury, i.e., that impact with a specific
object created a certain injury, that the specific direction
of forces caused a certain injury, and so forth. Although
certain types of injuries occur with greater frequency in

certain types of crashes, specific injuries are not exclu-
sive of one type of crash. Injuries are classified here both
according to type of crash, as well as injuries caused by
particular mechanisms. Many of these topics overlap—
obviously, injuries such as windshield injuries may be
seen in an occupant of a vehicle, as well as in a pedes-
trian struck by a vehicle.

Glass injuries
Much of the interior compartment of modern motor
vehicles is surrounded with glass. Impact with glass and
fragments of glass may produce characteristic injury pat-
terns and distribution of injuries.

The windshield of modern vehicles consists of two
panes of glass that are laminated to either side of a rela-
tively flexible sheet of plastic. This construction is meant
to prevent the windshield from completely fragmenting
when damaged (such as is common in highway driving).
However, this construction also limits the likelihood that
occupants will penetrate into or through the pane during
a crash.

As a result of the relatively impenetrable nature of
windshields, occupants who impact the glass may 
break the outer glass layers, deform the plastic layer, 
and sustain only relatively minor incised wounds. These
are typically vertically oriented and clustered on the
forehead.

Conversely, if the windshield is penetrated, the pene-
trating body part (typically head or neck) may sustain
deep incised wounds as it bobs against the broken edge
of the glass. The 29-year-old driver of this small sedan
(Image 11.21) collided head-on with a full-sized pickup
truck (Image 11.22). His head and neck perforated
through the windshield. Blood and brain matter were
visible on the intact windshield remnant (Image 11.23),
and deep incised wounds were on the forehead (Image
11.24). Note the hesitation-like marks on the edges of the
wound, indicating the “bobbing” action of the head.
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In contrast to windshield construction, the side and
rear windows of most vehicles are tempered glass. These
windows, by virtue of their relatively “sheltered” loca-
tion, are not meant to withstand rock chip damage (a
painfully evident fact to anyone who has done a signifi-
cant amount of lawn-mowing or edging around a parked
vehicle). The tempered glass is designed to completely
break into small rectangular, square or cube-shaped frag-
ments (Image 11.25). In fact, some modern windows (for
example, the rear glass panel on some modern mini-
vans) are installed under some degree of stress, further
facilitating complete shattering. When a vehicle occu-
pant impacts one of these tempered glass windows
during a crash, the fragmented cubes of glass will
produce a cluster of short linear, angular, rectangular,
and square incised wounds. Such wounds are referred to
as dicing injuries to connote their origin from “dice”-
shaped fragments of glass.

A 43-year old man was the driver of a sedan that 
was struck from the driver’s side by a full-sized pickup
truck (a “T-bone” crash). A cluster of short angular and
linear incised wounds was on the left side of the face and
a few cubes of glass were embedded in some of the

wounds (Image 11.26). The location of the dicing injuries
can occasionally provide information as to whether the
occupant was on the left or right side of the vehicle. A
driver or left passenger more frequently sustains dicing
injuries on the left, whereas an occupant of the right side
of the vehicle will sustain such injuries on the right.

11.22

11.23

11.24

11.25

11.26



Motor vehicle collisions

Thoracic trauma and deceleration injuries
The term deceleration injury has evolved to encompass a
variety of thoracic injuries resulting when the moving
thorax decelerates rapidly as a result of impact against 
a stationary or relatively stationary object. Five of the
most severe injuries in this category are (1) aortic lacer-
ation/transection, (2) myocardial contusion/laceration,
(3) sternal fracture, (4) flail chest, and (5) tracheo-
bronchial disruption. In clinical series, these lesions tend
to occur exclusive of one another,4 apparently because
the likelihood of death at the scene or before presenta-
tion to the hospital is extremely high when two or more
of the injuries occur in combination. The frequency with
which these lesions are seen in combination in forensic
autopsies further supports this conclusion.

Aortic injury
The “classic” deceleration lesion in this category is aortic
injury, including both laceration and transection. The
most common location of injury is the aortic isthmus, a
few centimeters distal of the ostium of the left subclavian
artery. Aortic injuries are associated with large-
magnitude forces and are most frequently found in the
setting of frontal and near-side crashes.5 Although seat
belts reduce the risk of aortic injuries, the same is not true
of side impact crashes.6,7 Multiple mechanisms of aortic
injury have been proposed, including differential decel-
eration of the heart and aortic arch relative to the
anchored segments of the thoracic aorta, and increased
intravascular pressure and hemodynamic forces in the
setting of vehicular crashes.

An alternative and frequently cited mechanism for
aortic laceration/transection is the osseous pinch,
whereby the aorta is crushed or “pinched” between the
vertebral column and the inner surface of the
manubrium, first rib, and clavicle during anteroposterior
thoracic compressive deformation.8 The latter mecha-
nism explains the consistent location of aortic injury,
since the aortic isthmus will be compressed between the
bony anterior thoracic structures and the fourth vertebral
body. Moreover, this mechanism provides an explana-
tion for aortic injuries occurring in the setting of low-
speed crushing injuries.9 This mechanism is also
consistent with the frequent evidence of impact against
an interior vehicle component and significant compart-
ment intrusion.5–7

Aortic laceration
A 19-year-old male was driving a pickup truck that col-
lided with another pickup truck in an oblique frontal
manner. He was not wearing a seat belt, the driver’s side
air bag did deploy, and intrusion in the driver’s com-
partment was severe (Image 11.27). External evidence of
thoracoabdominal impact consisted of a patterned abra-
sion, corresponding to the ribbed cloth of the decedent’s

shirt, along the left anterolateral thorax (Image 11.28).
The aorta was nearly transected 2 centimeters distal to
the left subclavian ostium (Images 11.29 and 11.30; the
latter shows the detail of the nearly circumferential lac-
eration and its relation to the subclavian ostium).
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A 40-year-old man was the sole driver and occupant
of a sedan that impacted an overpass embankment. A
series of anterior rib fractures was under the diagonal
abrasion corresponding to the shoulder harness (Image
11.31). The aorta was lacerated several centimeters distal
to the “typical” location (note the position of the left sub-
clavian artery), but directly underlying the row of ante-
rior rib fractures (Image 11.32).

Blunt cardiac injuries
Cardiac injuries comprise another frequent complication
of blunt thoracic trauma. In a series of 546 autopsy exam-
ples of blunt cardiac trauma,10 the most frequent lesion
was myocardial rupture, with each ventricle rupturing at
approximately the same frequency; the right atrium was
also frequently breached. Myocardial contusion/lacera-
tion was the second most frequent category of cardiac
injury. Although valvular injuries were infrequent, the
aortic valve was the most frequently damaged—and was
frequently abnormal before the injury (e.g., bicuspid).

A 56-year-old man was the driver of a sedan that lost
control and flipped. He was unrestrained and received

multiple bilateral rib fractures (Image 11.33). Atransmural
ragged laceration was in the right atrium, with extension
of an endocardial laceration through the tricuspid
annulus, into the adjacent right ventricle (Image 11.34).

A 58-year-old motorcyclist was changing lanes on the
highway when he struck another vehicle and then a
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guardrail. Multiple bilateral rib fractures were associated
with a gaping irregular transmural right ventricular 
laceration (Image 11.35). In Image 11.36 note exposure of
the trabeculae carneae. The pericardial sac was lacerated
and blood was in the thorax. The man was still gurgling
and gasping for air when initial witnesses arrived on the
scene.

An 18-year-old driver involved in a single-vehicle,
high-speed crash sustained multiple bony thoracic
injuries, including bilateral rib fractures and a left clav-
icular fracture. The aortic valve had multiple lacerations
on the right and noncoronary cusps (Image 11.37).

A 47-year-old driver of a full-sized pickup truck col-
lided with a parked tractor-trailer at highway speed. His
thoracic injuries included multiple bilateral posterior rib
fractures, with bilateral pulmonary contusions. The pos-
terior leaflet of his prosthetic tricuspid valve was avulsed
from the annulus. Note suture material on the annulus,
which is avulsed from the surrounding cardiac tissue
(Image 11.38).

A 46-year-old driver of a midsized sedan was struck
obliquely in the front by a similar sized vehicle. Six hours

after presentation to hospital, she had a cardiac arrest.
During an emergent thoracotomy, the surgeon indicated
that her “right ventricle was beating but the left ventri-
cle was motionless.” At autopsy, she had no bony tho-
racic abnormalities and on initial inspection, her heart
was unremarkable. On examination of the myocardium
in the upper interventricular septum (in the vicinity of
the atrioventricular node and bundle branches) a hem-
orrhagic contusion was noted (Image 11.39). Microscopic
examination revealed a brisk inflammatory response, as
expected for an injury incurred 6 hours earlier.

A 40-year-old motorcycle passenger was treated for
multiple extremity and abdominal injuries for several
hours in the hospital before death. The endocardial lac-
eration of the right atrium, between the coronary sinus
and tricuspid valve (Image 11.40) was not associated
with any hemodynamic abnormality.

Restraint injuries
Modern motor vehicles are equipped with a variety of
safety devices. Air bags, shoulder restraints, and lap 
belts all have proven life-saving properties. Many of the
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injuries described elsewhere in this chapter such as aortic
laceration are less common in restrained occupants.5

Additionally, head injuries resulting from impact of the
head with the windshield are reduced with effective
restraints. However, certain types of injuries are more
frequent with use of seat belts, especially lap belts alone,
and especially when the belts are worn improperly.
Injuries of the intestines in particular are associated with
the use of lap belts. Intestinal perforations, mesenteric
lacerations, and seromuscular tears are associated with
seat belt use.11 Additionally, cutaneous injuries produced
by seat belts may have characteristic features allowing
determination of position of decedent in the vehicle (e.g.,
front left versus front right).

Perhaps the most recognizable patterned injury in
motor vehicle crashes results from a shoulder belt
harness. The shoulder restraint in the driver’s side of the
vehicle courses over or in front of the left shoulder,
obliquely downward across the chest and abdomen to
the right. Conversely, the shoulder harness courses in
front of the right shoulder and obliquely downward to
the left in occupants of the front right side of the vehicle.

Shoulder harness injuries
A 50-year-old female was the driver of a compact car that
swerved into the oncoming lane of traffic on a two-lane
highway, impacting a pickup truck. A band of abrasions
corresponded in location to the shoulder harness (Image
11.41). Note the asymmetry of the breasts caused by
forceful displacement of the right breast implant.

Lap belt injuries
A lap belt restraint, found in the front as well as rear seat
of modern vehicles, produces a horizontal band of abra-
sions, contusions, or abraded contusions across the lower
abdomen and/or upper thighs. A 93-year-old woman
drove a large sedan into the path of a large truck and was
struck on the driver’s side. In addition to the shoulder
harness restraint injury extending downward from the
left shoulder, a horizontal band of contusions extended
horizontally across the lower abdomen (Image 11.42).

A 3-year-old child was the rear-seat center passenger
of a midsized four-door sedan in a frontal collision with
a half-ton pickup truck. The child sustained fatal neck
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injuries and was maintained in a comatose state for 12
hours prior to death. Abrasions on either side of the
abdomen indicated the position of the lap belt restraint.
Note the “fanned” configuration of the abrasions poste-
riorly, indicating the movement of the child relative to
the seat during the collision. (Image 11.43, right flank;
Image 11.44, left flank). The force of the child’s pelvis
against the lap belt caused fractures of the bilateral iliac
wings (Image 11.45). In addition, the small intestinal
mesentery was lacerated, and free blood, totaling 150
milliliters, was in the peritoneal cavity (Image 11.46).

Seromuscular tear
A 19-year-old was driving a Ford F150 pickup truck and 
collided head-on with a Ford F250 pickup truck. The
descending colon had a typical seromuscular tear,12 with
separation of the bowel wall along the submucosal
plane, and J-shaped retraction of the torn muscularis
propria and serosa; an intact tube of mucosa and sub-
mucosa remained in the involved segment (Image 11.47).

Seromuscular tears may also occur in other hollow
viscera, including the small intestine and the stomach
(Image 11.48).

Air bag-related injuries
Air bags deploy with a significant, explosive force. The
force of an expanding air bag or air bag module cover has
been associated with thoracic and/or craniocervical
trauma. The types of injuries are similar to injuries
described earlier that occur in the absence of an air bag
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(aortic or pulmonary artery injuries or flail chest), or they
may be unusual types of injuries (pulmonary blast-type
injuries for example). Air bag deployment may be sus-
pected as causative in examples of severe thoracic injuries
occurring in relatively low-speed crashes or in instances
of unusual injuries occurring in high-speed crashes. As
with belt-type restraints, air bags are much more likely to
cause or contribute to injuries if the occupant is out of
position relative to the air bag. Specifically, the risk of
injury is increased when the occupant is unusually close
to the deploying air bag. For example, drivers of short
stature are more likely to sustain such injuries because
they frequently position the seat forward in order to
reach the foot pedals. Intoxicated drivers or passengers
may slump forward over the deploying air bag. Pre-
impact braking may also position an occupant unusually
forward prior to air bag deployment.6,7

Other thoracoabdominal vehicular 
occupant injuries

A seemingly endless variety of thoracoabdominal blunt
trauma occurs in traffic fatalities. Examples include serial
(in-line) and nonserial rib fractures, sternal fractures, and
vertebral column fractures. The parietal and visceral
pleura may be punctured or lacerated. The diaphragm
may be lacerated with associated herniation of abdomi-
nal contents. Various solid and hollow viscera may
sustain contusions. A few of these examples are illus-
trated here.

Blood aspiration and pulmonary contusion
Any injury of the airways, the base of skull (with
opening into the naso/oropharynx), or the lungs them-
selves may be associated with aspirated blood. Aspirated
blood is deposited in the pulmonary parenchyma in 
a patchy distribution, surrounding the airways. The
deposited blood outlines the secondary interlobular
septa in the subpleural zone, forming a mosaic appear-
ance on the pleural surface (Image 11.49). Aspirated
blood may therefore be difficult to distinguish from a
pulmonary contusion, which consists of confluent blood
extravasation over an area of lung in a region of thoracic
impact. Further, a contusion may also be surrounded by
aspirated blood, as demonstrated in these contusions of
the left upper and lower lobes (Image 11.50).

Rib fractures and pulmonary lacerations
Rib fractures may be jagged and irregular (Image 11.51),
indicating chest impact with an object or objects, or the
fractures may be serial, that is, occurring in a linear dis-
tribution. The latter may result from direct thoracic
impact or from thoracic deformation in the context of
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chest wall impact. Note serial right rib fractures occur-
ring in this 21-year-old driver and sole occupant of a car
that traversed a ditch and struck a tree (Image 11.52).
Deformation of the thoracic cavity caused forceful shear-
ing of the lung lobes relative to one another, tearing the
pleura of the interlobar fissure (Image 11.53, interlobar
lacerations). Serial and nonserial fractured rib ends may
protrude through the parietal pleura and puncture the
overlying lung (Image 11.54). Multiple rib fractures
along the same rib(s) will result in a segment of chest
wall with loss of structural stability, a condition clinically
termed flail chest.

Traumatic diaphragmatic hernia
A 43-year-old man was the driver of a car that was struck
on the driver’s side (T-bone crash) by a full-size pickup
truck. Moderate front compartment intrusion was noted
and the steering wheel was bent, indicating driver
impact with the latter. The stomach was herniated
through a laceration in the left hemidiaphragm into the
left thorax (Image 11.55). The man’s 36-year-old brother
was the front right seat passenger in the same crash. His
injuries were strikingly similar, with herniation of the
stomach through a laceration in the left hemidiaphragm.
This scenario of strikingly similar injuries in multiple
occupants of a crash is fairly common and probably rep-
resents the consequence of similar forces acting on the
victims at the time of the collision, regardless of occupant
position within the vehicle.

In addition to left hemidiaphragmatic herniation (of
usually the stomach), the liver or portions thereof may
be herniated through a laceration of the right hemidi-
aphragm. This driver of a small sedan was involved in a
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frontal collision. The right dome of the liver was herni-
ated through a laceration in the right hemidiaphragm;
the herniated part of the liver was also lacerated (Image
11.56).

Intercostal artery injuries
Thoracic trauma may be associated with injuries of the
major vessels, including the aorta (as described earlier)
and the vena cavae. These injuries are frequently associ-
ated with catastrophic exsanguination into the thoracic
cavities and/or the pericardium. Frequently, however,
one will find hemorrhage in the paravertebral retro-
pleural soft tissues, with or without associated hemo-
thorax. A source of bleeding is sometimes difficult to
demonstrate. In cases of extreme deformation of the
thorax, the descending aorta may be pulled (or pushed)
away from the vertebral column. The proximal inter-
costal arteries may be lacerated or avulsed. Such injuries
are frequently difficult to demonstrate directly. A motor
vehicle passenger was involved in a passenger-side T-
bone crash. The paravertebral retropleural tissues were
hemorrhagic and were associated with focal parietal

pleural laceration and right hemothorax. Avulsion of an
intercostal artery was noted (adjacent to the tip of the
forceps in Image 11.57).

Hepatic laceration
Lacerations of the liver may consist of an isolated cap-
sular rent (Image 11.58), deep lacerations, or complete
transection (Image 11.59). The right lobe of the liver is
more frequently injured than the left, in part because it
is relatively less protected by the rib cage. The liver may
be injured by compressive forces, with the anteroposte-
rior axis crushed between the anterior abdominal wall
and the vertebral column. Experimentally, an extensive
laceration or bursting injury may be produced with a
minor amount of abdominal compression, provided the
velocity of the impact is sufficiently high.13

Ejected vehicular occupants

Unrestrained vehicular occupants are subject to being
ejected from the vehicle in the course of a collision. As
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may be expected, ejected victims sustain more severe
injuries than occupants who are not ejected. Head and
neck injuries account for most of this difference.14 The
types of injuries sustained by ejected vehicular occu-
pants are similar to those of nonejected victims. The
primary difference is in the extensive nature of confluent
abrasions or “road rash” that is so typical of ejected
victims.

Road rash in an ejected occupant
The 42-year-old man of Image 11.60 was driving a
pickup truck that flipped and ejected him through the
driver’s side window. Confluent abrasions (road rash)
were over the right side of the face, the chest, and the
abdomen.

Head injury in an ejected occupant
In addition to exposure of vulnerable body parts to the
environment, ejection also subjects the victim to the 
possibility of injury caused by crushing a body part (e.g.,
the head) between the vehicle and the pavement. This

22-year-old driver lost control of her four-door sedan,
skidded sideways, and flipped before coming to rest
upside down (Image 11.61). The driver was ejected from
the passenger window and her head was crushed under
the roof of the vehicle (Image 11.62).

Automobile–pedestrian fatalities

Many of the injuries and types of injuries sustained 
in occupant fatalities are the same injuries as are found
in pedestrian fatalities. However, certain patterns of
injuries are characteristic in the pedestrian.
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Bumper injuries
Injuries of the legs at a location corresponding to impact
with the front end of a vehicle are known as bumper
injuries. In the majority of pedestrian fatalities, the
bumper is the first point of contact with the vehicle. Of
course, one should keep in mind that other parts of 
the vehicle (e.g., hood or front/rear side panel) may be
the initially impacting vehicular component. Bumper
injuries may include fractures of the tibia and/or fibula,
the femur, contusions of the leg muscles, and abrasions
and/or lacerations of the skin of the legs. Characteristic
injuries involving fractures of both tibia and fibula are
shown in Image 11.63.

If no injuries are identified on the skin of the legs in a
pedestrian, the skin and subcutaneous tissues should be
reflected to evaluate for the presence of deep contusions.
A 37-year-old flagman was struck by a pickup truck;
minimal injuries were evident on the skin of both legs.
However, extensive contusions were evident in the
underlying skeletal muscles and subcutaneous tissues
(Image 11.64). The distribution of contusions clearly

indicated that the direction of impact was from the pos-
terolateral left side.

Conversely, in some instances cutaneous injuries are
characteristic, but minimal internal injuries are identi-
fied. A 30-year-old man exited his parked vehicle on the
side of the highway to assist another motorist when he
was struck by a car that did not stop at the scene.
Although cutaneous abrasions are on the bilateral calves
and popliteal fossae (Image 11.65), minimal injuries were
visible in the underlying connective tissues. The impact
in this case was directly from the back. The posterior
location of the impact is further supported by the pres-
ence of a left occipital scalp contusion, which was accom-
panied by a wide ring fracture (Image 11.66).
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In all instances where bumper injuries are identified,
the height of the injury from the sole of the foot should
be measured. It is also helpful to include a measuring
device in the photograph. If the decedent’s clothing is
available, the height of the insole of the shoes to the
bottom of the heel should also be taken. These measure-
ments provide a height of the impact point relative to the
pavement. This information can be potentially useful for
several reasons. First, in hit-and-run cases with no wit-
nesses and no suspect vehicles such height measure-
ments may help to narrow the search. For example, the
bumper of a small sports car is closer to the ground than
the bumper of a full-sized pickup truck. The latter would
leave a bumper injury at a greater height than the former.
Second, if a vehicle is identified, this information may
give some information as to whether the vehicle was
accelerating or decelerating at the time of impact. In
sharp acceleration the front of the vehicle raises, whereas
sharp deceleration has the opposite affect. As a caveat to
the latter, if a vehicle is in a sharp turn, the inside edge
of the front bumper will be higher than the outside edge
of the bumper.

Inguinal overstretch marks
When a pedestrian is struck directly or obliquely from
the back, the skin of the inguinal region may be pulled
and torn, producing a characteristic series of superficial
parallel linear and irregularly linear tears (Image 11.67).

Run over by vehicle

Medical examiners are frequently asked whether a
pedestrian was struck and/or run over by a vehicle and,
if so, how many times. If a patterned injury correspond-
ing to a tire tread mark is visible, then at least one run-
over may be concluded. If no patterned injury is evident,
one must evaluate internal injuries to assess the possi-
bility of a crushing-type mechanism. As with all motor
vehicular fatalities, assessment of witness statements,

scene findings, and the vehicle are often helpful in such
determinations.

The 33-year-old man depicted in Images 11.68
through 11.72 was riding his bicycle on the interstate
highway when he was struck by a tractor-trailer. A pat-
terned mark on the anterior left pants leg clearly indi-
cated that the leg was run over by one of the wheels of
the truck or trailer (Image 11.68, front of pants; Image
11.69, detail of front of left thigh). When a large vehicle
runs over an extremity, the extremity frequently has little
evidence of injury. In this case, the man’s thigh and leg
had superficial abrasions and contusions, with no frac-
ture, no deep contusions, and no hemorrhagic pocket
formation (Image 11.70). Impact of a pedestrian or bicy-
clist by a large vehicle often produces extensive com-
minuted fractures of the head, as in this instance (Image
11.71). A more clear view of the nature of injuries can
often be obtained if the head is stuffed with paper or
cloth towels, then sewn back to reapproximate the edges
of the lacerations (Image 11.72).

Extremity degloving injury
Depending on the angle that the tire pulls across the
extremity, the skin and subcutaneous tissues may be
pulled or sheared off on the leading edge of the extrem-
ity. A 35-year-old fireman was attempting to board a
moving fire truck when he lost his footing and was run
over by the rear wheels of the truck. In addition to hem-
orrhagic pocket formation along the lateral aspect of the
left thigh, his left calf had a degloving injury, in which
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the skin and subcutaneous tissues were stripped from
the medial and posterior aspects of the leg. In Image
11.73, note the flap of skin along the lateral left thigh; the
skin of the calf has been stripped downward, so that the
skin below the degloving injury is “lax.”

Thoracoabdominal crushing injuries 
in a pedestrian run over by a vehicle
According to witness statements and cutaneous pat-
terned abrasions, the left side of this man’s chest (Image
11.74) was run over by a vehicle. Extreme fragmentation
of the left ribs was evident. Such extensive fracturing and
fragmentation can occur with a single pass of the wheels
over the thorax, or with multiple passes. The degree of
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fragmentation alone cannot be used to argue for multi-
ple passes.

A 14-year-old girl was run over by the tire of a road
grader. A band of abrasions coursed upward from the
lower back toward the right hemithorax (Image 11.75).
As a result of the innate anatomic plasticity of youth,
none of the ribs was fractured. However, as evidence of
extreme thoracic deformation, the right mainstem
bronchus was avulsed (Image 11.76) and the right lung
was fragmented (Image 11.77). Such deformation of the
thorax with or without rib fractures is often accompanied
by laceration of the intercostal tissues (parietal pleura
and skeletal muscles), as one rib moves relative to the
nearest rib, shearing the connecting tissues (Image
11.78).

A 37-year-old female was knocked down and then run
over by a logging truck. External evidence of injury was
limited. A degloving injury was on the right medial thigh
(Image 11.79) and a laceration on the left hip corre-
sponded to an underlying pelvic fracture (Image 11.80).
The tire crossed the pelvis and abdomen, with displace-
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ment of the left hemicolon and multiple loops of small
intestine through a laceration of the left hemidiaphragm
into the left thoracic cavity (Image 11.81).

Asphyxiation in automobile–pedestrian
fatalities
In cases where a pedestrian is run over by a vehicle, in
addition to crushing injuries, one should also assess for
evidence of traumatic asphyxia. A 48-year-old man was
working at a construction site when he tripped and fell
into the path of a dump truck that was moving in
reverse. A patterned injury (tire mark) extended upward
from the right buttock and across the back toward the
left shoulder (Image 11.82). In addition to multiple rib
fractures and other internal injuries, he had florid con-
junctival and oral mucosal petechiae (Image 11.83), indi-
cating a component of traumatic asphyxia.

Amputation/fragmentation in pedestrians
Several investigators have attempted to correlate partic-
ular injuries, injury patterns, or distance thrown with
speed of the vehicle. Such studies are difficult because

the interaction of a pedestrian with a vehicle is complex
and variable depending on the direction of impact, posi-
tion of pedestrian, size of vehicle, size of pedestrian, etc.15

Nevertheless, some conclusions have been drawn from
such large series. For example, spinal fractures become
almost constant once the vehicular speed exceeds 43
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miles per hour. Therefore, the absence of a spinal frac-
ture suggests a speed of less than 43 miles per hour.
However, spinal fractures can occur at lower speeds, so
the presence of a spinal fracture cannot be used to
surmise a vehicular speed. Aortic and inguinal ruptures
become nearly universal when vehicular speeds exceed
62 miles per hour, and rarely occur when the speed is
less than 31 miles per hour. Dismemberment generally
does not occur with vehicular speeds of less than 56
miles per hour.16 Dismemberment as used here refers to
amputation of an extremity or transection of a torso. In
some cases the whole body may be fragmented, gener-
ally as a result of being impacted and run over by mul-
tiple vehicles at highway speed. A 24-year-old man ran
out into the street while being chased by security guards,
after being caught shoplifting. In an attempted evasive
maneuver, he dashed onto a six-lane interstate highway
and was struck by multiple vehicles. The body was
received in multiple pieces (Image 11.84). A fragmented
body should be arranged in order as much as possible,
in order to assess for patterned injuries or other distinc-

tive features. Moreover, arrangement will allow accurate
inventory of body parts (Image 11.85).

Special considerations in pedestrian fatalities
In cases where a vehicle strikes a pedestrian then flees
the scene, the body should be carefully examined for
trace evidence. The clothing should be inspected for
paint chips or glass fragments. Once the clothing is
removed, the body should again be inspected for paint
chips or glass fragments. Bright daylight spotlights and
alternate light source examinations can also be consid-
ered for these studies. Scalp hair should be collected as
well, because evidence may also be transferred from the
pedestrian to the vehicle.

Pediatric pedestrian fatalities
Injuries occurring when children are struck by vehicles
are frequently quite severe. Most of the fatalities involve
head injuries.17

The 2-year-old boy depicted in Images 11.86 through
11.89 was struck by an unidentified vehicle on a rural
road. He was maintained on a respirator in a comatose
state for 1 day. The back of the head had evidence of
impact (Image 11.86). A subdural hematoma was over
each cerebral convexity (Image 11.87). Hemorrhage
extended along the optic nerve sheaths (Image 11.88).
The body of the sixth cervical vertebra was fractured
(Image 11.89). The brain was massively swollen with evi-
dence of transtentorial and cerebellar tonsillar hernia-
tion, but there was no intraparenchymal hemorrhage.
This constellation of findings indicates a large-magni-
tude force and is typical of the types of injuries sustained
in motor vehicle–pedestrian crashes. The similarity of
the intracranial injuries to findings in the all-too-frequent
homicidal pediatric blunt head trauma cases is striking.
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Vehicular conflagration
Although automobile manufacturers attempt to mini-
mize risks of vehicular conflagration, the very nature of
motor vehicles makes them prone to fires: a combustion
engine, with heated parts, mounted on a rapidly moving
vessel, along with a tank of fuel. In crashes involving fire
the body is frequently not extracted until burning is
advanced. In cases of vehicular conflagration the tasks of
the pathologist are to identify the decedent, to evaluate
for the presence of blunt trauma, the severity of the blunt
trauma injuries, and to evaluate for evidence of smoke
inhalation or other indicators that the person was alive

and/or conscious during the fire. These questions fre-
quently become pivotal in subsequent civil litigation.

In cases of charred remains, postmortem x-rays must
be obtained in order to assess for the unexpected foreign
object such as a bullet or knife blade. Postmortem x-rays
may also be helpful in decedent identification if unique
orthopedic hardware or surgically implanted devices 
are identified. Injuries resulting from blunt trauma as
described elsewhere in this chapter may be identified
and must be differentiated from artifacts of burning. 
For example, direct heat to the calvarium may cause 
congealed denatured blood to collect in the underlying
epidural space. Caution must be exercised when inter-
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Postmortem epidural heat hematoma versus
antemortem subdural hematoma
Direct thermal stress on the calvarium will cause extru-
sion of congealed blood into the epidural space. This
postmortem artifact can be recognized by its denatured,
friable consistency (Image 11.93). In contrast, an ante-
mortem subdural hematoma subjected to the effects of a
fire in the course of a vehicular conflagration will have a
denatured appearance, but will not have the same pecu-
liar consistency as an artifactual epidural hematoma
(Image 11.94).

Note also that as a result of direct thermal effect, 
the dura mater becomes thick, denatured, and actually
“shrinks” away from the inner table of the skull. As the
dura shrinks, the underlying brain will develop flattened
gyri and compressed sulci (Image 11.95). This flattened
cortical surface should not be confused with flattening as
a result of brain swelling.

Postmortem thermal burns cannot be differentiated
from antemortem burns. Therefore, evaluation of the

preting any epidural collection of blood in a charred
body. However, heat does not cause accumulation of
blood in the subdural space. When identified, a subdural
hematoma indicates trauma.

Typical vehicular conflagration/accident
The driver of a van was approaching a toll plaza at a high
rate of speed in dense fog. A sharp leftward evasive
maneuver was unsuccessful in avoiding impact with 
the concrete canopy support. The impact point on the
vehicle was the right side—the same side of the 
vehicle as the fuel tank and exhaust system. The fuel tank
was ruptured. The vehicle flipped onto its left side, 
spun around counterclockwise into the adjacent lane,
and burst into flames (Image 11.90 is a view from the rear
of the vehicle). The body was charred (Image 11.91).
Severe charring made determination of injuries difficult.
Soot in the distal airways (Image 11.92) was corre-
lated with a carboxyhemoglobin concentration of 25
percent.
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fire’s contribution to death rests in documentation of
severity of injuries, balanced against evidence of smoke
inhalation. The latter is assessed by presence and quan-
tity of carbonaceous sputum in the airways (Image 11.96)
and carboxyhemoglobin concentration in the blood. Car-
boxyhemoglobin should be determined in all fire-related
deaths, including vehicular conflagrations. One should
also keep in mind that other toxic gases may be produced
as a by-product of burning vehicular components.

See Chapter 10 for additional discussion of fire-related
fatalities.

Motorcycle fatalities

By virtue of their exposed position, motorcyclists are
functionally similar to ejected vehicle occupants. Similar
types of injuries are often seen, including extensive road
rash. In addition, pelvic and leg injuries are often severe
because of the rider’s exposed position and because of
the interaction between the motorcycle and rider in the
course of attempted evasive maneuvers. Motorcyclists
are also unique in the extent of interaction with the other
vehicle during collisions. Either the motorcycle or the
colliding vehicle may produce patterned injuries on the
body of the rider.

Pelvic injuries in a motorcyclist
This 43-year-old motorcycle rider swerved to avoid
another vehicle, lost control, and crashed at highway

speed (Image 11.97). The symphysis pubis was widely
separated, as were the bilateral sacroiliac joints. The
vaginal wall was lacerated and multiple loops of small
intestine were extruded through the vaginal laceration.

Patterned injuries in a motorcyclist
This 36-year-old man was found on the street, lying next
to his motorcycle (Image 11.98). The investigating police
jurisdiction asked about the possible involvement of
other vehicle(s) in the crash. At autopsy a distinctive pat-
terned injury was on the forehead (Image 11.99). The
motorcycle was subsequently transported to the medical
examiner facility and was examined for the presence of
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components corresponding to the patterned injury. No
motorcycle part matched the injury. Furthermore, first-
hand examination of the motorcycle revealed clear evi-
dence of impact with another vehicle—the frame was
bent (Image 11.100), the front forks were broken from the
frame, and the front fender had clear evidence of impact
with another vehicle. The identity of the other vehicle
remains unknown.

Head and neck injuries in motor 
vehicle fatalities

Head injuries are frequently severe in vehicular fatalities.
The forces generated in crashes are of adequate severity

to produce subdural hemorrhage and diffuse axonal
damage. Four of the five patients originally described
with this lesion were delayed vehicular fatalities.18

Diffuse axonal injury
The teenage driver of a pickup truck struck a tree. He
had comminuted calvarial and basilar skull fractures,
including a diastatic component that extended along 
the sagittal suture (Images 11.101 and 11.102). Showers
of intraparenchymal punctate hemorrhage are gross
markers of diffuse axonal injury in adults,19 and in this
case were seen in the right basal ganglia (Image 11.103)
and diffusely through the pons (Image 11.104). Diffuse
brain injury as in this case may occur with or without
skull fractures.

Skull fractures often follow particular patterns in
vehicular fatalities. Linear fractures tend to occur in line
with the direction of force. Accordingly, lateral head
impacts will frequently produce transverse convexity or
basilar (hinge-type) skull fractures. Impacts at the chin
are often transmitted to the sides of the base of the skull
through the temporomandibular joints and therefore 
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are also frequently associated with transverse basilar
fractures.

Skull fractures parallel with the force vector
The 17-year-old passenger of a pickup truck that struck
a tree had an impact site on the right frontoparietal scalp.

An underlying comminuted depressed fracture was 
contiguous with a diastatic fracture along the coronal
suture (Image 11.105). A 27-year-old motorcycle passen-
ger impacted her chin during a collision. A transverse
basilar (hinge) fracture resulted from transmission of the
impact force through the temporomandibular joints
(Image 11.106). A 21-year-old man was driving a sedan
that struck a curb and rolled. The left frontal region of
the head sustained an impact, as evidenced by external
injuries (Image 11.107). The resultant basilar skull frac-
ture (Image 11.108) extended from the point of impact,
transversely across to the right petrous ridge forming a
diagonal hinge fracture.

Neck injuries
Neck injuries are frequent findings in motor vehicular
crashes. Obvious injuries may be readily apparent. The
7-year-old pedestrian of Images 11.109 through 11.111
was struck by a sedan. Malposition of his head with
respect to the neck was evident on external examination
(Image 11.109). Internal examination confirmed atlanto-
occipital dislocation (Images 11.110 and 11.111; note that
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C1 and the upper cervical spinal cord are on a different
focal plane than the foramen magnum).

In other cases, one may seemingly finish an autopsy
without obvious evidence of clearly fatal internal
injuries. In such cases, one must consider more subtle
neck injuries. The demonstration of ligamentous cervical
injuries is best accomplished through a posterior
approach.20 The individual in Image 11.112, a 31-year-old
white male, was the sole occupant of a sports car that
failed to navigate a curve and struck a concrete culvert.
He was restrained with a lap belt, but the air bag did not
deploy. Minimal thoracoabdominal injuries included
avulsion of right rib heads 4 through 7, and superficial
capsular lacerations of the liver. The thoracoabdominal

injuries were not of sufficient severity to explain the
death. A left frontoparietal facial and scalp contusion
(Image 11.112) was associated with a thin film of left con-
vexity subdural hemorrhage.

A posterior neck dissection revealed extravasated
blood throughout the left splenius capitis and deeper
muscles with a nondisplaced fracture of the left lateral
lamina of C1. Deep muscular hemorrhage overlying the
right atlanto-occipital joint was associated with avulsion
of the right occipital condyle (Images 11.113 and 11.114).
The avulsed fragment of bone is lifted posteriorly by the
metal probe—the right alar ligament is thus lax and
folded medially (not visible). The force of traction of the
alar ligament between the odontoid process and the
occipital condyle causes the condylar avulsion. Even in
the absence of an anatomically demonstrable cervi-
comedullary contusion, forces of sufficient magnitude to
produce such bony/ligamentous injuries are associated
with underlying neural damage, and are sufficient to
explain death.
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Do

• Attend motor vehicle crash scenes where feasible.
• Examine the involved motor vehicle(s)—even if

remote from the accident site.
• Correlate patterned injuries and patterns of injuries

with known circumstances of the crash.
• Incise and reflect skin to demonstrate, measure, and

photograph the presence or absence of bumper
injuries in pedestrian fatalities.

• X-ray charred bodies and test carboxyhemoglobin
levels in fatalities from vehicular conflagrations.

• Arrange fragmented remains in anatomic position to
evaluate injury patterns and inventory remains.

Don’t

• Overinterpret patterned injuries and patterns of
injuries without evaluation of other evidence and
witness statements regarding details of the crash.

• Forget to examine the clothing for potentially 
useful clues and/or evidence (e.g., glass fragments,
paint chips, brake pedal marks on the soles of 
shoes).

• Forget to collect scalp hair and save clothing from hit-
and-run pedestrian fatalities.

• Overlook the possibility of a significant ligamentous
or atlanto-occipital neck injury when other injuries do
not seem severe enough to account for death.
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Aviation crashes cover a wide spectrum of scenarios,
ranging from the crash of a small vehicle such as a heli-
copter, personal airplane, hang glider, or hot air balloon,
with only one or a small number of deaths, to the mass
disaster of a commercial airliner with hundreds of fatal-
ities. Death may occur not only in those individuals
aboard an aircraft, but also to individuals on the ground.
Medicolegal death investigation of commercial airliners
is usually a multifaceted investigative process that
involves many different agencies, with the National
Transportation Safety Board (NTSB) assuming the
central role of determining why the crash occurred.

The forensic pathologist examines the scene and the
body, performs a complete autopsy, and collects samples
for toxicology. Two central themes are present in aviation
deaths: (1) Identify the dead and document their injuries
and disease processes and (2) determine the cause of the
crash and how the deceased’s injuries and disease
processes might have factored into the circumstances of
the crash.1 Also important is toxicological analysis, in
particular what drugs might be present in the pilot’s
body fluids and/or tissues. Although the majority of
such crashes are accidents, investigators may rarely
encounter suicides and homicides. Major disasters
involving commercial airliners with hundreds of deaths
involve disaster planning procedures that are likely
already implemented in a medical examiner department.

What type of accident is it?

When one is alerted to an airplane crash, among the first
questions that should be asked are (1) the location of the
crash, (2) the size of the plane, (3) the estimated number
of passengers and crew, and (4) the estimated number of
survivors and fatalities. This initial information will help
determine the jurisdiction of the cases and whether dis-
aster planning is in order, and whether the morgue and
morgue staff can effectively handle the added workload.
More than 90 percent of fatal crashes involve powered
aircraft, with the remainder involving hot air balloons,
hang gliders, and the like.2 Regardless of whether the
local medical examiner office can handle the case(s) 
by itself or not, the NTSB handles the majority of the
investigation. The NTSB is an independent federal
agency that serves to oversee not only airplane crashes
and fatalities, but also deaths in other manners of 
transportation.3

Why did the plane crash?

Investigation of an aviation accident must be 
undertaken according to the medicolegal frame-work 
of the state in which the crash occurred. An or-
ganized, methodical approach to the examination of 
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the crash scene and the associated human remains is 
necessary.4

The scene investigation will vary according to the
nature of the crash and the number of fatalities, however,
some constants remain. The scene should be secured and
evidence protected for investigation agencies. Bodies
should not be moved until the scene is photographed,
the bodies photographed and tagged, and the location of
the bodies charted, ideally on a grid pattern of the area
or in relation to a major fixed landmark.4,5 A sealed body
bag is ideal for the removal of each deceased, because it
will contain all of the body parts which may be frag-
mented, some of which may be necessary for identifica-
tion.4 If the number of dead is large, a temporary morgue
may be established near the crash site and refrigerated
trailers utilized to store the bodies. This and other mass
disaster planning will ideally be shared with other agen-
cies when the crash occurs in jurisdictions with smaller
facilities.

There are numerous possible explanations for the
crash of an airplane. These include pilot error, pilot 
incapacitation, pilot intoxication, mechanical defects,
weather, or, more likely, a combination of these factors.
One must also consider sabotage. However, the majority
of airplane crashes occur during takeoff or landing.

Who should be autopsied and
what are the goals of the autopsy?

The pilot
Although the autopsy is only one component of the
entire case investigation, no investigation is complete
without evaluation and consideration of the pilot’s pre-
existing disease, toxicological findings, and other factors
revealed by thorough postmortem examination. Careful
prelicense screening of pilots is conducted to identify
individuals with serious medical conditions such as
epilepsy, impaired vision or hearing, or other conditions
that might render them a risk to themselves or others.
Typically, people with such impairments are prohibited
from piloting an aircraft.6

It is certainly necessary to autopsy the pilot and/or
copilot for evidence of natural disease or toxicological
issues that may have impaired their ability to fly the
plane or even incapacitated them. The finding of a recent
or remote myocardial infarct or severe coronary artery
atherosclerosis could be evidence to support a theory
that the pilot became unresponsive and lost control of the
plane. Of course, the medical evidence must be com-
bined with the investigative information and the find-
ings evaluated in the context of the complete case
evaluation. If the pilot has significant cardiac disease,
and there are no witnesses to the incident, the possibil-
ity remains in most cases that the pilot may have become

incapacitated.7 However, autopsy findings may not 
necessarily guarantee that the crash was caused by
natural disease.

Evaluation of the hands and feet of the pilot should be
directed at injuries consistent with these appendages
having been on the controls of the plane (control surface
injuries). Such injuries include lacerations and fractures;
however, one must be cautioned that these are non-
specific. Examination of the hands and feet can be aided
by radiography.

The flight crew and passengers
Ideally, all victims of aviation crashes should be autop-
sied. It is important to autopsy aircraft passengers for
three main reasons: to help with accident reconstruction,
to help with the evaluation of safety equipment, and 
to help with the resolution of civil and/or criminal
processes that may occur in the future.8

In crashes of planes with many passengers, the pattern
of injuries in the passengers is usually either uniform or
has a steady logical gradation of injury.8 Any deviation
from these patterns may reflect that either different parts
of the aircraft were subjected to differing stresses, or that
there might have been an explosion. An in-flight explo-
sion may be reflected on the body surface as specific
lesions or as foreign material embedded in the body,6 not
unlike a bomb explosion on land, but complicated by
additional injury from the subsequent crash. X-rays are
useful to locate bomb fragments embedded in bodies.
Injuries to specific areas of an intact body may be helpful
in determining in-cabin hazards that proved fatal in an
otherwise potentially survivable crash.6

Autopsies of the passengers of an aircraft can yield
information useful to understanding how the crash
occurred. In most cases, the victims are dead at the scene
or died during transport and the cause of death is multi-
ple blunt force injuries resulting from severe deceleration
forces.2 However, other factors to consider are whether or
not there was a fire in the cabin (evidenced by elevated
blood carboxyhemoglobin levels), and whether any of
the victims drowned (if the crash occurred in a watery
environment). Victims found dead in water may have
also drowned or may have suffered from hypothermia if
the immersion was in cold water for a prolonged amount
of time.9 Victims may have died before impact because of
hypoxia resulting from high-altitude flight without ade-
quate life-support oxygen systems.6

Because aircraft travel at high velocities and may crash
to the earth with extremely rapid deceleration forces
(often in the magnitude of several hundred g-forces), it
is not surprising that the body is often severely frag-
mented, precluding a detailed examination of much of
the tissue.6,10 In cases such as this, the most significant
challenges become body identification and collection of
adequate toxicological specimens.
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Identification of victims

Visual identification is often of little, if any, value because
of the severe degree of injury usually encountered.
Dental examination has proven to be most useful in the
positive identification of bodies from airplane crashes,
particularly if the body is burned and/or fragmented.4,11

Knowing this, recovery personnel should exercise
caution in body removal and transport to help preserve
the dental remains. Fingerprints are useful in noncharred
bodies, and matches can be made to fingerprints on file
or to latent prints obtained from the victim’s possessions
or residence. Other means of identification include x-ray
comparison of bones, characteristic tattoos, or other
unique physical features. Identification by DNA is the
standby should other methods fail.

Toxicology (the TOXBOX)

One of the most important aspects in the investigation of
an airplane crash is toxicological analysis of the pilot’s
body fluids and/or organs. In aircraft fatalities occurring
in the United States, liquid and solid biological samples
recovered from autopsy are sent to the Federal Aviation
Administration’s Civil Aerospace Medical Institute for
analysis.12 The specimens are collected in prepackaged
boxes containing test tubes (vacutainers), specimen bags,
syringes, and needles. This type of box is referred to as
a TOXBOX and can be supplied in advance to medical
examiner departments so that they are available in the
event of a crash.12 If additional boxes are needed, they
can be obtained by air courier the next day.12 Collected
biological samples include blood, urine, vitreous fluid,
spinal fluid, bile, gastric contents, liver, muscle, spleen,
lung, kidney, brain, and heart tissue.

In crashes of crop dusting or agricultural spraying
planes, one should be aware of potential pilot intoxica-
tion by pesticides or other chemicals.6 Intoxication by
drugs and/or chemicals may not necessarily lead to inca-
pacitation, but may cause impaired judgment and/or
slowed response times. Cyanide gas produced by the
combustion of plastic materials may cause rapid asp-
shyxia. As mentioned earlier, elevated blood carboxyhe-
moglobin levels in the pilot and flight crew and/or
passengers will be reflective of an in-cabin fire and 
vitality at the time of the fire.

Manner of death determination

Investigators must entertain all manners of death during
the course of their evaluation. Although uncommon, the
pilot may have been killed, possibly by a suicidal pas-
senger, or by a hijacker who failed to take adequate

control of the airplane. Homicide and insurance fraud
may be attempted with the crash intended to hide the
evidence.6 A case in which the pilot was shot has been
the subject of a case report.13 Sabotage/hijacking is not
uncommon and must be considered in every unex-
plained crash.8 Suicides have been identified in those
where the plane was purposefully crashed.6

Small plane crash
A twin-engine personal airplane rolled just after takeoff.
Its engines made a sputtering sound, and then the plane
was observed to dive nose first into the ground. The pilot
(who was the only occupant) was killed instantly. At the
scene, there was extensive damage to the front part of
the plane (Image 12.1) and a depression consistent with
an impact site had been made in the ground (Image 12.2).
The pilot was located in the left seat of the cockpit, and
a safety belt was around his waist (Image 12.3).

At autopsy, there was severe multiple blunt force
injuries (Image 12.4) including severe crush injury of the
head, lacerations of the liver (Image 12.5), and lacera-
tions of the heart (Image 12.6).

The lower legs had open, displaced fractures (Image
12.7), as did the right wrist (Image 12.8). X-rays were
taken of the hands (Image 12.9) and the feet (Image
12.10) to further document any injuries that might be
consistent with his hands and feet having been at the
controls when the plane crashed. The totality of inves-
tigative data suggested an accidental manner of death.

Falls to earth

Stowaways
A rare occurrence, but one that does happen occasionally
near busy airports, is the discovery of a body with severe
blunt force injuries of no convincing etiology. If investi-
gators remain at the scene of such an occurrence long
enough to hear airplanes passing overhead, one may
realize that the body might be that of a wheel-well stow-
away who either lost consciousness and fell to the
ground or was dropped to the ground when the bottom
compartment was opened to release the plane’s landing
gear. The wheel-well region is an inhospitable environ-
ment, and the stowaway may lose consciousness from a
combination of hypoxia and hypothermia.14

Parachute deaths
When one jumps from an airplane, helicopter, blimp,
high bridge, or other great height, death is likely to occur
unless the person’s descent is slowed in a controlled
manner by a parachute. A number of factors can lead 
to a death during parachuting, including improperly
functioning equipment, hazardous environmental 
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conditions, inexperience, entanglement with other 
parachuters, power lines, or other objects, and incapaci-
tation by natural disease.

Two men were parachuting together when their lines
became tangled, and they fell to the ground at high
speeds. In one of the men, note the obviously broken
bones in the legs (Image 12.11). An x-ray of the pelvis
showed manifestations of severe vertical impact, includ-
ing a displaced fracture of the shaft of the left femur and
dislocation of the head of the right femur. Note the exten-
sive displaced rib fractures and lung lacerations (Image
12.12).

Survival with only minor injury has occasionally been
observed in people falling to the earth from damaged air-
craft. In these instances, their diminished severity of
injury is likely related to extended terminal deceleration
time with softened impact from falls onto snow or
plowed soil.6 Suicide by skydiving has been reported in
those who purposefully failed to open their parachutes
and had left suicide notes.6

Investigation of mass disasters

General principles apply to all mass disasters. After any
catastrophic event, whether natural or man-made, once
the scene is safe for emergency response personnel to
enter, the search and rescue mission is undertaken to find
all survivors. When it becomes obvious that no survivors
remain, the search and recovery mission begins. Because
airlines fly everywhere, airplane catastrophes can occur
in the air, on land, or in the water. Search and recovery
efforts must be tailored to the individual mass disaster,
including airplane crashes, but some of the general 
principles that apply to all mass disasters are illustrated
next by examining the crash of an airplane carrying 110
passengers and crew members into subtropic swamp
land.

Search and recovery workers must first be protected
against potential hazards of the scene to which they 
will be exposed. Appropriate personnel protective
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equipment for the biohazards and jet fuel at this partic-
ular scene included Tyvek suits, chest-high waders, latex
or rubber gloves, heavy duty work gloves, hats and sun-
block for sun protection, safety goggles, and masks.
Insect repellent was available for workers who wanted
it. Life jackets were not used once it was determined that
the water was no deeper than the upper thigh. Deconta-
mination procedures were strictly enforced when
workers returned to the staging area from the scene.
Masks, latex gloves, and Tyvek suits were discarded, and
hats, goggles, waders, and heavy-duty work gloves were
decontaminated with a bleach solution and recycled
(Image 12.13).

No intact bodies were recovered. Clothing and jewelry
were kept on recovered body parts until they could be
photographed and processed in the morgue, in order to
maintain the association of specific personal effects with
specific body parts; the integrity of this association
greatly facilitated the identification of the remains.

This lower extremity was in a torn trouser leg that had
a wallet remaining in a pocket (Image 12.14). A ring was
on one of the fingers of this recovered hand (Image
12.15). The few portions of dental specimens recovered
were radiographed and charted by a forensic odontolo-
gist (Image 12.16).

All remains that had portions of bone were radi-
ographed. Radiographs were instrumental in identifying
the seven children who were aboard the aircraft. A foren-
sic anthropologist assisted in the interpretation of radi-
ographs for such features as ossification centers, and also
examined the bones from the children to correlate the
findings (Image 12.17). The children were able to be dis-
tinguished according to osteologic age. Radiographs 
also identified orthopedic hardware in partially
defleshed bones. Recovered hardware was compared
with antemortem radiographs (Image 12.18). Specimens
from appropriate remains were retained for DNA profil-
ing. Relatively uncontaminated, preserved pink muscle

was located by incising the dorsum of the hand (Image
12.19).

Remains that were identified, regardless of the size of
the body part, were treate in a dignified fashion and
placed in a regular-size coffin before being shipped to
families. Unidentifiable remains such as skin and con-
nective tissue were placed in coffins and buried in a plot
designated for the victims of the airplane crash (Image
12.20). Potentially identifiable remains such as fingers
were entombed above ground at the same site.

Personal effects not associated with remains were
cleaned and put on display at the memorial service held
after the recovery efforts ceased. The items were
receipted over to family members who could identify the
items and wanted to have them as mementos (Image
12.21).

Do

• Collect complete toxicology samples from the pilot
(TOXBOX).

• Be aware of the many possible ways for identifying
victims.

• Seek help when the scope of the disaster is greater
than your department can handle.

• Consider that the crash may have been caused by
natural disease in the pilot.

• Modify your department’s mass disaster plan 
according to the disaster at hand.

• Collect pertinent information from the investigation
performed by outside agencies (e.g., NTSB).

Don’t

• Forget to x-ray the hands and feet of the pilot.
• Exclude suicide or homicide until the investigation is

completed.
• Panic in mass disasters.
• Forget to consider the safety of all personnel involved

in the investigation.
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The label death in custody refers to all deaths that occur
while an individual is a prisoner or ward of the state.
Although people most commonly envision “death in
prison cells,” any death that occurs during arrest, in the
backseat of a police car, in a rehabilitation facility, or even
in a hospital, days, weeks or months after an altercation
qualifies as a death in custody. Although the majority of
cases will be due to or somehow related to a natural
process, others are the consequence of varying forms of
violence or asphyxiation. Deaths that occur while being
restrained by police are often due to a combination of
factors and require a detailed case investigation.

Deaths in jail may also be related to drugs that were
consumed just before being arrested, or drugs that were
illicitly brought into jail and consumed while incarcer-
ated. Because it is not uncommon for alcoholics to be
arrested, custody deaths related to complications of
chronic alcoholism are not uncommon and may include
seizure disorder, delirium tremens, and other effects of
chronic ethanolism that can lead to an unexpected death.
Deaths that occur while in custody are varied and, based

on the nature of the case, require graded degrees of thor-
oughness in investigation and autopsy detail. Regardless
of the apparent nature of the case, one must evaluate
whether or not foul play and/or injury was a factor in
the death. The autopsy of a person who dies while in
custody provides closure to the family and ends specu-
lation as to the nature of his or her demise.

Types of death in custody

Natural disease
Many people who die while in custody die suddenly and
unexpectedly of natural disease processes, the most
common of which are atherosclerotic cardiovascular
disease and hypertensive cardiovascular disease. The
autopsy allows for proper certification of the cause and
manner of death and ends speculation about other
causes of death and possible injuries. The autopsy is 
also important from the infectious disease standpoint,
because it may uncover tuberculosis, meningitis, or other
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infectious diseases that might have been transmitted to
others in close quarters.

People with significant known and documented
natural disease who die while in jail or prison should
also be autopsied, even though the likely cause of death
may already be known. The autopsy is important not
only to exclude unknown injury, but also to document
the nature and extent of the known natural disease. Toxi-
cologic analysis of these individuals is important not
only to evaluate for drugs of abuse, but also to determine
if they were consuming their prescribed medications
while in custody. These factors are important to docu-
ment, because family members may question whether or
not they were receiving proper care while in jail or
prison.

The prisoner should be monitored for signs of
impending medical deterioration and changes in neuro-
logic status that may accompany a variety of natural
disease processes. A change in mental status may also
alert one to the possibility of an expanding subdural
hematoma or other traumatic brain injury, which can
occur in alcoholics who are injured before being arrested.

A man was arrested for trespassing, and because he
exhibited bizarre, irrational behavior, he was placed
under suicide watch. Three days later, he stopped speak-
ing and became incontinent of urine and stool. He was
admitted to hospital, but deteriorated and died 4 days
after admission. Autopsy disclosed intracranial pathol-
ogy. Pale green purulent exudate filled the right subdural
space (Image 13.1). The exudate originated from a right
intracerebral abscess that had dissected through the cere-
bral cortex into the subdural space (Image 13.2). The soft,
swollen brain had accentuated friability of the right cere-
brum, which disintegrated with handling. Green and
dark red discoloration is noted on the ventral aspect of
the brain (Image 13.3). Purulent exudate in the right
middle ear (Image 13.4) tracked through the base of the
skull to the sella turcica (Image 13.5) and progressed

down the spinal canal to the cauda equina (Image 13.6).
This inmate’s behavioral abnormalities stemmed from an
organic lesion in his brain. There was no evidence that
trauma was a factor in his death.
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Drug-related (toxic) death
It is not unusual for those with illicit drugs in their pos-
session to quickly swallow the drugs to avoid detection
(“body stuffer”) on confrontation with law enforcement
officers. In this scenario, the toxic effects of the drugs
may become evident only hours later, while in jail, where
the person may die suddenly and unexpectedly from the
toxic effects of drugs. Because the drugs involved most
commonly are either cocaine or methamphetamine, the
prisoner should be monitored for characteristic symp-
toms of cocaine and methamphetamine toxicity, which
include sweating, hyperthermia, tremor, altered mental
status, and seizure. Decreased responsiveness or coma
may be induced by heroin. At autopsy, one must ensure
that proper toxicologic specimens are collected, which
includes gastric contents. One may also find small 
plastic drug baggies and/or little “rocks” of drug in 
the stomach, duodenum, or other segments of the 
intestine.

Suicidal hanging
The suicide rate in jail is approximately 10 times higher
than that of the general population, and suicides most

commonly occur during the first 24 hours of confine-
ment,1 usually in an intoxicated person. In one review of
52 hanging deaths in jail, 33 (63 percent) occurred during
the inmate’s first day in jail.1 The victim often does not
have a history of mental illness or previous suicide
attempts. Hanging is the most common means of com-
mitting suicide when in jail, followed by wrist cutting.
When investigating hangings in jail, the resourcefulness
and determination of a person to hang himself or herself
becomes evident. Because any type of clothing that could
be made into a ligature (such as a belt and shoestrings)
is usually confiscated on confinement, the detainee must
resort to making a ligature from articles of remaining
clothing or bedding.

Hangings in jail using telephone cords have been
described.2 In this scenario, the telephone cord is looped
around the neck and the receiver cinched underneath the
chin while the person slumps to the ground under the
phone. Note the telephone cord looped around the neck
of this woman who hanged herself in jail (Image 13.7).
Of course, the most important aspect of the autopsy in a
jail hanging is to determine whether the autopsy find-
ings are consistent with the scenario. Investigators must
rule out other causes of death and ensure that there are
no indications of foul play (see also Chapter 8).

Blunt force injuries
People can sustain significant and even fatal injuries
while incarcerated. Homicidal assault related to beatings
from law enforcement officers, prison personnel or other
inmates, and stabbings from other inmates are rare, but

13.5

13.6

13.7



Death in custody

fatal incidents do occur and need to be thoroughly 
investigated.

Inmates in neighboring cells were awakened in the
middle of the night by screams and noise coming from
one of the cells (Image 13.8). When the guards opened
the electronic door of the cell, one of the two cellmates
staggered out covered in blood (Image 13.9). He col-
lapsed after taking a few steps past his cell door and was
taken to the prison infirmary where he died. Blood was
on the walls inside the cell and was more abundant on
the floor near the door (Image 13.10). The heaviest blood
stains were on the inside of the door and adjacent floor
(Image 13.11).

Autopsy disclosed abrasions on the torso and extrem-
ities and facial ecchymoses, abrasions, and lacerations.
The right posterior parietal scalp had a laceration, and
there was subgaleal and temporalis muscle blood
extravasation. He had a small amount of subarachnoid
hemorrhage and cerebral swelling. The cause of death
was attributed to blunt force head injury with a contribu-
tory condition of acute psychotic reaction associated
with schizophrenia. The manner of death was 
homicide.

The decedent’s cellmate was 6 feet 3 inches tall and
weighed 260 pounds. The cellmate occupied the lower
bunk bed, and was awakened by the younger, smaller
inmate who was beating and trying to strangle the sleep-
ing cellmate. The cellmate fought back, inflicting blunt
trauma on his attacker before the prison guards opened
the cell door. The decedent had a history of psychiatric
problems.

Harbored injury resulting in death while
incarcerated
Those who are incarcerated may have injuries that were
sustained before they were arrested or sustained during
the arrest. They may harbor these injuries silently and
unbeknownst to others, for some period of time, until

their injury progresses enough to cause significant symp-
toms and lead to death. The individual may die while in
jail or after admission from the jail to a hospital. The indi-
vidual may be intoxicated by alcohol and/or drugs and
may not be able to provide a reliable history. Addition-
ally, it may be difficult to differentiate the symptoms due
to injury from the effects of alcohol and/or drug toxic-
ity. For this reason, it is important for jail personnel to
monitor the physical and mental condition of the
inmates.

A man was arrested for heroin possession and
attempted to escape from the police station. He was
forcibly subdued, and although he complained of left rib
pain during the scuffle, he did not complain after he was
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incarcerated. Over the course of 5 days in jail, he did not
ask for medical attention. On the fifth day, he com-
plained of abdominal pain and collapsed. Cardiopul-
monary resuscitation was attempted but he died.

Autopsy disclosed no evidence of external injury,
although the abdomen was distended. Internally, ecchy-
moses surrounded lateral fractures of the left lower ribs.
The intraperitoneal organs and tissues were bathed in 
a 2,700-milliliter hemoperitoneum. A blood clot was
lightly adherent to a splenic hilar laceration (Image
13.12). A splenic subcapsular laceration was more exten-
sive intraparenchymally (Image 13.13). An ecchymosis
surrounded the duodenum and head of the pancreas,
indicating blunt trauma to the center of the abdomen
(Image 13.14). A left retrosternal ecchymosis infiltrating
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the anterior aspect of the pericardial sac was from 
the attempted cardiopulmonary resuscitation. Bilateral
anterolateral rib fractures from attempted cardiopul-
monary resuscitation were associated with little ecchy-
mosis, but had to be differentiated from the lower left rib
fractures (Image 13.15). Microscopically, the lower left
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rib fractures showed evidence of early healing. The bilat-
eral anterolateral rib fractures were fresh, with no evi-
dence of healing.

A man who died in jail had a convoluted history. Prior
to incarceration, the man borrowed a coat hanger from a
homeowner, telling the homeowner that he needed the
coat hanger to get into his locked vehicle. Minutes later,
a neighbor telephoned the homeowner that a man was
trying to break into the homeowner’s vehicle. The home-
owner chased the would-be thief into the street where
the homeowner hit the other man on the head with a
baseball bat, causing the struck man to collapse. The
homeowner dragged the stunned man by his ankles off
the road, out of traffic, bumping his head on the curb. He
died a few days later in jail.

Autopsy disclosed not one, but two scalp lacerations.
The second laceration was linear, sutured, and overlay a
depressed linear skull fracture. The leptomeninges were
clouded by exudate, indicative of meningitis (Image
13.16). A third laceration involved the right eyebrow. The
eyes had no ecchymoses. Ecchymoses were on the
extremities. Anterior and posterior neck dissections dis-
closed no injuries.

To retrace the events leading to this man’s death,
investigators went to the jail, and interviewed the
employees who were working the night the decedent
was booked into jail. One guard remembered the man
tripping and falling, striking his head on the corner of a
desk, thereby sustaining the eyebrow laceration. Inside
his jail cell, the prisoner fell again, striking his head
against the metal bars of the cell (Image 13.17), sustain-
ing the compound linear skull fracture. A prison nurse
had come to the cell to clean and suture the scalp lac-
eration; the linear fracture was not diagnosed until
autopsy.

Deaths occurring while in jail should be autopsied, not
only to document physical injury and to estimate how
long one might have had that injury and what the symp-
toms might have been, but also to document complica-

tions of the injury, other undetected injuries, and the
absence of injury. This becomes particularly important in
individuals who have had multiple traumatic events
before arrest, during the arrest, and during incarceration.
Sometimes, one cannot provide specific interpretation of
the injuries, but an autopsy at least allows documenta-
tion and possible correlation of the injuries with their
symptoms.

Alcoholics and other inmates may sustain a head
injury before being arrested, and may have the effects of
an enlarging subdural hematoma or other complication
become evident hours or days later while incarcerated.
Regardless of the nature of the head injury, which may
have resulted from a fall, an assault, or from other mech-
anisms, the prisoner should be watched for signs of
impending medical deterioration and changes in neuro-
logic status due to drugs and/or injury. A significant
change in neurologic status should be evaluated
promptly.

Incongruity between incident account 
and physical injury

An autopsy should not be performed without informa-
tion about the circumstances of death. As such, medical
examiners must trust in the accuracy of the initial inves-
tigative information. However, one must be aware of,
and document, any anatomical findings that are out of
keeping with the alleged history of events. Forensic
pathologists should be knowledgeable of the proper
chain of command through which to report findings con-
sistent with maltreatment by law enforcement personnel.

Police officers gave statements that an injured man
who was transported to hospital was a motorcyclist
involved in a traffic accident. The intact helmet showed
only scratches on the left side (Image 13.18) and the back
(Image 13.19). The motorcyclist died in hospital and his
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body was transported to the medical examiner for an
autopsy. The head was wrapped in gauze dressings,
somewhat unexpected for a motorcyclist whose helmet
was intact (Image 13.20). Underneath the dressings were
several sutured scalp lacerations that were on different
locations on the head (Image 13.21). These multiple sepa-
rate and distinct lacerations were not consistent with a
motorcyclist wearing a helmet that sustained only
scratches.

Intracranially, a comminuted fracture involved the left
and right orbital plates. Another fracture extended pos-
teriorly from the right anterior cranial fossa and crossed
the right middle and posterior cranial fossae to the right
occiput; this fracture was consistent with the back of the
head being supported (probably on the ground) as a
force was delivered to the forehead or frontal bones
(Image 13.22). The findings were not consistent with a
motorcycle accident, but were consistent with inflicted
injuries from a beating.

It is important to correlate autopsy findings with the
given accounts of an incident. In this case, it was impor-
tant to recognize an incongruity between the reported

mechanism of injury (motorcycle accident) and the
injuries identified at autopsy, which were more consis-
tent with a beating. Examination of the helmet and the
circumstances of the case provided information that con-
tributed to proper interpretation of the autopsy findings.
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Correlation of scene and autopsy findings
Correlation of scene information and autopsy findings
often helps provide a better understanding of a person’s
demise. In the following case, consideration of the scene
or autopsy individually and in isolation would not have
been as useful as the synthesis of the two together in
gaining an understanding of the individual’s death.

Undercover police officers paid a visit to the house of
a drug dealer (Image 13.23). The visit left the drug dealer
feeling unwell, and he was admitted to a hospital where
he later died. The scene at the drug dealer’s house was
investigated. A significant amount of blood in suspicious
patterns and distributions indicated a violent interaction

between the drug dealer and his police visitors. A patch
of blood was on the bed, by the head of the bed; blood
was also on the wall by the head of the bed and along
the right of the bed (Image 13.24). Another wall had
blood in dripping trails and a smear with a smudge
pattern consistent with hair (Image 13.25).

The body was bloody, with most of the blood cover-
ing the face. An abraded laceration was on the fractured
bridge of the ecchymotic nose. Multiple other abrasions
on the face were patterned focally. Because the patterned
abrasions were suggestive of the treads from the sole of
a shoe, the shoes of the officers involved in the home
“visit” were impounded. The shoes of one of the officers
had soles with a tread pattern that matched the patterned
abrasions on the dead man’s face (Image 13.26).

The autopsy and scene both provided important infor-
mation leading to the resolution of this case. The bloody
scene was evidence of violence. The autopsy docu-
mented physical injuries, the most significant of which
was a patterned abrasion that helped link a person to the
assault. If the scene was considered without the autopsy
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findings (and vice versa), resolution of the case would
have been more difficult.

A man was arrested in his high-rise apartment. After
he was handcuffed behind his back, he ran to the balcony
and hurled himself over the balcony wall, landing on the
ground eight stories below (Images 13.27 and 13.28). The
right forearm was fractured and the handcuff bracelet
was still around the right wrist (Image 13.29). The left
handcuff bracelet was broken (Image 13.30). A patterned
injury with abrasions and focal laceration on the lower
back was consistent with the broken edges of the left
handcuff bracelet, indicating that he landed on his back,
on top of his handcuffed wrists (Image 13.31). An
abraded laceration on the occipital scalp was associated
with an occipital fracture. A swollen purple ecchymosis

of the left upper eyelid (Image 13.32) was associated
with a fracture of the left orbital plate (Image 13.33), and
was not from direct blunt trauma to the eye. As discussed
in Chapter 5, this is a consequence of blood tracking
through fascial planes after orbital plate fracture.

Recognizing that the injuries related to the fall were
consistent with the man landing on his back, and that the
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left eye ecchymosis was also related to the fall, helped to
exclude the possibility of inflicted injury. Although the
autopsy findings are consistent with a fall from eight
stories, the circumstances of the fall are clarified through
meticulous investigation.

Police-involved shooting

A prisoner with a long criminal history escaped custody.
Several days later, he was spotted in the right front seat
of his girlfriend’s car. Police surrounded the vehicle.
Once one shot was fired from inside the vehicle, the sur-
rounding officers all fired into the vehicle (Image 13.34).
When the shooting stopped, the escapee was dead in the
right front seat; his girlfriend fled from the vehicle before
the first shot was fired. Because so many rounds had
been fired into the car, the body was left inside the
vehicle while dowels were positioned to demonstrate the
paths of projectiles through the vehicle (Image 13.35).
This also facilitated the demonstration of gunshot
wounds through the body, allowing for the correlation of
specific projectile paths into the car with the placement

of specific gunshot wounds on the body (Image 13.36).
The exact pathways of all gunshot wounds were deter-
mined at autopsy.

In addition to multiple gunshot wounds inflicted by
the shooting officers, there was a single contact gunshot
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wound to the left front of the chest (Image 13.37) that
perforated the left cardiac ventricle. This contact gunshot
wound was self-inflicted and would have been lethal in
and of itself; it was also the first shot that was fired,
coming from inside the vehicle. It was evident that he
bled from the gunshot wounds fired by the officers.
Because he was alive when he sustained the wounds
inflicted by the officers, and those wounds therefore con-
tributed to death, the manner of death was homicide.

In police-related shootings, it is important to know
how many shooters there were, how many shots each
officer fired, what type of ammunition was used, and the
location of the shooters in relation to the victim. If the
subject is dead at the scene, photographic documentation
from multiple vantage points will help in the recon-
struction and analysis of the events leading up to the
shooting. If the injured subject has been transported to
the hospital, it may still be advantageous to visit the
scene to gain a better appreciation of the events that tran-
spired. In this scenario, be sure that all of the clothing
that might have been removed during resuscitation
attempts is accounted for and that no clothing was dis-
carded by hospital personnel, because the clothing may
prove valuable in sorting out entrance/exit wounds and
help determine range of fire.

Deaths occurring during or shortly 
after a violent struggle

Whereas the autopsy will usually identify structural
changes to the body such as physical injuries and natural
disease, functional mechanisms of death or functional
contributors to death such as physiologic and psycho-
logic stress may be less apparent or undetectable at
autopsy, yet their overall contribution may be significant
to the demise of the individual. That is, some deaths 
may be structural in origin and easily demonstrable at

autopsy, whereas other deaths may be combined struc-
tural and functional or predominantly/entirely func-
tional in origin and have few or no demonstrable gross
findings (the “negative” autopsy).3 As such, complete
and detailed investigation of the course of events in a
custody or restraint death will help guide one along the
proper chain of events that led to the demise of an indi-
vidual. This is important, because in many custody or
restraint-related deaths, physiologic processes have a promi-
nent role in the death and are not necessarily identifiable at
autopsy. In fact, many of these deaths are the result of the
combined effects of drugs and violent physical activity.
(See also Chapters 21 and 22 for more on deaths occur-
ring during or shortly after a violent struggle.)

The nature of the struggle and subsequent
collapse and death
Occasionally, an individual will become unresponsive
and die either during or shortly following a physically
intense struggle with law enforcement officers and/or
other individuals. The struggle often arises when an agi-
tated, excited, psychotic, or otherwise hyperactive
person resists arrest. Often, such people are also hyper-
thermic and show great strength and resistance to pain.4

These effects are not uncommonly due to the toxic effects
of cocaine and/or methamphetamine abuse. In these
cases, the most important factors in the death are likely
endogenous physiologic effects of the struggle, com-
bined with the effects of sympathomimetic drug abuse,
the cumulative effects of which can cause acute cardiac
dysrhythmia and sudden cardiac death. The individual
may or may not have underlying heart disease, which
could make him or her even more susceptible to such a
sudden cardiac death.

Many times, the mechanism in these deaths is not
known exactly. It is known, however, that during a strug-
gle, an individual becomes tachycardic and hypertensive
because of the release of catecholamines. These endoge-
nous influences are stressful on the heart—a stress that
is worsened by the sympathomimetic effects of drugs
such as cocaine or methamphetamine, which act to
further increase the epinephrine and norepinephrine
levels. Cocaine promotes increased activity of cate-
cholamines such as norepinephrine and epinephrine and
increases the activity of dopamine and serotonin.5 Speci-
fically, cocaine inhibits the reuptake of norepinephrine 
in the synaptic cleft.6 Methamphetamine promotes
increased release of norepinephrine from the synaptic
cleft into the general circulation.5,6 Methamphetamine
also promotes the release of dopamine and serotonin.5

In addition to the increased physiologic and drug-
induced stress placed on the heart, the physical activity
of a violent struggle increases the oxygen demand of the
heart. For various reasons, including antecedent disease
and various forms of asphyxia associated with forceful
restraint by law enforcement officers, the heart may have

307

13.37



Death in custody

a limited supply of oxygen.4,7 These deaths often involve
police personnel and sometimes a myriad of other
people trying to help subdue an agitated or violent
person. Such situations occasionally occur in mental
health facilities.8

Physical restraint may induce some degree of
asphyxia in the individual, especially if he is in the prone
position, is obese, and if his face is directly on the
ground. The mechanism of asphyxia in many restraint
cases generally often includes the effects of compression
of the chest, restriction of chest movement, and body
position. Any one of these three mechanisms of asphyxia,
or a combination of any of them, may lead to a signifi-
cant degree of asphyxia during physical restraint. The
prone position may be particularly deleterious to an
obese person following a struggle, because the pressure
on the abdomen may impair excursion of the diaphragm,
leading to impairment of the abdominal component of
respiration and resultant asphyxia.

The individual often continues to struggle against
restraint, further increasing his myocardial oxygen
demand, which, when combined with the additive 
deleterious effects of sympathomimetic drug abuse 
and possible limited oxygen supply related to 
restraint-associated asphyxia, leads to metabolic acidosis
and associated electrolyte abnormalities such as rapid
fluctuations in potassium concentration.9–12 These physi-
ologic, drug, toxic, and asphyxial factors may synergis-
tically culminate in acute cardiac dysrhythmia and
sudden cardiac death. The death often occurs not during a
physical restraint procedure, but rather, soon following the
restraint. Often, the person will have lapsed into uncon-
sciousness and then cardiopulmonary arrest soon after
the struggle has ended. Fatal respiratory collapse may
occur suddenly and without warning,13 and sudden tran-
quility is a clue of possible impending cardiorespiratory
arrest.

This “delayed” onset of cardiopulmonary arrest may
be related to the fact that the highest level of cate-
cholamines occurs during the first few minutes after 
cessation of physical activity, not during physical 
activity,10,14 and this increase occurs at a time during
which electrolyte fluctuations may be manifest. In
human exercise studies, although the plasma epineph-
rine increased 7-fold and plasma norepinephrine
increased 5-fold during exercise, both levels increased
further during the first minute after cessation of exer-
cise.10 In another study involving humans, the plasma
norepinephrine level in the recovery period increased 10-
fold over baseline.14 In the same study, plasma potassium
levels rose during exercise and then fell rapidly minutes
after exercise stopped.10 The rise of plasma potassium
during exercise and the rapid decline of plasma potas-
sium after exercise has been identified in other human
trials.9,11 Hence, it is likely that the heart is most vulner-
able to the combined effects of sympathomimetic activ-

ity and acute electrolyte changes (mainly potassium,
which shows rapidly fluctuating levels) during the early
minutes of the recovery phase. This has been termed the
post-exercise peril14 and the vulnerable period10 and is
believed to be implicated in sudden cardiac death.9

More on physiologic stress
Metabolic acidosis may arise from numerous conditions,
including stimulant drug use, physical exertion, and
positional/mechanical asphyxia, in which the person is
not able to ventilate adequately.15 The metabolic acidosis
(likely augmented by more than one condition) can 
then lead to rapid electrolyte fluctuations (including
hypokalemia and/or hyperkalemia) and cause signifi-
cant negative cardiovascular effects, including auto-
nomic instability and the development of dysrhythmias,
which may culminate in sudden cardiac death.15 This is
an important consideration because a hyperactive, psy-
chotic, and/or delirious individual with an increased tol-
erance to pain may be able to achieve an incredible
amount of exertion, perhaps near his physiologic limit,
resulting in a dangerous, severely acidotic state.15

A person’s physical limitations may compromise his
ability to recover from severe physical exertion with all
of its sequelae. In a study of 18 consecutive excited delir-
ium sudden deaths after struggle and physical restraint,
stimulant drug use was found in 78 percent, obesity in
56 percent, and significant natural disease in 56 percent
of the cases.16 In all of the cases, cardiopulmonary arrest
was preceded by a short period of tranquility lasting an
estimated 5 minutes or less in which the person devel-
oped a shallow or labored breathing pattern.16

More on cocaine and methamphetamine
toxicity
Although the complications of cocaine use are covered
in the toxicology chapter and the excited delirium
section, more detailed mention of its effects are worth
noting again in this section, because it is commonly a sig-
nificant factor in the demise of a restrained person in
custody. Cocaine may cause coronary artery spasm and
thrombosis,17,18 although the exact mechanism of how
this occurs is unknown. Coronary artery vasospasm
and/or thrombosis, when combined with the increased
myocardial oxygen demand induced by the sympath-
omimetic effects of cocaine and the physiologic stress 
of resisting restraint, contributes to myocardial ischemia
and increases the risk of a fatal dysrhythmia.17,19,20 Even
though no critical coronary artery atherosclerosis may be
demonstrable at autopsy, coronary artery vasospasm
may make a previously minimally stenotic atheroscle-
rotic lesion functionally significant. Cocaine has also
been determined to prolong the QT interval and lead to
lethal ventricular dysrhythmias.21 Chronic cocaine use
also appears to contribute to an increase in heart
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weight,22 further increasing the oxygen demands of the
heart. Other sympathomimetic drugs such as metham-
phetamine may have similar effects and can precipitate
bizarre, violent behavior followed by sudden death.

In summary, many factors need to be considered that
either alone or in combination may lead to the death of
a person either during or, more commonly, shortly after
a violent struggle. These factors include drug toxicity, the
physiologic effects of stress, mechanical, positional, or
other forms of asphyxia (“restraint asphyxia”), trauma,
natural disease, and occasionally psychiatric illness.
Every situation is unique, and classification depends on
a thorough investigation that includes a detailed, com-
plete autopsy and toxicology. Depending on the circum-
stances of the case, the death may be attributed to the
effects of asphyxia, drug toxicity, natural disease, or
another factor. However, most of the time, the situation
is more complex, involving different factors in combina-
tion, and the challenge lies in identifying which factors
are significant and how they cumulatively resulted in the
death of an individual.

“Hog-tying”
Hog-tying, also known as the total appendage restraint pro-
cedure (TARP),16 is a type of physical restraint in which
subjects are placed in the prone position with their wrists
and ankles bound behind their back and secured by a
cord.7 During or shortly after the restraining process, the
subject may rarely develop difficulty breathing or may
be found unresponsive. When this occurs, his or her con-
dition is often refractory to resuscitation attempts.

Asphyxia is reported to be a significant factor in this
type of death, whether from the hog-tying position itself,
from chest compression, from the prone position, or from
a combination of these and/or other types of asphyxia.
However, in some studies, experiments with healthy
unintoxicated human volunteers have demonstrated
that those undergoing hog-tying or hobble restraints do
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not develop hypoxia or hypercapnia.23,24 This is not to say
that prone positioning of an individual or hog-tying of
an individual is without deleterious effects on the body,
because each situation must be analyzed on its own
merits. Quite often, these deaths are not solely asphyxial
in nature, but rather, there is an interplay between
varying degrees of asphyxia with heart disease, sympa-
thomimetic drug abuse, and the body’s physiologic
response to stress and exertion. During patient transport
by emergency medical services, the supine or lateral
body position is encouraged rather than the prone posi-
tion to limit the possible deleterious effects that mechan-
ical/positional asphyxia may have on respiration.25

Neck holds
Two general types of neck holds are used to help restrain
violent people: the choke hold and the lateral vascular
neck restraint (LVNR) or “carotid sleeper.”

Choke hold
A choke hold compresses and obstructs the airway. It is
usually applied by standing behind a person, wrapping
one’s arm around the neck of the person, and then
pulling one’s forearm onto the front of the person’s neck,
compressing it (Image 13.38). The person becomes
subdued due to a lack of adequate oxygen because of
compression of the trachea, which hinders breathing.

Lateral vascular neck restraint
The LVNR is usually applied by standing behind a
person and wrapping an arm around his or her neck so
that the neck is within the angle of the upper arm and
the forearm (Image 13.39). The forearm is then pulled
toward the upper arm, compressing the carotid arteries
(and jugular veins) at the sides of the neck. A transient
state of unconsciousness occurs because of inadequate
blood flow to the brain26; on release of the hold, blood
flow is reestablished, and consciousness is restored. In
one study, the LVNR caused symptoms within seconds
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of application to human volunteers. It also caused
decreased blood flow to the face by 89 percent within an
average of 6 seconds, with a quick return to baseline
blood flow after release of the hold.27 The LVNR may
cause unconsciousness in 10 to 15 seconds.

Note on carotid sinus stimulation
A factor to consider with any type of neck compression
is stimulation of the carotid sinus, which is located just
cephalad to the bifurcation of the common carotid 
arteries. Compression of the carotid sinus may result in
bradycardia and rarely cardiac arrest.26 As such, carotid
sinus stimulation may be used to explain sudden death
occurring rapidly after the application of a neck hold.28

However, most descriptions of vagal stimulation under
controlled conditions lead only to mild bradycardia
and/or mild hypotension, and because most individuals
involved in struggles are tachycardic and hypertensive,
vagal stimulation will likely lead only to more normal-
ized cardiovascular parameters or only mild bradycar-
dia and hypotension.

Death attributed to excessive vagal stimulation is not likely,
and if it does occur, is probably restricted to an older individ-
ual with significant cardiovascular disease who was known to
be symptomatic from previous episodes of carotid sinus stimu-
lation such as fainting spells or dizziness associated with 
pressure on his or her neck.

Autopsy findings in struggle-related deaths
In cases involving restraint asphyxia, there may be no
injury identified at autopsy. In cases involving physical
restraint of an individual in the prone position, multiple
factors can contribute to asphyxia, including compres-
sion of the chest, abdomen, or other body part, restric-
tion of chest expansion, and positional asphyxia. Because
either one of these factors, or a combination of these or
other factors, may cause asphyxia, in such cases, a
descriptive phrase such as “restraint asphyxia” may be
used.28 At autopsy of any cases suspected to involve at
least some component of restraint asphyxia, one should
perform detailed anterior and posterior neck dissections,
noting and photographing hemorrhages in skeletal
muscles and other soft tissues, and fractures of cartilage
and/or bone. As in any other asphyxial death, petechiae
and neck abrasions or contusions should be carefully
documented. Deaths in which choke holds and/or the
LVNR have been employed will often have evidence of
internal neck injury such as blood extravasation in the
subcutaneous tissues and/or anterior cervical strap
muscles, possibly in combination with fractures of the
hyoid bone and/or thyroid cartilage. This is not unusual,
because when an individual struggles violently against
restraint, injury of the neck very often results.

Incisions into the skin of the wrists, ankles, and any
other regions bound by handcuffs or other ligatures may
demonstrate blood extravasation (or the absence of

blood), which may help support or refute a struggle. In
addition, photography and examination of the anus,
scrotum, testicles, or vagina will help confirm or refute
allegations of sexual assault or other genital trauma.

Restraint aids

Pepper spray and electrical weapons such as the Taser®

and stun gun have been developed and utilized to
provide sublethal means of subduing an individual.
They are generally considered nonlethal and effective in
temporarily incapacitating violent, potentially danger-
ous people, with minimal risk of injury to police officers
or others using the devices and minimal risk to the 
subjects.

Pepper (OC) spray
Oleoresin capsicum (OC) is an irritating, naturally occur-
ring oil extract of hot pepper plants. Packaged and
known as pepper spray or OC spray, it can be used in some
circumstances to provide a less-than-lethal force to help
subdue a violent person. Pepper sprays typically contain
a 10 percent solution of OC diluted in a solvent and a
gaseous propellent.29 Exposure occurs via the eyes,
through the skin, or inhalation with resultant skin pain
and erythema, lacrimation, blepharospasm, and stinging
in the eyes, coughing, rhinorrhea, and may possibly
induce bronchospasm.28,30,31 The effects last approxi-
mately 20 to 30 minutes.31 In one study on human vol-
unteers, some with asthma, lung disease, and smoking
history, OC spray did not induce changes on pulmonary
function tests, oxygenation, or ventilation.32 There are no
convincing data to indicate that OC spray is inherently
lethal or otherwise dangerous.28

Electrical weapons
Electrical weapons are designed to quickly shock and
immobilize an individual, but not to inflict any serious
bodily injury or cause death.33 They are available in two
basic forms: those that require the electrodes to be phys-
ically placed against a subject, that is, stun guns, and
those that can shoot two electrodes from a gun-like
device that can attach to a subject from a distance, the
most common of which is referred to as the Taser®

(Thomas A. Swift’s Rifle). A stun gun is considered an
electrical self-defense weapon, because its two electrodes
must be physically placed on the skin or clothing of an
individual to deliver an electrical current. In close
encounters, a Taser can also function as a stun gun.

The Taser is a handheld device that is fired like a gun,
using compressed nitrogen to shoot two small metal
probes at 180 feet per second to a target. The two probes
each remain individually attached to the gun by high-
voltage insulated wire measuring either 15 or 21 feet
long.34 The probes superficially embed in the skin or
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clothing, and the battery-powered gun then delivers an
electrical charge for a few seconds or so along the two
wires connecting the gun and the two probes. The probes
do not need to make contact with skin; they can trans-
mit the powerful electrical impulses through up to 2
inches of clothing.34 However, both probes do need to
make contact with the body or clothing for the electrical
charge to be delivered.

Several models of the Taser and the stun gun have
been produced. They generally deliver an electrical
charge of up to approximately 50,000 volts and approx-
imately 2 to 10 milliamps.33,35,36 The electrical weapons
are designed to stun individuals, causing them to lose
control of their voluntary muscles, collapse, and remain
dazed and sluggish for a few minutes.33,37 The electrical
current discharged by these weapons is not considered
lethal when used on a healthy adult, but is not without
potential risks. The capacity of an electrical weapon to
cause death is the subject of much debate. Because they
function by delivering an electrical shock, in certain sus-
ceptible people (such as those with severe heart disease),
and under “the right circumstances,” it is possible that
these weapons might contribute to death. Their role in
causing a cardiac dysrhythmia may be more convincing
if the electrical current is delivered to the chest directly
over the heart, as opposed to an arm or a leg,35 and if the
individual dies suddenly on discharge of the electrical
shock. At autopsy, if the probes from a Taser have pene-
trated the skin and have been removed from the body,
one will see two small superficial puncture wounds.
After the firing of a stun gun, one may see two small red
dot-like skin lesions approximately 2 centimeters apart35

(see Chapter 7 for more information).
As in all deaths, and custody deaths in particular, all

findings should be considered within the context of the
complete case investigation before the pathologist offers
opinions about their significance (or lack thereof). This
would include the possible deleterious effects of electri-
cal weapons. As mentioned earlier, individuals who die
during physical restraint usually do so from a combina-
tion of factors, which often includes drug toxicity, phys-
iologic stress, heart disease, and asphyxia.

Summary of restraint deaths
Deaths that occur during or shortly after a violent strug-
gle with physical restraint may have a single, clear cause
of death. Most of the time, however, these types of death
have many contributing factors that combine to result in
an individual’s demise, only some of which may be iden-
tifiable at autopsy. It is not unusual for these deaths to
be multifactorial in etiology and attributable to a combi-
nation of factors including cocaine, methamphetamine,
and/or other drug toxicity, the physiologic effects of
stress, obesity, coronary artery disease, cardiac hypertro-
phy, physical injury, and various types of asphyxia.
Detailed investigation from many sources will increase

one’s ability to understand the entire dying process,
including the factors that led to the need for restraint and
why the death occurred.

In cases involving struggle with physical restraint, it
is important to have a detailed timeline of the events,
including both the duration and sequence of events,
noting specifically what position the person was in when
he became unconscious, how long he was in that posi-
tion, and what resuscitative efforts were performed.
Ideally, minute-by-minute accounts of the events as they
unfolded are obtained as soon as possible after the inci-
dent has occurred, while the details are still fresh in 
the minds of the witnesses. Witness information may
include police and fire rescue personnel and any inde-
pendent witnesses to the event. The EMS and medical
records, including vital signs, heart rhythms, level of
consciousness, and other symptoms, should be care-
fully reviewed. Detailed investigation is necessary if 
one is to properly understand the circumstances of the
death.

If a physical confrontation or altercation between an
individual and one or more law enforcement officers
results in injury or impairment that is clearly contribu-
tory to death, the manner of death can be ruled homi-
cide. Medical examiners must understand that this is not
reflective of intent to kill (murder) or indicative of cul-
pability. As discussed in Chapter 30 and elsewhere, the
certification of a death as a homicide is a medical deci-
sion (diagnosis) and not a decision with any direct legal
implications.

“Negative” photographs

As mentioned previously, photography is important to
document the presence and absence of injury (“negative”
photographs). This is particularly pertinent for in-
custody or restraint-associated deaths. It is not possible
to take too many photographs, and the autopsy should
be approached and performed as if it were part of a
homicide investigation.28 The following is a collection of
autopsy photographs that are useful for documenting
pertinent negatives for in-custody death cases. The
number of negative photographs taken will vary accord-
ing to the circumstances of the case.

Complete, full-body, front and back photographs
should be obtained. Do not attempt to document the
whole “front” or “back” in one photograph; these
regions of the body can be photographed in overlapping
thirds, thus ensuring high-quality, well-lit, undistorted
images that include the entire body from head to feet
(Images 13.40 through 13.45).

A close-up facial photograph demonstrates the
absence of any smaller injuries and may be used for legal
identification (Image 13.46). Photographs of the mucosa
of the upper and lower lips show a lack of injury to the
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mouth (Images 13.47 and 13.48). Photographs of both
eyes show the lack of petechiae (Images 13.49 and 13.50).
In some cases, it may be advantageous to obtain pho-
tographs of the front, sides, and back of the neck to show
the absence of external injury.

Photographs of the dorsal and palmar surfaces of both
hands (Images 13.51 and 13.52) and the backs of both
forearms (Image 13.53) show the absence of defensive-
type injuries and handcuff marks.

A photograph of the chest plate and opened abdomi-
nal cavity show no bruising or hemorrhage (Image
13.54).

Photographs of the external genitalia show no injury
(Images 13.55 and 13.56). A photograph of the anus

shows no injury (Image 13.57). A photograph of the
bottom of the feet shows no injury (Image 13.58).

Additional negative photographs can be tailored to
individual cases. Photographs of the wrists and ankles
can show the absence of handcuff marks. Furthermore,
the medial and lateral aspects of the wrists and/or ankles
and soles of the feet can be incised (approximately 2-inch
incisions) to document the absence of underlying sub-
cutaneous or skeletal muscle injury.

Additional negative photographs internally include
the reflected scalp, the brain, the internal chest cavity
(both before and after the removal of the parietal pleura),
and photographs of the intact and cut surfaces of the tes-
ticles, showing no hemorrhage.
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Investigative questions for deaths related to physical restraint

Determine the circumstances of the arrest/why the person
needed restraining.

What was the person’s behavior like and how did it change
over time?

Who was doing the restraining (police, paramedics, family
members, bystanders)?

How many people were doing the restraining?
What was the position of the person when he or she was

being restrained?
What was the position of the restrainers?
How much was the person struggling?
What was the position of the person’s body and the bodies of

the restraining person(s) when he or she had a decrease in
responsiveness?

Was pressure placed on the upper torso?
How did the person’s symptoms change over time and what

treatment was administered?

What were the person’s respirations like and was he or she
sweating an abnormal amount?

How do independent witnesses describe the events?
What was the person’s position during medical transport?

(prone versus supine)
Was pepper spray or a Taser device used?

Factors potentially not observable in a functional death
Hormone surges (epinephrine, norepinephrine)
Acute electrolyte fluctuations (particularly potassium)
Abnormalities in dopamine-related functions
Physiologic stress
Psychologic stress
Inherent cardiac dysrhythmia (Wolff-Parkinson-White syn-

drome, prolonged QT syndrome)
Toxic effects of drugs (cocaine, methamphetamine)
Toxic drug–drug interactions
Carotid sinus stimulation

Do

• Perform a complete autopsy, including a detailed,
layered anterior neck dissection and a posterior neck
dissection when indicated.

• Correlate all information including investigative data,
autopsy results, and toxicology results before ruling
on the cause of death and manner of death.

• Consider making a detailed timeline of the events
leading to the person’s death.

• Realize that cocaine and other drugs may be at a low
level or metabolized, particularly if the person has
been hospitalized after an event; analyzing hospital
admission blood may be helpful.

• Carefully photograph not only injuries, but also the
absence of certain injuries (pertinent negative pho-
tographs).
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• Consider the influences of natural disease processes.
• Consider obtaining a core body temperature as close

to the time of death as possible.
• Perform autopsies on inmates who died of suspected

natural disease to verify natural disease and to
exclude trauma or other foul play.

• Perform toxicologic studies of those who died while
in custody.

• Consider the potential deleterious effects of rapid fluc-
tuations of plasma potassium and other electrolytes
and increased catecholamine concentrations on the
heart following a violent struggle.

Don’t

• Expect the autopsy to provide all of the answers.
• Forget that these deaths are usually due to the combi-

nation of many factors, some of which are not identi-
fiable at autopsy.

• Forget about potential psychiatric factors in the death.
• Forget to incise the wrists and/or ankles to help

support or refute allegations of a struggle.
• Forget to examine the anus, scrotum, and testicles, or

vagina for evidence of sexual assault.
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Artifacts of Resuscitation
and Complications of
Medical Therapy
Michael D. Bell, M.D.
David Dolinak, M.D.

14

An artifact is a structure or substance not normally
present but produced by some external agency or action.
In this chapter, we examine those injuries or findings that
are produced by medical therapy. This topic could fill 
an entire book so we will confine the medical therapy to
that involving cardiopulmonary resuscitation and a few
select complications of therapy. In this 21st century, most
of the bodies examined by the medical examiner have
had some attempt at cardiopulmonary resuscitation
(CPR) before pronouncement of death. Forensic pathol-
ogists should therefore be able to recognize those post-
mortem findings that are the result of CPR. Likewise, an
unending variety of therapeutic procedures are per-
formed on people for either the maintenance of good
health or for the treatment of illness or injury. It is
inevitable that even with the best of care, unintended
consequences may occur during treatment procedures.
Only a few of these complications will be discussed,

knowing that an all-inclusive discussion could fill an
entire text.

Artifacts of resuscitation

Resuscitation attempts are replete with artifacts that
occur simply as a result of attempts to save lives. The
recognition of many of the artifacts related to resuscita-
tion attempts is most easily realized when one views 
the body with the medical therapy still in place. The
recognition of injury or other marks as artifact from
therapy can be more challenging if the therapeutic 
material is removed from the body before the medical
examiner has had an opportunity to view the body. 
This is why it is important that all therapeutic devices 
be left on any bodies destined for the medical 
examiner’s office. Review of the medical records, in 
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particular emergency medical services run sheets and
emergency room records, can be helpful in sorting out
artifacts due to resuscitation and other therapeutic 
procedures.

Medical tape
Tape has many useful purposes, one of which is to sta-
bilize an endotracheal tube after its insertion. This tape,
after removal, can abrade the skin in a linear fashion and
mimic a ligature abrasion. This may confuse the post-
mortem pathologist if he or she did not directly super-
vise the removal of the decedent’s clothing and medical
paraphernalia. After the decedent is pronounced dead,
the extremities may be bound by string or tape to facili-
tate transport, producing artifactual marks that become
apparent after the ligature is removed.1 Images 14.1 and
14.2 show two parallel curvilinear abrasions on the pos-
terolateral neck that fade and disappear as they approach
the anterior neck. Image 14.3 was a photograph taken
before the decedent was stripped of his medical para-
phernalia. The abrasions are at the same location of a
piece of masking tape that is compressed along the pos-
terolateral neck and normally opened and flat anteriorly.

A cervical neck collar used to stabilize the head and
neck may produce linear impressions in the skin of the
neck that may also resemble a ligature furrow.

Needle punctures
Needle punctures from attempted intravenous access
should not be confused with self-induced punctures
associated with intravenous drug abuse. Needle punc-
tures may cause a large amount of blood extravasation
in the associated underlying tissues. In this man (Image
14.4), note the needle puncture from an intravenous
catheter site in the left side of his neck. Upon reflection
of the skin, note the large amount of associated blood
extravasation (Image 14.5). In cases of suspected stran-
gulation, hanging, or other blunt force neck injury, one
must consider the possibility that a hemorrhage may be
related to a therapeutic procedure.

Endotracheal intubation
Endotracheal intubation is routinuely performed during
CPR to maintain a patent airway and prevent aspiration
of orogastric contents. Most endotracheal tubes have an
inflatable cuff near the end of the tube. Overinflation of
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the cuff can cause trachea rupture or pressure necrosis if
left in place over time. Most of the time the endotracheal
cuff leaves a focal area of laryngeal mucosa pallor com-
pared to the red hyperemic mucosa above and below it.

Intubation of the esophagus by an endotracheal tube
is one of the more common resuscitative findings,
although this is not by definition an artifact. Esophageal
intubation as seen in Image 14.6 occurs when the endo-
tracheal tube is not visualized to pass between the vocal
cords. In this image, the swollen outline of the endotra-
cheal cuff is easily seen through the muscular esophagus.
Esophageal intubation prevents the delivery of concen-
trated oxygen from reaching the pulmonary alveoli.

Esophageal intubation can produce gastric dilatation as
seen in Image 14.7. On opening the peritoneal cavity, the
pathologist should note the distended stomach and
confirm that the endotracheal tube (as seen protruding
from the decedent’s mouth in this image) does indeed
end in the trachea rather than the esophagus. Endo-
bronchial intubation occurs if too long a tube is used and
inserted into one of the mainstem bronchi. The nonintu-
bated lung does not contribute to gas exchange and the
large volume of blood flowing through this lung results
in a substantial right to left shunt.

Resuscitative intubation can produce injuries to the
cervical strap muscles, oropharynx, epiglottis, larynx,
and trachea. The majority of these injuries are mucosal
petechiae or larger contusions. Endotracheal intubation
may cause artifactual hemorrhage in the pharyngeal
tissues, as in this middle-aged man (Image 14.8). In such
cases, the hospital records may note difficulty with
attempts to place the endotracheal tube.
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Image 14.9 shows a submucosal contusion in the right
posterior pharynx at its junction with the esophagus. The
contusion is at the base of the superior horn of the
thyroid cartilage. Conjunctival and skin petechiae were
seen in 21 and 6 percent, respectively, of cases in one
prospective study.2 Mucosal lacerations are less common
than mucosal hemorrhage. Image 14.10 shows a mucosal
laceration of the pyriform sinus and extensive
extravasated blood at the base of the tongue. Image 14.11
shows a mucosal laceration of the vocal cords. The
tongue base, pyriform sinus, and vocal cords have
crevices that catch the tip of the approaching endotra-
cheal tube and produce injuries that range from mucosal
contusions to transmural perforation.

Combitube
The combitube is a double-lumen ventilation tube that
resembles an endotracheal tube, however it differs in
that it is more rigid and contains two cuffs—one proxi-
mal (in the oropharynx) and one distal (in the trachea or
the esophagus). It is designed to be able to provide ven-
tilation whether inserted into the trachea or into the
esophagus. Injuries identified with the use of the com-

bitube have included contusion and hematoma of the
pharynx, and laceration of the pharynx and esophagus
with perforation.3 These injuries likely result from either
overinflation of the cuffs of the combitube or a purely
mechanical perforation.3 One should be aware of these
therapeutic injuries, and consider their possibility when
internal neck injury is seen in those who have been 
resuscitated.

Tracheostomy/cricothyroidotomy
A more direct method of inserting an endotracheal tube
is to surgically create a tracheostomy or cricothyroidotomy
and insert an endotracheal tube directly into the trachea.
This is particularly useful when oral and nasal attempts
to insert the tube fail. However, sometimes even this fails
for a variety of reasons. In this person (Image 14.12), note
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that the tracheostomy tube was inserted through the
tissues between the hyoid bone and the thyroid cartilage.
The insertion site is too high, because the tracheostomy
tube is ideally placed lower, between the thyroid carti-
lage and the cricoid cartilage, which forces the tube into
the trachea. The high insertion allowed the tracheostomy
tube to enter the pharynx, where it then was directed into
the esophagus (Image 14.13).

Cardiac defibrillation
External or transthoracic defibrillation involves the
application of direct current electrical discharge to ter-
minate ventricular fibrillation and hopefully reestablish

sinus rhythm. Defibrillation is accomplished through
electrode pads placed on the front and side or back in
order to deliver a transthoracic electrical discharge that
passes through the heart. Superficial skin burns and
skeletal muscle necrosis can be caused by transthoracic
defibrillation. Image 14.14 shows a typical defibrillator
burn involving an adherent defibrillator pad with the
thermal injury occurring at the edge of the defibrillator
pad. The defibrillator pad may leave a characteristic
burn pattern that matches the shape of the conductive
material. Defibrillator paddles produce overlapping
hyperemic oval burns clustered over the precordium and
left lateral chest wall. Rarely, the skeletal muscle imme-
diately beneath the defibrillator burn will appear pale
and dull grossly from myonecrosis. Microscopically, the
injured myocytes appear fragmented with irregular
eosinophilic aggregates of protoplasm (Images 14.15 and
14.16) compared to the intact fibers of normal skeletal
muscle (Image 14.17).
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Cardiopulmonary resuscitation/chest injury
Cardiopulmonary resuscitation with closed chest
massage is now the rule, rather than the exception, for
all persons found without a pulse or respiration. In
adults, the sternum should be depressed 1.5 to 2 inches
with the heel of the hand placed over the lower half of
the sternum. Closed chest compression produces blood
movement by raising intrathoracic pressure rather than
by direct compression of the heart by the sternum.4 Epi-
cardial petechiae have been described in autopsied
patients given CPR and are attributed to traumatic com-
pression. Direct myocardial injury should not ordinarily
be produced unless there is a penetrating rib or sternal
fracture. Rib and sternum fractures are seen in 31 to 35
percent5–9 and 21 to 24 percent10 of autopsied patients
who were given CPR.

An anterior pericardial or mediastinal contusion
(Image 14.18) may be seen in association with resuscita-
tion-induced sternum fracture. Cardiac injury is rare and
usually the subject of case reports.11 The largest post-
mortem study of victims given CPR reported hemoperi-
cardium in 8.4 percent, epicardial hematoma in 2.7

percent, myocardial contusion in 1.3 percent, vena cava
injury in 0.9 percent, and myocardial laceration in only
one case. Myocardial laceration or rupture is an
extremely rare complication of external chest massage
and does not appear in most autopsy studies.12,13

Pericardiocentesis or intracardiac injection of epi-
nephrine or other drugs during resuscitation can
produce a small hemopericardium. The pericardial
blood is typically unclotted and less than 100 milliliters
in volume, although Davison et al.14 described two cases
with hemopericardium volumes of 120 and 150 milli-
liters. Aortic rupture has also been attributed to closed
chest massage.15–17 Unfortunately, premortem nontrau-
matic aortic dissection or rupture cannot be eliminated
from the differential diagnosis based on the information
provided in these case reports. Valvular or papillary
muscle rupture has been attributed to closed chest
massage.18

Liver injury
Closed chest compressions during cardiopulmonary
resuscitation can also lacerate the liver. When this occurs
in a dead, nonrevived person, little or no blood is found
in the peritoneal cavity. The small amount of liquid blood
discovered in the abdominal cavity from a postmortem
liver laceration contrasts with the large amount of liquid
and clotted blood found when the laceration occurs ante-
mortem. Image 14.19 shows a horizontal laceration of 
the anterolateral right liver lobe in a 32-year-old obese
woman who died of a pulmonary thromboembolism.
Liver lacerations following CPR have been reported in
the clinical literature, often in patients receiving throm-
bolytic therapy.19

Blood pressure cuff
Noninvasive blood pressure monitoring involves the use
of an automated pneumatic cuff placed around the upper
arm. Reported complications of this instrument include
petechiae, ecchymoses,20 and compartment syndrome21
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from an intramuscular hematoma. Image 14.20 shows 
a well-demarcated band of redness encircling the 
right upper arm from the use of an automated 
sphygmomanometer.

Chest tube insertion
Inserting chest tubes is usually a relatively benign proce-
dure, often with great immediate clinical benefit.
However, occasionally, a chest tube may be directed into
the lung tissue, particularly if there are preexisting
fibrous pleural adhesions. If the chest tube is placed too
low in the chest wall, it may puncture the diaphragm
and/or the liver. This motor vehicle accident victim
(Image 14.21) had a traumatic rupture of the right
hemidiaphragm that forced the liver into the right pleural
cavity. When the chest tube was inserted into its normal
location in the chest, it lacerated the herniated liver.

Of note, a chest tube may have been placed through a
conveniently located preexisting stab wound or gunshot
wound. During cases with such inflicted injuries it is
important to consider that possibility, especially if inter-
nal injury suggests that the skin defect was more than a

superficial therapeutic incision. Close examination of the
wound and its path and a review of medical records or
discussion with the treating physician will help solve the
issue. Alternatively, more than one incision may be made
in an attempt to insert a chest tube. These other incisions
should not be confused with inflicted stab or incised
wounds from an assault.

Emergency thoracotomy
The rib spreader used during emergency thoracotomy
can cause a patterned laceration that mimics an incised
wound or graze gunshot wound.22 The rib spreader con-
sists of two opposing blades, one of which is attached to
a bar containing evenly spaced teeth. This adjustable
blade can be moved or tightened in place using a ratchet
device and thumbscrew. Because left thoracotomy pro-
vides access to the heart, most rib spreader lacerations are
found on the left axilla, upper arm, and costal margin.
Image 14.22 shows a rib spreader laceration in the left
upper arm opposite the left thoracotomy incision. This
thoracotomy incision was performed after the decedent
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Recovery of evidence from people who die during 
resuscitation attempts

If handwipings or hand swabbings for gunshot residue and
fingernail clippings are not performed by law enforcement
personnel in the hospital, it is advantageous for the hands
to be placed in brown paper bags taped at the wrists to help
preserve evidence when the body is transported to the
medical examiner department. This will also help preserve
other evidence such as trace fibers. It is important to use
paper, rather than plastic bags, because paper will allow air
to circulate around the hands, whereas plastic will not.
When a warm body is placed in a cooler, water will conden-
sate in plastic bags and possibly rinse off a portion of the
evidence.
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Artifacts of resuscitation and complications of medical therapy

was stabbed in the chest. Parallel linear abrasions from
the tooth pattern of the rib spreader aid in recognition.

As with the chest tube, a thoracotomy incision or a
laparotomy incision may be performed through a
gunshot wound or stab wound. A review of the medical
records will help determine if this has been the case.
Should questions still arise, discussion with the treating
personnel may provide important information. Many
times the edges of the wound can be reapproximated to
allow a better description of the injury.

Because resuscitation attempts are often rapid and
involve quick body surveys and treatment, some evi-
dence such as bullets located in the clothing or on the
body can be easily overlooked. In such cases, it is advan-
tageous to have the body transported with the hospital
sheet still beneath it. This will help ensure that any loose
bullets or other evidence is properly collected. For this
reason, it is best to x-ray the body with the clothing and
therapeutic devices still on the body, to help determine
whether or not any loose projectiles are present and
where they are located. Sometimes, some or all of the
clothing that was cut off of the body remains in the hos-
pital and is not transported with the body. If articles of
clothing appear to be missing, it is important to ensure
that the investigating agency has collected the clothing
at the hospital, or else, it may be mistakenly discarded
by hospital personnel.

Artifacts of medical intervention

Nasogastric tube
The toddler shown in Images 14.23 through 14.25 sus-
tained a devastating blunt force head injury after being
struck by a motor vehicle and arrived in the emergency
room without any vital signs. Resuscitation attempts
continued and included the placement of a nasogastric
tube. At autopsy, her head x-ray showed a tube curled in
her head (Image 14.23). The nasogastric tube had entered
her intracranial cavity and had curled up and terminated
in her head (Image 14.24). With the dura stripped, note
that the nasogastric tube had passed through a gaping
hinge fracture at the base of the skull (Image 14.25). This
case highlights the potential hazards of inserting a naso-
gastric (or nasotracheal tube) in a person with a head
injury. A basilar skull fracture could allow the tube to be
directed into the intracranial cavity.

Percutaneous gastric feeding tube
Gastric feeding tubes may become dislodged, particularly
if they are pulled on with force. In this young man
(Images 14.26 and 14.27), note that the end of the gastric
feeding tube is free in the peritoneal cavity, not where it
should terminate, in the stomach. Note the tan liquid
tube feed located in the peritoneal cavity. The bulb at the
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end of the gastric feeding tube is still inflated. The
feeding tube entry site in the stomach is still relatively
intact (Image 14.28). In a series of deaths due to peri-
tonitis from gastric tube malpositioning or displacement,
none of the gastric tubes were checked for position and
proper function after insertion.23

Central line
A potential complication of placing a subclavian or inter-
nal jugular central venous catheter is the development of
a pneumothorax, a collection of air between the visceral
pleura of the lung and the parietal pleura of the chest
cavity. In Image 14.29, note the collapsed lung from a
pneumothorax. This can lead to dyspnea, or if large
enough, can create a tension pneumothorax, which may
impair venous return to the heart. For more information
on autopsy detection of a pneumothorax, see Chapter 29.

Pulmonary artery wedge catheter
Pulmonary artery wedge catheters are becoming increas-
ingly more common in the treatment of very sick indi-
viduals. Complications from their insertion and use
range from arterial rather than venous insertion with
hemothorax, pneumothorax, and pulmonary artery tear.
The end of the catheter has a balloon that can be inflated
to temporarily block the blood flow in a pulmonary
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artery and a measurement of the “wedge” pressure can
then be obtained. This is not without its potential
hazards, because a tear in the pulmonary artery may
occur as the balloon is inflated, particularly if it is
inserted too far into the pulmonary artery, into a segment
of small caliber.

Operative electrolyte abnormalities from
irrigation fluid absorption
Urologic surgical procedures, including transurethral
resection of the prostate gland (TURP) and nephros-
tolithotomy for nephrolithiasis, and certain gynecologi-
cal surgeries such as endometrial resection/ablation,
require the use of irrigating solution to aid in the removal
of tissue fragments and blood clots and to help provide
a clear surgical field. Because these surgeries often entail
the use of electrocautery devices, the irrigation solution
must be nonconductive and be devoid of typical elec-
trolytes such as sodium and chloride that are routinely
present in intravenous fluid solutions. The irrigation
fluid must also be approximately isosmotic, to avoid
large shifts of body fluids with irrigation. The solution
used most commonly contains an isosmotic concentra-
tion of glycine.24,25

During these surgeries, the patient may absorb a large
amount of irrigation fluid—up to 6 to 8 liters or so.26–28

The volume load alone may be detrimental, particularly
in those with heart disease. This rapid absorption of irri-
gation fluid may acutely dilute plasma electrolytes,
resulting in profoundly low levels of sodium, chloride,
or other electrolytes. This may lead to mental status
changes, cerebral edema, seizures, cerebral herniation,
cardiac dysrhythmia, and death.27 In two series of cases
of intraoperative dilution from irrigation fluid, the serum
sodium in 33 patients averaged 107mEq/L. In addition
to the deleterious effects of acute volume overload and
electrolyte abnormalities, the glycine itself may have
some degree of toxicity in high concentrations.

Liposuction
Tumescent liposuction is a surgical procedure for the
removal of excessive fat that is performed under local
anesthesia. It requires the use of repeated subcutaneous
injections of lidocaine (with epinephrine) to provide ade-
quate pain control during the aspiration of fat through
small cannulas. The lidocaine provides analgesia, and
the epinephrine helps minimize blood loss by vasocon-
stricting local blood vessels. It is considered safer than
liposuction performed under general anesthesia and
may be performed outside of the standard operating
room arena. However, it is not without its potential for
morbidity and mortality.

Liposuction-related deaths have been attributed to the
toxic effects of lidocaine or lidocaine-related drug inter-
actions.29 Lidocaine toxicity may be manifest as mental
status changes or seizure, but at higher levels may cause

hypotension and cardiovascular collapse. The toxic
effects of lidocaine may not be initially apparent, but the
lidocaine “depots” in the tissue may continue to be
absorbed and to increase the blood lidocaine levels for
up to a day or so after the surgery.30 Lidocaine-induced
seizures may be prevented by the intraoperative admin-
istration of midazolam, which may mask the potential
side effects of lidocaine toxicity until profound car-
diorespiratory compromise results.29 Although the half
life of lidocaine is only 90 minutes, it is metabolized in
the liver to monoethylglycinexylidide (MEGX) and
glycinexylidide (GX). MGEX is 83 percent as active as
lidocaine.31 Additional potential complications of lipo-
suction surgery include fat embolization to the lung and
fluid overload.32

Side note on toxicology/hospital 
blood specimens
When a hospital death is suspected to be drug or med-
ication related, it is advantageous to collect all of the
person’s blood and urine that may still be in storage in
the hospital. Although the person’s hospital admission
blood would be most important in deaths suspected to
be overdoses from outside the hospital, patient blood
obtained days, weeks, or months into their hospital stay
may also be important. This blood may be particularly
important should someone become unresponsive or
have an adverse reaction following the administration of
a medication or in patients who are on pumps that
administer pain medications who are suddenly found
unresponsive. Toxicological analysis of these specimens
may provide the best evidence to explain the patient’s
death, and the hospital will hold these specimens for
only a certain number of days before discarding them.

Do

• Investigate the cause of gastric distention by air.
• Review the medical records or consult the treating

physician when you have unresolved questions about
possible therapeutic/resuscitation artifacts.

• Be cognizant of the varied complications that can arise
from therapy, both medical and surgical.

• Obtain medical records, discuss with treating person-
nel, and utilize any other resources that would help
clarify autopsy findings or correlate autopsy findings
with the clinical history.

Don’t

• Forget to take a chest x-ray when it may help demon-
strate a pneumothorax or air embolus.

• Forget to obtain toxicology specimens that may be
helpful to the case.

• Allow the removal of medical paraphernalia from a
hospitalized or resuscitated decedent without your
direct supervision.
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• Confuse hemorrhage related to intubation attempts or
needle punctures in the neck with trauma from stran-
gulation or other assault.

• Confuse a rib spreader injury for an incised knife
wound.
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Sudden unexpected death in childhood can be
immensely traumatizing to parents who have lost an
apparently healthy child. Through careful investiga-
tion, detailed autopsy and ancillary examination, and
thoughtful, caring communication, forensic pathologists
can have a positive impact on the lives of living relatives
and provide benefit to society on the whole. Unfortu-
nately, by being unaware of the objectives of a medicole-
gal autopsy, by not knowing which questions to ask, or
by misinterpreting artifact as injury, forensic pathologists
can have an equally profound negative effect by damag-
ing the lives and reputations of innocent loved ones. Fur-
thermore, making liberal or carefree use of the term SIDS
is disrespectful of the decedent, and living or future sib-
lings are put at risk of dying of treatable or preventable
conditions that may have been identified by more thor-
ough investigation of the first sibling’s death.

It is not uncommon for an infant to die unexpectedly
while cosleeping (sharing a bed) with one or more adults
or other children. In these situations, one usually cannot
exclude the possibility of overlay. As a result, certifica-
tion of the cause of death as sudden infant death syn-
drome (SIDS) is not appropriate. Where investigative
information indicates overlay, the death may be certified
as “overlay” or some other descriptor phase based on the
degree of suspicion of overlay, such as “undetermined
infant death while cosleeping.” Accordingly, the manner

of death will vary from accident to undetermined. One
should be cognizant of the possibility of homicidal
asphyxia or other forms of fatal child abuse. Further-
more, because very serious injuries may not be evident
externally, the medical examiner should never be pre-
vented from performing an autopsy in cases of sudden
death in infancy and childhood.

Sudden infant death syndrome

A quick literature search reveals at least 6,400 in-print
scientific articles that discuss SIDS in some fashion.
Mixed within these many publications are theories on
the pathogenesis of this “condition.” Articles describe
SIDS deaths in identical twins, simultaneous SIDS deaths
in fraternal twins, the involvement of laryngeal mucous
gland excess in SIDS deaths, and even disseminated
intravascular coagulation secondary to SIDS. During the
past few decades, there has been great debate over the
existence of this “syndrome.” On one hand, societal
benefit accrues from the use of the term SIDS, because
parents whose infants die unexpectedly and of natural
causes can be socially, legally, and emotionally cleared 
of personal wrongdoing1: “There’s nothing you could
have done. . . . Your baby died of SIDS.” Unfortunately,
with suboptimal investigation, the term SIDS becomes a
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wastebasket diagnosis, with negative sequelae. Even if
we overlook the tragedy of misidentifying inadequately
investigated homicides as SIDS deaths, we should be
further frustrated at the thought of missing diagnoses 
of hereditary conditions or of diagnoses related to
unhealthy living conditions. Telling parents that their
child died of SIDS when the investigation failed to reveal
fatal cosleeping could lead to the death of subsequent
children by overlay. After all, the caregiver “didn’t do
anything wrong”; the baby died of SIDS, so therefore it
was “not preventable.” In some jurisdictions the term
SIDS even aborts law enforcement investigations at the
scene because some officers relax at the thought of a SIDS
death: “The baby looks peaceful and normal, there’s no
trauma, it must be a SIDS death.”

Most board-certified forensic pathologists now agree
that SIDS is a diagnosis of exclusion. Although definitions
vary somewhat, use of the term SIDS is generally
accepted to indicate “the sudden death of a normal,
healthy infant under one year of age which remains
unexplained after a thorough case investigation, includ-
ing performance of a complete autopsy, examination of
the death scene and review of the clinical history.”2,3

Unfortunately, this definition is itself controversial
because there is little agreement on what constitutes a
“complete autopsy,” and there is great variability in the
qualifications of the individuals who perform scene
investigations.

After a review of a limited portion of the literature, as
well as cases of sudden/unexpected childhood death
within our own files, we believe that a proportion of
apparent SIDS cases actually have plausible findings that
support an alternative cause of death. Many of these 
are cases of accidental (and occasionally homicidal)
asphyxia, admixed with natural disease. After reviewing
medicolegal autopsies performed by both forensic and
non-forensic-trained pathologists, a disconcerting prac-
tice has been observed with some regularity: SIDS is
being diagnosed in the autopsy room. This is surprising,
because the determination of SIDS requires complete
examination of all possible contributing factors including
medical and social histories, circumstantial data (from
scene examination and caregiver interviews), autopsy,
and additional examinations to be directed as necessary.
Therefore, SIDS cannot be diagnosed in the morgue
based on autopsy findings (or lack thereof) alone. Indi-
viduals working in the vacuum of autopsy pathology,
without the opportunity to participate in all of the com-
ponents of the SIDS investigation (such as those who
perform autopsies for coroners), should not make the
diagnosis of SIDS without the exclusion of other causes
of death.

We believe that pathologists choosing to make the
diagnosis of SIDS should do so only after careful collec-
tion of data and thoughtful contemplation of an indi-
vidual case in which no alternative cause of death has been

identified. Rather than making use of the term SIDS, some
individuals choose to certify death as being of undeter-
mined causation and manner—an approach we support.
For years, the statement “first death—SIDS; second
death—undetermined; third death—homicide” has
floated around the forensic pathology community in
regards to repeat SIDS deaths in a single family.
Although Byard and Krous4 believe that this dictum
cannot be supported, we feel that due to the tenuousness
of SIDS diagnosis on the whole, any cases of repeat SIDS
demand red flagging within individual death investiga-
tion systems. As such, undetermined cause and manner of
death statements are appropriate.

The “complete” autopsy
For good reason, the definition of a complete autopsy
varies widely between pathologists, institutions, and
cases. It is generally agreed that at a minimum, forensic
autopsies include an external examination, radiography,5

an examination of all major internal organs including the
brain, anatomy of the anterior neck, the oropharynx, and
toxicology,6 microbiology,7 and other tests of various
fluids and tissues.8,9 Using this as a basis, autopsies need
to be tailored with additional procedures utilized to
address specific concerns in individual autopsies.
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Scene/investigational aspects in infant deaths

- Look for unsafe sleeping environment: fluffy or torn
pillows, mattress, blankets, or other bedding. Are there
toys, bottles, or other items in the crib? Photograph.

- In what position was the infant placed to sleep
(prone/supine) and in what position was the infant 
found?

- Was the infant found underneath bedding? Was the
infant’s face visible?

- Request that the caretakers recreate the infant’s sleeping
situation/body position with a doll. Photograph.

- In cases of cosleeping, what is the approximate height and
weight of the caretakers/siblings? Does the bed clothing of
the caretakers have any stains? Were the cosleepers unusu-
ally fatigued that night? What was the infant’s body posi-
tion in relation to the other cosleepers (both when put to
sleep and when found)?

- If put to sleep on a couch, chair, or other non-bed surface,
what was the nature of the fabric?

- When was the infant last known alive, and when (and
what) did he or she last eat?

- Has the infant been sick recently? (If so, what were the
symptoms?) Was the infant on any medications? (If so,
which ones?)

- Were the caretakers intoxicated?
- Do the infant’s siblings have any medical problems?
- Are there indications of drug abuse or smoking in the 

residence?
- Is there a history of children’s protective services involve-

ment with the family?
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Theories about SIDS
Currently, there is no scientific explanation for the
sudden, unexpected deaths of infants who meet SIDS 
criteria. That said, countless theories abound, including
occlusion of vertebral arteries,10 neuronal degeneration
as characterized by ALZ-50 immunoreactivity in the 
hippocampus and medulla,11 severe hypoplasia of the
medullary arcuate nucleus,12 decreased kainate receptor
binding in the arcuate nucleus,13 and subtle develop-
mental abnormalities in the inferior olive.14 Many of the
studies have focused on the brainstem, particularly the
arcuate nucleus of the medulla, because it is believed 
that the arcuate nucleus is involved in chemoreception,
respiratory drive, gasping/upper airway reflexes, and
cardiovascular responses.15 A protocol has even been
devised to aid in sampling of the brainstem.16 However,
as of yet, no satisfactory anatomic explanation exists for
deaths meeting the criteria for SIDS.

It is unlikely that enzyme defects, in particular those
of fatty acid oxidation, are an explanation for the sudden
and unexpected deaths of a significant number of
infants, at least with our current capacity to detect these
abnormalities and our present understanding of these
diseases. In one study, only 14 out of 313 SIDS cases 
had the biochemical profiles found in specific fatty acid
oxidation disorders.17 Clues that the infant might have 
a disorder of fatty acid oxidation include hepatic
microvesicular steatosis, low carnitine concentration,
glucose depletion, and elevated concentrations of
C8–C16 fatty acids.17 A metabolic screen can be 
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Important autopsy procedures for infants

- Perform complete body radiographs.
- Perform additional body measurements (head circumfer-

ence, crown–heel and crown–rump length, chest circum-
ference, abdominal circumference, foot length).

- Carefully examine external genitalia, anus, frenula, and
oral mucosa for injury.

- Carefully examine and photograph any rashes. If a rash is
present, determine if it has a pattern.

- Perform widespread histologic sampling including all
major organs, gastrointestinal tract, salivary glands, and
tonsils.

- Consider obtaining viral cultures (respiratory, intestinal)
and bacterial cultures (blood, cerebrospinal fluid).

- Examine the middle ears for signs of infection.

- What is the general condition of the residence (neat/dirty,
peculiar odors, etc.)?

- What is the infant’s medical history (including 
immunization)?

- Is there a history of other SIDS-type deaths in the family?
- Have you obtained and reviewed pregnancy and birth

records?

Proper autopsy documentation includes pertinent nega-
tive photographs. These images may be of use in future
case review and, occasionally, will highlight findings not
noticed at autopsy. The following is a selection of perti-
nent negative photographs that one may find useful
(Images 15.1 through 15.19).
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performed on dried blood on filter paper. One can easily
prepare this at the time of autopsy by placing drops of
fresh blood onto filter paper provided by the testing
center. It does not need to be refrigerated.

In a prospective, controlled and blind study,
Dettmeyer et al.18 obtained impressive data that appear
to attribute a large proportion of SIDS deaths to virus-
induced myocarditis. Using the accepted premise that
myocarditis is an explanation for some causes of sudden
death in infants and children,19 and using immunohisto-
chemical and molecular methods, they studied the rate
of myocardial viral infections. In doing so, they were able
to demonstrate more than double the rate of cryptic viral
myocarditis in apparent SIDS cases than in the control
group (43.5 percent versus 16.8 percent), providing a
plausible alternative cause of death in some cases.

Common autopsy findings in SIDS deaths
Although research and experience have failed to identify
any anatomic etiology for SIDS-type deaths, several
autopsy findings can be discovered with some regular-

ity. One must be cautioned that none of these features is
pathognomonic of SIDS (particularly true, seeing as we
do not actually know what SIDS is). Perioral/perinasal
blood-tinged fluid has been observed, reportedly in as
many as 50 percent of cases (Image 15.20).20 Intrathoracic
petechiae, particularly of the thymus (Image 15.21), epi-
cardium, and visceral pleura, are reported to occur with
greater frequency and intensity in SIDS-type deaths.20–22

However, petechiae of the face, conjunctivae, and upper
chest are not typical of this scenario and should raise
serious questions about the circumstances of death.21

(Image 15.22 shows petechiae on a 10-month-old girl
who was accidentally hanged on drapery cords.) The dis-
covery of such petechiae should, at a minimum, denote
an undetermined cause and manner of death. Visceral
congestion and edema are common findings in infant
deaths of multiple etiologies and are too nonspecific to
be of diagnostic value.

Diaper dermatitis (diaper rash) is a common clinical
entity encountered with some frequency in the autopsy
room. The discovery of a rash may lead some investiga-
tors to question the quality of care and attention received
by the child and even to opine child abuse. Cutaneous
candidiasis can look very “angry” and still be within the
realm of acceptable child care. Most cases of diaper der-
matitis will present as illustrated in Images 15.23 and
15.24. In severe cases where the rash is a well-
circumscribed erythematous area, the pathologist may
have difficultly differentiating between thermal injury
and candida. A KOH preparation and cultures can be
obtained to provide supportive data.
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After death there is a loss of tissue tone and turgor.
This may alarm the medical examiner who observes a
patulous or dilated anus (Image 15.25). Although the
anus should be carefully examined to rule out evidence
of acute or chronic trauma, sexually transmitted disease,
or other pathology, one should caution against overin-
terpretation because even grossly dilated anal sphincters
can be a normal finding in the postmortem setting.

Nonfatal findings in the context of 
an apparent SIDS death

The investigation of SIDS-type deaths can be frustrating.
One major difficulty is interpreting the significance of
pathologic and traumatic findings that are not them-
selves fatal. From the perspective of death certification,
we offer a simplified approach: investigative red flags
demand scrutiny of the appropriateness of a SIDS diag-
nosis; therefore, unknown cause and/or manner of death
certification might be appropriate. Each such case must
be judged on its own merits, in the context of data
derived from all facets of the investigation.

Much research and discussion in the SIDS realm has
focused on the respiratory system. The finding of 
bronchiolitis, or vague inflammatory changes of the
small airways, is unlikely to be a cause of sudden and
unexpected death of a recently healthy infant. Research
has confirmed the absence of a relationship between
bronchiolitis and SIDS.23 Investigators encountering this
entity as the sole abnormality of their investigation com-
monly label the death as SIDS. We would also support
labeling the cause and manner of death as undeter-
mined. Similarly, one must cautiously approach the issue
of pulmonary siderophages. Investigators have indi-
cated that cases of asphyxia, and not SIDS, are associated
with the presence of a prominent population of intra-
alveolar siderophages.24,25 Although there is likely an
association between asphyxial-type insults and this 
histologic finding, pathologists can be troubled by the
discovery of only a few siderophages. The discovery of
a prominent population of these cells will likely demand
consideration of a non-SIDS diagnosis; as an isolated
finding, a few cells is not likely to influence the seasoned
diagnostician.

The identification of significant intrinsic structural
abnormalities, such as an abnormally shaped head
(Images 15.26 and 15.27; dolichocephaly), or the absence
of major anatomic structures (such as the corpus callo-
sum26) warrant elimination of SIDS as the cause of death
because the accepted definition of SIDS is an entity 
that affects “normal healthy infants.” If historical data or
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autopsy evidence reveal preexisting abnormalities, the
child does not fit the diagnostic criteria.

What should be done with the autopsy discovery of
nonfatal trauma? Image 15.28 is from an infant with
ecchymosis of the right antecubital fossa, and Image
15.29 is from an infant with a deep contusion of the right
ankle. Both of these injuries are inconsistent with the

normal daily activities of an infant. In the absence of
recent medical intervention (including attempted or 
successful intravenous or intraosseous access), previous
documented and explained trauma, or diagnosed bleed-
ing diathesis, these atypical injuries require further
investigation and explanation, and require death certifi-
cation outside of the SIDS spectrum. As revealed by
experience and aptly stated in the literature,27 subtle
findings of infanticide can be extremely difficult or
impossible to discover. In the case of a child with preex-
isting unexplained injury, the likelihood of accidental or
inflicted death is greater and, therefore, utilization of the
term SIDS is inappropriate. This is especially true in
cases with nonlethal but suspicious injuries, such as the
bite mark in Image 15.30 and the radiograph of multiple
healing rib fractures in Image 15.31. We have encoun-
tered examples of each that have been certified as SIDS
deaths because, after all, “in the absence of other 
findings, rib fractures surely didn’t kill him.” For the
aforementioned reasons, we wholeheartedly disagree
with this diagnosis.
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Cosleeping/overlay
The sudden and unexpected death of an infant is fol-
lowed by a forensic autopsy, which, by itself, many times
does not reveal a cause of death. In these situations, the
scene investigation often yields useful information that
may eventually help certify the death. Because most of
these deaths occur after the infant has been put to sleep,
the sleeping arrangement and bedding must be closely
examined. An infant should be placed to sleep on its
back, alone, in its own crib, and with appropriate infant
bedding. Anything deviating from this baseline normal
sleeping arrangement makes for a potentially hazardous
sleeping environment that could lead to sudden and
unexpected asphyxia of an infant. Such hazards include
abundant fluffy bedding or pillows, adult-type bedding,
being placed to sleep on an adult bed, sofa, chair, or other
unusual apparatus, and cosleeping with other sibling(s)
or adult(s).

An infant is more vulnerable to asphyxia because it
does not yet have much strength or dexterity, and it
cannot free itself from hazardous situations. Accordingly,
an infant cannot extricate itself from a wedged position,
or push away from a sleeping adult who has rolled over
against it. Infants rely on others to provide a safe envi-
ronment for them.

Asphyxial hazards are exaggerated in premature
infants because their weaker musculature may lead to
respiratory insufficiency by merely being in an upright
position. In one study, such premature infants had a
decrease in oxygen saturation when placed upright in a
car seat.28 As such, car seats or other similar apparatuses
should not replace the crib for a sleeping environment,
particularly in premature infants.

Cosleeping with an infant on an adult bed poses many
risks, including overlay, wedging between a mattress
and wall, and entrapment in bedding with suffocation
and/or strangulation or smothering. A common scenario
is the sudden death of an infant while cosleeping

(sharing a bed) with one or more siblings and/or adults.
In this situation, one often cannot exclude the possibility
of overlay, and because of this, the designation of SIDS
does not adequately explain the sudden death of the
infant. The cause of death listed in cases of cosleeping
will vary from region to region and depends largely on
the investigative information available and the opinion
of the medical examiner. Depending on the factors of the
case, the cause of death statement may range from a con-
vincing “overlay,” to a descriptive phrase based on the
degree of suspicion of overlay, such as “undetermined
infant death while cosleeping,” or “undetermined
(cosleeping),” or simply “undetermined.” Some will
overlook the hazards of cosleeping and certify such a
death as SIDS. Interestingly, one study notes that
cosleeping with an infant on an adult bed or a sofa is
associated with a particularly high risk of SIDS.29

The true incidence of overlay is not known, because it
is not known how often people will admit to cosleeping.
Also, because a person’s body position changes many
times during the night, it is not known how readily an
adult’s body, or at least part of the body, may compress
the infant, and if it did, the person is usually not awake
to have a recollection of the event. Investigators should
be aware, though, that complete overlay is not necessary
to asphyxiate an infant. Direct airway obstruction
and/or restrictive compression of the infant’s chest can
occur by either full or partial compression by even a
single body part of a larger person. Factors that are
believed to increase the risk of overlay include more than
one adult or child cosleeping with the infant, obesity,30

drug abuse, alcohol intoxication, and fatigue. Scene
investigation should include examination of the clothing
of the adult(s) for stains that might have been transmit-
ted from the nose and/or mouth of the infant while
being overlaid. Regardless of exactly how often overlay
occurs, many authors maintain that cosleeping is a dan-
gerous practice and increases the risk of overlay or at
least the number of unexplained deaths.30–35
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Particular features of adult beds may increase the risk
of an asphyxial death in an infant, even if the infant is
sleeping alone. Such hazards include suffocation and/or
smothering/entrapment in fluffy, heavy adult bedding
that is not designed for infants. Particularly hazardous
adult beds include waterbeds (which have a soft, non-
permeable surface) and daybeds (on which the infant
may become wedged between the mattress and railing).
Bed rails may also pose a hazard because the infant 
could get caught between the bed rail and the mattress
with resultant neck compression.35 In one study, a con-
servative estimate showed that the risk of suffocation
increased by 20 times when infants coslept in adult
beds.34 With increased awareness of the hazards of
cosleeping in adult beds, there has been an increase in
the number of infant deaths diagnosed as suffocation in
adult beds and on sofas, chairs, or other unsafe sleeping
environments.9,34

An infant was cosleeping with his father in an adult
bed. The father was of muscular build and had large,
muscular arms. When the supine father awoke, he
noticed that his arm was resting on the face of the infant
who was lying supine at his side. This case of smother-
ing/overlay would have been very difficult to determine
without the investigative history. As is often the situation
in asphyxial deaths in infants, there were no petechiae of
the face or conjunctiva (Image 15.32). Although nonspe-
cific, exaggerated internal thoracic petechiae (thymus,
lungs, heart) and pulmonary edema and congestion may
be reflective of an asphyxial death.

A mother fed her 3-month-old baby girl and brought
the infant to bed with her. She awakened early in the
morning and found her daughter unresponsive. The
baby was pronounced dead at the scene. The anterior
aspect of the baby showed livor mortis with areas of
contact pallor on the abdomen and the knees (Image
15.33). The face had contact pallor that covered the nose,
mouth, and left cheek (Image 15.34). The pattern of livid-
ity and pallor on the face was consistent with the baby
being prone on the soft bedding. Autopsy disclosed pul-
monary edema with foamy fluid in the upper airways

340

15.32

15.33

15.34



Wedging

(Image 15.35) and thymic petechiae. The pattern of livid-
ity and contact pallor at the scene in conjunction with the
autopsy findings indicated that death was due to
asphyxia.

Wedging

Wedging occurs most frequently when an infant is
caught between the side of a mattress and a wall, but
may involve other scenarios, such as an infant slipping
and wedging between two mattresses that were placed
next to each other, or being wedged between a sleeping
adult and the backrest of a sofa. A 5-month-old infant
suffocated when he became wedged between the mat-
tress of an adult bed and the wall. At autopsy, there 
were no indications of an asphyxial death (no petechiae,
no evidence of thoracic compression). The cause and
manner of death were based largely on the investigative
information and the exclusion of a more convincing
cause of death.

Infants put to sleep on couches or makeshift beds or
other potentially dangerous sleeping environments are
at increased risk of becoming wedged between two sur-
faces. Wedging may limit the amount of chest excursion,
causing an impaired and insufficient respiratory effort.
Wedging may also smother by compressing the nose
and/or mouth. In one review of asphyxial deaths in
infants, wedging was the most common type of asphyxia
and occurred predominantly in the 3- to 6-month-old age
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group, presumably because at this age, infants have
begun to develop motor skills and move about on a bed,
but are not yet able to extricate themselves from a
wedged position.36

There is an endless variety of common and unique sit-
uations that can lead to the accidental asphyxial death of
an infant. It is impossible to cover even the majority of
them, but the preceding examples and those listed next
should serve as a baseline for appreciation of the types
of situations that may prove hazardous for an infant:

1. An infant was put to bed in a playpen, face down on
a fluffy adult comforter that was folded over four
times to fit inside the playpen. The infant was noted
to “sink down” into the comforter when placed onto
it.

2. An infant was placed face down on a fluffy adult
pillow on an adult bed. He was found unresponsive
a short time later. When removed from the pillow, the
weight of the infant’s body left a deep impression in
the soft material.

3. An infant was cosleeping with three other siblings
and an adult on an adult bed. She was found unre-
sponsive under the leg of a sibling.

4. An infant was lying prone on the chest of his father
who was napping face up on a couch. When the father
awoke, the infant had slipped off his chest and was
found wedged between his body and the backrest of
the couch.

5. A mother was breast-feeding her infant when she fell
asleep. When she awoke, she noticed that the infant
had slumped into the crook of her arm, with its face
pressed firmly against the side of her chest.

6. An infant was put to sleep between two obese parents
in an adult bed and was found dead in the morning.

A father came home after partying and bottle fed his
2-week-old baby girl as he sat on the sofa. The father fell
asleep. When the mother came out to check on her
husband several hours later, the baby had slipped out of
the father’s arms and was alongside his right thigh
(Image 15.36). The baby was unresponsive and
attempted cardiopulmonary resuscitation was not suc-
cessful. At autopsy, a rectangular indentation was noted
on the baby’s right cheek (Image 15.37). Although the
significance of the indentation was not known, it was
measured and photographed (Image 15.38). Autopsy
findings included a few tiny subgaleal ecchymoses and
a few epicardial petechiae. The medical examiner and the
homicide detective agreed that additional information
was required from the father. When asked whether he
had anything in his right trouser pocket at the time he
was feeding the baby, the father pulled out a key ring
with a rectangular metallic tag. The metallic tag was the
same size as the indentation on the baby’s right cheek
(Image 15.39). The consistency of the seat cushions of the
sofa was described by the detective as being like pillows.
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It appears that the father fell asleep, and the baby slipped
out of his arms, landing alongside the father’s right
thigh. As the baby snuggled and/or the father shifted his
position, the baby’s face became wedged underneath the
father’s thigh, suffocating the baby.

Choking

An infant was placed in his crib to go to sleep. Also in
the crib was a package of plastic diaper bags. When the
infant was later checked on, he was unresponsive. When
emergency medical services personnel tried to intubate
the infant, they discovered a wadded up plastic bag in
the oropharynx (Image 15.40). This death was certified
as choking because of the history provided. Hazardous
materials in the crib include anything that the infant can
place in its mouth and choke on. A plastic bag, in par-
ticular, can also cover the nose and mouth, causing suf-
focation. In infant autopsies (as in adult autopsies), it is
important to evaluate the entire oropharynx and mouth,

because part of a plastic object, a coin, marble, piece of
food, and so on, may become lodged in the oropharynx
or the roof of the mouth and be responsible for choking.

Because the preceding cases of accidental asphyxia
had no specific autopsy findings and, in fact, in such

342

15.36

15.37

15.38

15.39

15.40



References 343

cases, because the autopsy is typically negative, any
injuries should be carefully documented. Findings such
as multiple abrasions, contusions, or oral–intraoral
injuries are unlikely to result from accidental asphyxia.32

Inflicted asphyxia in this age group can easily leave no
findings or very subtle findings. Hence, one must be alert
to any clues that may be suggestive of homicidal
asphyxia. The quick designation of SIDS in such cases
without adequate detailed investigation prematurely
excludes other causes of death, namely, asphyxia.

Do

• Perform a scene investigation in all SIDS-type cases.
• Realize the possible hazards of cosleeping and of other

sleeping environments outside of a crib.
• Realize the subtle nature of asphyxial deaths—many

times there are no autopsy findings.
• Perform histology, cultures, and metabolic (enzyme)

studies in SIDS-type cases.

Don’t

• Diagnose SIDS in the autopsy room; the diagnosis of
SIDS requires a complete case investigation.

• Be afraid to label a cause and/or manner of death as
“undetermined” when appropriate.

• Forget to take full-body x-rays in SIDS-type cases.
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The scope of forensic pediatric pathology is enormous.
In an attempt to identify those conditions of increased
prevalence in a medical examiner’s population, we
undertook a retrospective review of all pediatric deaths
investigated by the Miami-Dade County Medical Exam-
iner Department between 1994 and 2003. This study
included 1,515 deaths between the ages of 0 and 18 years.
Of those, 414 were attributed to natural causes. These
cases were subdivided by cause of death, and the 32 most
common or interesting categories are included for dis-
cussion in this chapter.

SIDS-type cases form a large proportion of cases in
pediatric forensic pathology—in our study, approxi-
mately 25 percent of natural deaths. These are discussed
separately in Chapter 15 where a more thorough discus-
sion of SIDS issues is appropriate. Although there is great
interest in pursuing diagnostic schemas for the autopsy-
based recognition of previously undiagnosed genetic
and metabolic disorders, this is not covered here due to
the rarity of such conditions. Our retrospective study
revealed no single documented case of sudden death in
such a scenario. Although sudden deaths that result from
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Sudden natural death in childhood

genetic and metabolic disorders are rare, the value of
postmortem testing for these disorders should not be
negated, because with improved testing methods and
understanding of disease, progressively larger numbers
of cryptic conditions will be detectable via laboratory
methods.

Complications of prematurity

Prematurity may lead to chronic health problems, and
the more premature an infant is, the more likely the
infant will have serious medical conditions, and the
more likely the infant will eventually die from compli-
cations of these conditions. The most common and
serious complications of prematurity are hyaline mem-
brane disease/bronchopulmonary dysplasia, necrotizing
enterocolitis, and subependymal germinal matrix 
hemorrhage.

Hyaline membrane disease/bronchopulmonary
dysplasia
Hyaline membrane disease (HMD) is characterized by
firm, atelectatic lungs that on histologic examination
have pink hyaline membranes lining terminal and respi-
ratory bronchioles and alveolar ducts. It is commonly
associated with pulmonary surfactant deficiency. In
infants who survive the initial manifestations of HMD,
the development of bronchopulmonary dysplasia (BPD)
may follow in weeks to months. BPD initially is charac-
terized by organization of HMD that then transitions
into chronic disease characterized by bronchial and 
bronchiolar metaplasia, a large amount of mucous secre-
tion, atelectasis, and peribronchiolar smooth-muscle
hypertrophy.

Necrotizing enterocolitis
Necrotizing enterocolitis most commonly presents
approximately 1 week after birth and is due to a combi-
nation of factors including intestinal ischemia, bacterial
colonization, and inflammatory mediators. It is identi-
fied as coagulative and hemorrhagic necrosis in areas of
the small and large intestine, most commonly affecting
the terminal ileum and cecum. Perforation may lead to
peritonitis, and it has an overall mortality of 20 to 30
percent.

Subependymal germinal matrix hemorrhages
Subependymal germinal matrix hemorrhages usually
arise in the germinal matrix region of the brain adjacent
to the caudate nucleus. They usually develop and
expand from a few hours to a couple of days after birth.
The hemorrhage may rupture into the lateral ventricles,
spread into the foramina of Luschka and Magendie, and
extend into the subarachnoid space around the cerebel-
lum and brainstem. Germinal matrix hemorrhages are

most common in premature babies, but their etiology is
not fully understood and may include complications of
hypoxia acting on immature cerebral blood vessels.

The majority of deaths resulting from complications of
prematurity are natural in etiology and often involve
premature rupture of membranes and/or chorioam-
nionitis. However, one must be vigilant in the investiga-
tion of death related to prematurity caused by maternal
trauma or maternal drug abuse, because the circum-
stances of the premature labor and delivery may engen-
der a nonnatural manner of death such as accident or
homicide.

Complications of cerebral palsy

Cerebral palsy is defined as a nonprogressive spastic
paresis. In most cases, cerebral palsy is evident from the
time of birth or shortly thereafter, and it is common not
to be able to determine its etiology. It is important,
however, to consider that the term cerebral palsy is some-
times used as a generic descriptor for almost any chronic
encephalopathic condition in youngsters, and one must
be vigilant to rule out traumatic or other nonnatural 
etiologies that may have been overlooked through the
years.

Children with cerebral palsy frequently also have
seizure disorders and, despite therapeutic levels of anti-
convulsant medications, may die suddenly and unex-
pectedly related to seizures. This may happen despite
good control of seizure activity including the absence of
recent seizures. In some cases, the neuropathologic exam-
ination may be unimpressive, despite the functional lim-
itations of the child. One must be reminded that cerebral
palsy is a heterogeneous disorder and one should expect
a spectrum of neuropathologic changes, which may
range from the extreme of marked hydrocephalus with a
paucity of brain tissue, to various identifiable conditions
such as porencephaly, pseudopolymicrogyria, ulegyria,
and various types of infarcts or ischemic lesions, to a
paucity of gross and microscopic findings in a 
normal-appearing brain. Depending on the severity of
the condition, those with cerebral palsy may develop
bronchopneumonia related to inactivity or as a result of
the aspiration of secretions and/or food.

A 10-year-old died from complications of cerebral
palsy. Note the marked wasting away of skeletal muscle
and soft tissues (Image 16.1). Note the hydrocephalus on
coronal sections of the brain (Image 16.2).

Complica tions of Down syndrome

Trisomy 21 (Down syndrome) is the most common
abnormality of autosomal chromosomes. Children
affected by this condition traditionally have a character-
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Central nervous system pathology

istic grouping of morphologic abnormalities including
microcephaly, flat occipital profile, epicanthal folds, a
high arched palate, Brushfield spots (speckling of the
iris), and transverse palmar (Simian) creases. In addition
to varying levels of mental retardation, these children
can have multiple significant pathologies. Research has
shown that 15 percent1 to 44 percent2 of all Down syn-
drome children have some form of congenital heart
disease. Although variation exists among publications,1–3

atrial septal defects (ASDs) and ventricular septal defects
(VSDs) are typically most common, followed by secun-
dum atrial defects, isolated persistent ductus arteriosus,
and tetralogy of Fallot. As a consequence of VSDs,
affected children are at risk of developing Eisenmenger’s
syndrome—a right to left shunt because of pulmonary
vascular disease with secondary persistent pulmonary
hypertension.4

More than 60 percent of the Down syndrome popula-
tion is reported to have vertebral anomalies,5 and as
many as one-quarter may have atlanto-occipital disloca-
tion.4 Although most patients will present to clinicians
with incontinence or gait disturbance, death is an estab-
lished outcome.6,7 As a result, autopsies of individuals
with Down syndrome may include radiographs of the
cervical spine and, when necessary, dissection of the 
posterior neck (see Chapter 28).

Central nervous system pathology

Meningitis
More than 90 percent of childhood meningitis occurs in
the 5-years-and-under age group.8 Although viral infec-
tions tend to dominate, a wide spectrum of organisms
can potentially infect the central nervous system. In
neonates, these tend to be group B streptococci,
Escherichia coli, and Listeria monocytogenes; in children,

these are often Neisseria meningitidis, Streptococcus pneu-
moniae, and Haemophilus influenzae. More than 70 percent
of all viral causes are due to enteroviruses.9 Most chil-
dren with meningitis will present to hospital with com-
plaints of headache, altered level of consciousness,
generalized poor feeding, and irritability. They may also
have specific classical physical signs of meningismus. If
such a child should die and then come to the attention
of the medical examiner, the pathologist should be cog-
nizant of the need to obtain cerebrospinal fluid (CSF) for
microbiological purposes. Some investigators choose 
to obtain CSF samples on all children presenting with
sudden death, with or without neurologic symptoms.
Lumbar puncture can be easily performed with disin-
fection of skin in the lumbar region and the use of a
sterile syringe (Image 16.3).

One must always consider traumatic etiologies in
cases of meningitis. If such causation is identified, either
through autopsy or evaluation of circumstances of death,
the manner of death will likely not be classified as
natural.

The adolescent shown in Image 16.4 complained of
progressively worsening headache, neck stiffness, pho-
tophobia, and vomiting over a 2-day period. Finally, she
became obtunded and was transported to hospital where
she died shortly thereafter. Autopsy demonstrated puru-
lent exudate in the arachnoid space, with extension
around the high cervical cord.

Epilepsy
As in adults, sudden and unexpected death may occur
in young children with epilepsy. The exact pathophysi-
ology of the death is not well defined, but is likely related
to seizure activity inducing a fatal dysrhythmia.
Although most cases are natural deaths, with no defined
epileptic etiology, proper investigation and certification
of these deaths requires inquiry into any history of 
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Sudden natural death in childhood

significant traumatic head injury or hypoxic-ischemic
brain injury (or a combination thereof) that could result
in an accidental or homicidal manner of death. Depend-
ing on the type of head injury and its severity, remote
head injury may or may not be identified at autopsy.
Causes of epilepsy that are of a natural etiology include
cerebral malformation, neoplasm, cerebral infarct, and
remote meningitis or encephalitis, with resultant 
scarring of the brain parenchyma. Again, one must be
reminded that the meningitis and/or infarct may be con-
sequent to a remote head injury.

Analysis of the blood for anticonvulsant medications
may indicate whether or not the patient was taking (or
being administered) medication, but fatal seizure activity
can occur despite therapeutic drug levels and despite infre-
quent or rare seizure activity. In these deaths, one may 
also consider positional asphyxia, or other manners of
asphyxia based on how the body was positioned when
found.

In the brain of this 2-year-old (Image 16.5) who died
of epilepsy, note the gliotic white matter and abnormal-
appearing gyri that have a ulegyric appearance. On addi-
tional cross sections, note the hydrocephalus ex vacuo.
Also, the thalami are shrunken and pale (Image 16.6).
She had developed perinatal asphyxia, and imaging
studies had documented diffuse cerebral atrophy and
periventricular leukomalacia.

Chiari malformation
Chiari malformation (also referred to as Arnold-Chiari
malformation) is a congential defect of the brain that is
manifest in three different levels of severity. Type 1 is
often asymptomatic and consists of a chronic conical 
displacement of cerebellar tonsils into the foramen
magnum. It can be described as chronic tonsillar hernia-
tion, and affected children often have a slightly smaller
posterior cranial fossa. In the type 1 malformation shown
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in Image 16.7, note the prominent, herniated cerebellar
tonsils. Owing to the chronicity of the herniation, the
cerebellar tonsils are often sclerotic. Type 2 Chiari mal-
formation involves elongation of the cerebellar vermis
and brainstem and their displacement into the upper cer-
vical canal. In Image 16.8, note the elongated appearance
of the brainstem on sagittal sectioning of the brain. In
type 2 malformation, spina bifida is often present, as is
hydrocephalus, which is usually from aqueductal steno-
sis or from obstruction of the flow of cerebrospinal fluid
through the fourth ventricle by compressive effects. As a
result of the hydrocephalus, polygyria (an increase in the
number of gyri) is often present (Image 16.9). Type 3
Chiari malformation is rare and is manifest as a high 
cervical bony defect with herniation of the cerebellum
through the defect into an encephalocele. Other features
often include elongation and kinking of the brainstem
and lumbar spina bifida. The different types of Chiari
malformation can cause sudden and unexpected death
by means that are not entirely certain, but in some
instances may involve acute obstruction of cerebrospinal
fluid, resulting in acute hydrocephalus.

Dandy-Walker malformation
Dandy-Walker malformation is a congenital defect in 
the brain diagnosed by the presence of three findings:
agenesis of the cerebellar vermis, cystic dilatation of the
fourth ventricle, and enlargement of the posterior cranial
fossa. These findings are often associated with some
degree of hydrocephalus and polygyria. Additionally,
one may see agenesis of the corpus callosum, cortical
dysplasias, and other anomalies. This malformation may
be similar to—and must be differentiated from—Chiari
malformations (which have a small posterior cranial
fossa) and a retrocerebellar arachnoid cyst (which com-
presses the brainstem, but does not communicate with
the fourth ventricle). Death may occur because of the
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Sudden natural death in childhood

malformation itself or its sequelae, such as seizures,
pneumonia, or other events.

A 3-year-old child was born with a congenital
cytomegalovirus infection and was treated with pheny-
toin and phenobarbital for recurrent seizures. She was
discovered dead in bed by her mother after 3 seizure-free
days and no recent illnesses. Autopsy demonstrated the
classical features of Dandy-Walker malformation includ-
ing agenesis of the cerebellar vermis (Image 16.10).
Further neuropathologic examination showed hydro-
cephalus, absence of the corpus callosum, and polygyria.

Hydrocephalus
The term hydrocephalus generally refers to increased cere-
brospinal fluid in the cerebral ventricles. In Image 16.11,
note the large, voluminous lateral ventricles in the brain
of this child with hydrocephalus. Hydrocephalus 
is divided into different types, based on its etiology.
Obstructive (noncommunicating) hydrocephalus occurs
when a lesion or stricture prevents CSF from flowing
freely from the lateral ventricles to the subarachnoid
space. Lesions frequently affect the smaller CSF channels
such as the cerebral aqueduct, and the foramina of
Luschka and Magendie. Examples of obstruction include
colloid cyst of the third ventricle, tumor compression of
the third ventricle, tumors in the posterior cranial fossa,
inflammatory infiltrate, and aqueductal stenosis. Cases
with communicating hydrocephalus have freely flowing
CSF, but impairment of CSF absorption. Hydrocephalus ex
vacuo results from a loss of white matter and enlargement
of the ventricular system secondary to brain atrophy,
such as may occur in trauma and strokes. The term exter-
nal hydrocephalus is applied when there is excessive CSF
in the subarachnoid space, not in the ventricular system.
This may be seen in cases of cerebral atrophy. Some
reports indicate that young children with external hydro-
cephalus may be at increased risk of subdural hemor-
rhage with minor head injury, due to preexisting
stretching of the bridging veins in the unusually
widened subarachnoid spaces.10–12

Cardiovascular pathology

Congenital heart disease
Sudden unexpected infant death from congenital heart
disease is an uncommon, but not rare, event. In our ret-
rospective review, it accounted for approximately 1
percent of all child deaths. This is somewhat less than
that found by other investigators who reported that 3
percent of their pediatric deaths could be attributed
solely to congenital cardiac malformation.13 This same
group further analyzed the abnormality by specific diag-
nosis, and listed patent ductus arteriosus (PDA), aortic
coarctation, ventricular septal defect (VSD), and aortic
orifice stenosis as the most commonly occurring cardiac

anomalies. Cardiomegaly was noted in each of the hearts
studied by this group, as was severe left interventricular
septal subendocardial fibrosis. Each of these cardiac
abnormalities is known to place infants at risk of 
sudden death as a result of congestive heart failure and
arrhythmias including ventricular fibrillation.14,15

Many infants dying suddenly of congenital cardiac
malformation have no antecedent symptomatology;
some even die in the middle of normal activities of daily
living. Others will die while sleeping, and thus will often
present as apparent SIDS deaths. Careful cardiac dissec-
tion is necessary to identify, document, and interpret
some cardiac lesions.16 It is often helpful to fix speci-
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mens in formalin prior to dissection, or to request 
consultation from a cardiac pathologist to better define
the conditions.

The heart featured in Image 16.12 is from a 9-year-old
child who was witnessed to have “seizure-like” move-
ments after collapsing to the ground. He was transported
to hospital where he was pronounced dead. Autopsy
demonstrated severe left ventricular hypertrophy asso-
ciated with previously undiagnosed left ventricular
outflow tract obstruction.

This 2-day old child (Image 16.13) was found cold and
unresponsive 2 hours after breastfeeding. The maternal
and neonatal histories were unremarkable. Autopsy
showed a hypoplastic left ventricle with combined mitral
and aortic valve atresia.

Myocarditis
Myocarditis is recognized as a legitimate cause of
sudden natural death in infants.17–20 Depending on the
study, rates vary from 1.2 percent21 (our rate was 1.3
percent) to as high as 10 percent22 of forensic autopsies.
Recent research by Dettmeyer et al.23 revealed that
immunohistochemical and molecular (PCR) studies are
successful in identifying more than twice as many cases
of viral myocarditis as standard methods. In a cohort of
histologically proven cases of myocarditis, Smith et al.20

demonstrated the widely varying histories associated
with cases of fatal infant myocarditis and the need to
closely examine the heart for this disease state, even in
the presence of other potentially lethal pathology. One
study indicated that evidence of acute myocarditis was
isolated to, or was significantly more prominent in, the
anterior inferior segment of the interatrial septum,18

highlighting the need for detailed study. In addition to
standard retention of cardiac tissue, pathologists autop-
sying sudden infant deaths should endeavor to obtain
tissue from the interatrial and interventricular septa for
possible microscopic study of these specific sites.

An 8-month-old, otherwise normal child was noted by
her mother to be wheezing. Because the child’s older
sibling suffered from asthma, the mother thought it
appropriate to administer Ventolin. After 2 days, the
wheezing had worsened, and the child was markedly
congested. The infant then went into respiratory arrest
and, although emergency medical services were sum-
moned, the child died. Autopsy demonstrated a
markedly enlarged and globular heart (Image 16.14)
that, when sectioned, showed mild ventricular dilatation
(Image 16.15). Microscopic examination showed a pre-
dominantly lymphocytic infiltration of the myocardial
interstitium (Image 16.16).
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Dysrhythmia
Cardiac dysrhythmia of undetermined etiology
The term cardiac dysrhythmia can be used as a cause of
death, but is almost always a diagnosis of exclusion. It
relates to a nonspecific, often presumed condition, and
other more concrete and convincing causes of death
should be eliminated. Evidence supporting a sudden
death due to cardiac dysrhythmia includes previously
documented dysrhythmic conditions such as prolonged
QT interval or Wolff-Parkinson-White syndrome (if one
is fortunate enough to have EKGs or medical records
supporting such entities). Other clues may include
family histories of such entities and other family
members dying similar deaths. There may be a history
of syncope or near-syncope or palpitations in the indi-
vidual or in family members. At autopsy, there is no
demonstrable cause of death. Because no structural
cause of death can be identified, a functional cause of
death is usually presumed and may be attributed to
cardiac conduction abnormalities. Careful sectioning
and evaluation of the conduction system may provide an
answer, but all too often does not provide an anatomic
abnormality.

Differential diagnosis in dysrhythmic deaths of
undetermined etiology
The long QT syndrome, like other dysrhythmic disorders,
has no anatomic markers and can be manifest as
syncope, seizures, or sudden death, although 30 percent
of those who die of this syndrome do not experience any

symptoms. It has both familial and acquired forms and
is believed to affect 1 in 5,000 to 10,000 individuals.24,25

Two of the genetic forms are seen in Jervell and Lange-
Nielsen syndrome and Romano-Ward syndrome.25,26 The
acquired forms may be due to drugs or other toxins, elec-
trolyte abnormalities, or other factors.26 It is a disorder of
cardiac repolarization that may lead to ventricular tach-
yarrhythmias such as torsades de pointes or cardiac arrest
with exercise or emotional stress, often in those less than
15 years old.24–26

Genetic studies have identified multiple abnormalities
in different chromosomes with genes related to sodium
and potassium ion pumps; these pumps are believed to
account for the lengthened action potential and pro-
longed QT on EKG and the propensity to ventricular fib-
rillation.25,26 The mortality in untreated symptomatic
patients has been reported to exceed 60 percent in 15
years.27 A previous EKG may show a prolonged QT inter-
val and is worth inquiring about. Although postmortem
molecular analysis can identify long QT syndrome gene
defects from paraffin-embedded tissue, if one is consid-
ering the diagnosis, more ideal specimens include either
10 to 15mL of EDTA-preserved blood and/or 5 to 10
grams of heart, liver, or spleen tissue flash-frozen and
stored at -80 degrees Celsius.24 The importance of
making such a diagnosis has potential benefit for
medical follow-up and treatment of surviving family
members.

Brugada syndrome is a rare autosomal dominant disor-
der that is likely associated with defects in the cardiac
sodium channels, leading most commonly to ventricular
fibrillation. It can be diagnosed by electrocardiographic
abnormalities. The QT interval is not prolonged.26

One may also consider other dysrhythmic syndromes
such as Wolff-Parkinson-White and atrioventricular block.

A 15-year-old male was found dead in bed. A com-
plete autopsy including toxicology failed to determine a
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cause of death. Specifically, his 290-gram heart was
grossly unremarkable. Microscopic examination of the
heart was unremarkable except for a section of the atri-
oventricular (AV) node, which showed islands of scat-
tered conduction fibers embedded within the central
fibrous body (Image 16.17). This finding has been
referred to as persistent fetal dispersion of the AV node. He
had no known history of syncope, seizure, palpitations,
or any other symptoms of a possible cardiac disorder. No
such symptoms were admitted by any of his family
members. His 11-year-old sister had died suddenly and
unexpectedly the previous year after she collapsed while
playing on a playground. Following a detailed autopsy,
no compelling cause of death could be identified and her
cause of death was listed as “cardiac dysrhythmia of
undetermined etiology.” Her autopsy had been unre-
markable, however she also had persistent fetal disper-
sion of the AV node. Following her death (and a year
before his death) the deceased and his family members
underwent thorough cardiac evaluations, including
EKG, stress testing, echocardiography, and provocative
testing for Brugada, all of which were negative. Specifi-
cally, there was no evidence of long QT syndrome.
Despite the detailed antemortem cardiac testing, investi-
gation still strongly suggested that he died from a
sudden cardiac dysrhythmia, which, being functional
and not structural in origin, could not be identified at
autopsy. Hence, his death was also attributed to a cardiac
dysrhythmia of undetermined etiology.

In two series of sudden and unexplained deaths in
young to middle-aged people, an autopsy demonstrated
the finding of persistent fetal dispersion of the AV
node.28,29 Although this finding may be the substrate for
a dysrhythmia, it is also considered a normal variant,
and it is difficult to determine what, if any, role this
finding may have in precipitating a fatal dysrhythmia. In
fact, there is no firm evidence linking persistent fetal dis-
persion of the AV node with any abnormal electrophys-

iological activity.29 Although it is uncommon to attribute
a death to “cardiac dysrhythmia of undetermined etiol-
ogy,” or similar wording, it may be appropriately listed
after thorough case workup with consideration of the
investigation, past medical history, family medical
history, toxicology, and detailed gross and histologic
examination.

Respiratory and ENT pathology

Pneumonitis/bronchopneumonia
When an infant or young child dies of pneumonia, a non
natural death must be ruled out, such as rib fractures or
other trauma or possible neglect with malnutrition.
Causes of pneumonia and chronic interstitial lung
disease include anything that may lead to aspiration
such as tracheoesophageal fistulas, swallowing disor-
ders, and gastroesophageal reflux. One may also con-
sider an immunocompromising condition.30

Interstitial pneumonitis
Interstitial pneumonitis is generally a mild infliction of
the lungs that, in appropriate circumstances, may be a
cause of sudden and unexpected death. It may have 
a varied histologic appearance, but generally is char-
acterized by a hypercellular interstitium thickened 
by the accumulation of lymphocytes, plasma cells,
macrophages, and other cells. The pneumocytes are
hyperplastic and there may be varied amounts of amor-
phous proteinaceous alveolar debris. The histologic
changes may be patchy or diffuse. One should avoid 
confusing interstitial pneumonitis with atelectasis,
which may cause multiple alveolar septa to rest against
each other, giving the impression of thickened septa.
Although pneumonia is an acceptable and fairly
common cause of death, interstitial pneumonitis usually
requires a more critical analysis of the case and exclusion
of other diagnoses or possibilities before it is given as the
cause of death. The conditions of bronchitis and bron-
chiolitis are descriptive diagnoses and in most circum-
stances, in isolation, are not common causes of death.

Viral infections may lead to either pneumonitis or
pneumonia. In each condition, upper respiratory symp-
toms are usually present. The medical examiner becomes
involved when the child dies suddenly and unexpect-
edly. The more common viruses that may predispose to
pneumonia and pneumonitis are respiratory syncytial
virus (RSV), adenovirus, and influenza virus. The result-
ing pneumonitis and pneumonia may lead to apnea and
sudden death. Although it is advantageous to obtain bac-
terial and viral cultures at autopsy, detection of viruses
is often difficult and the cultures are often of question-
able yield. The following cases demonstrate the spec-
trum of viral and bacterial lung infections that can lead
to an infant’s death.
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Influenza A viral infection, tracheobronchitis,
and bronchopneumonia
A 1-year-old toddler was sick for a few days with flu-like
symptoms when she developed respiratory distress and
then became apneic and could not be resuscitated. At
autopsy, the upper lobes of her lungs were pink and
crepitant. Her lower lobes were congested with areas of
consolidation and green mucus in the bronchi. On his-
tology, note the innumerable acute inflammatory cells in
the alveoli (Image 16.18). The trachea had marked acute,
but also chronic, inflammation in the submucosa
(Images 16.19 and 16.20). A blood culture was positive
for Streptococcus pneumoniae. A rapid screen test for
influenza A virus from a nasopharyngeal swab and a
viral culture from lung tissue both were positive for
influenza A virus. In this case, it is likely that a viral infec-
tion led to tracheobronchitis and superimposed bacterial
bronchopneumonia, which caused her death.

Influenza A viral infection, tracheobronchitis,
and interstitial pneumonitis
An 8-month-old infant was found unresponsive after
recent flu-like symptoms. A sibling was diagnosed with
“the flu.” At autopsy, the upper lobes of the lungs were
pink and crepitant. The lower lobes of the lungs were
congested and vaguely consolidated. Olive green mucus
obstructed the bronchi. Histologically, the trachea and
bronchi had marked chronic, but also acute, inflamma-
tion in the submucosa, with denuded epithelium and
superficial ulceration (Image 16.21). The lungs had dif-
fusely hypercellular interstitium with many mononu-
clear inflammatory cells (Image 16.22). There was
abundant mucus and inflammatory cells in the bronchi
and bronchioles and patchy atelectasis. A bacterial
culture of the lungs was positive for Streptococcus pneu-
moniae. A lung viral culture was negative, however,
immunohistochemical staining for influenza A virus was
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16.18

16.19

16.20

16.21



Respiratory and ENT pathology 355

positive in the bronchi and lung parenchyma. It is likely
that an infection with influenza A virus led to necrotiz-
ing tracheobronchitis, interstitial pneumonitis, and the
infant’s death.

Streptococcal pneumonia, possibly preceded 
by viral infection
A 2-month-old infant was found supine and unrespon-
sive in his crib. He had a recent stuffy nose and conges-
tion. An older sibling had a cold. There were no
abnormal gross findings at autopsy. Histologically, the
lungs had extensive chronic inflammatory infiltrate in
the septa with some scattered atypical cells (Image
16.23), and the alveoli had areas of macrophage infiltra-
tion (Image 16.24). The trachea and bronchi had chronic
inflammation in the submucosa. A bacterial blood
culture was negative. A viral lung culture and nasopha-
ryngeal viral culture were negative. Immunohistochem-
ical staining for influenza A and B virus and RSV was
negative. Immunohistochemical staining for Streptococ-
cus pneumoniae bacteria in the lungs was focally positive.
Although no virus could be detected, it is suggestive that

a viral infection preceded a superimposed bacterial
infection, leading to the development of interstitial pneu-
monitis and pneumonia, and the infant’s sudden and
unexpected death.

A uniformly diffuse type of interstitial pneumonitis
affecting infants has been termed chronic pneumonitis of
infancy.31 In these cases, which affect predominantly
infants of average age 3 to 4 months, the lungs have
marked alveolar septal thickening and pneumocyte
hyperplasia, with alveolar exudates containing abun-
dant macrophages and some eosinophilic debris. The
alveolar septa were thickened by primitive mesenchymal
cells and only scant inflammatory cells.

Asthma
Asthma is the most common chronic disease in children
and a significant cause of childhood morbidity and mor-
tality. Asthma is a diffuse obstructive pulmonary disease
characterized by airway inflammation and hyperreactiv-
ity that causes intermittent narrowing of the airways 
and difficulty breathing. Dyspnea is likely caused by a 
combination of factors including bronchospasm, airway
mucosal inflammation, and mucous plugging of the
airways. Asthmatic episodes may be progressive,
ranging from a moderate degree of disability to life-
threatening respiratory failure.

A toddler with a history of asthma developed dyspnea
and became unresponsive while receiving breathing
treatments at home. Grossly, the lungs appeared normal,
although in asthma, they are often overinflated (Image
16.25) and have mucus in the bronchi. Histologically,
note the mucus in the bronchioles and the acute 
and chronic peribronchiolar inflammation with a small
number of scattered eosinophils (Images 16.26 and
16.27). Note how the histologic appearance of asthma in
this toddler differs from that in an older child or an adult,
in which years of the disease have allowed for the devel-
opment of some of the more classic histologic hallmarks
of asthma such as bronchial basement membrane thick-
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ening, hypertrophy of smooth muscle in the bronchial
wall (Image 16.28) and mucosal gland hypertrophy. In
cases of chronic asthma, one will often see the gross man-
ifestations of the disease such as overinflated lungs and
mucus in the airways. Asthma can be unpredictable and
severe, and may cause sudden and unexpected death in
children despite medical therapy. Status asthmaticus is a
term applied to a life-threatening form of asthma in
which a progressively worsening asthma attack is unre-
sponsive to the usual appropriate therapy.

Pulmonary hemosiderosis and 
pulmonary hemorrhage
Pulmonary hemosiderosis is a diagnosis given when
abundant hemosiderin-laden macrophages are in alveoli
throughout the lungs. The hemosiderin is indicative of
previous hemorrhage in the lungs or aspiration of blood,
with the subsequent breakdown of hemoglobin and, as
such, is nonspecific. Pulmonary hemosiderosis may
occur as a primary process in which the etiology is
unknown (idiopathic pulmonary hemosiderosis), or it
may occur secondary to known pulmonary hemorrhage

resulting from a number of conditions known to 
cause bleeding in the lungs such as chronic heart failure,
bleeding diathesis, complications of prematurity,
hypoxia/ischemia, trauma, fungal infection by Stachy-
botrys atra, bacterial pneumonia, drowning, pulmonary
hypertension, and neoplasia.32–34 In a review of 60 infant
autopsies, some degree of pulmonary hemorrhage was
common and was usually patchy and sporadic, and such
hemorrhage may be exacerbated by resuscitation
attempts.35 Because cases of sudden infant death syn-
drome (SIDS) and overlay occasionally have scattered
areas of blood in the alveoli, it is theorized by some that
increased alveolar hemosiderophages may be reflective
of a previous event that has been repeated, causing the
infant’s sudden and unexpected death. An iron stain 
can be advantageous in detecting and confirming 
hemosiderophages.

Pulmonary macrophages may appear in 1.5 to 2 days
to break down iron from hemoglobin in red blood cells
to hemosiderin.36 It can take up to 2 weeks for pulmonary
hemosiderophages to be cleared from the lungs follow-
ing acute hemorrhage.36
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Increased pulmonary hemosiderophages have been
documented in infants dying of asphyxia and trauma
and, as such, it is believed that significantly increased
numbers of pulmonary hemosiderophages can be
viewed as a marker of repeated asphyxia or trauma.33 In
two series of cases, those diagnosed as “SIDS” did 
not have significantly increased pulmonary hemo-
siderophages.32,33 In one of the series, general
macrophage count alone was not increased in cases of
“SIDS.”37

Idiopathic pulmonary hemosiderosis
A 2-month-old infant had respiratory problems for a few
days before she was found dead. She was otherwise
healthy and there were no significant gross autopsy find-
ings. On histologic examination of the lungs, note the
large numbers of hemosiderophages nearly filling the
majority of the alveoli (Image 16.29). An iron stain high-
lights the hemosiderin component of the macrophages
(Image 16.30). No etiology of the hemosiderophages
could be determined, and this is an example of the
uncommon condition of idiopathic pulmonary hemosidero-

sis, which is a rare cause of death of infants and young
children.

Acute otitis media
Acute otitis media (AOM) has long been recognized as a
common affliction of youth that in rare circumstances
has the potential to be fatal.38 Although the dawn of the
antibiotic era brought with it a markedly decreased com-
plication rate for AOM, immunocompromised children
and those with certain anatomical abnormalities con-
tinue to be at increased risk of death. As a general rule,
this occurs secondary to the direct spread of infection to
the intracranial space with resultant epidural abscess,
dural venous thrombophlebitis, meningitis, or cerebral
abscess.39 Therefore, if autopsy demonstrates an intracra-
nial infection, we recommend evaluation of the middle
and inner ears for a source of primary infection. This can
be easily done by removal of the intracranial portion of
the petrous temporal ridge with a skull saw (Image
16.31).

A 2-year-old child was discovered dead after being
put to bed. He had no previous medical history, but a 1-
month-old police report stated that the parents were
under investigation for an alleged accident involving the
child and an electric iron. This raised suspicion that this
was a nonnatural death. Autopsy demonstrated a mildly
edematous and injected brain (Image 16.32). Dissection
of the petrous temporal bones showed bilateral purulent
otitis media (Image 16.33). Microscopic examination of
the brain showed diffuse neutrophilic infiltration of the
leptomeninges. The cause of death was attributed to
early meningitis associated with purulent otitis media.

Tonsillar asphyxia
Although tonsillitis is generally regarded as a benign
affliction, deaths may rarely occur with tonsillitis and
usually arise from complications of tonsillectomy,
whether related to an anesthetic procedure, medications,
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or aspiration following surgery. Also, rarely, the pharyn-
geal tonsils can become so enlarged (tonsillar hyper-
trophy) as to obstruct the airway, causing an asphyxial
death.

A 2-year-old toddler was found dead at home. Note
the markedly enlarged tonsils that likely led to acute
asphyxiation (Image 16.34).

Gastrointestinal pathology

Intestinal obstruction

Intestinal obstruction may be due to varied etiologies,
including intussusception, volvulus, and bowel atresia.

An intussusception may have an associated anatomic
abnormality that serves as the lead point, such as a
Meckel’s diverticulum, polyps, the appendix, a carcinoid
tumor, submucosal hemorrhage, or a foreign body.
However, the most common lead point is lymphoid
hyperplasia in the ileal wall, likely associated with a
recent upper respiratory tract infection or bout of gas-
troenteritis. In these cases, the swollen Peyer’s patches
protrude into the lumen of the bowel. Intestinal obstruc-
tion may also be caused by the rupture of an inflamed
appendix and various congenital bowel disorders. Mal-
rotation of the gut may predispose to volvulus. Intesti-
nal obstruction may result from a strangled inguinal
hernia. In cases of intestinal obstruction, death may
occur from bowel infarction or bowel perforation with
peritonitis. Alternatively, in some cases, the bowel
obstruction may be apparent, but the bowel otherwise
shows little abnormal morphology. Death in this scenario
may arise from the combined effects of various elec-
trolyte abnormalities and dehydration, possibly compli-
cated by early sepsis. The sepsis may arise from early
bowel ischemia, with translocation of bacteria into the
systemic circulation, complicated by the deleterious
effects of endotoxin or other agents.

In this 8-month-old infant, note the bowel herniated
into the right pleural cavity (Image 16.35). The bowel
had herniated spontaneously through a congenital defect
in the right hemidiaphragm (Image 16.36) and became
obstructed, resulting in the infant’s death.

Dehydration
The three types of dehydration are classified by elec-
trolyte concentrations: isotonic, hypotonic, and hyper-
tonic. The electrolyte concentrations are best determined
by analysis of vitreous fluid because postmortem blood
analyses are less accurate. Although vitreous urea nitro-
gen is often elevated in all types of dehydration (because
of decreased intravascular volume, resulting in

Sudden natural death in childhood358

16.32

16.33 16.34



Gastrointestinal pathology 359

decreased glomerular and tubular flow rates and hemo-
concentration40), the concentration of sodium and chlo-
ride vary depending on different types of dehydration.
Before determining that certain vitreous electrolyte and
urea nitrogen concentrations are significantly deviated
and suggestive of dehydration, one should be familiar
with the range of normal values in one’s own laboratory.
Generally, the upper limit of normal for vitreous sodium
is approximately 150 to 155mEq/L and the upper limit
for vitreous urea nitrogen (VUN) is approximately
25mEq/L. Although vitreous electrolytes and urea nitrogen
concentrations can yield valuable information that is helpful
in making a diagnosis of dehydration, even with significant
dehydration, the vitreous electrolytes and urea nitrogen may
not appear abnormal. This is particularly true if the dehydra-
tion was rapid.

The diagnosis of dehydration should be made using all
available antemortem and postmortem information,
including a history of excessive fluid loss (vomiting, diar-
rhea) and/or decreased fluid intake, combined with
physical signs of dehydration (reduced skin turgor,
sunken appearance of the eyes, parched-appearing lips),
and electrolyte and urea nitrogen concentrations 
supporting dehydration. Autopsy findings often include
evidence of gastroenteritis or some other type of infection.

Isotonic dehydration is the most common form in chil-
dren and is usually due to viral diarrhea. Loss of fluid
and electrolytes from vomiting and/or diarrhea is the
major cause of world infant mortality, although it is less
common in the United States. Children can present with
profound dehydration and shock from gastroenteritis.
With fulminant gastroenteritis, a child may lose up to 10
to 20 percent of his circulating volume within a few
hours. The most common etiology of gastroenteritis is
viral, including rotavirus, enterovirus, and adenovirus.
Profound dehydration can also be caused by bacterial
gastroenteritis with organisms such as Salmonella,
Shigella, Campylobacter, and Yersinia enterocolitica.

Hypotonic dehydration usually entails a sodium level of
less than 130mEq/L and can be seen in cystic fibrosis and
in certain cases that involve excessive fluid loss through
the gastrointestinal tract. Hypertonic dehydration is char-
acterized by a sodium level of >155mEq/L and is seen
in excessive salt consumption or salt injection, water
deprivation/water loss, and diabetes mellitus. The water
loss may be due to fever, tachypnea, or a low-humidity
environment. Hypertonic dehydration has the highest mor-
tality rate and is the type of dehydration most commonly seen
in neglect.

A 5-week-old infant died of hypertonic dehydration.
She was admitted to the hospital with seizures and 
was soon diagnosed with severe dehydration. She was
tachypneic, had tachycardia, and had the following 
laboratory abnormalities: sodium 204mEq/L, chloride
171mEq/L, blood urea nitrogen 25mg/dL, and serum
osmolarity of 417mEq/L. It was estimated that she 
was approximately 15 percent dehydrated. She never
regained consciousness, developed brain swelling, and
died. At autopsy, note the thrombosis of her superior
sagittal sinus, which also involved to some extent the
cortical veins (Image 16.37). Thrombosis of the superior
sagittal sinus is a known complication of severe 
dehydration.

A 1-month-old female infant was found unresponsive
after a 1-week history of vomiting and diarrhea. She had
recently been diagnosed with dehydration. Note the
decreased skin turgor on her chest (Image 16.38). Her
cause of death was “dehydration due to gastrointestinal
illness, probably viral.”
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In another case of dehydration (Image 16.39), note 
the sunken appearance of the eyes and the parched-
appearing lips of this infant who died of “dehydration
associated with pneumonitis and enteritis of probable
viral etiology.”

Undernutrition/malnutrition and failure 
to thrive
Infants and young children who are significantly under-
sized and underweight may not be consuming enough
food to grow in a healthy, robust manner. If an infant fails
to grow despite conscientious and proper feeding and
without a medical explanation, the term failure to thrive
may be applied. Cases determined to be failure to thrive
often involve significant investigation in addition to the
autopsy findings, and include review of birth records,
feeding procedures, diet, growth charts, medical records,
metabolic workup, family history, health of siblings, and
investigation of the home environment. Perhaps most
significant to rule out are deliberate malnutrition,
neglect, or any other malevolent acts.

At autopsy, aside from an undersized, thin infant,
there is a paucity of subcutaneous fat. Related to this, the
buttocks may appear flat or small. Body measurements
should include the standards of body weight, crown–
heel length, crown–rump length, head circumference,
chest circumference, abdominal circumference, and foot
length. Careful external examination may identify dirt
caked on the skin, particularly in areas of skin folds such
as the axilla and popliteal fossa, and there may be
varying degrees of “diaper rash,” which may be reflec-
tive of suboptimal care/attention. Internally, pneumonia
is commonly detected and, in many cases, is the most
likely terminal event leading to death.

Chronic gastroesophageal reflux
Infants with chronic gastrointestinal reflux may aspirate
feedings and develop aspiration pneumonia. In such
cases, histologic sections of the lungs may show a chronic
inflammatory reaction to foreign material such as multi-
nucleate giant cells. Engulfed foreign material or 
recently aspirated foreign material may be more easily
identified by viewing the slide under polarized light.
However, the mere presence of food material in the
bronchi or bronchioles without any tissue reaction is not
necessarily evidence that food aspiration had recently
occurred, because agonal aspiration of gastric contents
may occur in the perimortem period or during resusci-
tative efforts.

Reye’s syndrome
Reye’s syndrome is found exclusively in children less
than 15 years of age, and is characterized clinically by
signs of hepatic and central nervous system damage, as
well as hypoglycemia. It is now relatively uncommon
because of recognition of its association with salicylate
administration in children. Rarity aside, it may still
present to the medical examiner as a case of sudden
unexpected death.41 Autopsy findings of marked hepatic
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steatosis with diffuse microvesiculation of hepatocytes,
cerebral edema, and neuronal degeneration should
prompt inquiries about salicylate administration to the
child. Investigators should be reminded, though, that
Reye’s syndrome may occur in the absence of salicylate
exposure.

A 1-year-old male showed signs of a flu-like illness
over a period of 2 days. His mother attempted to treat
his progressively worsening fever with “small doses” of
aspirin. He continued to worsen, became pale, weak, and
lethargic, and eventually expired. The most remarkable
finding at autopsy was a yellow, fatty liver (Image 16.40).
The cause of death was listed as Reye’s syndrome and
the manner of death was natural.

Endocrine pathology

Diabetes and diabetic ketoacidosis
The sudden and unexpected death of children from dia-
betes and diabetic complications is a relatively rare, but
documented, event.42,43 Our retrospective review showed
a 10-year pediatric forensic autopsy population preva-
lence of approximately 0.2 percent. Although most 
children die secondary to the effects of glucose misman-
agement during episodes of nonspecific or viral illness
(nonadministration of insulin with resultant hyper-
glycemia and diabetic ketoacidosis), a small proportion
of children presenting with sudden unexplained death
will actually be undiagnosed type I diabetics.

As a result of rapid postmortem loss of serum glucose,
hypoglycemia cannot be reliably detected or substanti-
ated. Diagnostic evaluation of hyperglycemia from
serum samples is easier, although for the same reason,
they may be underestimated. Several groups have illus-
trated the utility of postmortem HbA1c determination
for the evaluation of long-term glucose control and
hyperglycemia.44–47 Where such testing is available,

HbA1c is likely to contribute to the diagnosis of diabetic
deaths. Vitreous humor is also a source of diagnostic data
in the evaluation of hyperglycemia and suspected dia-
betic ketoacidosis. Vitreous glucose is better preserved
than serum glucose and is, therefore, an important facet
of the laboratory evaluation. Vitreous beta-hydroxybu-
tyrate (BHB) concentration may be of value in the diag-
nosis of diabetic ketoacidosis (DKA).48 One should be
cautioned, though, that BHB is also notably elevated in
cases of alcoholic ketoacidosis49 and other conditions.
Quantification of serum ketone bodies has long been rec-
ognized as a useful method to detect cases of fatal DKA.
Pounder et al.50 demonstrated similarly useful results
through evaluation of vitreous humor and pericardial
fluid. Ultimately, investigators charged with the investi-
gation of sudden death in youth should keep undiag-
nosed diabetes mellitus in the differential diagnosis.

A 13-year-old male complained of vague flu-like
symptoms over a 3-day period. On the morning of the
fourth day, he was found dead in bed. Autopsy showed
a markedly injected and swollen brain with prominent
tonsillar herniation. Postmortem urinalysis showed large
amounts of sugar and ketones in the urine (Image
16.41)—-a finding confirmed on analysis of the vitreous
humor. The cause of death was determined to be diabetic
ketoacidosis.

Hematopathology: sickle cell anemia

Sickle cell anemia is one of the more common hemoglo-
binopathies and is known to primarily affect African
blacks. As a result of a point mutation on the beta-globin
chain, the altered hemoglobin (termed hemoglobin S)
damages the red blood cell membrane, leading to 
sickling of cells when the hemoglobin is in a deoxy-
genated state. Sickling crises can be brought on by many
factors including infection, dehydration, and physical 
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exertion.51,52 During such crises, the formation of
microthrombi can lead to cerebral and cardiac insult.
Although myocardial infarction in children is rare, it
should be considered in those who could possibly carry
the sickle trait.53 More commonly, though, sudden death
will result secondary to ventricular arrhythmias after
cardiac insult by microthrombi.

A 17-year-old IV drug abusing male was known to
have sickle cell anemia. Although he died from compli-
cations of endocarditis, autopsy demonstrated the inci-
dental finding of a markedly shrunken and fibrotic
7-gram spleen. The splenic capsule was remarkably
thickened and the splenic parenchyma was firm and
devoid of normal architecture (Image 16.42).

Infectious disease

Sepsis
Bacteremia is the presence of bacteria in the blood, as evi-
denced by positive blood cultures. Sepsis is a toxic con-
dition resulting from the spread of a microbial organism

or its products from a focus of infection. Those with sepsis
typically have fever or hyperthermia, tachypnea, and
tachycardia. Overwhelming systemic microbial infection
can lead to septic shock and hypothermia. Most com-
monly, this is due to gram-negative bacterial infections
that elaborate endotoxin (endotoxin shock), but may also
be due to gram-positive bacteria and fungi. Septic shock
is characterized by peripheral vasodilation, endothelial
injury, disseminated intravascular coagulation, and the
activation of cytokines. The etiology of sepsis and septic
shock is varied. At autopsy, it is important to take cultures,
identify the source of the sepsis, and determine whether
it is due to natural or nonnatural causes.

A 16-year-old female developed sepsis and coagulopa-
thy associated with bronchopneumonia and bacteria pharyn-
gitis and died despite medical therapy. Note the areas of
pulmonary hemorrhage (Image 16.43) and hemorrhages
scattered throughout the brain (Image 16.44).

A 3-year-old female was sick with cold symptoms for
about a week, then vomited and became unresponsive.
At autopsy, note the exudative pericarditis (Image 16.45).
She also had bilateral pneumonia. Her cause of death
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was sepsis due to exudative bacterial pericarditis and bilateral
pneumonia.

A 12-year-old boy complained of abdominal pain and
vomiting. A few days later, he was taken to the emer-
gency room where he was hypotensive and tachycardic,
had a distended abdomen, and was unresponsive. He
soon died. At autopsy, pus was in his peritoneal cavity.
Note the ruptured appendix (Image 16.46). His cause of
death was sepsis due to peritonitis due to ruptured suppura-
tive appendicitis.

AIDS
AIDS is one of the leading causes of death in children.
The most common means by which children acquire 
HIV infection is perinatal transmission from infected
mothers. Many children infected with HIV experience an
asymptomatic phase before succumbing to overwhelm-
ing opportunistic infections or malignancy in association
with severe immunosuppression. The most common
AIDS indicator diseases among children with perinatally
acquired infection are Pneumocystis carinii pneumonia,
lymphoid interstitial pneumonitis, recurrent bacterial
infections, HIV wasting syndrome, HIV encephalopathy,
and candidal esophagitis.54 Severe medical complica-
tions commonly include pulmonary disease, which is
most often the cause of death. Pulmonary disease
includes a wide range of infections such as Pneumocystis
carinii pneumonia, respiratory syncytial virus, influenza
virus, cytomegalovirus, herpes simplex virus, Streptococ-
cus pneumoniae, Haemophilus influenzae, and Cryptococcus

neoformans. Other HIV-related conditions include dilated
cardiomyopathy, pericardial effusions, various cardiac
dysrhythmias, glomerular diseases, thrombocytopenia,
coagulopathy, and central nervous system infections
such as HIV encephalopathy, cryptococcal meningitis,
and toxoplasmosis. Almost all children infected with
HIV infection will develop malnutrition and growth
failure before death.

Waterhouse-Friderichsen
Waterhouse-Friderichsen syndrome is the term applied
to the condition of overwhelming sepsis manifest grossly
by cutaneous and visceral purpura and marked hemor-
rhage of the adrenal glands. Although it is most com-
monly attributed to Neisseria meningitidis bacteria, it may
be seen with a variety of other bacterial organisms
including pneumococci, staphylococci, and gonococci. It
may have an acute presentation and a fulminant course,
becoming fatal within hours.

In cases due to Neisseria meningitidis, there is usually
no demonstrable meningitis, and the brain usually
appears normal grossly and histologically. Further, cere-
brospinal fluid cultures are often negative. The absence
of involvement of the central nervous system is usually
attributed to the rapid development of septic complica-
tions, with death occurring quicker than the bacteria can
spread to the brain. The bacteria may be difficult to
detect postmortem because of its labile nature; the diffi-
culty is compounded by prolonged postmortem inter-
vals and antibiotic administration prior to death. A gram
stain may be useful in identifying the bacteria. Hospital
blood, urine, and/or cerebrospinal fluid cultures, gram
stains, and other studies may be of value in establishing
the bacterial etiology. Latex agglutination studies may be
performed, but have suboptimal sensitivity and speci-
ficity. Death is usually attributed to the effects of over-
whelming sepsis, including the spread of endotoxins,
that leads to disseminated intravascular coagulation and
cardiorespiratory collapse. The massive bilateral adrenal
gland hemorrhage likely causes adrenocortical insuffi-
ciency, which augments the septic complications of
hypotension and shock.

A 2-year-old girl had felt unwell for 2 days before
having a seizure at home. She was admitted to the inten-
sive care unit, but died quickly despite resuscitation
efforts. At autopsy, note the extensive purpura (Image
16.47) and the conjunctival petechiae (Image 16.48). Also,
note the hemorrhagic adrenal glands (Image 16.49) and
adrenal parenchymal hemorrhage (Image 16.50). There
were petechiae scattered throughout the visceral organs
(Image 16.51). She died of Waterhouse-Friderichsen syn-
drome due to Neisseria meningitidis.

Kawasaki disease
Kawasaki disease is probably an infectious disease (the
causal agent is unknown) of infants and young children
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that causes an acute febrile illness with multisystem 
vasculitis, rash, congested conjunctivae, and cervical
lymphadenopathy. It most commonly affects infants
between 6 and 12 months of age. It may be fatal, typi-
cally because of cardiovascular complications. It may
cause coronary arteritis with aneurysm formation, 
coronary artery thrombosis, and myocardial infarction.
Complete heart block may cause sudden death. 
Microscopically, the vasculitis at first consists of acute
inflammatory cells, eventually becoming a mixture of
acute and chronic inflammation with mural vascular
thickening and intimal proliferation, and finally giving
way to granulation tissue and scar formation with calci-
fication of the coronary arteries.

A 4-month-old infant was fidgety and had a poor
appetite for a couple of days. He then appeared to choke
and stopped breathing. At autopsy, he had hemoperi-
cardium due to a ruptured right coronary artery
aneurysm (Image 16.52) due to Kawasaki disease. On
cross section of the right coronary artery, note the vari-
ably thickened, aneurysmally dilated arterial wall
(Image 16.53). Note other aneurysms of other coronary
arteries (Image 16.54). Microscopically, the coronary
arteritis is characterized by dense inflammation with
necrosis and fibrinoid change.

Do

• Realize that a child with cerebral palsy may be pro-
foundly functionally impaired, yet have an appar-
ently normal-appearing brain.

• Make sure that a child labeled as having cerebral
palsy is not impaired from a remote traumatic head
injury.

• Realize that infants and children with congenital heart
disease can die suddenly and unexpectedly, with little
or no warning.

• Remember that some infants and young children with
acute, severe dehydration may have normal vitreous
electrolytes.

• Consider neglect in infants and young children with
pneumonia or failure to thrive.

• Obtain bacterial blood and urine cultures in cases with
Waterhouse-Friderichsen syndrome; close contacts
may need prophylaxis against Neisseria meningitidis.
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Don’t

• Forget to inquire about maternal trauma and drug
abuse when an infant dies of complications related to
prematurity.

• Use the term cardiac dysrhythmia of undetermined etiol-
ogy or similar wording for the cause of death unless
the history dictates it and no other more convincing
cause of death can be determined after thorough and
detailed case investigation.

• Forget that sudden and unexpected death can occur
in cases of Dandy-Walker malformation, Chiari mal-
formation, hydrocephalus, and in those with seizure 
disorder.
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Child maltreatment is tragic, because the child or infant
often is not able to defend him- or herself. Intentional
fatal injuries in children are becoming increasingly
common with an estimated 1,300 children dying of abuse
and/or neglect in 2001.1 The broad spectrum of abusive
behavior encompasses acts of commission and omission.2

These can be further appreciated as acts of physical,
sexual, or psychological abuse or acts of neglect. Inflicted
injuries can be of various types and include blunt force,
sharp force, and thermal injuries. Acts of omission may
lead to malnutrition, dehydration, infection, growth
retardation, etc. It must be emphasized that although
many abused children show hallmark external signs of
trauma, infants and young children may have devastat-
ing internal injuries with surprisingly little or absolutely no

external evidence of injury. This discrepancy of injury
severity can be attributed to the innate plasticity of youth,
a feature that is the result of the unique elastic charac-
teristics of skin, connective tissue, bone, and other tissues
in the infant and young child.

The investigation of suspicious death in childhood is
one of the most challenging tasks of forensic patholo-
gists. Although it is not possible to design a protocol that
is appropriate for all investigations of child death, there
are a series of basic investigative procedures that must
be carried out. This was driven home by Alan Moritz in
his timeless paper “Classical Mistakes in Forensic Pathol-
ogy,” when he stated “If evidence has been properly
gathered and preserved, a mistake in interpretation may
always be corrected. If the facts required for a correct
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interpretation are not preserved, the mistake is irre-
versible.”3 Proper procedure should include, but is not
limited to, scene investigation,4 review of the medical
records, external examination, thorough photography
including pertinent negatives, full body x-rays, detailed
autopsy dissection, microscopy, toxicology, and the pos-
sible performance of ancillary laboratory tests, which can
include bacteriology, virology, and metabolic studies on
both antemortem and postmortem blood.

Introduction

As a result of their small size and inability to defend
themselves, infants and young children are at a distinct
disadvantage of being abused by others. In the physical
abuse realm, this includes the unique possibility of being
thrown across a room, slammed against an object,
kicked, punted, etc. This correlates well with data that
show 84.5 percent of fatally abused children in 2001 died
before their sixth birthday1 and, hence, were small
enough to be victims of such violence. The majority of
fatal inflicted trauma in infants and young children is the
result of head injury, with resultant subdural and/or
subarachnoid hemorrhage, cerebral edema, and subse-
quent death with compromise of autoregulatory centers
for cardiorespiratory function. Less commonly, death
arises after exsanguination from visceral injury such as
lacerations of the liver, spleen, heart, or other soft tissues.
Death may also result from sepsis complicating such
injuries as bowel perforations.

Details of the fatal event should ideally be provided
by independent witnesses, because suspects’ accounts
may be inaccurate due to attempts to absolve themselves
of any wrongdoing. The culmination of investigative
efforts, including scientifically defensible evidence gath-
ered at autopsy, should be compared against historical
accounts of witnesses and the accused. It is then deter-
mined whether the severity and nature of the injuries
discovered at autopsy are consistent with the story. 
Generally speaking, injuries that occur during the course of
normal daily activities such as playing, and short falls, are not
serious and do not prove to be fatal.

Child abuse through the age spectrum

The preteen years can be arbitrarily divided into the
fetus, neonate, infant, and child. Because there are issues
unique to each of these groups, they will be discussed
separately.

The fetus
Although fetal death does not typically fall under the
jurisdiction of medical examiners, in several situations,
the involvement of a forensic pathologist is mandated.5

Often, pathologists will be asked “Was this baby born

alive?” This is a complex question that is often difficult
to answer. It is also an area in which many experts have
been challenged in court. In general, there are three
schools of thought: (1) hydrostatic test; (2) microscopy;
and (3) history, circumstances, and whole case 
examination.

The hydrostatic test involves placing either the intact
lungs or lung sections in a container of water and observ-
ing whether the lungs float.6 If they float, it is presumed
that the infant took a breath at birth and aerated its lungs.
Unfortunately, this does not apply if any evidence of
decomposition exists, because interstitial gas buildup
within the tissues will mimic this effect or if resuscitation
efforts with positive pressure ventilation were per-
formed. Microscopic examination of the lungs involves
looking for evidence of alveolar aeration7 or pulmonary
interstitial emphysema.8 Our experience with histologic
tests of this sort is that findings may be influenced by as
many or more factors than the hydrostatic test and, there-
fore, lung microscopy is of dubious value in this regard.
Ultimately, we fall into the third group, and we believe
that it is important for investigators to obtain as much
information as possible and to consider the findings of
all tests within the confines of their own unique case.
When available, historical accounts of the baby being
born alive, which may include crying, breathing, or other
movement of the baby, or definitive findings such as food
in the stomach must take priority.

It is not uncommon for forensic pathologists to be
asked to examine the body of an apparently abandoned
fetus. Often, investigation yields limited information 
and due to the rapid onset of decomposition in fetal/
neonatal remains, accurate documentation of viability is
impossible. Fortunately, with some degree of accuracy,
pathologists are able to determine developmental age,
often by measuring crown–rump length, head circumfer-
ence, foot lengths, or individual bone lengths when nec-
essary.9 Stocker and Dehner10 provide more information.

Medical examiners were asked to attend the scene of
a suspicious infant death. At the scene, a morphologi-
cally near-term fetus was found in a blood-filled toilet,
in the middle of a blood-covered public restroom (Image
17.1). The placenta was found uncovered in a nearby
garbage can. At the morgue, full-body x-rays revealed air
in subsegmental regions of the lungs, as well as in the
stomach (Image 17.2). Careful external examination
revealed multiple contusions and linear abrasions of the
head and bilateral forearms (Image 17.3). The brain
showed diffuse subarachnoid hemorrhage (Image 17.4).
The umbilical cord had been torn towards its distal end
(Image 17.5). Performance of the hydrostatic test (with a
piece of liver for control; see bottom left-hand corner of
the bucket in Image 17.6) showed partial floating of the
lung tissue. Histology of the lung confirmed open air
spaces, and placental microscopy showed syncytial 
knotting and intervillous fibrin deposition consistent
with the third trimester.

370
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Although in this case it could not be determined con-
clusively whether the baby had been born alive or dead
(possibly dying during delivery), this case exemplifies
the issues that should be addressed in evaluating such a
case. The scratches likely represent an attempt to deliver
the baby. The intracranial blood could have resulted
from labor and delivery or could have been sustained
after delivery.

Neonaticide
The term neonaticide reflects the killing of infants from
birth until approximately 1 month of age. Many of the
forensic issues of significance to fetal death investigation
are of concern when an apparent term or near-term
neonate has been discovered dead. On occasion, the baby

has been killed after birth by a mother who refuses to
admit she was pregnant or take responsibility for the
baby.11 The bodies are usually disposed of in trash cans,
thrown into bodies of water, or occasionally buried in
some fashion. The cause of death is, again, often not
determinable. However, although immediate postpar-
tum abandonment in and of itself may be responsible for
death, asphyxia and other more violent forms of death
become increasingly common in this age group.

Infanticide and child death
The killing of children aged 1 month to 1 year (infants)
and older forms the bulk of the material covered within
this chapter. The majority of these deaths are the result
of inflicted injuries, particularly those of a blunt force
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nature. As previously mentioned, fatal abusive injuries
are most likely to be to the head or abdomen. As demon-
strated by DiMaio and DiMaio,12 with increasing age of
the child (0 through 5 years), there is a decreasing inci-
dence of head injury and increasing incidence of abdom-
inal injury. Presumably this is due to the size of the child,
because very small children are easily picked up, shaken,
thrown, or slammed against objects, whereas larger chil-
dren are more easily kicked, punched, etc. As such, older
children are more likely to receive direct abdominal
insults.

Battered child syndrome
Contrary to popular belief and media attention, the
majority of fatally abused children are not classically
battered children. Those who fit into this category have
been repeatedly physically abused over a lengthy period
of time; have a myriad of injuries in various stages of
healing, including, but not limited to, contusions and
fractures; may be chronically malnourished; and are ulti-
mately killed by an acute event or by a combination of
the effects of the previous attacks. Being responsible for

an investigation of a true battered child death is not
common, because many busy forensic pathologists will
only have a small number of these cases in their career.

The death of the battered toddler depicted in Images
17.7 through 17.26 was attributed to “multiple injuries.”
For more information on the individual types of injuries
discussed next, please see the respective sections of this
chapter and other chapters in this book.

Note the laceration of his right mandibular buccal
vestibule (Image 17.7) and upper lip (Image 17.8). In
many cases, injuries are not this obvious and it is there-
fore important to look for small tears of the buccal and
labial mucosa near and around the frenum, because
these may indicate impact to, or compression of, the
mouth. Observe the burns of his back and right hand
(Image 17.9) and right foot (Image 17.10). Additionally,
note the patterned abrasion resembling a bite mark on
his right forearm (Image 17.11) and two patterned abra-
sions resembling bite marks on his buttocks (Image
17.12).

Bite marks can be challenging to identify, particularly
if the bite mark has an incomplete pattern or consists
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merely of marks made from a few teeth. The external
examination of the body should be performed with
awareness of the possibility of bite marks so as to ensure
they are not missed. The early recognition of bite marks
is important because the (suspected) bite mark can be
swabbed for salivary DNA. This DNA source may be the
only link between a suspect and the body. If the bite mark

is identified only after the body is washed, then potentially
valuable salivary DNA evidence may be lost.

Prior to reflection of the scalp, the head hair should be
shaved to allow for better visualization of scalp injuries.
After the scalp has been reflected, note the large contu-
sion in the frontal scalp (Image 17.13). Note that this area
of hemorrhage is distinct from the subscapular blood
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found in the region of an intracranial pressure monitor-
ing catheter (left medial parietal bone), which could be
confused with a contusion.

One should be aware of what therapy an individual
has undergone while hospitalized and what potential
artifact that therapy may have produced on the body. In
infants and young children, intravenous catheters in the
scalp, intracranial pressure monitors, subdural drains,
and other invasive procedures may produce artifactual
blood extravasation in the subscalp tissues. These should
not be mistaken for contusions. Furthermore, a thera-
peutic procedure may have been performed at the site of
a contusion. The resultant area of ecchymosis may there-
fore be a combination of the two insults.

Although there were no skull fractures, a large
amount of predominantly left-sided recent subdural
blood was found (Image 17.14). After formalin fixation,
note the small patch of subarachnoid blood in the left
parasagittal region (Image 17.15). This represents a likely
site of bridging vein rupture with subsequent formation
of subdural hematoma. On coronal section (Image
17.16), note the left-to-right shift of the brain structures
and the pale discoloration of the left basal ganglia, reflec-
tive of early infarction.

Most of the time in cases of subdural hemorrhage, the
exact etiology of the bleeding cannot be identified.
However, one is occasionally able to detect a focus of
subarachnoid blood in the parasagittal white matter of
the frontal or parietal lobes. Because this is the region
through which bridging veins traverse the subarachnoid

space, the subarachnoid blood likely represents the
region of bridging vein tear. Oftentimes, the subdural
blood is centered around the focus of parasagittal sub-
arachnoid blood. Occasionally, one may be able to docu-
ment a thrombus in the associated bridging vein.

His left arm was increased in girth and was hard and
mottled (Image 17.17). An x-ray revealed a healing frac-
ture with abundant calcification (Image 17.18). Incision
into the arm allowed for the egress of abundant light
brown, pus-like altered blood (Image 17.19). Further dis-
section revealed the left humerus to be encased in a cylin-
der of calcifying granulation tissue (Image 17.20). The
humerus was no longer attached to its epiphyses and
was largely free within the bony encasement.

Images 17.21 and 17.22 show the left and right humeri
stripped of their soft tissues. The immature components
of the individual bones were arranged into proper
anatomic sequence (Image 17.21) to demonstrate the dis-
tinct contrast between “normal” and the fracture sepa-
rations through the epiphyseal plate of the proximal left
humerus, and of the distal aspect of both humeri (Image
17.22).
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Epiphyseal separation fractures of the proximal
humerus are not very common, but are seen in abuse
cases that involve severe trauma.13 Epiphyseal separa-
tion fractures of the distal humerus are very common
childhood abusive injuries that are likely the result of
pulling or twisting of the arm. The chronicity of this 

particular injury is represented by the bony cylinder of
tissue that encased the left humerus, a phenomenon
referred to as subperiosteal new bone formation (see 
discussion later in this chapter). Due to the marked 
elaboration of this phenomenon, this humeral injury is
presumed to have occurred weeks to months prior to
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death, and it might have been exaggerated by repetitive
injury of the region.

Fractures of bone should be documented both photo-
graphically and histologically. It is generally possible to
remove fractured bones of the appendicular skeleton
through incisions along the posterior aspect of the body.
This will minimize the autopsy artifact readily visible
upon viewing of the body. During the removal process,
one has an opportunity to appreciate associated soft
tissue injury and obtain histologic samples for injury age
estimation. It is rare for such evaluations to provide more
than an estimate of age; however, it is often better to have
this information than no information at all.

Once the bone has been photographed, it can be
stripped of its attached soft tissue and photographed

again, to more adequately document the fracture. The
fracture site itself can then be sampled histologically for
estimation of the age of injury. If a fracture has existed for
a longer duration of time, with medical intervention,
repeated use of that part of the body (for example, an
arm) may repeatedly injure the fracture site, thereby pro-
ducing an exuberant fracture callus. This makes injury
age estimation more challenging.

A healing rib fracture characterized by a fracture
callus (Image 17.23) was detected on the left tenth rib.
On x-ray, this was seen as a small bony nodule (Image
17.24). On microscopy, note the small mound of prolif-
erating cartilage (Image 17.25) and fibrous tissue
deposited along the fracture line in the bone (Image
17.26). These organizational changes allow one to give an
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estimate as to how long ago the injury occurred.
However, despite the fact that organizational changes
proceed in an orderly fashion, the changes may occur at
varying rates in different people and in different tissues,
making precise histologic dating of injuries difficult.

Preautopsy x-rays are valuable in detecting fractures,
free intraperitoneal air underneath the diaphragm, the
location and termination of medical devices, and the
location of any radio-opaque foreign objects. The x-rays
should include the entire body, from the top of the head
to the bottom of the feet. If more than one film is needed,
the x-rays should overlap adjacent regions of the body,
to ensure that no area of the body is missed. It is also
advantageous to specifically x-ray the hands and the feet
to examine for fractures of bones in these regions. A hot
lamp or other particularly bright light source is useful for
backlighting dark regions of an x-ray. X-rays are also
useful for documenting normal bony structure and
development.

Oftentimes, the only rib fractures identified on x-ray
will be those that have fracture calluses with calcifica-
tion. Although x-rays are a valuable early step in detect-
ing rib fractures, direct visualization of the ribs after the
thoracic organs have been removed is a much better
means of detecting rib fractures—particularly those that
are recent. However, even direct visualization of the ribs
may fail to identify some recent rib fractures, particularly
if there is only a small amount of associated blood
extravasation. For this reason, it is advantageous to strip
the parietal pleura and expose the visceral surface of the
ribs for optimal visualization of rib fractures.

Blunt force injuries

Physical abuse of children takes many forms. Although
the majority of children die of blunt force injuries,
pathologists must also consider deaths due to asphyxia-

tion, burns, and other injuries (sharp force injuries,
gunshot wounds, etc.).

The investigation of any death should involve an
intraoral examination for evidence of compression or
impaction of the mucosa overlying the dental arcades or
for gross evidence of oral pathology and other injuries.
This is of particular interest in suspicious child deaths
where smothering might be ruled in by the presence of
findings consistent with the application of pressure to
the mouth. Consider, though, that smothering can never
be ruled out on the basis of a negative intraoral or oro-
facial examination, because there may be no autopsy
findings in cases of smothering.

Laceration of one or more of the labial frena (com-
monly referred to as frenulum or frenula) is an impor-
tant marker of impact to the face and an indicator of
violence imparted on a child.

Unique pediatric anatomic features of the head
and neck
For years, pediatricians have been claiming that “kids
are not just small adults.” Although they have been most
concerned with physiologic differences between the
young and old, key gross anatomic differences exist that
place children at increased risk of inflicted head and neck
trauma.14,15

When looking at a newborn baby or other small child,
it should be obvious that compared to the average adult,
a child’s head is disproportionately large for its body
(Image 17.27; posterior view of head and shoulders).
Furthermore, an examination of infant cervical facets
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(Image 17.28; C1 superior surface) and adult facets
(Image 17.29; C1 superior surface) shows that unlike the
deeply scalloped nature of adult articulating facets, those
of children are much flatter. This fact, coupled with weak
neck muscles and head lag (until 4 months of age),
means that the large, poorly supported baby’s head is
susceptible to those types of forces caused by shaking
and impact, with increased risk of brain and high spinal
cord injury (see discussion on cervical spinal cord injury
later in chapter).

The skull bones themselves have important differ-
ences. In comparison to adult skull bones, which are
thicker, nonpliable, and fused together through ossifica-
tion of the sutural ligaments (Image 17.30), bones of the
child’s skull are relatively elastic in nature and, therefore,
permit some amount of inbending toward the cranial
contents when impacted. Furthermore, due to laxity at
the sutures and fontanelles (Image 17.31), the cranial
bones are less likely to fracture. Although this might
sound beneficial, the combination of these features puts
the infant and child’s brain at an overall increased risk
of trauma.

Immature brains are themselves different from adult
brains. Children under the age of 5 years have soft,
rapidly growing and myelinating brains with a high
water content. These brains are surrounded by a very
thin, but abundant subarachnoid space that, along with
the pliable skull bones, serves to transmit forces into the
brain tissue, allowing for the production of shearing-
type injury.16

Injuries of the scalp
Although one would expect that the application of sig-
nificant force to a child’s head would leave definitive
external markers of injury, this is simply not always the
case. Perhaps as a result of increased water-binding poly-
saccharides and glycoproteins in young skin,17–19 the skin
and subcutaneous tissues are more resilient to impact,
making it entirely possible that a significant blow
imparted on the infant or child’s head may leave no
external soft tissue evidence of injury. In those jurisdic-
tions where sudden unexpected death in children is not
automatically autopsied, and where unenlightened, cav-
alier death investigators bypass autopsy based on the
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“apparently normal” external appearance of the body,
one can only imagine how many homicides are missed
every year.

The 2-month-old male infant of Images 17.32 through
17.35 was found unresponsive at home. He was taken to
hospital where he died a short time later. At autopsy, the
large amount of subscalp blood extravasation (Image
17.32) reflected more severe injury than one would have
predicted from the external appearance of the shaved
scalp (Image 17.33). As stated elsewhere, it is often ben-
eficial to shave scalp hair in suspected child abuse cases
to better recognize and document scalp injuries. The
infant also had subdural and subarachnoid blood, and
brain swelling. He died of blunt force head injury result-
ing from being struck with blunt objects. Also, note the
retinal hemorrhages in his eye (Image 17.34), which was
also demonstrated after illuminating the eye from
behind (Image 17.35).

When examining the scalp (or any other region of the
body), it is key that the forensic pathologist pay atten-
tion not only to the presence of injuries, but to any inher-
ent pattern or orientation. These patterned injuries can be
of value in identifying weapons, elucidating a sequence

of events, and providing some sense of the degree of vio-
lence inflicted on a young body.

A young child died as a result of multiple blunt force
injuries. At autopsy, multiple small contusions of the
external ear were noted alongside abrasions of the sur-
rounding scalp (Image 17.36). Injuries in this location
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and of this configuration are consistent with “pinch
marks” of the ear, such as would occur if a child were
violently grabbed by the ear and dragged.

A 6-month-old girl died of blunt force head injuries.
She had also allegedly been whipped with a piece of
bicycle chain. Notice the patterned injury of the skin
(Image 17.37), and an appearance that is consistent with
the compared bicycle chain.

Another young child died as a result of abusive
injuries. At autopsy, an ovoid full-thickness burn of an
extremity was noted (Image 17.38). The appearance of
the burn was not inconsistent with infliction via a lit 
cigarette.

Skull fractures
Cranial fractures in and of themselves are only markers
of direct impact injury to the head. As dictated by clini-
cal experience, the presence of a skull fracture does not
imply the presence of severe underlying brain injury and
vice versa. Although many interesting papers have
studied the mechanisms of the development20 and the
significance of different fractures types,20–24 one impor-

tant rule should be kept foremost in the mind of foren-
sic pathologists: Accidental skull fractures associated with
activities of daily living are generally simple linear fractures
without associated severe brain injury. Complex skull frac-
tures (wide gaping linear, branching, comminuted, basilar,
depressed, or multiple fractures) are generally associated with
motor vehicle accidents, falls from great heights, or inflicted
injuries.

The following three cases allow for convenient com-
parison of the differing degrees of force required to cause
skull fractures associated with fatal intracranial injury in
children.

A 2-year-old child was picked up and repeatedly
slammed against a wall, resulting in massive skull frac-
ture, bilateral subdural hematoma, and cerebral edema.
In Image 17.39, note the simple linear skull fracture
coursing from front to back through the left parietal
bone. Visualization and documentation of this injury are
made possible by removal of the periosteum and over-
lying connective tissues of the scalp. Furthermore, the
dura mater of both the calvarium and skull base must be
stripped to ensure the documentation of fractures. The
complex, branching nature of this wound can be appre-
ciated in Image 17.40, which shows fractures crossing
both sagittal and lambdoidal suture lines. The cause of
death was blunt force craniocerebral trauma, and the
manner of death was homicide.

A 1-month-old child was an unrestrained passenger in
a motor vehicle involved in a high-speed collision. After
being ejected, the child was rolled over by the vehicle at
least one time. In Image 17.41, note the obviously
depressed fracture of the right frontal bone (along the
sagittal suture). Image 17.42 illustrates the gaping,
branching linear fracture along the left parieto-occipital
skull. The cause of death was blunt force craniocerebral
trauma, and the manner of death was accident.

After being left alone at home with an incompetent,
mentally handicapped teenaged sibling, the 4-month-old
child of Images 17.43 and 17.44 and his twin were
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dropped off the sixth-floor balcony of an apartment
building. External examination was significant only for
the presence of blood emanating from the right external
auditory meatus (Image 17.43). Internal examination
revealed complex, comminuted skull fractures, includ-
ing a basilar hinge fracture (Image 17.44).

Pattern recognition in head trauma
The body of a young girl was exhumed from a shallow

grave after her severed arm was found protruding from
the earth (Image 17.45). At the morgue, examination of
the body revealed multiple alterations including early
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putrefactive change, generalized charring and soot stain-
ing, and dismemberment of both forearms near the
elbows (Image 17.46). Brain matter exuded from wounds
in the posterior scalp.

Intraoral examination revealed partial disruption of
the maxillary frenum, with wide laceration of the
mucosa of the buccal vestibule (Image 17.47). There was
no evidence of trauma to the poorly maintained denti-
tion. Areas of contusion and obvious subcutaneous
hematoma of the face and neck were incised to demon-
strate this trauma (Image 17.48).

The scalp showed evidence of significant trauma
including large left parietal, vertex, and paravertex lac-
erations with associated massive subgaleal hemorrhage.
Reflection of the scalp showed wide separation of the
coronal, sagittal, and lambdoid sutures (Image 17.49), a
finding secondary to the markedly increased intracranial
pressure secondary to diffuse brain swelling, possibly
combined with the direct effects of trauma.

A 3.5-centimeter depressed, semicircular fracture of
the left parietal bone was noted (Image 17.50). The
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central region was more prominently depressed than the
remaining curvilinear area, and from this central region
extended a stellate fracture. The remaining neuropatho-
logical examination was significant for subarachnoid
and subdural hemorrhage of the left cerebral hemisphere
(Image 17.51).

A portion of left parietal bone was maintained as evi-
dence, allowing for comparative studies with weapons
and implements from the alleged homicide scene. A gray
closet door had a metallic knob 35 inches from the floor
(the decedent was 38 inches tall, and the wound was
approximately 3.5 inches from the top of her head; Image
17.52). Careful measurements of this item, and side-by-
side comparison with the actual fracture, allowed for
presumptive identification of this knob as the causative
agent (Image 17.53). Removal of the knob from the
closet-apparatus showed that it possessed a centrally
located prominence that was underlined by a long screw,
thus accounting for the central fracture (Image 17.54).
These features helped assemble the fatal story of a young

girl who was beaten repeatedly and slammed against a
closet door. At some point after death, she was set on fire,
partially dismembered, and finally buried in the back-
yard.
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Intracranial pathology

Victims of severe forms of accidental trauma (e.g., motor
vehicle accidents or falls from great height) or inflicted
head trauma may develop subdural or subarachnoid
hemorrhage, cerebral edema, diffuse traumatic axonal
injury, and/or retinal and optic nerve hemorrhages.
These are now regarded as important markers of shear-
ing injury.16 Ultimately, intracranial hemorrhage, with or
without the presence of axonal injury, along with the
appropriate total case investigative information, sup-
ports the diagnosis of severe head injury. The existence
of diffuse traumatic axonal injury may be difficult to
demonstrate, particularly if the infant or young child had
a short survival time, or a long survival time complicated
by severe brain swelling and necrosis.

Subdural blood is usually present as a thin film of
blood and is reflective of the brain shifting its location
within the cranium during the injury.16,25 It usually
results from tears in the bridging veins that drain cere-
bral cortical veins into the dural sinuses.26 Note the orga-
nizing subdural blood in this infant, which was visible
as the calvarium was removed (Image 17.55), and the
subarachnoid blood in this infant (Image 17.56), both

victims of abuse. Subarachnoid hemorrhage can easily be
distinguished from subdural blood in that subarachnoid
blood imparts a red color to the brain that does not wash
off as subdural blood would. In infants and small 
children, subdural blood does not usually form a large
hematoma.

As previously mentioned, one may see the typical
markers of severe head injury (subdural and subarach-
noid blood) without evidence of impact such as scalp
contusion or skull fracture. This may be because the head
impacted a flat, soft, or otherwise yielding surface and,
despite a severe impact injury, produced no bruising of
the scalp or skull fracture. Alternatively, the impact may
have been to the face, which may show no evidence of
injury externally, but also is not normally dissected. One
must be reminded that the infant’s body is small, light,
and can easily be thrown, swung, severely shaken, or
otherwise assaulted, producing severe closed-head
injury without any evidence of an impact. Also, one must
consider that the elastic tissues of youth are fairly resis-
tant to bruising and tearing.

Subdural hemorrhages will organize over time and
eventually be transformed into a thin layer of fibrous
tissue. The process of organizing subdural blood is long
and variable, particularly if there is additional hemor-
rhage while the healing is occurring. Generally speaking,
over the course of weeks, the subdural blood becomes
autolyzed and resorbed by macrophages while at the
same time progressive and gradual ingrowth of granu-
lation tissue (predominantly from the dural side) occurs
that is characterized by fibroblasts and endothelial cells
forming new capillaries (neovascularization). Approxi-
mately 2 to 3 days or so after the injury, iron from the 
red blood cells is transformed into hemosiderin by
macrophages and these hemosiderophages can be
demonstrated by iron staining.

A 3-month-old infant survived 11 days after sustain-
ing an inflicted head injury. Note the layer of predomi-
nant macrophages in this largely organized subdural
hemorrhage (Image 17.57). Hemosiderin is present as
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tan-brown aggregates within the macrophages. An iron
stain highlights (in blue) the extensive number of hemo-
siderophages (Image 17.58).

Because the victim of fatal abusive head injury often
survives in the hospital on a ventilator for some time
(often days) before death occurs, the brain often shows
features of both hypoxic-ischemic injury and traumatic
injury. A study by Reichard et al.27 showed that beta-
amyloid precursor protein (b-APP) immunostaining is
helpful in documenting and distinguishing between
traumatic and vascular (ischemic) axonal injury in
infants and young children with nonaccidental head
injury. When interpreting b-APP immunostains, one
must remember that not all axonal injury is traumatic in
etiology (“diffuse traumatic axonal injury”) and that
axons may be injured by other processes, the most
common of which is ischemia, and in these types of
cases, the two conditions (trauma and ischemia) often
coexist. Furthermore, ischemic brain injury may have
resulted from apnea and/or hypotension immediately
following an assault.25,28 There may be a delay in time
between the infliction of serious injury and the call for
help or transportation of the injured infant or young
child to the hospital. If a time delay occurs, and the infant
or young child is apneic, hypotensive, or otherwise has
an irregular breathing pattern due to severe head injury
or other injury, hypoxic-ischemic brain injury may occur
in addition to any traumatic brain injury. (See Chapter 19
for further discussion on diffuse traumatic brain injury/
axonal injury.)

Brain swelling
Brain swelling with subsequent herniation is common
secondary to traumatic head injury, and this is a nega-
tive prognostic indicator in pediatric nonaccidental head
injury.29 Three patterns of traumatic brain swelling are
commonly seen: adjacent to a contusion only, diffuse
swelling of a single cerebral hemisphere, and diffuse
swelling of both cerebral hemispheres. Although the

mechanism has not been clearly identified,29–31 children
are generally believed to most commonly develop the
latter.32

Retinal and optic nerve hemorrhage
Generally speaking, retinal hemorrhages are regarded as
additional evidence of a severe inflicted head injury.
Some authors advocate the correlation of retinal hemor-
rhages with severe shaking injury.33–36 However, one
must remember that retinal hemorrhages are not specific
for severe inflicted head injury, because they can also be
seen in sepsis and coagulopathy, and are also frequently
seen in newborns.37,38 In one study, retinal hemorrhages
were present in 34 percent of 149 healthy newborns. 
The hemorrhages varied from a single dot to bilateral
widespread hemorrhages and were more common in
vacuum-assisted and spontaneous vaginal deliveries
than in cesarean deliveries. In these cases, the retinal
hemorrhages disappeared by 1 month of age.38 Retinal
hemorrhages can rarely be seen in severe accidental head
injury,39 but they are not believed to arise from resusci-
tation attempts.40

This eye (Image 17.59) was removed from a victim of
fatal inflicted child abuse, and then bisected. Note the
florid retinal hemorrhage highlighted by background
illumination.

Traumatic retinoschisis (tearing of the retina away from
its attachments) is considered specific of severe inflicted
head injury.41 In this 3-month-old infant who died of
inflicted injuries, note the separation of the retina at the
posterior region of the eye (retinoschisis) (Image 17.60).
In this particular case, the retinoschisis was also diag-
nosed antemortem. One should be cautious of artifactual
separation of the retina from its attachments during dis-
section of the eye or tissue processing.

Optic nerve hemorrhages also serve as markers of
severe head injury.36,42 However, in isolation, their sig-
nificance is suspect because they may be seen in rare cases
of nontraumatic brain injury.41 In cases of suspicious 
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child deaths, pathologists should personally remove the
orbital contents and, in doing so, expose the entire length
of the optic nerve. This includes the segment that courses
within the sphenoid bone.

Blood extravasation underneath the optic nerve
sheaths is visible in this case of fatal inflicted child head
injury (Image 17.61). This is usually first visible with the
optic nerves still in situ. Note the optic nerve hemor-
rhages in this case, visualized with the orbital roofs care-
fully removed (Image 17.62). As an aid to photographic
documentation, some pathologists choose to take an
additional picture with the optic nerves underlined by
white paper, cloth, or gauze, allowing for a more clear
presentation of the hemorrhage (Image 17.63).

Cervical spinal cord injury
At autopsy of young victims with severe inflicted head
injury, some infants and young children have hypoxic-
ischemic brain injury and traumatic axonal injury local-
ized to the craniocervical junction.28 Although it is likely
that cervical cord damage is secondary to whiplash-type
forces and may be associated with cases of shaking

alone,43 its existence as a finding in cases where there is
obvious impact to the head28 suggests that clear distinc-
tion between the two mechanisms of injury is not yet
possible. At autopsy, investigators should examine the
high cervical cord for epidural or subdural blood, cord
contusion, or intraparenchymal evidence of damage
such as traumatic axonal injury. Although spinal cord
injury results from the direct physical effects of trauma,
it may be augmented by compromised blood supply
caused by temporary traumatic vasospasm that can
cause ischemia or infarction of the spinal cord.44,45

Cervical spine fractures are rarely reported in cases of
child abuse.46,47 Infants and young children who sustain
cervical spinal cord injuries often do not have associated
vertebral abnormality.48 This condition has been referred
to as “spinal cord injury without radiologic abnormal-
ity” (SCIWORA).49–51 SCIWORA is rare in adults and con-
stitutes a finding unique to infants and young children.49

SCIWORA is likely related to a combination of multiple
anatomic variances in infants and young children that
include elastic, underdeveloped cervical ligaments 
and neck muscles and incompletely ossified vertebrae
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with shallow and horizontally oriented cervical facet
joints.47,49,50,52 Some or all of these features can combine to
allow the mechanical tolerances of the spinal ligaments
and the dura to exceed that of the spinal cord, resulting
in deformity of the spinal column (subluxation) to the
point of spinal cord compression and injury but without
fracture of vertebrae or rupture of ligaments.48,51 By the
age of 8 to 9 years, the pediatric spine has developed
most of the adult roentgenographic features.49

Another factor to consider in pediatric spinal cord
injury is the disproportionately large head of infants 
and young children, which, when combined with these
unique vertebral variances, and particular mechanisms
of injury, may help allow for significant hyperflexion,
hyperextension, and longitudinal distraction of the
spinal cord, which can result in direct cervical spinal
cord injury due to temporary bony column displacement
without fracture.50 These factors may help explain why
upper cervical spinal cord injury (particularly in the
region of the C-2 vertebra) is disproportionately more
common in infants and young children.49 Injury of the
spine may be underreported in this population because
spine and spinal cord injuries may be overlooked if neu-
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rologic symptoms are masked by concomitant head
injury.46,50

A 2-year-old male toddler was being bathed by a
babysitter when he was left alone for “only 1 minute.”
Upon the babysitter’s return he was found unresponsive
and floating in approximately 6 inches of water. Upon
direct questioning, the parents admitted that the child
had been hit in the head by a small rock while playing
with other children. External examination only revealed
a small curvilinear abrasion of the left anterior axillary
line. Internal examination demonstrated contusion of the
posterior scalp with underlying subgaleal ecchymosis
(Image 17.64), subdural hematoma (Image 17.65), and
subarachnoid hemorrhage. Stigmata of drowning were
not identified. It was felt that the spectrum of findings
was inconsistent with the alleged description of events,
and after much consideration and discussion with law
enforcement, this case was classified as a homicide.

Clinical appearance
Research and experience shows that, with rare excep-
tions, infants and young children who sustain a head
injury severe enough to be fatal will not have a lucid

“But he only rolled off the change table . . .”

Many children with fatal head injuries have a history of minor
trauma leading to death. Within the forensic pathology com-
munity, some experts are willing to opine that apparently
insignificant trauma is capable of causing fatal neurologic
injury. We feel that broad generalizations should not be
applied to individual, unique cases.

Research by several groups has supported the finding that
forces greater than those found in day-to-day life are neces-
sary to produce fatal neurologic trauma in infants and
young children.53,54 Smith et al.,54 for example, showed that
7 of 10 children with skull fractures in their study group had
fallen from a height of greater than 36 feet, and Reiber53

showed that all children with skull fractures in his study

group had fallen from more than 10 feet. However, clinical
research has shown that some insignificant injuries can
produce forces similar to those found in shaking55 and
beyond.56,57 Thus, we have a conundrum. Based on our
cumulative experience, we feel it is safest to state that it is
very uncommon for apparently insignificant trauma to
result in fatal head injury. However, each situation must be
treated within the context of the whole case, and given
that examples of minor, witnessed accidental trauma with
death have been documented, the possibility of this occur-
ring in any specific case must not be extinguished at the
outset.

17.64 17.65



Child abuse

interval and will be immediately symptomatic. The most
common generally accepted exception to this rule is an
isolated expanding epidural hematoma.58,59

The shaken baby syndrome controversy
In 1972, the term shaken baby syndrome was coined to 
represent a series of frequently encountered findings in
children who were reportedly violently shaken. It was
thought that these injuries represented the effects of
shearing action secondary to acceleration/deceleration
forces without impact to the head.60 Since that time,
pathologists and clinicians have gained more experience
with fatal inflicted head injuries in childhood. Some
forensic pathologists believe that the act of shaking alone
does not create sufficient force to result in fatal neu-
ropathology and also believe that impact to the head
must play a role.61 The term shaken-impact syndrome was
then conjured in an attempt to include both mechanisms
and possible etiologies for the above spectrum of
injuries. Meanwhile, other groups contend that based on
their studies, interviews with guilty parties, and obser-
vations, shaking without impact is capable of causing
death.43,46,62

So what is to be made of shaken baby syndrome? We
believe that in most cases of fatal inflicted head injury,
significant head impact has occurred, whether it can be
demonstrated at autopsy or not. Based on the aforemen-
tioned anatomic features of youth, and the possibility
that impact may occur to the face (which is not generally
dissected at autopsy), direct significant impact injury to
the head may not be evident, or may go unnoticed,
despite a careful autopsy. Because all of the diagnostic
features reported in shaking deaths (such as subdural
and retinal hemorrhages) can be seen with severe head
impact injury alone, we feel that there are no diagnostic
features specific for shaking and, therefore, it is inap-
propriate, without any correlative investigative informa-
tion, to blindly opine that shaking has occurred in
addition to head impact injury. Thus, we feel that the

term shaken-impact syndrome should be avoided.
However, we do not discount that severe shaking may
be harmful to an infant. The mechanism of injury or
death in a case of shaking alone may be related to
trauma-induced hypoxic-ischemic brain injury sustained
as a result of apnea, hypotension, bradycardia, or seizure
activity secondary to such an assault. This may be due
to strain injury at the craniocervical junction or other crit-
ical brain or spinal cord regions. In suspected cases, sup-
portive evidence that may indicate severe shaking
should be sought, including thoracic contusions, rib frac-
tures from manual compression and/or inertial forces
during shaking, and classic metaphyseal fractures of the
distal extremities, which may occur as the infant is vio-
lently shaken.16

The 18-month-old toddler of Images 17.66 through
17.69 was allegedly the victim of a single shaking
episode. The accused parent denied impact trauma. 
The child survived for 3 days in the hospital, during
which time he underwent craniotomy for evacuation 
of bilateral subdural hematomas. At autopsy, a
yellow/red/blue-tinged contusion measuring 3.5 ¥ 2.0
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centimeters was on the right forehead (Image 17.66).
Marked hemorrhage into the scalp tissues surrounding
the craniotomy site was noted (Image 17.67). A large 
subdural hematoma was noted (Image 17.68), and the
brain was markedly edematous with herniation (Image
17.69) and showed hypoxic-ischemic injury on histology.
The presence of a bruise on the scalp is troubling and
calls into question the validity of the caretaker’s account
of the events. Careful scene investigation, police interro-
gation of witnesses, and autopsy examination are key to
the resolution of these issues. It is not unusual to docu-
ment evidence of impact injury, despite a history
denying impact.

Blunt force injuries of the abdomen
Fatal inflicted abdominal injuries are less common than
fatal head injuries, but they may be more difficult to
detect initially. In general, blunt force injury to the
abdomen more commonly results in significant damage
to the solid organs.63 Laceration or transection of the
liver, spleen, or kidney could lead to massive hemoperi-
toneum and death. Visceral disruption is not an uncom-

mon event63–67 that has the potential to lead to death
through secondary peritonitis, hemorrhagic or hypov-
olemic shock, or sepsis.68

An infant sustained severe blunt force injury of the
abdomen. At autopsy, the external examination revealed
a small contusion just above the navel (Image 17.70).
After reflecting the skin and subcutaneous tissue of the
torso, no additional injury was revealed (Image 17.71).
Once the peritoneal cavity was opened, a large hemo-
peritoneum and deep lacerations of the liver were iden-
tified (Images 17.72 and 17.73). In addition, there was a
tear in the omentum, a contusion in the duodenum just
as it emerged from the retroperitoneum (Image 17.74),
and the body of the pancreas was transected (Image
17.75).

The severity of internal abdominal injuries in infants
and children is often out of proportion to the degree of
trauma observed on external examination. This is one
reason why autopsies on infants and young children
who die sudden and unexpected deaths are necessary.
When a severe force is applied to the midregion of the
upper abdomen, the mesentery, retroperitoneal duode-
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num, and pancreas can be compressed between the
impacting force and the vertebral column. If the force is
severe enough, the duodenum and/or pancreas may be
contused, lacerated, or even transected. Because these
organs are retroperitoneal, after the initial pain of the
impact subsides, the symptoms may be equivocal until
serious complications develop.

A 2-year-old toddler died of massive acute abdominal
injuries after being beaten by a parent. Autopsy demon-
strated multiple bruises of the abdomen (Image 17.76).
Upon opening of the peritoneum, a 250-milliliter hemo-
peritoneum was identified. Careful examination demon-
strated multiple lacerations with focal pulpefaction of
the mesenteric roots (Image 17.77). Additional injuries
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included hemorrhage into the bilateral hemidiaphragms,
massive retroperitoneal hemorrhage, and avulsion of the
duodenal and proximal jejunal mesentery.

A 2-year-old toddler was the victim of an inflicted
abdominal insult by an adult caretaker. After thorough
external examination, the abdomen was opened to reveal
300 milliliters of cloudy, food-containing liquid (Image

17.78). Careful examination of the bowel showed com-
plete transection of the distal duodenum at a level that
immediately overlaid the vertebral column (Image 17.79;
note food particles present near the transection site).
Image 17.80 illustrates lacerated small bowel and
regional soft tissue hemorrhage. A large contusion was
in the region of the mesenteric root, with blood extrava-
sation into the retroperitoneum surrounding the pan-
creas, left kidney, and abdominal aorta (Image 17.81).

A 23-month-old girl was feeling unwell the morning
after the family had eaten take-out food. During the day
she slept on and off until she woke up in the afternoon
and told her parents that she fell. Her abdomen was 
distended and she vomited (Image 17.82). Her father
washed her face and when she collapsed, he said that he
pushed on her stomach to get the air out and revive her.
Autopsy disclosed a distended abdomen with minimal
external evidence of injury (Image 17.83), dilated loops
of bowel, and a hemoperitoneum (Image 17.84) due to
contusions and partial lacerations of multiple loops of
small bowel with one focus of transmural rupture
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(Image 17.85). Microscopically, there were segments of
serosal fibrosis and absence of the muscularis consistent
with previous bowel injury.

As a comparison of the severity of force needed to
inflict fatal abdominal injuries in a child, the follow-
ing two cases are presented, one of a child killed by a
caregiver, the other, a child killed in a motor vehicle acci-
dent.

In the first case, a 3-year-old child was repeatedly
kicked, punched, and thrown before succumbing to
severe internal injuries. In addition to severe lacerations
of the anterior and posterior surfaces of the liver (Image
17.86), there was complete transection of the left lateral
lobe of the liver. The spleen was transected and partially
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pulpified (Image 17.87). Marked retroperitoneal hemor-
rhage in the area of the pancreas was noted over the tho-
racolumbar spine (Image 17.88).

In the second case, a 7-year-old male child was an
unrestrained, backseat passenger in a motor vehicle that
was “T-boned” (broadsided) by a car traveling at a high
rate of speed. He was ejected from the vehicle, impacted
a parked vehicle, and then came to rest on the ground.
He was dead at the scene and had little external evidence
of injury (Image 17.89). In addition to blunt craniocere-
bral trauma, autopsy demonstrated multiple lacerations
of the anterior and posterior surface of the liver (Image
17.90), pulpefaction of the hepatic parenchyma (Image
17.91), and transection and pulpefaction of the spleen
(Image 17.92). The cardiac portion of the stomach had
been widely lacerated (Image 17.93), allowing for dis-
semination of a large quantity of undigested food within
the peritoneal cavity.

Forensic osteology of child abuse

Proper evaluation of any case of suspicious child death
involves examination of the skeletal system for evidence

of recent or remote injury. In cases of recently deceased
remains, this can be efficiently done by a combination of
plain film x-rays and dissection. Although some studies
have suggested that computed tomography (CT) is 
more sensitive than x-rays for the detection of skeletal
injury,69 this is not of practical use for most forensic
pathologists.
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Skull fractures have already been discussed. The sig-
nificance of individual postcranial fractures must be con-
sidered in the context of the entire case. That said, certain
fractures, fracture patterns, and pathological findings
have very strong associations with abuse.

Rib fractures
Autopsy with direct visualization is the best means to
detect rib fractures (see earlier discussion in this
chapter). In a review of 84 rib fractures in infants, only
30 (36 percent) were visible with radiologic skeletal
survey.70 Prosectors might first be alerted to rib fracture
by prominent hemorrhage within the internal chest wall
(Image 17.94). Removal of the parietal pleura and other
connective tissue will allow for easy visualization and
documentation of fractures (Image 17.95).

Dating rib and other fractures is best done by describ-
ing the age of the injury in general terms. Microscopically,
new cartilage and bone appear at 7 to 14 days, but may
occur as early as 4 to 5 days, and bony union usually is
seen at 3 to 6 weeks, but may occur as early as 2 to 3
weeks.71

Posterior rib fractures are well recognized as an
abusive injury72–74 and are usually located near the cos-
totransverse process articulation of the rib. Posteriorly,
ribs articulate with the spine at two sites: the head of the
rib (costovertebral articulation) and the neck of the rib
(costotransverse process articulation). Image 17.96 is a
cross section of a normal region of an infant’s vertebra
and rib. Note the normal anatomic relationship between
the vertebral body, the transverse processes of the verte-
bral body, and the posterior aspects of the ribs. With dis-
placement of the rib posteriorly, one can see how strain
would be placed on the rib where it levers on the end of
the transverse process of the vertebra. This would
produce a fracture of the anterior aspect of the neck of
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the posterior rib. The mechanism causing this injury is
most likely indirect forces consistent with anteroposte-
rior manual compression during assaults that cause the
posterior aspect of the ribs to lever against the transverse
processes of the vertebrae.70,72,73 If the force is sufficient,
the rib fractures either at the point at which it levered (at
the rib neck) or at the head of the rib.

Healing rib fractures can provide additional supportive
evidence of inflicted injury. With the thoracoabdominal
contents removed, note the many healing lateral rib frac-
tures characterized by nodular fracture calluses (Image
17.97). When numerous fresh or remote fractures of the
ribs are discovered, it may be advantageous to remove
both halves of the rib cage en bloc (Image 17.98). This
can easily be done by cutting through the costovertebral
junctions with the bone saw. Retention of the ribs will
allow for more detailed study when necessary. The
removed ribs should be radiographed so as to produce
a permanent record of the injury (Image 17.99). Note that
in this example, although the rib calluses are clearly seen,
because of confluency of internal organ shadows, they
were barely visible in the original skeletal survey.

In Image 17.100, note the fracture callus at the point
of strain at the costovertebral body articulation (at the
head of the rib; arrow). One may also see a fracture of
the head of the rib extending through the primary spon-
giosa. This results because the ligamentous attachments
between the rib heads and the vertebral bodies are
strong, and during excessive strain, the mechanical
failure is through the bone near or at the chondral junc-
tion (primary spongiosa).72

In Image 17.101, note the normal histology of the rib
head at the chondro-osseous junction. On low power
(Image 17.102), note the fracture line along the chondro-
osseous junction and the proliferation of cartilage at the
site of fracture healing at the rib head. Another view
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(Image 17.103) shows the fracture line extending through
and disrupting the chondro-osseous junction. On higher
power (Image 17.104), note the proliferation of multinu-
cleate osteoclasts, the amorphous eosinophilic fibrinous
material, and the proliferation of fibroblasts, all of which

are reflective of organizational changes following the
fracture.

In a different case, note the left-sided paravertebral
posterior rib fractures in this young infant (Image
17.105). With the vertebral/rib block removed, the acute
fractures are more apparent (Image 17.106). On cross
section, note the acute fracture through the neck of the
rib and how it could be caused by backward levering of
the posterior rib over the transverse process of the ver-
tebra, which acts as a fulcrum (Image 17.107; arrow).

Posterior rib fractures may occur in the accidental
setting, but require massive forces, similar to those found
in a motor vehicle crash.73

A 1-year-old infant was fatally injured in a high-speed
motor vehicle crash. She sustained multiple severe blunt
force injuries including a crush injury of the head with
expulsion of the brain, multiple displaced extremity frac-
tures, and lacerations of internal organs. Note the large
abrasions of her right chest and back (Images 17.108 and
17.109). Internally, there were acute fractures of the pos-

396

17.100

17.101

17.102

17.103

17.104



Forensic osteology of child abuse 397

terior aspect of most of the right ribs at the rib neck
(Image 17.110), reflective of the severe forces involved.

Multiple lateral rib fractures have been described in
two cases of inflicted injury in an infant and a toddler.75

In a study of skeletal injury in 31 infants with abusive

injuries, the most common fractures were of the ribs (84),
of which 28 involved the rib head, 27 were at the costo-
transverse process articulation, 8 at the posterior arc, 5 at
the lateral arc, 6 at the anterior arc, and 10 at the costo-
chondral junction region.74
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Extremity fractures
Recognition and documentation of extremity fractures is
important in all cases of sudden, unexpected death in
children. In cases of suspicious child death, we have
already stated that certain patterns of fracture have a
high association with shaking-type injuries. That is,
metaphyseal fractures of the tibiae, distal femora, and
proximal humeri are more frequently injured, the result
of being flung about during a shaking event or other 
significant trauma.16 Radiographic examination and dis-
section, followed by diagrammatic and photographic
documentation, are key. As previously mentioned, it
might be prudent to remove the entire bone for further
study.

Subperiosteal new bone formation (SPNBF) is a normal
physiologic process in infants 1 to 4 months of age.76,77

Outside of this age group, and when it is greater than 2
millimeters in thickness, it may be considered an abnor-
mal finding consistent with a trauma-induced reparative
process. Generally speaking, traces of SPNBF will first be
evident radiographically approximately 10 to 14 days
after the injury.13 Extensive deposition of new bone at the
fracture site is likely related to repetitive trauma, whether
inflicted, related to the limb not being stabilized and
allowed to heal, or a combination of those factors. Over
time, these factors may lead to the development of exten-
sive SPNBF (callus) around the fracture site.

In contrast to the microscopic appearance of normal,
healthy bone (Image 17.111), note the infarcted ap-

pearance of the fractured bone shown in Image 17.112,
characterized by poorly staining amorphous marrow 
elements and pale-staining/dead osteocytes.

Not all irregular bony exostoses are related to fracture.
A young child was the victim of abusive head injury. The
bony prominence shown in Image 17.113 represents
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myositis ossificans, a complication of metaplastic bone 
formation in previous sites of traumatic hemorrhage.
This is indicative of prior blunt force injury of significant
magnitude.

Weakened bones and fractures in infants and
young children
Osteogenesis imperfecta (OI), “temporary brittle bone
disease,” or other metabolic bone disorders may be
implicated as the explanation for fractures in infants and
young children. The incidence of OI and other bone dis-
orders is approximately 1 in 20,000 newborns; abusive
injury is comparatively more common. When evaluating
fractures in children, it is important to ensure proper
diagnosis of abuse or metabolic bone disease, because
errors can have harsh consequences.

Osteogenesis imperfecta
OI is a genetic disorder of connective tissue character-
ized by an increased susceptibility to fractures. This
disease can be divided into four types. Types 2 and 3 are
the most severe forms in that they are sometimes lethal
and unlikely to be mistaken for child abuse. Types 1 and
4 are milder forms. Type 1 is often easy to diagnose
because of blue sclera and family history of the disease.
Fractures occurring in children with type 4 OI may occa-
sionally be confused with abusive injuries—the white
sclera of the type 4 patient may erroneously lead some
pathologists away from the correct diagnosis.78,79 Typical
radiographic findings of OI include osteoporosis, thin,
gracile bones with thin cortices, bowing of the extremi-
ties, and wormian bones in the skull.13,78,79 The diagnosis
can be confirmed by culture of skin fibroblasts and the
detection of type 1 collagen abnormalities; these abnor-
malities will identify the disorder in 80 to 90 percent of
cases.79,80 However, because all cases of OI have osteo-
porosis on radiography, this tissue testing/confirmation
is excessive and is not needed in those with normal bone
density and fractures, especially when there are no other
indications of OI.13 In cases of OI, one may also see
dentinogenesis imperfecta.78,79

When one is confronted with multiple fractures in an
infant or young child with multiple other abusive-type
injuries, there is no reason to attempt to attribute the 
fractures to metabolic bone diseases such as OI. Indica-
tions supporting abuse include fractures of the skull,
posterior ribs, spine, outer ends of the clavicles, and
metaphyses, all of which are strongly suggestive of
nonaccidental injury.81 The bucket-handle pattern of 
fracture has yet to be described in OI.13 Metaphyseal 
fractures may occur, but only in the most severe forms
of OI with obvious bony disease.82 Other indications of
abuse include fractures occurring in only one environ-
ment (they stop after removal from that environment)
and multiple injuries/external signs of abuse. One

should never forget that a child with OI can also be
abused.

Histologic bone examination in OI may not be con-
tributory to the diagnosis, but it has been reported that
bones in OI have decreased bone volume and cortical
thickness, and increased cortical and trabecular 
osteocytes.78,83,84

In summary, if one is considering OI in an infant or
young child with fracture(s), one should obtain a skele-
tal survey. If the bone density is entirely normal and no
wormian bones are seen, no further workup is neces-
sary.13 When the clinical history and radiologic evalua-
tion have been appropriately obtained, OI is rarely
confused with abusive injury because all cases of all
forms of OI will have osteoporotic changes on radi-
ographic examination.13

Temporary brittle bone disease
The entity “temporary brittle bone disease” has been
invented to explain a type of self-limiting OI with spon-
taneous improvement.85 In this disorder, unexplained
fractures are seen in infants during the first year of life.
It has been attributed to a temporary deficiency of an
enzyme involved in collagen synthesis, possibly due to
transient copper deficiency.85 However, this entity is only
hypothetical, is not an accepted medical diagnosis, and
has yet to be scientifically supported or explained.13,81,86

“Spontaneous” fractures
Spontaneous fractures (or at least fractures from minimal
force) may occasionally be detected in young children
who have been bedridden for a very long time, and espe-
cially those with brain damage associated with cerebral
palsy.87 In these cases, there is usually evidence of osteo-
porosis on x-rays. Factors predisposing to these fractures
include disuse osteopenia, nutritional deficiencies, and
contractures. It is believed that disuse atrophy of muscles
leads to contractures, which places excessive stress on
the weakened bony matrix, resulting in a fracture.87 Very
premature neonates with decreased calcium stores may
have an increased risk of fractures of the ribs and meta-
physes in the hospital.13,88 However, this risk of fracture
does not persist into childhood.88

This child (Image 17.114) had a severe form of OI. On
radiography, note marked, diffuse osteopenia associated
with multiple fractures of the appendicular and axial
skeleton. The fractures and subsequent telescoping of 
the abnormal bones resulted in shortened distal 
limbs.

Marked osteopenia with cortical thinning is associated
with anterior bowing of the tibiae in spite of the inser-
tion of intramedullary rods into the child of Image 17.115
with a milder version of OI. A transverse “banana” 
fracture of the mid-diaphysis of the left tibia is also
visible.
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The radiograph of this child (Image 17.116) demon-
strates marked skeletal osteopenia and gracile bones
with thin cortices related to OI. A fracture of the dorsal
radial diaphysis is healing with deformity and marked
callus formation.

CPR-related trauma

Occasionally, when injuries are detected at the autopsy
of an infant or child, suspects and/or their attorneys will
attribute the injuries to resuscitative efforts. A recent
study of cardiopulmonary resuscitation (CPR)-related
injuries in 33 childhood homicides and 324 natural child
deaths has provided some verification of the rarity of
CPR-related injury.89 Of their 33 homicide victims, 24 had
CPR. Ultimately, there was no difference in the severity
of injuries seen between those who received CPR and
those who did not. They also studied 324 natural deaths
for which the infants had received CPR, and none devel-
oped intra-abdominal injuries. Four children from the
natural group did show evidence of extra-abdominal
injury, including a small cardiac contusion, atelectasis
and hemorrhage of one lung, a lacerated frenum sec-
ondary to intubation, and complications of central line
placement.

Rib fractures due to CPR are very rare, and when they
do occur, are reported to be anterior90,91 or along the 
anterior/lateral rib arcs,13 are linearly arranged (Image
17.117), and although they may be unilateral, they are
often bilaterally symmetrical. They are usually subtle
and may be missed if the parietal pleura is not stripped.
There is little to no associated blood extravasation. It
would be difficult to posteriorly lever the ribs against 
the vertebral transverse processes with the compressive
forces found with chest compressions; therefore, it is
unlikely that CPR could cause posterior rib fractures.73
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Gunther et al.75 studied the deaths of children with
apparently inflicted compression or squeezing in the
anteroposterior plane, and determined that lateral rib
fractures alone or in combination with the additional
finding of finger grab marks on the chest and/or torso
might be indicative of abuse. Therefore, although lateral

rib fractures are often considered to be consistent with
CPR-related injury, the possibility of abusive trauma
should not be ruled out at the outset.

Asphyxia

Homicidal asphyxia of children is often difficult to
detect. Many physicians would be surprised by the
apparent frequency of intentional asphyxial events.92,93

In covert video studies of 39 living children with appar-
ent life-threatening events (ALTEs), Southall et al.93

determined 33 were abusive in nature, and 30 of 33 were
asphyxial. Unfortunately, autopsy studies of fatal
asphyxia may reveal a paucity of physical findings.
Investigators must endeavor to obtain very thorough 
circumstantial histories, including scene investigation,
before cause and manner of death determination.94 When
performing autopsies on apparently atraumatic infants
and young children who have died suddenly and unex-
pectedly, attention to very small detail is mandated, as
illustrated in the following cases.

The 2-year-old female of Images 17.118 and 17.119 was
allegedly sleeping on a pillow when her sibling carried
her back to bed. At that time, she was found dead. With
the exception of several small abrasions over the maxil-
lary and mandibular buccal mucosa, the autopsy was
negative. After careful study by both medical examiner
and odontology staff, it was determined that these marks
were consistent with impact against the teeth and, there-
fore, with the application of pressure to the mouth. Using
the medical examiner’s suspicion, police detectives were
able to properly question the mother and obtain a con-
fession of smothering.

A 6-month-old baby was at home alone with a babysit-
ter when he was found dead in bed. Autopsy revealed
no external injuries (Image 17.120), no neuropathologic
injury or disease, an enlarged thymus, and edematous
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lungs with pleural petechiae. Histology confirmed inter-
stitial pneumonitis, and the case was ruled a natural
death.

Nearly 6 months later, the babysitter turned herself in
for psychiatric evaluation, admitting she had smothered
the child because its crying was bothering her. She took
a light blue dry-cleaning garment bag, placed it over the
child’s face, “quieted it to death,” and then hid the plastic
bag in a closet. Upon reexamination of the scene, the bag
was discovered with a faint dried pink stain.

Although a small piece of plastic had been found
clutched in the right hand of the child at autopsy (Images
17.121 and 17.122), the finding had been disregarded.
This small piece of evidence further supported the claim
of smothering brought forward by the babysitter.

Thermal injury

Burn injuries in cases of child abuse are not uncommon,
and as illustrated in previous cases (Images 17.9, 17.10,

17.45, and 17.46), can be due to a wide variety of causes.
They may be the only anatomic finding in some cases of
child death.

Hot water can cause deep burns very quickly, and the
hotter the water, the quicker the burn will form. For
example, exposure of skin to water at 122 degrees
Fahrenheit (50 degrees Celsius) causes deep burns in 8
to 10 minutes. However, exposure of skin to water at 140
degrees Fahrenheit (60 degrees Celsius) can result in
deep burns in as little as 3 to 5 seconds.95 This is impor-
tant to remember because residential water heaters are
occasionally set to this level (140 degrees Fahrenheit),
and the skin of infants and young children is more sus-
ceptible to burns than adults.

Scald injuries may be accidental or abusive in nature.
The infant of Images 17.123 through 17.125 was report-
edly scalded by hot water while in a sink. Although there
were deep burns involving the majority of the body,
there was sparing of the creases in regions of skin folds
such as the elbow (Image 17.123), the backs of the knees
(Image 17.124), and the axilla (Image 17.125). Note, also,
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the sharp line of demarcation between the burned and
the unburned skin. Sparing of burns in skin creases and
sharp demarcations of burns (sharp “waterlines”) have
been reported as clues that the burns were inflicted as
the infant was held down while placed in hot water.96,97

Case resolution often depends on total case investigation
and careful scene examination. In Image 17.125, note also
the parallel escharotomy incisions made into the chest
and arm to relieve pressure in the tissues.

An infant died in hospital after an apparently acciden-
tal scalding. Allegedly, while “temporarily” unsuper-
vised, the child had played with the hot water faucet and
ultimately burnt himself. At autopsy, however, the child
showed classical features of intentional scalding (Images
17.126 and 17.127), including well-circumscribed burn
regions and areas of defined sparing (in this example, 
the upper body and lower legs), as if the child was held
by the back and feet, and lowered into the water. It is
unlikely that a child of this age could turn on the hot 
water and position himself in such a way as to 
develop these well-circumscribed, severe, full-thickness
burns.

403

Sharp force injuries and 
gunshot wounds

The investigation of child homicides due to or involving
sharp force injuries and gunshot wounds should be
examined using the same principles as those detailed in
Chapters 6 and 7.

The mother of a 4-year-old girl had an argument with
her boyfriend while at work. He threatened to kill her
child and then left the mother’s place of employment.
Because she feared for her child’s safety, she phoned
police and asked that they rush to her home to protect
the child. On their arrival at the residence, they found
the boyfriend barricaded inside a bedroom. After police
entry, they found the girl on the bed (Images 17.128 and
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17.129) with her throat slashed. At autopsy, a gaping
incised wound of the anterior and lateral neck was noted
(Image 17.130).

The 5-year-old male of Figures 17.131 through 17.134
was being held by his mother as she argued with the
boy’s father. At the climax of the argument, the father
fired two shots from a handgun, striking the boy once in
the chest.

Gunshot wound A was a perforating gunshot wound
to the midcentral chest with exit from the left chest and
reentry into the left arm (Images 17.131 and 17.132). No
searing, soot deposition, muzzle imprinting, or stippling
were seen. The projectile path entered the chest by frac-
turing the parasternal ends of several ribs, perforating
the pericardial sac, transecting the apex of the heart
(Image 17.133), and lacerating the lingula and lower lobe
of the left lung (Image 17.134). The child was pro-
nounced dead at the scene.
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Neglect

Child neglect takes many forms including failure to
provide food, water, shelter, health care, education, emo-
tional support, etc. Parental religious preferences may
even lead to child death through avoidance of medical
therapy. Medicolegal investigators are sometimes pres-
sured by authorities with regard to death certification in
these circumstances. Although failure to provide water,
food, or shelter is homicidal, great debate exists as to
manner of death certification in cases where people are
denied essential medical treatment. For example, if a
child with parents whose religious affiliation is with the
Jehovah’s Witnesses is denied an essential blood transfu-
sion due to religious reasons, and the child subsequently
dies, what is reasonable manner of death determination?
If a child with terminal cancer is denied chemotherapy,
and a child with new-onset type I diabetes is denied
insulin, what then?

Investigators must always go back to basics and
realize that they are making medical judgments about
individual, unique cases. They are not making social
commentary or attempting to wield legal influence. As
such, they must consider the case in its totality and the
role the disease played in causing death. If lack of
insulin, transfused blood, chemotherapy, etc., resulted in
the demise in an otherwise cared-for child, then the
death must be attributed to the disease that led to the 
terminal chain of events. As such, due to the lack of a
particular medical treatment, whether ultimately avail-

able or not, the child died as a result of a disease that in
and of itself was potentially fatal. A child dying without
a blood transfusion after splenic laceration on the foot-
ball field has died an accidental death. The youngster who
dies without insulin has died a natural death. Medical
examiners and coroners do not determine guilt—our
legal systems were built for that. For more information,
see Chapter 30.

Starvation
True starvation, without complicating underlying
pathology, is a rare event in most medical examiners’
offices. Children will often have had secondary factors
that contributed to their failure to thrive. For example,
Copeland98 described the complicated case of a young
child with panhypogammaglobulinemia initially inves-
tigated as child abuse. Tremendous care on the part of
the investigators is mandated in cases of this sort, to
ensure accurate cause and manner of death determina-
tion. Thorough background investigation, including that
of the scene, all available medical records, and consulta-
tion with a pediatrician may be indicated.

The child who has allegedly died by starvation, espe-
cially due to abuse and deliberate withholding of food
must first, at autopsy, be shown to be malnourished and
demonstrating lack of fat and other signs of lack of food,
such as the content of the stomach and small and large
intestines. A meticulous organ-by-organ and tissue-by-
tissue gross and microscopic study with appropriate
photographic documentation is needed. Furthermore,
there must be no autopsy evidence of any disease, 
metabolic or otherwise, that would preclude adequate
digestion and utilization of food. With thorough case
investigation, there ought to be the development of a
history of malicious withholding of food via witnesses
and evidence at the scene. Furthermore, there ought to
be no evidence of disease or genetic predisposition to
disease, familial or otherwise, that would cause prob-
lems with metabolism.

This young child (Images 17.135 and 17.136) was
neglected and died as a result of starvation and dehy-
dration. Notice the cachectic appearance of the filthy and
unkempt girl.

Dehydration
The forensic pathologist may encounter cases of possible
dehydration in the context of many different child
deaths. Although it has been reported as a cause of death
in some child abuse/neglect cases,99–103 it is more com-
monly encountered elsewhere, including children dying
with dehydration, but of other, more significant forms of
abuse.

The 2-year-old child of Image 17.137 died as a result
of severe intra-abdominal trauma. At autopsy, he
appeared “clinically dry.” Although one must be wary of
the wide array of possible postmortem changes that may
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mimic dehydration, loss of skin turgor should not be as
prominent as that depicted in this image, considering
that the child was very recently deceased and showed no
obvious evidence of decomposition.

Image 17.138 shows the same child as in Image 17.137.
In additional to appearing dehydrated, the child also
appeared to be emaciated. In fact, at only 16 pounds, his
weight was well beneath the fifth percentile for his age.

Other forms of abuse

Munchausen syndrome-by-proxy
The term Munchausen syndrome-by-proxy is used to
describe the actions of one person (usually a caregiver,

and most commonly the mother) who cryptically inflicts
harm against another person (usually an infant or small
child) in an attempt to gain sympathy and attention for
both her own and the child’s suffering.

Sexual abuse
See Chapter 20 for more information on the evaluation
of sexual abuse in children.

Artifacts and complications

After hospitalization (whether short or prolonged), and
particularly after mechanical ventilation, bronchopneu-
monia is a common finding. This should not be misin-
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terpreted as the initiating cause of the child’s demise, 
but rather as a sequela of the treatment administered 
for another condition. Bronchopneumonia may develop
within several hours of the onset of mechanical 
ventilation.

A previously healthy child was resuscitated after
injury and survived in the hospital for 4 hours on a ven-
tilator until he died. Note the extent of acute pneumonia
that developed over this short time interval (Image
17.139).

One should also be aware of artifactually created
injuries related to resuscitation attempts or to therapeu-
tic procedures.

Note the subscalp “contusion” in this infant (Image
17.140) that would be quite convincing for an impact site.
The “contusion” is actually localized blood extravasation
around an intravenous catheter site (Image 17.141). In
this infant with burns and coagulopathy, note the sub-
cutaneous blood in the groin underlying the needle
punctures (Image 17.142). In another case, note the
extensive subcutaneous bleeding in the right arm of this
infant (Image 17.143). The clinical history documented

an infiltrated intravenous catheter (Image 17.144). No
fracture or other evidence of injury was detected.

One must also be careful to examine the brain as the
calvarium is being removed. Bridging veins tear as the cal-
varium is removed, and this leads to small amounts of
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subdural blood extravasation, which must not be con-
fused with an antemortem injury.

Small tears in the frenula secondary to intubation
attempts may be seen. As previously discussed, CPR-
related rib fractures are not common, but when found,
are typically anterolateral, in a row, and symmetrically
present on both right and left hemithoraces. They may
be missed if the parietal pleura is not stripped, and even
then, are usually faint fractures with little or no associ-
ated blood extravasation (Image 17.145). Of note, caution
against labeling the normal bulging chondro-osseous
junction sites (Image 17.145) as fracture calluses.

One must also be aware of vitreous fluid sampling-
related artifact. Vitreous fluid is useful in infants for eval-
uation of electrolytes in cases of potential dehydration.
The sampling of vitreous fluid will not create artifactual
retinal hemorrhages. In this example, the eye is fixed in
formalin after vitreous fluid sampling. Note the needle
puncture in the retina (Image 17.146). There is no gross
hemorrhage in the retina either with normal lighting or

with transillumination (Image 17.147). Sampling vitre-
ous fluid may, however, cause some amount of artifac-
tual separation of the retina from its attachments.

Summary

In cases of child abuse, one must carefully document all
injuries and decide whether the severity and nature of
the injury is consistent with the provided story, knowing
that the description of events provided by the caretaker
may be inaccurate or otherwise altered in an attempt to
hide wrongdoing. Forensic pathologists must consider
all autopsy findings in the context of the complete 
case investigation and remain objective in one’s 
interpretation of the case, expressing certainty when it
exists.

In addition to the more “routine” autopsy procedures,
consider the following list of additional autopsy proce-
dures that may be performed in a child abuse case.
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Checklist of additional autopsy procedures that
may be performed in a child abuse case

• Take full-body x-rays.
• Obtain growth parameters of infant (head, chest,

abdominal circumferences and foot length in addition
to crown–rump, crown–heel, foot lengths, and body
weight).

• Collect blood standard, hair standard, and clothing as
evidence.

• Shave scalp hair as needed for adequate visualization
of injuries.

• Look for bite marks before washing the body.
• Examine the external genitalia and anus for injuries.
• Examine mucosa of mouth for injury.
• Photograph all injuries.
• Obtain pertinent negative photographs.
• Obtain cultures, when appropriate.
• Sample all injuries (when practical) for histology,

including fractures.
• Save (and describe) gastric contents; describe small

bowel contents.
• Examine the bowel.
• Fix brain and spinal cord in formalin before detailed

examination.
• Obtain eyes with attached full-length optic nerves

and place in formalin before detailed examination.
• Perform layered anterior neck dissection.
• Perform posterior neck dissection.
• Reflect tissues of the back, buttocks, and extremities,

examining for injury.

Note: Reflecting the skin and subcutaneous tissues of the
posterior neck, back, buttocks, and extremities may
reveal subcutaneous (or deeper) injuries that were pre-
viously undetected. If there are no injuries, a “negative”
photograph may be taken. A posterior neck dissection
may reveal blood extravasation, reflective of a cranio-
cervical injury that may not have been previously
known. Image 17.148 is a representative back dissection
showing hemorrhage into the soft tissues.

Do

• Suspect—and rule out (if appropriate)—child abuse
on every complete autopsy of infants and children;
because some forms of abuse can be subtle, they can
be easily overlooked if not considered.

• Realize that some homicides (particularly asphyxial
deaths) may have few or no autopsy findings.

• Be aware of artifact (therapeutic or postmortem) that
can mimic genuine injury.

• Photograph all injuries (and obtain pertinent negative
photographs).

• Be aware of the helpful, yet limited information that
may be obtained by histologic examination of injuries
for dating purposes.

• Interpret all injuries within the context of the entire
case investigation.

• Attempt to correlate the identified injuries with the
reported story; watch for inconsistencies.

• In cases where victims have undergone neurosurgi-
cal procedures, consult with the surgeon as to what
scalp and intracranial injuries were present to differ-
entiate between surgical artifact and true injury.

• Collect a blood standard and a scalp hair standard.
• Reflect the skin and subcutaneous tissue of the back,

buttocks, and extremities to evaluate for subcuta-
neous and deeper injuries.

Don’t

• Forget to x-ray the body.
• Forget to sample extremity fractures and all other

injuries for histologic examination.
• Forget to examine the eyes and optic nerves for hem-

orrhages.
• Cut the brain and spinal cord fresh; a more detailed

examination can be performed after formalin fixation.
• Forget to perform a posterior neck dissection.
• Forget to strip the dura to identify hidden fractures.
• Forget to examine the buccal mucosa for injury.
• Forget to examine the anus and external genitalia for

injury.
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Care must be provided for those who cannot care for
themselves. The very young and the very old are similar
in that they both have limited ability to care for them-
selves and limited ability to defend themselves from
others with malicious intent. Both the very young and
the elderly are dependent on others to help them survive,
because they need to be provided food, water, shelter,
and various other necessities of proper care and health.
The elderly and the very young also share the suscepti-
bility to being abused, whether by an inflicted injury
such as a punch, slap, or kick, or by neglect and depri-
vation of nourishment or water. Individuals from both
age groups may be unable to voice complaints or
describe the events of an abusive episode—the very
young because they have not yet developed cognition or
the ability to speak, and the elderly because of demen-
tia, psychosis, or other inherent mental deficiency. When
an elderly person dies and foul play is suspected, it falls
upon the medical examiner to investigate and become
the voice of the deceased by documenting injury (or its
absence) and placing those injuries within the context of
the patient’s natural disease processes and the total case
investigation.

The term elderly is defined as persons aged 65 years
and older.1 Elder abuse is defined as “an act or omission
that results in harm or threatened harm to the health or
welfare of an elderly person.”2 Elder abuse takes many
forms and may be manifest as physical abuse, sexual

abuse, neglect, psychological abuse, financial and mate-
rial exploitation, violation of an individual’s rights, and
medication abuse.2–6 Elder abuse (also known as elder mal-
treatment or elder mistreatment) affects from 1 to 10 percent
of the population in the United States7 and affects all
races and all socioeconomic groups. It is estimated that
each year, approximately 2 million elderly people are
abused.8 When one considers that the elderly are cur-
rently the fastest growing segment of the population, 
the number of elder abuse cases is likely to increase.9 The
life expectancy of people in the United States is steadily
increasing. In 1950, the average life expectancy was
approximately 65 years, and in 1980 was 72 years10 and
in 2001 was 77 years.11 By the year 2050, the population
of elderly citizens is expected to approach 82 million,
with the percentage of elderly citizens increasing from 12
to 20 percent of the population.12

Despite its prevalence, and the fact that most states
have mandatory reporting laws that require health care
workers to report suspected cases of elder abuse to an
appropriate state agency,13 it is estimated that as many as
80 to 90 percent of elder abuse cases are not reported to
any adult protective services agency.5,14 Physicians need
to report cases of elder abuse, even if the abuse is merely
suspected, as long as the report is made in good faith.6

In one study, emergency room physicians reported not
being confident in their ability to identify or report elder
abuse.15 The underreporting of elder abuse is likely due
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to a combination of factors, including underrecogniza-
tion of elder abuse by health care workers and elder
denial of abuse. Elders may deny that they are being
abused because of fear of reprisal, because they cannot
verbalize it, because they are ashamed of being abused,
or because they fear being abandoned if their caretaker
is taken away. Elder abuse is not always obvious and, in
fact, may have a subtle presentation. Elder abuse may be
identified not only by health care workers, but by neigh-
bors, family, friends, law enforcement personnel, or
anyone else having contact with elderly persons and 
an opportunity to see their living conditions or other
aspects of their care.

When an elderly person dies and is suspected of being
a victim of elder abuse, the case should be referred to the
medical examiner. An autopsy provides an opportunity
to document the extent of known injuries, to identify pre-
viously unknown injuries, to document the absence of
injury, and to document the extent of natural disease.
This information will be helpful not only for substanti-
ating the abuse, but also for potentially refuting false
claims of abuse and thereby protecting the innocent.

The aging process

One must gain an understanding of the natural aging
process before one can properly recognize and under-
stand maltreatment of an elderly individual. The aging
process affects people in various ways and proceeds at
varying rates. Some changes that occur during aging are
inherent to the aging process, whereas others are caused
by a variety of diseases, and still others result from
injuries because of the way the aged person was treated.
Many times, aging and natural disease processes become
intimately admixed and it may be impossible to delin-
eate disease from normal aging. Many of the age-related
changes result from a gradual loss of organ function
beginning in early adulthood that, thanks to the large
amount of reserve in many of the body’s systems, do not
become functionally significant until the loss is quite
extensive.

As the aging body decreases in its functionality, the
elderly person gradually becomes more and more
dependent on others for his daily functioning and exis-
tence. The aging person’s physical condition is progres-
sively compromised by weakness, instability, immobility,
deconditioning, malnutrition, and overall failure to
thrive. Helpful care may be rendered by immediate
family, relatives, assisted living personnel, nursing
homes, or hospitals. Whatever the extent of the elder’s
dependence or whoever provided the care, occasionally
the quality of care is questioned. Investigation into 
elder neglect or maltreatment may be initiated after the
detection of contusions or lacerations, pressure ulcers,
fractures, internal hemorrhage, undernutrition, or the

overall appearance of the individual or his living condi-
tions. In understanding the nature of the injuries or
neglect, one must take into account the person’s baseline
medical condition and natural disease, his ability to
maintain nutrition and hydration, the aging process itself
(including dementia, incontinence, and sensory impair-
ment), and his propensity for falls and other injuries.
Physical injuries must not be interpreted in a vacuum,
because injuries from alleged abuse must be differenti-
ated from changes and injuries commonly seen in weak-
ened, degenerating, aging tissues. Examples include
senile purpura, easy bruising and tearing of the skin, 
and osteoporotic fractures.

Physical findings in elderly abuse can be divided into
two main categories: acts of commission and acts of
omission. Findings that may be seen in acts of commission
commonly include physical injuries such as lacerations,
contusions, fractures, burns, internal hemorrhage, and
restraint marks. Findings in acts of omission (neglect) may
include dehydration, malnutrition, sepsis, decubitus
ulcers, contractures, dirty skin, and poor hygiene.

Types of elder abuse

Elder abuse can be divided into seven general categories:
physical abuse, neglect, sexual abuse, psychological
(emotional) abuse, financial abuse, violation of rights,
and medication abuse.

Physical abuse
Physical abuse includes injuries such as contusions, 
lacerations, and fractures that result from willful acts 
that were inflicted to cause pain and/or injury. The acts
include hitting, kicking, striking with a variety of objects,
restraint, and force feeding. Because elderly people are
physically compromised and more prone to accidental
injury, one must be vigilant to exclude an accidental
nature of the injury. Elderly people are unstable and
more prone to falls, sustaining subdural hematomas and
hip fractures, which often cause significant morbidity
and possible mortality. Characteristics of physical
injuries that tend to be abusive include multiple injuries
of different ages, and injuries that either cannot be
explained or are attributed to implausible mechanisms.
Many times, allegations of physical abuse will be made
because injuries are misinterpreted or taken out of
context. With the help of autopsy, these allegations 
can often be proven false or substantiated.

An elderly woman with a history of heart and lung
disease was the alleged victim of elder abuse. Note the
ecchymoses and purpura of her arms and legs (Images
18.1 and 18.2). The skin of elderly individuals is thinner
and more fragile than that of young adults, so it can tear
and bruise more easily. The family was concerned about
her “black eyes,” and it appeared as though she had been
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struck in the face (Image 18.3). However, at autopsy,
there was no evidence that she had been struck in the
eyes. After the scalp was reflected over the forehead and
nose, a fracture of the bridge of the nose was identified
(Image 18.4). The blood from the fractured nose had dis-
sected along the fascial planes around the eyes to give
the appearance of “black eyes.” Indeed, investigation
revealed that she was found prone in her room, and it
appeared that she had collapsed upon getting out of her
bed, striking her face on the floor and fracturing her
nose.

This elderly nursing home resident (Images 18.5 and
18.6) had contusions over much of her torso. Although
no fractures were identified, there was extensive bleed-
ing in the soft tissues of the chest and shoulder (Image
18.7) and she was anemic. She was allegedly pulled up
with her arms from a lying position to get into a chair
when she developed chest and arm pain. She was also
anticoagulated with Coumadin for her heart condition.
When evaluating an elderly person for injuries sustained
while in the care of another person or institution, not
unlike child abuse cases, one must determine whether

415

the presented scenario is a likely explanation for the
injuries sustained. In the elderly person, this determina-
tion can be complicated by a variety of natural disease
processes and medications. In this case, the autopsy 
findings were consistent with the historical account of
the event.

This elderly person (Image 18.8) fell, striking her head
on a tile floor. Note the large laceration and contusion of
her forehead. When the calvarium was removed, note
the large recent subdural hematoma (Image 18.9). She
was therapeutically anticoagulated for a heart condition.
Elderly people are more prone to subdural hematomas
not only because of the inevitable cerebral atrophy that
accompanies aging (that to some extent likely places
more strain on the bridging veins), but also because of
therapeutic anticoagulation. This makes it more difficult
for the body to slow or stop intracranial bleeding once it
has been initiated.

An elderly demented woman resided in a nursing
home. She was found slumped out of the seat of her
wheelchair after being partially suspended by a wheel-
chair chest support strap that became caught across her
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neck. At autopsy, faint periorbital petechiae and conjunc-
tival petechiae were seen and there was a small fracture
of the left superior horn of the thyroid cartilage (Image
18.10), reflective of neck compression. This asphyxial
death is readily explained by the circumstances in which
she was found. Because elderly people are often of poor
health and limited physical abilities, they are less able to
extricate themselves from potentially hazardous situa-
tions. This can be manifest as asphyxial deaths not only
associated with support straps on wheelchairs, but also
related to wedging between a bed mattress and a bed
rail.16–18

An elderly nursing home resident was being fed apri-
cots when he began choking and became unresponsive.
At autopsy, note the large, poorly masticated pieces of
apricot wedged in his oropharynx (Images 18.11 and
18.12). He had a history of Parkinson’s disease. Those
with neurodegenerative disease such as Parkinson’s or
Alzheimer’s disease or amyotrophic lateral sclerosis have
an increased risk of choking because of more limited
control of their airway and swallowing abilities. These
problems are compounded by the absence of natural den-

tition and the use of dentures, which make proper mas-
tication more difficult. In understaffed nursing homes,
some of the caretakers are responsible for assisting with
the feeding of a large number of residents in a short
amount of time. To meet their time constraints, they may
quickly force feed a resident in an attempt to feed another
resident in a timely manner. Investigators may not 
consider this if they are not aware of staffing issues or
concerns in extended care facilities.

Neglect
Neglect is the intentional or unintentional failure of a
caregiver to meet the needs of an elderly person.19 In
intentional (or “active”) neglect, there is a willful failure
to provide care. In unintentional (or “passive”) neglect,
there is an unintentional failure to provide care related
to the caregiver’s own failing health, ignorance, or other
reasons. Neglect can take the form of failure to provide
adequate food, hydration, clothing, shelter, hygiene, or
social stimulation. Neglect may also be brought on by the
elderly person him- or herself (“self-neglect”). In this
form, the person becomes unable to care for him- or
herself and sustains a physical and/or emotional 
breakdown. Neglected individuals have a higher inci-
dence of dementia and depression.20

This 90-year-old woman (Images 18.13 and 18.14) lived
at home and was cared for by family members. She had
never been to a physician and had no significant medical
history. At autopsy, note the cachectic appearance of the
body, with a paucity of soft tissues. She had lobar pneu-
monia. She also had vertebral kyphosis and scoliosis, and
there was no evidence of injury and no decubitus ulcers.
There was no suspicion that the family denied her proper
care, and there were no issues of neglect. The physical
condition in this case is attributed to the normal aging
process, with decreased oral intake and the development
of pneumonia—a wholly natural death.

18.11
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Pressure ulcers (often recognized as decubitus ulcers)
develop when persistent pressure on a bony site leads to
the obstruction of capillary blood flow to the associated
soft tissues, causing necrosis. It is generally accepted that
healthy capillary pressure ranges from 20 to 40mm Hg
and that pressure ulcers can develop within 2 to 6
hours.21,22 Many factors increase the risk of developing
pressure ulcers, among them diabetes mellitus, athero-
sclerotic cardiovascular disease, sepsis, and hypotension,
all of which are believed to impair the microcirculation.
For patients at risk of developing pressure ulcers, pre-
ventive measures include repositioning the body every 2
hours to allow for better circulation to the affected skin
and soft tissues, and optimizing nutrition.

Pressure ulcers are not uncommon and are estimated
to affect at least 10 percent of hospitalized patients,
greater than 20 percent of nursing home patients, and 20
to 30 percent of patients with spinal cord injury.23 They
are more common in those who are old, immobile, and
incontinent. Pressure ulcers have been graded into stage
1 through 4 ulcers, based on their depth of penetration24

and may penetrate to bone and result in osteomyelitis

and sepsis. One study of nursing home residents has
shown that vigilant, conscientious personal nursing care
can decrease the incidence and severity of pressure
ulcers.25 Not all pressure ulcers are reflective of improper
care. Although pressure ulcers have been equated with
poor care, even with the best of health care, pressure
ulcers may not be eliminated.26 Characteristics of pres-
sure ulcers associated with neglect include multiple
ulcers and deep ulcers that extend to bone.

In this elderly nursing home resident, note the rela-
tively innocuous-appearing pressure ulcer on the side of
the foot (Image 18.15). Pressure ulcers may be much
more widespread and in different stages of healing and
scarring, as seen in this person (Images 18.16 and 18.17).
Common locations of pressure ulcers include the skin
over the scapulae, posterior spinous processes, sacrum,
occipital scalp, and heels. In this elderly woman, note 
the pressure ulcers over the scapulae, spinous processes,
and sacrum (Image 18.18).

This cachectic chronic alcoholic lived alone and was
emaciated (Image 18.19). He was weakened from his
overall deconditioning and other neuromuscular disor-

418

18.14

18.15

18.16

18.17



Types of elder abuse 419

ders and became essentially nonambulatory. He had
refused to seek medical attention and eventually devel-
oped a large, pus-filled decubitus ulcer involving most
of his sacrum and lower back (Image 18.20). He also
developed pressure ulcers of the heels of his feet (Image
18.21). As he refused to seek medical attention, this man
exhibited “self-neglect.”

A contracture is the fixation of a limb in a flexed posi-
tion due to immobility over a prolonged period of time.
Contractures are caused by disuse of the limb with 
resultant atrophy of the muscles. They can be prevented
by passive range-of-motion exercises. Their presence
indicates that the patient was not receiving proper 
exercise.

Sexual abuse
Sexual abuse is defined as nonconsensual intimate
contact, and can be inflicted by a variety of means, some
which cause physical injury and others that do not. In
many cases, suspected sexual abuse in the elderly person
is not easy to prove. The victim may be demented and

not able to relate what happened or may be ashamed to
admit what has happened. The physical findings of
sexual abuse may be subtle or nonexistent. In cases of
suspected sexual abuse, appropriate physical examina-
tion, including photography of injuries (or absence of
injuries) and collection of physical evidence for possible
DNA analysis, is required. As usual, one must take into
account the person’s underlying physical condition and
medical problems.

An elderly nursing home resident was admitted to 
the hospital following a seizure. During the admission
history and physical examination at the hospital, a
superficial tear was identified in the posterior wall of the
vagina. Sexual abuse was alleged. At autopsy, appropri-
ate photographic and other documentation of the injury
was obtained, as well as collection of swabs from the
mouth, anus, and vagina/cervix for DNA analysis, iden-
tification of sperm, and other tests. It was later learned
that she had incontinence and would often scratch at her
perineum. She had long fingernails, and the tear in her
vagina was superficial. Moreover, the skin of her vagina
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was friable and easily torn. This information provided 
a plausible explanation for her injury.

Psychological (emotional) abuse
Psychological abuse includes acts that cause mental
anguish or emotional pain and include threats of 
abandonment, institutionalization, humiliation, verbal
aggression, etc. This can be difficult to identify, particu-
larly if the person being abused is not willing or able to
describe the events.

Financial abuse
Financial abuse includes misuse of an elderly person’s
assets for personal gain. Financial abuse includes theft of
money, property, or personal items, coercion to deprive
a person of her assets, threats to change the person’s will,
and persistent inadequate care rendered at home to
allow for the continued collection and misuse of the
person’s social security or pension checks. Identification
of financial abuse often involves suspicion and detailed
investigation. It can be a motive for other forms of abuse.

Violation of rights
Violating a person’s rights includes abandoning a
person, not allowing the person a voice in any decision-
making processes, and denial of privacy.

Medication abuse
Medication abuse can take the form of withholding nec-
essary medications or administering wrong medications
or wrong doses of medications. It may include medicat-
ing a person with pain medications or anxiolytics to keep
him subdued and quiet. When interpreting drug levels
in elderly individuals, the values must not be interpreted
alone. One must also consider that elderly people have
decreased metabolism and decreased organ reserve,
which may lead to prolonged drug duration with poten-
tially increased drug levels and toxicity.27 Because elderly
people generally have many medical problems, they are
on an average of seven different daily medications; this
increases the chance of adverse drug reactions.27 Also,
one must consider what effects anticoagulant medica-
tions might have had in augmenting the deleterious
effects of a physical injury.

Case investigation

The identification of many cases of elder abuse requires
a high index of suspicion. Physical abuse and neglect are
probably the easiest to identify because of associated
physical findings. Oftentimes, other forms of abuse will
be identified only after careful and detailed investiga-
tion, in cooperation with several different agencies. Dif-
ferent forms of abuse often overlap in the same case, and
just because one form of abuse is not identified does not

mean that other forms of abuse have not also occurred.
Resolution of the case may arise only after careful 
consideration of information obtained from a variety of
sources including the autopsy and toxicology, medical
history, police investigation, and adult protective ser-
vices. Investigating elder abuse can be challenging, 
particularly if their health was already declining from
natural disease processes and old age, possibly in com-
bination with injuries and their sequelae, confounded 
by relatively subtle aspects of abuse.

Do

• Consider elder abuse when fractures, contusions, 
lacerations, or suspicious social circumstances are
identified.

• Realize that there is a wide spectrum of different
means by which an elderly person may be abused.

• Realize the benefits and limitations that an autopsy
can provide in documenting elder abuse.

• Interpret physical injuries and toxicologic values
within the context of the complete case investigation.

• Remember that although pressure ulcers can often be
prevented with vigilant care, they are not necessarily
reflective of neglect.

• Realize that most cases of elder abuse are not reported
and that many cases may have subtle signs.

Don’t

• Forget to consider a person’s natural disease and 
medications in all cases of alleged elder abuse.

• Forget the varied forms of elder abuse that may not 
be demonstrable at autopsy, including sexual abuse,
emotional abuse, financial abuse, and violation of a
person’s rights.
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Head injury is a major cause of morbidity and mortality
in all age groups, ranging from the infant who is a victim
of abusive head injury to the elderly person who is
injured in a fall. Because pediatric head injury is covered
in Chapter 17, only adult head injury is covered in this

chapter. The two most common types of significant head
injury in adults encountered by the forensic pathologist
are blunt force head injury and gunshot wounds of the
head. Motor vehicle accidents are the most common
cause of severe blunt force head injury and particularly
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affect young to middle-aged adults, whereas elderly
individuals more often have severe head injury as a
result of falls.

Head injury is an expansive topic, and indeed, entire
texts and atlases have been written on it, including those
from the perspective of a medical examiner.1 What
follows is a general guide on the vast array of head
injuries and sequelae of head injury. To aid in the under-
standing of the vast spectrum of head trauma, injuries
are presented in an “outward-in” format with injuries of
the scalp presented first, followed in order by injuries of
the skull, hemorrhages between the brain and the skull,
and then direct injury of the brain. Multiple compli-
cations of head injury can contribute to the morbidity
and mortality of head-injured patients, including
hypoxic-ischemic encephalopathy, cerebral infarcts,
post-traumatic meningitis or seizure disorder, and
sequelae of immobility including bronchopneumonia,
pulmonary artery thromboemboli, decubitus ulcers, and
sepsis.

Scalp injury

The scalp and facial skin are frequently traumatized, and
the forensic pathologist must be able to adequately
observe and document the full extent of this injury.
Although injuries may be masked by hair, this is easily
resolved by shaving the associated scalp hair. In Image
19.1, note how shaving the hair at the vertex of the scalp
clearly demonstrates the full extent of the laceration.
Although it may seem unsightly to shave large areas of
hair, in select cases this may be necessary, because poor
visualization of the type and severity of injury could
have negative consequences.

Scalp injuries, of course, are only one manifestation of
head injury and must be correlated with skull fractures,
intracranial pathology, and the circumstances of the

death. Where injuries were inflicted with an implement,
one may see patterned abrasions reflective of the parti-
cular characteristics of the weapon. However, in most
cases, such marks are not typically left and pathologists
may only be able to say that an injury is consistent with
a certain implement.

Abrasions
When the skin is rubbed against a surface (textured or
otherwise), the superficial layers can be scraped away,
resulting in an abrasion (Image 19.2). People commonly
complain of rug burns, the everyday manifestation of
abrasions. In a medical examiner’s population, abrasions
will be associated with a myriad of causative agents from
the simple terminal collapse to violent motor vehicle acci-
dents (Image 19.3). Abrasions are also partly responsible
for the skin derangements found in stippling—an impor-
tant phenomenon associated with intermediate-range
gunshot wounds (see Chapter 7).

Contusion
Blunt impact can result in a bruise or contusion. Contu-
sions are particularly common on the face and head
because relatively thin skin and connective tissue over-
lies dense bone and bony prominences. Contusions
occur when the force of an impact overcomes the natural
elastic capacity of the subcutis, resulting in the rupture
of capillaries and other small blood vessels. As a result,
blood collects underneath the skin, causing the
red/blue/maroon color typical of fresh bruises (Image
19.4). Reflection of these tissues may more adequately
demonstrate the extent of the injury (Image 19.5). Con-
trary to popular belief, it is not possible to determine
accurately the age of a bruise.2,3 This is a direct result of
interpersonal variations in tissue composition, bleeding
tendency, reparative mechanisms, etc. Although contu-
sions result from trauma and bleeding in living bodies,
the application of a profound, crushing force to a dead
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body within the early perimortem period may result in
microvascular disruption with artifactual blood seepage
and resulting pseudocontusion.

Subgaleal hematoma
The galea aponeurotica (or epicranial aponeurosis) is a
tense, flat tendon that encircles the lateral, superior, and
posterior walls of the skull, terminating at the highest
nuchal line. Bleeding subjacent to this layer is referred to
as subgaleal hematoma. In the absence of a bleeding diathe-
sis, this typically represents a significant injury in other-
wise healthy individuals.

In Image 19.6, this 20-year-old man was repeatedly
kicked about the head. Note the significant amount of

subgaleal hemorrhage. Prior to dissection, the scalp was
soft to palpation.

Lacerations
Lacerations are forceful tears of the skin that result
because of blunt force injury (Image 19.7). Many people
(including some pathologists) confuse lacerations with
sharp force injuries. Unlike the rough skin tears of lacer-
ations, cutting and stabbing injuries typically have
smooth, sharp edges as a result of having been cut and
not torn (Image 19.8; stab wound). That said, depending
on the nature of the impacting implement, the edges of
a laceration might be variably rough or smooth.

Image 19.9 is of a young boy who was beaten about
the head with a metal pipe. Multiple linear tears of the
scalp are more adequately demonstrated by shaving 
the scalp hair. The suspect weapon is also figured in the
image for comparison. Suspect weapons should not be
brought into the autopsy room for comparative studies
prior to adequate processing by police personnel. This is
because matching of a weapon to the victim may be
made by DNA comparison. If the weapon is brought into
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the autopsy room to compare with the wound, someone
in the future could claim that the DNA/blood transfer
occurred at that time. Image 19.10 is from the same dece-
dent and illustrates the tearing nature of lacerations.
Notice that unlike the stab wound shown in Image 19.8,
the margins of the laceration are rough and irregular and
have a thin abrasion margin.

Given the right set of circumstances (quantity and
direction of force, region of the body, etc.) lacerations
may become avulsion injuries. The individual in 
Image 19.11 was a pedestrian hit by a passing motorist.
Notice the ragged margins of this laceration and the
manner in which the wound has been “torn” away from
the surface of the skull to form a flap of tissue. This is an
avulsion injury.

Sharp force injuries
Sharp force injuries are caused by implements with 
a cutting or stabbing edge. Cutting injuries are wounds
that are longer (in the superficial plane) than they are
deep; stab wounds are those that are deeper than they are
long (in the superficial plane). A considerable amount 
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of information can be gleaned from an adequate exami-
nation of a sharp force injury. See Chapter 6 for more
information.

The individual in Image 19.12 was stabbed above the
left eye during an altercation. Note the clean margins and
absence of associated abrasion. In this case, analysis of
this wound, which is reapproximated in Image 19.13,
allowed the pathologist to correctly opine that the 
perpetrator attacked the decedent with a knife that
appeared to have a single edge.

Individuals who die in motor vehicle collisions may
show dicing injuries (Image 19.14). When the tempered
safety glass of some motor vehicles is fragmented, the
small cube or dice-like glass fragments can impact the
face and cause small incised wounds and lacerations.
Depending on the circumstances of injury, there may also
be an abrasive component to dicing.

Skull fractures

A skull fracture is a physical injury of the head in which
the force of impact was significant enough to break bone.
Not all skull fractures are life threatening and one can
certainly sustain a fatal head injury without having any
skull fractures. Skull fractures do, however, provide
information about the location of an impact and the type
of force involved. Most skull fractures encountered
during the course of autopsies are in the calvarium and
are linear or curvilinear fractures (Image 19.15), sometimes
extending to the base of the skull. A linear or curvilinear
type of fracture reflects contact of the head by a relatively
broad or flat object, and is often seen in falls in which the
head contacts a relatively flat surface or in people struck
by an object. An impact with a more focal, or compact,
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site of contact such as a hammer or a wrench will tend
to push a small area of bone downward and into the
brain tissue, creating a depressed skull fracture (Image
19.16). If there are many widely displaced pieces of frac-
tured bone, it is referred to as a comminuted fracture
(Image 19.17).

Fractures of the base of the skull may be in the frontal
(orbital) plates, in the middle cranial fossa, and in the
posterior cranial fossa. Sometimes, a fracture extends
transversely across the midregion of the base of the skull,
along the region of the petrous ridges. If the fracture is
severe enough, the fractured bones may be separated,
creating displaced fractures. The bones may be able to be
brought together and separated, as if on a hinge. This is
referred to as a hinge fracture (Image 19.18). Fractures
along the petrous ridges, even if not displaced, are
usually associated with great forces such as those in
motor vehicle accidents; oftentimes, they are associated
with immediate unconsciousness. Blood in the external
auditory meatus may be a clue to the presence of a hinge
fracture. The formation of a hinge fracture is not
restricted to a particular impact site on the head,4

although a common mechanism of injury is severe
hyperextension injury of the neck. In these cases, one is
usually able to document abrasion or laceration on or
under the chin or on the forehead. Hinge fractures are
commonly associated with injuries of the brainstem, par-
ticularly pontomedullary tears. Even if no gross disrup-
tion of tissue or hemorrhage in the brainstem can be
identified, the quickly fatal nature of head injuries with

hinge fractures implies severe stretching or other type of
disruption of critical brainstem structures.

It is important for the forensic pathologist to visualize
the brain in situ and perform removal of the brain
himself. This is important because rough removal of 
the brain may cause artifactual damage to the pon-
tomedullary region or to the midbrain–pons junction
and be mistaken for genuine injury. Likewise, in some
cases, the amount of genuine traumatic tissue disruption
and/or hemorrhage is quite small and can only be appre-
ciated in situ. This could easily be attributed to artifact
from removal if not first identified in situ.

A ring fracture is a circular fracture at the base of the
skull that extends around the foramen magnum (Image
19.19). Ring fractures reflect severe forces and usually
result from one of the two following mechanisms of
injury: either the head is impacted from above, forcing
the base of the skull violently downward onto the spinal
column, or the spinal column is thrust upward, through
the base of the skull (as is sometimes seen in people
descending from heights onto firm surfaces).5
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Although many of the bones of the skull base are
thick, durable, and not easily fractured, the bones of the
orbital plates are quite fragile and can be nearly paper-
thin. If these bones are fractured, there may be bleeding
into the region, with blood dissecting along tissue planes
around the eyes (Image 19.20). This may result in peri-
orbital ecchymoses that resemble “black eyes.” The dif-
ference, of course, is that periorbital ecchymoses arise
from head injury with internal bleeding, whereas the
typical “black eye” results from bruising of the orbital
and periorbital tissues from direct impact injury. Frac-
tures of the orbital plate may be due to direct extension
of another fracture in the region, or they may be of a con-
trecoup nature, occurring in someone who has fallen and
hit the back of her head on the ground. In this scenario,
the thin orbital plates are likely fractured by the frontal
lobes of the brain as they “rebound” and impact the
orbital shelf following the initial impact to the back of
the head on hitting the ground. The orbital plates may
also be fractured by a sudden increase in intracranial
pressure as can occur with the pressure wave associated
with a bullet as it traverses the head. Alternatively, they
may originate from the direct transmission of forces
through the head at the time of impact.6

Epidural hemorrhage

An epidural hemorrhage is a collection of blood between
the inner table of the skull (externally) and the dura
(internally). If the hemorrhage is large enough to be con-
sidered space occupying, it is referred to as a hematoma.
The vast majority (approximately 90 to 95 percent) of
epidural hematomas are located at the sides of the head,
are associated with skull fractures, and arise from tears
in the middle meningeal artery.7 Although much less
common, an epidural hemorrhage may be of venous
origin and arise from a tear in a dural sinus (such as the
superior sagittal sinus or a transverse sinus). In these

instances, the dural sinus is usually lacerated by a dis-
placed skull fracture and the hemorrhage is often in the
posterior cranial fossa. Rarely, epidural hematomas may
also arise from a tear in a middle meningeal vein.
Grossly, an acute epidural hematoma appears as a soft
gelatinous nonadherent clot of maroon blood that readily
slips from its location on the dura. It is well circum-
scribed because its expansion and extension is limited by
its ability to tear dura away from the inner table of the
skull, to which it is usually tightly adherent.

The middle-aged man of Images 19.21 and 19.22 sus-
tained an impact to the top of his head with a resultant
large left-sided epidural hematoma (EDH). A skull frac-
ture extended through the left temporal bone in the
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region of the middle meningeal artery. With the cal-
varium removed, note the large, gelatinous, well-
circumscribed, clotted epidural hematoma resting on the
intact dura (Image 19.21). After the brain was fixed in
formalin, note the flattened surface of the compressed
left cerebral hemisphere (Image 19.22). In fact, the
surface of the compressed brain is described as “ruler-
straight.” This is because the EDH pushes on the thick,
fibrous dura, which then transmits the forces evenly over
a large flat surface area as it pushes against the surface
of the brain. This is in contrast to the compressive effects of
a subdural hematoma, which, being located beneath the dura,
transmits its forces fairly equally onto the gyri and the sulci,
resulting in an undulating appearance of the compressed
surface of brain.

Organization
If the epidural hematoma persists for days to weeks or
longer, it will organize and its appearance will change.
The blood will undergo autolysis and will eventually be
resorbed. Microscopically, in the early stages of organi-

zation macrophages appear and engulf red blood cells.
Hemosiderin may be identified on iron stain. The
appearance of granulation tissue (composed of 
endothelial-lined spaces, inflammatory cells and fibrob-
lasts) is concurrent. As time passes, fibroblasts prolifer-
ate and eventually form a tough fibrous membrane
adherent to the dura. Outer and inner membranes com-
posed of progressively fibrosing tissue form and will
gradually become more firmly adherent to the outer
surface of the dura.

In this 10-day-old EDH (Images 19.23 through 19.26),
note the organization that has taken place at the edge of
the hemorrhage, composed predominantly of fibroblasts
and endothelial cells (Image 19.23; Image 19.24, high
power). In Images 19.25 and 19.26, fibroblasts and
fibrous tissue are stained blue by a trichrome stain. Note
the large amount of staining of fibroblasts. Also, note that 
the organizational changes are most prominent (and
advanced) at the edge of the EDH. If one desires to obtain
the most reliable histologic dating of an EDH or subdural
hematoma, the edge of the lesion should be sampled,
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because the organizational process at the edges proceeds
in the most predictable manner. The center of a
hematoma is likely to consist predominantly of auto-
lyzing blood. As such, microscopic evaluation of this
region is likely to lead to underestimation of the lesion’s
age.

If one becomes disoriented while viewing dura under
the microscope and cannot differentiate between
epidural and subdural surfaces, remember that the
meningeal arteries course along the epidural surface. In
Image 19.27, note that the large meningeal artery at the
top of the image distinguishes the epidural side. Another
clue is that the epidural side will characteristically have
a torn, “roughed up” appearance secondary to the force
required to tear it from the inner lining of the calvarium.
This is in contrast to the usually smooth, atraumatic sub-
dural surface of dura.

Clinical symptoms
The clinical symptoms attributed to an epidural
hematoma are varied and depend on how quickly the
hematoma forms and how large it becomes. Classically,
there may be a lucid interval following the head injury
during which the torn middle meningeal artery contin-
ues to bleed. Because the dura is usually tightly adher-
ent to the inner table of the skull, it may take time
(perhaps several hours) for the epidural hematoma to
enlarge to such an extent as to cause symptoms by mass
effect. Hence, the hematoma may slowly enlarge as the
bleeding artery increases pressure in the hematoma,
gradually tearing the dura from the skull as it enlarges.
However, epidural hematomas do not always follow a
predictable course. Occasionally, epidural hematomas
may be delayed in their formation.8 Also, an epidural
hematoma may cause significant morbidity and mortal-
ity more quickly by rapid expansion, and even a small
epidural hematoma may quickly expand, creating a life-
threatening emergency.9 Generally speaking, epidural

hematomas are regarded as neurosurgical emergencies
and are evacuated upon discovery, rather than waiting
and observing whether the hematoma will undergo sig-
nificant expansion. Better neurosurgical outcomes are
established if an epidural hematoma is evacuated before
marked clinical deterioration or herniation occurs.10

Epidural hematomas with volumes of more than 150mL
may cause little or no morbidity if they are evacuated
quickly enough.10 The lucid interval associated with
epidural hematomas is relatively unique because the
majority of patients who suffer a head injury that is ulti-
mately fatal are typically rendered unconscious at the
time of injury.

Subdural hemorrhage

A subdural hemorrhage is a collection of blood between
the dura (externally) and the leptomeninges (internally).
The subdural space does not exist11 in uninjured people
because it is only a potential space that may become infil-
trated with blood. If the collection of blood is space occu-
pying, the hemorrhage is referred to as a hematoma.
Although subdural hemorrhages are usually located
over the vertices and lateral aspects of the cerebral hemi-
spheres, they may also be located in the interhemispheric
fissure and on the base of the brain. Subdural hemor-
rhages may arise from tears in blood vessels in various
locations, but usually result from tears in the parasagit-
tal bridging veins that “bridge” the subdural “space” as
they drain blood from the cortical veins into the superior
sagittal sinus. With this mechanism of injury, there is a
rapid head acceleration, which produces enough strain
on the bridging veins to tear them.12 In many cases the
acceleration force is applied directly to the head by an
impact, but direct head contact is not necessary as long
as the head is subjected to a high rate, high magnitude,
and short duration of acceleration.12 Torn bridging veins
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are not usually identified at autopsy, however, a tech-
nique has been described using injection of radio-opaque
contrast dye into the superior sagittal sinus and subse-
quent radiography to detect which bridging veins are
torn.13 Also, a torn bridging vein may leave a focal area
of subarachnoid blood near where it was torn. A sub-
dural hemorrhage may also arise from tears in cerebral
cortical arteries and/or veins, often with associated cere-
bral contusions and lacerations.12 They may also arise
from tears in a dural sinus, usually secondary to a skull
fracture.

Subdural hemorrhages can result from almost any
type of head injury. The subdural hemorrhage may be
located on the same or opposite side of the impact. They
can be found with or without skull fractures and there
may be no evidence of head impact. One study has deter-
mined that subdural hematomas may be more likely to
result from anterior-posterior and posterior-anterior
rotational impulses of the head, because this motion pro-
duced the most strain in the bridging veins.14

Image 19.28 demonstrates the normal anatomic rela-
tionship between the dura and the brain. With the dura
gently retracted, the bridging veins are stretched and
revealed. One can envision how the bridging veins can
be stretched and torn when the relatively mobile brain
shifts its position relative to the fixed dura.

In an alcoholic who had a left-sided subdural hemor-
rhage, note the small area of subarachnoid blood in the
parasagittal region of the posterior left frontal lobe
(Images 19.29 and 19.30). This is in the region of a bridg-
ing vein, and likely indicates that the bridging vein was
torn.

Organization
Grossly, acute subdural blood is a maroon film of liquid
blood or a gelatinous clotted hematoma that readily
slides off the leptomeninges on the surface of the brain.

If the hematoma has been present for a longer period of
time (days to weeks or months), organizational changes
will gradually take place, and the blood will autolyze
and become rusty-brown. Generally, after 1 to 2 weeks,
the organizing hematoma acquires a brown-yellow dis-
coloration.15 As the organization proceeds, inner (lep-
tomeningeal side) and outer (dura side) membranes of
fibrous tissue are formed and the organizing hematoma
becomes adherent to the overlying dura. Eventually, in
many cases, the bloody fluid is resorbed, leaving nothing
but a layer of organizing fibrous tissue attached to the
inner lining of the dura. In some cases, there may be a
persistent accumulation of watery fluid in the area, a
condition termed subdural hygroma, which may need to
be surgically drained.

In this person (Image 19.31, anterior view of frontal
lobes) with a large right-sided subdural hematoma, note
the hematoma beneath the dura, on the surface of the
brain. With the hematoma removed, note the compres-
sive effects that it had exerted onto the surface of the
brain (Image 19.32). In contrast to the straight-edged
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compressive effects of an epidural hematoma, note the
undulating surface of the compressed brain produced by
the subdural hematoma, which presses nearly equally on
the gyri as it does on the sulci.

In the organizing subdural hematoma of Images 19.33
and 19.34, note how the inner and outer membranes can
be easily identified, if dissected carefully. First, the inner
membrane is reflected, exposing the outer membrane
(Image 19.33). Then the outer membrane is pulled off,
exposing the dura (Image 19.34).

The person of Image 19.35 lived for months with a
large subdural hematoma; note how organized it has
become, in that it is essentially composed of a pocket of
serous fluid surrounded by fibrous tissue. Note the inner
and outer fibrous membranes that have formed. Also
note that the surface of the underlying, compressed brain
is flat, as would be expected in an epidural hematoma,
not the typical undulating appearance that would be
expected in a subdural hematoma. This is a caveat about
organizing subdural hematomas: When they have fibrous
inner membranes, the membranes transmit the compressive
forces equally over the surface of the gyri much as the dura

does in an epidural hematoma, resulting in a ruler-straight
surface of compressed brain.

Microscopically, as the subdural blood autolyzes and
becomes organized, a series of changes occur. Within a
few days or so, early macrophages migrate into the area
and engulf blood, and hemosiderin may be identified on
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iron stains. In one study of 26 people with traumatically
sustained acute subdural hematomas, using immuno-
histochemical techniques and Perl’s Prussian blue stain
for iron, macrophages were typically detected within 24
to 48 hours and hemosiderin after 48 hours survival.15

As organizational processes proceed, macrophages and
hemosiderin gradually become more prominent, and
early fibrous membranes are formed, composed of
fibroblasts, macrophages, and collagen. Within a week,
endothelial cells form capillaries, hemosiderophages
become more abundant, and the granulation tissue
begins to thicken considerably. After 1 to 2 weeks, the
granulation tissue is more organized with abundant
young fibroblasts, macrophages, and blood vessels.15

Eventually, the autolyzing blood is resorbed and a mem-
brane of fibrous tissue is firmly attached to the dura,
having replaced the original liquid blood. Although both
gross and microscopic examinations often yield useful
information as to the age of a subdural hemorrhage, if
one does not know when the head injury was sustained,
a specific age should not be reported. The best answer is
often given in terms of a range of time interval.

In this 20-day-old subdural hematoma (Image 19.36),
note the organizational changes that have taken place,
including blood vessel formation (Image 19.37) and
macrophage proliferation (Image 19.38).

Symptoms and mechanisms of death
Head injury victims with subdural blood can have a
range of symptoms, dependent (to some extent) on the
mechanism of injury. In a severe head injury that is fatal
within minutes or so, there may only be a thin film of
subdural blood. In those surviving the head injury for
longer periods of time, such as many minutes to hours
or days, a large subdural hematoma may be formed.
That is, in quickly fatal cases, there is often not enough
time to allow for the formation of a large subdural
hematoma, and the thin film of subdural blood serves as
a marker of severe head injury such as diffuse traumatic

axonal injury. In this situation, the mechanism of death
may be traumatic apnea or traumatic disruption of car-
diovascular regulation. Alternatively, a small amount of
subdural blood may be seen in a person sustaining a
much milder and survivable traumatic head injury, and
surgical evacuation may not be required.

In those who survive long enough to form a large sub-
dural hematoma, the mechanism of death is usually
related to the mass effects of the hematoma. In this sce-
nario, the person is likely to proceed through a series of
symptoms ranging from headache to decreased respon-
siveness, and finally to a comatose state and death, if
untreated. If the hematoma is large enough, surgical
evacuation is usually recommended to decrease the mass
effects, to control further hemorrhage and brain swelling,
and to prevent complications of increased intracranial
pressure such as cerebral herniation with compression of
cerebral arteries.16 In cases of large subdural hematomas
with mass effect, much of the resultant ischemic brain
injury is attributed to brain shift, herniation, and arterial
compression.16 Cerebral contusions and brain swelling
are both more frequently associated with subdural
hematomas than with epidural hematomas and may

434

19.36

19.37

19.38



Subarachnoid hemorrhage 435

necessitate decompressive surgery, which may involve
removal of an inferior temporal gyrus.9

Apparently nontraumatic subdural hemorrhage
Apparently nontraumatic causes of subdural hematomas
include those attributed to cocaine abuse,17,18 general
debilitation, hematologic disorders,19 anticoagulant or
thrombolytic therapy, carcinomatosis, intracranial infec-
tion, leukemia, hypertension, arteriovenous malforma-
tion, amyloid angiopathy, aneurysm,20 and dural
arteriovenous fistula.21,22 Also, apparently nontraumatic
subdural hematomas have been attributed to a torn cere-
bral cortical artery characteristically located in the tem-
poroparietal region,22–25 often associated with adhesions
between the leptomeninges and the dura. The origin of
the bleed may be a rupture of an arterial twig arising at
right angles to a cortical artery, a rupture at a site of adhe-
sion between the cortical artery and the dura, or a small
cortical artery that traverses the subdural “space,”
forming an anastomosis with a dural artery.24 Although
some consider subdural hematomas arising from cortical
arterial bleeding with no known history of head injury to
be atraumatic, some amount of trauma is likely associ-
ated with their formation. This includes very mild events
like sneezing or a bump to the head that the patient
deemed insignificant. The same likely holds true for some
of the other apparently nontraumatic causes of subdural
hematoma. They may even rarely arise from an intra-
cerebral hemorrhage that breaks through the cortical
surface (“burst lobe”) and perforates the leptomeninges.

Subdural, epidural, and intracerebral hematomas are
collections of sequestered blood (blood that is not in the

general circulation and is fairly isolated within the
tissues). Because this blood is isolated from usual meta-
bolic pathways, it is likely to retain alcohol and drugs
longer than the circulating blood.26–28 As such, if a person
survives for a period of time after sustaining an injury, a
hematoma may be collected at autopsy and analyzed for
alcohol and drugs. This may provide a more accurate
indication of what one’s alcohol and drug levels were
around the time of an injury. This specimen may be even
more important if no hospital admission blood is avail-
able for toxicologic evaluation.

Subarachnoid hemorrhage

Subarachnoid hemorrhage is blood located between the
leptomeninges (externally) and the surface of the brain
(internally). Subarachnoid blood may arise from many
etiologies, both natural (such as a ruptured cerebral
artery berry aneurysm) and traumatic, and sometimes a
combination of the two.

In traumatic brain injury, the most common cause of
subarachnoid blood is bleeding that arises from cerebral
contusions and lacerations. The traumatically disrupted
brain tissue bleeds directly into the subarachnoid space
and imparts a red appearance to the surface of the brain
(Image 19.39). Subarachnoid blood can be distinguished
from subdural blood, because subdural blood will wash
away under gently running water, whereas subarach-
noid blood will remain. If the base of the brain has a par-
ticularly thick layer of subarachnoid blood (Image
19.40), one should search for a ruptured cerebral artery
berry aneurysm before the brain is sectioned or fixed in
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formalin. Sectioning the brain will make subsequent
identification of a berry aneurysm much more difficult,
as will formalin fixation. Formalin fixed and caked sub-
arachnoid blood cannot readily be removed from the
cerebral arteries, and when removed, may create tears or
artifactual disruptions. Ruptured cerebral artery berry
aneurysms must be sought out in the fresh state.

In Image 19.41, note that the cerebral arteries have
been dissected free from the brain with identification 
of a ruptured berry aneurysm of the anterior communi-
cating artery. This is a common location for berry
aneurysms. In this nontraumatic case, the cerebral 
arteries were dissected in the fresh (unfixed) state, which
makes the identification of aneurysms or other signifi-
cant vascular lesions much easier.

If blood is pooled in the posterior cranial fossa, one should
consider either torn basilar or vertebral arteries. These torn
arteries should especially be considered if there is evi-
dence of severe hyperextension injury of the head. In this
scenario, as the head is violently and rapidly extended,
tension is placed on the ventral aspect of the brainstem
with stretching and possible tearing of the basilar and
vertebral arteries. With this mechanism of injury, there
may also be a tear in the ventral aspect of the brainstem,
usually at the junction of the pons and the medulla (a
pontomedullary tear or rent; Image 19.42) or in the mid-
brain. A vertebral artery may tear with other mecha-
nisms of injury, such as a blow to the head or neck, or
with severe twisting of the head or neck.

Radiography of the vertebral arteries
Torn vertebral arteries are often difficult to document 
at autopsy, not only because of their relatively 
concealed and inaccessible location in the transverse
foramina and foramen magnum, but also because the
vertebral arteries are normally cut to remove the brain,
and the cut may pass through a region of arterial trauma.
A relatively easy way to evaluate the integrity of the 
vertebral artery from its origin to its termination into the
basilar artery is to perform a postmortem angiogram
using radio-opaque contrast dye (Image 19.43). Any
extravasation of contrast dye indicates a defect in the
blood vessel wall that can then be further explored with
dissection at that particular region. Although Image
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19.43 was prepared from a cervical spine that had been
removed at autopsy, similar demonstrations can be
obtained from in situ injection at the autopsy (even after
removal of the brain).

A young man was assaulted with an implement.
Notice the discrete abrasion on the right lateral pos-
teroinferior neck (Image 19.44). Removal of the calvar-
ium and exposure of the brain revealed prominent
hemorrhage of the posterior fossa (Image 19.45). Radio-
logic means were successful at demonstrating the small
tear of a vertebral artery.

Subarachnoid blood has associated significant mor-
bidity and mortality. Subarachnoid blood is irritating to
the blood vessels that it contacts and may cause
vasospasm of the cerebral arteries, thereby limiting an
already compromised blood supply to the injured brain.
The prognosis of an individual with subarachnoid hem-
orrhage depends on the severity of the overall head
injury and other multisystem trauma. Therapy is aimed
at protecting against cerebral arterial vasospasm and
preventing cerebral ischemia and increased intracranial
pressure.
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Although subarachnoid hemorrhage is readily visible
and unmistakable at autopsy, the same cannot be said for
antemortem imaging studies. Although a computed
tomography (CT) scan of the head has high sensitivity
and specificity for subarachnoid blood, with sensitivity
approaching 95 percent,7 occasionally there are false pos-
itives in the evaluation for subarachnoid blood. Imaging
may falsely suggest subarachnoid blood in cases of cere-
bral anoxia and cerebral edema, and in cases in which
there has previously been a contrast study.7 The false
positives may be due, in part, to congestion of cerebral
cortical veins. Knowledge of the limitations of imaging
studies is important when one encounters a discrepancy
between antemortem imaging reports and postmortem autopsy
findings.

A 40-year-old person with no previous medical
history was unconscious upon presentation to hospital.
CT scanning demonstrated marked subarachnoid hem-
orrhage with secondary hydrocephalus (Image 19.46).
Angiography demonstrated an aneurysm of the anterior
communicating artery (Image 19.47).

Cerebral contusion

A cerebral contusion is a bruise of the brain that is
usually readily identified as a bloody disruption of tissue
on the surface of the brain. Cortical contusions charac-
teristically involve the crest of the gyrus and spare the
sulcus (the opposite is true for hypoxic-ischemic lesions
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or cerebral infarcts which preferentially involve the
depth of the sulcus). Contusions usually consist of
perivascular hemorrhages that, if one looks closely,
extend perpendicularly through the cortical ribbon, fol-
lowing the anatomy of the vascular distribution. Similar
to its gross appearance, microscopically, a contusion
appears as a bloody disruption of the superficial cerebral
cortex with blood extravasation in a perivascular distri-
bution. If a contusion enlarges, and becomes a hematoma
(a “contusion hematoma”), its subtle anatomic features
are blunted.

In Image 19.48, note the typical appearance of a recent
cortical contusion on the left temporal and parietal lobes,
characterized by bloody disruption of the cortical surface
with associated subarachnoid blood extravasation.

Cerebral contusions are associated with impact head
injury and are often caused by fractured skull bones that
are driven downward, impacting the surface of the brain
and bruising it. These are called fracture contusions and
may occur anywhere on the surface of the brain. If the
displaced pieces of fractured bone create tears in the
brain tissue, the injury is more appropriately termed a

laceration. In many cases, though, the distinction
between the two is blurred, and the areas of brain dis-
ruption are generally referred to as contusion. Although
most cerebral contusions involve the cortical ribbon and
subcortical white matter, a contusion may be located
deeper within the brain tissue and present as a deep
(intracerebral) hematoma.

Contusion hematoma
In Image 19.49, note the large contusion hematoma in the
white matter of the left frontal lobe. This person had been
therapeutically anticoagulated when he fell and struck
his head, providing a reason for such a large contusion
hematoma. Alcoholics, those with cirrhosis for other
reasons, and those with any other bleeding diathesis can
have larger than expected cerebral contusions. Such large
deep contusion hematomas may also have a differential
diagnosis of amyloid angiopathy-related hematomas
and hypertensive hemorrhages in appropriate cases.
Hemorrhages related to hypertension are fairly easy to
distinguish, because they usually involve a “blow out”
of the basal ganglia (Image 19.50) in an individual with
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a large heart or with a history of hypertension. In such
cases, if it is anticipated that cocaine, methamphetamine,
or some other sympathomimetic may have contributed
to a hypertensive hemorrhage (possibly indicating an
“accidental” manner of death), if the brain is cut fresh,
the hematoma can be sent to toxicology. Amyloid
angiopathy-related hemorrhages will usually be multi-
ple, in older people, and located in a parieto-occipital
distribution.

Coup and contrecoup contusion
Coup contusions of the brain occur at the site of head
impact, whereas contrecoup contusions occur away from
the site of impact, often at the opposite side of the head.
Coup contusions without an overlying skull fracture 
are uncommon. The term coup contusion is generally
reserved for those contusions at a site of impact without
an associated skull fracture in which the impact causes
the skull bone to be “slapped down” onto the brain, con-
tusing it. When an overlying skull fracture is present, the
contusion is more appropriately termed a fracture contu-
sion and this is by far the most common scenario.

It is relatively common for cerebral cortical contusions
to occur at a location distant to the site of impact. The
most common scenario is that of a person falling back-
ward, impacting the back of his head on the ground.
Although the impact is to the back of the head, cerebral
contusions are often identified at the front of the brain,
namely, the frontal poles (Image 19.51), temporal poles,
and orbital gyri, and are rarely seen at the back of the
brain. It is theorized that these contrecoup contusions are
formed when the brain “rebounds” inside the head after
the initial impact on the back of the head. The rebound-
ing movement of the brain then impacts it against the
inner table of the front of the skull, with subsequent con-
tusion of the frontal lobes. Another factor in the forma-
tion of contusions at the front of the brain is the rough,

irregular, undulating, and somewhat sharp surface of the
orbital plates and middle cranial fossa, which are con-
ducive to injuring the surface of the delicate brain.29,30

This theory may also explain the occasional occurrence
of fractures of the thin orbital plates in such a scenario
(contrecoup fractures). The coup/contrecoup pattern of
brain injury is not limited to falls with impact of the back
of the head on the ground. Contrecoup contusions of a
temporal lobe may be seen when there is a fall with
impact to the opposite side of the head.

A person fell and struck the right side of his head on
the ground. In Image 19.52, note the fairly small fracture
contusion on the inferior aspect of the right temporal
lobe, and the large contrecoup contusion on the infero-
lateral aspect of the left temporal lobe, on the opposite
side of the brain.

By contrast, contrecoup contusions of the cerebellum,
occipital lobes, or other caudally located regions of the
brain are very rare when there is a fall and impact to the
front of the head. Many factors are believed to play a role
in this, including the smooth inner lining of the occipital
and parietal bones, the ability of the frontal bones to
more effectively absorb impact forces, and the relatively
less mobile nature of the posterior regions of the brain.31

The location and distribution of cerebral contusions is
dependent on the position of the head at the time of
impact and whether or not the head was in motion. The
recognition of coup and contrecoup contusions is impor-
tant, because the location of cerebral contusions and
impact site on the head can provide important informa-
tion as to how a head injury may have been sustained.
That is, if contrecoup contusions are identified, it is
evident that the head was in motion when the impact
was sustained (usually from a fall). One must keep in
mind that not all falls are accidents, and occasionally a
homicide may be committed when a person is inten-
tionally pushed down, or punched and falls down, sus-
taining a fatal head injury.
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Deep cerebral contusions
Contusion hematomas of the deep white matter, the deep
nuclei, or of other deep structures such as the corpus 
callosum or internal capsules are usually found only
with severe diffuse traumatic head injury, and are reflec-
tive of severe inertial forces transmitted to deep brain
structures.30,32,33 These types of hematomas are usually
associated with a poor prognosis. Contusions located
deep in the brain parenchyma are usually described by
their anatomic location, but have also been generally
referred to as intermediary coup (reflecting their location
somewhere between a coup and a contrecoup contusion)
or inner coup contusions. Curvilinear contusions of the
parasagittal white matter in the frontal lobes have been
termed gliding contusions and are often associated with
diffuse traumatic brain injury and a poor prognosis.33 In
those dying quickly of their injuries, the contusion
hematomas are small. In those dying following a more
prolonged period of survival, contusion hematomas may
have an opportunity to expand and become better
defined. Another factor related to their enlargement is
the coagulopathy that often develops in those with
severe head injury.

Herniation contusion
Herniation contusions are caused by the rapid and force-
ful displacement of the brain with sudden impact against
a bony skull structure. The most common herniation con-
tusions involve the parahippocampal gyri and the cere-
bellar tonsils. These contusions are caused by sudden
and forceful downward displacement of the brain with
resultant violent impact of the parahippocampal gyri
against the edge of the tentorium (Image 19.53) and
impact of the cerebellar tonsils against the bony edge of
the foramen magnum. This can occur secondary to
various mechanisms of injury, the most common being a
severe impact at the vertex of the head, and a horizon-

tally oriented gunshot wound in which the pressure
wave forces the base of the brain downward.

Remote contusion
Remote contusions have an appearance different than
that of acute contusions. Contusions that have had the
opportunity to organize for months to years appear as
somewhat sunken, irregularly disrupted areas of gray-
discolored, sometimes rust-colored cortex that are vari-
ably adherent to the leptomeninges or dura. The
contusion may be limited to the superficial aspect of the
cortical ribbon, or it may extend deep into the underly-
ing white matter and appear as soft, tan/rust-colored
tissue. Microscopically, remote contusions have a dis-
rupted cortical surface that helps distinguish them from
remote cerebral infarcts, which have a preservation of the
surface of the cortex. The remote contusion is character-
ized histologically by reactive astrocytes, a paucity of
neurons and oligodendroglia, and a variable number of
hemosiderophages.

Remote infarcts can usually be easily differentiated
from remote contusions based on their gross traits. In this
large remote infarct (Image 19.54), note how the cavi-
tated defect is in the distribution of the right middle cere-
bral artery. On coronal sections (Image 19.55), note how
the infarct is classically wedge shaped, clearly in a vas-
cular distribution (the right middle cerebral artery), and
extends to, but not into, the lateral ventricle. (Infarcts
classically spare the tissue adjacent to the ventricle
because this region is able to glean nutrients from the cir-
culating cerebrospinal fluid.)

In this person, note the typical histologic appearance
of a remote contusion, characterized by disruption of the
superficial layers of the cortex, preferentially affecting
the crest of the gyrus (Image 19.56). On higher power,
note the scattered hemosiderophages, the reactive astro-
cytes, and the remotely disrupted appearance of the
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tissue (Image 19.57). A remote contusion must often be
differentiated from a remote infarct, which can often be
done based on the location and gross appearance of the
lesion. Histologic examination will also help differenti-
ate the two. In contrast to a remote contusion in which
the surface of the cortex is disrupted, in a remote infarct,
the surface of the cortex is spared, and the underlying

middle and deep layers of cortex are destroyed (Images
19.58 and 19.59). In remote infarcts, the superficial cortex
is spared because this region is able to glean enough
nutrients from the circulating cerebrospinal fluid,
whereas the deeper layers cannot.

One may occasionally encounter a discrepancy
between antemortem imaging reports of the location and
size of cerebral contusions and what is identified at
autopsy. This is at least in part related to the fact that 
contusions are often in evolution—particularly shortly
following an injury. Cerebral contusions may not be
identified on the initial CT scan, but become identifiable
by later CT scans.7 Also, contusions often show enlarge-
ment with serial head CT scans.34 This is because, over
the course of a few days, contusions tend to enlarge from
the effects of vascular necrosis, continued vascular per-
fusion, and cerebral edema.7 There may also be pericon-
tusional cerebral edema to further compromise blood
supply to the area, causing additional ischemia and
swelling. The cerebral edema is likely multifactorial in
origin and related to ischemia and damage to the
blood–brain barrier.35 The enlargement of contusions
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during the first few days or so following injury has been
referred to as the “blossoming” of contusions. Alterna-
tively, contusions may initially be large, and become
even larger, particularly in those with therapeutic anti-
coagulation or a natural coagulopathy. Additionally, it
has been shown that individuals of a certain genetic
makeup (namely, those homozygous for the epsilon 4
allele of apolipoprotein E) may more readily develop
larger cerebral bleeds.36

Delayed traumatic intracerebral hematomas
Delayed cerebral contusions or hematomas, referred to
as delayed traumatic intracerebral hematomas or DTICH,37–40

develop days or weeks after an injury. They are not likely
de novo in origin, but rather represent preexisting injury
(contusion) that was small or undetectable and under-
went acute enlargement from the effects of coagulopa-
thy,41 vascular necrosis, rupture of a traumatic aneurysm,
or other factors.42,43 It may have been further complicated
by the effects of ischemia, vasospasm, and cytotoxic 
substances. In all cases, a natural etiology such as hyper-
tension, amyloid angiopathy, or neoplasm must be 
ruled out. Criteria to be satisfied in cases of delayed 
traumatic hematomas have been proposed by Elsner et
al.38 and Bollinger44 and consist of the following: (1) a 
definite history of trauma, (2) an asymptomatic interval,
(3) an apoplectic event, and (4) absence of vascular
disease.

The greater the time interval between the traumatic
incident and the development of neurological symp-
toms, the less likely the trauma can be linked to the brain
lesion.42 An interesting situation is the delayed develop-
ment of a traumatic intracerebral hematoma after surgi-
cal decompression of a different intracranial mass.40,43 In
this scenario, it is theorized that decompression of the
region also leads to the removal of a tamponading effect
of the venous oozing in a contusion.39,40

Cerebral contusions are not necessarily associated
with clinical deterioration. Like many other injuries, the
effect of cerebral contusions depends on many factors,
including the age and health of the individual, how the
injury was sustained, the extent and location of contu-
sions, the extent of other associated brain injury, and the
extent of any associated multisystem trauma.

Diffuse traumatic brain injury

The term diffuse traumatic brain injury (DTBI) refers to a
widespread pattern of injury throughout the brain
caused by traumatic disruption of nerve cells, with 
particular injury to the axons. The widespread distribu-
tion of injured axons reflects the diffuse nature of the
head trauma, causing injury to both supratentorial and
infratentorial regions, with axonal damage demon-
strated in the cerebral hemispheres, corpus callosum,

and brainstem.45 This pattern of injury is seen most com-
monly in motor vehicle accidents or any other mecha-
nism of injury in which a large amount of force is
imparted onto the head, causing stretching/twisting of
the brain tissue within the confines of the skull. It may
also be seen in assaults, falls,46 or other mechanisms with
great force.47 The term diffuse axonal injury (DAI) is a
general term that has commonly been used to describe
the occurrence of traumatic axonal injury throughout the
brain. However, more recently, it has been realized that
widespread axonal injury may result from mechanisms
other than trauma, such as ischemia, hypoglycemia,48 or
other causes. Therefore, the terms traumatic diffuse axonal
injury (tDAI) or traumatic axonal injury (TAI) more specifi-
cally apply when one is able to demonstrate widespread axonal
injury of traumatic etiology.47

Gross findings
In cases of DTBI, the only findings may be nonspecific
trauma such as skull fractures, subdural blood, sub-
arachnoid blood, and cortical contusions, but these are
not seen in all cases and are not necessary for the diag-
nosis. More specific characteristics of DTBI include hem-
orrhages in the deep long white matter tracts in the brain,
which classically involve the corpus callosum, internal
capsules, and superior cerebellar peduncles.49,50 One may
also see gliding contusions, which are characterized by
curvilinear perivascular hemorrhages in the parasagittal
white matter of the frontal lobes. One may also see deep
cerebral contusions located in the basal ganglia or other
regional deep brain tissue. These have been referred to
as intermediary coup contusions.50 Another finding that has
been described in cases of severe closed-head injury is
the widespread distribution of petechiae throughout the
centrum ovale—most prominently in the anterior frontal
lobes. This condition has been referred to as diffuse vas-
cular injury and is reflective of severe diffuse brain injury,
most often sustained in severe motor vehicle collisions,
and usually with very short survival times ranging from
minutes to hours.51

In the case of severe traumatic brain injury shown in
Image 19.60, note the gross neuropathologic findings
that are typically reflective of tDAI, namely, the hemor-
rhages in the corpus callosum and deep nuclei. Also,
there was hemorrhage in the dorsolateral quadrant of the
brainstem, in the region of the superior cerebellar pedun-
cle. These hemorrhages are in long white matter tracts or
deep structures of the brain and are reflective of severe
forces imparted onto the brain.

In this motor vehicle accident victim who survived for
4 days (Image 19.61), in addition to the tear in the corpus
callosum, note the characteristic curvilinear gliding con-
tusion coursing through the parasagittal white matter of
the left frontal lobe. There are other hemorrhages scat-
tered throughout the white matter, reflective of the
diffuse nature of this severe brain injury.
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In this motor vehicle accident victim who died within
a couple of hours of the accident (Image 19.62), note the
speckled hemorrhages throughout the white matter of
the anterior frontal lobes. This is the classic appearance
of diffuse vascular injury, the vascular correlate of diffuse
traumatic axonal injury, and is reflective of severe forces
imparted throughout the brain. Such victims usually
have a very short survival time.

In cases of severe head injury, these gross findings are
often accompanied by the histologic documentation of
tDAI should the person survive long enough and the
proper histologic section be taken and properly stained
and interpreted. Recognizing these gross findings can be
helpful if the survival interval is too short to allow for
the microscopic documentation of tDAI, or if micro-
scopic sections of the brain are not performed for other
reasons. The neuropathologic findings in DTBI span a
spectrum from obvious to nearly inapparent.

Microscopic findings
Less severe forms of DTBI may have no gross hemor-
rhages at all, but have severe microscopic injury charac-

terized by the widespread distribution of dystrophic
axons. Dystrophic axons are characterized by eosino-
philic, “bulbous” axonal swellings that can be seen on
routine hematoxylin and eosin (H&E)-stained sections,
provided that there has been a postinjury survival of at
least 18 to 24 hours. The axonal swellings need time to
form, and injured axons will not be identifiable if a
person dies too soon after the traumatic incident. This is
because the formation of dystrophic (swollen) axons is a
physiologic process that proceeds through several stages
and takes time to develop. Following the injury, most
axons are not immediately sheared, but rather sustain a
disruption of their cytoarchitecture (their microtubules
and neurofilaments). This causes axonal transport to
slow or stop with the subsequent development of a vari-
cosed appearance and eventual “ballooning” of the axon
with accumulated intracellular substances. Eventually,
the axon may separate at the site of injury and achieve a
transected appearance.

Beta amyloid precursor protein immunostain
The earliest axonal change that can be detected histolog-
ically is the accumulation of beta amyloid precursor
protein (bAPP) within the axon. This can be documented
with the aid of immunohistochemical procedures using
antibodies directed against bAPP. Beta amyloid precur-
sor protein is normally present in nerve cell bodies and
in axons, but is normally not detected on immunostain-
ing because of its small quantity. However, when there
is acute injury to the axon, the bAPP acts as an acute-
phase reactant and accumulates in and distends axons,
allowing for the axon’s visualization both on H&E and
bAPP staining. Identifying dystrophic axons on regular
H&E-stained sections depends on recognizing the mor-
phologic features of the distended, dystrophic axon,
which usually requires a postinjury survival time of at
least 18 to 24 hours. bAPP immunostaining, however, will
detect bAPP as it is accumulating within the axon before dra-
matic morphologic axonal changes occur, and will highlight
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injured (dystrophic) axons with a postinjury survival time as
short as 2 to 3 hours.45,47,52 At this short time interval, the
injured axons merely stain positively. If the person were
to survive for longer periods of time (from many hours
to a few days), the injured axons become progressively
widened and assume a varicose appearance. Eventually,
the axon will develop a “beaded” appearance and dis-
tinct “bulbs” or “spheres” of disconnected axon can be
observed with H&E staining techniques.

Pathophysiology of axonal injury
With the help of the bAPP immunostain and other his-
tologic techniques, it has been determined that most
injured axons are not transected or “sheared” at the time
of injury (primary axotomy). Rather, after sustaining an
injury, axons undergo a series of chemical reactions that,
over the course of hours to days, lead to gradual swelling
and eventual disconnection of the axon (secondary
axotomy).53–55 Physiologically, the axons likely become
distended following traumatic disruption of the axon’s
microtubule and neurofilament structure.53,54 What
follows is a biochemical process that leads to further
axonal injury. Small rents in the axon lead to altered per-
meability of the axolemma and the influx of calcium,
which activates calcium-dependent proteases. This
further weakens the axon, resulting in slowing and even-
tual stopping of anterograde axonal transport, and the
accumulation of axonal contents at the site of disrup-
tion.53 Initially, this causes an irregular enlargement of
the axon (a “varicose” appearance), and variable pro-
gression to a completely disrupted and transected axon,
which has been commonly referred to as a retraction ball
or retraction bulb. The term dystrophic axon refers to the
general enlargement and distortion of an injured axon.

In a person with tDAI, who survived for approxi-
mately 6 hours after sustaining fatal traumatic head
injury in a motor vehicle accident, note the unremark-
able appearance of the corpus callosum on tissue stained
with H&E (Image 19.63). In the same section, note how

the bAPP immunostain highlights innumerable diffusely
scattered small, variably varicose axons (Image 19.64).
This is the typical histologic picture of tDAI that is often-
times underappreciated or undetected on routinely
stained H&E sections. With a longer survival time, the
dystrophic axons become more apparent and are visible
on routinely stained H&E sections. In this person who
survived for 10 days following a motor vehicle accident,
note the numerous, widely scattered bulbous-appearing
dystrophic axons (Image 19.65; H&E stain).

Although the bAPP immunostain has been very
helpful in documenting traumatic axonal injury and is
helpful in detecting early traumatic axonal injury, posi-
tive axonal staining is not specific for trauma.47,56,57 In
fact, bAPP immunostaining will stain axons that are
injured for a number of reasons, including those with
HIV infection (or virtually any other infection causing
destruction of brain tissue), various toxins, (including
carbon monoxide), and ischemia/infarct. Although
ischemia is a well-accepted cause of axonal injury,
hypoxia per se is not, with the exception of carbon
monoxide toxicity.58 In the setting of traumatic brain
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injury, vascular axonal injury is often present, arising
from ischemia attributed to the vascular complications of
raised intracranial pressure and internal herniation.

Image 19.66 is from a recent infarct in the corpus cal-
losum. Note the extensive number of well-formed dys-
trophic axons. Dystrophic axons will be plentiful at the
edge of an organizing infarct, particularly if it is located
in a deep white matter tract, and should not be confused
with traumatic axonal injury.

The bAPP immunostain is helpful in that it not only
highlights injured axons, but it also provides a visual
pattern of injured axons throughout the brain tissue. This
pattern may have an appearance that is characteristic of
ischemia or trauma. In ischemia, the axonal injury often
has a wavy, linear, or “zigzag” distribution with one area
severely affected adjacent to an area that is seemingly
unaffected47 (Image 19.67). This is in contrast to trau-
matic axonal injury where the immunoreactive axons are
typically scattered or in groups along the long axis of the
axon.47 Useful regions of the brain to sample for histo-
logic evaluation include long white matter tracts because
there is a high density of axons (such as the caudal region
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of the corpus callosum,59 internal capsules, and superior
cerebellar peduncle). Other useful sections include the
cerebral hemispheric white matter and middle cerebellar
peduncles.47 This pattern of sectioning is also helpful in
evaluating evidence of tDAI in people who have sur-
vived for weeks to months after the injury. Histologic
findings that support remote or organizing tDAI may
include clusters of microglia with variable numbers of
dystrophic axons and macrophages, preferentially
located in white matter tracts.

In a person who survived for 8 days after sustaining
severe head injury in a motor vehicle accident, note the
microtear in the tissue of the superior cerebellar pedun-
cle (Image 19.68), which on higher power is composed
of dystrophic axons, microglial activation, and early
astrocytosis (Image 19.69). Sometimes, because dys-
trophic axons can be difficult to identify on routine
stains, microtears may be the first histologic indication
that there may also be tDAI. If this person were to
survive for weeks to months longer, microglial scars
(also referred to as microglial stars) may be observed.
These scars are the organizing form of acute microtears.
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Ideally, the diagnosis of tDAI is made when a pattern
of traumatic axonal injury is identified with the help of
bAPP immunohistochemistry in multiple sections from
widespread histologic sampling, in combination with the
clinical history or other indication of trauma. Adequate
brain sampling will usually allow for the clear differen-
tiation of traumatic from nontraumatic axonal injury. The
most common problem in evaluating these cases is the
inadequate sampling of the brain, possibly in combina-
tion with the presence of ischemic (vascular) axonal
injury. Because it is not uncommon for both traumatic
and ischemic axonal injury to coexist in a case of trau-
matic brain injury, the two patterns of axonal injury may
overlap significantly, making it difficult, if not impossi-
ble, to reliably distinguish the two entities.56

Sequelae of diffuse traumatic brain injury
Those with DTBI have sustained a severe head injury
and are usually comatose immediately after the injury
(Glasgow Coma Scale 8 or less). Recovery is often
limited, but may be gradual over the course of days,
weeks, or months. Sequelae include mental and/or
physical limitations including impaired memory, cogni-
tion and other cerebral functions, post-traumatic seizure
disorder, and physical debilities. Alternatively, one may
remain comatose and enter a persistent vegetative state
(PVS). In fact, DAI is the most common etiology of PVS.50

In an imaging study of people with closed-head injury,
tissue tear hemorrhages in the corpus callosum and
brainstem uniformly resulted in a poor outcome and led
to a vegetative state.60 In many cases of severe traumatic
brain injury, however, the person is declared brain dead
as a result of the brain trauma and resultant brain
swelling and hypoxic-ischemic encephalopathy before
having the opportunity to exist for any prolonged period
of time in PVS.

In this young person with PVS resulting from a head
injury sustained in a motor vehicle accident (Image
19.70), note the enlargement of the ventricles due to loss

of white matter (hydrocephalus ex vacuo), atrophy of the
corpus callosum, and atrophy of the thalami. Also, note
the good gross preservation of the cortical ribbon, which
is not unusual in cases of PVS due to diffuse traumatic
axonal injury.

Firearm injury

Firearms, namely handguns, rifles, and shotguns, typi-
cally produce devastating, often quickly fatal head
injury. Regardless of the exact firearm used, this discus-
sion will refer to the wound produced by various
firearms simply as “gunshot wounds.” For more infor-
mation, see Chapter 7.

Proper evaluation of a gunshot wound of the head
begins with good scene investigation. If possible, infor-
mation about the type and caliber of the suspect weapon
should be obtained. Careful collection of evidence may
include handwipings (to be examined for gunshot
residue), collection of scalp hair from around the
entrance wound (to be examined for gunpowder), and
bullet(s) remaining in the tissues. In many respects, the
external examination of a gunshot wound is most impor-
tant in terms of location of the wound on the body and
the wound characteristics. An x-ray of the head is useful
in the identification of projectiles or projectile fragments
remaining in the body (Image 19.71). These studies
provide valuable information before the internal exami-
nation is performed.

Range of fire
When a gun is fired, the bullet is not the only object that
comes out of the end of the muzzle. Also exiting the
barrel of the gun are heated gas; unburned, burning, and
burned gunpowder; and soot. The presence or absence
of these other substances on the victim’s body or cloth-
ing may be helpful in determining the range of fire. The
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range of fire refers to the distance from the end of 
the muzzle to the body surface when the gun was fired.
The range of fire is generally divided into contact, close,
intermediate, and distant range. In contact wounds, find-
ings may include a muzzle imprint on the skin, soot
within the depths of the wound, and tears at the edges
of the wound. In close-range gunshot wounds, one will
see soot and searing on the surface of the skin. In cases
with soot deposition, it may be advantageous to histo-
logically sample the soot-stained tissue as additional
documentation of the finding.61

In intermediate-range wounds, one will see stippling
on the skin caused by tiny pieces of burned, burning, and
unburned gunpowder impacting the skin, creating small
abrasions on the skin (Image 19.72). In distant range
wounds, one will see only the bullet defect in the skin.
In contact wounds, the muzzle is directly in contact with
the skin. In close-range wounds, the muzzle is usually
within a few inches or so of the skin. In intermediate-
range wounds (also called medium-range wounds), the
muzzle is usually from a few inches to a few feet from
the surface of the skin. In distant range wounds, the
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muzzle of the gun is generally more than a few feet from
the surface of the body. More specific distance determi-
nations can be obtained by test firing the same weapon
using the same ammunition (see Chapter 7 for more
information).

Entrance wound
The gunshot entrance wound is typically a circular to
ovoid defect surrounded by a rim of abraded skin
(Image 19.73). The edges of the wound cannot be reap-
proximated. The underlying bony defect, if in the cal-
varium, will typically have inward beveling, as the bullet
pushes bony fragments into the brain, creating sec-
ondary projectiles. When the bullet exits the calvarium,
it usually creates a defect with external beveling (Image
19.74) as it pushes bony fragments outward and into the
scalp tissues. The exit wound in the skin is caused by
tearing of the skin as the bullet exits the body. In the exit
wound, there is usually no marginal abrasion, and the
edges of the wound can usually be easily reapproxi-
mated (Image 19.75).
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Head injury
The path of the bullet through the brain tissue consists
of a tract of bloody, disrupted brain parenchyma. Owing
to the pressure wave created by the bullet as it traverses
the brain tissue, and the resultant large amount of force
transmitted to the brain tissue, the bullet creates a large
“temporary cavity” in the brain tissue along its path that
is present for only a split second. Although the tempo-
rary cavity quickly retracts to its normal tissue configu-
ration, significant secondary injury has already been
created with widespread damage to neurons, blood
vessels, and other structures.62 Evidence of this sudden,
rapid, and violent displacement of brain tissue may
include herniation contusions of the parahippocampal
gyri and the cerebellar tonsils caused as the brain tissues
are violently thrust against the edge of the tentorium and
the foramen magnum, respectively. The rapid displace-
ment of the frontal lobes against the orbital plates can
also cause injury in that the fragile bones of this bony
region may be fractured or fragmented.

The decomposing cranium of this young man had a
perforating gunshot wound that traveled from right to
left, slightly front to back, and angled superiorly (illus-
trated by the green probe in Image 19.76). Although the
path of the projectile was not in direct contact with the
orbital shelf, destruction of the left portion of this region
is observed (Image 19.77). This is a consequence of the
aforementioned violent impact of the frontal lobes
against the frontal shelf as the brain expands with the

passage of a projectile and formation of a temporary
cavity.

The prognosis depends on the caliber and muzzle
velocity of the weapon and the location of the injury.
Gunshot wounds of the infratentorial region are partic-
ularly poorly tolerated63 as are wounds of the deep
nuclei. Small-caliber, low-velocity wounds of the ante-
rior frontal lobes or tangential wounds of the brain are
likely to be better tolerated.64,65

Blank cartridge wounds
Rarely, a fatal head injury can be inflicted by using a
blank cartridge handgun. In this situation, the jet of high-
pressure gas exiting the muzzle mimics the characteris-
tics of a projectile when fired at contact to close range.66

In fatal cases, the entrance wound is usually over the thin
temporal bone, which is usually only 0.2 to 0.3 centime-
ter thick and therefore more susceptible to fracture by a
jet of high-pressure gas. The wound path in the brain is
usually wide and superficial, reflecting the dispersion of
a gas jet, in contrast to the deep linear path created by a
projectile.66

Sequelae of traumatic brain injury

The direct effect of traumatic head injury may be imme-
diately or quickly fatal, or, if the person survives for a
longer period of time, may lead to varying degrees of
physical and/or mental debilities. After surviving the
initial effects of the head injury, one may still die or suffer
varying amounts of additional injury or illness resulting
from delayed complications of the original head injury.
These complications may include post-traumatic seizure
disorder, post-traumatic meningitis, and various other
medical complications related to being comatose or in a
persistent vegetative state such as pulmonary artery
thromboemboli, bronchopneumonia, urosepsis, decubi-
tus ulcers, and other sequelae.
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Post-traumatic seizures
Traumatic and hypoxic-ischemic brain damage may lead
to a seizure disorder. Post-traumatic seizures usually
occur within a few days of the injury (called early post-
traumatic seizures) and are directly related to the acute
physical disruption and damage of tissues and their 
cellular biochemical dysfunction. The more extensive 
the brain tissue disruption, the more likely the subse-
quent development of seizure disorder.67 Post-traumatic
seizures tend to be more common in those with an acute
intracranial hematoma, depressed skull fracture, dural
penetration, diffuse contusion, focal neurologic signs,
and a deep and lengthy coma.68–70

The risk of developing seizures extends into the
healing process and beyond. This is because physical 
disruption of brain tissue leads to an attempt at healing
that involves the brain’s version of scar tissue forma-
tion: astrogliosis and macrophage infiltration. As the
damaged tissue is being removed by macrophages and
the region organized by astrocytes, the local circuitry is
altered and eventually reorganized because original
axonal and dendritic connections are disrupted and new
ones are made.71 This leads to an imperfect reorganiza-
tion of the regional electrical activity and may lead to the
consequent development of seizures.71 Seizures resulting
from “scarring” of the brain tissue (also referred to as
meningocerebral cicatrix67) with reorganization of electri-
cal circuitry may be initiated weeks to months or even
many years after the injury.67,69,70 These are referred to as
late post-traumatic seizures and, like early post-traumatic
seizures, may be a single occurrence, or may herald the
onset of a seizure disorder, necessitating treatment with
anticonvulsant medications.

Sudden unexpected death in epilepsy
Seizures are not benign. Aside from the occasional debil-
ity sustained during a seizure, which includes their
unpredictable nature and their imposed limitations on
various physical and job-related activities, seizures may
occasionally be fatal. A death that occurs during a seizure
in a person with seizure disorder has been termed sudden
unexpected death in epilepsy or SUDEP. SUDEP is believed
to be the cause of death in 5 to 20 percent of those with a
seizure disorder72 and appears to be more common in the
young adult population. The incidence of SUDEP is 1 to
2 per 1,000 patient-years. Independent risk factors for
SUDEP include the occurrence of tonic-clonic seizures, a
full-scale IQ of less than 70, and treatment with more than
two anticonvulsants.73,74 These deaths are seldom wit-
nessed, and the person is usually simply found dead.
After exclusion of any more convincing causes of death,
including complete autopsy with toxicologic testing, it is
presumed that the person died of a seizure.

Although it is not completely understood how
seizures may cause death, on occasion, seizures interfere

with the autonomic nervous system and produce cardiac
dysrhythmias, including bradyarrhythmia, asystole, and
dangerous tachyarrhythmias.75–78 A seizure can also lead
to dysfunctional breathing including periods of apnea.79

These conditions are not common, but are reported to be
the cause of an occasional fatality during a seizure. Other
factors such as positional asphyxia, suffocation, prone
position, central or postictal apnea, and neurogenic pul-
monary edema76,78,80,81 may also play a role in a person’s
death from a seizure.73 Occasionally, death during a
seizure is witnessed.79,82 In many of these cases, respira-
tory compromise was a prominent feature and was likely
from a combination of central and obstructive apnea.79

For reasons not completely understood, seizure deaths
often occur during sleep,74,75,78,79,81–83 possibly related to
more synchronous brain electrical activity that occurs
during sleep, predisposing patients to epileptiform dis-
charges. Clues at autopsy that a death may be seizure
related include contusion or laceration of the tongue,
urinary incontinence, and pulmonary edema.

Cerebral ischemia/infarct
Ischemia is generally defined as low blood flow to
tissues. In addition to traumatic brain injury, cerebral
ischemia may arise following a drug overdose, a cardiac
arrest with resuscitation, or a host of other etiologies. In
cerebral ischemia, the brain tissue (particularly the
neurons) does not receive adequate blood flow and
oxygen, resulting in damage. However, the most severe
neuronal injury, necrosis, is likely related to the inability
of the neurons to eliminate waste products secondary to
ischemia, more so than a low oxygen supply (hypoxia).84

This has been borne out experimentally on cats where
neurons have been found to be more sensitive to acido-
sis and other sequelae of the inability to eliminate waste
products, than hypoxia itself.85 With severe hypoxia, it is
nearly impossible to not also have tissue ischemia
because hypoxia will cause hypotension and, hence,
ischemia. Ischemia will be preferentially manifest in
watershed regions between main cerebral arteries (par-
ticularly in the parieto-occipital region) and within the
depths of sulci. In both of these locations, the blood
supply is not as robust, and is therefore more sensitive
to ischemia.86 Other areas of the brain sensitive to
ischemia are the hippocampus (particularly the CA-1
region), cerebellum, and globus pallidus.

Almost 90 percent of cases of fatal traumatic brain
injury have histologic evidence of ischemic brain injury.87

In these cases, the ischemia is multifactorial and includes
hypotension and hypoxia, large infarcts from the com-
pressive occlusion of cerebral arteries by herniating brain
tissue, and the direct compressive effects of intracranial
hematomas. Other mechanisms of cerebral ischemia in
traumatic brain injury include the formation of intravas-
cular microthrombi leading to innumerable scattered
areas of neuronal necrosis88,89 and post-traumatic
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vasospasm.90,91 Post-traumatic thrombosis of a large cere-
bral artery from blunt head injury has also been
reported,92,93 likely due to partial rupture of the arterial
wall.

As a cerebral infarct evolves, one sees a general pro-
gression of histologic changes that occur in a fairly
orderly sequence. At first, there is eosinophilic neuronal
degeneration and neutrophil migration (days 1 to 4), fol-
lowed by macrophages and the beginnings of vascular
proliferation (days 5 to 7; Image 19.78), followed by the
proliferation of astrocytes, blood vessels, and more
macrophages (days 8 to 14). Over time, there is a gradual
resorption of the necrotic tissue and continued organi-
zation until only a cavity with macrophages is present
(Image 19.79).94 A similar progression of histologic
events has been documented under controlled circum-
stances in primates.95

In Image 19.80, note the classic gross appearance of
ischemia/infarct in a watershed region. Note how the
cortical ribbon in the depth of the deep sulcus (in the
watershed region between the anterior and middle cere-
bral arteries) is dusky. The adjacent sulcus in the distri-

bution of the middle cerebral artery is mildly dusky also.
In Image 19.81, note the laminar infarct in the distribu-
tion of the anterior cerebral artery characterized by red
discoloration in the cortical ribbon and expansion/
edema of the underlying white matter. In Image 19.82,
note the hemorrhagic infarct, which involves the depth
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of the sulci and has relatively well-defined borders
without disruption of the cortical surface—gross features
that help distinguish it from a recent contusion.

Documentation of eosinophilic 
neuronal degeneration
Eosinophilic neuronal degeneration (END) is the hall-
mark feature of irreversible neuronal ischemia and may
be identified when the neuronal tissue is stained with
routine H&E stains. The eosinophilic neurons have
bright red discolored cytoplasm (also called “dead red”
neurons), are necrotic, and are indicative of severe
hypoxic-ischemic injury. It is generally accepted that
some period of survival time is required after the
hypoxic-ischemic insult to allow the neurons to manifest
this change. The minimum survival time is not known
or widely agreed on, but opinions vary from 2 hours96

to 6 hours97 or even 18 hours.98 Aside from brightly
eosinophilic cytoplasm, additional microscopic neuronal
changes include chromatin clumping and some degree
of nuclear swelling or a dark, shrunken, angulated

nucleus.98 One may also identify incrustations, which are
small dense granules on or close to the surface of the
cell.86 In contrast to normal-appearing neurons in the
hippocampus (Image 19.83) and dentate nucleus (Image
19.84), note the uniformly affected neurons undergoing
eosinophilic neuronal degeneration in the hippocampus
(Image 19.85) and cerebellum (Image 19.86) in this 1-
year-old toddler who survived for 60 hours after sus-
taining an ischemic cerebral event.

In the case of an adult with hypoxic-ischemic
encephalopathy, note the uniformly shrunken, red-
discolored neurons with increased pericellular space
artifact (Image 19.87). These features of END must be dif-
ferentiated from the “dark” neuron as described by Cam-
mermeyer.99,100 Dark neurons appear as intensely stained
cells with somewhat shrunken, dark cytoplasm and
dark, shrunken, often angulated pyknotic-appearing
nuclei, and sometimes with long, tortuous dendrites that
resemble a corkscrew.97,99,100 Dark neurons have been
attributed to postmortem artifact related to handling
(and traumatizing) the fresh brain, with injury to the del-
icate neuronal membranes. Dark neuron change has
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been prevented by certain in situ fixation tech-
niques.97,99–101 The dark neurons are often scattered
among normal-appearing intervening neurons. In some
regions, the dark neuron change may be more uniform.100

In Image 19.88, note the classic-appearing dark neu-
ron change (artifact), characterized by dark, shrunken
intensely stained cytoplasm and dark, shrunken, angu-
lated nuclei. Additionally, note the wavy, corkscrew tor-
tuous dendrite. Also, note the two adjacent relatively
normal-appearing neurons.

Alternatively, the dark neuron change has been attributed
to incomplete ischemic injury.102 Lindenberg103,104 has
described the dark neuron change in cases of instanta-
neous death or very rapid deaths in humans and attrib-
uted the changes to a very acute ischemic neuronal
reaction. In his studies, the acutely identified dark
neurons could be avoided if the death was preceded by
a 10- to 15-minute duration of severe hypoxia. In contrast
to classic END, notice how these “dark” neurons are
variably dark and shrunken in the hippocampus (Image
19.89) and in the dentate nucleus (Image 19.90). Note
that the changes are nonuniform. These images are from

a young child who drowned. He was pulled out of the
water within 10 minutes of submersion and immediately
resuscitated. He was pronounced dead within 1 hour.

In summary, in some cases, it may be difficult, if not
impossible, to distinguish between a neuron that is dark
from artifact and one that is dark from the early stage of
ischemia. Even in the later stages of ischemia, neuronal
changes may resemble those of a dark neuron.100 When
there has been adequate postinjury survival, eosinophilic
neuronal degeneration is easier to identify and is com-
monly accepted as being due to hypoxia-ischemia.
However, other histologic changes preceding convincing
eosinophilic neuronal degeneration may include pallor
of the nuclei, nuclear pyknosis, shrinkage and conden-
sation of the neuron (dark neuron), neuronal vacuola-
tion, exaggerated perineuronal space artifact, and the
precipitation of formaldehyde solution pigment on the
neuronal perikaryon (incrustation).102 In short, a pale
inflated-appearing neuron, interpreted under the proper
circumstances, likely represents early neuronal ischemia
(however, these changes may also be seen as an artifact
of fixation).97 The “dark” neuron may reflect either post-
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mortem artifact or changes reflective of acute ischemia,
perhaps regardless of the survival period. Care must be
exercised when attempting to distinguish artifactual
neuronal changes from genuine hypoxic-ischemic neu-
ronal changes.

Herniation

In brain injury of any type, it is necessary to recognize
and differentiate between primary injury and its seque-
lae (secondary injury). In cases of traumatic injury, trau-
matic and ischemic damage often coexist and may lead
to a host of secondary brain injuries, many of which are
a consequence of increased intracranial pressure. The
hallmark features of increased intracranial pressure are
flattening of the gyri, narrowing of the sulci, and cere-
bral herniation. Cerebral herniation occurs as areas of the
brain shift from an area of high pressure to an adjacent
area of lower pressure. Common herniations are cingu-
late gyrus herniation in which the cingulate gyrus herni-
ates under and across the inferior edge of the falx cerebri
(also called subfalcial herniation), parahippocampal gyrus
herniation in which the medial aspect of the temporal lobe
(also known as the uncus) herniates across the edge of
the cerebellar tentorium (also called uncal or transtento-
rial herniation), and cerebellar tonsillar herniation in which
the cerebellar tonsils herniate into the foramen magnum.

Cerebral herniations are grave events as they lead to
tissue distortion and can compress and occlude blood
vessels.16 The most common (and dramatic) example of
this is transtentorial herniation in which the herniated
tissues of the medial temporal lobes physically compress
the posterior cerebral arteries as they course posteriorly
past the edge of the tentorium. This may result in classic
bilateral posterior cerebral artery infarcts in the medial
aspects of the occipital lobes. In a similar fashion, a her-
niated cingulate gyrus can compress an anterior cerebral
artery causing an infarct of the medial frontal lobe,16,105

and the compression of perforating arteries can lead to
infarcts of the basal ganglia.16

As the cerebral tissues are distorted and pushed
downward with increased pressure, one may encounter
resultant hemorrhages in the midline of the midbrain
and upper pons. These hemorrhages have been referred
to as Duret hemorrhages, but are more accurately termed
secondary brainstem hemorrhages and are likely reflective
of tissue ischemia with variable degrees of periodic
reperfusion.105

Mechanism of brain swelling
The cause of the brain swelling in cases of traumatic
brain injury is complicated and likely multifactorial,
related to both direct effects of trauma and to trauma-
induced ischemia. Generally, cerebral edema is likely
due to both initial vascular (vasogenic) factors and
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slightly delayed cellular swelling.106 With survival time,
most of the cerebral edema is attributed to increased
brain water, while brain blood volume decreases.107,108

Regarding vasogenic cerebral edema, concussive brain
injury likely damages cerebral arteries, altering their
ability to vasodilate and vasoconstrict, thereby impair-
ing their ability to maintain cerebral vascular autoregu-
lation.109 Traumatic injury also likely damages the
blood–brain barrier, increasing its permeability.109

Damage to the blood–brain barrier has been documented
in cerebral contusions.35 Regarding cellular swelling, it
has been shown that with time, cytotoxic processes have
a more prominent role in the maintenance and/or pro-
gression of brain edema.110 Other factors to consider in
ischemic injury are systemic hypotension during resus-
citation from other injuries111 and trauma-induced apnea
at the time of injury.112, 113 The effects of traumatic apnea
or other degrees of trauma-induced respiratory distress
may be augmented by the effects of alcohol114,115 or other
drugs.

Post-traumatic meningitis

Following a head injury, meningitis may arise, particu-
larly if there is a skull fracture and if the dura has been
torn.116 Any type of penetrating head injury may predis-
pose to post-traumatic meningitis and/or cerebral
abscess.

Persistent vegetative state

If the victim of a serious head injury survives for a long
enough period of time, they may develop a persistent
vegetative state. The most common injury leading to PVS
is diffuse traumatic axonal injury. In PVS, the individual
undergoes regular sleep/wake cycles, but is not aware
of his environment and requires total care. In this 
bedridden state, the patient is susceptible to complica-
tions such as bronchopneumonia, mucous plugs in his
airway, deep venous thromboses, and pulmonary artery
thromboemboli. Additionally, the patient may develop
decubitus ulcers, malnutrition, or other wasting condi-
tions. If a person dies of delayed complications of remote head
injury, it is important to attribute the underlying cause and
manner of death to the head injury and how it was sustained.
Bronchopneumonia may seem like a natural cause of
death, but when it is related to debility from a gunshot
wound of the head inflicted by another person months
or years ago, the death is still considered a homicide. The
nature of the original injury that led to the various medical
complications must be considered for proper certification of
nonnatural deaths, no matter how long the survival time fol-
lowing the injury.
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Respirator brain

Respirator brain must be differentiated from persistent
vegetative state. In respirator brain, there is no longer per-
fusion of the brain, and autolytic processes proceed
throughout the cerebral tissues and also in the upper cer-
vical spinal cord. Grossly, the brain may initially be fairly
normal appearing with areas of softening or duskiness.
Should the individual be kept on a ventilator for days to
weeks, the brain will progressively become more gray,
dusky, soft, and attain a near-liquid state.117 Histologically,
one sees autolytic changes characterized by decreased
staining of the tissue and gradual dissolution of the cells.
In contrast, in persistent vegetative state, there is contin-
ued perfusion of the brain, so reactive and organizational
processes may occur. In PVS, there may be gliosis, tissue
resorption, dystrophic axons, endothelial hypertrophy,
and variable amounts of acute and chronic inflammation.

Neck injury

The head and cervical spine should be viewed as a unit
in cases of traumatic injury, particularly when there is
injury at the craniocervical junction. In fact, the head and
neck are sometimes referred to as the head–neck complex
or cervicocranium. Injury to the brainstem and upper to
midcervical spinal cord (above the level of C4) can be
rapidly, if not immediately fatal from disruption of car-
diorespiratory regulation centers. The spinal respiratory
center (origin of the phrenic nerve) is predominantly
composed of the C4 segment of the cervical spinal cord,
with smaller contributions from C3 and C5 segments,118

and injury above the level of C4 results in loss of volun-
tary diaphragmatic respiration. Injury to the mid to lower
cervical spine can result in quick death from compromise
of respiratory function and/or spinal shock. It can cause
paraplegia or quadriplegia and result in a delayed death
days, weeks, months, or years later due to delayed com-
plications of paralysis such as pulmonary artery throm-
boemboli, or septic complications such as urosepsis,
bronchopneumonia, or osteomyelitis from decubitus
ulcers. Alternatively, if the injury is not particularly
severe, and there is prompt and proper treatment,
patients can survive atlanto-occipital injury for variable
periods of time,119–122 sometimes with little, if any, seque-
lae.123 Survival may be complicated by vertebrobasilar
strokes resulting from direct injury to the vertebral arter-
ies in the area of the atlanto-occipital junction. The mech-
anism of injury often involves hyperextension of the
head, but hyperflexion of the head, distraction injury, and
severe inertial forces may also cause such injuries.

Anatomy of the cervicocranium
The atlas (C1 vertebra) supports the head and, via
unique articulation with the occipital condyles, allows

for only very limited movement (mainly flexion/exten-
sion).123 The occiput and atlas tend to move simultane-
ously.123 The atlas is stabilized largely by the anterior and
posterior atlanto-occipital ligaments, the tectorial mem-
brane, and the very tough paired alar ligaments that
extend between the apex of the odontoid process and the
occipital condyles.123,124 The alar ligaments limit the range
of head rotation123 and are so strong that with severe
force, occasionally one will encounter an intact alar liga-
ment with a fractured and separated piece of occipital
condyle or odontoid.125,126 The C1-C2 joint mainly pro-
vides axial rotation.124 The articulations between the
occipital condyle and the atlas and axis are specialized,
and it is theorized that the junction of the C2 vertebra
and C3 vertebra is an area of high stress and more sus-
ceptible to fracture.127 In these types of cases, there may
be a separation of the cervicocranium (the skull and the
first two cervical vertebrae) from the remainder of the
cervical spine. When there is severe injury at the cranio-
cervical junction, the first two cervical vertebrae are not
uncommonly injured, particularly in motor vehicle
crashes.128,129 Associated injuries at lower cervical verte-
brae are much less common in medical examiner cases.129

Atlanto-occipital injury
Injuries of the atlanto-occipital junction usually involve
severe forces and are most commonly found in motor
vehicle crash victims, regardless of whether the victim
was the occupant of a vehicle, a motorcyclist (with or
without a helmet), or a pedestrian. In fact, most severe
injuries related to motor vehicle crashes involve either
the atlanto-occipital junction or the upper two cervical
vertebrae.130,131 The victim is often dead at the scene, and
other serious injuries such as aortic lacerations and
basilar skull fractures are commonly identified.132

Atlanto-occipital injuries are often rapidly, if not
immediately fatal. Injury at the atlanto-occipital junction
is usually characterized by a widening of the space
between the atlas and the base of the skull, often with at
least some blood extravasation. This can often be pal-
pated as a “looseness” of the junction and the widening
of this space is often pronounced. This is known as an
atlanto-occipital dislocation. With a more severe injury, and
physical separation of the atlas from the base of the skull,
one may be able to visualize the articulating condyle of
the atlas within the foramen magnum. This degree of
injury is referred to as an atlanto-occipital disarticulation.

In the base of the skull of this young man killed
instantly in a car crash (Images 19.91 and 19.92), note the
atlanto-occipital disarticulation. The atlas is visible in 
the foramen magnum, and the spinal canal is not visible.
The head could be freely displaced from the top 
of the neck. In this case, the injury was so severe that the
occiput and the atlas became disarticulated and the
brainstem was transected.
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In cases with severe injury, one may see transection of
the brainstem or upper cervical spinal cord. Smaller tears
and hemorrhages tend to involve the pontomedullary
junction (a pontomedullary tear or rent). A classic associa-
tion is severe hyperextension of the head causing ventral
pontomedullary tears.120,133 With less severe injuries that
prove to be fatal, there may be subarachnoid blood in the

posterior cranial fossa, but without physical disruption
of the brainstem or spinal cord. Microscopically, small
areas of blood extravasation may be limited to the
perivascular spaces or may extend freely into the
tissues.133,134

In cases with atlanto-occipital injury, a posterior neck
dissection may reveal additional evidence of severe
head–neck injury, including hemorrhage in the skeletal
muscles at the craniocervical junction, fracture of the
posterior arch of the atlas, tears in the tectorial mem-
brane, and/or disruption of the alar and/or transverse
ligament. There may also be fractures of the odontoid
process of the C2 vertebra. Laceration or contusion of the
brainstem or spinal cord need not be demonstrated to
explain a fatal injury; a result of the severe forces
involved, the significant traction placed on these critical
central nervous system structures may be disruptive to
the cardiopulmonary system through stretching (tensile)
forces alone. Death may result without any demonstra-
ble parenchymal disruption.

In the car crash victim of Images 19.93 and 19.94, a
posterior neck dissection was performed to further
explore a suspected neck injury. Note the bloody dis-
ruption and separation of tissues at the C1-C2 junction
(Image 19.93). This person had a wide separation of C1
from C2 vertebra. After posterior laminectomies were
performed, the spinal cord became visible and, despite
the severe injury, was intact (Image 19.94).

Autopsy tip: It is sometimes useful to cut an inverted
V-shaped wedge out of the posterior occipital bone extend-
ing from the foramen magnum. Doing so allows greater
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visualization of the brainstem at the craniocervical junc-
tion. It also allows for more dissection room when eval-
uating the alar and transverse ligaments and the
odontoid process, which can be a difficult dissection to
perform even under ideal conditions. (See Chapter 29 for
detailed posterior neck dissection procedure.)

Atlanto-occipital injury can be the result of a number
of mechanisms of force, including hyperextension,
hyperflexion, and distraction forces. An impact site on
the head may or may not be identified. This is due to the
fact that atlanto-occipital injury can be the result of
severe inertial as well as severe impact forces. The iner-
tial force is usually characterized by a rapid acceleration
of the torso from beneath the head and neck.

Young children appear to be more vulnerable to trau-
matic atlanto-occipital dislocation because their cran-
iovertebral junction is less stable that that of adults,
owing to smaller occipital condyles, more lax atlanto-
occipital ligaments, more horizontal condylar planes,
and relatively larger heads.135

C1-C2 (odontoid) vertebral injury
C1-C2 vertebral dislocations may occur in traffic acci-
dents. In these situations, there is frequently injury of 
the atlanto-axial facet joints, fracture of the odontoid
process, and injuries of the alar ligaments and the tecto-
rial membrane.128 The mechanism of death is usually
acute neurogenic shock.128 In these victims, cervical
injuries below C2 are distinctly uncommon. Isolated 
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fractures of the odontoid process are among the most
common of the C2 fracture types and have been divided
into three types. Type 1 odontoid fracture involves a 
fracture line at the tip of the odontoid process, type 2
fracture involves a fracture at the base of the odontoid,
and type 3 fracture is through the body of C2 vertebra.136

Odontoid fractures are most commonly seen in traffic
accidents and falls, particularly in elderly people who
have osteoporosis. In fall-related injuries, the individual
often lands head first and strikes his face/forehead on
the ground, causing a hyperextension injury of the head
and neck.

A child was struck by a motor vehicle and was dead
at the scene. He sustained a type 1 odontoid fracture. At
autopsy, the posterior neck dissection began with a ver-
tical incision in the posterior neck and two “relaxing”
incisions to help with lateral reflection of skin and skele-
tal muscle (Image 19.95). Note the blood extravasation at
the craniocervical junction (Image 19.96). After posterior
laminectomies were performed, the spinal cord was
exposed and had a moderate amount of blood extrava-
sation (Image 19.97). After the spinal cord was removed,
note the blood extravasation in the posterior longitudi-
nal ligament/tectorial membrane (Image 19.98). With
the spinal cord removed and the tectorial membrane and
cruciate ligament dissected away, note the type 1 odon-
toid fracture (Image 19.99). The tip of the odontoid has
been broken off.

An older man sustained a type 2 odontoid fracture. On
posterior neck dissection, the skeletal muscles and spinal
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cord initially appeared unremarkable (Image 19.100).
However, with deeper dissection, the odontoid process
was completely separated from the body of the C2 ver-
tebra and the associated tissues had a large amount of
blood extravasation (Image 19.101; arrow). After fixation,
the spinal cord was cut and showed distinct contusion in
the C2 region (Image 19.102).

Other upper cervical fractures
Severe impact to the top of the head may cause multiple
fractures of the atlas (“spreading fractures”) that have
been referred to as Jefferson’s fracture.137 Fractures of C2
and C3 vertebrae, which have been known as a
hangman’s fracture because of their supposed frequency
among judicial hanging victims, are also common in
motor vehicle accidents, probably because of a similar
mechanism of injury in which the head is violently and
rapidly hyperextended, such as with the sudden decel-
eration of a car with the individual severely impacting
his forehead or face.120,127,138 Other such mechanisms of
hyperextension include diving accidents and head-first
falls. At autopsy, one may not see fractures, but may
instead see tears in the associated anterior and posterior
longitudinal ligaments.

Autopsy tips: At autopsy, the pathologist should visu-
alize the brain as the calvarium is removed and remove
the brain herself. In this way, the pathologist is optimally
positioned to differentiate between artifactual and
genuine subdural and subarachnoid blood. Also, as 
the brain is gently retracted, tears at the midbrain or 

pontomedullary junction can be visualized, including
(importantly) the presence or absence of associated
blood. A small tear can be worsened by forceful retrac-
tion, and if brain removal is aggressive, artifactual tears
may be created, particularly in the midbrain. Also, one
may be able to identify a vertebral artery tear before the
arteries are cut. The autopsy assistant should not be
relied on to perform such a critical job.

In cases of potential brainstem injury, it may be advan-
tageous to dissect the brainstem in the sagittal plane, 
particularly if the tear is not prominent.134,139 It is more dif-
ficult to identify such injuries on horizontal sections. A
small bloody tear is demonstrated in this sagitally sec-
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tioned pontomedullary rent (Image 19.103). This would
not be as evident had horizontal sections been performed.

If a high cervical injury is suspected, one may wish to
perform a posterior neck dissection, and remove the
spinal cord from the posterior instead of the anterior
approach. The posterior dissection allows for a more
detailed evaluation of the upper cervical vertebrae and
for the detection of injury that might otherwise be
missed (such as a fracture of the posterior arch of C1 ver-
tebra). Also, the posterior approach allows for a much
better view of the upper cervical spinal cord and partic-
ularly of the craniocervical junction in situ. It also allows
for better photographic documentation of such injuries
and an easier and more efficient removal of the cord, par-
ticularly if damaged.

Spinal cord injury

Vertebral injury can be charaterized as either a fracture
or a dislocation, either of which may damage the spinal
cord. Acute spinal cord injury is characterized by the
immediate mechanical injury of tissue such as contusion,
laceration, stretching, and transection. However, more
often, it is the secondary changes of spinal cord injury
that are more devastating. These changes consist of a host
of bodily responses to the injury including edema,
ischemia, and hemorrhage and their effects, which
damage cord tissue via free radicals, enzymes, and
inflammatory cells. Molecular components of this
damage include calcium-, nitric oxide-, and glutamate-
mediated cell damage.140,141

Although in most cases of spinal cord injury there is
associated vertebral fracture, spinal cord injury can occur
without fracture or obvious dislocation of the spinal
column. In this scenario, it is often associated with sub-
luxation of the vertebrate in the setting of a stenosis of the
spinal canal.142 Spinal cord concussion may occur after an
injury that does not physically disrupt the spinal cord.

Spinal cord concussion is analogous to cerebral concus-
sion143 and is a transient loss/diminution of cord function
following an injury, but without permanent cord injury.

Spinal cord contusion and laceration
Physical damage of the spinal cord can be categorized
into four different types.141,144 Solid cord injury is a con-
tusion that often grossly appears normal. Contusion/
cavity injury requires an intact surface of the spinal cord,
but with internal hemorrhage and necrosis. A laceration
is a disruption of the surface of the cord, usually arising
from a penetrating injury or a fragment of bone. In a
healed laceration, there is usually no cavity, and there is
abundant fibrous tissue at the epicenter of the injury.
Massive compression results from severe vertebral body
fracture and pulpefaction of the cord. In massive com-
pression, the epicenter of the injury is replaced by con-
nective tissue scarring.

The most severe cord injury is at the site of damage,
however, cone-shaped necrosis will often extend into
adjacent cord segments commonly along the ventral
regions of the posterior columns.141,145 This most likely
results from the initial injury in which the impact causes
increased intramedullary pressure with displacement of
spinal cord tissue longitudinally along its weakest region.

Spinal cord contusions are characterized by softened,
variably bloody parenchyma that gradually undergoes
necrotic destruction of the central region that extends a
short distance through adjacent higher and lower cord
segments (Image 19.104). Contusions often involve the
central region of the cord, possibly because the gray
matter is softer and has a higher water content than the
surrounding (possibly) more durable white matter. In
this close-up photo of spinal cord near a contusion
(Image 19.105), note a small area of necrosis that is in
continuity with a cone-shaped distribution of necrosis
extending from a contusion.

This necrosis is characteristically located in the ventral
aspect of the posterior columns. On histology, note the
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many pink, swollen, spherical-appearing dystrophic
axons (Image 19.106). Large, easily identifiable dys-
trophic axons such as this require at least a couple of
days of survival time to develop.

When a spinal cord injury is suspected, it is advantageous
to fix the tissue in formalin before sectioning, to allow for a
more accurate examination. Acutely injured spinal cord
tissue is soft and bloody. Mild acute injury may appear
as small hemorrhages, which can be confused with
oozing freshly cut blood vessels. Organizing spinal cord
tissue can be soft, friable, and cavitated, making clean
sections challenging.

Spinal cord healing/organization
Healing and other reactive changes proceed fairly
rapidly in the spinal cord and are characterized as
follows141: Neutrophils enter within a day, peak at 2 days,
and are largely gone by 3 days. In days to weeks,
microglial and astrocytic reactions proceed. Microglial
activation starts as early as 1 day after injury, is followed
by astrocytic reaction several days after the injury, with
a peak at 2 to 3 weeks. Approximately 7 to 10 days after

the injury, increased numbers of blood vessels appear
and are related to angiogenesis and/or loss of interven-
ing tissue (which also gives the impression of increased
numbers of blood vessels). By this time, the vessels
usually have markedly hypertrophic endothelial cells.
Like in the brain, bAPP immunostaining can be used to
detect axonal injury, the extent of which is likely under-
appreciated on routine H&E-stained sections.146

In weeks to months or years after a spinal cord injury,
Wallerian degeneration and astroglial/mesenchymal
scars develop. Also, one may see the formation of cavi-
ties, which represent the end stage of necrosis. Cavities
should not be confused with a syrinx, which can also
form around this time. A syrinx is similar to a cavity, 
but has a denser gliotic wall, is under pressure, and 
may produce symptoms. It is not known precisely why
they form. It is not uncommon in chronic lesions for
cystic changes to extend from the lesion epicenter for
substantial distances into adjacent cord segments.144

Schwannosis will develop in approximately half of 
the cases and is an aberrant intramedullary and
extramedullary proliferation of Schwann cells and asso-
ciated axons.

Image 19.107 shows the spinal cord of a person who
died 40 years after an injury that left him a paraplegic.
Note the gray discoloration and shrinkage of the tissue
in the posterior and lateral aspects of the spinal cord.
This represents the degenerated, demyelinated tracts of
Wallerian degeneration. In another example of Wallerian
degeneration, note the faint gray, shrunken anterior and
lateral columns in this spinal cord (Image 19.108). These
sections were taken from the spinal cord below (distal 
to) the injury and show degenerative changes in the 
anterior and lateral (motor) tracts. This is because 
the motor (descending) tracts have been damaged by the
injury. If the sections of cord were taken above (proximal
to) the lesion, one would expect the motor tracts to be
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Delayed complications of spinal cord injury can often
be more severe than the original cord injury. In elderly
people with spinal cord injury, the most common sec-
ondary complications include infections (most com-
monly pneumonia and urinary tract infections),
psychiatric disorders (most commonly delirium), pres-
sure sores (sacral), and cardiovascular complications
(most commonly dysrhythmias).148 However, these com-
plications can also affect the young. Remember, just as in
delayed complications of injury in any other region of the body,
if a person dies of delayed complications of paraplegia years
after the spinal cord injury, the death is still attributed to the
original injury. This is often the case in those with paralysis,
in which the death may be delayed decades after the original
injury.

Spinal epidural abscess

Spinal epidural abscess is uncommon and is not often
associated with an injury. It can be a complication of 
penetrating trauma, but most commonly is from bacter-
ial seeding into the bloodstream. Risk factors include
intravenous drug abuse, chronic alcoholism, and dia-
betes mellitus. The majority of cases are due to Staphylo-
coccus aureus infection. The source of the infection is
unknown in about 50 percent of cases.149–151 When a
source of infection is identified, it is often a skin abscess
or a furuncle.150,151 It can quickly progress to paralysis
and is often a neurosurgical emergency.150

Do

• Correlate traumatic brain injuries with skull fractures,
scalp/facial injuries, and the circumstances of the case.

• Recognize gross cerebral hemorrhages that are typical
of diffuse traumatic brain injury.

• Realize the usefulness, but also the nonspecificity, of
bAPP immunostaining techniques in evaluation of
axonal injury.

• Recognize that the interpretation of bAPP immunore-
active axons requires recognition of both the pat-
tern of axonal staining and the distribution of the
axonal staining, but within the context of the entire
investigation.

• Adequately photograph all gunshot wounds and
other significant head injuries.

• Fix the brain in formalin before cutting, when a more
detailed examination is necessary

• Perform a posterior neck dissection when necessary
to better detect/document injury at the craniocervical
junction.

• Realize that although many of those with post-
traumatic seizure disorder have visible brain injury,
others do not have demonstrable brain injury.

• Seek the assistance of a neuropathologist when you
are not familiar with how to evaluate a case.

Artifacts

intact, because they have not yet been disrupted as they
descend down the cord. However, one would expect to
see degenerative changes in the sensory tracts (posterior
columns) ascending up the cord, as these would be dis-
rupted by the injury. Wallerian degeneration develops in
the axon distal to the lesion, as the axon distal to the
lesion loses its stimulation and consequently undergoes
degenerative changes.

Artifacts

Pathologic artifacts can occur in the spinal cord follow-
ing brain death. In cases of brain death, but with respi-
rator support (“respirator brain”), necrosis may occur
down to the level of C2-C3, often within 36 hours, rep-
resenting a demarcation point between the autolytic
brain and the viable spinal cord.147 The hemorrhagic
necrosis is limited to this region for a number of reasons.
First, the C1-C4 segments of cord usually have no seg-
mental arterial supply, so they are dependent on arteries
arising from the intracranial portion of the vertebral
arteries,147 which have no flow in brain death. Second,
pressure from herniated cerebellar tonsils, secondary
edema, and occlusion of venous drainage likely com-
promise C1-C4’s blood supply and venous return.147

As a consequence of brain death and early fragmen-
tation of cerebral parenchyma, namely, the cerebellar
tonsils, necrotic cerebellar tissue may break off and be
displaced (or “sedimentated”) down the subarachnoid
space of the cervical and thoracic cord. This “foreign
material” may lead to an inflammatory reaction in the
involved spinal leptomeninges and may also lead to
mechanical impairment of the venous drainage. This
may result in venous thrombosis and cord infarction.147

This may also lead to edema and demyelination of 
the cord with radial perivenous hemorrhages.147 The
development of spinal lesions after brain death is not
ubiquitous, but is more common the longer the duration
of time the brain dead person remains on the ventilator.
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Don’t

• Forget in cases of delayed deaths (weeks to months or
years after an injury) to attribute the cause and
manner of death to the original injury, if appropriate.

• Forget that a subdural, epidural, or intracerebral
hematoma may contain sequestered blood that might
be useful for toxicologic studies, particularly if there
has been a survival interval of several days.

• Be misled by the artifactual changes related to “respi-
rator brain.”
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The definition of rape is a legal one that varies widely
between jurisdictions, but is generally accepted as the
commission of unwanted sexual acts against another. It
is estimated that more than 700,000 women are sexually
assaulted each year in the United States.1 Sexual abuse is
defined as the involvement of children and adolescents
in sexual activity they do not understand on the basis of
their developmental level, to which they cannot give
informed consent, or that violate the social taboos of
family or society.2 Due to the presumed tendency for
underreporting of sexual abuse, the incidence of such
activities is unknown, but is assumed to be less than 50
percent.3 Research has indicated that one in five girls,
and one in ten boys was the victim of some form of
sexual abuse in childhood.4 The long-term side effects of
sexual abuse are well known and provide the basis for
much of the subspecialty work in psychiatry and clinical
psychology.5

The treatment of victims of acute assault is often the
responsibility of emergency room physicians, gynecolo-
gists, and others. However there is worldwide variation
in the specialty training of the individual responsible for
the evaluation and interpretation of genital and associ-
ated trauma. Because injury documentation and inter-

pretation forms the basis of much of the career of board-
certified forensic pathologists, rape treatment centers are
making use of such medical specialists with increasing
frequency. Because the operation of death investigation
systems routinely involves the examination of pelvic and
perianal tissues for evidence of possible sexual assault,
this discussion is applicable not only to clinicians but
forensic pathologists as well.

Many of the photographs in this chapter have been
reproduced from the original Polaroid photographs
taken at the time of the examination of the patients and,
as such, the quality is not as good as other photographs
in this volume.

The examination of a victim of possible sexual
abuse/assault is a delicate and potentially traumatizing
experience. Observers should be kept at a minimum, and
all examiners, whether male or female, should have a
witness (i.e., a nurse) involved in the entire procedure.
Prior to the examination, a brief history of the event
should be obtained from the victim. If the victim is a
child who is nonverbal, then a nonaccused caretaker may
provide the history. The history must be recorded using
the exact words used by the child to describe the event,
particularly when such language is unique, for example,
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“He put his finger in my coochie.” Words to describe the
genitalia can be singular to the vocabulary of a child,
giving credence to his or her testimony in a court of law.
Because “normal” (without any findings) examinations
are common in victims of sexual abuse, the history given
by the child is oftentimes the most important factor in
the ultimate prosecution of a case.

A detailed history will be taken by law enforcement.
The only reason the examining physician takes any
history from the child is for the purpose of examination
and treatment. It is the equivalent of a patient going to a
physician for an illness; the doctor will direct his or her
attention to the particular system involved. So if the child
says that the attacker forced anal, vaginal, or oral sex,
then the appropriate evidence is collected and the appro-
priate cultures and treatment are given.

After obtaining the history, a general physical exami-
nation should be conducted, including thorough docu-
mentation of any nongenital trauma. Particular attention
should be paid to any injuries whose age appears to be
consistent with the time frame of the abusive episode.
Body diagrams and quality photographs documenting
the findings are essential.

The pelvic examination of female victims of sexual
assault varies depending on the status of the hymen.
Typically, the child is examined in the “frog leg” position
with labial separation, because this position is least
threatening to a child. The morphology of genital injuries
varies greatly depending on the age and size of the child
and the degree of violence used. As a general rule, the
younger and smaller the child, the more widespread the
genital trauma that could potentially result. However, a
thorough genital examination is mandated, and an assis-
tant may play the valuable role of distractor during what
may appear as an impersonal, cold, and embarrassing
procedure.

Normal genital anatomy

A thorough understanding of the normal anatomy of
both female and male genitalia is essential for docu-
mentation purposes. Developing male genitalia are rela-
tively simple to examine because the key variation of
normal anatomy is typically the presence (and extent) or
absence of foreskin. The child in Image 20.1 died unex-
pectedly of natural causes. Routine examination of her
perineal region revealed textbook normal anatomy. Make
note of the prominent circumferentially intact hymenal
ring. In Image 20.2, the 1-month-old child shows non-
traumatized genitalia, with a heart-shaped variation in
hymenal form (see later discussion). Notice that in the
first two photographs, the labia majora are markedly
prominent. This is in contradistinction to the 12-year-old
female featured in Image 20.3. In this example, notice the
more subtle nature of the labia majora, and the evidence

of scant pubic hair along the upper margin of the vulva.
The genitalia of the 18-year-old female in Image 20.4 is
fully estrogenized and has taken adult form.

Color photographs should be taken from a variety of
angles. The choice of either digital or plain-film photog-
raphy is the responsibility of the examiner, but both
systems have been used with success. When available,
one should strongly consider the use of a colposcope in
tandem with an attached Polaroid.
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Don’t rush to the hymen

When assessing trauma to the genitalia, both the labia majora
and minora should be inspected prior to labial retraction.
There is great variation in the appearance of the external
female genitalia, with age, sexual maturation, body
size/shape, and other factors having significant influence. As
a general rule, the younger the individual, the more promi-
nent the tissues of the unestrogenized labia majora, and the
more likely it is that they can be contused, abraded, or lacer-
ated. Injuries (or lack thereof) to this region need to be care-
fully recorded and documented photographically before the
examiner begins retracting the labia to examine the introitus.

The 2-year-old child shown in Images 20.5 and 20.6 was sex-
ually assaulted by a teenage neighbor. Prior to the retraction
of the labia (Image 20.5), notice mild generalized erythema
and swelling, the presence of dried blood, and a small lacer-
ation at the 12 o’clock position of the anus with surrounding
contusion. On further examination, laceration and contusion
of the introitus, particularly between the 1 and 4 o’clock posi-
tions, is noted. The hymen has been obliterated and the
vaginal canal is patent (Image 20.6). Further trauma to the
perianal margin is also noted.

The hymen
The hymen is an annular, membranous fold that partially
or wholly occludes the external orifice of the vagina and
circumscribes the vaginal introitus. It is universally
present at birth. In the newborn period, the hymen is
thick and redundant because of the effect of maternal
estrogen. With the passage of time it becomes thin and
translucent.

Variations in hymen morphology
One of the classical mistakes in forensic pathology and
medicine is the tendency to overanalyze and overinter-
pret findings.6 One area of frequent confusion to medical
investigators whose specialty is based heavily in the
anatomic sciences is normal variation in human mor-
phology. The hymen is no exception.7–11 When perform-

ing pelvic examinations in prepubertal females, one
expects to encounter the typical hymenal form previ-
ously described: a circumferential ring of thin or thick
fibrous tissue, perforated near the center to allow com-
munication with the vaginal canal. Frequently, novice
examiners are presented with abnormal-appearing
hymens, accompanied by a sense of urgency to make a
diagnosis of penetration (acute, subacute, chronic, or
remote). One must be careful not to let normal anatomic
variants be a confounding error in the interpretation.

Semilunar variant
This common variant has a cresenteric shape, and in
Image 20.7 has the concavity turned upward, and
minimal tissue anteriorly. When assessing injury to the
hymen, close attention should be paid to the edge,
because an intact hymen has a smooth and sharp border.
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Septate variant
This hymen has a band of tissue running down the
middle (Image 20.8). This 9-year-old child presented to
authorities complaining that her uncle tried to touch her
“virginity.” Examination shows dilatation on either side
of the band of tissue; however, the edges of the rim are

470

smooth and sharp, indicating an intact hymen. As an
additional note, one must determine if the septate con-
dition extends through the vagina, resulting in a bifid
vaginal canal and more proximal a bifid cervical canal
and bifid uterus. This can either be done at the time of
examination or at a later gynecologic consultation.
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Cribriform variant
Multiple complete, naturally occurring perforations
through to the vaginal canal are present in this otherwise
normal hymen (Image 20.9).

Microperforate variant
There is a large posterior component, with a tiny (micro-
perforate) opening into the vaginal canal (Image 20.10).

Heart-shaped variant
In this example, the hymen is heart-shaped and longitu-
dinal ridges in the vaginal wall are visible both anteri-
orly and posteriorly (Image 20.11). There is a bump or
mound at the 4 o’clock position. These are all “normal”
findings and have not been associated with sexual abuse.

Keyhole variant
This 1-month-old child died suddenly of natural causes.
At autopsy, make note of prominent diaper rash, can-
didiasis (the white cheesy material), and what appears
to be a tear at the 3 o’clock position (Image 20.12). This
is, in fact, a keyhole-shaped variation in normal hymen
morphology. This can be differentiated from actual
trauma by its smooth borders, a lack of hemorrhage in
the region (hemorrhage meaning acute trauma), and an
apparent lack of thickened or redundant scar tissue (scar
tissue indicating evidence of healing).

Demonstration and evaluation of 
trauma to the vulva and introitus

A diagram using the face of a clock is used as a frame of
reference to note the various sites of trauma.

Is the story consistent?
In Image 20.13, both labia majora are markedly contused.
This injury was sustained as result of the child falling
astride onto a piece of furniture. The history provided is
consistent with the scenario presented to explain the
trauma observed. The injury can be unilateral as in
Image 20.14 in a child who was involved in an accident
while bicycling, or bilateral as in Image 20.13. It is impor-
tant that the hymen be evaluated in these cases to rule
out sexual assault; in both of these cases, the hymen was
intact. As a general rule, acquired abnormalities of the
hymen usually are the result of sexual abuse; they rarely
result from accidental trauma.

When examining the hymen for subtle indictors of
sexual abuse one has to evaluate the diameter of the
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opening, the free edge, the vascularity of the surround-
ing area, and the thickness, shape, and anatomy of the
hymen. In this example the hymen is thick, the edges 
are rolled, and there are healed tears along the edges
(Image 20.15). This is consistent with the history given
by the child of being repeatedly fondled by the perpe-
trator over a period of time. The healed tears and the
thickening of the edges are the result of injury followed
by healing resulting in the thickened, scarred edges of
the hymen.

The 7-year-old child depicted in Image 20.16 stated
that the assailant put his finger in her “coochie.” The
hymen has a notch at the 3 o’clock position and a small
indentation at the 9 o’clock position. Here these find-
ings could be “normal.” Notches and indentations

should be interpreted with a great deal of caution. It is
in a case like this—when the findings are inconclusive—
that the child’s testimony will be paramount to the 
prosecution.

This hymen has multiple, healed tears (Image 20.17).
The alleged perpetrator digitally penetrated this pread-
olescent child over a duration of several months. 
Sometimes the entire “face of the clock” has numerous
tears and the schematic diagrams (when photographs
are not available) are enough to demonstrate the totality
of the injury seen. The question asked by the attorneys
is whether this type of injury results from a single or
from multiple episodes of sexual assault. This picture can
be seen from either a single or from multiple episodes of
sexual abuse.

472

20.12

20.13

20.14

20.15



Demonstration and evaluation of trauma to the vulva and introitus 473

This 6-year-old child (Image 20.18) stated that an
adult in the home fondled her. Note the anterior ridge, a
thick band of tissue along the anterior wall of the vaginal
canal. Despite the positive history of sexual abuse there
is no observed trauma to the intact hymen, which has
sharp, smooth edges. One must always keep in mind that
a medical examination cannot routinely determine when

and how frequently a child has been sexually assaulted.
Furthermore, healing can be rapid, and may sometimes
obscure genital and perianal injury, thereby making
interpretation difficult.

This 14-year-old girl (Image 20.19) was sexually
assaulted 5 weeks prior to the examination. She has mul-
tiple healed hymenal tears. The examination was per-
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formed with ease using a speculum, consistent with
repeated sexual activity. At this time her beta HCG was
positive.

A 1-year-old girl had no history of sexual abuse. In
Image 20.20, the hymenal and the urethral openings are
both dilated, but the edges of the hymen are intact. The
mother was concerned about the possibility of sexual
abuse. Oftentimes parents, usually the mother, will bring
a child for examination after her or his observation 
and interpretation of what they perceive as abnormal-
appearing genitals. In this child the findings could be the
result of a urinary tract infection or irritation in the 
perineum.

This child (Image 20.21) was fondled and digitally
penetrated for several months. The hymenal opening is
markedly dilated and there is a large, healed tear at the
7 o’clock position.

Several males sexually assaulted this 16-year-old girl
(Image 20.22) resulting in severe edema and hyperemia
of the vulva, and a markedly swollen and bruised ure-
thral meatus. The evidence was collected during this first
visit and the patient should be reexamined when the
acute phase has subsided in order to fully evaluate any
residual injury. It is during the follow-up visit that the
status of the hymen can be evaluated.

Routine cultures from the oropharynx, rectum, and
vaginal canal, and from the urethra in males, should be
taken on all children who present with a history of sexual
assault.

Trauma from digital/attempted penile penetration
(erythema, abrasions, and lacerations) occurs usually

between the 3 and 9 o’clock positions inferiorly, but most
frequently at the 6 o’clock position. The 4-year-old girl in
Image 20.23 was digitally penetrated by her mother’s
boyfriend on the pretext of putting ointment in her
vaginal area as prescribed by a physician. There is a
linear, superficial laceration at the fourchette.
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Image 20.24 shows fresh lacerations at the 4 and 8
o’clock positions that resulted during an assault on a 15-
year-old girl who had no prior sexual activity.

The perianal examination

When examining the genitalia, one also needs to examine
the anal and perianal region for trauma. When trauma
to this site is observed, the examiner needs to ask the
parent/caregiver about constipation. The passage of
feces could result in rectal bleeding. However, radiating
perianal lacerations seen around the anus without
trauma to the rectal mucosa rule out the passage of hard

feces as an etiology. The mechanism of such radiating
tears is an object pushed from outside in and not an
object from within coming out. In those individuals who
practice anal intercourse, it is common to encounter
asymptomatic, rectal bleeding from injury to the mucosa
or from anal fissures.12 A focused history here is impor-
tant to the injury interpretation.

A 10-year-old girl (Image 20.25) was picked up by her
assailant and an attempt to sodomize her resulted in the
perianal tears. The injury was superficial and had a radi-
ating pattern to the lacerations. This is consistent with a
blunt object, in this instance the penis, being forced into
the anal canal. Using an anoscope to obtain evidence and
at the same time observe the mucosa did not reveal any
internal injury.

A child (Image 20.26) was brought for an exam after
the grandmother attempted to scrape off these lesions
with an herbicidal soap. These are genital warts gener-
ally contracted as a result of sexual activity with an
infected individual.

Image 20.27 illustrates scarring in the immediate peri-
anal skin and soft tissue, as a result of repeated sodomy.

A patulous anus (Image 20.28) in a comatose or dead
child does not equate with the child having been sodom-
ized. Orifices relax after death and one must be careful
to avoid overinterpretation.13

A 2-year-old child was killed during a vicious assault
by an adult perpetrator. Images 20.29 through 29.31 are
examples of extreme injury with lacerations of the
vagina, rectum, and fistulous communication into the
peritoneal cavity.
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The child died as a result of manual asphyxiation.
There were blood stains on the inner aspects of her thighs
originating from the sexual assault. The perpetrator had
thrust his penis with such force into the perineum that it
resulted in extensive tearing of her vagina and rectum.
The peritoneal washing revealed the presence of sper-
matozoa. It is important to demonstrate objective evi-
dence of the communication between the peritoneum
and the anus/vagina. In this case a plastic obturator
served the purpose very effectively.

Examination of males

In addition to the examination of perianal tissues for evi-
dence of possible penetration, the external genitalia
should also be studied. Although it is unusual to have
evidence of frank trauma, erythema and petechiae from
fellatio, bite marks, or other subtle evidence of abuse
may be present.

Fellatio was forced on a young boy by an adult male
perpetrator, resulting in traumatic petechial hemor-
rhages on his penile glans (Image 20.32).

A teenager was picked up at a bus station, sodomized,
and then strangled. In Image 20.33 the anus is dilated,
which is generally a nonspecific finding after death;
however, the perianal skin is circumferentially abraded,
and the red color in the abraded skin (vital reaction) indi-
cates that he was alive during the sexual assault.

The negative examination

When the findings are “negative” the entire process of
examination and collection of evidence should be
pursued just as is done if there are positive findings. This
evidence is at times useful to exonerate an alleged
“suspect.” Examiners must remember at all times that
their involvement in a case is for purposes of

1. Examination
2. Treatment
3. Evidence collection

One must be objective and not get involved in the pros-
ecutor’s or in the defense’s case.

A 5-year-old girl (Image 20.34) stated that two male
children, ages 5 and 6, “hunched” her. There is no trauma
to the hymen.

Adult victims of sexual assault

In the adult sexual assault examination, the history is of
paramount importance. The patient’s words should be
quoted whenever possible in addressing the important
details of the assault. Coexistent blunt or sharp force
injuries are not discussed in this chapter. See Chapters 5
and 6 for more information.

Collection of specimens for a sexual battery kit
Specimens for a sexual battery kit should be collected
from a deceased person whenever a sexual component
is suspected in a homicide or a suspicious death. Just as
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the act of sexual battery (rape) may occur without
leaving injuries, sexual battery may have occurred on
victims who are found fully clothed; the victim’s cloth-
ing could have been put on or rearranged by the victim
herself/himself or by the assailant following the act.
Specimens for a sexual battery kit are obtained in a
similar fashion from living patients and from deceased
persons. Specimens can be obtained from males as well
as females; instead of swabs taken from the cervix and
vagina, swabs will be taken from the penis of males.

Head hair is plucked with the roots, not cut (Image
20.35). Try to obtain hair from different areas of the scalp
because hair may vary from one area to another.

Swabs (cotton-tip applicators) are used in sets of two.
Three sets of swabbings are obtained from each region
swabbed. The first set of swabs from each region is rolled
across a clean glass slide to obtain a thin smear. Swabs
are then placed in a paper container, which permits the
swabs to aerate and dry. Swabs are available in individ-
ually wrapped packages, which are convenient because
the swabs can be returned to the original packaging and
sealed.

In addition to swabs taken from the standard locations
described next, swabs should be taken from any region
of the body where there is suspected trace evidence, for
example, the face, neck, breasts, buttocks, and thighs.

The buccal mucosa, the space between the lips and the
upper and lower front teeth and the surface of the tongue
are swabbed with the same sets of swabs (Image 20.36).
After three sets of swabs are taken, a fourth set is taken
for a saliva control. The pubic hair is combed to remove
foreign hairs, fibers, and other trace evidence (Image
20.37). The combings and the comb are placed in a paper
envelope and sealed (Image 20.38); a clean comb is used
in each case. Pubic hair is then plucked to obtain a 
standard.

478

20.34

20.35

20.36

20.37



Adult victims of sexual assault 479

Anal/rectal swabs are taken before vaginal swabs are
taken to prevent fluid from the vagina from dripping
down to contaminate the anus as the vaginal swabs are
withdrawn (Image 20.39).

A disposable plastic speculum is inserted into the
vagina to allow visualization of the cervix. Cervical
swabs (Image 20.40) are taken prior to a vaginal wash
with approximately 7 to 10 milliliters of sterile saline
(Image 20.41). The saline is instilled with a disposable
plastic pipette, then aspirated and used to wash down
the vaginal walls before being aspirated and placed in a
clean glass tube.

If the rectum is not full of stool, a disposable plastic
anoscope is used to perform a rectal wash with sterile
saline.

Evidence collection in living rape victims
Unlike prepubertal children in whom a speculum exam-
ination cannot be performed because of injury that could
result, the use of a speculum is of great importance in
nonvirginal adult victims. Image 20.42 demonstrates the
supplies used for a basic sexual assault evidence collec-
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tion. Rather than using prepackaged complete rape kits,
which are often expensive and contain excessive (and
ultimately wasted) supplies, we recommend bulk pur-
chase of individual items such as plastic speculums,
swabs, and glass slides.

The built-in redundancy of using two swabs for each
swabbing ensures sufficient sample source for the
defense to avail itself of the opportunity to send material
to a laboratory of their choice, should this become an
issue. The specimen from the vaginal wash should be
studied microscopically at the time of the examination to
document the presence/motility of spermatozoa (Image
20.43).

The glass slides from the vaginal and cervical smears
are examined under the microscope. If sperm is identi-
fied, the slides can be stained (H&E) and retained as a
permanent record. In addition, a Pap smear done during
the course of the examination can be submitted to the
hospital laboratory. In addition to providing evidence
documenting the presence of spermatozoa, any preexist-
ing cervical pathology will be noted.

We do not advocate pulling head and pubic hair in
living patients at the time of the examination because it
is a painful experience. If, at a later date it becomes nec-
essary, it can be collected. This delay will not negatively
impact the value of the evidence.

If based on the history there is the possibility of anal
penetration, the examination should include use of a dis-
posable, plastic, clear anoscope to visualize any anal
trauma. Clear plastic anoscopes are preferred because
they permit photography of any underlying injuries. A
rectal washing, like the vaginal washing, should be per-
formed with sterile saline and submitted as evidence
after microscopic examination of the collected fluid done
at the time of the examination. Clothing worn by the
victim at the time of the assault should be submitted as
part of the evidence collected as the patient disrobes on
fresh, unused, sturdy paper obtained in bulk from the
police for the sole purpose of evidence collection.

Perineal injuries in the elderly
In the elderly, injury to the genitalia is frequently 
sustained because the nonestrogenized atrophic mucosa
is relatively dry and friable and, hence, easily trauma-
tized. Because the elderly may develop bruising with less
force than do normal, healthy, younger adults (see
Chapter 18), trauma may be found with greater regular-
ity. In this example of a 70-year-old rape victim, there are
widespread contusions in the introitus (Images 20.44
and 20.45).

The elderly woman shown in Image 20.46 was sexu-
ally assaulted in her home by an intruder. The entire
vulva is bruised and there is a laceration at the 6 o’clock
position.

Selected injuries of note in the rape victim
Although a plethora of injuries are possible in
rape/abuse victims of any age, some injuries are of 
particular interest to the rape examiner. These include
indicators of restraint, identifying characteristics of the
perpetrator (bite marks, etc.), and unique identifiers of
the particular event.

Restraint marks
Grab or restraint marks are contusions often observed on
the inner aspects of both arms (Image 20.47).

Abduction injuries are the bruises seen on the inner
aspects of one or both thighs resulting from the forced
abduction of the lower extremities by the perpetrator
during the sexual assault. All the injuries must be 
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documented diagrammatically and with the help of 
photography.

During the struggle there may be patterned injury sus-
tained as in the case shown in Image 20.48 where the
victim was wearing a chain around her neck that was
pulled by the assailant with sufficient force to result in
the patterned abrasion.

Restraints often leave evidence of their use as depicted
in Image 20.49. The victim was restrained with the use
of duct tape leaving telltale residue on her wrists.

Marks reminiscent of hand or finger imprints may be
seen on the extremities, indicating attempts to restrain
the victim (Image 20.50). These suspicious marks on a
deceased person may be incised to verify an ecchymosis

20.45

20.46

20.47

20.48

20.49



Sexual battery investigation482

in the subcutaneous fat or deeper tissues. Such
marks/ecchymoses should be photographed with a scale
(Image 20.51).

Bondage
Bondage is involved in a certain number of sexually
related homicides. In one case, an attempt was also made
to hide the body with a pillow (Image 20.52). The
victim’s wrists were bound to the ankles on the same
side (Image 20.53). The trousers had been cut to expose
the perineum (Image 20.54). The bondage gave ready
access for sexual assault while decreasing the victim’s
capacity to struggle. The mouth was gagged to prevent
the victim from crying out (Image 20.55).

Perpetrator identification
When attending scenes of sexual assault, attention
should be paid to any suspicious items because they
might play a crucial part later in the investigation.
Condom wrappers and used/discarded condoms
should be collected, placed in paper bags, and sent as
part of the evidence pertinent to the sexual assault
(Image 20.56).

Prior to inserting a speculum into a victim, one should
consider that evidence (e.g., foreign bodies) might still be
left inside. Gentle insertion and opening of a speculum
into the deceased female in Image 20.57 demonstrated a
used condom containing the semen of a possible perpe-
trator. This specimen should be removed with great care,
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the end tied so as to retain the contained fluid, and then
placed in a paper bag. This item will become part of the
completed rape kit.

Bite mark evidence should be photographed with a
case number and the gray ABFO (L-shaped) ruler
(Image 20.58). Sterile saline swabs should be used to lift
saliva from the bitten area, allowing for DNA studies at
a later time. If a forensic odontologist is available, he or
she can do the appropriate documentation. For more
information, see Chapter 27. In the deceased victim, the
area can be excised and retained as evidence.

Unique characteristics of the rape
Unusual sexual practices may result in trauma far
removed from the genital or rectal areas. Image 20.59
depicts contusion and swelling of both eyelids sustained
when the male perpetrator attempted to insert his penis
in the victim’s eye with force sufficient to cause a bruise.

Forceful sucking may result in “hickeys.” These are
commonly found on the breasts, but may be found at
any other site on the body (Image 20.60). In acute
attacks, sterile saline swabs can be used to lift DNA evi-
dence as discussed earlier. This female did not report the

assault for a week, and this accounts for the brown tinge
exhibited by these injuries, consistent with early healing
of the bruise.

An elderly woman was sexually assaulted and mur-
dered by a teenager who confessed to raping her on the
carpet of the living room floor. There is marked trauma
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to her genitalia (Image 20.61), which was removed en
bloc (Images 20.62 and 20.63) and retained as evidence
after photography and microscopy. The fine stretch-type
abrasions on her suprasacral area (Image 20.64) support
the confession that the sexual assault occurred while she
lay on her back; the force used resulted in the abrasions
sustained.

Medical therapy and follow-up of 
the assaulted patient

One must not forget that victims of sexual abuse are at
significant risk of exposure to sexually transmitted dis-
eases like gonorrhea, chlamydia, syphilis, and herpes, as
well as bloodborne pathogens of significance today (i.e.,
HIV and hepatitis). Although some academic contro-
versy exists over the cost effectiveness of antibiotic pro-
phylaxis for common venereal diseases,14 it is important
that victims of sexual assault be offered treatment against
not only these pathogens, but also screening for HIV,
hepatitis B, and unwanted pregnancy.15

Do

• Obtain a brief, pertinent history from living patients
with the nurse as a silent witness. The details should
be left for the police to obtain. Document the words,
unique to the child, that are used. This part of the
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history is admissible in a court of law because it is
essential for purposes of examination and treatment of
the victim.

• Examine the patient, whether living or dead, and
collect evidence as soon as possible.

• Collect each piece of clothing in a separate paper 
bag.

• Photograph all external trauma; include the gray
ABFO ruler in the photographs; redundancy in 
documentation should be the rule rather than the
exception.

• Photograph the genital trauma.
• Sign each piece of evidence and date it. This step is

invaluable for authentication of the evidence collec-
tion during the trial phase.

• After the evidence is collected, seal the evidence, sign
the package over the evidence tape, and then hand
deliver it to the police agency along with the evidence
receipt cataloguing each item. Have the police sign the
receipt and keep a copy of that document in the
patient’s file; this maintains and completes your part
in preserving the chain of evidence.

Don’t

• Allow any other person to obtain the history of the
assault—do it yourself.

• Allow any other person to collect any part of the 
evidence.

• Permit any break in the chain of evidence.
• Let the evidence languish in the refrigerator for 

any length of time; this can raise procedural issues by
the defense about the proper handling of the evidence.

• Omit taking specimens for a sexual battery kit just
because there are no injuries or the victim’s body is
found fully clothed.
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Toxicology
David Dolinak M.D.

Toxicology-related deaths are often determined days,
weeks, or even months after an autopsy is performed. A
drug toxic death is first suspected because of informa-
tion from the scene investigation and the decedent’s
history. If possible, the position of the body should not
be altered until the medical examiner has had a chance
to view the body. This may be important in select cases
to appreciate the possibility of positional asphyxia. There
may be syringes, spoon cookers, or bongs suggestive of
recreational drug abuse. A tourniquet may still be on an
arm, and needles may be on or near the body. A small
trickle of dried blood may be on an arm, hand, or foot.
Empty prescription bottles or suicide notes may be seen.

In cases where the history is suggestive of drug death,
yet nothing is found at the scene, consider that the 
scene may have been “cleaned up” or altered by others
attempting to hide drug-related evidence. Perhaps the
friends or family members of the victim desired to
absolve themselves from any illicit drug activity, or they
may have intended to cover up a suicidal drug ingestion.

All of an individual’s prescription medications, other
drugs, and drug paraphernalia should be confiscated. In
a suspected poisoning, open household products and
suspicious liquids and powders should be confiscated.
Because the field of toxicology is vast, including thou-
sands of drugs that yield an unimaginable number of
drug combinations and drug levels, only the most perti-
nent information is presented and discussed in this
chapter. This is not meant to be an all-inclusive chapter
on toxicology, but rather a focused guide to help in the
evaluation of drug- and poison-related deaths. For com-
prehensive data on normal and toxic drug levels, one
may wish to consult a standard toxicology textbook.1

Although the significance of positive drug results will be
discussed, as is the case in many aspects of forensic
pathology, a negative value can be just as important as a 
positive value.

When a death is suspected to be the result of drug toxicity,
it is best to perform a complete autopsy to rule out a more 
convincing cause of death and to provide access to additional
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tissues and body fluids for analysis. A complete autopsy will
also provide information on the extent of natural disease
and/or injury, because it is not unusual for deaths of this
nature to result from the deleterious effects of drug tox-
icity superimposed on diseased or injured organs. Also,
in some cases, despite investigative suspicion, detailed
and careful toxicology testing will fail to reveal toxic
levels of drugs or may fail to reveal any drugs at all.

At autopsy, there may be no findings to indicate that
the death is drug related. Sometimes, however, clues such
as a “foam cone” at the mouth or in the nares, injection
sites, needle track marks, pulmonary congestion and
edema, pills in the stomach, or “packets” of drugs in the
intestine are indications that a death may be due to drug
toxicity. Also, one may see liver necrosis caused by aceta-
minophen toxicity or hemorrhagic gastric mucosa and the
faint smell of bitter or burnt almonds, characteristic of
cyanide poisoning.2,3 Some pills have colorful dyes added
to them—this may be reflected at autopsy by colorful dis-
coloration of the gastric mucosa or colorful clumps of pill
material in the stomach or proximal small intestine. The
odor from congeners of ethanol may be detected in the
gastric contents, or may even be detected on approaching
the body before performance of the autopsy. Histologic
examination of the lungs and sometimes the liver may
reveal multinucleated foreign body giant cells and/or
birefringent material such as methylcellulose, talc, or
starch that is from the packing material in pills.

Toxicology-related deaths know no boundaries and
range from the restless infant who was drugged in an
attempt to promote sleep, to the young cocaine abuser,
to the middle-aged chronic pain victim who abused
opioids and anxiolytics, to the elderly individual with
multiple debilitating medical conditions who intention-
ally or accidentally overdosed on medications. In addi-
tion to establishing a cause of death, toxicology results
may help elucidate the circumstances regarding how a
death came about. Examples include the intoxicated or
drugged motor vehicle operator or the drugged homi-
cide victim. One should keep in mind that due to the
uniqueness of each person and due to the seemingly
unlimited number of variables regarding drug concen-
trations and their effects, it is not possible to determine
precisely what degree of impairment a certain concen-
tration of drug (or drug combinations) may have had on
an individual. Possibilities are limitless with regard to
drug–drug interactions with various side effects, and
also one may consider various interactions of drugs with
natural disease processes.4

Collection of toxicology specimens

Toxicology specimens such as blood and vitreous fluid
are collected before the autopsy is performed. Blood is
ideally obtained with clean needles from the peripher-

ally located femoral veins, because this location provides
relatively easy access to blood located outside of the
body cavities. Peripherally located blood is preferred 
for toxicologic testing because it is relatively isolated 
from the internal organs in the chest and abdomen and
hence is likely to provide a more accurate level of drugs.
Blood obtained from the heart or other central regions in
the chest and abdomen may have falsely elevated drug
levels due to postmortem drug diffusion down concen-
tration gradients—a process referred to as postmortem
redistribution or postmortem release. There are a couple 
of mechanisms by which drugs may diffuse down con-
centration gradients. The drugs may diffuse directly
from the stomach into other nearby organs such as the
liver, heart, and lungs. Also, drugs may release from their
locations in organs and enter the adjacent blood vessels.

If femoral blood is not available, subclavian blood is
the next best source, followed by blood from the root 
of the aorta, pulmonary arteries, and heart. Aspirating
blood from the heart or thoracic blood vessels may be
difficult, particularly if the blood is clotted. In this
instance, one may wish to dry the pericardial sac with a
clean towel and cut the cardiac attachments, allowing the
clotted heart and pulmonary artery blood to pool in 
the pericardial sac. One can then use a syringe without
a needle to aspirate the congealed aggregates of blood.
If blood is not available from these sources, as is some-
times encountered in cases of severe trauma, blood from
chest or abdominal cavities may be used, realizing that
it is also subject to postmortem redistribution or other
factors that may contaminate it.

Routine toxicology specimens include four glass vacu-
tainer test tubes of blood totaling approximately 40 to 50
milliliters, with three of the tubes containing a preserva-
tive such as sodium fluoride, which is an antimicrobial
that also inhibits enzymatic activity.5 In particular,
sodium fluoride inhibits the activity of cholinesterase
and is essential in retarding the degradation of cocaine5

and other substances such as 6-monoacetylmorphine.
The preservative is often combined with an anticoagu-
lant such as potassium oxalate,5 sodium citrate, or EDTA.
The blood in the test tube without preservatives may 
be used for clinical analyses such as thyroid hormone
studies or infectious disease testing (hepatitis, HIV,
syphilis), or to provide samples for DNA testing in cases
with paternity or other issues.

Gastric contents should be saved in cases of suspected
drug ingestion. In such cases, to aid in possible calcula-
tion of the total amount of drug in the stomach, it is
advantageous to record the total volume of gastric 
contents, particularly if only a representative volume is
saved (ideally, after the contents have been well mixed
or blended together). Liver or other solid organ samples
may be collected in cases where the parent drug and the
drug metabolite levels and possibly their ratios are
important. The liver tissue is ideally collected from deep
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within the right lobe, because this area is more distant
from the stomach and should limit the amount of direct
diffusion of drugs from the stomach. Liver tissue is par-
ticularly useful in the analysis of tricyclic antidepres-
sants2 or any other drugs that are highly protein bound.
Lung tissue is useful when volatiles are suspected, and
kidney tissue is useful if heavy metals (such as lead,
mercury, and arsenic) are suspected, because heavy
metals tend to concentrate in the kidney. Adipose tissue
is another potential toxicologic specimen, because it acts
as a depot of certain substances and may prove useful in
the analysis of volatile agents after a significant postex-
posure survival time. Hair and fingernails/toenails are
useful specimens, particularly for detecting chronic
heavy metal poisoning, but also for documenting chronic
drug abuse.6–9

If inhalational agents are suspected, toxicology speci-
mens should be placed in gas-tight containers.10 In this
situation, it is advantageous to collect blood in special
small glass vials with sealed (crimped) tops and lung
tissue in small sealed metal cans. Such cases may include
suspected huffing deaths, deaths from Freon, helium, or
other gaseous agents, and certain accidental deaths in the
workplace. A unique toxicology specimen available in
the newborn baby is meconium. Meconium is the bowel
contents of the fetus or the first few stool specimens of
the neonate. Because meconium production begins in
gestational weeks 14–16 and is not normally eliminated
until after delivery, meconium may act as a “depot” of
drugs maternally consumed during the baby’s intrauter-
ine existence.11 Even if at delivery the mother’s toxicol-
ogy testing is negative, the meconium may reflect drug
abuse during the pregnancy. Head hair from an infant
can also be analyzed to document intrauterine drug
exposure.11

Toxicology specimens after hospitalization 
with survival time
It is not unusual for a person to be hospitalized for hours
or days before he or she dies, which may provide time
for the body to significantly metabolize drugs and
alcohol and lead to lower or undetectable drug levels.
With extensive, high-volume fluid administration during
resuscitative efforts, one may also consider a possible
small dilutional effect on drug/alcohol levels. Fortu-
nately, blood is often collected when the person is in the
hospital and stored in the hospital for at least a few days
to a week or more. In some cases, the hospital blood 
is valuable in documenting the presence of drugs and
alcohol and sometimes their levels. When medical exam-
iner cases are brought in from hospitals, it is important
to request that all admission or other collected blood and
possibly urine be sent with the body for potential toxi-
cologic testing.

At autopsy, specimens of sequestered hematomas
such as a subdural or intracerebral hematomas may

prove valuable in documenting ethanol or drug use.12–14

This is because subdural blood, an intracerebral
hematoma, or any other localized collection of blood that
is sequestered from the general circulation tends to retain
drugs and alcohol longer and, hence, give a better indi-
cation of any drug or alcohol blood level present when
the hematoma was formed at the time of the incident.15,16

Sequestered hematomas may prove particularly useful
in obtaining drug or alcohol levels in individuals who
have survived for a number of days after an incident,
especially if no hospital admission blood is available for
analysis.

Toxicology specimens in decomposed bodies
In decomposed bodies, blood is frequently degenerated
into a serosanguineous fluid that may still remain in the
heart and/or blood vessels. More commonly (and in
more advanced decomposition), no fluid is retrievable
from the heart or other blood vessels, and one must
resort to collecting decomposition fluid found in the
pleural or other cavities. Skeletal muscle is also a good
specimen for drug testing because its drug levels will
most closely approximate antemortem blood drug levels.
The skeletal muscle should be sampled from an ex-
tremity (usually a thigh) to minimize the possibility of
altered drug levels due to postmortem redistribution. In
severely decomposed bodies, it may be worthwhile to
collect maggots from the body for toxicologic testing. It
is possible that the maggots may test positive for a drug,
whereas the decomposed skeletal muscle tests negative,
particularly if the person was using the drug for the first
time or if the death occurred quickly. Drug classes that
have been identified in maggots include cocaine, opiates,
barbiturates, benzodiazepines, and antidepressants.17

Toxicology specimens in embalmed bodies
In embalmed bodies, the best specimen may be skeletal
muscle from the buttock. This is because bodies are nor-
mally perfused with embalming fluid while on their
backs, and pressure related to compression of the tissues
in the buttocks while the body is lying in the supine posi-
tion helps limit the amount of perfusion to the posterior
areas, leading to more limited artifact by embalming
fluid. In embalmed bodies, expect to see methanol, and
perhaps ethanol and isopropanol from the embalming
fluid. In exhumed bodies, the only blood specimen avail-
able may be caked blood from the heart chambers, aorta,
or common iliac arteries. Heart, liver, brain, kidney, lung,
hair, nails, and various other tissue specimens may be
collected, depending on the circumstances of the case. If
the mere presence of a drug or chemical is important, the
inner lining of the eyes and urinary bladder can be
swabbed with a clean cotton-tipped swab, which is then
analyzed. Even though there may be no fluid remaining
in the eyes or urinary bladder, dried drug residue can
still be collected.
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Drug screening

Drug screening tests are performed first, followed by
drug confirmation tests. Common drug screening
methods include immunoassays and thin-layer chro-
matography. Initial screening techniques may yield a
number of presumptive positive results that must then
be confirmed by more rigorous, labor-intensive testing
techniques. The three most common drug confirmation
methods are high-performance liquid chromatography,
gas chromatography, and gas chromatography-mass
spectrometry. Regardless of the specimen or the source, the
toxicologic analysis is performed with great care and precision,
for although the detection and quantification of drugs is impor-
tant, determining the absence of drugs can be just as impor-
tant. Although much of the discussion of toxicology
issues revolves around drugs of abuse and prescribed
medications, one must remember that over-the-counter
(OTC) medications are not necessarily benign and can
also be toxic to an individual. For example, if OTC med-
ication is given inappropriately or in the incorrect dose
to an infant or young child, death may result.18,19 Finally,
and perhaps most importantly, all vacutainer tubes and
specimen containers should be clearly labeled with the case
number of the individual. To help maintain a proper chain
of custody, the toxicology specimens may be placed in
properly labeled and initialed bags for transport to the
toxicology laboratory. Specimens should be stored refrig-
erated or frozen for at least a year, and longer if space
allows.

Ethanol (alcohol)

Acute intoxication
Deaths due to the toxic effects of acute overingestion of
ethanol are due to severe respiratory and central nervous
system depression and usually involve blood ethanol
levels of 0.35 percent or higher.20 This number should
only be used as a guide, however, because one must be
reminded that a tolerant chronic alcoholic may appear to
act normal or only slightly impaired at a blood ethanol
level of 0.30 to 0.40 percent; and a novice, nontolerant
individual may die from a blood ethanol level as low as
0.20 to 0.30 percent or lower.20 The blood ethanol level
may be even lower in a fatal case if positional asphyxia
is a factor in the death, or if the ethanol is combined with
an opiate, benzodiazepine, or other type of respiratory
depressant. The ethanol levels recorded in the blood and
vitreous fluid are not necessarily the highest level that
the individual had achieved, because he or she may have
metabolized ethanol to some degree during the time
period while they were comatose, before dying. The
clearance rate for ethanol varies among individuals, but
averages between 0.015 and 0.025g/dL per hour.21

Vitreous/blood concentrations
Vitreous fluid is considered a relatively sequestered
fluid, and because of this, vitreous ethanol levels, when
compared with blood ethanol levels, can help determine
if the person was in the “absorptive” or “metabolic”
phase of alcohol consumption. Generally, vitreous
ethanol levels lag behind blood ethanol levels as the
ethanol is being absorbed into the circulation and remain
higher than the blood ethanol levels as the ethanol is
metabolized from the blood. If the blood ethanol level is
greater than the vitreous ethanol level, the person was
likely in the absorptive stage of ethanol ingestion. It takes
approximately 30 to 60 minutes for ethanol to equilibrate
in the vitreous fluid. If the vitreous ethanol level is
greater than the blood ethanol level, the individual had
likely absorbed the majority of the ethanol into the blood,
which had already diffused into the vitreous fluid.22 The
lower blood ethanol level reflects that the body was in
the metabolic phase of ethanol ingestion. This is signifi-
cant because the higher vitreous ethanol level indicates
that the blood ethanol level was higher recently and,
depending on how high the level was, may be sugges-
tive of an acute fatal intoxication. When comparing vit-
reous and blood ethanol levels, one must remember that
the vitreous fluid has a slightly higher water content than
blood and, therefore, at equilibrium has a slightly higher
ethanol level than blood.

Toxicology in deaths of chronic alcoholics
The precise cause of death of chronic alcoholics is not
always evident at autopsy, and it is not unusual to
encounter the sudden death of an alcoholic with essen-
tially a negative or nearly negative autopsy. It has been
proposed that in some, if not many of these cases, the
death may be related to alcoholic ketoacidosis.23,24 The
ketotic state may arise from alcoholic binge drinking fol-
lowed by a period of anorexia.23,24 The mechanism of
death in these cases may be related to hemodynamic col-
lapse associated with a critical fall in blood pH.24 Docu-
mentation of alcoholic ketoacidosis involves detecting
ketone bodies, namely, acetone, acetoacetate, and beta-
hydroxybutyrate in the blood and/or vitreous fluid.24

In one study, beta-hydroxybutyrate was the marker of
choice for the postmortem diagnosis of alcoholic ketoaci-
dosis.23 Beta-hydroxybutyrate does not appear to have
postmortem formation or decomposition.23 In some cases
in which an alcoholic is unable to obtain alcoholic bev-
erages, he or she may ingest household products that
contain ethanol such as mouthwash or hair spray.25 These
products may contain alcohol at very high concentra-
tions. Clues to their consumption may be empty con-
tainers at the scene or a peculiar odor of the gastric
contents.25
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Decomposition and ethanol artifact
When interpreting a toxicology report, one must be
aware of artifact, particularly in a decomposed body.
Proliferating bacteria in a decomposing body may lead
to the formation of different volatile substances, the most
significant of which is ethanol.22,26,27 The fermentation
process can lead to an ethanol concentration of around
0.05 percent, although there are reports of more than 
0.10 to 0.20 percent ethanol being attributed solely to the
decomposition process itself.26 An ethanol level greater
than 0.20 percent suggests that ethanol was ingested
before death. In most cases in which the ethanol is attrib-
uted to decomposition alone, the ethanol level will be
less than 0.07 percent.22

The urine and vitreous fluid are relatively sequestered
and have a relatively delayed infiltration by postmortem
bacteria. Hence, these fluids will often have a negative
ethanol level, whereas the blood and other cavity fluids
are positive. Because of this, if ethanol is detected in 
the blood, but is not detected in urine or vitreous fluid,
it indicates that postmortem ethanol synthesis has
occurred.22 Alternatively, urine ethanol may be present in
cases of urinary tract infections with candida or other
organisms. Acetone and isopropanol can also be pro-
duced postmortem and be interconverted antemortem
and, hence, are not necessarily reflective of significant
antemortem disease or consumption.28,29

Ingested drugs

When at a scene, it is important to document the dis-
covery of all medications. If the medications are not
believed to be a significant factor in an individual’s
death, they can be collected and logged into evidence,
including the type of medications and how many bottles
of that medication are identified. If the medications are
believed to be a factor in a death, it may be necessary to
not only count the number of pills remaining in each
bottle, but also to note how many pills were prescribed,
how many milligrams each pill is, the prescribed fre-
quency of pill ingestion (such as one 5-milligram pill to
be taken every evening), and on what day the prescrip-
tion was filled. This information will contribute to the
diagnosis of an overdose. In most cases of drug toxicity
with ingested medications, no recognizable pills or pill
fragments are visible in the stomach. Most of the time the
pills have been liquefied and/or digested and nothing
recognizable remains except perhaps some fine grainy
pill residue. On occasion, recognizable pills remain in the
stomach, especially if a particularly large quantity of pills
was recently consumed.

Note the mass of amorphous green material in the
stomach of this middle-aged woman (Image 21.1). On
microscopic examination, the material is an amorphous
acellular substance (Image 21.2), likely representing pill

material.30 Toxicologic analysis revealed toxic levels of
doxylamine and diphenhydramine and the case was
ruled a suicidal ingestion. In a different case, note the
large number of pills and granular pill material in the
stomach illustrated in Image 21.3.
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Drug abuse

The first indication that a death may be drug related is
the observance of drug paraphernalia at the scene.
Syringes, needles, spoon “cookers” with small foil
cooking sheets, lighters, bongs, etc., may be among the
belongings of a drug abuser. Note the ice cream scooper
that was used as a cooking utensil for heroin (Image
21.4). It is not unusual to find components of a crack pipe
in the pockets of an individual. The crack pipe is often
recognizable as a hollow metal, glass, or plastic tube
(often burned at one or both ends) along with a steel
wool filter (Image 21.5). The recognition of such drug
paraphernalia is important and will help initiate appro-
priate toxicologic analyses. Although these items are
highly suggestive of drug abuse, an individual’s death
may be of an entirely different nature. A complete
autopsy is encouraged in such cases, because sometimes
the death is actually determined to be of natural causes
or some combination of natural, traumatic, and toxic
reasons. One must also realize that drugs may not be

consumed in the manner for which they were intended.
For example, opioid pills (perhaps even the “time-
release” variety) may be ground down and injected
intravenously, as may the film of drug from a fentanyl
patch.31 These methods of drug abuse may provide a
large bolus of medication over a short period of time that
can prove fatal. In the case shown in Image 21.6, note the
two Duragesic (fentanyl) patches on the back of this 
otherwise healthy man’s shoulder.

Gamma-hydroxybutyrate
Gamma-hydroxybutyrate (GHB) has been used as a
bodybuilding drug, a growth hormone secretagogue, an
anesthetic agent, a treatment for narcolepsy, a drug of
abuse by the “rave” crowd, and also has been referred 
to as a “date rape” drug administered by sexual preda-
tors.8,32–35 Taken in excess, GHB may cause depressive
effects on the central nervous system leading to sig-
nificant respiratory depression and possibly coma and
death.36 GHB is normally present in the body, but, at least
in living people, is present at such a low level that it often
cannot even be detected.37 However GHB levels are
easily detectable in postmortem blood and likely arise as
a product of postmortem decomposition.37 If sodium flu-
oride is not used as a blood preservative, GHB will be
formed as an artifact in the blood.35

GHB can be detected and quantified in the urine and
the amount in the urine may be a more reliable indica-
tor of GHB abuse. This is because GHB is not known to
form de novo in the urinary bladder.35 Hence, it is impor-
tant not only to collect blood in test tubes with sodium
fluoride, but to collect urine, if available. The post-
mortem blood GHB levels may overlap those in living
people who have significant symptoms from GHB toxi-
city.37 As with many other drugs, even if the level of GHB
itself does not appear fatal, its combination with ethanol
or other respiratory depressants or toxic drugs may be
fatal.33 Because GHB may not be revealed on routine tox-
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icology testing, one should specifically request its analy-
sis in suspicious cases such as a “club scene” or “rave
crowd” death or a suspected date rape scenario.

Heroin
In cases of fatal heroin abuse, a person may die suddenly,
with the tourniquet still around an arm, as is seen in this
older heroin abuser (Image 21.7). Sometimes, the needle
is still in an arm, reflecting the rapidity of death. In these
instances, the death most likely results from the slowing
and/or paralysis of respirations. Often, one sees a “foam
cone” on the nose and/or mouth. This is quite common
in heroin deaths, but is nonspecific, because it is also
common in deaths from other narcotics and in various
other types of deaths. The foam cone is likely due to the
mixing of pulmonary edema fluid and air in the lungs
that occurs as the respirations and heartbeat slow down.
The lungs are usually markedly congested and edema-
tous, sometimes with a combined weight of more than
1500 grams.

In intravenous drug abusers, there may be a single
scar from a favored injection site, or there may be a
needle track (Image 21.8) or multiple needle tracks.
Because heroin has a very short half-life (a few minutes
or so),1 it is almost immediately metabolized and is
usually not detected in the body fluids. However a
metabolite of heroin, 6-monoacetylmorphine (6-MAM),
has a longer half-life and may be detectable in the blood
for approximately 30 minutes.1 Complete metabolism of
heroin to 6-MAM occurs within 10 to 15 minutes.38 6-
MAM is considered specific for heroin and will remain
longer in sequestered fluids such as vitreous fluid and
urine. The metabolite 6-MAM will in turn be broken
down into morphine, which is not specific for heroin.
The total metabolism of heroin to morphine is complete
within a few hours.38 Hence, toxicology testing on a
person who died acutely of heroin toxicity may reveal
only small levels of 6-MAM and morphine. One must

remember that in many fatal drug-related cases, a very
high or outright toxic level of a drug need not be present;
sometimes the mere presence of a drug in the right 
circumstances can be responsible for an individual’s
death. Such is the case with cocaine and metham-
phetamine and, similarly, the quantity of 6-MAM and
morphine detected is not as important as the mere 
presence of these compounds in explaining a heroin 
toxic death. Also, it is important to collect and store
blood specimens in vacutainers with sodium fluoride,
because this compound will help retard degradation of
6-monoacetylmorphine.

Because repeated injections of drugs into a vein may
cause scarring of the vein and difficulty accessing the
vein for future injections, an attempt should be made to
identify injection sites at other locations. Commonly, the
veins of the arm and hands are the first choice for injec-
tion sites, followed by leg veins, veins in the groin, pos-
sibly the neck, and other sites. Sometimes, injection sites
are noted in unusual locations, reflective of the extremes
that a drug abuser will go to to attain a desired drug
effect. Examples of such injection sites include the neck,
between the toes, and in the dorsal vein of the penis, to
name just a few.

Once all of the conveniently accessible veins are no
longer accessible due to repeated injections and scarring,
the drug abuser may resort to “skin popping,” which is
the technique of injecting drugs directly into the subcu-
taneous tissues for drug absorption. This technique may
be effective for drug deposition, but will result in the for-
mation of flat, wide, broad-based scars. Note the skin
popping scars in the legs of this heroin abuser (Image
21.9) and on the arms of another heroin abuser (Image
21.10).

Occasionally, skin popping scars can become ulcer-
ated and infected, leading to an abscess such as that seen
on the back of the leg of this middle-aged heroin abuser
(Image 21.11). If the abscess is sufficiently deep and
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severe, it may lead to necrotizing fasciitis and a septic
death. Note this heroin abuser with surgically debrided
abscesses and surrounding necrotic tissue due to skin
popping (Image 21.12). Septic complications of intra-
venous drug abuse include bacterial endocarditis, pul-
monary abscesses, and infective emboli that can lead to
cerebral abscesses or abscesses at other remote locations.

Heroin can be volatilized and then inhaled, usually by
heating on a spoon, bottle cap, portion of a metal bever-
age can, or on a piece of tinfoil. One may occasionally
hear the phrase “chasing the dragon,” which refers to the
process of cooking heroin that is dyed red and resembles
a dragon’s tail as the fumes rise.38 Of note, poppy seeds
contain small amounts of morphine and codeine, but do
not contain any heroin; hence, poppy seed eaters will not
have 6-MAM in their body fluids.38 Opiates may remain
in the urine for up to 72 hours.30

Cocaine
Cocaine inhibits the synaptic reuptake of epinephrine,
norepinephrine,38 dopamine, and serotonin30 and stimu-
lates the presynaptic release of norepinephrine, leading

to increased sympathomimetic activity.30,39 Cocaine is a
powerful vasoconstrictor and may enhance in situ
thrombus formation and platelet aggregation.39 It is 
a toxic drug, and no minimum fatal level for cocaine has been
established. Blood cocaine levels correlate poorly with
cocaine’s toxic effects, and cases in which cocaine is the
cause of death overlap cases in which cocaine is an inci-
dental finding. Often, it is the mere presence of cocaine
in the blood of an otherwise healthy person that indicates
a cocaine-related death, provided that there is no more
convincing cause of death. In such instances, the mech-
anism of death is often attributed to a cocaine-induced
seizure40 or cardiac dysrhythmia,41,42 and the cause of
death is more appropriately worded “cocaine toxicity”
rather than “cocaine overdose.”

Cocaine can also lead to an episode of bizarre behav-
ior with hyperactivity and hyperthermia (“cocaine psy-
chosis” or “excited delirium”). This is likely related to
cocaine-induced dysregulation of dopamine homeosta-
sis in the brain. Cocaine has a half-life of approximately
1 to 1.5 hours.39,43,44 Cocaine undergoes degradation not
only by plasma cholinesterase, but also by spontaneous

494

21.9

21.10

21.11

21.12



Drug abuse 495

hydrolysis. Because of this, we emphasize the proper col-
lection and storage of specimens in vacutainers contain-
ing appropriate preservatives such as sodium fluoride.5

If no preservative is used, with time, the cocaine will
likely eventually be hydrolyzed to undetectable levels
and the only clue to cocaine intoxication will be the iden-
tification of inactive cocaine metabolites that have a
longer half-life such as benzoylecgonine and ecgonine
methyl ester.

Cocaine, if taken with ethanol, can combine through
transesterification processes in the liver to form the com-
pound cocaethylene,45 which is not only an active com-
pound, but in experiments with mice has been shown to
be more toxic than cocaine itself.46 Additionally, cocaeth-
ylene has a longer half-life than cocaine,47 and users of
alcohol and cocaine have reported an enhanced and pro-
longed euphoria when the two substances are com-
bined.33 Such a state is possibly related to increased
dopamine activity induced by cocaethylene.48 Because it
is formed by an enzymatic process, cocaethylene would
not be expected to form postmortem from the combina-
tion of cocaine and bacteria-generated ethanol,49

although some formation of cocaethylene may occur to
an insignificant degree. Studies have shown that very
low levels of cocaine may be achieved by passive inhala-
tion of cocaine vapors.50–53 Cocaine also may be secreted
in significant concentrations in human breast milk.54,55

These factors may place infants and young children at
risk of cocaine exposure and its toxic effects. Other illicit
drugs that are believed to be transmitted through breast
milk include amphetamines, heroin, phencyclidine, and
marijuana.56

It is not uncommon for cocaine or other stimulants to
be detected in the blood of individuals who have died
during or shortly after a violent struggle, sometimes
while in police custody. In these cases, one must consider
the total circumstances of the case including autopsy
findings, statements of the incident, the person’s 
medical history, and complete toxicologic analysis. It is
not unusual for these deaths to be attributed to a combi-
nation of factors including cocaine and/or other drug
toxicity, obesity, coronary artery disease, cardiac hyper-
trophy, physical injury, physiologic stress, and various
modes of asphyxia (see also Chapters 13 and 22).

Methamphetamine, amphetamine, 
and derivatives
Methamphetamine promotes increased norepinephrine
release into the synaptic cleft, which then overflows into
the circulation, resulting in sympathomimetic effects.30,38

It also promotes the release of dopamine and serotonin.30

Methamphetamine toxicity is regarded to be similar to
cocaine toxicity, because there is no minimum concentration
of methamphetamine that is proven to be fatal, and blood levels
do not correlate well with impairment and death. Cases where
cocaine and methamphetamine are the causes of death

overlap cases where cocaine and methamphetamine are
incidental findings.57,58 Like cocaine, methamphetamine
may cause sudden death by stroke, seizure, or cardiac
dysrhythmia59 and may cause excited delirium. Under
appropriate circumstances, with no other more convinc-
ing cause of death identified, the mere presence of
methamphetamine may be considered the cause of
death, likely by precipitating a cardiac dysrhythmia or
seizure.

Other effects of methamphetamine toxicity include
hyperthermia, tachycardia, hypertension, rhabdomy-
olysis, disseminated intravascular coagulation, and
death.60,61 These characteristics are also valid for the
derivatives of amphetamine, namely, the metham-
phetamine analogues or the “designer drugs” such 
as 3,4-methylenedioxymethamphetamine (MDMA or
“Ecstasy”)61 and 3,4-methylenedioxyethylamphetamine
(MDEA or “Eve”).62 Other methylenedioxy and methoxy
derivatives of amphetamine exist and are commonly
mixed with other drugs and alcohol.60 The methamphet-
amine analogues may be potentially more dangerous
because of increased potency, or because they may
contain dangerous congeners.

If amphetamine and methamphetamine are both
detected, the amphetamine may be considered a metabo-
lite of methamphetamine. If amphetamine is detected
without any methamphetamine, one may consider 
either amphetamine abuse or prescribed amphetamine
administered for treatment of narcolepsy, attention
deficit disorder, or appetite suppressants as treatment for
obesity.

Hallucinogens
Hallucinogens are drugs that alter the perception of
reality. Hallucinogens such as LSD (lysergic acid diethy-
lamide), PCP (phencyclidine), mescaline (from the
peyote cactus), and psilocybin (from mushrooms) only
rarely cause toxicity sufficient enough to result in death.
PCP may cause respiratory depression, coma, hyper-
thermia with rhabdomyolysis, and seizures that may
prove fatal. Psilocybin may cause coma and convul-
sions.30 These substances may all cause altered senso-
rium, altered perceptions, psychosis, and bizarre
behavior that may lead to or contribute in some way to
a person’s death.

Marijuana is the most widely used illicit drug in the
world. It has mood-altering properties and is addictive.
It is not known to cause death via direct drug toxicity.

The desire to abuse drugs is limited only by one’s
imagination and resources. New drugs are continuously
manufactured, and some old drugs drop from popular-
ity. Investigators must do their best to keep up to date
on the newer trends in drug usage, which can vary in
different regions of the country and the world. Whether
it is a chemical alteration of an existing drug or a partic-
ular new combination of drugs and/or chemicals (such



Toxicology

as smoking cigarettes laced with embalming fluid and
PCP63), drug abuse is in constant flux.

Body “stuffer” versus body “packer”

Drugs of abuse can be ingested, not only for their effects,
but also for purposes of concealment. Packaged drugs
may be ingested in an attempt to hide them from law
enforcement officials or others. If the drug was carefully
packaged with the intent of being swallowed and carried
“internally” (in the intestines) into another country, it is
referred to as body packing. The goal is to smuggle the
drugs into a country and then excrete the drugs when
the destination is reached. If the drug was not packaged
with the intent of being consumed, but instead was
hastily swallowed to escape detection, it is referred to as
body stuffing. Regardless of the means of swallowing
drugs, it is a hazardous act and can easily lead to a toxic
death, particularly if one or more of the packages should
leak their contents into the bowel and be absorbed into
the circulation.

Body stuffer
A young man was taken into police custody for a minor
traffic violation. While in custody, he became sweaty,
hypertensive, had a seizure, and died. His stomach was
empty. However, in the duodenum, note the small plastic
bag (Image 21.13). The plastic bag alone is shown in
Image 21.14. The remaining contents of the bag and the
contents of the small bowel were positive for cocaine. His
blood level of cocaine was high and his death was attrib-
uted to cocaine toxicity. Because the package of cocaine
appears to have been hastily swallowed to avoid detec-
tion, he would be termed a body stuffer. In cases of sus-
pected body stuffing, it is important to examine the
entire small and large intestines for packaging material
or chunks of drug material such as “rocks” of crack
cocaine. The documentation of such findings is impor-
tant, particularly if the death occurred while in police
custody.

Body packer
In this example of a body packer, a young man collapsed
and died shortly after arriving in the United States from
a South American country. When his stomach was
opened, 20 to 30 packets of a carefully packaged drug
were found. Examination of his small and large
intestines revealed more packets of drug from the duo-
denum to the anus. Nearly 80 packets of the drug were
recovered from his intestine (Image 21.15). Note that
several of the packets, despite very careful packaging,
had leaked. Layer-by-layer reflection of the packaged
drug revealed a total of six layers of plastic, cellophane,
and rubber around a central hard pellet of compacted
drug (Image 21.16), which proved to be very concen-
trated heroin. The cause of death was heroin toxicity, and
the manner of death was accident.

Images 21.17 and 21.18 depict two more cases of body
packers whose stomachs were full of carefully made
packets of drug. Note the wide variety of appearances of
the packages of drug. Sometimes the packages will be
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color coded or different colored strings will be used to
tie off the packets of drug. This may be done to aid in the
visual separation of two different drugs that are smug-
gled together (such as cocaine and heroin). Aside from
the hazards of drug toxicity, body packers also face the
risk of developing bowel obstruction with possible 
subsequent intestinal rupture and peritonitis should
multiple packages of a drug become stuck in a segment
of bowel.64,65

Interpreting drug levels

Postmortem drug redistribution
Although toxicology laboratories report specific levels of
detected drugs, one must remember that the postmortem
drug levels reported are not necessarily the same drug
levels present at the time of an individual’s death. That
is, after death, drugs may undergo diffusion down con-
centration gradients through different tissues and fluids,
altering their levels—a process termed postmortem redis-
tribution.49,66 This process likely results from the drug sep-
arating from its protein-bound sites after death, with

diffusion into the adjacent tissues.49 Such “reservoirs” of
drugs include the gastrointestinal tract, liver, lungs, and
heart.66 Drugs may passively diffuse from the stomach
into surrounding organs, including the lower lobe of the
left lung, the left lobe of the liver, and the heart,66 artifac-
tually increasing the drug levels in these regions. For this
reason, when a liver sample is taken, it is most advanta-
geous to sample it from the middle of the right lobe,
which is a relatively sequestered region of the liver. Per-
imortem aspiration of gastric contents may diffuse from
the airways into the heart.66 A class of drugs particularly
known for its postmortem redistribution is the tricyclic
antidepressants.66 The extent of postmortem redistribu-
tion of a drug depends on many factors, including the
particular chemical characteristics of the drug, its volume
of distribution, the pH of the tissues, and the condition
of the body.49 Postmortem transformation of a parent
drug to a metabolite is a rare occurrence.49

Antemortem drug metabolism
Also, one must consider that an individual may have
died a somewhat prolonged toxic death in which he or
she became obtunded, and then comatose, while aspi-
rating and becoming more and more hypotensive before
finally dying. This process may take many minutes or
many hours, and during this time period, an individual
may metabolize the drugs down to a more “normal”
range. This may lead to possible confusion regarding the
surprisingly “normal” levels of drug in what may have
otherwise been a convincingly toxic death in a previ-
ously healthy individual.

Autopsy clues suggestive of a prolonged death such
as this include early patchy bronchopneumonia, pul-
monary congestion mucus and/or frothy fluid in the
bronchi, and a moderate to large amount of urine in the
urinary bladder. One must appreciate the potential vari-
ations of these drug levels and interpret them within the
context of the total case investigation. Also, in many
cases a person may have died of drug toxicity, yet not
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have particularly toxic levels of a single drug. This may
occur in cases of multiple drug toxicity in which multi-
ple drugs that have a similar effect (such as ethanol,
opiates, and benzodiazepines causing respiratory
depression) can produce a fatal outcome via their addi-
tive effects, whereas the outcome might not have been
fatal had the drugs been considered individually.
Common opiates seen in such deaths include oxycodone,
hydrocodone, and methadone.67 Methadone, in particu-
lar, may be detected in seemingly nontoxic levels, yet, in
combination with other respiratory depressants, con-
tribute significantly to a toxic death.68,69

Chronicity of drug use/abuse
When considering whether a particular drug level was
toxic to an individual, one must also consider whether
or not that individual was a chronic user/abuser of that
particular drug. An individual who has consumed a
drug for a prolonged period of time will likely have
developed a tolerance and be able to withstand a higher
dose of the drug than a novice user/abuser. In terms of
opioids, although tolerance begins after the first dose, it
usually does not reach the level of clinical significance
until the second or third week of chronic use.30 A
commonly encountered situation reflecting this fact is
methadone consumption. Methadone is a synthetic
opioid analgesic that is used to manage opioid depen-
dence and is popular in aiding heroin withdrawal.70

As such, many people consume methadone as part 
of a methadone maintenance program. A chronic
user/abuser of methadone may not have any symptoms
at a blood methadone level that is five times higher than
that of a novice methadone user/abuser who has over-
dosed from it. Alternatively, chronic methadone abusers
may lose their tolerance after a period of abstinence, only
to die from an overdose when they consume what would
previously have been a usual dose for them. This sce-
nario is sometimes seen when an individual is released
from prison and resumes his or her previous drug habits.
Fatal methadone toxicity may also occur during the
induction phase of a methadone treatment program.68

Because of these and other factors such as postmortem
redistribution, blood methadone levels that are fatal
overlap with those that are therapeutic and, therefore,
must be interpreted in the context of the clinical history
to determine whether or not methadone is the cause of
death.43,71

Another factor to consider is the possibility of cross-
reactivity of tolerance among drugs of the same class. Cross-
tolerance exists between opioids that have the same
mode of action or those that act on the same receptors
(such as morphine, heroin, methadone, and meperidine
which all act as mu-receptor agonists).30 Hence, a chronic
methadone user/abuser may develop a tolerance to dif-
ferent opioids. This is another reason drug levels should
be interpreted in the context of the complete case inves-

tigation, including the individual’s medical history and
drug use/abuse history. Aside from developing and
increasing tolerance to drugs, opioids may also create
problems with addiction liability and the physical
dependence—and the risk of death—that usually results
from respiratory failure.

Drug metabolites

In considering the toxicity of a drug level, one may also
compare the level of the metabolite to the level of the
parent drug. A much higher level of the parent drug
would be more reflective of acute toxicity, whereas a
much higher level of the metabolite is more likely reflec-
tive of less recent drug administration/consumption.
When interpreting the significance of blood drug levels,
it is also important to consider how a drug is metabo-
lized and eliminated from the body. High drug levels
may not necessarily be reflective of consumption of a
large dose of a drug. For example, a person with cirrho-
sis will not be able to metabolize certain drugs as effi-
ciently, resulting in higher blood levels of certain drugs
than a person with a normal, healthy liver. A person with
chronic renal failure will not be able to eliminate drugs
as efficiently, resulting in higher blood levels of certain
drugs and/or their metabolites than a person with
healthy kidneys. An example of a toxic metabolite is
normeperidine, a metabolite of meperidine (Demerol).
Normeperidine has a longer half-life than meperidine
and may accumulate in the body in those receiving
meperidine, particularly those in renal failure, as
normeperidine is renally excreted.1 Because normeperi-
dine is two to three times as toxic as meperidine and is
more active as a convulsant,1 chronic accumulation can
have significant consequences.

Occasionally, a person may die from drug–drug inter-
actions or from an adverse drug reaction. An example of
a drug–drug interaction is the simultaneous consump-
tion of meperidine and a monoamine oxidase inhibitor
(MAOI), the combination of which may lead to the
potentially fatal serotonin syndrome. Tricyclic antide-
pressants combined with a monoamine oxidase inhibitor
may also lead to the serotonin syndrome. Other syn-
dromes include neuroleptic malignant syndrome (NMS),
which rarely complicates therapy with phenothiazines or
other neuroleptics. In these types of cases, one will not
necessarily see elevated levels of the drugs, but rather
the presence of the drugs associated with the clinical 
scenario typical of the adverse drug reaction (see also
Chapter 22).

Limitations of drug detection

One must be aware that although most drugs (abusive
and therapeutic) will be detected on routine drug screen-
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ing, certain drugs will not be initially detected. They
require more advanced techniques and procedures, 
some of which are only available at reference laborato-
ries. Drugs that will often not be detected on routine
screening include digoxin, neuromuscular blockers,
gabapentin, anticoagulants, steroids, aminophylline, and
LSD. Some drugs can be quite toxic at very low concen-
trations and may not even be detected on routine drug
screening. An example of such a drug is fentanyl, which
can be detected at very low concentrations in the blood
(on the order of micrograms/liter), yet may be present at
a fatal level.72

Poisoning

In many cases of homicidal poisoning, the poison used
will often not be detected unless it is first considered and
specific analyses performed. In cases of suspected poi-
soning, consider ordering analyses of arsenic, cyanide,
and heavy metals. These substances will usually not be
revealed on routine testing. Cyanide is a rapidly acting
and generally colorless compound that may be quickly
fatal.3 A clue to its presence at autopsy is bright red dis-
coloration of the blood and a faint odor of bitter almonds,
although the ability to smell cyanide is a genetically
determined trait that is absent in up to 50 percent of 
the population.3 Cyanide poisonings are uncommon,
perhaps largely because of its restricted availability.3

Arsenic is tasteless, odorless, and, like cyanide, will
likely not be detected unless it is specifically considered.
Arsenic poisoning is manifest clinically as a prolonged
death with involvement of multiple organ systems fol-
lowing necrosis of the gastrointestinal tract. In a sus-
pected poisoning, hair and fingernails may be collected
and, if a substance is detected, may be reflective of
remote or long-term exposure.

Carbon monoxide toxicity

Carbon monoxide levels usually must be requested sep-
arately and should be considered in house or motor
vehicle fires, motor vehicle drivers involved in fatal
crashes, bodies found in garages (particularly if the
person remains in the motor vehicle), and whenever one
or more bodies are found in a residence and the cause(s)
of death is (are) not clear. Heater or furnace-related
carbon monoxide intoxications should be suspected in
the colder months, and one may obtain important 
early clues about this type of death from investigators
who may report experiencing headaches while at the
scene.

Carbon monoxide toxicity is usually manifest at
autopsy as bright red discoloration of the blood, viscera,
and organs. In such deaths, the blood carboxyhemoglo-
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bin level is often greater than 40 to 50 percent, and in
house fires is sometimes as high as 80 percent. One must
remember that the level of carboxyhemoglobin must be
interpreted in the context of the individual case: A heavy
smoker may have a baseline carboxyhemoglobin of 15
percent, whereas in an individual with severe heart
disease found dead in a house fire, a carboxyhemoglo-
bin of 20 percent may prove fatal. Also, victims of flash
fires may not have elevated carboxyhemoglobin levels.73

Miscellaneous

Vitreous fluid is useful for a number of reasons. In addi-
tion to the analysis for various drugs, one may also
analyze the vitreous fluid for glucose, urea nitrogen,
sodium, and chloride. A high vitreous glucose level
(greater than 200mg/dL) or so is likely reflective of
hyperglycemia.2 In fact, in an analysis of more than 6,000
vitreous fluid specimens, no nondiabetics had vitreous
glucose levels greater than 200mg/dL.74 Because post-
mortem glucose levels greater than 100mg/dL are dis-
tinctly uncommon in nondiabetics, any vitreous glucose
level greater than 100mg/dL is highly significant for dia-
betes mellitus. A high glucose level combined with the
presence of acetone is reflective of antemortem diabetic
ketoacidosis. Because vitreous glucose levels decrease
postmortem,74,75 a low vitreous glucose level is not con-
sidered significant in most situations.

Vitreous fluid may also be analyzed for electrolytes,
which may give information as to whether the individ-
ual was dehydrated. Vitreous sodium concentrations
greater than 150 to 165mEq/L, chloride greater than 125
to 140mEq/L, and urea nitrogen greater than 40 to
100mg/dL are generally regarded as indicative of dehy-
dration. In decomposed cases, expect the vitreous levels
of sodium and chloride to decrease, and the level of
potassium to increase.74 These values should be com-
pared with expected postmortem electrolyte concentra-
tions of 140 to 145mEq/L for sodium, 115 to 125mEq/L
for chloride, and 10 to 15mg/dL for urea nitrogen.74

Values of vitreous electrolytes and vitreous urea nitrogen
may vary slightly according to the method of analysis
and/or instrumentation. Pathologists should be familiar
with their own laboratory’s results.

In all, one should remember that a toxicology report
is only a printed list of drugs detected and their concen-
trations. One must not take these numbers simply at face
value without considering them in the context of the
entire case investigation. Drugs may have altered levels
for various reasons including postmortem artifact. Drugs
may interact with each other or the person may have an
idiosyncratic or anaphylactic reaction to a particular
drug. A chronic drug user/abuser may have developed
tolerance to a certain drug or class of drugs. Factors such
as these must be interpreted in conjunction with the 
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complete autopsy findings—including consideration of
natural disease and injury, the person’s medical history,
drug use/abuse history, scene investigation, and the cir-
cumstances of the death—to correctly deduce whether or
not drugs factored in a person’s demise. The drugs may
have played a primary role in a death and may therefore
be listed as the cause of death. Alternatively, the drugs
may have played a minor role in the death and will there-
fore be listed as a contributory condition. Finally, an indi-
vidual may have died with the drugs in their system, and
not from them, and the drugs played no role in the cause
of death.

Summary of clues at autopsy that the person
may have died of a drug overdose

• “Foam cone” over nose and/or mouth
• Colorful discoloration of lips, tongue, oral mucosa, or

stomach
• Granular, grainy, or pasty pill material in mouth

and/or stomach
• Pills in stomach
• Pulmonary congestion and/or edema (heavy lungs,

often greater than 500 to 600 grams each)
• Frothy fluid in bronchi and trachea
• Mucus in bronchi
• Increased amount of urine in urinary bladder (often

greater than 100 to 200mL)

Do

• Perform a complete autopsy and collect all blood and
tissue specimens appropriate for the case in suspected
drug toxic deaths.

• Realize that if the dying process is prolonged, a
person may metabolize a fatal level of drug to near-
normal levels.

• Realize that the decomposition process may create 
artifactual amounts of substances, including ethanol,
acetone, and isopropanol.

• Consider GHB, arsenic, cyanide, and other drugs 
that may not be routinely detected, in appropriate
cases.

• Be aware that certain drugs may not be detected by
your laboratory—talk with your toxicologist!

• Realize that even if no single drug is detected at a fatal
level, a combination of drugs will often prove fatal by
their additive effects.

• Remember that relatively low levels of certain drugs
such as cocaine and methamphetamine may indicate
a toxic death—outright overdoses of these drugs are
uncommon.

Don’t

• Forget that postmortem redistribution and other post-
mortem phenomena may affect blood drug levels.

• Forget to interpret drug levels in the context of the
entire case. A toxic drug level may not be the cause of

death in one case, whereas in another case, a seem-
ingly innocuous drug level may be the cause of 
death.

• Forget the potential value of a sequestered hematoma
for retaining ethanol and drugs.

• Forget that certain drugs and poisons will not be
detected on routine drug screening.

• Forget to consider poisoning in certain suspect
cases—many cases of poisoning will not be detected
if poisoning is not suspected.
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Structural deaths such as blunt force injuries, gunshot
wounds, or ruptured myocardial infarcts are fairly easy
to identify and characterize. However, people may also
die functional deaths, with little or no anatomic correlate to
explain their demise. In these cases, the most common
mechanism of death is believed to be cardiac dysrhyth-
mia. Examples of these deaths in the psychiatric setting
include idiosyncratic reaction to a drug of abuse or 
prescribed medication, or death resulting directly from a
psychiatric condition. As such, these types of deaths are
difficult, if not impossible, to identify based on autopsy
examination alone, and they often require a detailed case
investigation, including medical and psychiatric histo-
ries, medication history, analysis of behavioral patterns,
toxicology, and scene investigation. Such conditions
include neuroleptic malignant syndrome, serotonin 
syndrome, lethal catatonia, and excited delirium. Because
many of the symptoms of these conditions overlap, even
after a detailed investigation, it may not be possible to
identify a specific diagnosis. Additionally, these condi-
tions are similar in that they are believed to result from a
disruption of the dopaminergic systems in the brain,
whether due to a fluctuation in the level of the dopamine
neurotransmitter and/or an increased or decreased 
sensitivity/number of dopamine receptors.

This chapter also discusses cases in which an individ-
ual with underlying medical disease suddenly collapses

and dies shortly after being scared or having his life
threatened. In these cases, the overwhelming acute emo-
tional response to sudden and intense fear precipitates a
sudden death.

Conditions with aberrant dopamine 
homeostasis

Neuroleptic malignant syndrome
Neuroleptic malignant syndrome (NMS) is a rare and
sometimes fatal adverse drug reaction that has been
reported with a wide range of antipsychotic medi-
cations including phenothiazines, butyrophenones,
thioxanthenes, benzamides, and specific drugs such as
clozapine, loxapine, and risperidone.1,2 Virtually all 
neuroleptics are capable of inducing this syndrome.3 It
was first described in the 1960s after the introduction of
neuroleptic medications2,4 and is not necessarily an over-
dose of medication or related to duration of exposure to
a medication, but rather appears to be an idiosyncratic drug
reaction.1 It may be precipitated by dehydration,3,5 agita-
tion, and exhaustion.1,5 In NMS, the symptoms are 
variable, but usually include hyperthermia (up to 106
degrees Fahrenheit), rigidity, alterations in conscious-
ness, and autonomic instability.1,3,5 Laboratory studies
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usually include elevated white blood cell count and
increased creatinine phosphokinase.1,3,5

Although it is not understood why NMS affects such
a small percentage of patients taking antipsychotic 
medications, it appears to involve blockade or otherwise
impairment of central dopaminergic systems in the
brain.3,5–9 It is not necessarily related to the administra-
tion of a new medication or to an increased dose of a
medication. NMS has an unpredictable onset and course,
ranging from relatively benign and self-limited signs and
symptoms to fatal consequences.3,5 Death is usually asso-
ciated with respiratory failure, coma, dysrhythmias, and
cardiovascular collapse.1,3,6,8,9 The mortality rate of NMS
has been estimated at 10 to 20 percent.9 Some antipsy-
chotic medications have been shown to increase the risk
of sudden cardiac death, possibly by prolonging the QT
interval or by inducing early depolarization of the heart
rhythm.10 Because there is no proven treatment for NMS,
treatment is supportive3 and includes withholding 
neuroleptic medications. Patients usually recover within
2 weeks.3,5

Autopsy findings in NMS are nonspecific and depend
on the duration of survival. These findings are similar to
those expected in deaths related to other fatal psychiatric
conditions. If the death is rapid, there are usually no
anatomic findings. If the death occurs after prolonged
hospitalization, the autopsy may show sequelae of mul-
tisystem organ failure. Therefore, the diagnosis of NMS, like
that of other fatal psychiatric conditions, rests largely on the
clinical and investigative information, including the person’s
psychiatric history, behavior, medical records, and laboratory
testing. The autopsy is useful in ruling out other more
convincing causes of death and in detecting contributory
conditions. Toxicology testing is useful to document the
presence or absence of medications and drugs of abuse.

Serotonin syndrome
Serotonin syndrome (SS) is an uncommon and rarely
fatal adverse drug reaction that may result from the 
concurrent use of drugs that enhance serotonin activity,
such as selective serotonin-reuptake inhibitors (SSRIs),
monoamine oxidase inhibitors (MAOIs), tricyclic antide-
pressants (TCAs), tryptophan, and meperidine, alone or
in combination.5,11 In many cases, the person had been
taking two or more drugs known to increase the activity
of serotonin. In most new cases of SS, symptoms begin
within hours or days after a new drug is added or there
is an increase in the dose of a drug already prescribed.5,9

Serotonin syndrome is believed to result from drug toxicity
related to hyperstimulation of the serotonin receptors in the
brain and spinal cord, as opposed to the idiosyncratic drug
reaction theorized for NMS.9

The clinical presentation is similar to that of NMS 
and includes symptoms such as diaphoresis, agitation,
shivering, extrapyramidal signs, mental status changes,
low-grade fever, anorexia, diarrhea, and autonomic

instability.5,9,11,12 It usually has a benign, self-limited
course with an uneventful resolution once the inciting
medication has been discontinued;9 however, it can
potentially lead to rhabdomyolysis, seizures, autonomic
instability, and rarely death.5,9,11 Autopsy findings, as in
NMS and other fatal psychiatric conditions, are 
nonspecific.

Lethal or “malignant” catatonia
Lethal or “malignant” catatonia is a rare and unusual,
sometimes fatal variant of catatonia that is known by a
variety of different names. It has also been known as
Bell’s mania, manic delirium, delirious mania, deadly
catatonia, exhaustion death, exhaustion psychosis, and
fulminating psychosis.7,13 It is generally characterized by
the acute onset of insomnia and anorexia followed by
delusions, confusion, intense motor activity, and hyper-
thermia.8,14 These symptoms are quickly followed by
muscular rigidity, dehydration, stupor, autonomic insta-
bility, coma, and death.2,3,8,14 Although this syndrome has
features similar to NMS and SS, it is distinct in that it occurs
in patients without prior exposure to any predisposing med-
ications. In fact, it has been well described in psychiatric
patients in the 19th century, long before the advent of
neuroleptics and other predisposing medications.8 Cases
of individuals exhibiting the typical acute onset of hyper-
thermia (104 to 110 degrees Fahrenheit), agitation, and
delusions leading to death are reported in the older psy-
chiatric literature and have been termed acute exhaustive
psychosis15 or exhaustive syndrome.15 In the era before the
availability of neuroleptic medications, lethal catatonia
was fatal in 75 to 100 percent of cases.7

Since the 1950s, lethal catatonia has to a large extent
disappeared from the medical literature.16 This coincides
temporally with the case publication of the death of a
person with the typical clinical scenario of lethal catato-
nia, but whose death was attributed to chlorpromazine.17

Since that time, many of the lethal catatonic-type deaths
have instead been attributed to medication reactions
such as NMS, which has gained in popularity.16 It is pos-
sible that some, if not many or all, cases of NMS may
actually be cases of lethal catatonia in which the person
is coincidentally taking medication(s) that are believed
to be causing the condition, or the preexisting condition
is made worse with the consumption of medication.14,16,18

The symptoms of NMS, SS, and lethal catatonia overlap
substantially, and it is often difficult to differentiate the
conditions.14,18 Some authors believe that NMS and SS are
subtypes of catatonia or are all within the spectrum of 
a single disorder9, which may include delirious mania
and catatonic excitement.19 It has been proposed that
neuroleptic-induced catatonia may lead to NMS, just as
psychogenic-induced catatonia may terminate in lethal
catatonia.20 Regardless, lethal catatonia is a unique disorder
in that it is a neuropsychiatric condition causing potentially
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life-threatening medical sequelae.14 The challenge in its 
diagnosis rests largely on the medical and psychiatric
history, detailed behavioral events preceding the death,
and medication use/drug abuse. Autopsy findings are
nonspecific.

Excited or “agitated” delirium
The characteristics of lethal catatonia overlap substan-
tially with those of fatal excited delirium (also known as
agitated delirium). Excited delirium is a distinct disorder
and is characterized by the acute onset of violent and
bizarre behavior such as incoherent shouting, para-
noia, combativeness, hyperactivity, aggression, and the
demonstration of extreme strength that is quickly fol-
lowed by sudden death.21 It has been known for many
years that sudden death may occur in agitated, manic
people, and in some cases it is believed to reflect an acute
exacerbation of a chronic psychosis.22 In these cases, the
mechanism of death has been postulated to be neur-
ally mediated cardiac arrest.22 The excited or “agitated”
delirious state may arise solely as a complication of a
psychologic illness. It may arise in those with psychiatric
illness who are also abusing cocaine, or it may occur in
a mentally healthy person who is abusing cocaine (a 
condition termed cocaine psychosis). Excited delirium
may also occur in those abusing methamphetamine.

Although many of the symptoms of excited delirium
are shared with NMS, in recent publications, the victims
in these deaths often are characterized as young men
with a history of chronic cocaine abuse,23,24 who have a
toxicologic screen that is positive for cocaine.21,23 In this
scenario, the blood cocaine level is usually low, and it is
not unusual for excited delirium to follow a brief period
of drug abstinence.24 In a review of 61 excited delirium
deaths (55 in police custody), the victim tended to be 
a young man averaging 220 pounds, with a body 
temperature of around 104 degrees Fahrenheit and a
heart weight of 405 grams.25 Many victims have rectal
temperatures higher than 104 degrees Fahrenheit.21

Rhabdomyolysis may develop, and it is believed that
hyperthermia and hyperactivity have important roles in
its development.23 In drug-related cases, death is not due
to a cocaine overdose. Rather, it is theorized that recent
cocaine use has an adverse effect on dopaminergic func-
tion (which has likely already been compromised by
chronic cocaine use), leading to idiosyncratic dopamine
activity in the central nervous system.21,23,26,27 Because
both cocaine and NMS involve abnormal dopamine
activity, it has been proposed that psychiatric patients
being treated with neuroleptic medications may be at a
higher risk of developing NMS if they also abuse
cocaine.6 Whatever its cause, once in progress, the 
agitated delirium event may not be reversible.24

The differential diagnosis of such a hyperthermic 
condition includes environmental heatstroke and 

malignant hyperthermia. The diagnosis of heatstroke
will usually be apparent from the environmental cir-
cumstances surrounding the death. However, neurolep-
tic medications may help predispose to heatstroke via
anticholinergic properties that block sweating and heat
dissipation,2 and also via antidopaminergic properties
that may impair the ability of thermoregulation.2

Malignant hyperthermia occurs in the hospital setting in
genetically susceptible people soon after halogenated
inhalational anesthetics and depolarizing muscle relax-
ants are administered for operative purposes. Regardless
of the etiology of the hyperthermia or suspected hyper-
thermia, it is advantageous to obtain a core temperature
at the time of death or as close to the time of death as
possible.

Autopsy findings in individuals dying of these disor-
ders are nonspecific or normal, and one will not be able
to diagnose or differentiate among these various disor-
ders based on the autopsy findings alone. Diagnosis 
and differentiation of these disorders requires not only
knowledge of them, but also detailed information
regarding the person’s medical history, medications,
drug abuse history, toxicology results, and behavior 
preceding death.

Although the exact neurochemical changes occurring
in these syndromes/conditions are not known, the neu-
rotransmitter dopamine (and/or its receptors) is impli-
cated as a probable area of irregularity in all of them,
because all of the conditions share hyperthermia and
autonomic dysfunction, and dopamine is involved in
hypothalamic thermoregulation and maintenance of the
autonomic system.14,21 In particular, cocaine abusers have
been shown to have altered dopamine homeostasis,27

and in particular, altered dopamine transport function.26

If neurochemical studies are desired or anticipated, fresh
brain may be collected at autopsy and frozen. Areas of
particular interest in neurochemical studies in cocaine-
related deaths include the substantia nigra and anterior
sections of the corpus striatum to include the nucleus
accumbens.24 This should be done within 24 hours of
death or sooner, if possible.24

Schizophrenia

Schizophrenics appear to have an increased mortality
estimated to be approximately twice that of the general
population.28 Schizophrenics most often die of natural
disease processes, especially atherosclerotic cardiovascu-
lar disease.29 However, sometimes despite a detailed
investigation with complete autopsy and toxicologic
examination, no convincing cause of death can be deter-
mined. In these select cases, schizophrenia per se may be
the cause of death. In these cases, death may be related to
altered autonomic physiology, possibly combined with inter-
actions with psychotropic medications.30

505



Acute psychiatric and emotional deaths

Stress deaths

Emotional stress
Severe emotions can elicit powerful physiologic
responses31 that may occasionally precipitate a sudden
and unexpected death. Emotional stress and fear can and
do have an effect on the heart, and it has been shown that
the heart and the central nervous system are neurally
linked, providing an avenue to help explain a relation-
ship between brain activation of unbalanced autonomic
function and arrhythmias ending in sudden cardiac
death.32 Both parasympathetic and sympathetic nerves
innervate the heart, with a complex interaction of
impulses contributing to the cardiac plexus and influ-
encing the arrhythmogenicity of the myocardium.32–35

Arrhythmias may arise secondary to an overactivity 
of the sympathetic nervous system, or subsequent to
rapid shifts between sympathetic and parasympathetic
effects.36 This may be related to the ability of the sympa-
thetic system to lower the threshold for ventricular 
fibrillation.31 Nervous system structures believed to be
involved in the cardiac–neural pathways include the
vagus nerve, nucleus ambiguus, tractus solitarius,
medulla, dorsal root ganglia of the upper thoracic 
spinal cord, and numerous other structures.32,33,35

Some neural structures including the amygdala, insular
cortex, hippocampus, and temporal pole have been
shown to induce cardiac dysrhythmias when stimulated
under experimental conditions.33 Indeed, it is a complex
and incompletely understood anatomy, but the final
common outputs to the heart are innervated by innu-
merable and varied nerve fibers that crisscross the brain-
stem and connect to the hypothalamus and insular
cortex.32

Cardiac–neural interactions may help explain not only
the deaths of individuals collapsing following a severely
stressful, fearful, life-threatening, or otherwise emotion-
ally charged event, but also the sudden deaths of some
individuals with seizure disorders or subarachnoid 
hemorrhage.

Natural disease
Physical exertion, particularly if intense, may predispose
a person to a sudden and unexpected death because 
of increased sympathetic activity. This in turn causes
increased levels of norepinephrine and epinephrine, and
an increase in heart rate and blood pressure, with resul-
tant increased myocardial oxygen demand. In the setting
of heart disease, this can precipitate a fatal dysrhythmia.
However, the person may also be at increased risk of a
dysrhythmia for a short period of time after the physical
exertion has ended, while she is in the recovery period.
This may be related to the fact that levels of norepi-
nephrine and epinephrine continue to increase in the
immediate postexertion period, attaining levels that are

up to 10 times higher than normal,37 further stressing the
heart. There is also evidence that emotional stress alone
may precipitate cardiac dysrhythmias and lead to
sudden cardiac death under some circumstances. Mental
stress such as anger, fear, and anxiety increase sym-
pathetic output and can produce significant increases 
in heart rate and blood pressure, leading to increased
myocardial oxygen demand.38,39 The reaction to this
stress may then precipitate a fatal dysrhythmia, particu-
larly in those with significant heart disease such as
severe coronary artery atherosclerosis or cardiac hyper-
trophy.38 Sudden death may also occur in those without
significant detectable heart disease.40–42 A review of
autopsies performed on individuals dying following an
assault, but with no clearly fatal physical injury, has
shown myofibrillar degenerative changes in the cardiac
myocytes, particularly in a subendocardial location.43

The term human stress cardiomyopathy has been applied to
these histologic changes, which are believed to represent
the mechanism of death in such individuals.43 In such
cases, the stress associated with the assault or simply the
fear of severe injury may precipitate catecholamine
release and stress the myocardium into fatal 
dysrhythmia.

Homicide by heart attack?
Can sudden cardiac death be murder? Because the
central nervous system and heart are neurally linked, it
is not surprising that severe acute emotional events such
as fear for one’s life or safety may precipitate alterations
in cardiac physiology ranging from tachycardia and
increased blood pressure to dysrhythmias and sudden
death.31,44 In fact, it is possible for a person to be “scared
to death”; if this should happen as a result of a crime, the
death may be considered a homicide, even though no
physical injuries were inflicted.44–46 Sudden cardiac death
may be considered murder in certain situations, such as
the sudden collapse and death of a victim who has just
been robbed or had a gun placed to his head. In these
cases, Davis45 has published a list of criteria to be satis-
fied to create a link between the criminal act and the
death of the victim of the crime. The criteria established
by Davis are as follows:

1. The criminal act should be of such severity and have
sufficient elements of intent to kill or maim, either in
fact or statute, so as to lead logically to a charge of
homicide in the event that physical injury had ensued.

2. The victim should have realized that the threat to per-
sonal safety was implicit. A logical corollary would be
a feared threatening act against a loved one or friend.

3. The circumstances should be of such a nature as to be
commonly accepted as highly emotional.

4. The collapse and death must occur during the 
emotional response period, even if the criminal act
had already ceased.
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5. The demonstration of an organic cardiac disease
process of a type commonly associated with a predis-
position to lethal cardiac arrhythmia is desirable.

Minor modifications of criteria numbers 1, 4, and 5 have
been suggested by Turner et al.46:

1. The action of the perpetrator toward the victim
should be of such severity and have sufficient ele-
ments of intent to frighten, injure, or kill, either in fact
or statute, so as to lead logically to a charge of homi-
cide in the event that death resulted from physical
injury.

4. The collapse (and subsequent death, in most cases)
must occur during the emotional response period,
even if the criminal act had already ceased. In certain
instances, death may be delayed, typically via medical
intervention.

5. Autopsy should demonstrate an organic cardiac
disease process of a type commonly associated with a
predisposition to lethal cardiac arrhythmia. In the
absence of a grossly or microscopically identifiable
organic cardiac disease, the case may involve a func-
tional cardiac disorder (such as a conduction system
disorder) that has no anatomic correlation.

In these cases, the death is sudden and most likely due
to a lethal dysrhythmia. Although most cases have sig-
nificant heart disease, some have normal-appearing
hearts.44 In cases where there is no demonstrable cardiac
pathology, one may also consider acute vasospasm of a
coronary artery that precipitated a dysrhythmia.44

An example of such a case of homicide by heart attack
may be the homeowner who is tied up during a home
invasion with a gun pointed at his face in a threatening
manner, and who then develops chest pain and becomes
unresponsive minutes after the attackers leave, without
being physically injured. In general, in order for the
crime to be linked to the death, the onset of the victim’s
symptoms must be during or shortly after the emotion-
ally charged period when the crime is committed. The
victim’s symptoms or marked distress are then continu-
ous without recovery until he dies. However, the longer
the duration of time after the criminal act has ended and
the onset of symptoms and collapse of an individual, the
less likely it is that the person’s demise can be attributed
to the criminal act. Also, the link between the crime and
the death is not as strong or may be invalid if there is
evidence of complete recovery at some point following
the commission of the crime until the death.

In these cases, with appropriate investigation, the
emotionally charged nature of the crime alone may 
be enough of an insult to establish the link between 
the crime and the sudden cardiac death of the victim.
However, the emotional response may be complicated by
additional factors such as physiologic stress of exertion,
and minor or sublethal physical injuries sustained

during an altercation, which would enhance the argu-
ment supporting the link between the crime and the
death of the victim.46

Do

• Consider neuroleptic malignant syndrome, serotonin
syndrome, excited delirium, and lethal catatonia in
cases of acute psychiatric deaths with no significant
autopsy findings.

• Perform toxicology in acute, unexpected psychiatric
deaths.

• Realize that cocaine and methamphetamine can be
associated with excited delirium.

• Consider complete case investigation information
before attributing a sudden cardiac death to a threat-
ened assault.

Don’t

• Forget that schizophrenia may occasionally be a cause
of death, if there are no more convincing causes of
death.

• Forget the important role that prescription medica-
tions may have in psychiatric deaths.
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Pregnancy is accompanied by unique physiologic
changes geared toward accommodating and delivering
the growing fetus, followed by recovery and a return to
the pregravid state. These physiologic changes include
increased blood volume and cardiac output, ventricular
dilatation, a decreased systemic vascular resistance, and
an increase in blood coagulation.1–3 In most instances, the
body is able to adapt to these changes, and the pregnancy
from conception through the postpartum period is
without major medical complications. However, severe
life-threatening pregnancy-related complications do
arise that may lead to death of the mother. Maternal mor-
tality is defined as the death of a woman during preg-
nancy or up to 5 months after delivery. On average, there

are 9 maternal deaths for every 100,000 live births in the
United States. Two of the most common complications
presenting as sudden and unexpected maternal death
are embolic in nature: pulmonary artery thromboem-
bolism from deep venous thromboses of the leg and/or
pelvic veins, and amniotic fluid embolism.

There are many other complications of pregnancy that
can be fatal, including peripartum cardiomyopathy, 
vascular dissections, intracerebral hemorrhage, uterine
rupture, various types of thrombotic microangiopathy,
and preeclampsia/eclampsia/HELLP syndrome. Mater-
nal and fetal effects of trauma and drug abuse are also
discussed.



Pregnancy

Pulmonary artery thromboemboli
Pulmonary artery thromboembolism is the leading cause
of maternal mortality in the United States. Awoman’s like-
lihood of venous thromboses is increased five times
during pregnancy.4,5 All three of Virchow’s classic condi-
tions that predispose to vascular thrombosis (vascular
trauma, venous stasis, and hypercoagulability) are
present in pregnancy. Vascular trauma occurs to some
extent during both vaginal and operative delivery. Venous
stasis occurs during pregnancy because the venous
system dilates, and blood flow in the leg and pelvic veins
is slowed by compression by the gravid uterus.6 Venous
stasis may be augmented by immobility associated with
bedrest. A state of hypercoagulability is induced by
increases in certain clotting factors (including fibrinogen
and factors II, VII, VIII, and X) and decreases or variable
changes in some components of the fibrinolytic and anti-
coagulant systems (factor XI and others).2,7 The state of
hypercoagulability in pregnancy serves to protect the
woman from life-threatening bleeding during delivery,
but, unfortunately, also helps predispose to venous
thromboses and potential pulmonary artery thromboem-
bolism. This increased coagulability is particularly signif-
icant if the woman has an underlying mutation in the
prothrombin or factor V Leiden genes.8 The risk of pul-
monary artery thromboembolism is increased both in the
antepartum and postpartum periods.6 Overall, pregnancy
initiates a hypercoagulable state that spans a period of
approximately 10 to 11 months.6 The state of hypercoagu-
lation is only temporary, and will normalize approxi-
mately 2 months after delivery.2 The overall risk of venous
thromboembolism in pregnancy is estimated at 1 : 1000 to
1 :2000.9 The risk of pulmonary artery thromboembolism
is increased in the postpartum period and is several times
as common following a cesarean section delivery than a
vaginal delivery.4,9 Additional factors that may increase
the risk of deep venous thrombosis in pregnancy include
obesity and immobility.

A young mildly obese (5 feet tall, 170 pounds) woman
was 12 weeks pregnant and otherwise healthy when she
was witnessed to pass out. She was taken emergently to
the hospital, but was dead on arrival and could not be
resuscitated. At autopsy, she had large thromboemboli
occluding the proximal segments of her pulmonary
arteries. Thrombi were identified in her uterine veins. No
deep venous thromboses were detected in her legs.

In this lung (Images 23.1 and 23.2), note the large
thromboemboli occluding the main pulmonary arteries.
True pulmonary artery thromboemboli must be distin-
guished from postmortem blood clots. Postmortem
blood clots may have a “layering out” of the red blood
cells from the plasma, and this is evident as a two-toned
color of the clot, with maroon on one side and tan/white
on the other (Image 23.3, right side). Alternatively, it may

simply be soft and maroon. Also, the postmortem blood
clot is typically soft, shiny, smooth, and easily falls apart
with handling. An antemortem clot, in contrast, is often
coiled upon itself within the pulmonary artery. It classi-
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cally has a maroon, fibrinous surface and relatively
uniform maroon color on cross section (Image 23.3, left
side). It is firmer than its postmortem counterpart and
maintains its shape more readily.

When pulmonary artery thromboemboli are sus-
pected, it is advantageous to eviscerate the thoracic
organs oneself to more adequately identify large throm-
boemboli as they fall out of the transected hilar blood
vessels. Once pulmonary artery thromboemboli are
detected, their origin can be verified by dissecting the legs
and identifying thrombi in the deep veins. On occasion,
deep venous thrombi will not be identified in the legs, but
instead may have arisen in the pelvic/uterine veins.

Amniotic fluid emboli

Amniotic fluid embolism may cause sudden and unex-
pected death during labor and shortly after delivery.
Although it has a mortality rate approaching 80 percent,
it is rare, occurring in approximately 1 in 25,000 deliver-
ies. It is unpredictable, unpreventable, and untreatable.
There are no convincing identifiable risk factors in the
mother or the fetus, and it usually presents as a sudden
onset of dyspnea and hemodynamic collapse during
labor.

Pathogenesis
Amniotic fluid embolism arises from a disruption of the
barrier between the amniotic fluid and the maternal
venous circulation. The complete pathogenesis of amni-
otic fluid embolism is unknown, but amniotic fluid is
believed to enter the maternal circulation through a tear
in the placental membranes and tissue tears in the lower
uterine segment. Unfortunately, these tears in the uterus
and/or cervix are frequently not demonstrable at
autopsy. The amniotic fluid then travels to the lungs via
the maternal venous circulation where it becomes lodged
in the pulmonary arteries. The postmortem diagnosis
depends on the histologic detection of fetal material
within the maternal pulmonary arteries. The mechanism
of death is not convincingly known, but is probably
related to a combination of factors including reflex vaso-
constriction and bronchoconstriction, likely in reaction to
a vasoactive substance, and physical obstruction of the
pulmonary microvasculature.10–13 If the woman survives,
she is likely to develop a severe consumptive coagu-
lopathy.14

Evidence of amniotic fluid embolism can be obtained
antemortem via the demonstration of fetal squamous cells
in blood drawn through a pulmonary artery catheter.
Postmortem diagnosis rests on the histologic examination
of the lungs, with the demonstration of fetal squamous
epithelial cells, lanugo, meconium, and/or mucin in pul-
monary arteries.10,12,13,15 The mucin is from the fetus’s
intestinal tract.

A young pregnant woman became dyspneic and
hypotensive during delivery. She soon became unre-
sponsive and died despite aggressive resuscitation
efforts. Amniotic fluid embolism was suspected. At
autopsy, examination of the lung slides showed scattered
pulmonary arterioles packed with squamous cells and
some inflammatory debris (Image 23.4). Note the
absence of nuclei in these cells, characteristic of desqua-
mated fetal squamous cells. One must not confuse autolytic
desquamation of the maternal pulmonary artery endothelial
cells with embolized squamous cells. A useful hint to distin-
guish the two is that endothelial cells usually have nuclei,
whereas the squamous cells usually do not.16 Note the nuclei
identified in the two sloughed endothelial cells in this
same case (Image 23.5). Also, one may perform immuno-
histochemical staining with cytokeratin, which will stain
squamous cells (Image 23.6), but will not stain endothe-
lial cells.

Note the hair (lanugo) in another pulmonary arteriole
(Image 23.7). Mucin is frequently present in cases of
amniotic fluid embolism, but may be difficult to demon-
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strate, because it does not stain with routine stains. One
may be suspicious of mucin if the pulmonary arteri-
oles have a clear, distended appearance with scattered
inflammatory debris. The mucin can be confirmed by
performing an Alcian blue stain, which will stain the
mucin blue (Image 23.8). Alternatively, a mucin stain
could be used. Components of amniotic fluid can be
identified in uterine and cervical veins. Note the mucin
identified by Alcian blue stain in a uterine vein in the
same case (Image 23.9).

Venous air emboli

Venous air embolism may occur during sexual activities
(such as oral–vaginal sex), during a cesarean section
delivery, as a consequence of attempted abortion, or
during douching. The air emboli are believed to occur
when a relatively large amount of air enters the dis-
tended uterine/cervical veins and travels to the right
side of the heart, where it creates an “air lock,” prevent-
ing the adequate flow of blood through the heart. Detec-

tion at autopsy is best accomplished by opening the heart
underwater and observing air bubbles emanating from
the heart. Also, a chest x-ray performed before the
autopsy may demonstrate air (present as a translucent
region) in the right side of the heart.

A young woman died as a result of an attempted
illegal abortion. A chest x-ray performed before autopsy
documented an air embolism (Image 23.10). Note the
large region of radiolucency in the right side of the heart.
Although this was a case of an illegal abortion, deaths
can also complicate therapeutic abortions. Such compli-
cations most commonly include hemorrhage, infection,
pulmonary emboli (thrombotic, amniotic, and air), and
anesthetic complications.17 In 1983, anesthetic complica-
tions had increased to become the most common fatal
complication in legal abortions.17

With the advent of improved health care and aware-
ness, deaths from septic abortions have decreased.
However, sepsis is still a potential complication of abor-
tion when the woman survives for an extended period
of time, and may be due to a number of factors includ-
ing uterine perforation and retained products of concep-
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tion.18 Delays in treatment allow for the development of
bacteremia, pelvic abscess, disseminated intravascular
coagulation, septic shock, and death.

Peripartum cardiomyopathy

Peripartum cardiomyopathy is an uncommon condition,
estimated to occur in 1 out of every 3,000 to 4,000 live
births, that may cause sudden and unexpected death in
a woman without any previous indications of heart
disease.19 It may first present from the last month of preg-
nancy up to the first 6 months postpartum,19 but has a
peak incidence around the second month postpartum.
Peripartum cardiomyopathy has a higher incidence in
older, black, multiparous women. It has a 25 to 50 percent
mortality and its cause is unknown, although it may
reflect an unmasking of underlying, previously unrec-
ognized heart disease because of the hemodynamic
stresses of pregnancy. Alternatively, it may be secondary
to viral or autoimmune reactions.19–21 In these cases, the
heart has nonspecific findings such as gross dilation 
of all chambers (mural thrombi may be present) and 
a varied microscopic appearance including myocyte
hypertrophy, interstitial fibrous tissue, and scattered
inflammatory cells.20,21 Sudden death is usually attrib-
uted to arrhythmia or thromboembolism.20

A middle-aged woman with no significant medical
history was found dead at home approximately 2 weeks
following delivery of her baby. While at home, she had
developed swelling in her hands and feet. At autopsy,

her heart was nonspecifically dilated and weighed 470
grams. Histologic examination of the heart was unre-
markable. The cause of death was attributed to peripar-
tum cardiomyopathy.

Pregnancy and the long QT syndrome

Long QT syndrome is a cardiac conduction abnormality
characterized by a disorder of cardiac repolarization. It
has been implicated in the sudden deaths of individuals
in whom no structural cause of death can be determined
at autopsy and no other cause of death can be deter-
mined. Pregnancy appears to be a risk factor for adverse
effects resulting from the long QT syndrome. In one
study, it has been shown that women with hereditary
long QT syndrome have an increased risk for cardiac
events for up to 40 weeks in the postpartum period.22 In
these cases, the term cardiac events refers to syncope,
aborted cardiac arrest, and long QT syndrome–related
deaths. It is not known precisely why there appears to
be an increased risk of postpartum cardiac events, but it
is likely related to the physiologic changes accompany-
ing pregnancy.

Coronary artery dissection and 
aortic dissection

Acute myocardial infarction is rare in young women, but
may complicate approximately 1 :10,000 pregnancies,
typically affecting those older than 33 years and in their
last trimester.23 In a review of 125 cases of myocardial
infarction during pregnancy, Roth and Elkayam23 found
that when the coronary arteries were studied, either by
angiography or at autopsy, 43 percent of patients had
coronary atherosclerosis with or without thrombosis, 
21 percent had only a coronary artery thrombus, 16
percent had a coronary artery dissection, and 29 percent
had normal coronary arteries.2 Significant alterations in
maternal coagulation parameters to induce hyper-
coagulation likely help precipitate thrombus formation,
perhaps initiated by coronary vasospasm.23 Coronary
artery dissection is rare and seems to predominate in the
immediate postpartum period.

Pregnancy is a known risk factor for aortic dissection,
and it has been estimated that up to half of all aortic dis-
sections reported in women less than 40 years old occur
either during pregnancy (usually in the third trimester)
or in the puerperium.24,25 The mechanism through which
pregnancy may lead to coronary artery dissection is not
convincingly known, but may be related to hormonally
mediated biochemical and histologic changes that occur
in the arterial walls during gestation. These changes may
include fragmentation of reticulin fibers, a decrease in
acid mucopolysaccharide, and decreased collagen syn-
thesis.23,26,27 As such, arterial dissections are not limited
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to the coronary artery, but may also involve virtually any
other artery, including the aorta and cerebral arteries.

A young woman had no previous medical history
when she delivered her full-term baby. Three days later,
she developed chest and back pain and became unre-
sponsive. At autopsy, she had large hemothoraces and a
ruptured aortic dissection. Note the tear in the aorta
(Image 23.11). Microscopically, note the recent dissection
in the wall of the aorta (Image 23.12). The elastic laminae
and the other morphologic features of the aorta appeared
unremarkable. She also had a ruptured dissection of her
left main coronary artery, which caused extrinsic com-
pression of the artery (Image 23.13). Morphologically, the
wall of the coronary artery appeared otherwise unre-
markable. There was no indication of elastic tissue abnor-
mality or inflammation in the aorta or coronary arteries.

Intracerebral hemorrhage

The postpartum state (but not pregnancy itself) appears
to be a slightly increased risk factor for stroke, at least for
the first 6 weeks or so after delivery.28 The strokes are 
heterogeneous and can be either ischemic or hemor-
rhagic.28,29 In some cases, an etiology such as a ruptured

arteriovenous malformation may be identified, or the
strokes occurred in women who had hypertensive
disease related to the pregnancy (such as preeclampsia
and eclampsia). In fact, intracerebral hemorrhage is the
most common cause of death in the eclamptic patient
and is identified in up to 60 percent of all deaths associ-
ated with eclampsia. In general, the incidence of intra-
cerebral hemorrhage tends to increase with increasing
maternal age and in those with hypertension. Much of
the time, however, the etiology of the postpartum stroke
is not known and it is not preventable.28,29

This young woman was doing well at home following
an uneventful labor and delivery. Approximately 5 to 6
weeks postpartum, she developed a severe headache. At
the hospital, a large intracerebral hemorrhage was iden-
tified on imaging studies. Toxicology studies were nega-
tive. She died without any neurosurgical intervention. At
autopsy, there was a large lobar hematoma in the frontal
lobe white matter (Image 23.14). Numerous sections
were examined microscopically, and no evidence of 
vascular malformation or other vascular pathology, neo-
plasm, infection, or initiating factor could be identified.
This case represents a spontaneous intracerebral hemor-
rhage in the puerperium.
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An uncommon but recognized cause of stroke during
pregnancy or in the puerperium is a venous infarct due
to thrombosis of a cerebral dural sinus.30–32 Most com-
monly, the superior sagittal sinus is affected.32 Although
it may occur at any time during pregnancy, it is much
more common in the puerperium.32 In one study, of 67
pregnancy-related thromboses of a cerebral sinus, 5
occurred during pregnancy and 57 occurred in the puer-
perium (21 in the first week after delivery, and 36 in
weeks 2 and 3 after delivery).32 Its etiology is likely mul-
tifactorial, including the hypercoagulable state that is
associated with pregnancy (see earlier discussion on pul-
monary artery thromboemboli), possible protein S defi-
ciency, and dehydration.32

A young woman was doing well at home following an
uneventful delivery. During postpartum weeks 5 and 6,
she developed a headache and was hospitalized. She was
diagnosed with a thrombosis of her superior sagittal
sinus. She developed hypoxic-ischemic encephalopathy
and died. At autopsy, thrombosis of the superior sagittal
sinus was verified.

Hemoperitoneum

If hemoperitoneum is encountered in a pregnant woman,
one should consider a uterine rupture, a ruptured
hepatic subcapsular hematoma, or a ruptured splenic
artery aneurysm. One must also consider a ruptured
ectopic pregnancy, which will likely present in the first
trimester of pregnancy. A missed ectopic pregnancy is a
potential complication of a therapeutic abortion when
the evacuated tissue is not examined for chorionic villi
or fetal tissue (which would confirm an intrauterine
pregnancy).33

Splenic artery aneurysm rupture

Although rare, ruptured splenic artery aneurysms are
most common in the third trimester of pregnancy and
have a high mortality.34 Most are saccular and are located
within an inch or two of the splenic hilum. Their cause
is not known, but may be congenital in nature, exacer-
bated by the physiologic changes of pregnancy, includ-
ing hormonal changes and increased cardiac output.
Like cerebral artery saccular aneurysms, splenic artery
aneurysms may be small and difficult to identify, and
their identification may require not only the foresight to
consider the diagnosis, but also a careful dissection of the
entire splenic artery.

Uterine rupture

Uterine rupture is a full thickness tear through the wall
of the uterus that must be distinguished from uterine
dehiscence. In most cases, uterine dehiscence is an
asymptomatic bloodless partial thickness tissue separa-
tion through an area of scar tissue—most likely associ-
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ated with prior cesarean section. Uterine dehiscence may
occur in a woman with a prior cesarean section during
subsequent vaginal delivery. It may also occur at repeat
cesarean section delivery in women who have not
labored. Uterine rupture can be a catastrophic event for
both the mother and the fetus. Approximately 5 percent
of maternal deaths in the United States each year are due
to uterine rupture. In cases of uterine rupture, the mater-
nal mortality is approximately 15 percent and the fetal
mortality is approximately 60 percent.35

Nontraumatic/therapy-related uterine rupture
Risk factors for nontraumatic uterine rupture are varied
and include prior cesarean section delivery, increased
gestational age, multiparity, and the use of uterotonic
drugs such as oxytocin and prostaglandin.3,35,36 Uterine
rupture may occur during obstetric intervention such as
a mid-forceps delivery or during a breech extraction with
internal podalic version. It may also occur in cases of 
prolonged labor with cephalopelvic disproportion. The
uterus may be predisposed to rupture because of preex-
isting injury or anomaly, preexisting surgical manipula-
tion, or it may rupture without any predisposing scar.3,37

A previously scarred uterus is more prone to rupture
than an unscarred uterus.

A young woman was near term gestation with twins
when she was found dead at home in bed. She had a
history of two previous cesarean section deliveries and
had recently begun having contractions. At autopsy,
there was a large hemoperitoneum, and both fetuses
were displaced into the abdominal cavity (Image 23.15).
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The uterus was ruptured and had a horizontal tear in the
region of a prior cesarean section scar (Image 23.16).
Uterine tear or rupture is a known potential complica-
tion of vaginal delivery following previous cesarean
section delivery. In fact, the most common cause of
uterine rupture is separation of a previous cesarean
section scar.3 In one study, 142 out of 153 cases of uterine
rupture had a prior cesarean section.38 The overall risk of
uterine rupture for women attempting a trial of labor fol-
lowing a lower segment cesarean delivery is approxi-
mately 1 percent.39

Traumatic uterine rupture
A young woman was 7 months pregnant when she died
of severe blunt force injuries sustained in a motor vehicle
crash. She was the restrained driver of a car that was
struck on the driver’s side door. Both she and the fetus
were dead on arrival at the hospital. At autopsy, note 
the hemoperitoneum and the fetus displaced into the
abdominal cavity (Image 23.17). In Image 23.18 note that
the fetus is still attached to the placenta, which is par-
tially extruded through a large tear at the fundus of the
uterus. The fetus had no physical injuries. Although the
mother had small lacerations of the liver, there was no
other major abdominal trauma. Pelvic fracture (which
was absent in this case) is usually a good indicator of the
severity of trauma, and the forces possibly exerted on the
uterus.

Comparing traumatic and nontraumatic 
uterine rupture
Uterine rupture preferentially occurs in regions of
uterine wall weakness (such as scars). Rupture of a pre-
viously intact uterus during labor most often involves
the thin lower uterine segment and extends transversely
or obliquely.3,40 These scenarios are in distinction to the
traumatic rupture of an unscarred uterus from external
blunt force trauma, where the uterus is often ruptured in
the fundic region. A review of published cases of trau-

matic uterine rupture reveals that the fundus is the loca-
tion most likely torn secondary to external trauma such
as that occurring in motor vehicle accidents.40–45 It is the-
orized that with a blunt force impact, the amniotic fluid
will distribute pressure relatively equally in all direc-
tions, with uterine rupture occurring at the weakest
point, which is most commonly at the fundus.43

Preeclampsia/eclampsia/HELLP 
syndrome/liver rupture

Preeclampsia is a term given to a multisystem complica-
tion of pregnancy characterized by hypertension, pro-
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teinuria, and edema occurring after 20 weeks gestation
in a woman with no previous history of hypertension.46

Eclampsia is recognized as preeclampsia complicated by
seizure or coma. These disorders are of uncertain etiol-
ogy, but are believed to result from adverse maternal
physiologic responses to the placenta. There are no clin-
ically useful screening tests. Life-threatening complica-
tions include seizures and hepatic hemorrhage, which
may present as a ruptured subcapsular hematoma.47,48

Other serious complications include pulmonary edema,
renal failure, and disseminated intravascular coagula-
tion.49 The precise cause of the seizures in eclampsia
remains unknown.

In preeclampsia or eclampsia, hepatic dysfunction
may present as elevated liver enzymes, which is a feature
of the HELLP syndrome (hemolysis, elevated liver
enzymes, low platelets), which is usually limited to the
latter half of pregnancy (usually the third trimester).
HELLP syndrome is a variant of severe preeclampsia 
and occurs in approximately 5 to 10 percent of patients
with severe preeclampsia.50 In approximately 1 percent
of cases, liver involvement is severe, with spontane-
ous rupture of the liver.51 Although the pathogenesis 
of hepatic rupture is not convincingly known, in
preeclampsia or eclampsia, it is believed that inflamma-
tory infiltrates and blood flow obstruction lead to hepatic
edema and swelling, which can then lead to parenchy-
mal hemorrhage extending to, and through, the hepatic
capsule.48 This may present as intrahepatic hemorrhage,
subcapsular hematoma, or massive hemoperitoneum
from a ruptured hepatic capsule, usually involving the
right lobe of the liver.52–54 Rupture of the hepatic capsule
may lead to shock and death. In one review of 442 preg-
nancies complicated by HELLP syndrome, 21 percent of
the women developed disseminated intravascular coag-
ulation, 16 percent developed placental abruption, and 8
percent developed acute renal failure. There were 4 cases
of large subcapsular hepatic hematomas, and 5 maternal
deaths attributed to multiple complications.51

A young woman with a third trimester pregnancy 
had severe preeclampsia. She deteriorated, developing
abdominal pain and then becoming unresponsive. At
autopsy, there was a large hemoperitoneum. The liver
had a large ruptured subcapsular hematoma on the right
lobe (Image 23.19). Beneath the capsule, the liver
parenchyma was soft and had tears extending to a
parenchymal hematoma (Image 23.20). These are the
typical findings of a ruptured liver that may occur in the
setting of preeclampsia. Microscopic sections of the liver
showed edematous change, fibrinoid material, and
recent blood extravasation.

Hepatic infarction

Although rare, a woman may develop hepatic infarction
during pregnancy, presumably from the coalescence of
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adjacent areas of periportal hemorrhage. This is 
typically seen in the HELLP syndrome,14 and likely 
represents the severe end of the spectrum of the HELLP
syndrome.

A young woman was 36 weeks gestation when she
was hospitalized for preeclampsia. She had a cesarean
section delivery, but developed HELLP syndrome post-
operatively with the rapid development of fulminant
hepatic necrosis and disseminated intravascular 
coagulation. Over the next 2 weeks, she developed mul-
tisystem organ failure and sepsis and died. At autopsy,
there was diffuse necrosis of the liver (Images 23.21 and
23.22).

Acute fatty liver of pregnancy

Acute fatty liver of pregnancy (AFLP) is a rare condition
affecting approximately 1 in 15,000 pregnancies. It
usually occurs in the third trimester, and involves fatty
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metamorphosis of the liver.14,52,55,56 Although it is gener-
ally regarded to be of uncertain etiology, there are indi-
cations that AFLP may be linked in some fashion to
maternal deficiency of long-chain 3-hydroxyacyl-CoA
dehydrogenase.56,57 Grossly, the fatty liver is soft and
yellow. Histologically, early in the course, one sees
marked centrilobular microvesicular steatosis, cholesta-
sis, inflammation, and hepatocyte necrosis.14,58 Later in
the course, the fatty involvement and necrosis is more
extensive and diffuse. In severe cases, if there is no
treatment, there can be a rapid progression to hepatic
failure, coma, severe coagulopathy, and death.14,55,56

Although many of the cases of AFLP occur in combina-
tion with preeclampsia, the two conditions are not
believed to necessarily be related, and preeclampsia may
best be viewed as a condition that brings out acute fatty
liver of pregnancy in susceptible people.14

A young woman had an uneventful pregnancy. She
died suddenly and unexpectedly a few days after an

uneventful labor and delivery. At autopsy, her liver
appeared fatty (Image 23.23). On microscopic examina-
tion, note the centrilobular microvesicular steatosis
(Image 23.24).

Thrombotic microangiopathy

Thrombotic microangiopathies include primary disease
processes such as thrombotic thrombocytopenic purpura
(TTP) and hemolytic uremic syndrome (HUS), as well as
secondary disease processes occurring as complications
of other conditions. TTP can be initiated by many 
conditions including preeclampsia/eclampsia and the
HELLP syndrome, hemolytic uremic syndrome, TTP,
acute fatty liver of pregnancy, disseminated intravascu-
lar coagulation, systemic lupus erythematosus, and
antiphospholipid antibody syndrome.59 Differentiating
among these conditions is beyond the scope of this text,
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but ideally would include detailed clinical history and
antemortem laboratory testing.59 Sudden unexpected
deaths in pregnancy from a host of conditions that cause
widespread microthrombi can be generally termed
thrombotic microangiopathy of pregnancy.59

Disseminated intravascular coagulation

Disseminated intravascular coagulation (DIC) is a non-
specific condition that may develop in people who are
very ill for a variety of reasons. In pregnancy, DIC may
complicate a host of pregnancy-related illnesses/condi-
tions, but most commonly develops in women with pla-
cental abruption. DIC may also develop in women with
intrauterine fetal demise, amniotic fluid embolism, and
in those with massive blood transfusion, preeclampsia,
sepsis, and acute fatty liver of pregnancy.

Fetal effects of maternal injury

The most common causes of maternal blunt force trauma
during pregnancy are motor vehicle accidents, falls, and
assaults. The most common cause of fetal death in preg-
nant women injured in motor vehicle accidents is mater-
nal death. When the mother survives, the most common
cause of fetal death is placental abruption—the prema-
ture separation of the placenta from the underlying
maternal surface.60 Other significant causes of maternal
injury that may lead to fetal death include maternal
gunshot wounds, stab wounds, and strangulation.

Maternal injury may cause direct fetal death, or may
precipitate the death of a fetus by a number of different
means. Whether or not the mother sustains significant
injury, the fetus or its blood supply through the placenta
may be traumatized, sometimes significantly enough 
to lead to the fetus’s death. Although most fetal deaths
are related to severe maternal trauma, fetal death 
resulting from placental abruption, massive fetoma-
ternal hemorrhage, preterm delivery, and direct fetal
injury can occur following seemingly minor maternal
injuries.61–65

The maternal abdomen, uterine wall, and amniotic
fluid provide some amount of protection to the fetus.
Also, at least up until the 12th to 13th gestational week
or so, the fetus is situated low within the mother’s bony
pelvis, providing an added element of protection from
direct impact injury.66

Fetal injuries and abruption severe enough to result in
death will likely do so in minutes to hours after the
injury. Less likely, fetal death may occur many days or
weeks after the injury.65 Cranial injury is the most fre-
quently reported fetal injury resulting from direct impact
forces and these occur most commonly in the third
trimester, particularly if there is associated maternal
pelvic fracture.64

Placental abruption
If placental abruption has resulted from maternal
trauma, it will be manifest within minutes to a few hours
of the injury.61,66,67 Placental abruption is unlikely to
present more than 2 days after the injury, although there
are case reports of abruption presenting up to 5 days
after the injury.68 With delayed presentations of abrup-
tion, one must consider nontraumatic etiologies of 
placental abruption, such as maternal hypertension, 
cigarette smoking, and cocaine abuse.

The mechanism for placental abruption from trauma
is likely related to the inelastic nature of the placental
tissue that is attached to the elastic uterus. It is believed
that forces causing marked distortion of the uterus can
create a shearing effect on the placental attachment,
causing an abruption.60,68 The force causing uterine dis-
tortion may be an impact, which can create a contusion
on the abdomen, or the force may be inertial, such as a
deceleration-type force that leaves little or no external
evidence of injury.60,68

Placental examination can be an important part of the
fetal death investigation. If the baby was delivered in a
hospital, it is important to remember to take custody of
the placenta upon accepting the fetus as a medical exam-
iner’s case. Failing this, if the placenta was examined in
the hospital, a pathology report can be obtained. Also,
medical records of the mother’s hospitalization includ-
ing ultrasound reports or records detailing the delivery
may be important sources of information regarding a
placental abruption.

Nontraumatic causes of placental abruption
Before attributing placental abruption to trauma, 
pathologists must rule out medical causes of abrup-
tion. Such conditions include maternal hypertension,
cigarette smoking, cocaine abuse, and prior abruption 
or stillbirth.3,69–71 Occasionally, one woman may have
several of these risk factors. Cigarette smoking alone
may have various deleterious effects on the fetus, includ-
ing intrauterine growth retardation and stillbirth.72,73

Particular attention has been drawn to cocaine as a
risk factor in placental abruption. Although it is not con-
vincingly known how cocaine may help precipitate an
abruption, it may do so by causing maternal hyperten-
sion and uterine vasoconstriction.74 Because cocaine is
known to readily cross the placenta, it has also been
implicated as a factor in decreased fetal growth and pre-
maturity, and stillbirth.70,73,75,76 Although it is associated
with an increased risk of abruption, histologic examina-
tion of the placental parenchyma from cocaine abusers
(including the cord and membranes) has revealed no sig-
nificant difference from normal (control) placentas.77

Methamphetamine, via similar mechanisms, may also
adversely affect a fetus, including precipitating placental
abruption.78,79
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Maternal cocaine abuse
This 33-week stillborn fetus (Image 23.25) was delivered
by a woman who abused cocaine. While reportedly
smoking crack cocaine, she developed abdominal pains
and cramping and vaginal bleeding. She was taken to the
hospital where fetal heart tones were not detectable. She
was diagnosed with placental abruption and delivered a
stillborn fetus. The placenta had small pieces of blood
clot adherent on the maternal surface (Image 23.26). The
fetus’s blood and meconium both tested positive for
cocaine and benzoylecgonine.

This 20- to 21-week stillborn fetus (Image 23.27) was
delivered by a woman who abused methamphetamine.
Shortly after using the drugs, she developed abdominal
cramping and vaginal bleeding. At the hospital, an ultra-
sound showed placental abruption (Image 23.28). The
maternal drug screen was positive for methampheta-
mine. The fetus’s liver was positive for amphetamine
and methamphetamine.

At the autopsy of a very small fetus, it may not be pos-
sible to obtain an adequate volume of blood for drug

testing. Liver and muscle are usually present in greater
quantities and are acceptable for this purpose. Meco-
nium and hair can also be valuable specimens for drug
testing, particularly if one desires evidence of drug abuse
during the pregnancy. Meconium may serve as a “depot”
of drugs ingested by the mother from about the 14th to
16th week of gestation onward (meconium only begins
to form from about that time). Hair usually begins to
form during the third trimester of gestation. In infants
who survive for some period of time, meconium and hair
can be submitted to the toxicologist laboratory for eval-
uation and documentation of intrauterine drug expo-
sure. The advantage of hair testing is that it remains a
valid toxicologic sample for up to a few months after
birth, whereas meconium must be collected within the
first two to three stools.80

Use of seat belts
Although fetal death has occasionally been attributed to
the use of seat belts,81 other reports indicate the useful-
ness of seat belt restraints in possibly preventing fetal
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deaths.65,82 Current opinion is generally that the proper
use of three-point seat restraints, coupled with the
proper positioning of the mother, a properly located lap
belt, and the use of air bags affords the best protection to
the pregnant mother and her unborn child. Generally, it
is advocated that pregnant women wear the lap belt low
over the pelvis rather than high on the abdomen to min-
imize possible direct forces on the uterus.81

Complications of maternal and 
fetal injury

Complications of maternal trauma such as ruptured
membranes may precipitate labor or chorioamnioni-
tis.66,83 This may be a significant factor in the death of a
fetus, whether it be intrauterine fetal demise or the pre-
cipitation of a premature delivery with death resulting
days, weeks, or months later. Such neonatal complica-
tions may arise from many conditions including sepsis,
pulmonary hypoplasia, or necrotizing enterocolitis. On 
a cellular level, uterine trauma may also precipitate
uterine contractions by destabilizing decidual lysosomes
with the subsequent release of arachidonic acid.66

Fetal deaths may occur for many reasons, including
trauma, the effects of alcohol and/or drug abuse, mater-
nal diseases, malformations, obstetrical complications, or
a synergy of any of the conditions.

The 4-day-old infant shown in Image 23.29 was deliv-
ered at 36 weeks gestation by his paraplegic mother at
home. It was an unattended delivery and the woman
reportedly felt no contractions and did not even realize
she had delivered a baby until she felt a “fullness”
between her legs and saw the baby with his face pushed
up against her diaper. The baby was initially cyanotic
and without vital signs, but was resuscitated, and sur-
vived for 4 days in the hospital before being declared
brain dead. The mother’s level of paraplegia was at
T8–T9. At this level, or with spinal cord transection any-

521

where above T10, a woman may not feel any contractions
or pain of labor/delivery. However, many women with
a lesion above T5–T6 may exhibit symptoms of 
autonomic dysreflexia.84,85 Her paraplegia was from a
gunshot wound of the back years prior. As is many 
times the case in forensic pathology, the autopsy alone is
not the answer. This baby had hypoxic-ischemic
encephalopathy, but the key to proper death certification
was the circumstances of the delivery.

Homicidal maternal injury

Many state statutes make it a criminal act to cause harm
to a fetus by injuring the mother. This being said, when
performing an autopsy on a pregnant woman, one
should realize that there are two victims, and full autop-
sies of both the mother and fetus should be performed.
We advocate full autopsy of the fetus to establish proof
of a normal pregnancy at the time of the incident. This
will provide further evidence to help link the death of
the fetus to the maternal injury and help dispel any other
theories that may attempt to link the fetal death with
some other, unrelated factor.86 It is recommended that
DNA samples be obtained from both the mother and the
fetus, should paternity or other unforeseen issues arise.

When explaining a fetal death, it is important not only
to establish a convincing temporal correlation between
the maternal injury and the fetal death, but also a con-
vincing explanation of how the incident resulted in the
death of the fetus.87 As in certifying any nonnatural death
in adults, one must be able to demonstrate that the
maternal injury was a significant factor in the death of
the baby, no matter how long it may have survived fol-
lowing delivery or what factors may have precipitated
the delivery.

The mother of this fetus (Images 23.30 through 23.32)
was stabbed to death during a domestic dispute. In the
process, the fetus was stabbed several times (Image
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23.30), including stab wounds to the head (Image 23.31)
that traversed the calvarium and traumatized the skull
base (Image 23.32). Depending on local laws, the 
perpetrator may be held accountable for both the 
mother and fetus’s death. Similarly, if the mother should
survive such an assault, but the fetus dies, the perpetra-
tor may be prosecuted for the death of the fetus. There-
fore, all fetal deaths, including those presenting to the
medical examiner for cremation approval, should be
investigated for histories of maternal trauma or illicit
drug abuse.

Birth injury in the neonate

Subgaleal hematoma and cephalohematoma
A subgaleal hematoma is a space-occupying blood clot
located between the periosteum of the skull and the
galea aponeurotica and is typically located at the top of
the head.88,89 A subgaleal hematoma should be differen-
tiated from a cephalohematoma, which is a space-
occupying blood clot caused by the tearing of diploic
veins and is located beneath the periosteum of a single
cranial bone, with further spread being limited by dense
periosteal attachments.88,89 Subgaleal hematoma should
also be differentiated from caput succedaneum, which is
an area of transient congestion and edema in the scalp
tissues located over the presenting region of the head in
cephalic presentations, and from subcutaneous hemor-
rhage, which is under the scalp skin.88,89 Cephalohe-
matomas complicate approximately 1 to 2 percent of all
deliveries and are due to mechanical trauma. They have
been associated with higher birth weight, higher parity,
and instrumented delivery such as vacuum and forceps
extraction.90

Large emissary veins that connect the dural sinuses
and the scalp veins course through the loose areolar
tissue beneath the epicranial aponeurosis and can be torn
when shearing forces are applied to the scalp.89 Once
bleeding starts, a large subgaleal hematoma can accu-
mulate in the loose tissues, and spread without distinct
limits, extending from the orbits to the nape of the neck,
and can occupy a volume of several hundred milliliters.91

Blood loss of this magnitude can produce significant
hypotension, shock, and even death of the neonate. It has
been calculated that a 1-centimeter-thick accumulation 
of blood in this hemispheric region can accommodate 
as much as 260 milliliters of blood—a volume that can
exceed the entire blood volume of some newborns.88

However, even a blood loss of 50 to 100 milliliters can
represent a total blood volume loss of 20 to 40 percent,
resulting in acute shock. The amount of blood loss in
subgaleal hemorrhage is easy to underestimate and can
be ongoing for several days after delivery. Death may
result not only from exsanguination, but also from
extracranial cerebral compression if the hematoma is
large enough.89

Subgaleal hemorrhage can occur after spontaneous
vaginal deliveries (4 in 10,000) and forceps deliveries, but
has a higher incidence with vacuum extraction (59 in
10,000 deliveries).92 It has been theorized that the nega-
tive forces imparted by traction applied at the top of the
head can pull the aponeurosis from the cranium and
injure the associated veins.93

Skull fracture
Skull fractures have been estimated to occur in up to 10
percent of all deliveries.90 Most skull fractures are benign.
However, separation of the temporal squama from the
occipital bone at the lambdoid suture (osteodiastasis) is
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a more severe skull fracture and is most commonly asso-
ciated with a breech presentation with significant neck
hyperextension.90 It may cause contusion or laceration of
the cerebellum and subdural hemorrhage from tears in
the lateral sinus.

Epidural hemorrhage
Birth-related epidural hemorrhage is rarely reported.
Although it might be more frequent, it may be asympto-
matic and go unrecognized.

Subdural hemorrhage
Subdural hemorrhage is the most common intracranial
birth injury90 and can be caused by skull deformation
during the birthing process. Most commonly, the sub-
dural blood is infratentorial or just above the tentorium,
over the cerebellum and/or occipital lobes. It reportedly
results from tears of the falx and tentorium or bridging
cortical veins due to stretching associated with defor-
mation of the head during labor and delivery. The head
deformation involves lateral compression of the head
with excessive vertical molding and frontal-occipital
elongation of the cranium. In this scenario, the superior
sagittal sinus may tear posteriorly at its junction with the
lateral sinuses.94–97 One may also see tears of the tento-
rium and possible laceration of the inferior surface of the
cerebellum caused by osteodiastasis that may occur with
breech presentation and hyperextension of the neck.90,96

Massive posterior fossa hemorrhage may also occur 
from a tear in the vein of Galen.96 The infratentorial 
location of birth-related subdural hemorrhages differs
from the predominantly supratentorial subdural hemor-
rhages typically found with bridging vein tears in child
abuse.

Although subdural hemorrhage may be seen in cases
of excessive birth trauma, this is not necessarily the 
case, because subdural hemorrhage can also be seen in
cases with normal spontaneous vaginal delivery (may be
clinically silent).97,98 In fact, subdural hemorrhage has
been diagnosed antenatally. Thus, significant intrapartum
trauma does not appear to be a necessary factor in the devel-
opment of subdural hemorrhage, and the presence of subdural
hemorrhage should not be considered necessarily indicative of
obstetric injury.97 In one large review, it was determined
that the rate of intracranial injuries in infants was not sig-
nificantly lower in infants born by cesarean section
without prior attempts at forceps or vacuum delivery,
than in those delivered vaginally by vacuum extraction
or with the use of forceps.99 Hence, vacuum extraction
and forceps delivery had the same rate of subdural hem-
orrhages as infants born by caesarean section.99 Although
the forces required to produce subdural hemorrhages
may be achieved in breech delivery, or with the use of
vacuum assistance or forceps, the association of subdu-
ral hemorrhage with operative assistance is not fully
understood.90
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Clinically, neonates with subdural hemorrhage may
show irritability, abnormal respiratory patterns, brady-
cardia, and seizures,90,94 but may also have subtle or no
clinical signs. Subdural hemorrhage has a propensity to
occur in full-sized term infants, possibly related to the
more difficult nature of their deliveries.90,96,100

Neck/spinal cord injury
Birth-related spinal cord injury is uncommon, but may
be due to excessive traction on the cord when combined
with flexion of the spinal axis during delivery.101,102

Upper cervical spinal cord injury may also occur with a
forceps rotation of 90 degrees or more from the occipito-
posterior or occipitotransverse position102 and can be
found at a rate of approximately 0.7 per 1,000 cases.102

Symptoms of spinal cord injury may include respiratory
depression at birth with difficulty initiating breathing
followed by shallow, infrequent respirations and periods
of apnea.101

Do

• Realize the potential importance of medical history,
antemortem symptoms, and prenatal care records in
explaining a maternal death.

• Consider the wide differential diagnosis of hemo-
peritoneum in a pregnant woman.

• Consider amniotic fluid embolism, particularly when
the death is characterized by hemodynamic collapse
during labor.

• Use an Alcian blue or mucin stain when amniotic 
fluid elements are not readily identified in a case of
suspected amniotic fluid embolism.

• Consider obtaining blood cultures in a case of sus-
pected abortion.

• Autopsy the fetus to document its normal develop-
ment and to provide stronger evidence linking its
death to the maternal death.

• Realize the many conditions that can cause a placen-
tal abruption.

• Realize the many types of bleeding that can be iden-
tified in the head of the neonate related to labor and
delivery.

• Remember that there is usually no specific pathologic
change in cases of peripartum cardiomyopathy.

Don’t

• Forget to obtain a chest x-ray before the autopsy is
performed to aid in evaluating for an air embolus.

• Forget the wide range of hepatic ailments that can
complicate a pregnancy.

• Forget to dissect the legs to document venous 
thrombi when pulmonary artery thromboemboli are
identified.

• Forget to obtain a blood standard for DNA on the
fetus also (if one is present) in cases of maternal 
homicide.
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• Forget the potential value of the placental examina-
tion in determining why a fetus has died.

• Forget to examine the dural sinuses for thromboses,
particularly if the woman has sustained a stroke.

References

1. Crapo RO. Normal cardiopulmonary physiology during preg-
nancy. Clin Obstet Gynecol 1996;39(1):3–16.

2. Hellgren M, Blomback M. Studies on blood coagulation and fib-
rinolysis in pregnancy, during delivery and in the puerperium. I.
Normal condition. Gynecol Obstet Invest 1981;12(3):141–54.

3. Williams MA, Lieberman E, Mittendorf R, Monson RR, Schoen-
baum SC. Risk factors for abruptio placentae. Am J Epidemiol
1991;134(9):965–72.

4. Prevention of venous thrombosis and pulmonary embolism. NIH
Consensus Development. JAMA 1986;256(6):744–9.

5. Barbour LA. Current concepts of anticoagulant therapy in preg-
nancy. Obstet Gynecol Clin North Am 1997;24(3):499–521.

6. Toglia MR, Weg JG. Venous thromboembolism during pregnancy.
N Engl J Med 1996;335(2):108–14.

7. Woodhams BJ, Candotti G, Shaw R, Kernoff PB. Changes in coag-
ulation and fibrinolysis during pregnancy: evidence of activation
of coagulation preceding spontaneous abortion. Thromb Res
1989;55(1):99–107.

8. Gerhardt A, Scharf RE, Beckmann MW, Struve S, Bender HG,
Pillny M, et al. Prothrombin and factor V mutations in women
with a history of thrombosis during pregnancy and the puer-
perium. N Engl J Med 2000;342(6):374–80.

9. Rutherford SE, Phelan JP. Thromboembolic disease in pregnancy.
Clin Perinatol 1986;13(4):719–39.

10. Attwood HD. Amniotic fluid embolism. Pathol Annu 1972;7:
145–72.

11. Locksmith GJ. Amniotic fluid embolism. Obstet Gynecol Clin
North Am 1999;26(3):435–44, vii.

12. Peterson EP, Taylor HB. Amniotic fluid embolism. An analysis of
40 cases. Obstet Gynecol 1970;35(5):787–93.

13. Sperry K. Landmark perspective: Amniotic fluid embolism. To
understand an enigma. JAMA 1986;255(16):2183–6.

14. Burrow G, Taylor H. Medical Complications During Pregnancy 5 ed.
Philadelphia, PA: WB Saunders Co.; 1999.

15. Steiner P, Lushbaugh C. Maternal pulmonary embolism by amni-
otic fluid. JAMA 1941;117:1341–45.

16. Attwood H. Amniotic fluid embolism. Pathol Annu 1972;7:
145–72.

17. Lawson HW, Frye A, Atrash HK, Smith JC, Shulman HB, Ramick
M. Abortion mortality, United States, 1972 through 1987. Am J
Obstet Gynecol 1994;171(5):1365–72.

18. Stubblefield PG, Grimes DA. Septic abortion. N Engl J Med
1994;331(5):310–4.

19. Pearson GD, Veille JC, Rahimtoola S, Hsia J, Oakley CM, 
Hosenpud JD, et al. Peripartum cardiomyopathy: National Heart,
Lung, and Blood Institute and Office of Rare Diseases (National
Institutes of Health) workshop recommendations and review.
JAMA 2000;283(9):1183–8.

20. Heider AL, Kuller JA, Strauss RA, Wells SR. Peripartum car-
diomyopathy: a review of the literature. Obstet Gynecol Surv
1999;54(8):526–31.

21. Homans DC. Peripartum cardiomyopathy. N Engl J Med
1985;312(22):1432–7.

22. Rashba EJ, Zareba W, Moss AJ, Hall WJ, Robinson J, Locati EH, 
et al. Influence of pregnancy on the risk for cardiac events in
patients with hereditary long QT syndrome. LQTS Investigators.
Circulation 1998;97(5):451–6.

23. Roth A, Elkayam U. Acute myocardial infarction associated with
pregnancy. Ann Intern Med 1996;125(9):751–62.

24. Mandel W, Evans EW, Walford RL. Dissecting aortic aneurysm
during pregnancy. N Engl J Med 1954;251(26):1059–61.

25. O’Gara PT, Greenfield AJ, Afridi NA, Houser SL. Case records of
the Massachusetts General Hospital. Weekly clinicopathological
exercises. Case 12–2004. A 38-year-old woman with acute onset of
pain in the chest. N Engl J Med 2004;350(16):1666–74.

26. Manalo-Estrella P, Barker AE. Histopathologic findings in 
human aortic media associated with pregnancy. Arch Pathol
1967;83(4):336–41.

27. Bonnet J, Aumailley M, Thomas D, Grosgogeat Y, Broustet JP,
Bricaud H. Spontaneous coronary artery dissection: case report
and evidence for a defect in collagen metabolism. Eur Heart J
1986;7(10):904–9.

28. Kittner SJ, Stern BJ, Feeser BR, Hebel R, Nagey DA, Buchholz 
DW, et al. Pregnancy and the risk of stroke. N Engl J Med
1996;335(11):768–74.

29. Witlin AG, Mattar F, Sibai BM. Postpartum stroke: a twenty-year
experience. Am J Obstet Gynecol 2000;183(1):83–8.

30. Ameri A, Bousser MG. Cerebral venous thrombosis. Neurol Clin
1992;10(1):87–111.

31. Bousser MG, Chiras J, Bories J, Castaigne P. Cerebral 
venous thrombosis—a review of 38 cases. Stroke 1985;16(2):
199–213.

32. Cantu C, Barinagarrementeria F. Cerebral venous thrombosis
associated with pregnancy and puerperium. Review of 67 cases.
Stroke 1993;24(12):1880–4.

33. Li L, Smialek JE. Sudden death due to rupture of ectopic preg-
nancy concurrent with therapeutic abortion. Arch Pathol Lab Med
1993;117(7):698–700.

34. Hunsaker DM, Turner S, Hunsaker JC, 3rd. Sudden and unex-
pected death resulting from splenic artery aneurysm rupture: two
case reports of pregnancy-related fatal rupture of splenic artery
aneurysm. Am J Forensic Med Pathol 2002;23(4):338–41.

35. Suner S, Jagminas L, Peipert JF, Linakis J. Fatal spontaneous
rupture of a gravid uterus: case report and literature review of
uterine rupture. J Emerg Med 1996;14(2):181–5.

36. Rachagan SP, Raman S, Balasundram G, Balakrishnan S. Rupture
of the pregnant uterus—a 21-year review. Aust NZ J Obstet
Gynaecol 1991;31(1):37–40.

37. Pelosi MA, 3rd, Pelosi MA. Spontaneous uterine rupture at 
thirty-three weeks subsequent to previous superficial laparo-
scopic myomectomy. Am J Obstet Gynecol 1997;177(6):
1547–9.

38. Miller DA, Goodwin TM, Gherman RB, Paul RH. Intrapartum
rupture of the unscarred uterus. Obstet Gynecol 1997;89(5 Pt
1):671–3.

39. McMahon MJ. Vaginal birth after cesarean. Clin Obstet Gynecol
1998;41(2):369–81.

40. Felmus LB, Pedowitz P, Nassberg S. Spontaneous rupture of the
apparently normal uterus during pregnancy; a review. Obstet
Gynecol Surv 1953;8(2):155–72.

41. Anteby S, Mani Y, Diamant YZ. Accidental rupture of the preg-
nant uterus. Int Surg 1973;58(4):267–8.

42. Dittrich KC. Rupture of the gravid uterus secondary to motor
vehicle trauma. J Emerg Med 1996;14(2):177–80.

43. Dyer I, Barclay DL. Accidental trauma complicating pregnancy
and delivery. Am J Obstet Gynecol 1962;83:907–29.

44. Rowe TF, Lafayette S, Cox S. An unusual fetal complication of
traumatic uterine rupture. J Emerg Med 1996;14(2):173–6.

45. Schrinsky DC, Benson RC. Rupture of the pregnant uterus: a
review. Obstet Gynecol Surv 1978;33(4):217–32.

46. Solomon CG, Seely EW. Preeclampsia—searching for the cause. N
Engl J Med 2004;350(7):641–2.

47. Sibai BM. Eclampsia. VI. Maternal-perinatal outcome in 254 con-
secutive cases. Am J Obstet Gynecol 1990;163(3):1049–54; discus-
sion 54–5.

48. Walker JJ. Pre-eclampsia. Lancet 2000;356(9237):1260–5.

524



References

49. Mattar F, Sibai BM. Eclampsia. VIII. Risk factors for maternal mor-
bidity. Am J Obstet Gynecol 2000;182(2):307–12.

50. Martin JN, Jr., Blake PG, Perry KG, Jr., McCaul JF, Hess LW, Martin
RW. The natural history of HELLP syndrome: patterns of disease
progression and regression. Am J Obstet Gynecol 1991;164(6 Pt
1):1500–9; discussion 09–13.

51. Sibai BM, Ramadan MK, Usta I, Salama M, Mercer BM, Friedman
SA. Maternal morbidity and mortality in 442 pregnancies with
hemolysis, elevated liver enzymes, and low platelets (HELLP syn-
drome). Am J Obstet Gynecol 1993;169(4):1000–6.

52. Schorr-Lesnick B, Lebovics E, Dworkin B, Rosenthal WS. 
Liver diseases unique to pregnancy. Am J Gastroenterol
1991;86(6):659–70.

53. Rolfes DB, Ishak KG. Liver disease in toxemia of pregnancy. Am
J Gastroenterol 1986;81(12):1138–44.

54. Hibbard LT. Spontaneous rupture of the liver in pregnancy: 
a report of eight cases. Am J Obstet Gynecol 1976;126(3):
334–8.

55. Knox TA, Olans LB. Liver disease in pregnancy. N Engl J Med
1996;335(8):569–76.

56. Batey RG. Acute fatty liver of pregnancy: is it genetically prede-
termined? Am J Gastroenterol 1996;91(11):2262–4.

57. Treem WR, Shoup ME, Hale DE, Bennett MJ, Rinaldo P, 
Millington DS, et al. Acute fatty liver of pregnancy, hemolysis, 
elevated liver enzymes, and low platelets syndrome, and long
chain 3-hydroxyacyl-coenzyme A dehydrogenase deficiency. Am
J Gastroenterol 1996;91(11):2293–300.

58. Riely CA. Acute fatty liver of pregnancy. Semin Liver Dis
1987;7(1):47–54.

59. Kemp WL, Barnard JJ, Prahlow JA. Death due to thrombotic
thrombocytopenic purpura in pregnancy: case report with review
of thrombotic microangiopathies of pregnancy. Am J Forensic
Med Pathol 1999;20(2):189–98.

60. Crosby WM, Costiloe JP. Safety of lap-belt restraint for pregnant
victims of automobile collisions. N Engl J Med 1971;284(12):
632–6.

61. Goodwin TM, Breen MT. Pregnancy outcome and fetomaternal
hemorrhage after noncatastrophic trauma. Am J Obstet Gynecol
1990;162(3):665–71.

62. Fries MH, Hankins GD. Motor vehicle accident associated with
minimal maternal trauma but subsequent fetal demise. Ann
Emerg Med 1989;18(3):301–4.

63. Ribe JK, Teggatz JR, Harvey CM. Blows to the maternal abdomen
causing fetal demise: report of three cases and a review of the lit-
erature. J Forensic Sci 1993;38(5):1092–6.

64. Rothenberger D, Quattlebaum FW, Perry JF, Jr., Zabel J, Fischer
RP. Blunt maternal trauma: a review of 103 cases. J Trauma
1978;18(3):173–9.

65. Stafford PA, Biddinger PW, Zumwalt RE. Lethal intrauterine fetal
trauma. Am J Obstet Gynecol 1988;159(2):485–9.

66. Pearlman MD, Tintinalli JE, Lorenz RP. Blunt trauma during preg-
nancy. N Engl J Med 1990;323(23):1609–13.

67. Dahmus MA, Sibai BM. Blunt abdominal trauma: are there any
predictive factors for abruptio placentae or maternal–fetal dis-
tress? Am J Obstet Gynecol 1993;169(4):1054–9.

68. Higgins SD, Garite TJ. Late abruptio placenta in trauma patients:
implications for monitoring. Obstet Gynecol 1984;63(3 Suppl):
10S–12S.

69. Ananth CV, Savitz DA, Luther ER. Maternal cigarette smoking as
a risk factor for placental abruption, placenta previa, and uterine
bleeding in pregnancy. Am J Epidemiol 1996;144(9):881–9.

70. Handler A, Kistin N, Davis F, Ferre C. Cocaine use during preg-
nancy: perinatal outcomes. Am J Epidemiol 1991;133(8):818–25.

71. Hladky K, Yankowitz J, Hansen WF. Placental abruption. Obstet
Gynecol Surv 2002;57(5):299–305.

72. Werler MM. Teratogen update: smoking and reproductive out-
comes. Teratology 1997;55(6):382–8.

73. Ness RB, Grisso JA, Hirschinger N, Markovic N, Shaw LM, Day
NL, et al. Cocaine and tobacco use and the risk of spontaneous
abortion. N Engl J Med 1999;340(5):333–9.

74. Hulse GK, Milne E, English DR, Holman CD. Assessing the rela-
tionship between maternal cocaine use and abruptio placentae.
Addiction 1997;92(11):1547–51.

75. Chasnoff IJ, Burns WJ, Schnoll SH, Burns KA. Cocaine use in preg-
nancy. N Engl J Med 1985;313(11):666–9.

76. Slutsker L. Risks associated with cocaine use during pregnancy.
Obstet Gynecol 1992;79(5 (Pt 1)):778–89.

77. Cejtin HE, Young SA, Ungaretti J, Anciaux D, Imam S, Teopengco
E, et al. Effects of cocaine on the placenta. Pediatr Dev Pathol
1999;2(2):143–7.

78. Oro AS, Dixon SD. Perinatal cocaine and methamphetamine expo-
sure: maternal and neonatal correlates. J Pediatr 1987;111(4):571–8.

79. Stewart JL, Meeker JE. Fetal and infant deaths associated 
with maternal methamphetamine abuse. J Anal Toxicol
1997;21(6):515–7.

80. Bar-Oz B, Klein J, Karaskov T, Koren G. Comparison of meconium
and neonatal hair analysis for detection of gestational exposure 
to drugs of abuse. Arch Dis Child Fetal Neonatal Ed
2003;88(2):F98–F100.

81. Bunai Y, Nagai A, Nakamura I, Ohya I. Fetal death from abruptio
placentae associated with incorrect use of a seatbelt. Am J Foren-
sic Med Pathol 2000;21(3):207–9.

82. Wolf ME, Alexander BH, Rivara FP, Hickok DE, Maier RV, Starzyk
PM. A retrospective cohort study of seatbelt use and pregnancy
outcome after a motor vehicle crash. J Trauma 1993;34(1):116–9.

83. Berenson AB, Wiemann CM, Wilkinson GS, Jones WA, Anderson
GD. Perinatal morbidity associated with violence experienced by
pregnant women. Am J Obstet Gynecol 1994;170(6):1760–6; dis-
cussion 66–9.

84. Baker ER, Cardenas DD. Pregnancy in spinal cord injured women.
Arch Phys Med Rehabil 1996;77(5):501–7.

85. ACOG Committee Opinion: Number 275, September 2002.
Obstetric management of patients with spinal cord injuries.
Obstet Gynecol 2002;100(3):625–7.

86. Hertig A, Sheldon W. Minimal criteria required to prove prima
facie case of traumatic abortion or miscarriage. Ann Surg
1943;117(4):596–606.

87. Lifschultz BD, Donoghue ER. Fetal death following maternal
trauma: two case reports and a survey of the literature. J Forensic
Sci 1991;36(6):1740–4.

88. Uchil D, Arulkumaran S. Neonatal subgaleal hemorrhage and its
relationship to delivery by vacuum extraction. Obstet Gynecol
Surv 2003;58(10):687–93.

89. Amar AP, Aryan HE, Meltzer HS, Levy ML. Neonatal subgaleal
hematoma causing brain compression: report of two cases and
review of the literature. Neurosurgery 2003;52(6):1470–4; discus-
sion 74.

90. Pollina J, Dias MS, Li V, Kachurek D, Arbesman M. Cranial 
birth injuries in term newborn infants. Pediatr Neurosurg
2001;35(3):113–9.

91. Hall SL. Simultaneous occurrence of intracranial and subgaleal
hemorrhages complicating vacuum extraction delivery. J Perina-
tol 1992;12(2):185–7.

92. Plauche WC. Subgaleal hematoma. A complication of instrumen-
tal delivery. JAMA 1980;244(14):1597–8.

93. Bird GC. The use of the vacuum extractor. Clin Obstet Gynaecol
1982;9(3):641–61.

94. Hanigan WC, Morgan AM, Stahlberg LK, Hiller JL. Tentorial 
hemorrhage associated with vacuum extraction. Pediatrics
1990;85(4):534–9.

95. Huang LT, Lui CC. Tentorial hemorrhage associated with vacuum
extraction in a newborn. Pediatr Radiol 1995;25 Suppl 1:S230–1.

96. Menezes AH, Smith DE, Bell WE. Posterior fossa hemorrhage in
the term neonate. Neurosurgery 1983;13(4):452–6.

525



Pregnancy

97. Chamnanvanakij S, Rollins N, Perlman JM. Subdural hematoma
in term infants. Pediatr Neurol 2002;26(4):301–4.

98. Whitby EH, Griffiths PD, Rutter S, Smith MF, Sprigg A, Ohadike
P, et al. Frequency and natural history of subdural haemor-
rhages in babies and relation to obstetric factors. Lancet
2004;363(9412):846–51.

99. Towner D, Castro MA, Eby-Wilkens E, Gilbert WM. Effect of mode
of delivery in nulliparous women on neonatal intracranial injury.
N Engl J Med 1999;341(23):1709–14.

100. Hernansanz J, Munoz F, Rodriguez D, Soler C, Principe C. Sub-
dural hematomas of the posterior fossa in normal-weight new-
borns. Report of two cases. J Neurosurg 1984;61(5):972–4.

101. Towbin A. Spinal cord and brain stem injury at birth. Arch Pathol
1964;77:620–32.

102. Menticoglou SM, Perlman M, Manning FA. High cervical spinal
cord injury in neonates delivered with forceps: report of 15 cases.
Obstet Gynecol 1995;86(4 Pt 1):589–94.

526



ALGOR MORTIS 528
LIVOR MORTIS 528

External lividity 531
Internal lividity 531

RIGOR MORTIS 532
POSTMORTEM DRYING OF THE 

TISSUES 533
The eyes 534
The lips, mouth, and genitals 534

PUTREFACTIVE DECOMPOSITION 535
MUMMIFICATION 541
ADIPOCERE 541
ARTIFACTS OF EMBALMING 542
EXHUMATIONS 544

Exhumation of conventionally buried bodies 544
Exhumation of clandestine graves 545

SECOND AUTOPSIES 545
CREMATIONS 546
TRAUMA AND THE DECOMPOSING BODY 546

Points to consider 547
Pseudoligature marks 547

ANIMAL SCAVENGING 548
AN APPROACH TO THE AUTOPSY OF A

DECOMPOSING BODY 550
Points to consider 551

IDENTIFICATION OF DECOMPOSING BODIES 551
POSTMORTEM INTERVAL 552
REFERENCES 554

Postmortem Changes
Emma Lew, M.D.
Evan Matshes, M.D.

24

Postmortem changes are inevitable and progressive after
death unless a body is frozen or embalmed. Understand
that although the various changes are described sepa-
rately for convenience of discussion, they all begin and
continue in concert once death occurs. These decompo-
sitional changes are of critical importance in estimating
the postmortem interval when used in conjunction with
the history, terminal events, and scene findings. Unless
there was a witness to the death or physical evidence to
indicate the time of death, the estimated postmortem
interval should be given as a range of time because so
many factors affect the onset and development of post-
mortem changes. Contrary to popular belief, the estima-
tion of time since death is not a precise science. The
physical appearance of the body may be altered drasti-
cally, and artifacts of putrefactive decomposition should
be recognized and differentiated from true antemortem
disease and injury. In addition to the degenerative

changes occurring with the passage of time, the body
may be subjected to elements of the weather, insect and
animal activity, and other environmental factors such as
submersion in water. The physical changes of putrefac-
tive decomposition are depicted in this chapter. What
cannot be illustrated, or conveyed in any modality other
than through personal experience, is the distinctive odor
of putrefactive decomposition; seasoned forensic pathol-
ogists will also recognize the somewhat different smell
of a decomposing body that has been in the ocean and
the yet again different smell of adipocere. Postmortem
changes are important because they may distort the fea-
tures of true antemortem injury, create artifactual lesions
that mimic true antemortem injury or disease, and 
obliterate markers of identity such as facial features.
Therefore, accurate evaluation of a decomposing body
requires that the examiner be familiar with the evolution
of postmortem changes.



Postmortem changes

Algor mortis

Traditionally, algor mortis refers to the cooling of the
body after death. In reality, it is more accurate to say that
the temperature of a body tends to approximate that of
its surroundings/environment. For example, a body left
in direct sunlight on black asphalt in midday summer
heat in south Florida will actually increase in tempera-
ture over the next several hours. The reason why there
are so many published formulas for estimating the post-
mortem interval is because no single formula is applica-
ble in all cases.

Livor mortis

Although lividity may be seen, for example, in living
patients with severe congestive heart failure, this dis-
cussion will focus on lividity as a postmortem change.

Livor mortis is the purple-red discoloration that
results from settling of blood to the dependent portions
of the body. It begins to develop after the heart stops
beating and becomes more intense with time, so that if
livor is perceptible after 3 to 4 hours, it will be even more
readily seen at 6 to 8 hours. Livor becomes fully devel-
oped around 10 to 12 hours. As livor is developing, pres-
sure on the area of livor for several seconds pushes the
blood out of the capillaries and the area will blanche.
Once livor is fully developed, it becomes fixed and will
no longer blanche with pressure. Blood is pushed out of
the areas of the body that are lying on the ground or on
other objects, resulting in patches of contact pallor. If the
body is moved between the time of visible livor and fixed
livor, two different patterns of livor and contact pallor
may develop. Different patterns of livor in the same body
are proof that the body has been moved.

As livor mortis develops, if the position of the body is
changed the pattern of lividity may change as happened
in the body shown in Images 24.1 and 24.2. When

viewed at the scene, this man was seated upright in a
chair. The pressure of his weight against the chair caused
this area of contact pallor across his upper back (Image
24.1). After transport of the body to the morgue, the body
was laid supine and a new pattern of lividity developed
overnight (Image 24.2).

Livor mortis by definition requires blood in the vas-
cular tree and, therefore, may be difficult to see in cases
of hemorrhagic shock or exsanguination, and anemia.
Livor mortis is more difficult to see in dark-skinned
bodies. Livor mortis may be cherry-red in carbon monox-
ide toxicity, depending on the concentration of carbon
monoxide in the blood. Livor mortis may be a brighter
pink-red in bodies kept near or at freezing temperatures.
Livor may be intense in the face, neck, and upper chest
of obese bodies. Dark purple Tardieu spots (extravasated
blood from disrupted vessels) may appear in areas of
intense lividity.

The man shown in Images 24.3 through 24.5 drove
into a canal a few hours before these photographs were
taken. His body was pulled out and was laid supine. A
patch of contact pallor is on the left lower back (Image
24.3). Several seconds of pressure with the detective’s
hand left patterned blanching (Image 24.4). The next day
in the morgue, the usual butterfly pattern of contact
pallor is evident (Image 24.5).

A young woman’s body was found in the back alley
of an abandoned building. She was prone, and her right
hand was partially underneath her trunk (Image 24.6).
When her hand was moved, an area of contact pallor
from the weight of her body was sharply delineated 
from the dependent lividity of the forearm and hand
(Image 24.7).

Distinct contact pallor is evident in a butterfly pattern
on the upper back and broadly across the buttocks in this
body where the livor mortis is fixed (Image 24.8). The
man shown in Image 24.9 died in the prone position with
his right arm and hand under his chest. Note the contact
pallor on the extensor aspect of the forearm, dorsum of
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the hand, and right upper chest (Image 24.10). The pat-
terned pallor on the chest is from the right forearm, heel
of the hand, and fingertips. The yellow patches are post-
mortem slippage of the skin (Image 24.11). This man
died sitting on the toilet; note the lividity in the buttocks
and scrotum within the ring of contact pallor caused by
the toilet seat, and the Tardieu spots on the buttocks

(Image 24.12). Natural skin folds or creases may cause
lines of pallor (Image 24.13). These are not ligature
marks; true ligature marks are usually dark, not pale.
This elderly woman died sitting with her torso slumped
over her knees and her right arm dangling. Note the
fading livor proximally (Image 24.14). The body of the
woman shown in Image 24.15 was draped over the sink.
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Note the livor in both legs and the distinct contact pallor
on the toes and balls of the feet (Image 24.16). Image
24.17 shows a woman who had been supine for hours
since death but exhibits no perceptible livor because she
bled to death from a perforated gastric ulcer.

External lividity
Dependent livor mortis is readily noticeable externally in
bodies that have been suspended for hours (Image
24.18). The lividity is most pronounced in the dangling
hands and feet and gradually fades proximally. Because
the ligature tightly encircled the neck in this hanging
victim (Image 24.19), lividity is evident in the lower face.

Internal lividity
Lividity is seen not only externally, but is also apparent
internally. The lungs are among the best organs to
demonstrate internal lividity. Aspirated blood may settle
into the posterior aspects of the lungs if the victim is
supine (Image 24.20). The person in Image 24.21 was
shot in the head as she was lying on her left side. The left
lung is filled with aspirated blood, whereas the right
lung remains pink-tan. Internally, the body of the
hanging victim of Image 24.22 had pronounced lividity
in the most dependent loops of small bowel. Compres-
sion of the neck by a ligature in hanging victims may
result in a visible delineation of lividity. The tissues
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below the level of the ligature are normal color, whereas
the tissues immediately above the level of the ligature
have red-purple suffusion (Image 24.23).

Rigor mortis

Rigor mortis is the stiffening of the muscles postmortem
due to chemical changes in the myoplasm. It begins after
death but is usually not readily detected until hours later.
The stiffness progresses with time and becomes maximal
between 8 to 12 hours postmortem at room temperature.
Rigor develops in the resting position that the body is in
at the time of death, and when fully developed, is strong
enough to support the body by the head and ankles
(Image 24.24). If the rigor is broken during its develop-
ment by movement of the body, it may redevelop in the
new position. If the rigor is broken after maximal devel-
opment, it is unlikely to redevelop. Rigor mortis that is
antigravitational or not consistent with the position of
the body indicates that the body has been moved (Image
24.25).

Factors that may hasten the onset of rigor mortis
include infection, terminal seizure or hyperactivity, elec-
trocution, increased body temperature from other
causes, and increased environmental temperature. A cool
environmental temperature will slow the onset of rigor.
Bodies with decreased muscle mass (infants, the elderly,
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and the markedly obese) may not seem to develop full
rigor because, by definition, rigor is due to muscle stiff-
ening. Once rigor mortis is fully developed and decom-
position continues in the muscles, the rigor will begin to
pass off, again at a rate that is dependent on the same
factors as those that affected the development of rigor.
Differentiation between rigor mortis that is in the process
of developing and rigor mortis that is passing or fading
may be based on the presence of other postmortem
changes that could be subtle at that point. Discoloration
of the skin, including early marbling, slippage of the
skin, early bloating of the face, and a distinctive odor
may accompany the passing of rigor mortis.

This man died holding a pillow (Image 24.26). Image
24.27 shows a man who shot himself in the mouth with
a rifle, holding the barrel with his left hand and depress-
ing the trigger with his right thumb. Like muscles else-
where in the body, the tiny muscles attached to hair
follicles (erector pili) can undergo rigor and result in
“goose bumps” or “chicken skin,” a condition known as
cutis anserina (Image 24.28).

Postmortem drying of the tissues

Drying of the tissues is a postmortem artifact. Drying 
of the mucous membranes results in a dark red to black
discoloration. This may be misinterpreted as injury or
cyanosis.
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The eyes
In the eyes, postmortem drying artifact is manifest as a
discoloration of the sclera known as tache noire (black
spot). When the eyelids do not close completely, the
sclera dries and turns red to brown-black (Images 24.29
and 24.30). Enucleated eyeballs may develop global
tache noire over several hours.

The lips, mouth, and genitals
Drying of the lips and tongue results in a dark red to
black discoloration (Image 24.31). The labial mucosa and
gingiva, which are not exposed to air and therefore
remain moist, will not have this drying artifact. The
bodies of young children and babies also show this dis-
coloration from postmortem drying of the lips (Image
24.32). Drying of the scrotum results in a dark red dis-
coloration (Image 24.33). Variation in moisture content
of the skin, from different fabrics in clothing or separate
body parts being in contact, may result in a tan or gray
discoloration (Image 24.34). The thin skin over the
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coccyx is compressed and turns yellow-orange (Image
24.35). Antemortem wounds turn dark red when they
dry, as opposed to postmortem wounds, which lack the
“vital reaction” and are yellow-orange.
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Putrefactive decomposition

Putrefactive decomposition results from postmortem
bacterial proliferation with gas formation. The gas pro-
duction causes bloating of the tissues externally and
internally (Image 24.36). Like other postmortem
changes, gas production begins soon after death, but the
manifestation (bloating) becomes progressively more
noticeable with time. Described simply, the mild, mod-
erate, and advanced stages of putrefactive decom-
position are characterized by bloating, release of gases
with tissue decay (Image 24.37), and skeletonization,
respectively.

Slippage of the skin occurs early in the decomposition
process. Slippage involves the pigment layer and may be
seen within hours of death if the body is in a warm envi-
ronment. Slippage is generally not spontaneous and
requires some application of pressure or friction. Dermal
scars are still visible following slippage of the skin
(Image 24.38), and tattoos are more distinct. Therefore, it
would be helpful to rub off the superficial layers of skin
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in an unidentified decomposing body to better visualize
faint tattoos (Images 24.39 and 24.40). Skin slippage is
differentiated from true abrasions by the yellow-orange
of the dried dermis (Image 24.41)—abrasions would 
be red to red-black. Slippage may involve sloughing of
the skin of the entire hand or foot, resulting in a 
desquamated glove or stocking (Image 24.42); this
occurs most often in bodies that have been submerged in
water. Be careful to preserve those desquamated gloves
for fingerprints.

Blisters may form that are filled with yellow to red to
dark brown fluid or putrefactive gas (Image 24.43).
Broken blisters result in areas of skin slippage.

Red, purple, brown, green, and black discoloration
usually involves areas of lividity before appearing in the
nonlivid regions of the body. The face is frequently one
of the first areas to undergo discoloration. Areas of ante-
mortem injury with bruising will often have accentuated
lividity and discoloration. Green discoloration may
appear relatively early in the right lower quadrant of the
abdomen over the cecum. Internally, as the tissues lose
their integrity, the adipose tissue around the gallbladder

may turn green, and the anterior peritoneal surface of the
right lobe of liver may turn dark green to black from
being adjacent to the hepatic flexure and transverse
segment of the colon.

Marbling (the branching pattern thought to result
from denaturation of blood within vessels) may be red,
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green, or almost black (Images 24.44). Blood slowly dis-
appears from the vascular tree during putrefactive
decomposition and, instead, dark red fluid and/or
gelatinous yellow fat may appear in the thoracic and
abdominal cavities.

The early bloating stage of decomposition is accom-
panied by drainage of red-brown purge fluid from the
nose, mouth, and anus. The fine red spatter on the face
of this man is purge fluid that has been expelled from the
mouth due to increasing pressures inside the torso from
putrefactive gas formation (Image 24.45). A moderately
decomposed man was found dead at home. His body
was against the drywall and bedroom door. Via 
capillary-type action, the purge fluid climbed through
the drywall toward the ceiling, and around the door
frame (Image 24.46). A partially skeletonized body was
found in an abandoned building. Once the body was
removed, it could be seen that the leaked decomposi-
tional fluid and brown-black fly pupae formed an image
of the body on the mattress (Image 24.47).

Gas and fluid may be expelled forcefully from the 
orifices. Wounds may hiss and spit from the increased
pressures in the body as a result of putrefactive gas 
formation. Rapid deep incision into a bloated abdomen
may also inadvertently penetrate the underlying
bloated/dilated transverse colon and small bowel and
result in volcanic expulsion of chyme or feces through
the incision. The anaerobic intra-abdominal gas and
intrascrotal gas may be released through a large bore
needle to decrease the internal pressure prior to autopsy.
If lit by a torch or cigarette lighter, the escaping gas
ignites into a blue flame—orange flames are more rare
(Image 24.48).

Healing surgical incisions and surgical scars may
dehisce as the body bloats, and mimic incised or stab
wounds and gunshot wounds.1 A round dehiscence
defect at the top of the sternotomy scar in Image 24.49
had expanded overnight in the morgue. The surgical scar
from a cardiac catheterization dehisced (Image 24.50).
Laparotomy scars may dehisce and bloated loops of
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bowel may herniate through the abdominal wall defect
(Image 24.51).

Tiny cystic spaces containing gas are visible in solid
organs like the liver, and also palpable as crepitus in
looser tissues such as the epicardium. Although bloating
balloons the entire body, the body weight decreases
during decomposition so that an apparently larger body
actually weighs less. The gaseous eyeballs may bulge,
the lips puff up, and the bloated tongue protrude
between the lips (Image 24.52). The perineum may swell,
the uterine cervix and vaginal wall may prolapse in
women, and rectal mucosa may prolapse in men and
women (Image 24.53). The bloated anus may resemble
female external genitalia (Image 24.54). Female breasts
(Image 24.55) and male genitalia (Image 24.56) may
assume exaggerated proportions. The caption on this
alcoholic’s shirt was prophetic (Image 24.57).

The brain becomes very soft and then liquefies during
decomposition. Putrefactive gas formation occurs in the
brain and, although difficult to see in disintegrating
tissue, the bubbles of a swiss cheese brain may be cap-

tured by fixing the brain in formalin prior to sectioning
(Image 24.58). The leptomeninges may undergo post-
mortem red discoloration and the liquefying brain may
turn dull gray-green. Occasionally globules of gelatinous
yellow fat are admixed with the cerebral tissue (Image
24.59).
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Submerged bodies, once they are removed from the
water, undergo decomposition more rapidly than if they
had been on dry land all along. For this reason, bodies
pulled from the water should be photographed as soon
as possible before additional changes occur. The decom-
posing body of a woman was pulled out of the water 
at a scene (Image 24.60). Decompositional changes had
progressed noticeably by the next day in the morgue
(Image 24.61).

The cause of death affects the rate of postmortem
change and decomposition. A woman was killed with 
a contact gunshot wound to the neck before the man 
put the muzzle of the pistol in his mouth and pulled 
the trigger (Image 24.62). She died from a perforating
wound to the aorta with associated massive hemotho-
races. The only blood he lost was the trail draining out
of the exit wound on the back of the head (Image 24.63).
More blood remained in his vascular tree to act as a
medium to promote postmortem bacterial growth.
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Mummification

Mummification occurs under dry conditions, whether
warm or cool.2 The skin becomes firm and leathery
tough, turning yellow-brown to black (Image 24.64). The
dried skin may shrink and wrinkle. Retraction of the
mummified fingertip makes the nail appear longer,
thereby perpetuating the myth that hair and nails con-
tinue to grow after death (Image 24.65). The erector pili
of the head hair may undergo rigor and make the hair
stand on end—another factor that makes the hair appear
longer.

Fungus grows even on embalmed bodies and varies
in color from white and yellow, to green, and black. Cool
conditions promote fungal growth. The body of the
woman shown in Image 24.66 was embalmed before
burial. The body was exhumed after several months of
interment. The embalming process did not prevent
fungal growth, which virtually covers the face and neck.
Fungus had grown on the mummifying face of an
unidentified body (Images 24.67 and 24.68) during the 2
months of storage in the morgue cooler.

Adipocere

Under moist conditions, the adipose tissue of the body
may undergo a chemical change to become adipocere,
which is classically described as a gray waxy substance.3
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It varies from yellow to tan to gray-white. It can be hard
and brittle. Although reference textbooks indicate that it
usually takes 3 months to develop, we have seen
adipocere develop within 1 to 2 weeks after death in
South Florida. Adipocere preserves the soft tissue con-
tours of the body (Image 24.69). Unfortunately, the ridge
detail on fingers is not adequate for fingerprinting
(Image 24.70).

Police divers were recovering cars from a canal when
they pulled up an overturned vehicle that had sunken
into the sludge. A right hand and a left foot floated out
of the vehicle, and the remainder of the body was on the
left rear seat with the legs between the two front seats
(Image 24.71). The body was clad in a tank top, denim
jeans, a watch and two rings. Moderate putrefactive
decomposition was associated with focal disintegration
of the soft tissues on the head (Image 24.72) and distal
extremities. Adipocere formation involved the entire
body externally, and large portions of pale yellow
adipocere (Image 24.73) were found throughout the
vehicle, clinging to the seats and floating in several
inches of turbid water in the front and rear floor com-

partments. The vehicle was registered to a 26-year-old
woman who was last seen almost 3.5 months prior to
recovery of her body. A suicide note in her apartment
outlined her intentions. During life, she weighed twice
the ideal weight for her height.

Artifacts of embalming4

The quality and extent of the embalming process may
vary from funeral home to funeral home. In some cases,
the head and upper extremities are selectively embalmed
because these are the areas of the body that will be
exposed during a viewing. Embalmed skin is indurated,
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and the back of the embalmed body may be permanently
flattened from being supine during the embalming
process. A plastic corkscrew plug may be used to seal the
anus. The extremities may undergo early mummifica-
tion, depending on the postmortem interval (Image
24.74). Layers of makeup may be applied to the face of
males as well as females in order to hide abnormal pig-
mentation from natural disease as well as injuries (Image
24.75). Plastic caps may be inserted under the eyelids
(Image 24.76) to prevent the eyes from becoming sunken
(Image 24.77), and the eyelids may be sealed shut with
glue. Cotton may be in the nostrils. The jaws may be
wired shut or sutured together with string, and the lips
may be sealed with glue. Incisions in the right supra-
clavicular fossa (through which the vessels are accessed
for embalming the head and upper half of the body) may
be sutured (Image 24.78) with string or sealed with glue
and cotton.

A plastic trocar button is used to plug a small incision
made in the abdomen to permit entry of a metal trocar
(Image 24.79). The trocar is used to aspirate body fluids
and to instill embalming fluid throughout the thoracic

and abdominal cavities. To distribute the embalming
fluid, the trocar is inserted and withdrawn repeatedly
throughout the body cavities, perforating the organs and
tissues, and leaving holes in the peritoneum, diaphragm,
heart, liver, stomach, bowel and small bowel mesentery,
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etc., and leaving behind embalming fluid, which is
usually turbid brown from having mixed with blood and
body fluids (Images 24.80 through 24.82).

Exhumations

Even after very long periods of interment (20 years or
more), important information can be obtained from a
thorough autopsy.5

Exhumation of conventionally buried bodies
The exhumation of known graves for medicolegal pur-
poses should be photographed at every stage, from the
disinterment at the cemetery to the autopsy. The autopsy
should be performed according to the same standards as
apply to an autopsy on any fresh body. In some cases,
the body has already undergone an autopsy, and the
purpose of the exhumation is for gathering specimens or
verifying specific findings. If specific findings are sought,
they should be photographed and/or retained when
found.

After claims of misidentification, the body of a
middle-aged male was exhumed after 20 years of inter-
ment. Once the correct grave site was located (Image
24.83), the concrete slab covering the buried coffin was
removed (Image 24.84), allowing access to the enclosed
casket (Image 24.85). Careful study of forensic osteologic
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and odontologic features at the morgue confirmed the
identity of the decedent (Image 24.86), and the body was
reinterred.

Exhumation of clandestine graves
The investigation of clandestine graves requires the
involvement of law enforcement and other experts as
appropriate for the circumstances (botanists, entomolo-
gists, etc.). A perimeter must be established for security.
The approach to the exhumation is contingent on the
type of grave involved.6,7 General principles for exhum-
ing a clandestine grave include, but are not limited to the
following (see Chapter 26 for more information):

- Set up a grid that encompasses the grave site.
- Gently remove the layers of soil, documenting the loca-

tion of items of evidence, and sifting the removed soil
to recover small items of evidence such as teeth, pro-
jectiles, jewelery, money, vegetation foreign to the
region, etc.

- Photograph all evidence recovered during the 
excavation.

- Determine whether the remains are human.
- Photograph the body in situ before removing the victim

from the grave.
- If disarticulated human remains are discovered,

arrange them according to anatomic site; determine if
the remains are commingled and represent more than
one victim.

- Excavate the soil around and underneath the body to
look for evidence; the removed soil may be radi-
ographed as well as sifted.

- Radiograph and photograph all recovered remains.

Second autopsies

Every autopsy should be performed diligently, as if there
was going to be a second autopsy. In a sense, this possi-
bility should enhance the quality control of individual
cases.

Second autopsies are usually requested to confirm or
refute particular findings or the cause of death. Most
commonly, second autopsies are requested by family
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members in so-called “high profile cases,” such as when
someone dies in the custody of law enforcement. The
pathologist who performs the second autopsy is at a 
disadvantage because in addition to possible previous
injury, medical intervention, and autopsy artifact, there
may be progressive decompositional changes and/or
embalming artifact. Optimally, the original pathologist
would be cooperative and willing to discuss the original
autopsy findings with the second pathologist. The 
photographs, radiographs, and original autopsy report
should be reviewed prior to the second autopsy. The
second pathologist is able to render an opinion on only
what has been made available for review.

Cremations

Modern crematoriums burn retorts at temperatures high
enough (1600 plus degrees Fahrenheit) to burn off all
organic tissue, leaving a pile of gray-white bone frag-
ments, a number of which are identifiable (Image 24.87).
Generally, 45 minutes of burn time is required for every
100 pounds. Metal prostheses such as orthopedic hard-
ware are removed before the bones are ground in a metal
separator (Image 24.88). The ground bones are then pul-
verized in a cremated remains processor. The processed
cremains are now in powder form and may be sealed in
a plastic bag and placed in an urn (Image 24.89). The cre-
mains of an adult average 5 to 7 pounds.

Cremains from around the turn of the 20th century in
England include distinctly recognizable human bone
fragments (Image 24.90). A second cervical vertebra, two
segments of rib, and a segment of long bone are in the
central column. The bodies of a lumbar vertebra (top)
and two upper to midthoracic vertebrae are in the
column at the far right. The left-hand column has a frag-
ment of femur (top), and three cortical bone fragments
from long bones, or even possibly the skull.

Trauma and the decomposing body

Decomposing bodies undergo color changes that may
camouflage ecchymoses and contusions. Color changes
frequently occur first and most prominently in the face,
neck, and upper chest, so that a purple-red face is not
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necessarily significant. The external examination prior to
the autopsy of a decomposing body should be conducted
with the history, terminal events, and scene findings in
mind. If the circumstances are suspicious, take the time
to treat the case as a potential homicide. Photograph all
findings. There is no professional disadvantage in being
excessively meticulous and thorough, but there is a
potential for significant medical, social, and legal reper-
cussions if you are not.

Although discoloration is an expected postmortem
change, focal areas of accentuated redness may indicate
antemortem injury. Antemortem contusions may be dif-
ficult to distinguish from postmortem discoloration;
however, incision into the area may confirm dark red
ecchymoses in the subcutaneous fat and muscles, in con-
trast to adjacent, uninjured yellow or pale red fat. If frac-
ture of an extremity is still in question after a negative
postmortem radiograph, incise and expose the area of
concern.

Points to consider

- Incise all areas of suspicious color change to confirm
ecchymoses/hematomas; photograph the findings.

- Incise and expose areas suspicious for a fracture if one
is not evident on the postmortem radiograph.

- Perform a full autopsy, including examination of the
brain and intracranial surfaces (after stripping the
dura).

- Examine the neck structures for soft tissue ecchymoses
and for fractures in the hyoid bone, thyroid cartilage,
and cervical spine.

- Carefully inspect the clavicles, ribs, and pelvis.
- Dissect the back after photographing if suspicious

colors and patterns are present.
- A decomposing body found in circumstances on which

the pathologist and police investigator concur as being
indicative of a homicide, but without supportive
unequivocal anatomic findings can still be classified as
“homicide by unspecified means” (see Chapters 29 and
30).

The decomposing body of a reclusive alcoholic was
found in his apartment. Red discoloration was more
prominent on the right thigh than on any other part of
the body (Image 24.91). Incision into the thigh disclosed
a fresh fracture of the proximal right femur, surrounded
by a dark red hematoma in the surrounding soft tissues.

Pseudoligature marks
True ligature marks in decomposing bodies are usually
dark because they are abrasions. Compare the findings
from the decomposing bodies of two elderly white males
autopsied on the same day. Image 24.92 depicts a pat-
terned dark ligature mark that was consistent with the
ligature around the neck of this hanging victim. Image
24.93 depicts transverse pale lines on the neck that run

along the natural skin folds or creases in the other man
who died from heart disease. These pale strips of rela-
tively preserved skin may also result from a bandana,
collar, or other item resting on the neck at the time of
death. Unfortunately, pale strips of skin on the neck have
been misinterpreted as ligature marks.
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Animal scavenging

Ants are ubiquitous, especially outdoors. Ants bite deep
enough to result in red punctate abrasions that may ooze
bloody fluid. The bites will be seen along lines of cloth-
ing and aligned along areas of skin contact with the
ground. In Image 24.91, ants were not able to get under-
neath the waistband. In other words, ants may bite along
the skin surface but will not be able to get underneath
the body part that is lying on the ground, or be able to
get underneath tight clothing. In Image 24.95, the blood
on the groin and both legs is all from ant bites and not
injuries. Ant bites are one cause of pseudostippling
around gunshot wounds. Cockroaches have a broader,
more shallow bite (Image 24.96).8

Decomposing bodies are inhabited by a succession of
insects. Beetles follow the flies. The stringy thread-like
material evident in Image 24.97 is beetle excrement or
beetle frass. Flies will find a body within hours of death
and deposit their eggs. The tiny pale yellow-white eggs
may be in small clusters or large firm masses. Fly 
eggs may fill the orifices of the face (Image 24.98). Fly

eggs become larvae or maggots—some cultures call them
worms. An unusually large accumulation of maggots on
one area of the body may indicate a preexisting ante-
mortem injury or wound. Maggots eat dead tissue and
secrete an enzyme in their saliva that expediently dis-
solves the tissue. As they eat, they may create holes that
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mimic gunshot wounds. A man was found on the floor
with a shirt over his head and his face below the fore-
head showing through the collar. This explained why the
central portion of his face had accelerated decomposition
compared to the forehead, and had maggots that could
not get to the covered forehead (Image 24.99).

Postmortem animal activity is common.9 Examiners
should pay careful attention to wound edges, particu-
larly the possibility of animal tooth marks left on carti-
lage or bone.10 Rats chewed this man’s face (Image
24.100). Dogs locked in a residence with their deceased
owners will eat the bodies. Overnight, this man’s dog ate
flesh from his face but left his teeth and gums intact
(Image 24.101). Note the teeth marks around the edges
of the skin defect (Image 24.102). This woman’s dog ate
the central portion of her face, including the eyes (Image
24.103). The only bloody fluid in the entire apartment
was on the pillow just below her face. Freshwater turtles
were in the lake with this drowning victim (Image
24.104).

Sharks have several rows of teeth and may lose them
as they bite their victim. A radiograph of a shark bite

wound may disclose one or more shark teeth. Note the
rows of tooth marks (Image 24.105). Note the serrated
wound edge caused by the teeth of a shark (Image
24.106). In addition to the larger grooves caused by the
points of the teeth, shark teeth also have fine serrations
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that will leave multiple, more delicate linear striations on
bone (Image 24.107). Alligators have peg-like teeth
which probably crush as much as they puncture, but will
leave serrated wounds as they bite and tear away flesh.

Birds of prey, like turkey vultures and buzzards,
deflesh bodies easily. This man’s body was warm and he
was seen alive 2 hours earlier (Image 24.108). Note the
beak marks on the forehead (Image 24.109).

An approach to the autopsy 
of a decomposing body

The criteria for performing an autopsy on a decompos-
ing body are the same as those criteria that apply to fresh
bodies (see Chapter 3). The cause and manner of death
may be unknown in many decomposing bodies until the
autopsy has been performed, in which case, an autopsy
is automatically a requirement. Decomposing bodies are
esthetically unpleasant but are still human bodies that
deserve as thorough an examination as any fresh human
body.11 After all, decomposing bodies do not die of

causes and manners of death that differ from those for
fresh bodies. Postmortem changes impose artifacts that
mandate interpretation by a pathologist who is knowl-
edgeable and experienced enough to distinguish true
antemortem disease and injury from postmortem arti-
fact. A pathology resident should not be performing
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autopsies on decomposing bodies without the supervi-
sion of an experienced pathologist. As in all medicolegal
autopsies, the forensic pathologist should personally
perform all aspects of the autopsy from external exami-
nation to evisceration and dissection.

Points to consider

- The body weight and organ weights decrease with
increasing postmortem interval.

- Body fluids disappear with increasing postmortem
interval.

- Decomposing and skeletonized bodies, therefore, rep-
resent only partial evidence, and, as such, warrant an
even more intensive examination than does a fresh
body, which has all of its soft tissue features and body
fluids.

Identification of decomposing bodies

Identification of decomposing bodies utilizes the same
modalities as those used for intact fresh bodies, with the
exception that soft tissue features such as facial appear-
ance and fingerprint patterns may not be available or
appropriate.12 The entire body should be radiographed
to identify remote or healing injuries, calcifying soft
tissue masses such as pulmonary granulomata and

Autopsy checklist

- Photograph the body as it is received in the morgue.
- Turn the body over to examine the back for obvious gunshot

wounds, stab wounds, and other trauma before removing
the clothing.

- Photograph the back of the body before removing the
clothing.

- As the clothing is being removed, examine the pockets.
(Some investigators at the scene are loathe to examine
pockets in clothing on a decomposing body, and substantial
amounts of money have been retrieved by technicians as the
body is being processed in the morgue.)

- Obtain specimens for a sexual battery kit if the circum-
stances are appropriate.

- Radiograph the entire body if the integrity of the skin is so
disrupted that wounds might be obliterated (usually in
moderate to advanced decomposition).

- Photograph the front and back of the stripped body.
- Note the general features indicating postmortem change:

- Early putrefactive decomposition—bloating, red-green to
brown-black discoloration, marbling, blister formation,
slippage of the skin, presence of fly eggs and maggots,
focal mummification

- Moderate putrefactive decomposition—focal disintegra-
tion of tissue, mummification, presence of beetles in addi-
tion to fly remains

- Advanced putrefactive decomposition—focal or extensive
skeletonization, possible small rodents in body cavities,
animal activity with loss of portions of the extremities or
of the head.

- Look in the eyes, nose, ears, and mouth, noting, among
other things, features for identification such as dentures or
even lack of dentition.

- Look for injuries; describe and photograph all findings.

- Look for scars, tattoos, and other distinctive features for
identification.

- Look at the extensor and flexor aspects of both arms (incised
wounds, scars).

- Examine the intrathoracic and intra-abdominal contents
(eviscerate and dissect as usual).

- Open the calvarium and examine the brain. Strip the dura
to look for fractures in the calvarium and skull base.

- Obtain specimens for toxicology:
- If blood is not available, save chest fluid or perhaps only

gelatinous yellow fat if that is all that is present.
- If bile is not available, save liver tissue.
- Save gastric contents.
- Save brain tissue.
- Note that ocular fluid, blood, bile, and urine may 

disappear.
- If the body is unidentified:

- The hands should be fingerprinted if the digits are 
preserved.

- Fingers may be detached at the proximal interphalangeal
joint and thumbs at the metacarpophalangeal joint to be
processed by fingerprint experts using special laboratory
techniques to maximize the ridge detail.

- Full-body radiographs should be obtained to docu-
ment skeletal features and the presence of orthopedic
hardware.

- Dentition or dentures should be documented by a foren-
sic odontologist.

- Tissue should be saved for DNA profiling.
- Clean, photograph, and inventory the clothing.
- After thorough local investigation, submit data to the

NCIC (see Chapter 27).
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myositis ossificans, orthopedic hardware and other pros-
theses, and distinctive trabecular patterns that may be
compared with antemortem radiographs. Dentition
should be photographed, radiographed, and charted by
a forensic odontologist. Suitable specimens should be
preserved for DNA profiling (plucked head or pubic hair,
pink muscle, a segment of femur or other sizable bone).

After all efforts have been exhausted, the body can be
completely defleshed and examined to create a forensic
osteologic profile (race, sex, age, stature, and individual-
izing features). All clothing should be rinsed and exam-
ined for identifying features such as labels that indicate
size, brand, and possibly even the individual’s name
(may be printed on a label), as well as the usual features
such as a description of the clothing item, color, fabric,
etc. All investigative information should be collected and
collated prior to confirming an identity, thereby pre-
venting a misidentification and the professional, legal,
and financial ramifications that may result.13,14 The body
that remains unidentified after every effort should not be
cremated but buried in a governmental plot; this will
allow for the body to be exhumed in the eventuality that
a family member searching for a missing person is able
to provide objective evidence of identity so that the body
can be claimed.

The decomposing body of a man was found floating
one-half mile offshore. Police investigators assumed that
the victim drowned and sustained postmortem propeller
injuries. Autopsy disclosed multiple chop wounds to the
head and upper extremities, consistent with a machete.
The head was defleshed to permit optimal examination
of the injury patterns in the skull. The antemortem facial
photograph (Image 24.110) is compared with the decom-
posing, injured head (Image 24.111) and the defleshed
skull (Image 24.112).

Facial markers of identity are so distorted by decom-
position that although this man is still wearing the same
clothes and sitting in the same chair, his own family
would not recognize him (Image 24.113). Visual identifi-
cation is notoriously unreliable, even in living persons,
and may be tenuous at the best of times in fresh bodies.
Beyond the repulsion of seeing the decomposing face or
photographs of the distorted face, false identification and
false nonrecognition of bodies have occurred when dis-
traught family, friends, and acquaintances view even
fresh bodies under emotionally charged circumstances.
Therefore, visual identification should not be attempted
with decomposing bodies. Instead, positive identifica-
tion should be based on objective features such as den-
tition, fingerprints, radiographs, and/or DNA.

The sloughed skin of the hand is of evidentiary value
because it bears the best fingerprint evidence from that
body. In this example, our forensic technician has placed
a degloved hand over his own (gloved) hand to facilitate
fingerprinting of this decomposing body (Image 24.114).
The fingerprinting process can be done similarly with
detached single digits (Image 24.115).

Postmortem interval

The postmortem interval can be difficult to estimate.
Determination of the postmortem interval is contingent
on multiple factors including, but not limited to, ante-
mortem activity, livor mortis, rigor mortis, algor mortis,
body temperature at time of death, body habitus, and
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environmental conditions such as clothing, ambient tem-
perature, environmental medium (e.g., air, water, earth),
and, of course, the history, terminal events, and scene
findings. As a result of the multiple, complex factors
involved in influencing postmortem change, forensic
pathologists provide a range of time for the estimated
postmortem interval, as opposed to a single or definitive
moment of death. Estimation of the postmortem interval
is best done by pathologists and investigators who are
familiar with the climatic, environmental, entomologi-
cal15,16, etc., conditions that impact postmortem changes
in a body, in the geographical jurisdiction in which the
body is found. Varying conditions in different parts of
the country (and world) will affect the rate of post-
mortem change. One must be wary of experts who

provide a precise time of death without corroborating
witness accounts or physical evidence. Although some
experts have suggested using myoelectrical stimulation,
gastric emptying, body temperature, vitreous potassium
levels, and other methods to determine postmortem
interval with scientific “accuracy,” these methods are
fraught with error.17 Anecdotally, vitreous potassium
levels may be widely disparate between the two eyes in
the same body.

The estimation of time since death is best approached
via consideration of all investigative data, including
examination of the body at the scene of death. The earlier
the livor mortis, rigor mortis, and other postmortem
changes can be evaluated, the more accurate the estima-
tion of the postmortem interval. The documentation and
study of algor, livor, and rigor mortis in the morgue
overnight or after hours or days of refrigeration is 
meaningless.

Do

• Take full-body radiographs on bodies in moderate to
marked decomposition where the integrity of the skin
and soft tissues is disrupted.
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• Examine the front and back of the body and look in
the eyes, nose, ears, mouth, and perineum.

• Perform a full autopsy and examine all organs as you
would in a fresh body, including the intracranial 
contents.

• Obtain brain, liver, chest fluid, and other specimens
for toxicology if vitreous fluid, blood, bile, and urine
are not available.

• Recognize postmortem artifact and distinguish it
from true antemortem disease and/or injury.

• Consider the history, terminal events, and scene find-
ings in determining the cause and manner of death.

• Familiarize yourself with the changes of decomposi-
tion through experience gained by performing these
autopsies.

Don’t

• Assume that there is limited value in autopsying a
decomposing body.

• Rush through the autopsy and omit routine 
procedures.

• Misinterpret postmortem artifact to be antemortem
disease or injury.

• Allow a pathology resident to perform an autopsy on
a decomposing body without supervision.
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Although the majority of individuals brought to the
medical examiner department for examination are of
known identity, a significant number of decedents are
initially “tentatively” identified or unidentified. Aside
from determining the cause and manner of death, one 
of the most important tasks of the medical examiner
department is to determine the identification of individ-
uals coming under its jurisdiction. Proper identification
of an individual is important not only for the family or
friends of the deceased, but is also necessary for proper
completion of a variety of documents (including the
death certificate) and for the settlement of insurance
claims and estate issues. In some cases the ability to
proceed with further case investigation may be depen-
dent on the establishment of victim identification. In
those cases, rapid identification will allow for a more
directed investigation, thereby increasing the likelihood
of the case being solved. Establishing a positive identifi-
cation can also be one of the most gratifying aspects of
medical examiner work.

General morgue procedures

All bodies in a medical examiner department should
have secure body tags labeled with the name and case
number. If the identity of the individual is unknown, the
term unknown or a tentative name (it must be stated

accordingly) can be printed on the body tag along with
the case number. The case number on the body must be
checked prior to the performance of a postmortem exam-
ination. The inability of investigators to initially obtain a
positive identification should not preclude performance
of an autopsy, because valuable information contributing
to the identification process may be obtained during an
autopsy. Medical examiners should not release unidenti-
fied bodies from their custody (to the funeral home or
others) until identity has been established. Various 
techniques may be used to further this goal (see later 
discussion in this chapter and Chapters 24, 26, and 27).
Regardless of whether a person is identified or not, facial
photographs should be obtained from all bodies, as
should two sets of fingerprints and body height and
weight. Palm prints might occasionally be of value if 
law enforcement officers want to compare these prints
against latent prints found at the scene of a crime or other
circumstances.

General and unique
body characteristics

General characteristics of the body such as approximate
age, sex, height, weight, hair color and cut, eye color, 
surgical/traumatic scars, other unique physical traits, as
well as a description of the clothing, may aid in the initial
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stages of the identification process. These traits and
descriptions may prove invaluable by ruling in or out
potential candidates for identification. This can be 
particularly useful when many calls to the medical 
examiner department are received following the news
broadcast of an unidentified person. However, these
physical descriptions are usually of a general or non-
specific nature, and positive identification requires more
definite and reliable means, which in this scenario
usually requires someone who knows the person to
physically travel to the medical examiner department
and view a photograph of the deceased person. If a 
positive identification is made, the witness must sign a
form attesting to the identity of the deceased.

Means of positively identifying an individual are
varied and depend on the circumstances of each partic-
ular case. Also, techniques and standards for identifica-
tion will vary from region to region. In the majority 
of cases in which the body is viewable (not decomposed,
burned, or severely traumatized), most identifications
are made by comparison of the individual with an 
antemortem photograph, preferably one printed on a
government-issued ID such as a driver’s license. Family
or friends may identify an individual by viewing a pho-
tograph of the deceased’s face taken in the morgue, by
seeing their face on a television monitor (if the office is
so equipped), or by direct observation. Tattoos may aid
in establishing a positive identification, particularly if
they depict the name of the individual, a loved one,
friends, or any other unique feature. Unique jewelry can
aid in the identification process. If the body is charred,
blackened rings or other jewelry can be easily missed if
not specifically searched for.

Fingerprints

Fingerprints are a unique physical trait and, if ante-
mortem fingerprints are available, are a preferred source
for establishing a positive identification. Those with
antemortem fingerprints on record may include people
with an arrest record, military service, some government
employees, and others. Some driver’s licenses have a
thumbprint or fingerprint on them, and some agencies
will retain fingerprint records.

Fingerprints may be destroyed or appear unusable in
charred and severely decomposed or mummified bodies.
However, in a certain number of decomposed cases, the
skin can be slipped off the hand, placed over one’s own
gloved hand or finger, and rolled onto a fingerprint
card—often yielding a print of sufficient definition to
provide a match (see Chapter 24). Keep in mind, though,
that this skin is fragile and easily torn, potentially
destroying the fingerprints. The hands and fingers
should be handled gently at the scene and in the morgue,
and the slipped skin should be specifically recovered as

intact as possible for fingerprinting. Even when mum-
mified, a useful fingerprint can occasionally be obtained
after soaking the digit in a soap-and-water solution to
loosen the tissues. Then, the solution can be injected
under the skin, or the skin of individual digits can be
removed to assist in the creation of a fingerprint.1 In
some instances, even a partial fingerprint or thumbprint
may be sufficient to establish positive identification.

The identification process might be more difficult for
certain groups of people including the homeless, people
without a picture ID in their possession, and those who
do not have antemortem fingerprint records. The estab-
lishment of tentative identification is an important initial
step that may be made possible by articles in the dece-
dent’s belongings. These might include personal or
work-related papers or correspondence, medication
bottles, etc. Phone calls should be made to prescribing
physicians whose names are printed on medication
bottles. This may aid in decedent identification, location
of family members, and elucidation of important per-
sonal, social, and medical histories. It may also aid in the
location of pertinent medical records such as x-rays, CT
scans, and operative reports that might be of value in
personal identification.

In the case of a decomposed person found in his resi-
dence or automobile, with a picture ID in his wallet or
other personal papers in his possession, his positive
identification may be made based on the circumstances
of the case. In other situations, particularly in homicides
or other nonnatural deaths, identification techniques of
a decomposed or traumatized body are more rigorous
and include techniques such as fingerprint comparison,
dental and other x-ray comparison, and DNA analysis.

Disposition of “unknown” bodies

Despite the best of efforts, it is not always possible to
identify a body in a timely fashion. In these circum-
stances, the body cannot remain in the morgue cooler
indefinitely and eventually needs proper disposition. In
these cases, the body of the unknown person should
eventually be buried—not cremated. Should a potential
identification issue arise and if further physical 
examination is required, the body will still be accessible.
Before burial, the following should be obtained: front
and side photographs of the face; photographs of tattoos
or other unique features; two complete sets of finger-
prints; full body x-rays (including skull with sinus
views); dental x-rays and charting; and a sample of tissue
taken for possible future DNA analysis (preferably
blood, but tooth, bone, and scalp hair with roots are 
appropriate). The roots are the most important part of
the hair, because they contain the most useful deposit of
DNA. Knowing this, the sample of scalp hair should be
pulled, and not cut. The blood can be stored as drops
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placed on commercially available blood cards that do not
require refrigeration and can be stored indefinitely.

When sampling bone for DNA analysis, if possible,
one should utilize a new saw blade that is also washed
with bleach. If this is not possible, an existing saw blade
should be thoroughly washed and bleached so as to
remove as much of any existing DNA as possible. This 
is important because the extremely sensitive nature of
DNA analysis may lead to unusable test results if your
sample is unintentionally contaminated by a dirty saw
blade.

Uniquae physical characteristics

People are unique and have varied life experiences.
Focusing on certain particular physical characteristics
can help establish a positive identification.

A young adult was charred when her motor vehicle
crashed and burst into flames. The crash was considered
accidental in nature. The family stated that the person
had a yellow metal cap stamped with a champagne
bottle imprint on one of her front teeth. When the teeth
of the decedent were carefully cleaned, the previously
described tooth cap was identified (Image 25.1). Because
this trait was congruent with other circumstantial find-
ings, it was considered sufficient to establish positive
identification.

Implanted surgical devices

Implanted surgical devices are a useful means of verify-
ing an identification, particularly if a serial number is
imprinted on the device and medical records are avail-
able to match the number.

This decomposed elderly homicide victim (Images
25.2 through 25.4) had a pacemaker and previous heart
surgery. An antemortem chest x-ray showed a pace-

maker and sternal wires (Image 25.2). After the chest
plate was removed, it was x-rayed (Image 25.3). Note
how the pattern of the sternal wires of both images
appears to be identical. In addition, his pacemaker was
removed and cleaned. The make, model, and serial
number inscribed on the pacemaker matched that in 
his medical records (Image 25.4).

In a similar case, Images 25.5 and 25.6 show a decom-
posed and partially mummified woman who had a
history of hip replacement. At autopsy, the hip replace-
ment was verified (Image 25.5). In addition, the serial
number inscribed on the hip prosthesis matched that in
her medical records (Image 25.6).
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Tattoos

Unique tattoos can help identify a person. An unidenti-
fied decomposing woman had a faint tattoo on her right
hand (Image 25.7). The tattoo, however, was difficult to
discern. Fortunately, when the superficial skin is slipped
away, more detailed features of the tattoo are apparent
(Image 25.8). Particularly useful tattoos include names of
people. It is not uncommon for a person to tattoo her
own name on her body and possibly her social security
number. We have also seen a “dog tag” type tattoo
including the person’s name, social security number,
birth date, and blood type.

X-ray comparison

Radiography can be of great value in establishing a 
positive identification. X-rays can help locate or verify
prostheses such as those of the hip (Image 25.9). X-rays
of teeth can be particularly useful, because teeth and

their fillings and restorations are extremely durable and
are often preserved even when the surrounding tissue is
destroyed.

This decomposed unidentified man was found in a
lake (Image 25.10). He had no fingerprint record for
identification. Hospital x-rays on this person were
obtained because no dental records were available. Note
the “match” between the dental fillings/restorations on
both sides of his mouth when the antemortem hospital
head x-ray (Image 25.11) and the postmortem x-ray of
the head (Image 25.12) were compared. In addition, the
same case had a match between dental fillings identified
on an antemortem lateral head x-ray (Image 25.13) and
a postmortem x-ray (Image 25.14). Previous dental
records are not always necessary to establish a positive
identification based on dental features. Sometimes, a pre-
vious head x-ray will have adequate features for proper
matching, particularly when fillings are present. Also,
one may consider matching the bony patterns of the
frontal sinuses, because each frontal sinus has unique
characteristics.2
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When antemortem dental films are available, post-
mortem dental x-rays can be taken to provide for a
potential match. For more information, see Chapter 27.

The unique characteristics of certain bones may be of
value to the identification process. Most people have
bony anomalies of one type or another, ranging from pre-
vious injuries to developmental problems, degenerative
changes, infection, or other pathology. Because chest and
abdominal x-rays are often taken in the hospital setting,
there is the possibility that they will be available for com-
parison to postmortem x-rays. It has been suggested that
a minimum of four points of radiographic congruency
are needed to make a “positive match.”3 However, such
arbitrary figures do not necessarily apply to individual,
unique cases. With particularly rare or unique findings,
the matching of one unique feature might be enough to
confirm identity.

Radiographic comparison of the vertebral spinous
processes may prove of benefit to the confirmation of per-

sonal identity. In this case, the person was positively
identified by matching multiple unique outlines of 
the posterior spinous processes of the vertebrae.
Compare how the shapes of three of the spinous
processes from an antemortem x-ray (Image 25.15) match
the three spinous processes on the postmortem x-ray
(Image 25.16).

It may be helpful to obtain two x-rays of the chest
when comparison x-rays are anticipated. An x-ray taken
before and after the chest plate is removed allows for
better visualization of the ribs and spinal column. Com-
parison of unique rib features is also useful for identifi-
cation purposes.3

In this postmortem x-ray of an individual’s tibia and
fibula, note the healing fractures in each bone (Image
25.17). These bones were from the charred remains of an
individual found in a burning car. Note how well these
healing fractures compare with those seen on a hospital
x-ray (Image 25.18).
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Photographic superimposition

When skeletonized remains have been tentatively iden-
tified, and other forms of identification have failed to
yield conclusive results, photographic superimposition
can be used as a supportive method of identification.4–6

Investigators must obtain antemortem photographs
(preferably smiling) of the decedent. Then, photographs
of the skull must be prepared with the same orientation
as that illustrated in the antemortem image. Then, using
computer software (such as Adobe Photoshop®), the
antemortem and postmortem photographs can be care-
fully superimposed (to scale), and careful attention paid
to the synchrony of body contours and bony structure.
Detailed examination and comparison of the anterior
dentition (when available) may also allow for identifica-
tion (see Chapter 27).

A similar process can be done with comparisons being
made of ante- and postmortem cranial radiographs, or
superimposition of antemortem photographs and post-
mortem cranial x-rays.7

Forensic facial approximation (visage)

When all attempts at human identification have failed, it
may be appropriate to attempt forensic facial sculpture
(three-dimensional facial approximation). Using average
tissue depths, an appropriately trained artist may be able
to create a hypothetical facial appearance for the uniden-
tified body. In an attempt to create a list of possible
victims, photographs of the sculpture can then be
released to the public via the mass media, thereby direct-
ing detectives into new and possibly correct avenues of
investigation.

The sculpture in Image 25.19 was prepared from the
skull of a young black male. After identification of the
victim and comparison of the sculpture with antemortem
photographs, stunning similarity was noted.

Unknown persons databases

An unknown person can be entered into a database of
missing persons at the National Crime Information Center
(NCIC). NCIC is a computerized index of criminal justice
information that covers different areas, including one of
missing persons. Investigators enter various physical
features of an individual into the databank, and these
features are searched for among a list of people reported
missing. Although investigators most commonly will
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enter information regarding unknown individuals, in
cases of dismemberment or severe mutilation, character-
istics of one or more body parts might be entered.

There are also DNA databanks that may serve in
human identification. One example is the Combined DNA
Index System (CODIS). CODIS is a three-tiered national
DNA index for law enforcement purposes that serves
local, state, and national agencies. All DNA profiles are
generated at the local level and are then input into the
state and national levels. Although its main purpose is
for the sharing of DNA profile information to link crimes
and to convict offenders, one may enter the DNA profile
of an unknown person, possibly obtaining a match to a
person listed in the CODIS system.

Do

• Consider all means available to positively identify a
person.

• Use a new—or at least thoroughly cleaned—bone saw
blade to collect bone samples for DNA testing, thereby
minimizing the amount of DNA contamination.

• Look for serial numbers on implanted medical
devices.

• Obtain samples for DNA, obtain full body x-rays, and
chart and x-ray the teeth before burying an unidenti-
fied person; be sure to obtain photographs of the face
and unique tattoos and also x-rays of the head that
include sinus views.

• Use proper screening techniques to eliminate poten-
tial candidates before more specific means of identifi-
cation are applied.

Don’t

• Be discouraged with slipping skin on a decomposed
body—fingerprints are often still available.

• Forget that, in some cases, even a partial fingerprint
or thumbprint may be enough to establish a positive
identification.

• Forget about the potential usefulness of hospital 
x-rays, particularly those of the head and chest.
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Forensic osteology has been defined in various ways by
multiple authorities.1–5 We advocate for the recognition
of forensic osteology as a subspecialty interest of foren-
sic pathology wherein the pathologist uses his or her
combined knowledge of medicine, pathology and the
human skeleton to help solve legal problems. Within its
practice is a fundamental understanding that the human
skeleton may be of evidentiary value in any death inves-
tigation. As such, investigators must be knowledgeable
about human osteology and about those skeletal features
useful in personal identification. They must also be 
confident in the evaluation and interpretation of bony
trauma and artifact found in bodies throughout the spec-
trum of preservation.

Due to excessive workloads or individual disinterest,
some pathologists choose not to examine their own cases
of decomposed, skeletonized, or burned human remains;
instead, they transfer investigative impetus to forensic
anthropologists. After this evaluation, some pathologists
(acting as coroners or medical examiners) sign the report
and death certificate without further thought, indicating
agreement with their consultant’s findings. This is trou-
bling in that the person signing the death certificate is
ultimately responsible for the general focus of the whole

case (including all autopsy and circumstantial data) and
must be able to correctly interpret the work product of
consultants. Regardless of the specialty area in which a
physician practices, one should never defer to the con-
sultant without being fully supportive of what has been
documented and its interpretation. As such, this repre-
sents a need for greater involvement of pathologists in
“bone cases.”

One might then ask “What is the role of the forensic
anthropologist (a non-medical specialist)?” After thor-
ough examination of the decedent, a pathologist may
choose to consult an anthropologist whose role may be
to confirm or refute initial findings, to provide additional
detail, or to contribute to observations and interpretation
of trauma. As a result of medical school education, resi-
dency, and fellowship training, physicians already
possess expertise about some aspects of bone. They have
seen bone trauma and disease in the context of living
people; they have seen bone in the operating room, and
they can correlate cause with effect. Firsthand medical 
and surgical knowledge, combined with experience
practicing pathology, allows for more accurate interpre-
tation of lesions found in the human skeleton and, as
such, the forensic pathologist’s interpretation of bony
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trauma should not be subjugated. That said, forensic
anthropologists possess specialized knowledge about
the anatomy of the human skeleton that can be of impor-
tance to medical examiners’ investigations. Ultimately,
all death investigations should be regarded as a multi-
faceted team effort. It is not a question of rivalry, but of
correlation through cooperation.

Normal human osteology

The pathology field makes heavy use of detailed anatomic
knowledge and terminology. Without this, pathology
reports would be medically less precise, and their prose
would blend into the humdrum of common parlance.
Human osteologic knowledge is routinely demonstrated
in the day-to-day practice of forensic pathology, with
descriptors of normal, diseased, or traumatized bony 
elements being mentioned throughout autopsy reports
and court testimony. The examination of decomposed,
skeletonized, or badly burned remains often mandates 
an enhanced working knowledge of human osteology
because bones may be disarticulated, scattered, frag-
mented, or otherwise made not easily recognizable. The
study of bony elements in such a fashion is not typically
the training of forensic pathologists because medical
school and residency programs tend to focus on bone
anatomy, pathology, and trauma at the level of the 
living organism and not on individual disarticulated
bones.

Advanced studies in human osteology would be a
welcome addition to the world of forensic pathology.
Due to the fact that in most jurisdictions, forensic anthro-
pologists are not readily available, study of remains at
the scene or at the morgue will often fall to the forensic
pathologist. Creation of a “skeletal inventory” will be
possible only if investigators have adequate training and

experience to recognize the anatomic elements presented
before them. Please refer to the textbooks listed at the
end of the chapter for a more detailed study of human
skeletal anatomy.6–8

Study the specimen demonstrated in Image 26.1—two
small pieces of calcific material whose identity initially
stumped a group of junior forensic pathologists. This is
ossified thyroid cartilage located at the scene of a scat-
tered surface skeleton. Nonrecognition of this element,
with subsequent nonretention/nonexamination could be
a terrible error because the larynx has forensic value. The
thyroid and cricoid cartilages often commence ossifica-
tion around 20 years of age,9 providing supposition that
the study of ossification patterns and rates might denote
a decedent’s age at death. Although great debate sur-
rounds the utility of laryngeal age determination,9–13

detailed study of these cartilages for the presence of 
fractures is an important part of the investigation of 
any death possibly related to strangulation, throttling,
hanging, and so forth.9,14–24

The radiograph in Image 26.2 is of a hyoid bone
removed at autopsy. Although it is common knowledge
that hyoid bone fractures found at autopsy might indi-
cate the application of a variety of forces to the neck,25–27

it is not uncommon for inexperienced pathologists per-
forming forensic autopsies to misinterpret the normal
cartilaginous joints (found between the hyoid body and
greater and lesser horns) as fractures. In this example, as
a result of healthy cartilaginous discs and ligamentous
laxity, wide gaps are found between the lateral margins
of the body and greater horns. Because the lesser horns
have not yet fused to the body of the hyoid, they may be
misinterpreted as bony fragments, thereby supporting
the erroneous conclusion of fracture.

The cranium shown in Image 26.3 is from a badly
traumatized male whose decomposing remains were
found in a wooded area. The craniofacial skeleton had
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been reduced to a widely scattered array of fragments.
Thorough examination of these remains involved recon-
struction of the cleaned bones into proper three-
dimensional orientation. Detailed knowledge of human
osteology simplifies the reconstruction of this proverbial
jigsaw puzzle. Once complete, the examiner may be able
to derive data about personal identification (such as age,
sex, race) and to make certain judgments about the types
of injury present. These might include whether or not the
wound has characteristics that are antemortem or post-
mortem in nature, the presence or absence of tool marks
or gunshot wounds, and even an estimate of the number
and direction of blows to the head.

Knowledge of human osteology must span the 
spectrum of “normal.” The range of human variation is
exceedingly broad and includes bony variants that, if not
properly assessed and interpreted, may be mistaken for
fractures or other injuries. Alternatively, if these varia-
tions had antemortem documentation (such as through
radiographic means), they may be of use in personal
identification.

One commonly recognized sutural variant is the per-
sistent frontal or metopic suture (Image 26.4). The devel-
oping frontal bone exists as two halves separated by the
metopic suture. Over time, the chondroid matrix of 
the sutural ligament ossifies, resulting in unification into
the mature frontal bone.28 Typically, this suture disap-
pears by early childhood, but may persist into adulthood
in rates that vary by study from 0.93 to 38.17 percent.29–32

A somewhat more rare variant33,34, a bipartite or tripartite
zygomatic bone (also named os japonicum because of its
purportedly increased frequency in Japanese people) may
be found (Image 26.5) and could be confused with zygo-
matic fracture. Image 26.6 shows a classical postcranial
variant, the sternal foramen. Although there are clear dif-
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ferences, single and multiple sternal foramina have been
mistaken for stab wounds or gunshot wounds.35 These
foramina have also been blamed for fatal cardiac tam-
ponade following acupuncture to the midline anterior
chest.36

Recovery of remains

Locating and properly processing the scene of badly
decomposed, skeletonized, or interred bodies can be a
complex process. As physicians, forensic pathologists
typically have little or no experience with the recovery
of remains from outdoor and clandestine graves. In the
absence of readily available archaeologic support,
pathologists and law enforcement officers are challenged
with this task, and because of their limited experience,
the risk of making serious errors is great. Among these
errors are nonrecognition of evidence, improper docu-
mentation of the scene and remains, damaging of
remains, nondetection of skeletal elements, and estab-
lishment of an inadequate chain of evidence.

Security
At the outset of scene examinations, law enforcement
will set up a perimeter and establish scene security
(Image 26.7). This is important not only for the pro-
tection of evidence, but to ensure the safety of all 
investigative personnel. Human, environmental, and
occupational hazards must be recognized at all crime
scenes because complacency toward these dangers could
lead to injury or death. If natural elements such as heat,
wind, or rain factor into personnel safety and optimal
functioning, it might be appropriate to erect tents or
other temporary protective structures (Image 26.8).

Protection of scene integrity is also the responsibility
of law enforcement, because careless walking about the
scene may lead to contamination or destruction of 

evidence. Be sure to follow the rules of evidence as 
prescribed by your local law enforcement agency and
always ask for permission to enter a scene before actu-
ally doing so.

Fundamental questions
1. Is it human?
Without disruption of scene integrity, it may be possible
to quickly survey osteologic remains and determine their
species of origin. Some bone finds will be obviously 
nonhuman. As long as the elements presented to you 
are unquestionably nonhuman, and they constitute the
entire “find,” it might be appropriate to forego further
participation, thereby saving many hours of time.
However, if it is not possible to rule out human origin
with 100 percent certainty, medicolegal involvement
should persist, and the scene should be processed with
keen interest. This is particularly true of fragmented
remains, where it may initially be difficult to identify that
bony elements are not of human morphology. Images
26.9 and 26.10 typify the need for further study. These
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images provide examples of dismembered bear claws
found discarded in a public area. Such remains may have
a gross appearance consistent with that of human hands;
however, radiologic study illustrates clear anatomic dif-
ferences representative of bear, such as the presence of
sesamoid bones (Image 26.10; left—human, right—bear).

2. Is it modern?
Depending on the jurisdiction, cases considered to be of
forensic significance will typically involve individuals
who have died within 50 to 75 years of discovery. Beyond
this temporal period, the case is considered to be of his-
toric or archaeologic significance in that investigation 
is unlikely to lead to successful conviction. With certain
exceptions, such as discovery of an unmarked cemetery
or other recognizable burial grounds, most scenes of
skeletonized bodies should be processed with the
premise that they are of legal value. Thorough examina-
tion of the remains at the laboratory will allow for more
informed decision making.
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3. How many individuals are represented?
This fundamental question is often omitted by the novice
who is processing the scene of skeletonized remains.
Prior to thorough examination and disruption of the
scene, it may be possible to make this determination—
even in cases of scattered remains. The discovery of
duplicated skeletal elements is the most obvious and
conclusive means through which this is accomplished.
Commingling of bony elements is a critical error made
by the neophyte forensic osteologist who assumes that
“it can all be sorted out back at the lab” (Image 26.11).
This can lead to costly delays in the investigative process
and needless DNA studies in order to separate remains.

Documentation of the scene

All death scene investigations require organization and
planning if they are to be productive. After establishing
the perimeter, a map should be created, detailing the
location of various pieces of evidence, including, but not
limited to, human remains. It is often prudent to estab-
lish a permanent marker or datum point, from which all
measurements can be made. This marker, such as a large
(presumably) permanent major road, or other immov-
able marker (some investigators will place concrete or
metallic markers into the ground) will serve as a point
of future reference should the scene need to be revisited.
The creation of a grid system of scene study will aid in the
search and documentation of evidence (Image 26.12). It
is often useful to create 10- or 20-foot wide grids that are
oriented in the north-south plane. After the grid has been
created, investigators should create a detailed scene map
that shows the orientation of evidence in relation to the
grid and its distance from the datum point. Of course, 
in cases of buried or otherwise obscure remains, this will
be an evolving process. When the remains are located on
the surface, it is often useful to place flags at points of
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interest (Image 26.13). Thorough documentation of evi-
dence through diagrammatic and photographic means is
an integral part of this process. During this process, it is
not adequate to simply note a “partially articulated left
foot found in shoe”—a consideration of the specimen’s
surroundings is key. Items of note might include the
presence of associated evidence such as clothing,
weapons, and tools; state of preservation or presence of
any residual soft tissues; insect activity; the color, texture,
and moisture level of the surrounding earth; and the ori-
entation of the specimen.

When bodies are buried or otherwise concealed,
careful exhumation is necessary (Image 26.14). Although
some investigators have used large industrial equipment
for the removal of earth, in all but a few rare circum-
stances (where the body or bodies are known to be
buried at significant depth), we advocate for a more con-
trolled manual approach. This will ensure that minimal
to no disruption of evidence occurs. To accomplish this,
shovels of varying sizes are used to carefully remove 
dirt of progressively greater depth (Image 26.15). All

removed earth must be collected and retained for further
examination, and “screened” through mesh of progres-
sively smaller dimensions (Image 26.16). This will help
recover progressively smaller pieces of bone and other
evidence (Image 26.17). Such screens can be cheaply con-
structed out of 2 ¥ 4 boards and simple garden mesh.
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As human remains are exposed, they should be care-
fully documented through diagrams and photographs.
Again, attention must be paid not only to the body but
also to any associated evidence. When possible, the
entire body should be exposed before individual bony
elements are removed for later study. When evidence is
removed from the scene, one must be obsessive about
chain of custody. Bony elements should not be collected
haphazardly in a bag for transport (Image 26.18). Rather,
individual bones or bone regions should be collected and
stored in separate bags, labeled with a case number, and
properly stored (Image 26.19). When transportation of
remains is done hurriedly, or without care, there is great
risk of artifactual fracture/pulverization of bones with
subsequent loss of evidence. In certain (albeit rare) cir-
cumstances, it might be preferable to remove a large
portion of earth containing the decomposed or skele-
tonized remains (Image 26.20) and transport the entire
specimen to the laboratory for more detailed study. In
these situations, it might be appropriate to use larger
industrial equipment.

Skeletal and evidentiary inventory

As previously mentioned, medicolegal death investiga-
tors should have adequate knowledge to create an oste-
ologic inventory at the scene of death and, later, to sort
and study bony elements at the lab (Image 26.21). Recog-
nition, documentation, and study of nonosteologic items
of evidentiary value are of no lesser importance because
they may provide valuable information about the dece-
dent’s identity, cause of death, and even the approximate
date of death.
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Personal effects

Cases of decomposing and skeletonized remains would
be far less challenging if identifying documents such as
driver’s licenses were always found along with the dece-
dent. In any case, careful attention should be paid to 
personal belongings such as watches and other jewelry
or electronic devices, because certain items bear unique
markers that may reveal their owners’ identities. Simple
finds such as coins or paper money might be useful 
in narrowing down wide intervals of death; if from a 
collection of coins the most modern date was 1965, 
one might operate under the assumption that death
occurred in 1965 or early 1966. Such finds might be
helpful in establishing the forensic significance of the 
case.

Personal dental appliances such as removable com-
plete or partial dentures might function as identifiers
because some bear markings unique to the patient or to
the dentist who created them.37,38 However, the presence
of complete dentures with identifying markings must be
treated as contributory rather than conclusive evidence

of identity because dentures are frequently borrowed
and stolen in long-term care homes and other institu-
tional settings.39 Partial dentures are most likely to
provide early evidence of identity.

The badly decomposed remains of a white female
were located in a wooded area. A removable dental
device was located nearby. The first and last name of a
woman were inscribed on the palatal surface of the
device, allowing investigators the early opportunity to
assess the likelihood that this circumstantial evidence
was accurate. Once the remains were cleaned at the lab,
it was obvious that the device fit the jaw with great accu-
racy because a rest seat on native dentition (right first
molar; Images 26.22 and 26.23) and clasps on the denture
(Image 26.24) were consistent with the device having
been constructed for this dental arcade.

Other medical appliances might be noted at the scene,
including, but not limited to, orthopedic appliances,
pacemakers (Image 26.25; an excellent source for identi-
fication), artificial heart valves, vascular grafts, and cos-
metic implants. Many of these will bear identifying
markers that can be traced back to a known patient.40
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Clothing
The soiled, tattered and torn, and often degraded
remains of clothing may be found at scenes of decom-
posed and skeletonized remains (Image 26.26). When
presumptive identification has been established by other
means, items of clothing might function as additional 
circumstantial evidence as to the decedent’s identity. 
In addition to clothing being recognized by family
members, the ownership of certain articles of clothing
might be indicated when an inscribed name is found on
a tag or other region of the item. In cases of unidentified
remains, the clothing make, model, size, and style might
be useful if the manufacturer can indicate an interval of
production for that item. Buttons and zippers might 
similarly be of use in establishing an interval of death
because certain types of hardware might have been 
produced only during a well-defined period of time.
Information gleaned in this way from clothing and its
accessories is of greatest use when the items are very old
or extremely rare, such as certain designer labels where
limited numbers of an item are produced.

The value of clothing in determining cause and
manner of death must not be negated. In some cases,
such as in the stab wound homicide, evidence of an
attack might not be found on the skeleton itself.
However, holes in the clothing, along with blood stain-
ing, might be indicators of a violent death. One must be
cautioned, though, that not all damage to clothing will
be relevant to the cause of death—great care must be
taken in their interpretation.

Identifying features

The fundamental focus of any forensic osteologic inves-
tigation of decomposing or skeletonized remains is to
determine the identity of the deceased. Analyses for
these purposes should therefore yield demographic
information such as race, sex, age, and stature. They

should also make note of any unique features of identity
such as therapeutic, pathologic, or traumatic alterations
to bone and teeth, distinctive aspects of bone morphol-
ogy, or unique intrinsic markings such as trabecular 
patterns.

The analysis of skeletal remains generally takes one of
two forms, that of subjective (nonmetric) or objective
(metric) assessment. Objective assessments are most 
typically carried out by forensic anthropologists whose
background in physical anthropology has provided
experience in taking precise measurements from specific
anthropometric landmarks. From these measurements,
and a series of regression formulas, the anthropologist
provides an opinion about the possible demographic
data associated with skeletonized remains. Nonmetric
analyses performed by forensic pathologists constitute
the bulk of front-line forensic osteology at the beginning
of an investigation. Analyses of this sort make use of
osteologic features associated with a given race, sex, or
age. Recognition of such characteristics, combined with
the gestalt that comes with experience in examining
skeletonized remains, is a powerful combination that
may lead to accurate results. An important caveat is to
resist “jumping to conclusions” based on the discovery
of a single “characteristic” finding. Few if any skeletal
traits are found in only one group of people.

One must be cautioned that a certain amount of error
is intrinsic to the analysis of remains through both metric
and nonmetric means. When distributing the results of
your studies to other investigators, one must always talk
about a range of probability rather than certainty. A dog-
matic approach to results that are ultimately revealed to
be incorrect may have negative consequences at multi-
ple levels.

Racial affiliation
Controversy abounds the concept of race in forensic
anthropology.41,42 However satisfying this argument
might be to academicians, we must face one basic fact:
We exist in a world that defines people based on the inac-
curate idiom “race.” If we are to provide identifying data
that is of use, we must be able to do so within the context
of the population we serve. In much of modern-day
society, this equates to identifying skeletal features that
denote skin color.

The establishment of race can be very challenging.
Although some resources provide concrete criteria that
can be used to differentiate among races, investigators
must realize that human skeletal morphology exists
across a spectrum—race is just one of the many factors
that cause variation in bone. Constitutional factors, such
as sex, age, and genetics, and environmental influences,
such as nutrition and exercise, to name just a few, play
important roles. If one really looks at people, it is clear
that whites, blacks, and Asians have discernible features
that go beyond the color of skin and into the basic bony
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structure of the skull. In our experience, these differing
bony features can influence the novice evaluation of
other demographic features (such as sex and stature)
and, therefore, investigators should attempt to deter-
mine race before studying other features of the remains.

A number of useful resources exist that provide detail
on nonmetric determination of race.2,43,44 Our goal is to
provide a framework for racial identification. With expe-
rience and further study, we expect the reader will build
on our outline to formulate useful osteologic criteria.

Osteologic features of race can be viewed across a
spectrum. Although some authorities prefer to subdivide
humans into five or more racial groups,45 we prefer 
the simpler categorization of white, black, and Asian
(Figure 26.1). In reality, the term Asian aggregates many
groups into one class, suggesting homogeneity among
skeletal features where such similarity may not exist. A
more accurate term might simply be other (including
individuals from Asian countries such as China, Japan,
Korea, and India; Native Americans; Hispanics; and
others). White and black skulls, for the most part, exhibit
features on opposite ends of the race spectrum, whereas
Asian skulls tend to have features that are somewhat
intermediate between the two.

Many researchers, some authors,44,46 and practical
experience indicate that the midfacial region is of great-

est value in differentiating among the races. Although
the postcranial skeleton does have a place in the deter-
mination of ancestry,43,47–52 the most reliable and accessi-
ble data can be garnered from study of the skull. One
must be cautioned, though, that in subadult remains
many of the features of racial differentiation are not yet
developed and may not be readily discernible until mid-
to late adolescence. The determination of race (like sex)
from subadult remains is one of the most difficult and
controversial areas of skeletal analysis (Figure 26.1).

Whites
White skulls are remarkable for their prominent nasal
projection (Image 26.27). Assume the plane of the face to
be flat; the nasal bones of white skulls will be closer to
the perpendicular, whereas those of Asians and blacks
will be closer to parallel. The nasal bones of white skulls
(Image 26.28) may also have a pinched appearance when
they are viewed anteriorly, causing the nasal root (the
proximal ends of the nasal bones) to appear peaked. The
anterior nasal spine tends to be prominent, and associ-
ated with the spine is a prominent nasal sill (Image
26.29). This sill is the sharp anterior-most edge of the
inferior border of the anterior nasal aperture (nasal
fossa). The white nasal fossa tends to be the narrowest
on the spectrum of race (Image 26.28), with blacks
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having the widest fossae; note, however that variation is
possible. The skulls of whites may occasionally demon-
strate canine fossae; these variably concave depressions
are found slightly inferior to the infraorbital foramen.
The orbits of the white skull may also demonstrate an
inferolateral slope away from the midline along the infe-
rior border of the orbit. In fact, in some cases, the orbits
may appear to tilt away from the nasal region. The zygo-
matic bones tend not to be prominent and often seem to
retreat away from the frontal plane.

Unlike the skulls of blacks, which are remarkable for
their alveolar prognathism (jaw projects away from the
anterior plane of the face), the skulls of whites are noted
for their relatively flat facial profile (Image 26.27).
However, the lower border of the mandible (chin) is
notable for its roughly squared appearance and, occa-
sionally, bilobate form (Image 26.30). The shape of the
maxillary dental arcade may be suggestive of race.
Although sometimes referred to as parabolic, the white
palatal arcade can simply be referred to as somewhat V-
shaped (Image 26.31). Some examiners will err by describ-
ing the shape of the palate as marked by the teeth. One
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must look past the teeth and recognize the true shape of
the bony maxillary arch only.

Variations in dental morphology have been used to
identify different racial groups.53 The presence of Cara-
belli’s cusp (a small nodule found on the lingual surface
of a permanent maxillary molar) has been found with
greater frequency among white skulls and is said to be
sexually dimorphic among this racial group (Image 26.32;
arrow).53,54 However, as with all osteologic features of per-
sonal identity, none should be treated in isolation from
other findings; no one finding can be diagnostic of race.

The cranium itself can be noted to have sutures that
are predominantly simple or straight. There is a relative
paucity of sutural bones (wormian ossicles; the presence
of these bones is often associated with Asian ancestry).
The external occipital protuberance tends to be promi-
nent, so much so as to become hook-like in nature, hence,
the descriptor inion hook. In general, points of muscular
attachment are more pronounced in whites than in other
racial groups.

Asians
Asian skulls are remarkable for their flat lateral facial
profile (Image 26.33). Whereas white skulls are known

for their markedly projecting nasal region, Asian skulls
tend to have nasal root that are more sloped or almost
vertically oriented. Unlike the pinched appearance of the
white nasal root, those of Asian skulls tend to be flat,
giving the nasal region a broad appearance in the lateral
plane. As a result, the flat nasal root is level with the
frontal processes of the maxillae. There is usually no
nasal sill; instead, the inferior margin of the nasal fossa
is flush with the remaining maxillae. This inferior margin
of the nasal fossa may be smooth and rounded, or it may
even demonstrate a nasal gutter of mild to moderate
prominence (Image 26.34). The shape of the nasal fossa
varies widely among Asians, although as a general rule,
they tend to be wider than most white skulls (Images
26.35 and 26.36).
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Orbital shape may be referred to as round or square,
depending on the specimen, and one’s own comfort with
geometry (Image 26.35). The inferolateral slope of the
inferior orbit is generally less prominent or absent in
Asian skulls and, due to the broad flat nasal root, the
orbits often appear broadly spaced. The zygomatic bones
tend to be prominent, more so than in white or black
skulls, and they seem to project laterally, rather than
retreating posteriorly (as in white skulls). A zygomatic or
malar tubercle may be present and is palpable on the
middle of the anterior surface of this bone. Although
such tubercles are found universally, Asian skulls are
more commonly found to have prominent tubercles than
those of other racial groups. The zygomatic bone of some
Asian groups (Japanese, Chinese, and others) may be
subdivided by supernumerary sutures into two or three
smaller parts (see Image 26.5). This has been termed os
japonicum or os zygomaticum and it has a higher associa-
tion with Asian skulls and can be found as frequently as
20 percent in Japanese skulls.55

Marked variation in the degree of prognathism is seen
in Asian skulls. Although some Asian individuals can be
noted for their very flat facial profile, prognathism in the
black range is possible. Typically, though, Asian skulls
are noted for their “edge-to-edge bite” in the incisor
region.8 The shape of the maxillary dental arcade may be
suggestive of race. Although sometimes referred to as
elliptic, the Asian palatal arcade can simply be referred to
as half-circle (Image 26.37). Some examiners will err by
describing the shape of the palate as marked by the teeth.
One must look past the teeth and recognize the true
shape of the bony maxillary arch only.

Variations in dental morphology have been used to
identify different racial groups.53 The presence of shovel-
shaped incisors, that is, maxillary incisors possessing 
an excavated lingual surface somewhat resembling a
shovel, has been associated with people of Asian ances-

try (Image 26.38).7,8,44,45,54,56,57 It is true that this trait is
highly suggestive of Asian descent, however, we must
caution that this trait is found universally and may be
absent in some Asian individuals.53

The cranium itself can be noted to have sutures that
are more complex than other groups. It is more common
to have one or more sutural bones along major cranial
sutures (wormian ossicles). Points of muscular attach-
ment may or may not be prominent.

Blacks
The skulls of blacks are notable for their marked prog-
nathism (Images 26.39 and 26.40). Although the dental
arcades project anteriorly away from the face, unlike
white skulls, the nasal region tends to be flatter and
without the pinched appearance of the nasal root. This
is a trait somewhat intermediate between whites and
Asians. The anterior nasal spine tends not to be promi-
nent. The inferior margin of the nasal aperture lacks the
sill found in white skulls, and instead often bears a subtle
to prominent groove referred to as the nasal gutter (Image
26.41). This gutter is an important finding because with
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increasing prominence, its presence is supportive of a
diagnosis of black ancestry. Black nasal fossae tend to be
the widest on the spectrum of race (with whites having
the narrowest fossae). The orbits of black skulls vary
widely in shape (Images 26.42 and 26.43) and tradition-
ally have been described as either square,57 rectangu-
lar,44,58 or round45 by the literature. Most commonly,
though, black orbits will not demonstrate the prominent
inferolateral slope seen in white orbits. The zygomatic
bones tend not to be prominent and often seem to retreat
away from the frontal plane.

Although sometimes referred to as hyperbolic, the
black palatal arcade can be described as somewhat
rectangular (Image 26.44). Some examiners will err by
describing the shape of the palate as marked by the teeth.
One must look past the teeth and recognize the true
shape of the bony maxillary arch only.

Variations in dental morphology have been used to
identify different racial groups.53 Unlike the shovel-
shaped maxillary incisors of Asians, or Carabelli’s cusp
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in white maxillary first molars, there are no generally rec-
ognized features of black teeth so distinct as to render
them unique. Although some authors have suggested
that black molars differ in either being large 7 or bearing
crenulated incisive surfaces,44 we have not been able to sub-
stantiate these findings.

The cranium itself can be noted to have sutures that
are predominantly simple or straight. There is a relative
paucity of sutural bones (wormian ossicles). In general,
although black skulls may have the appearance of
greater robusticity, points of muscular attachment are
less pronounced than in white skulls. One might notice
a subtle depression immediately posterior to the land-
mark known as bregma (the site of union of the coronal
and sagittal sutures). This postbregmatic depression is
found in highest association in black skulls (Image
26.40).

Determination of sex
The essential task of sex determination is a well-studied
area of forensic anthropology, and one that tends to yield
very accurate results. In early publications, T. D. Stewart
stated that he was able to correctly identify sex in 90 to
95 percent of cases where the whole skeleton, pelvis, or
one hip bone was present, and in 80 percent of cases
where only the skull was present.59,60 Similarly, Krogman
(in an admittedly biased study) reported 100 percent
accuracy when the whole skeleton was present, 95
percent when only the pelvis was analyzed, and 92
percent when only the skull was studied.43 Obviously,
study of the pelvis and skull has the potential to reveal
accurate results about human sexual identification.
Although numerous postcranial methods can be used to
yield results of similar or lower accuracy,52, 61–78 the sim-
plest and most easily taught techniques are those for the
skull and innominate. In cases where examination of
these results is not possible or yields inconclusive results,

one should most certainly refer to a forensic anthropol-
ogist for a second opinion.

Sexual dimorphism
Looking around the room at a public gathering will
allow you to notice several things about human popula-
tions. First, men, as a general rule, are larger than
women. In fact, it has been stated that an approximate
ratio of male to female size is 1.0 :0.92.43 Second, even if
males and females of the same height and approximate
weight are compared, men will often have greater
muscle bulk. Muscle must attach to bone via tendons,
and the actions of these bulky muscles against their bony
insertion site eventually leads to enhanced muscle mark-
ings. Finally, women have the unique opportunity to
conceive, host a fetus, and deliver a neonate through
their pelvic outlet. This results in several morphological
differences in the shape of the female pelvis, as well 
as secondary differences in female elbow and knee 
configurations.

The pelvis
The innominate or hip bone is the most reliable sexual
dimorphic bone in the human body. When conflicting
information about sexual differentiation is gathered from
an analysis of multiple bony elements, data derived from
the innominate should be weighed more heavily.

The examination of three key innominate features will
lead to highly accurate and reproducible results. Those
are the greater sciatic notch, the subpubic angle, and the
width ratio of pubis to ischial ramus. These changes are
directly related to evolutionary adaptations for child-
birth and the resultant increase in diameter of the female
pelvic inlet and outlet. As a consequence, one of the most
basic differences between males and females is a widen-
ing of the female sacrum (Images 26.45 [female] and
26.46 [male]). This produces a wider and more oval-
shaped pelvic inlet, compared to the narrow, heart-
shaped inlets of males. By laterally displacing the 
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ischial tuberosities, the female pelvis has a wider pelvic
outlet. As a consequence of this change, females have 
a markedly increased subpubic angle (Images 26.47
[female] and 26.48 [male]). By bringing the ischial
tuberosities forward, the female pelvic outlet is once
again increased in size. As a result, the greater sciatic
notch of females is far more broad and shallow than the
deep notch found in males (Images 26.49 [female] and
26.50 [male]).

Finally, by widening the female pelvis, there is a
change in midline innominate morphology as well. The
female pubis is widened, and the ischial ramus is length-
ened and narrowed. This is in contrast to the relatively
narrow pubis and thick, short ischial ramus of the male.
These alterations are associated with changes in the
shape of the obturator foramen: Males often have an oval
foramen; those of women may be triangular.61

Quick tests to differentiate male from female
innominates

Sciatic notch
Assessment of the greater sciatic notch is important.
Examine the female (Image 26.49) and male (Image
26.50) sciatic notches, and note the simplistic thumb test
one can perform to differentiate males from females. As
a general rule, if your thumb is able to wobble back and
forth within the notch, the innominate is female. Alter-
natively, if your thumb seems to be locked within a
narrow and deep notch, it is most likely male.

Subpubic angle
The subpubic angle can be quickly tested for sexual
determination. By placing your fingers as illustrated in
Images 26.47 (male) and 26.48 (female), you are roughly
assessing the degree of angulation. If (when oriented as
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indicated) your thumb is unable to easily touch the
ischial ramus, the specimen is most likely from a female.
On the other hand, if your thumb abuts or overlays the
ramus, it is typically male.

Ratio of pubis to ramus
As previously mentioned, the female innominate has a
widened pubis and narrowed ischial ramus. The male
innominate has a pubis:ramus ratio of approximately
1:1, whereas in the female it is 2 :1 or greater. Therefore,
this feature may be rapidly used in studies of human
sexual differentiation.

Additional pelvic features of sex

The Phenice method
In 1969, T. W. Phenice published an important paper that
outlined three additional features for the determination
of sex from the innominate.79 Since its publication,
Phenice’s observations have met both support80,81 and
disagreement.82 In any case, it is likely that the ventral
arc, subpubic concavity, and medial aspect of the ischio-
pubic ramus constitute important sexually dimorphic

markers when used in combination with more tradi-
tional pelvic features such as those previously 
mentioned.83

The ventral arc is a linear elevation of bone found
coursing inferolaterally along the medial aspect of the
pubis (Image 26.51; red arrow). The arc has been most
commonly associated with females, but mildly to mod-
erately prominent arcs may also be found in male spec-
imens. Interestingly, this finding has been studied in
subadult specimens, and its presence has been noted in
females as young as 14 to 24 years of age.81 The curvi-
linear nature of this ridge leaves a small, roughly trian-
gular area isolated along the inferomedial aspect of the
female pubis (Image 26.51; black arrow). This finding is
most typically absent in males (Image 26.52).

Along the posteromedial margin of the ischiopubic
ramus, one might find a subtle depression, the subpubic
concavity (Image 26.53; arrow). This is most commonly
associated with female pelves. Male innominates most 
often have a straight or variably convex margin at this
anatomic locale. This is most easily studied from the pos-
terior aspect of the specimen.
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The third and final method set forth by Phenice is, in
our experience, the least accurate. This is an examination
of the medial aspect of the ischiopubic ramus. When viewed
“head-on,” one might notice that the male ramus (Image
26.54) is thicker and rougher in appearance when com-
pared with the thinner, smoother female ramus (Image
26.55). This technique might be used as a “last ditch
effort” in cases of badly fragmented, burned, or other-
wise distorted human remains where other information
is limited or not available.

Preauricular sulcus
Immediately anterior to the inferior pole of the auricular
surface of the innominate, one may find a linear groove,
the preauricular sulcus (Image 26.56; arrow). This small
finding is the subject of much discussion. Some authori-
ties believe that the sulcus is present most commonly or
only in females84,85; others further the argument by
stating that its presence and severity are the direct con-
sequence of childbirth.86–88 Yet other literature, and our
own experience tells us that there is no relationship
between this finding, childbirth and sex because this

feature can be readily located grossly and radiologically
on male specimens.89,90 Although some authorities have
undertaken  detailed studies of preauricular groove, and
carefully subdivide these sulci into grooves of pregnancy
or ligamentous grooves,87 we feel that little value should be
placed on this finding.

How many babies did she have?
For years, human osteologists have studied the female
skeleton for evidence of childbirth-induced changes in
bone. Experts have been interested primarily in changes
to the posteromedial pubis (dorsal pitting), the pubic
tubercle, sacral scarring, and the aforementioned preau-
ricular sulcus.86,88,90–93 Although there is little agreement
in the literature, work by Snodgrass and colleagues,93

and our own experience indicates that the presence of
marked dorsal pitting (Image 26.57) in younger speci-
mens is strongly correlated with previous childbirth.
Dorsal pitting in older specimens is of less value because
it may be related to pelvic changes associated with
increasing body mass index (BMI).93 In any case, the use
of any feature, alone or in combination, cannot indicate
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the number of childbirths experienced by the female.
Furthermore, due to the questionable reliability of these
skeletal features, examiners will be limited in the degree
of certainty with which they will be able to report their
results: “The skeleton is from a white female, aged 30 to
40 years who may or may not have had children.”

The skull
As a confirmatory measure, or when the pelvis is not
available or adequate for study, the skull should be
examined for the determination of sex. The primary
architectural differences of interest are related to size and
robustness, again, with males typically having more
prominent landmarks.

Sites of muscle and fascial attachment
As previously mentioned, robusticity or gracility of the
male and female sexes is most easily visualized at sites
of muscle or fascial attachment. The mastoid processes
of the temporal bones can be very useful in differentiat-
ing between sexes, with males (Image 26.58) having
wider and longer projections than females (Image 26.59).
Although these processes are important markers of sex,
they should not be used in isolation. Some skulls will

have multiple features consistent with one sex, and then
mastoids that are incompatible with this interpretation.
The mastoid process should be considered as only one
point in the diagnostic spectrum and, therefore, not con-
sidered in isolation from other findings. Other muscular
markings of note include the temporal lines, and the
nuchal lines of the occipital bone. The inion hook (pre-
viously mentioned as a possible feature of white skulls)
is merely a markedly prominent external occipital pro-
tuberance—another possible feature of male sex. Some
authors8 have used “the posterior end of the zygomatic
process” to differentiate between the sexes, stating that
this process “extends as a crest farther in males, often
much past the external auditory meatus.” Although this
statement is accurate, the crest in question is actually the
supramastoid crest, a site of muscular and fascial attach-
ment along the lateral skull. Its prominence in male 
specimens is wholeheartedly consistent with the afore-
mentioned features of sexual differentiation.

An important caveat to remember is that with age
comes generalized bone atrophy, smoothing of the skull,
and decrease in prominence of bony landmarks. This
should not be confused for female sex. One should be
considerate of all findings with particular attention to
their significance in the context of the decedent’s approx-
imate age at death.

The facial skeleton and remaining cranium
Male skulls are notable for the roughness and promi-
nence of their superciliary arches and the presence of
supraorbital tori (Image 26.60). This differs from the
smooth and gracile nature of this region in female skulls
(Image 26.61). Graw et al.94 demonstrated that this exam-
ination was valid and useful in sex identification, and
when used alone (again, not recommended by the
authors) was successful in determining sex in at least 70
percent of cases. Studies of the glabellar or supranasal
region also reveal that increased roughness is associated
with male sex; conversely, increased smoothness is asso-
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ciated with females.95,96 More important is an examina-
tion of the supraorbital margins. By running one’s finger
along the inside of this margin, it might be possible to
note a rounded/dull or sharp ridge. Male skulls fairly
predictably have rounded or dull margins, whereas
female skulls are typically thinner and sharper. This
feature can be affected by racial differences and may not
be as useful a trait in black skulls.

Frontal bone morphology has also been used to iden-
tify sex, although with somewhat less success. Generally
speaking, the female frontal bone tends toward a
rounded form with a single, centrally located promi-
nence. Conversely, male skulls are noted to have some
degree of frontal bossing. This can be easily tested by
placing one’s hand across the forehead—the presence of
one large midline bump is more typically female; the
presence of two laterally displaced bumps is more typi-
cally male. Some male skulls, particularly those with 
persistent metopic sutures, or frank metopism, may
demonstrate a midline mono-boss as seen in female
frontal bones. In such cases, one should carefully palpate
the lateral-most aspects of the frontal bone because male
specimens typically retain bilateral frontal bossing,
however insignificant, even in the presence of metopism.

The mandible is also of value in studies of sexual dif-
ferentiation. Although suggestions about the utility of
gonial angle and mandibular body height analyses have
been made,5 we have found that these features demon-
strate tremendous interpersonal and interracial differ-
ences. A study of chin form can be of great use. Generally
speaking, when viewed inferiorly, the male chin has a
roughly squared shape (Image 26.62), whereas females
have a rounder chin that may seem to have a single point
of midline convergence (Image 26.63). This is a reason-
ably reliable sexual feature.

Cranial features not to be used to determine sex
Practical experience and statements from scientific pub-
lications97,98 conclude that it is not possible to determine
sex, age, or race from cranial wall thickness.

Although it has been the teachings of some notable
experts in this area,8,43 parietal bossing (lateral bulging of
the lateral cranium most prominently near the posterior
aspect of the parietal bones) is not a sexually dimorphic
trait. From the authors’ unpublished studies of dry
skulls, autopsied skulls, and CT scans, parietal bossing
can be found with great regularity in the skulls of both
sexes.

Palate depth has been used by some authorities to
indicate sex. However, popular resources are in dis-
agreement about whether males61 or females57 have a
deeper palate. Although sex determination from other
palatal dimensions might be possible through metric
analyses,99 subjective assessment for this purpose should
be avoided because practical experience shows little cor-
relation between palate depth and sex.

Sex determination in subadults
The study of sexually dimorphic traits in children has
been a long and disappointing one. Although significant
research has been conducted in this area, little valuable
information has been provided. This said, Loth and 
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Henneberg100 demonstrated that correct identity of sex
could be determined in 82 percent of their studied cases
when mandibular morphology was considered.
Weaver,101 and later Mittler and Sheridan,102 showed that
elevation of the auricular surface could be used to indi-
cate sex in fetal to 6-month-old males with an accuracy
of approximately 85 percent. Unfortunately, their
methods were only successful in determining female sex
in approximately 58 percent of cases (or slightly better
than chance).

Estimation of age at death

Skeletal age estimation is a multifactorial, extremely
complicated facet of forensic osteology. Age determina-
tion is based on two essential facts: (1) The youthful
skeleton is growing and therefore shows variable
amounts of epiphyseal plate closure, as well as pre-
dictable eruption of deciduous and permanent dentition;
and (2) following growth completion (usually 18 to 25
years) the skeleton begins to show signs of degenerative
bone changes and loss.

Age estimation in adults
Similar to sex determination, we have found examina-
tions of the pelvis and skull to be the most reliable indi-
cators of age in adult skeletons. Although it is common
to make use of innominate auricular surfaces,103 sternal
rib ends,104–107 and (to some extent) ultrastructural studies

of bone108 to obtain reasonably accurate to age estima-
tions, useful preliminary results can be obtained from
observations of the pubic symphysis. Endocranial suture
closure may approximate the correct decade. For more
detailed studies of age changes in the human skeleton,
please refer to the selected references.109–113 One should
not discount the value of simple observation. Although
it may not provide you with detailed age-at-death esti-
mates, detection of degenerative changes such as arthri-
tis or osteoporosis will contribute to the differentiation
of the young from the elderly.

The pubic symphysis
All systems of pubic symphyseal analysis tend to under-
estimate the age of the individual. However, the system
devised by Todd in 1921 (herein referred to as the Todd
method; Figure 26.2) has been deemed by some author-
ities to be most reliable.114 Although we also find the
Suchey-Brooks method111–113 to be of great value, it is
somewhat more difficult for the novice to employ, and
demands a more complex explanation than is possible in
this chapter.

Images 26.64 and 26.65 constitute photographic exam-
ples of two extremes from the Todd system of pubic sym-
physeal analysis. For ease of examination, both are from
male specimens and are from the left side of the body.
Image 26.64 is an example of Todd phase 1 and is, there-
fore, from an individual estimated to be 18 or 19 years of
age. Image 26.65 is an example of Todd phase 10 and is,
therefore, representative of the 50-plus age group.

26.64 26.65



Forensic osteology584

Phase 1. Symphyseal face rugged, traversed by horizontal ridges separated by well-marked grooves, there
being no distinction in size between the upper and lower ridges. None of the following structures are present:
nodules fusing with the surface, a delimiting margin, or definition of extremities. (Age, 18–19)
Phase 2. Symphyseal surface still rugged. Horizontal grooves are becoming filled near their dorsal limit with
new, finely textured bone. Bony nodules may be present, fusing with upper symphyseal face. Dorsal delimiting
margin begins to develop. No delimitation of the extremities. Ventral bevel commences. (Age, 20–21)
Phase 3. Symphyseal face shows progressive obliteration of ridge and furrow system. Commencing formation
of a dorsal platform. Bony nodules may be present. Definition of dorsal margin, with sharp lipping. Ventral
bevel more pronounced. Extremities not delimited. (Age, 22–24)
Phase 4. Great increase of ventral beveled area. Corresponding diminution of ridge and furrow formation.
Complete definition of dorsal margin through the formation of the dorsal platform. Commencing delimitation
of lower extremity. (Age, 25–26)
Phase 5. Little change in symphyseal face and dorsal platform. Margin more clearly defined and more sharply
lipped. Lower extremity better defined. Upper extremity forming with or without the intervention of a bony
nodule. (Age, 27–30)
Phase 6. Increasing definition of extremities. Development and practical completion of ventral rampart.
Retention of some granular appearance of symphyseal face indicating that activity has not yet ceased. Failure of
ventral aspect of pubis adjacent to ventral rampart to become transformed into a compact surface. The rampart
may therefore be somewhat undermined. Retention of the pectinate outline of the dorsal margin and slight ridge
and furrow system. No lipping of ventral margin and no increased lipping of dorsal margin. (Age, 30–35)
Phase 7. Face and ventral aspect change from granular to fine-grained or dense bone. Slight changes in
symphyseal face and marked changes in ventral aspect from diminishing activity. No formation of symphyseal
rim. No ossification of tendinous and ligamentous attachments. (Age, 35–39)
Phase 8. Symphyseal face and ventral aspect of pubic bone generally smooth and inactive. Oval outline complete.
Extremities clearly defined. No distinct “rim” to symphyseal surface. No marked lipping of ventral or dorsal
margin. Development of ossification in tendinous and ligamentous attachments especially those of sacro-tuberous
ligament and gracilis muscle. (Age, 45–49)
Phase 9. Symphyseal face presents a more or less marked rim. Dorsal margin uniformly lipped; ventral margin
irregularly lipped. (Age, 45–49)
Phase 10. Ventral margin eroded at a greater or lesser extent of its length, continuing somewhat onto the
symphyseal face. Rarefaction of face and irregular ossification. Disfigurement increases with age. (Age, 50+) 

Figure 26.2 Pubic symphyseal faces as designated by Todd. From Standards for Data Collection from
Human Skeletal Remains. Reproduced with permission of the Arkansas Archeological Survey.
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Cranial suture closure
Age-dependent differences in suture closure (ossification
of the sutural ligaments) have been used for years in age
estimation. Unfortunately, most proposed techniques
make use of the morphological characteristics of sutures
along their ectocranial aspect. This negates one basic
anatomic dictum: Sutures close from their endocranial to
ectocranial aspects.115 Thus, studies of the ectocranium
have the potential to underestimate age. This statement
was supported by Galera et al.116 whose comparative
studies of 963 skeletons showed that techniques that
focus on endocranial suture closure were most accurate
in age-at-death estimation. Regardless of the technique
used, marked variability in rates of suture closure
renders cranial studies for age estimation less reliable
than studies of the innominate.

One of the most valuable methods to separate adult
from subadult cranial remains is through an examination
of the spheno-occipital (basilar) synchondrosis. In child-
hood and adolescents, this junction between the sphe-
noid and occipital bones contains a small cartilaginous

plate (Image 26.66). Over time, this plate undergoes ossi-
fication (hence, it is referred to as a synostosis; Image
26.67), and typically between the ages of 18 to 23 years43

(although as young as 13 years118), this suture is closed.
The anthropologic manual Standards for Data Collection

from Human Skeletal Remains presents a composite
method for the assessment of cranial suture closure.112

Primarily based on works by Meindl and Lovejoy,117 the
technique advocates for the study and subjective grading
of 17 sites. Although the Meindl/Lovejoy method is
limited by its focus on ectocranial sutures, we have
found it to be of use as an initial study of age estimation
in skeletonized human remains. Using Tables 26.1
through 26.4 as guides, Images 26.68 through 26.71 can
be scored as follows:

Image 26.68 is from a child. It could be scored “0.”
Image 26.69 is from a young adult. It could be scored

“1.”

0 Open (Image 26.68)
1 Minimal closure (Image 26.69)
2 Significant closure (Image 26.70)
3 Completely obliterated (Image 26.71)

Table 26.1 Suture Closure Scoring System

Score Suture

Source: After Buikstra and Ubelaker.112

Table 26.2 Landmarks to Study for Age Determination from
Suture Closure

1 Midlambdoid (midpoint of left lambdoid suture)
2 Lambda (intersection of sagittal and lambdoid sutures)
3 Obelion (point found where an imaginary line con-

necting the two [inconstant] parietal foramina inter-
sects the midline)

4 Anterior sagittal (one-third of the distance between
bregma [intersection site of the coronal and sagittal
sutures] and lambda)

5 Bregma
6 Midcoronal (midpoint of the left coronal suture)
7 Pterion (“H”-shaped suture site where parietal, tem-

poral, sphenoid, and frontal bones intersect at the
lateral skull)

8 Sphenofrontal (midpoint of left sphenofrontal suture)
9 Inferior sphenotemporal (intersection between left

sphenotemporal suture and a line between the articu-
lar tubercles of the temporomandibular joint)

10 Superior sphenotemporal (on the left sphenotemporal
suture, 2 centimeters below the junction with the
parietal bone)

Source: After Meindl and Lovejoy117 and White.7

Table 26.3 Estimated Age from Suture Closure of the 
Cranial Vaulta

Composite score Mean age Standard deviation

0 — —
1–2 30.5 9.6
3–6 34.7 7.8
7–11 39.4 9.1
12–15 45.2 12.6
16–18 48.8 10.5
19–20 51.5 12.6
21 — —

Source: From Meindl and Lovejoy.117

a Sum of scores for landmarks 1–7.

Table 26.4 Estimated Age from Suture Closure of the Lateral-
Anterior Craniuma

Composite score Mean age Standard deviation

0 — —
1 32.0 8.3
2 36.2 6.2
3–5 41.1 10.0
6 43.4 10.7
7–8 45.5 8.9
9–10 51.9 12.5
11–14 56.2 8.5
15 — —

Source: From Meindl and Lovejoy.117

a Sum of scores for landmarks 6–10.
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Image 26.70 is from a middle-aged adult. It could be
scored “2.”

Image 26.71 is from an elderly individual. It could be
scored “3.”

Age estimation in subadults
Determination of age in infants and young children is an
exceedingly complex task best accomplished through
measurements of long bones. For information on this
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topic, we suggest reference texts at the end of this
chapter.109,110 The onset of epiphyseal fusion, which gen-
erally begins in the second decade of life, is a useful
means of estimating age. This is based on the fact that
epiphyses of varying anatomic locales fuse at different
ages. Table 26.5 provides information on epiphyseal
fusion.

When studying the long bones of subadults for epi-
physeal closure, one must be cognizant of several facts.
First, the rate of epiphyseal closure is greatly affected by
sex; females are known to experience epiphyseal closure
of the hand and wrist at a rate 25 percent faster than 
that of males.119 Body-wide, similar results have been
obtained, showing that most epiphyses close 2 years
earlier in females. As such, one must determine sex
before age, or provide for broad age estimates represen-
tative of both sexes. Second, macroscopic and radi-
ographic means should be utilized in epiphyseal studies
because radiography may reveal the presence of unfused
epiphyses more often than gross study. Third, tremen-
dous interpersonal variation in epiphyseal fusion, even
among people of the same age, race, and sex is possible.
Make use of Table 26.5 when appraising subadult
remains for age-at-death estimations.

The first clue that one is examining subadult remains
might be the prominent billowing of epiphyseal surfaces.
These surfaces, such as the epiphyseal margin of this
juvenile lumbar vertebra (Image 26.72), appear variably
wrinkled or crenulated.

Image 26.73 demonstrates humeri from decedents
across the age spectrum. From right to left one can see
humeri from a 5-year-old, 13-year-old, and an adult.
Although the subadult epiphyses appear to be fused to
the diaphyses, this is an artifact of gluing in these teach-
ing specimens.

The proximal humerus illustrated in Image 26.74 is
from a male individual. Epiphyseal fusion is approxi-
mately one-half to three-quarters complete, indicating an
age at death toward the older end of the humeral epi-
physis spectrum. The sacrum in Image 26.75 shows only
partial fusion of the S1, S2, and S5 joints, thus, the indi-
vidual is younger than 24 years of age. The iliac wing in

Clavicle: medial end 18–22 17–21
Scapula: acromial process 14–22 13–20
Humerus: head 14–21 14–20

Greater tubercle 2–4 2–4
Trochlea 11–15 9–13
Lateral epicondyle 11–17 10–14
Medial epicondyle 15–18 13–15

Radius: head 14–19 13–16
Distal end 16–20 16–19

Ulna: distal end 18–20 16–19
Ilium: iliac crest 17–20 17–19
Ischium: pubis 7–9 7–9

Ischial tuberosity 17–22 16–20
Femur: head 15–18 13–17

Greater trochanter 16–18 13–17
Lesser trochanter 15–17 13–17
Distal end 14–19 14–17

Tibia: proximal end 15–19 14–17
Distal end 14–18 14–16

Fibula: proximal end 14–20 14–18
Distal end 14–18 13–16

Source: From Ubelaker.110

Table 26.5 Age of Initial Union of Several Epiphyses

Ages of initial union

Epiphysis Males Females

26.72

26.73



Forensic osteology588

Image 26.76 shows a curvilinear “crack” along its outer
margin. This is in fact the epiphyseal margin of the iliac
crest and likely means that this individual was 20 years
or younger when he or she died. The apparently fractured
acetabulum in Image 26.77 is actually a representation of
the normal child innominate. The iliac, ischial, and pubic
portions of the bone are separated from each other at the
acetabulum by a “Y-shaped” triradiate cartilage. This
cartilage is known to begin ossifying between 9 and 
12 years of age and ossification is generally complete
between 14 and 18 years.120 This specimen was from a
child known to be 9 years old.

Age estimation from the dentition
Although there is wide variation in the rates of tooth
eruption, studies of primary and mixed (deciduous and
adult) dentition have the potential to yield very precise
results. We suggest using the classical figure (Figure
26.3) produced by Ubelaker110 and modified by White7.
As a general rule, Tables 26.6 and 26.7 can be used as
guidelines to tooth eruption.

The maxillary arch shown in Image 26.78 is from a
child estimated to be 7 or 8 years of age. This deter-
mination was made after notation of the following 
maxillary features: The permanent central incisors have
erupted (usually around 7 years of age), the permanent
lateral incisors have not yet erupted (usually around 8
years of age), and the first permanent molars have
erupted (usually around 6 years of age). In this case, the
mandible was not available for study.

The maxillary arch shown in Image 26.79 is from a
child estimated to be 6 years of age. This determination
was made after notation of the following maxillary fea-
tures: The first and second deciduous molars continue to
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Table 26.6 Eruption Patterns of the Primary (Deciduous) Dentition (in Months)

Central incisor Lateral incisor Canine First molar Second molar

Maxilla 7.5 9 19 14 24
Mandible 6 7 16 12 20

Table 26.7 Eruption Pattern of the Secondary (Permanent) Dentition (in Years)

First Second
Central incisor Lateral incisor Canine premolar premolar First molar Second molar Third molar

Maxilla 7–7.5 8–8.5 11–11.66 10–10.33 10.75–11.25 6–6.33 12.25–12.75 20.5
Mandible 6–6.5 7.25–7.75 9.75–10.25 10–10.75 10.75–11.5 6–6.25 11.75–12 20–20.5

Figure 26.3 Eruption of the primary dentition, as produced by Ubelaker and modified by White. From Human Osteology. Reproduced
with permission of Elsevier.

be in place (therefore, the child is older than 24 months),
and the first permanent molars have erupted (usually
around 6 years of age). The size and shape of the empty
tooth sockets (gomphoses) of the anterior dentition are
not consistent with adult central incisors. Therefore, it is
unlikely that the central incisors have erupted, provid-
ing an age-at-death estimation of less than 7 years. In this
case, the mandible was not available for study.

Age estimation from a mouth containing only adult
teeth is exceedingly difficult, because the process is
essentially restricted to studies of wear pattern and
severity. Although White7 cites several primary articles
that outline the use and success of this technique, we feel
that it is not a practical method for age estimation as con-
ducted by the forensic osteologist.



Table 26.8 Stature Estimation Formulas

White males (cm) +/- (cm) Black males (cm) +/- (cm)

3.08 ¥ Humerus + 70.45 4.05 3.26 ¥ Humerus + 62.10 4.43
3.78 ¥ Radius + 79.01 4.32 3.42 ¥ Radius + 81.56 4.30
3.70 ¥ Ulna + 74.05 4.32 3.26 ¥ Ulna + 79.29 4.42
2.38 ¥ Femur + 61.41 3.27 2.11 ¥ Femur + 70.35 3.94
2.52 ¥ Tibia + 78.62 3.37 2.19 ¥ Tibia + 86.02 3.78
2.68 ¥ Fibula + 71.78 3.29 2.19 ¥ Fibula + 85.65 4.08

Forensic osteology

Estimation of stature

The final demographic feature determined by osteologic
analyses is stature. With the use of appropriate equip-
ment (usually an osteometric board or similar measur-
ing device), the lengths of certain long bones can be

determined. From these lengths and the use of various
formulas, an estimated stature can be obtained with 
relative ease (Table 26.8). When taking measurements,
one must obtain precise data and ensure that the entire
length of the element has been measured. One exception
to this rule is the tibia where the length of the bone
should be measured only from the medial aspect of the

590

White females (cm) +/- (cm) Black females (cm) +/- (cm)

3.36 ¥ Humerus + 57.97 4.45 3.08 ¥ Humerus + 64.67 4.25
4.74 ¥ Radius + 54.93 4.24 2.75 ¥ Radius + 94.51 5.05
4.27 ¥ Ulna + 57.76 4.30 3.31 ¥ Ulna + 75.38 4.83
2.47 ¥ Femur + 54.74 3.72 2.28 ¥ Femur + 59.76 3.41
2.90 ¥ Tibia + 59.24 3.66 2.45 ¥ Tibia + 72.65 3.70
2.93 ¥ Fibula + 59.61 3.57 2.49 ¥ Fibula + 70.90 3.80

Asian malesa (cm) +/- (cm)

2.68 ¥ Humerus + 83.19 4.25
3.54 ¥ Radius + 82.00 4.60
3.48 ¥ Ulna + 77.45 4.66
2.15 ¥ Femur + 72.57 3.80
2.40 ¥ Fibula + 80.56 3.24

Source: From Trotter and Glesser122 and Jantz123; organized by Byers.58

a Data for Asian females can be calculated from that obtained for Asian males multiplied by 0.92 (see discussion in text).
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tibial plateau to the inferior tibial articular surface (i.e.,
excluding the medial malleolus). This negates confusion
and possible error intrinsic in the formulas initially
developed by Trotter121 in 1952.

Study of bone in various stages of preservation has the
potential to yield varying results. Living and recently
dead bone will contain much water; as such, desiccated
bone may be smaller in length and diameter. Burned,
weathered, or otherwise altered bone may also be diffi-
cult to examine and certainly warrants consultation with
a forensic anthropologist. The same is true of fragmented
remains where measurements of long bone segments are
necessary to determine stature.

Bone trauma

Like all other tissues, bone is subject to trauma from a
number of agents. For all intents and purposes, primary
bone injury can be subdivided into that caused by blunt
or sharp force injury or gunshot wounds. Although these
topics are covered elsewhere in this volume, it is fair to
briefly review the principles of bony trauma as they
pertain to the forensic osteologist.

Blunt force injury
Fractures are simply a representation that force has been
applied to bone in such a way, or with significant force,
to exceed its tensile strength. This is a product of the
degree of force, the impacting object mass, shape and
speed of collision, and local bony anatomy, as well as the
physiologic status of the bone itself (e.g., previous frac-
ture sites, underlying pathology). Direct impact causes
fractures at both the impact site and at variable distances
from this location. As a consequence of these factors, the
resultant fractures and fracture patterns can vary greatly
from simple linear (Image 26.80; skull fracture in stomp-
ing death) to comminuted (Image 26.81; scapular frac-
tures in beating with implement). Study of fracture

patterns can reveal information about the approximate
number of blows delivered to the head and in what
order. Fractures lines do not cross one another; therefore,
if one finds two abutting fracture lines (see Image 7.71
of Chapter 7), the one that meets the other and appears
to stop must have occurred later. One should always be
cognizant of patterned injuries to bone, especially those
that impart a specific texture or other imprint to bony
tissues. Careful documentation of these findings plays a
significant role in matching of suspect weapons to resul-
tant trauma.

The application of force to the skull may result in frac-
tures of varying morphology. In addition to the afore-
mentioned linear and comminuted fractures, cranial
impact may result in diastatic and depressed fractures.
Diastatic fractures are simply the forceful separation of
craniofacial bones along their suture lines as a result 
of the forceful tearing of sutural ligaments with blunt
impact to the head (Image 26.82). It may also occur sec-
ondary to increased intracranial pressure with resultant
sutural splitting.124 As a consequence of skeletal biology,
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these fractures are typically seen only in younger 
individuals whose sutural ligaments have not yet ossi-
fied and, therefore, those whose sutures have not yet
closed. Depressed fractures may occur as a result of
impact by a small mass with great velocity.125 These are
commonly seen in blows to the head with implements
such as hammers (Image 26.83), crowbars, and 2 ¥ 4
boards. Neurologic sequelae of varying consequence
may develop as a result of the forceful displacement of
single or multiple fragments of bone into the intracranial
space.

The application of significant force to the head, par-
ticularly to the chin (resulting in a severe hyperextension
injury), may result in fractures to the skull base. These
fractures are notoriously difficult to detect radiologically
and are best evaluated by careful and thorough stripping
of the dura from the base of the skull. Hinge fractures
(Image 26.84) typically occur just anterior to the petrous
ridges, through the middle cranial fossae. Ring fractures
(Image 26.85) are round to oval-shaped fractures that 
circumscribe the foramen magnum. The types of forces

responsible for these two types of fractures are almost
invariably fatal.

When a force is imparted on living and recently dead
bone, particularly those of the skull, bending, warping,
and twisting are possible. This may result in bony
changes referred to as plastic deformation. This entity is
important to recognize for several reasons. First, when
pressure is applied to desiccated bone (postmortem), the
brittle, dehydrated tissue will fracture and fragment
much more readily, often without significant warping.
This is in contrast to perimortem forces on wet bone,
which may cause bone warpage. As such, this finding is
supportive of a diagnosis of perimortem injury. Second,
an examination of the wounds and the nature of the
deformation may play a role in determining direction
and even manner of force application.

The badly decomposed body of the adult white male
shown in Image 26.86 was found in a wooded area. The
pulpified portions of the craniofacial skeleton were 
scattered about the scene. Reconstruction of 57 skull 
fragments was possible, allowing for estimation of basic
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demographic features and trauma analysis. Make note of
the paramidline glabellar fracture and its angulated pos-
terior extension. Wide separation of the fracture margins
of the left (largest piece) and right (small piece) frontal
bone fragments is the result of plastic deformation. In
combination with other features, it was determined that
multiple blows were delivered, as the decedent’s left side
of the head was supported against the ground.

Although direct impact is an important cause of frac-
ture, the frequency of fracture associated with indirect
application of force must not be negated. Five pure forms
of indirect force can be considered: tensile (pulling), com-
pressive, shearing, rotational, and angulation.125 Frac-
tures result when these forces are applied to bone with
significant intensity. Tensile and angulation forces result
in transverse fractures, compressive forces cause oblique
fractures, and rotational forces cause spiral fractures.
Image 26.87 is an example of a spiral fracture from a
young male injured in a snowmobile accident. Image
26.88 is a hyoid bone fractured as part of a homicide via
manual strangulation. This is an example of fracture via
angulation.

Sharp force injury
All cases of sharp force injury fatality should be meticu-
lously studied for evidence of bony trauma. This is par-
ticularly true when the body is badly decomposed or
skeletonized because evidence of stabbing or cutting may
be found only in affected skeletal elements. In addition
to providing evidence about possible cause and manner
of death, markings left in bone may provide detail about
the causative implement because markings left in bone
are typically more dimensionally representative of the
implement than those left in soft tissue. As such, the
study of such tool marks has become an important area of
the forensic pathology and anthropology spectra. During
the performance of the autopsy, one might accidentally
create artifactual injuries to bone with scalpels or other
tools. In such circumstances, the injury should be noted
in appropriate records to avoid future confusion.

The decomposing remains of an adult male were found
in a rural area (Image 26.89). Soft tissue structures were
markedly altered by postmortem insect and animal activ-
ity. Careful osteologic evaluation of the entire skeleton
revealed a single small bony defect of the right scapula.
This linear, horizontally oriented defect is in the superior
half of the scapular body and has an appearance consis-
tent with a stab wound caused by a single-edge knife.
During the decomposition process, soft tissue changes
and insect and animal activity can all mimic injuries, par-
ticularly those caused by cutting or stabbing implements.
Therefore, one must be cautious when interpreting such
findings and be particularly aware of the potential value
of bony trauma. Decompositional changes in cartilage can
be difficult to interpret as variable rates of calcification
within a segment of cartilage can lead to artifactual cavi-
ties, slits, and apparent “cracks” in its substance.

Chop wounds, such as those resulting from machetes,
boat propellers, axes, etc., are a combination of both sharp
and blunt force trauma. The skull from a young male who
was the victim of a violent machete attack is shown in
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Images 26.90 and 26.91. The entire calvarium and a
portion of the left lateral facial skeleton were destroyed
and lost as a consequence of the attack (Image 26.90).
Notice the varying depths of the chop marks of the left
lateral skull and their extension onto the mandibular
condyle and coronoid process (Image 26.91). A linear,
nonbranching skull fracture can be seen radiating away
from a chop mark at the posterior skull (Image 26.90).

Tool mark examination is also important in cases of
dismemberment because identification of the involved
tool may play a role in discovery of the perpetrator.126

Various techniques have been employed to document
such markings, including macroscopic photography of
the actual specimen, scanning electron microscopy, and
clay impressions.127

The dismembered torso of a young woman was dis-
covered in a vacant area (Image 26.92). Careful study
and documentation of the fresh as well as cleaned cut
surfaces (Image 26.93) demonstrated clear tool marks
from the dismemberment process. These should be made
available to crime lab personnel for further study. All dis-
covered body parts should be retained until such time as

the entire body has been recovered. This will allow for
comparison and matching of specimens to the appropri-
ate decedent. When multiple fragments of bone are
located, they should be reapproximated (Image 26.94)
and photographed. Plain-film radiography can be used
as an adjunct method of confirmation because trabecu-
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lar patterns and bone marrow cavity shape can be com-
pared between specimens.

Gunshot wounds
Depending on the weapon and ammunition used, its
pathway from gun to victim, impact velocity, and the
affected anatomic locales, gunshot wounds result in
injuries of varying appearance to soft tissue and bone.
For more information, see Chapter 7.

Plain-film radiography (Image 26.95) from the right
forearm of a young gunshot wound homicide victim
who was shot with an assault rifle reveals the commin-
uted nature of both the radius and ulna. This is a conse-
quence of the thin, relatively fragile nature of these
bones, as well as the characteristics of the projectile that
traveled through the forearm.

The elderly man shown in Image 26.96 committed
suicide with a .357 Magnum gun. A large semicircular
defect is present on the parietal calvarium and sur-
rounded by multiple radiating and branching linear 
fractures.

The skeletonized remains of a white male (Image
26.97) were found in a wooded area. Several .22-caliber
casings were located nearby. Three entrance wounds are
on the left skull and the two conjoined exit wounds are
visible on the right skull. Make note of the gaping linear
fractures, which radiate superiorly, anteriorly, and pos-
teroinferiorly from the exit wounds.

This young male (Image 26.98) was involved in an
altercation during which he was shot in the head with 
a .30-06 rifle. This particular ammunition tends to be
heavy (up to 220 grains), has muzzle velocities up to 3370
feet per second,128 and is therefore capable of causing sig-
nificant trauma. Notice the degree of violence revealed
by scalp incision and removal of the dura and brain.
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There is massive comminution of the anterior craniofa-
cial skeleton, radiating basilar skull fractures, and
destruction of the overlying calvarium.

Osteologic morphology of the “typical” 
gunshot wound
When a projectile passes through bone, it creates a
roughly circular defect at the site of entry (Image 26.99).
As it exits on the other side, it produces a beveled edge
(Image 26.100). As such, the direction of projectile travel
can be said to follow the direction of the opening bevel.

Bone pathology
The spectrum of bone pathology is exceedingly broad
and impossible to discuss in such a short chapter. Foren-
sic pathologists must be aware of the common bony
pathologies as presented to them in surgical pathology,
as well as any other disease processes that might con-

tribute to personal identification. One should look for
heterotopic calcification and other bony exostoses that
can also be used in identification.129 Lesions that may
have been chronically painful should also be noted for
similar purposes.

The badly decomposed body of a young male was
located in a personal residence. Examination of the bony
remains revealed anatomic features useful to the identi-
fication process. The investigating pathologist noted the
loss of the left maxillary second premolar crown from its
markedly carious root (Image 26.101). This was associ-
ated with a well-developed periapical abscess that had
eroded away the outer cortex, the bony alveus and body
of the maxilla (Image 26.102). These two lesions are typ-
ically associated with chronic pain and discomfort, a
feature that was useful for identification purposes. The
identifying features were reported by investigators as
follows: “At address X, the body of a black male, aged
35–50 years, and standing approximately 6 feet tall was
located. He was in need of dental care, and may have
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been complaining of pain or discomfort in the left side
of his mouth.” This description provided circumstantial
identification for the individual who was remembered to
have been frequently rubbing his upper jaw and com-
plaining of pain for weeks.

Although bony exostoses may be found throughout
the body, they are commonly found in the mouth. In
persons seeking regular dental care, these might be doc-
umented in chart or radiographic form and may, there-
fore, be of use in personal identification. Image 26.103
illustrates severe palatal tori (torus palatinus), as well as
buccal exostosis (posterolateral maxilla). These can also
be routinely discovered on the lingual aspect of the
mandibular body. In younger patients, such abnormali-
ties might be noted by dentists, but not repaired until
they are symptomatic or until the patient needs a form-
fitting device such as a denture or night guard.

One should attempt to make note of subtle pathology
when possible. Image 26.104 provides an example of
severe periodontal disease. Due to inadequate oral

hygiene, there is progressive degradation of the bony
jaws. Over time, this will reveal the furcation point
between roots on individual teeth—in normal individu-
als, this should be buried within the mandible or maxilla.

Following fracture or surgical intervention, a bony
callus forms as part of the intrinsic repair process. If ante-
mortem records of injury or callus are available, they
may be of use in personal identification. The humerus in
Image 26.105 shows marked lateral bending and distor-
tion associated with exuberant bone growth following
presumed midshaft fracture.

As previously mentioned, heterotopic ossification and
other abnormal, exuberant bone growth can be a useful
tool in identification if antemortem diagnostic imaging
has been performed, or if there is a documented disease
state. The pelvis illustrated in Image 26.106 shows osteo-
phyte production along the margin of the obturator
foramen. If antemortem x-rays of this finding were avail-
able, it might have contributed toward a positive identi-
fication. The vertebral segment illustrated in Image
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26.107 is from an individual with diffuse idiopathic
skeletal hyperostosis (DISH). This disease, like other
spondyloarthropathies, can produce distinctive bony
changes. In this case there is ossification of the anterior
paraspinal ligaments, giving it a “flowing wax” appear-
ance.130 Unlike other spondyloarthropathies such as
ankylosing spondylitis, the intervertebral and sacroiliac
joint spaces are retained, a feature demonstrated in this
specimen.

Iatrogenic bony lesions may be of tremendous value
from the perspective of personal identification.40 Internal
fixation devices, artificial joints, and other orthopedic
appliances are typically labeled with a serial number or
other unique identifiers that can be traced back to a spe-
cific patient, such as in this case (Image 26.108) of recent
repair for femoral neck and shaft fracture. In cases such
as these, we recommend consultation with an orthope-
dic surgeon who might be able to provide information
about the age of the appliance and technique (modern,
antiquated or rare) and how to obtain clinical informa-
tion about the patient from the device itself.

Forensic taphonomy

The study of an organism from death through resorption
is known as taphonomy. The forensic applications of this
science have only recently been acknowledged, but have
been summarized in two excellent texts.131,132 Although
there are multiple subspecialty areas of interest within
this field, forensic osteologists should study bone weath-
ering, animal scavenging, and other forms of post-
mortem trauma, as well as bone damage due to fire. As
a general rule, postmortem bone modification by any of
these factors is complex and demands study by forensic
anthropologists who have specific training in this area.
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Weathering
Bone weathering patterns can be of use in determining
the postmortem interval. That said, it would be inap-
propriate to provide readers with estimates of time since
death based on such observations, because each geo-
graphic area will have unique features that will advance
or delay this process of degradation. We suggest that
investigators become aware of the spectrum of bone
weathering as presented by Behrensmeyer (Table
26.9),133 and within the context of their own experience
and expertise, make judgments about forensic taphon-
omy and time-since-death estimates within the context
of their own geographic jurisdictions.

Knowledge of bone degradation is important because
cracking, splitting, and other penetration may resemble
trauma. In the example of Image 26.109, the midline cal-
varium has a large Y-shaped defect. The surrounding
cortex is exfoliated, revealing the underlying diploë. A
fine layer of dirt and fungal growth continues to be
adherent to the calvarial surface. This should not be mis-
interpreted as thermal artifact.

Fire artifact
In the vast majority of burned remains, artifacts of fire
have little bearing on the determination of cause and
manner of death. Although personal identification may
be challenging, circumstantial evidence, certain visual
characteristics, odontologic data, and DNA studies will
contribute invaluable information. The interpretation of
injuries in burned bone is difficult because it must first
be determined whether the fire involved a human body
(with flesh) or a skeleton; a forensic anthropologist
should be consulted because changes in bone morphol-
ogy (through warping, twisting, and shrinkage), color,
and heat-induced fractures make analysis confusing.
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Table 26.9 Patterns of Bone Weathering

Stage 0 Bone surface shows no sign of cracking or flaking due to weathering. Usually bone is still greasy. Marrow cavities
contain tissue; skin and muscle/ligament may cover part or all of the bone surface.

Stage 1 Bone shows cracking, normally parallel to the fiber structure (e.g., longitudinal in long bones). Articular surfaces
may show mosaic cracking of covering tissue as well as in the bone itself. Fat, skin, and other tissue may or may
not be present.

Stage 2 Outermost concentric thin layers of bone show flaking, usually associated with cracks, in that the bone edges
along the cracks tend to separate and flake first. Long thin flakes, with one or more sides still attached to the
bone, are common in the initial part of stage 2. Deeper and more extensive flaking follows, until most of the out-
ermost bone is gone. Crack edges are usually angular in cross section. Remnants of ligaments, cartilage, and skin
may be present.

Stage 3 Bone surface is characterized by patches of rough, homogeneously weathered compact bone, resulting in a
fibrous texture. In these patches, all the external, concentrically layered bone has been removed. Gradually the
patches extend to cover the entire bone surface. Weathering does not penetrate deeper than 1.0 to 1.5mm at
this stage, and bone fibers are still firmly attached to each other. Crack edges usually are rounded in cross section.
Tissue is rarely present at this stage.

Stage 4 The bone surface is coarsely fibrous and rough in texture; large and small splinters occur and may be loose
enough to fall away from the bone when it is moved. Weathering penetrates into inner cavities. Cracks are open
and have splintered or round edges.

Stage 5 Bone is falling apart in situ, with large splinters lying around what remains of the whole, which is fragile and
easily broken by moving. Original bone shape may be difficult to determine. Cancellous bone is usually exposed,
when present, and may outlast all traces of the former more compact, outer bone.

Source: Summarized in Haglund and Sorg132; after Behrensmeyer.133

Determination of demographic features may be exceed-
ingly difficult and, in some cases, impossible (Image
26.110; basilar cranium from the victim of a house fire).
When cremains are submitted for examination (Image
26.111), the osteologist must be comfortable with both
fragmentary osteology and the interpretation of 
bony anatomy in the context of significant artifactual 
distortion.

Animal scavenging
Carnivores, rodents, insects, and water-bound organ-
isms have the potential to distort bone. These post-
mortem changes may obscure features important for
identity and introduce marks that could be misinter-
preted for antemortem injury or disease.134,135 Although
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there is tremendous variation between animal popula-
tions in various geographic regions, some authorities
have used characteristics of scavenging to estimate the
postmortem interval.136

The decomposing remains of an elderly woman, along
with her (living) German Shepherd, were found in a
secure residence (Image 26.112). The body had evidence
of canine activity with areas of destroyed soft tissue, and
partial disarticulation of the upper extremities. Cleaning
of the affected long bones showed tooth marks as well
as the chewed and partially destroyed appearance of the
distal humerus.

The decomposed and partially skeletonized remains
of a woman were found in a rural area (Image 26.113).
There was prominent evidence of animal scavenging as
characterized by partial dismemberment and animal
chewing. Examination of the left innominate showed
multiple punctate, irregular-shaped holes (compare
those on the right with normal nutrient foramina on the
left), as well as destruction of the iliac crest. These marks
are consistent with the sharp dentition of carnivores, and
not with multiple stab wounds or other inflicted trauma.

Do

• Take the time to learn more about the human skele-
ton, including methods of forensic osteology and
anthropology. 

• Take the time to study your own cases of decompos-
ing and skeletonized remains. 

• Have “normal” osteologic reference material avail-
able for comparison; this will help determine lateral-
ity (left or right) of bones and aid in the evaluation of
fragmented remains. 

• Bring your medical training to bear on the inter-
pretation of bony trauma, even when consulting 
with anthropologists. Work with the anthropologist

to arrive at conclusions about mechanisms of 
trauma. 

• Consider that only diagnostic ranges of possibility,
and not concrete answers as to race, sex, age and
stature, may be possible in a given case. Beware of the
consultant that can give concrete answers in every
case. 

• Involve forensic anthropologists as consultants when
you are uncomfortable with your interpretation of
bony remains. Strongly consider the use of a forensic
anthropologist in cases which fall outside of your
range of experience.

Don’t

• Transfer total responsibility for the investigation of
decomposing and skeletonized remains to nonmed-
ical experts. (Note: in Florida, this is impossible. The
Medical Examiner has the legal responsibility and
mandate to determine cause and manner of death and
is therefore responsible for the conclusions of his/her
consultants—toxicologists, entomologists, anthropol-
ogists, etc.). 

• Subjugate the value of your opinion about bony
trauma; training and experience as a physician and
pathologist are very valuable in all cases where bone
is injured. 

• Be dogmatic about your diagnoses; one must always
admit that there is a range of possibilities. 

• Accept dogmatic or unsubstantiated findings from
your consultants.
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The area of forensic science that involves dentistry is
known as forensic odontology (forensic dentistry). This
specialized field of dentistry deals with the application
of dental evidence as it applies to the law, primarily the
criminal justice system. Forensic odontology involves
three areas of expertise: identification of human remains;
the analysis, interpretation, and comparison of bite
marks; and personal injury and malpractice. The foren-
sic dentist is most frequently called on by law enforce-
ment or by the medical examiner to assist in the
identification of deceased individuals when visual iden-
tification is not possible. Examples include cases of incin-
eration, decomposition, severe disfigurement (as in cases
of high-impact injuries, explosions, facial gunshot
wounds, etc.), and skeletonization. If fingerprint 
identification of the deceased is not possible, dental
examination may be the most practical means of body
identification. One should guard against relying on per-
sonal effects that may be transferred from one person to
another, circumstances of the event that do not ensure
that a particular person is involved, or relative/friend
visual identifications, which might be colored by emo-
tions, poor memory, or ulterior motives.

Dental identifications have been performed since the
beginning of civilization and are based on the fact that
even in identical twins, no two sets of teeth are alike.
Adult teeth have 160 surfaces, and when factoring in
dental treatments, root formation, bone pattern, tooth
positions, and so on, it is easy to see why dental evidence
is capable of producing positive identifications. Further-
more, dental identifications are usually faster and less
costly than DNA studies, making them more attractive
to underfunded systems of death investigation.

Postmortem dental records

Postmortem dental protocol
As part of the postmortem protocol, the forensic dentist
will photograph, perform a dental exam, chart the teeth
(dentogram), and photograph and radiograph the teeth
and jaws.

Dental radiographs are the most accurate means of
making a dental identification. There are many types of
dental x-rays, from panorex to periapicals and bitewings
to x-rays of the skull and jaws. However, the most 
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frequent antemortem types are bitewing and periapical
x-rays. Postmortem x-rays should include periapical
images of dentition and edentulous areas. The forensic
odontologist may take bitewing x-rays if the circum-
stances permit, but it is the accurate full-mouth periapi-
cal x-ray that is the most useful for comparison. Digital
periapical x-rays have several advantages over film, but
due to installation expenses, few medical examiners
offices have access to this equipment.

Antemortem photographs have proven to be espe-
cially helpful in cases when no antemortem dental
records exist. Photographs of the deceased’s upper and
lower anterior teeth can be compared to a smiling pho-
tograph of a person to establish identity. Photographi-
cally recording dental prostheses and restoration types
may prove helpful in later analyses of both post- and
antemortem dental records. Postmortem dental charts
(dentograms) should include dental restorations, loca-
tion and type of dental features such as tori, alveolar
bone loss, dental wear pattern, and tooth arrangement.
Broken teeth, decay, spaces, and pathology should be
documented in the postmortem dental chart.

Identification of unknowns
In cases where the decedent is completely unknown to
investigators, a list of unidentified persons in the United
States is available from the National Crime Information
Center (NCIC). The postmortem dental findings of an
unknown male or female are recorded and entered into
the NCIC national computer for comparison to known
missing people. In 2004, the NCIC was in the process of
modifying its computer software and was planning the
release of a more accurate program called WinID.

Do

• Be sure it is the correct body. Check the morgue
number and toe tag compared to your case number.

• Photograph dental structures, especially the upper
and lower anterior teeth.

• Brush and clean the teeth before taking your final
photographs.

• Brush and clean the teeth before doing the dental chart.
• Record and chart not only the restorations but the 

type, color, and material of the restorations and any
prostheses as well as unusual tooth positions and
pathology.

• X-ray the jaws and teeth using double-packed x-ray
film.

• Take full mouth periapical x-rays.
• Complete the NCIC form.

Don’t

• Start the dental exam prior to verifying the body
number with your case number.

• Start the dental exam before photographing.

• Forget to check the body bag for missing teeth and
dental prosthesis.

• Remove jaws or section jaw without medical exam-
iner approval.

• Forget to brush and clean the teeth for a final photo-
graph.

• Forget to photograph the upper and lower anterior
teeth for later “smiling” photographic comparison.

Antemortem dental records

Antemortem dental records can be difficult to locate. For-
tunately, the history of the fatal event usually provides
investigators with circumstantial identification of a
victim. This allows the acquisition of dental charts and
x-rays from the decedent’s dentist. However, quite fre-
quently the dentist is unknown or cannot be located. This
is especially true for people from foreign countries and
U.S. citizens under the age of 30 years who are likely to
have never had dental treatment. Nevertheless, a dental
identification can still be made if a smiling photograph
can be located, is recent, and if the deceased has intact
upper and lower front teeth.

Without question, comparative dental radiography is
the most accurate means of dental identification, espe-
cially if dental restorations (fillings) are present. Indeed,
positive dental identification can be made from a single
dental restoration if unique features can be observed and
documented through comparison of ante- and post-
mortem dental records. There are often “explainable
inconsistencies” when comparing ante- and postmortem
dental records. For instance, if the antemortem dental
records predate death by several years, subsequent
dental treatment could have been performed in the
interim, thus altering postmortem x-ray findings. If, for
example, a restoration of three surfaces was documented
in an antemortem chart, and postmortem examination
documented a two-sided restoration of that same tooth,
this would exclude positive identification. Whereas if a
two-surface restoration existed antemortem, and post-
mortem documentation of the same tooth demonstrated
a three-surface restoration, this would be considered an
explainable inconsistency.

Dental charts may be helpful if the treating dentist
accurately and legibly charted his or her restorations.
That said, x-ray evidence should be weighed more
heavily than dental records or charting because of the
higher specificity of x-rays over these other methods.
Some dentists may retain study models of a patient or
have a working model from the preparation of a pros-
thesis. Comparison of a postmortem prosthesis with the
antemortem model used to make it may lead to positive
identification. Past experience has shown value in the
study of x-rays, charts, models, custom trays, and bite
guards. However, depending on the appliance (espe-
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cially those that are removable), there will be varying
levels of certainty in identification.

Smiling photographs are the easiest, quickest, and
most available of all antemortem dental records,
although they are not routinely included as part of the
dental record. Family photographs are often easily
obtained from family members. Smiling photographs of
the suspected individual may also be obtained from high
school yearbooks, driver licenses, friends, news media,
or (less likely) police records. Although the smiling pho-
tograph lacks the specificity of dental charts, x-rays, or
other means, when combined with circumstantial evi-
dence, it can establish or exclude an identity. At the
Miami-Dade County Medical Examiner Department,
more than 30 percent of dental identifications are made
from smiling photographs. The validity for this means of
identification was established by the Supreme Court of
Alabama in 1980.1

Do

• Check the NCIC for an unknown person match.
• Obtain original x-rays and original dental charts.
• Be sure the person’s name is accurate on the x-ray and

chart.
• Be sure that the x-rays, models, etc., are dated.
• Contact the victim’s dentist directly for interpretation

of abbreviations.
• Contact family, school yearbooks, friends, media, etc.,

for smiling photographs.
• Be sure the presumptive victim is identified in a group

photograph.
• Be sure the name of the person and the date of the 

photograph are documented.

Don’t

• Use copies of x-rays unless the orientation of the film
is known.

• Guess at the meaning of abbreviations from dental
records.

• Use dental records without the patient’s name and
date.

• Forget about making use of dental models, bite
guards, bleaching trays, etc.

• Use a smiling photograph without a known date of
the photograph and the name of the person in the
photograph.

• Forget that teeth change over time and can be altered
by dental treatments.

A homicide victim was found decomposing in a local
canal. Image 27.1 is a postmortem dental x-ray (a bite
wing or proximal) from the victim. The upper first molar
(marked “3”) has a two-surface silver filling. The upper
second molar (marked “2”) has a radiolucent area, pos-
sibly representing a composite filling. The upper third
molar is missing (not in image) and the lower third molar

is missing (not in image). The lower second molar
(marked “1”) has a two-surface silver filling. The first
molar is missing and the second premolar (bicuspid) has
a large radiolucency (dental caries).

An antemortem x-ray was obtained from the dentist
of the alleged victim (Image 27.2). When comparing the
antemortem and the postmortem x-rays there are notable
inconsistencies; for instance, in the antemortem x-ray the
upper third molar is present and the lower second pre-
molar has no caries. Both of these inconsistencies can be
readily explained as follows: After the antemortem x-ray
was taken, the victim had the third molar removed and
the second premolar developed caries.

Examination of the teeth shows that the restorations
match as to material, location, and size. The most impor-
tant feature is the unique floor contours of all three silver
fillings because they match both ante- and postmortem
x-rays, and the small round radiolucency on the upper
second molar is the same in both ante- and postmortem
x-rays. In combination with the explained inconsisten-
cies, these unique features provide for a positive dental 
identification.
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Visual identification of a badly burned motor vehicle
accident victim was not possible, and the missing upper
anterior teeth obviously cannot be compared with an
antemortem smiling photograph (Image 27.3). The
lateral incisor appears to have been prepared for a crown
or bridge and the left central incisor appears to be frac-
tured. Because the fingerprints were burned away, this
case needs antemortem dental records in order to make
an identification.

A postmortem autopsy photograph (Image 27.4)
shows what appears to be fractured teeth after dissection
and removal of the orofacial tissues. The antemortem
and postmortem x-rays (Image 27.5; left and right,

respectively) of the anterior maxilla show the same root
canal, missing tooth, tooth preparations on the adjacent
teeth for a three-unit bridge, and bone trabecular pattern.

The antemortem (Image 27.6) and postmortem (Image
27.7) x-rays of the upper left premolar area have unique
dental x-ray findings that form the basis for a positive
identification. In this case, the fillings, root canal, bone
trabeculae, and sinus are identical in both ante- and post-
mortem x-rays.

The body of a dismembered homicide victim was dis-
covered in a suitcase (Image 27.8). Fractured right central
and lateral incisors were identified (Image 27.9) and
were consistent with trauma encountered in the peri-
mortem period. Image 27.10 is a composite photo of both
postmortem (left) and antemortem (right) x-rays of the
fractured anterior teeth. Postmortem x-rays of the lower
right molar filling and root canal are illustrated in Image
27.11; note the size, location, and shape of the distal root
canal post.

An antemortem panoramic x-ray was located (Image
27.12). When comparing the ante- and postmortem x-
rays, one is able to make a positive dental identification
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largely based on the unique dental treatments of the
lower right first molar. The root canal, the distal post,
and the filling are all unique and all three features match.

The victim shown in Images 27.13 through 27.15 was
the pilot of a light plane that crashed into a building. The
anterior dental structures were traumatized and there-
fore could not be used to match to an antemortem pho-
tograph (Image 27.13). However, a postmortem x-ray
showed many dental restorations, crowns, root canal,
and a two-pin buildup (Image 27.14). These were unique
dental features in combination. The tooth with the two
pins alone would be enough for a positive identification.
The antemortem x-ray showed the exact same dental
treatment of the same teeth as that recorded on post-
mortem examination, and thus supported a positive
identification (Image 27.15).

In cases of incinerations or carbonization such as can
occur in high-impact auto accidents resulting in fire, 
aircraft crashes, etc., the skeletal remains are extremely
fragile and must be handled with great care. Spraying
the skeletal and dental parts with an adhesive such as

cyanoacrylate (Krazy Glue) or hair spray may be useful
to keep the fragile tissues from disintegrating.

Body identification without dental 
records

In cases where the decedent’s dentist is not known, or
dental records are not available, identification can still be
made without relying on visual identification or per-
sonal effects found on the body. In cases where tradi-
tional dental records (charts and x-rays) do not exist,
other “dental” evidence can be used to produce a posi-
tive identification. The smiling family photograph,
dental prosthesis, dental grill (slip-on gold teeth), bleach-
ing trays, diagnostic models, etc., are physical evidence
used to secure positive dental identification.

A badly decomposed body was found in a remote
open area (Image 27.16). Identification was complicated
by his poor state of preservation (i.e., visual identifica-
tion was not possible) and the complete lack of dentition
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(the deceased had no teeth). However, when the victim’s
personal effects were searched, an upper denture was
found that had a printed name on its palatal surface
(Image 27.17). The forensic dentist was then able to place
the dentures into the mouth of the decedent, confirm a
proper fit, and therefore establish identification.

The skull of a white female estimated to be in her late
teens or early twenties was located in a wooded area
(Images 27.18 and 27.19). The anterior teeth were
missing, and no dental records were available. However,
the bony structures clearly indicated that this individual
had protruding central incisors (buck teeth). A smiling
photograph provided to investigators by family
members contributed to the positive identification of this
individual by confirming antemortem prognathism.
Forensic dental evidence, in combination with circum-
stantial investigative data, was instrumental in the iden-
tification process.

While excavating the construction site of a housing
project, workers found skeletonized human remains.
Only a small portion of the skeleton was found. The
maxilla and mandible with a complete set of teeth were
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recovered and evaluated (Image 27.20). The jaw frag-
ments were estimated to be that of a white male. Dental
evaluation showed that there were no restorations in any
of the teeth, there were signs of bone loss indicating early
stages of periodontal disease, and there was evidence of
tobacco use. The victim was estimated to be in an age
range of 25 to 35 years. This information was dissemi-
nated through the NCIC, which produced a list of
several missing persons to compare with the skeletal
remains.

A single smiling antemortem photograph was avail-
able after discussion with family members. Detectives
felt that this picture (Image 27.21) was of little or no
value. When magnified, a comparison between the teeth
in the antemortem smiling photograph and the post-
mortem dental structures produced a highly consistent
match (Image 27.22). The family history indicated that
the individual had seen a dentist for “gum treatment”
and never received fillings, and all of his teeth were
present. The physical evidence combined with the cir-
cumstances of the event and the family history led to a
positive identification.
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The murderers in this case were tried, convicted, and
sentenced to life in prison. On appeal, the Alabama
Supreme Court ruled that photographic comparisons are
acceptable for producing a positive identification.

A man was driving in his car when a cargo plane
crashed into the vehicle and burst into flames. The occu-
pant inside the car and the four crew members on the
plane died in the fire. The man in the car was extensively
charred (Image 27.23). Forensic dental examination was
complicated by the marked thermal artifact. An x-ray
showed the roots of the upper left first molar, in front of
which was an area that would normally contain the
second premolar; instead, the x-ray showed normal bony
trabeculae (Image 27.24). This represented an area where
a tooth was extracted, and bone has subsequently filled
in the empty socket. In front of the edentulous area was
the empty socket of a premolar. Study of the dentition
anterior to these structures was not possible because 
of complete destruction of teeth and underlying bony
structures.

An antemortem smiling family photograph was
obtained from the victim’s family (Image 27.25). This

photo showed the first molar with a missing tooth (the
second premolar) anteriorly and the presence of the first
premolar. Based on the circumstances of the event, com-
bined with comparative evidence from the radiograph
and smiling photograph, a positive identification was
made.
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A young girl had gone missing from her home. The
victim was later found deceased and unrecognizable due
to advanced putrefactive decomposition (Image 27.26).
Confirmation of identification was complicated by
absence of dental care and, therefore, a lack of dental
records. Image 27.27 is a photograph of the anterior den-
tition as visualized at the postmortem examination.

During their search for the lost child, family members
had prepared T-shirts adorned with a photograph of the
young girl. After the discovery of the child’s decompos-
ing body, the image on the T-shirt was used to assist with
the identification process via smiling photograph com-
parison of the spaces between the teeth and the maloc-
clusion (Image 27.28).

It is important to keep in mind that not all forensic
dental examinations will lead to a positive identification.
They may, however, play a critical role in ruling out
alleged victims. One must always consider that family
members and others may have ulterior motives when
providing investigators with information related to iden-
tity determination.

A young man was at home working under his car
when a fire ensued and he was incinerated. The circum-
stances of the event and reconstruction of the scene indi-
cated that the bumper jack elevating the car failed. The
safety support jack that was supposed to be under the
frame was improperly positioned, and when the car fell,
the frame support jack punctured the gas tank. The gaso-
line made contact with the drop light, which, in turn,
caused an explosion and fire. Because the victim was at
home, and the circumstances of the event seemed rea-
sonable, family members were allowed to identify the
body as there was no question about the obviously acci-
dental nature of the event.

The body of the young man showed significant
thermal artifact. Because the fingerprints had been
destroyed by fire, forensic dental studies were under-
taken. The jaws of the deceased were removed at time of
autopsy (Image 27.29). A dental chart, x-rays, and pho-
tographs were taken of the teeth and jaws and were
retained at the medical examiner department pending
confirmation with antemortem dental records. The
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victim’s sister stated that dental records were not avail-
able as the decedent was originally from Lebanon, the
only country in which he had received dental care.
Several months passed before it was recognized that the
young Lebanese immigrant had life insurance policies
totaling more than $1 million. One of the insurance com-
panies had already paid approximately US$550,000. The
remaining insurance companies (there were approxi-
mately eight policies) demanded positive identification
before any further funds were to be disbursed.

Detectives from a local police agency produced pho-
tographs of the brother for comparative analysis (Image
27.30). The photograph was examined under magnifica-
tion and compared with the postmortem dental remains
(upper and lower anterior teeth) in Image 27.29 and were
found to be not compatible; thus, the body had been
misidentified. Ultimately, this was not an accident but a
murder for profit. The sister and her brother left for
Lebanon, shortly after collecting the first insurance
payment. The incinerated victim has never been 
identified.

A young woman sustained severe craniofacial trauma
in a motor vehicle accident and was unrecognizable.
Although there was a presumptive identity for the
victim, investigators wanted a positive identification. A
dental “bleaching tray” was found at the victim’s home.
This tray was taken to the victim’s dentist who produced
the dental model used to create the tray (Image 27.31).
The bleaching tray fit the stone model, confirming that
this tray was in fact created from the model (Image
27.32). The bleaching tray was then applied to the 
decedent’s teeth, confirming a perfect fit and therefore
identity (Image 27.33).

A deceased individual was described by family
members and friends as having gold upper teeth.
Because the individual in the morgue did not have any
gold upper teeth, investigators were concerned about
misidentification (Image 27.34). However, at the scene, a
set of four gold teeth (referred to as a “grill”) was found
(Image 27.35). Fortunately for investigators, the gold
teeth could be easily placed over the decedent’s teeth
and were a perfect match (Image 27.36). Because some
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dental hardware is removable, this case illustrates the
caution that must be taken when ruling in or ruling out
suspects based on the presence of artificial dental 
features.

Bite marks

Bite marks occur when teeth actively contact and com-
press softer material such as human flesh, food material
such as cheese or an apple, or other inanimate objects
such as Styrofoam cups. Bite marks can be left by human
teeth, animal teeth, or objects that mimic teeth. The
amount of compressional force and the period of contact
can vary. The contact may be passive such as a body part
lying on a displaced dental prosthesis, which leaves a
“bite impression,” or an EKG pad, which may leave a
pattern mimicking a bite mark. Tooth marks occur when
the teeth are forcibly pressed into an inanimate object
such as a dashboard or steering wheel during a vehicu-
lar accident. Tooth marks may occur when the teeth
come into contact with a softer material such as with a

blow to the mouth, where the victim’s teeth leave cuts
and impressions on the knuckles and fingers of the
offending hand. The biter may be either the attacker or
the victim, or in some cases both the attacker and the
victim will leave teeth and bite marks on each other.
Teeth marks on the hands or forearms of the attacker
may indicate defensive wounds left by his victim; offen-
sive injuries might be found on the knuckles of the hand
and finger when the victim is struck in the mouth.

Examination, documentation, interpretation, and preserva-
tion of the patterned injury and the differentiation of a human
bite versus an animal bite or artifact pattern (patterns mimic-
king bite marks) are all key elements of the investigative
process. The proper preservation of evidence is essential
when interpretation leads to an investigative opinion.
Errors in interpretation can be corrected if all the cir-
cumstances of the event and physical evidence have
been properly documented and preserved. Bite mark
evidence is vastly different from fingerprint or DNA evi-
dence. Although fingerprints and DNA will produce a
positive identification, bite marks do not render a positive
identification when related to the world population. Terms
such as “positive identification,” “positive match,” “the
bite marks were left by the suspect,” and “indeed and
without a doubt” have been deemed unacceptable by the
American Board of Forensic Odontology (ABFO). That
said, it is a generally accepted fact that no two sets of
teeth are alike (that is, they are unique). Although the
determination of positive identification is not the forte of
bite mark evidence, it is recognized that bite mark evidence
can be 100 percent exclusionary in certain situations.

A good bite mark can yield clues as to the dental
profile of a suspect. This investigative opinion can
produce a “smiling profile” of the biter. Examples
include a space between the upper front teeth or a
rotated or protruding tooth. The class and particularly
the individual characteristics if recorded in a bite mark
can be evaluated by the odontologist to provide this key
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investigative information. Bite marks can be an aid in
determining the age of a biter. Differentiating between
child and adult teeth can be crucial in the initial investi-
gation of cases, especially in cases of child abuse.

Bite marks are usually a sign of a vicious attack, are
sadistic in nature, and if the victim survives the assault,
lead to permanent lifelong injuries and disfigurement,
such as the loss of a finger or a portion of an ear. The loss
of a body part or permanent scar can lead to a charge of
aggravated battery, which is a second-degree felony car-
rying a greater penalty than a third-degree felony, such
as a simple battery. That is because a simple battery
(third-degree felony) is raised to the level of second-
degree felony where a permanent injury, such as the loss
of a finger or ear or permanent scarring, is sustained. Bite
marks are valuable in documenting a series of bites left
over a period of time. This is especially important in
cases of spousal or child abuse where there is a pattern
of injuries in various stages of healing. Additionally, the
age of a bite mark can help determine when a bite was
sustained in relation to the time of death. Indentations
left by teeth in skin will disappear rapidly if the victim
is alive. In cases where the victim is dead or dies very
shortly after the bite has been inflicted, indentations will
often remain (a third dimension of the wound). This will
help in the investigative process in determining when
the bite was left in relation to the time of death.

Examination and preservation procedures
Recognize the lesion as a bite mark and collect
salivary DNA
The recognition of a patterned injury as being a human bite
mark is the first and most critical step in the examination and
preservation procedures. Bite marks are usually noted first
by the crime scene investigator, medical examiner, emer-
gency room department nurse or physician, or police
investigators. The discovery of a bite mark by the inves-
tigative personnel should be followed by a series of
thoughtful and thorough documentation and preserva-
tion steps. Salivary DNA evidence should always be col-
lected from the bite mark because this may provide a
positive link between the bite mark and the biter. This 
is easily done by swabbing the area with a sterile
saline/water-soaked cotton swab and submission of the
swab to the police for DNA analysis.

In some circumstances, no salivary DNA will be
present in the bite mark. This may occur if the bite
wound was washed or medically treated or if the bite
was made through clothing. A bite mark may not appear
in the skin if the bite was made through thick clothing.
Regardless of whether or not a bite mark is evident on
the skin, the clothing should be properly preserved and
analyzed for salivary DNA in the area of the bite. It is
therefore incumbent on the first responders to be aware
of the critical importance of gathering and preserving
evidence, including clothing. It is important that the

crime scene photographs and/or the documentation of
the bite being made through clothing be provided to the
forensic odontologist. If a patterned injury resembling
teeth is discovered, the forensic dentist should be called
to the scene or the medical examiner department as
quickly as possible to record and preserve the evidence.
Portions of bite mark evidence are fleeting because
changes occur rapidly when the bite is inflicted on a
living individual.

Photograph the bite mark

Orientation photographs
Following bite mark recognition and salivary DNA col-
lection, the next most important form of documentation
is photography. The creation of a photographic bite mark
record is the responsibility of the first responder, the
medical examiner, and/or the forensic odontologist. Ori-
entation photographs showing the location of the bite
mark on the body and close-up, detailed photographs of
the bite mark taken at the scene or at the hospital are 
critical for later analysis. The orienting photographs are
important in considering possible relative positions of
the biter and the victim. Scene photographs can be used
by the forensic dentist to help determine if a bite may
have been made through clothing.

Close-up photographs
Close-up photographs of the bite mark with and without
a scale or ruler are important to properly characterize the
bite mark and to compare with stone models of the
suspect biter’s teeth. The procedure recommended by
the American Board of Forensic Odontology for pho-
tographing a bite mark is to obtain photographs both
with and without a ruler. The ruler of choice is the ABFO
#2 scale, which can be obtained from the Lightening
Powder Company. If an ABFO scale is not available, 
any object that can be used to document and reproduce
a life-size photograph such as a coin or standard ruler is
acceptable. If possible the bite mark should be pho-
tographed using a variety of techniques such as digital,
black and white, ultraviolet, alternate light source (ALS),
and video. Each subsequent step in the preservation of
bite mark evidence should be documented and recorded
photographically. The emphasis on using the photograph for
orientation purposes, biter position, later comparison, and the
time and age of the bite cannot be overemphasized. It is impos-
sible to take too many photographs.

Dust/lift the bite mark
In addition to the collection of salivary DNA and photo-
graphic documentation, the preservation protocol calls
for dusting the bite mark with fingerprint powder and
lifting the resultant bite print with a gel lifter or standard
fingerprint tape, which is then photographed. The
dusting of the bite mark with fingerprint powder may
enhance the pattern injury especially on a deceased
person where there is a third dimension (indentation) of
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the wound. If a gel lifter is not available, then standard
fingerprint lifting techniques can accomplish the same
results.

Take an impression of the bite mark
Following the lifting of the bite mark, impressions are
taken. The impressions seem to work best if the finger-
print powder is left on the bite print. The bite impression
is made using standard dental impression materials,
specifically PVS (polyvinyl siloxane). While the impres-
sion material is setting, a retention material such as
gauze or gem clips can be placed in the soft material. A
dental dye stone is then poured over the material, and
when set, is lifted from the body; the impression and
backing will retain a rigid form, duplicating the curva-
ture of the area where the bite is located. Prior to the
removal of the impression material, orientation marks
should be placed on the backing documenting the supe-
rior, inferior, medial, and lateral orientation of the
impression. The primary purpose of recording the bite with
an impression material as well as the dusting and lifting of 
the bite print is to document the third dimension (depth, or
imprint) of the wound. It may also be used for comparison
to a suspect in the sense of “matching.” The third dimen-
sion will give an indication to the forensic dentist as to
the time the bite was inflicted in relation to the death of
the individual. That said, impressions of the bite mark
and dusting and lifting of the bite print are not always
practical. If the victim is living, normally these proce-
dures are not performed because the indentations will
often dissipate by the time of examination. Furthermore,
if there is avulsion of the tissue or if there has been 
an extensive amount of swelling and bleeding in the
area, the impression and lifting procedures may not be
practical.

Removal and preservation of the bite mark 
(on a deceased person)
The bite mark may be removed from the deceased for
later macroscopic and microscopic analysis. If the cir-
cumstances of the event and/or autopsy findings
suggest the manner of death as homicide, the bitten area
is usually removed and preserved under the direct
supervision of the medical examiner in charge. Great
care should be taken and good judgment used, keeping
in mind the emotional impact on the victim’s family. The
removal of the tissue is not a decision that should be
arrived at without consultation with the medical exam-
iner. Again, common sense and good judgment are the
order of the day when it comes to the removal of the bite
mark tissue.

If the tissue is to be removed, the procedure recom-
mended by the American Board of Forensic Odontology
is to secure the bite mark to a retaining device such as a
piece of PVC pipe, a plastic top from a container, or
preferably a custom-formed dental plastic retaining ring
constructed by the forensic odontologist. The retaining

ring should be at least a centimeter in all directions away
from the actual bite mark injury. The tissue is glued using
cyanoacrylate (Krazy Glue) and sutured to the retaining
device. The incision to remove the bite mark tissue is
made well past the retaining ring. The retaining ring
with the tissue attached is lifted and a scalpel is used to
“skin” the epidermis and dermis from the underlying fat
layer. Care should be taken not to cut into the bite mark
while removing this tissue.

Once the tissue has been removed, photographic doc-
umentation of the underside of the tissue and the donor
site should be made. The tissue removed and secured to
the retaining device is transilluminated, that is, a light is
shown through the tissue from the underside in order to
enhance the bite mark. This technique of transillumina-
tion should be recorded photographically. In certain 
situations the transillumination photograph of the bite
mark (taken with the ruler in place) is of greater value
than the reflective photography of the original bite mark.
The removed tissue is preserved in 10 percent formalin
and stored in a secure location. This tissue can be evalu-
ated at a later date by a second-opinion forensic dentist
or the defense or prosecution dentist. The medical exam-
iner will have the opportunity to remove sections of the
bite mark for microscopic analysis to help determine the
stage of healing of the bite mark and the relationship of
the bite to the time of death.

Bite mark protocol: the bite wound

1. Collect saliva/DNA.
2. Photograph for orientation.
3. Photograph with scale in black and white, color, UV,

ALS, etc.
4. Dust bite mark; photograph and lift the bite with gel

lifter.
5. Take an impression of the bite mark with PVS.
6. Remove bite mark tissue affixed to the retaining ring.
7. Store tissue in 10 percent formalin in a secure location.

Bite mark evidence from a suspect
In cases where the suspect is known to have had contact
with the victim and is suspected of leaving the bite mark,
dental records should be obtained as quickly as possible
with the use of a court order or search warrant. If the
suspect believes that there may be a link between his
teeth and the bite mark, he may attempt to alter his
teeth—this is particularly true in homicide cases. Thus,
confidentiality in bite mark cases is essential in order to
obtain unaltered teeth impressions from a suspect. The
court order or search warrant should contain basically
four elements that are required from the suspect:

1. A dental history and dental examination including
charting, mobility tests, and bite impression records.

2. Photographs of the suspect and suspect’s teeth.
3. Dental impressions of the suspect’s teeth.
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4. A clause stating that reasonable force can be used if
necessary.

In this author’s experience, on several occasions the
defendant refused the court order/search warrant and
the records were not taken because there was no autho-
rization to use force. Once this clause was added, the
dental impressions were made without any resistance.

In some cases a simple consent by a suspect will
suffice. This decision should be left to the investigators
or prosecuting attorney. For instance, in child abuse cases
many times a sibling is blamed for the trauma. Bite
marks on the injured child may or may not have been
left by a sibling. Usually the siblings and parents will vol-
untarily consent to the dental impression, photographs,
and bite records. The ultimate decision as to whether or
not one needs to obtain a court order, search warrant, or
consent is determined by the authorities in charge.

Protocol for taking impressions from a suspect

1. Obtain court order or search warrant.
2. Photograph the full face and get close-ups of teeth.
3. Perform an oral examination and dental charting.
4. Create a bite record in wax or PVS.
5. Take maxillary and mandibular impressions in dupli-

cate using alginate impression material (jeltrate) from
Dentsply.

6. Obtain dental history from suspect.

Bite mark analysis and comparison
Contemporaneously with recording, documentation,
and preservation of the evidence, investigative opinions
are being formed about the patterned injury. The first and
most important step is to determine whether or not the pat-
terned injury is a human bite mark, an animal bite, or pat-
terned injury that mimics a human bite mark. Human bite
marks can vary greatly depending on the circumstances
of the event. For example, what was the victim doing
during the time she was bitten? What area of the body
was bitten? What were the dynamics of the biter in rela-
tion to the victim? How much tissue was taken into the
mouth of the biter? How long was the pressure applied?
How much force was used? The variables are limitless.

Class characteristics and individual characteristics
Class characteristics are the dental arch forms that are recorded
in the media, whether it be skin or an inanimate object. The
individual characteristics are the patterns left by the teeth of
the biter. If these features are recorded and recognizable
with sufficient clarity, the investigator may be able to
provide investigative opinions as to (1) the position of
the biter in relation to the victim, (2) the age of the biter
(child versus adult), (3) the time of the bite relative to the
time of death of the victim, (4) an estimation of the
amount of force used to produce the injury, and, proba-

bly most important, (5) a dental profile of the biter and
what her smile looks like. An example would be space
between the upper front teeth, certain broken, missing,
or buck (protruding) teeth, extremely crowded over-
lapping teeth, or a specific missing tooth.

The appearance of a bite mark changes rapidly when
the bite is inflicted on a living individual. If possible,
photographic documentation of the changes over a
period of time can prove to be valuable. Occasionally,
after 24 to 48 hours, the bite mark’s class and individual
characteristics will become more evident and a dental
profile of the biter can be produced when it was not 
possible originally.

In the final analysis, all investigative authorities want
a comparison of the injury (bite mark) to a suspect. In
response to this, it cannot be emphasized enough that a bite
mark does not render a positive identification when compared
to a world population group. The statement that “the speci-
ficity of the evidence is inversely proportioned to its vari-
ables” holds true in all criminal investigative science and
is especially true with bite mark evidence. As docu-
mented earlier, the teeth of the biter can be altered in
many ways after the bite has been inflicted. The bite itself
will change with time, biting pressure, duration of the
bite, area of the body, if the victim is alive or dead, and
the dynamics of the biter with the victim at the time the
bite was inflicted. These are all variables that the odon-
tologist must take into consideration when evaluating
evidence for comparison purposes.

The detailed techniques for comparison of bite marks
from a suspect with actual bite marks on a victim is doc-
umented in the ABFO standards and guidelines pub-
lished in the American Society of Forensic Odontology
manual. Suffice it to say that with the use of computers,
the bite mark can be enhanced and digitized and mea-
surements obtained. Likewise, the models of the suspect
can also be scanned into the computer, overlays created,
and comparisons done digitally. Comparisons can also
be done with a transfer media, such as a copy machine
or computer-generated acetate of the suspect’s teeth,
which are then transferred to the life-size photograph of
the bite. The models of the suspect can be placed directly
over the one-to-one (life-size) photograph of the bite and
comparisons made. The suspect’s teeth may be excluded
using the same techniques. It cannot be emphasized enough
that the value of bite mark evidence is far greater for deter-
mining violence, sadistic behavior, age of the biter, description
of the biter, exclusion of suspects, etc., than it is to attempt to
match a set of teeth to a bite mark; as such, the value of bite
mark analysis differs greatly from fingerprints or DNA. In
some situations, however, there is a limited population
group, and in these situations the comparison of the bite
mark to the suspect will carry a higher degree of cer-
tainty than when attempting to match a large population
group or the world population.
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Animal bites and patterned injuries mimicking 
bite marks
Bite marks produced by animals, especially dogs, are
capable of leaving severe patterned injuries and in some
cases may result in the death of the individual. Most
animal bites found on a deceased individual are the
result of scavenging and are not the primary cause of
death. Differentiating between the primary or secondary
(scavenging) or a combination of both is most often
determined by the circumstances of the event, including
witness testimony. Animal bite marks need to be docu-
mented, recorded, and preserved in the same manner as
with human bites with the exception that tissue removal
from the victim is usually not practical or even necessary.
Dog bites (which account for the majority of bites on
humans) are almost always multiple in nature. In cases
of death associated with suspected dog bites, the inves-
tigator must be able to differentiate dog bites from other
possible causes of the wound such as inflicted sharp
force injuries. Although rare, bites from large cats
(mountain lions), bears, alligators, or crocodiles are eval-
uated by veterinarians, game and wildlife officers, police
agencies, and medical examiners. In cases where contro-
versy exists among the agencies as to the perpetrator,
that is, dog versus large cat or bear or homicide from stab
wounds, a forensic odontologist is usually called for
assistance. Witness testimony should never be taken in “blind
faith” but evaluated with the physical evidence and the cir-
cumstances of the event.

The following suggested protocol is valid for all land
animals but is particularly applicable to domesticated
dogs.

Bite mark protocol with animal bites

1. Examine the animal for blood and visible transfer of
evidence from the victim.

2. Gather the victim’s DNA from the animal’s claws.
3. Immediately take the animal to a veterinarian to

induce vomiting.
4. Strain the contents; preserve tissue and cloth frag-

ments or other foreign bodies found in the vomitus
for comparison with the victim and their clothing.

5. Quarantine the animal for collection of feces and
compare the evidence of hair, tissue, bone, and cloth-
ing.

6. Take dental impressions of the suspect animal; create
and pour models in plastic.

7. Test the victim and animal for rabies, thus confirming
or refuting possible later claims of animal infection.

Patterned injuries versus the human bite mark
Patterned injuries other than bite marks may be left on
deceased and living individuals. A patterned injury or
impression may occur when a hard object is pressed into

a softer material. This can be the result of a heavy force
over a very short period of time, such as a blow from a
baseball bat, pipe, etc. A pattern is also produced by a
deceased person lying on an object for an extended
period of time, such as a medical device like a EKG pad,
Foley catheter bag, or even dental devices.

Patterned injuries caused by animal and insect scav-
enging may be found on deceased victims. Ants are the
most common insect to leave marks and are especially
active when the body is left outdoors. The temperature
and general climate conditions also contribute to insect
activity. Ant activity leaves multiple “bite marks.” It
would seem rather far fetched to confuse ant bites with
human bites, and even more bizarre to make a “match”
with a suspect’s teeth, but it has happened. These mis-
takes in interpretation can be reversed if the evidence has
been properly gathered and preserved.

Self-inflicted wounds
The investigator should always be aware that a witness
to an event may have produced “self-inflicted” injuries.
The motivation for such acts is varied and often difficult
to determine. However, proper crime scene documenta-
tion and the preservation of the physical evidence along
with adherence to a protocol will prevent or correct any
misinterpretation of the injury and its cause.

Protocol for pattern analysis

1. Know the circumstances of the event.
2. Perform a thorough crime scene investigation.
3. Obtain witness statements.
4. Document the injury: (a) photograph it, (b) swab the

patterned injury for salivary DNA, (c) create overlay
tracings of the pattern injury, and (d) take impressions
and/or dust and lift the patterned injury.

5. Remove the patterned injury and preserve it.
6. Conduct microscopic analysis of the patterned injury.

Biting in objects other than skin
Crime scene personnel should always be aware of teeth
(bite) marks in material other than the skin. Food mate-
rial at crime scenes with bites should be properly
processed. Certain foods can be an excellent media to
record details of a bite mark. For example, cheese is
excellent for recording and preserving a bite. It may, 
in certain circumstances, also provide salivary DNA.
Remember that photography is the best possible means of 
preserving this evidence. If a bite is suspected in a material,
salivary DNA should be collected and a protocol followed to
preserve the evidence.
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Patterned injuries from medical 
treatment

The forensic odontologist must be aware of a spectrum
of possible artifacts, from medical intervention to post-
mortem change and autopsy alterations. As such, it is
critical that the forensic dentist be informed about the cir-
cumstances of a death. If the victim survives, testimony
may help clarify the patterned injuries. However, in
severe cases of trauma, the victim usually does not
remember the circumstances or the treatment received.
It is incumbent on the investigator, medical examiner,
and forensic odontologist to know the circumstances of
the event and follow a protocol to prevent misinterpre-
tation of patterned injuries. The odontologist and
medical examiners should be aware of patterned injuries
seen at the time of autopsy that mimic a bite mark. The
circumstances preceding the autopsy (such as emergency
room care), scene photographs, medical records, and
crime scene records should be part of the overall evalu-
ation, interpretation, and differentiation between a pat-
terned injury and a human bite mark.

In death investigation cases, patterned injuries should
be carefully described and documented with a scale.
When analyzing a patterned injury and differentiating it
from a human bite mark, the investigator should have 
an opportunity to review crime scene photographs and
have some knowledge of the circumstances of the event.
Having a working knowledge of the investigative
process from scene through medical treatment (if any)
and autopsy is critical for the investigator/medical
examiner or odontologist to be able to interpret pat-
terned injuries. Misinterpretations of a patterned injury
are always possible. “If the evidence has been properly gath-
ered and preserved a mistake in interpretation may always be
corrected. If the facts required for a correct interpretation are
not preserved, the mistake is irreversible”—Alan R. Moritz,
M.D.13

Human bite marks on skin

Do

• Collect saliva from the bite marks for DNA.
• Remember the possibility of a bite through clothing.
• Photograph the bite mark with the ABFO ruler.
• Photograph the bite mark or patterned injury from a

distance for orientation purposes.
• Photograph the pattern or bite mark with ultraviolet,

infrared, and ALS.
• Dust the bite mark and lift the bite print.
• Take photographs of the dusted bite mark.
• Take an impression of the bite mark with the dusting

powder in place using PVS.
• Remove the tissue and preserve in 10 percent forma-

lin.

Don’t

• Wash the bite mark or medically treat before swab-
bing for DNA.

• Dissect the tissue before photographing.
• Forget to use the ABFO #2 ruler or other standard

when taking photographs.
• Forget to dust and lift the bite print.
• Forget to photograph the dusted bite print.
• Forget to take impressions before dissecting.
• Forget to use the retaining ring to secure the tissue

before removing the bite mark tissue from the body.

Animal bites in skin

Do

• Review all scene photographs.
• Collect salivary DNA.
• Photograph all injuries with an ABFO ruler #2.
• Follow the dog/animal bite mark protocol.

Don’t

• Forget scene photographs.
• Forget to swab the area for salivary DNA.
• Forget to follow animal bite mark protocol.
• Give opinions before analyzing the evidence and

knowing the circumstances of the event.

Teeth marks or bites in material other than skin

Do

• Swab for salivary DNA.
• Photographically document the object with ABFO #2

scale ruler.
• Take impressions of the evidence with PVS where

practical.
• Preserve the evidence for later analysis.

Don’t

• Forget salivary DNA.
• Forget to photograph the material with a scale, prefer-

ably an ABFO #2 ruler.
• Forget to take impressions.
• Forget to preserve material to prevent degradation

(refrigeration, freezing or vacuum seal).

Bite mark analysis

Human bite marks are highly variable. For example, they
will vary by the amount of tissue taken into the mouth;
for instance, with a small amount of tissue over a hard
bony area, a bite mark will leave a far different pattern
than when a large amount of tissue in a soft area is bitten.
For example, consider a victim who was bitten several
times by a male attacker. Image 27.37 is the bite mark
from the right scapular area; Image 27.38 is a bite mark
from the left upper arm. This injury shows an ecchymotic
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area in the center of the wound that resulted from tissue
compression during the biting process. The bite mark
over the shoulder provides detail for a dental profile.
Although these marks are described by the victim as
being from the same attacker, they have a great degree
of variation.

Photographs of the bite marks were studied. The 
orientation of the biter to the victim indicated that the
upper, heavy marks (located on the scapular area) were
made with a head-to-head position from behind. The
arm bite indicated that the attacker’s head was facing the
victim’s head, or was at least from the side. A dental
profile would indicate that this particular biter had a
missing or a broken lower central incisor, and the upper
arch of the suspect would have broken or chipped max-
illary central and or lateral incisor teeth.

The dental profile from the bite (i.e., the missing lower
incisor) provided adequate investigative information for
the authorities to release an already incarcerated suspect.
Law enforcement conducted a search and issued a “be
on the lookout” order for a “black male missing a lower
front tooth.” Another suspect was eventually located,

and study of his dental profile provided features consis-
tent with the bite marks found on the victim (Image
27.39). The attacker had been robbing and biting people
for more than a year, including taking off portions of ears
and actually biting off one of his victim’s fingers. Image
27.40 is a bite mark from one of his previous victims; the
wound illustrated in this image was actually 1 year old
at the time the photograph was taken.

A bite mark was found on the right flank of a 3-month-
old homicide victim (Image 27.41). The mark showed
interesting dental characteristics, and indicated that the
attacker was at right angles to the victim with the max-
illary teeth pointing toward the abdomen, and the lower
teeth toward the back. The bite was made harder from
the right than the left and the dental profile of the
attacker derived from the bite mark would indicate an
adult versus a child as the biter. The lower central
incisors were angled toward the midline, and the lateral
incisors were lingual. As such, the biter’s dental profile
was that of having “crooked lower front teeth.”

Using the technique previously described earlier in
this chapter, the tissue was removed from the body and
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secured to a retaining ring (Image 27.42). While sus-
pended in the ring, one could transilluminate the tissue
in an effort to enhance the appearance of the wound. In
this case, examination of the wound showed that the two
lower central incisors pointed toward each other (toed
in) with the right and left lateral incisors oriented lin-
gually in the arch. The heavy marks on the right side of
the photograph were the result of the upper and lower
canine teeth pinching the tissue.

The reverse side of the tissue shows the extensive
amount of bleeding in the underlying connective tissue
and fat (Image 27.43). Extravasation of blood was even
visualized within the muscle, thus illustrating the
extreme amount of force used to cause the injury and the
amount of pain with which it was likely associated.

In this police photograph of a potential suspect
(Image 27.44), note that the lower central incisors are
tilted posteriorly and toward the midline, and the lateral
incisors are located slightly behind. Based on an exami-
nation of this photograph and the bite mark itself, this
suspect could not be excluded. With additional analysis,
and knowledge of certain circumstantial information, the

bite mark was attributed to this suspect. In this case,
when confronted with the dental evidence, the suspect
plead to a charge of second-degree murder and received
a life sentence.

Food discovered at crime scenes may be of use in the
identification of criminals through DNA analysis of
saliva and through bite mark analysis. A block of cheese
at a crime scene had three bites (Image 27.45). The bite
pattern would indicate that the individual had spaces
between his upper anterior teeth and possible spaces
between the lower anterior teeth. The photograph shows
the cotton swabs used for lifting DNA from each of the
bites and a control swab.

Bite mark evidence left in some foods will be best pre-
served through photographic means, such as the moon
pie illustrated in Image 27.46. Analysis of this particular
cookie indicates that the suspect would have a left
central incisor protruding slightly past the right central
incisor and would have a “bucked” tooth appearance.

Eyewitness testimony and circumstance correlation
are crucial in determining the cause and meaning of
certain injuries. This is certainly true in the evaluation of
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injuries that could possibly be due to animal attacks. To
the untrained eye, the injuries caused by animal canine
teeth could appear to be the result of sharp instruments
such as knives or scissors. Misinterpretation of animal
bites, especially dog bites, can have tragic consequences.

The legs of this deceased female show puncture
wounds that were left by the canine teeth of the dogs
involved in the attack and could be misinterpreted as
stab wounds (Image 27.47). The posterior aspect of the
decedent’s remains were marked with scratches pre-
sumably caused by the claws of the offending dogs
(Image 27.48).

Bite marks played a significant role in the conviction
of serial killer Ted Bundy. The tissue featured in Image
27.49 was removed from one of his victims of the Florida
State University sorority house. It was not removed with
a retaining ring and, as a result, there is obvious tissue
distortion. Although the marks on the breast are human
bite marks, they are of little or no evidentiary value for
comparison or profile purposes. A bite mark on the but-
tocks of this victim was valuable in the development of
a forensic dental profile (Image 27.50).

Probable cause for obtaining a search warrant to
examine Ted Bundy’s teeth was the direct result of bite
mark analysis and the discovery of chipped upper teeth
and crooked lower teeth. A photograph of Ted Bundy at
a court hearing was compared with the bite patterns
(Image 27.51). There was a similarity between the bite
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pattern and the smiling photograph of Mr. Bundy. After
the court order was obtained, photographs were taken of
Ted Bundy’s teeth that clearly showed chips and broken
areas of the upper teeth and crowded lower teeth (Image
27.52). Furthermore, there was a strong correlation
between the position of his two lower central incisors,
lateral incisors, and cuspids and the bite pattern.

If one looks closely at Image 27.50, the injury to the
buttock is obviously a double bite, as double lower arch
bite marks are clearly visible. The three scrape marks or
drag patterns left by the upper teeth were consistent in
size and spacing to the three chipped areas on the two
central incisors of Ted Bundy. Ted Bundy was convicted
of first-degree murder of the two Chi Omega sorority

sisters and received the death sentence. He was subse-
quently executed at a Florida State prison after a 10-year
appeal process.

Determination of bite mark age is a challenging foren-
sic odontologic task. The determination of injury age is
an inexact science based mostly on conjecture and
gestalt. Due to intrinsic differences in wound profile 
and victim physiology, features such as color or texture
should not be used as sole determinants of age. Ulti-
mately, estimates of wound age should be stated as
broad estimates. Image 27.53 is a side-by-side compari-
son of the same bite mark on a victim, taken 5 days apart.
The bite mark on the left represents the appearance of
the wound within 24 hours of infliction. Marks left by
the mandibular dentition are well demonstrated, and a
relatively well-circumscribed region of purple-red ecchy-
mosis is at the center of the mark. The anterior teeth have
not imparted a recognizable pattern. The bite mark pho-
tograph on the right was taken 5 days after that on the
left. This image demonstrates that the upper left anterior
central tooth is protruded. Information obtained from
dental profiling allowed law enforcement to obtain a
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court order to obtain dental impressions, photographs,
and bite records from a suspect.

A single bite mark was left on a volunteer’s arm with
the use of a calibrated mechanical biting device. Image
27.54 was obtained immediately following the biting
episode. In this image, one sees not only a clear outline
of the bite, but indentations (the third dimension) as

well. Within 5 minutes, the indentations were no longer
visible, and within 10 minutes, the bite pattern was
barely discernible (Image 27.55). After 20 minutes, the
bite pattern began to reappear (Image 27.56), and after 1
hour, a surprising amount of apparently “new” detail
was visible (Image 27.57). At this time, an ultraviolet
(UV) light photograph was obtained of the bitten area.
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This showed both the fresh bite, as well as a bite mark
left on the shoulder 1 year earlier (Image 27.58). By day
6 postinjury, the bite pattern has little or no evidentiary
value when examined with ambient light; however, UV
light continues to be of use in the study of dating wounds
(Image 27.59; day 6).

Mistakes in interpretation: causes, 
prevention, and correction

A forensic dentist needs to know the circumstances of
death, specifically as they relate to the victim prior to the
time of autopsy in order to make an accurate evaluation
of bite mark evidence. This information should include
any and all medical treatment, including first response
treatment, transportation, emergency room treatment,
and any artifacts created at autopsy. Ideally, thorough
photographic documentation of the entire case will have
been obtained and made available to the odontologist.
These photographs will help prevent errors in investiga-
tive opinions; if errors are made, proper documentation
of evidence will allow other, more experienced exam-
iners the opportunity to make proper interpretations.

A young child died in the emergency department of a
hospital. She had been intubated and, as standard prac-
tice, the tube was secured in place with tape (Image
27.60). At autopsy, an irregular abrasion was noted on
the right cheek (Image 27.61). Subsequently, a forensic

dentist opined that this trauma was in fact a human bite
mark that he was able to “match” to a suspect’s dental
casts. Although this mark could be misinterpreted by
inexperienced examiners as a bite mark, careful study of
the injury, combined with review of other autopsy
photos and circumstantial data clearly showed that this
patterned injury was created by the removal of the endo-
tracheal tube tape.

Eyewitness and victim testimony is not always accu-
rate. In the example shown in Image 27.62, the victim
claimed to have been bitten on the breast, cut with a
razor, and sexually assaulted. She identified two indi-
viduals as having performed the attack. The evidence
was preserved and recorded photographically and
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clearly showed that the pattern injury on the breast was
not a cigar burn but a burn from a penny as Lincoln’s
head was clearly visible. Because there were no class or
individual characteristics of teeth, the pattern injury on
the breast was a bruise and not a human bite mark. The
motive of this “victim” was to cause the two accused
individuals as much trouble as possible—a “revenge”
motivated crime.

Oftentimes a patterned injury may appear similar to a
bite mark. Evaluation and interpretation by a forensic
odontologist should allow differentiation between
human bites and patterned injuries.

A semicircular patterned abrasion was found at the
autopsy of a homicide victim (Image 27.63). Although
the appearance of the wound correctly alerted investi-
gators to the consideration of bite mark injury, study of
the lesion and comparison with a pipe found at the scene
showed that the pipe, and not human teeth, was the
likely cause of the abrasion (Image 27.64).

The marking on a decedent’s right flank resembled a
lip print (Image 27.65). However, the body was laying
on top of a leaf that imparted the pattern onto the skin.

This illustrates the need for careful evaluation of all sus-
pected patterned injuries.

A sexually assaulted homicide victim had a patterned
injury on the left leg that was initially regarded as a 
“possible human bite mark” (Image 27.66). The injury
was subsequently evaluated by an odontologist who
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determined that it was not left by human teeth. An inci-
sion through this abrasion clearly showed that there was
no hemorrhage subjacent to the skin surface (Image
27.67). This injury was therefore most likely a peri- or
postmortem abrasion.

Patterned injuries on this body were documented at
autopsy (Image 27.68). A dentist reviewed the injuries on
the body and opined that they were left by human teeth.
The dentist’s opinion was so strong, in fact, that the
injuries were documented alongside numbers indicating
which of the suspect’s teeth left the marks (Image 27.69).
A dental cast of the suspect’s teeth was placed numerous
times over the patterned injuries and were documented
as being human teeth marks (Image 27.70). In this case,
there were 40-some marks that were interpreted as
human bite marks. Interestingly and unbelievably, none
of the lower teeth left any mark on the body. The tissue
was only photographed; no samples were taken and no
incisions were made through any of these injuries.

These injuries were caused either by postmortem
insect activity or were related to some other cause of
postmortem abrasions; overinterpretation of findings is
one of the classical mistakes in forensic pathology.
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Photography is an important component of documenta-
tion in a forensic autopsy, along with body diagrams and
notes. Photography is important not only to document
injuries, but also to document the absence of injury
(“negative” photographs). Because direct viewing of a
body is often not an option in most medical examiner
departments, family members or acquaintances may
view a photograph of an individual’s face to make a pos-
itive or legal identification. Photographs range from a
half-body or full-body photograph to detailed close-up
photographs of an injury or a lesion and can be used to
allow a comparison of an injury or mark with a suspect
weapon. Additional photographic techniques include
light stand photographs of organs and photographs
using alternative light sources such as ultraviolet light.
The camera equipment varies, but may include a wide
range of 35-mm and digital cameras and flashes, depend-
ing on the individual department. Regardless of whether
the photographs are taken by a photographer, a forensic
pathologist, an autopsy technician, an investigator, or
law enforcement, the following may serve as a useful
guide to ensure quality autopsy photographs. Quality
photography, like many other skills, often improves with
experience and trial and error.

Photographs to take

It is advantageous to perform “as is” photographs of all
medical examiner cases, whether they are eventually

autopsied or not. This is easily done when the body is
received into the morgue. The “as is” photograph helps
document what clothing came with the body, what other
evidence (such as blood specimens) may have accompa-
nied the body, what medical therapy devices were on the
body, and, to some extent, what jewelry or other personal
effects were on or accompanied the body.

Standard autopsy photographs are taken after the
clothing is removed and the body cleaned, and usually
include full-body photographs (divided into two or three
overlapping pictures of the front and of the back of the
body; see Chapter 13 for examples) and a photograph of
the face. Additional photographs are determined by the
nature of the case. At a minimum, orienting and close-
up photographs of all gunshot wounds, stab wounds,
and incised wounds should be taken. Photographs of 
lacerations, contusions, abrasions, and other injuries are
important in homicides and suspected homicides and
are variably taken for other types of cases. Photographs
are taken at the direction of the forensic pathologist who
is responsible for the case and knows the significance of
the findings. When photographing injuries, it is advan-
tageous to have a ruler or scale in each picture.

Unique photography situations
A right-angled ABFO ruler is useful when photograph-
ing lesions or wounds for potential comparison with a
weapon, such as in the case of bite marks, patterned
abrasions, and tool marks. Photographs taken under
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ultraviolet light may detect and document more subtle
injury patterns in the subcutaneous tissue that might not
otherwise be apparent.

Photography pitfalls

Every forensic pathologist and medical examiner strives
for quality, professional photographs that accurately
document significant features at scene investigations and
at autopsies. However, many photographs do not turn
out well for a variety of reasons. Photographing bodies
and other evidence at scenes can be challenging due to
poor lighting, extremes in temperatures, and precipita-
tion. Even in near-ideal circumstances in the morgue, one
may have suboptimal results because of insufficient or
improperly positioned lighting, background distrac-
tions, and other factors. The following photographs
highlight pitfalls in forensic photography that one
should be aware of and try to avoid.

Out of focus
It is not difficult to inadvertently focus on a surface near
the lesion or injury that you are attempting to photo-
graph. If that surface is on a different plane from the
lesion or injury, your intended subject will be out of
focus. An unsteady hand or other movement (either of
the camera or the body surface) while taking a photo-
graph may also result in an out-of-focus or otherwise
blurry photograph (Image 28.1).

Dark/inadequate lighting and glare
Pictures may be too dark for a variety of reasons and, as
a result, may not demonstrate the desired finding. One
must also be conscientious of shadows, particularly
when photographing outdoors in sunlight or inside body
cavities during the autopsy. One should be aware of glare
produced by reflected light off a metal autopsy table or
from bright, glistening reflection off wet tissue.

In the photograph of this larynx (Image 28.2), note
how the lumen of the trachea is in a dark shadow. The
flash should be over the specimen, and not to the side of
the specimen, which will create shadows as seen.

Note the shadow created in Image 28.3 because the
flash was held at an angle, off to the side of the brain.
This is improved by holding the flash directly in front of
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the subject, providing equal illumination. Also, note how
in Image 28.4, the subject is well centered, fills the field,
has proper lighting, and is without distractors in the
background.

In contrast, in Image 28.5, multiple distractors are
visible, including background autopsy equipment, the
body, the blood-stained autopsy block, and the autopsy
table. Also unprofessional is blood on the table and
blood-stained rags in the picture. In Image 28.6, although
the subject is in focus, the flash is off-center and the
subject is eccentrically positioned and does not fill the
field, allowing autopsy tools, and bloody equipment and
background to be visible. This can be avoided by filling
the field with the subject and, if needed, providing clean
drapes around the subject (as seen in Image 28.4) to
provide a clean, nondistracting background. The rest of
the body is covered, blood is removed, and the viewer’s
eyes are hence drawn to the subject of the photograph,
and nothing else.

Bloody specimen
Because a good number of photographs in homicide
cases and in a smaller number of other cases might even-
tually be shown in court, it is important to be sure that
any excess blood is cleaned from the body. A photograph
of an injury without caked, pooled, or smeared blood is
more likely to be admitted into evidence and shown to
a jury than an excessively bloody one, which will be 
considered inflammatory and may be offensive to some
individuals (Images 28.7 and 28.8).

Incorrectly labeled photograph
Each autopsy photograph should include the case
number and, when pertinent, a ruler scale. For full-
body photographs, large block numbers are most 
useful, whereas in orientation and close-up photo-
graphs, smaller numbers are more appropriate. Because

28.4

28.5

28.6



Forensic photography

medical examiners may perform more than one autopsy
in a day, it is important to be sure that the correct case
number is in each photograph. Body identification tags
should be face-up and legible, and any body transport,
hospital, or other identification bands around the wrists
and/or ankles should be turned so that the name and/or
number is in the photograph. This is a good time to
double check that the name and case number match with
the body. Lesions and injuries should be photographed
with the camera at right angles to the body part being
photographed. Abnormal angles can be potentially con-
fusing to interpret.

Poor or confusing orientation
Photographs of lesions and injuries should include an
orientation photograph to show the location of the lesion
on the body, and a close-up photograph to show detail. The
orientation photographs are important. Proper orienta-
tion can be achieved by both moving the camera and
positioning the body for documenting the pattern and
distribution of injuries on the body.

In Image 28.9, note how the photograph was taken at
an angle, with the photographer standing to the side of
the baby, rather than from directly above the baby. The
photograph was taken from too far away, which leads 
to the inclusion of unnecessary background as well as
diminution of the intended subject. It is difficult to see
the baby and placenta with any great detail. It is advan-
tageous to fill the entire field with the subject. Another
undesirable feature is the inclusion of autopsy personnel
in the photograph. Image 28.10 is better, however, the
feet have been cut off.

Image 28.11 is properly oriented and composed;
however, the flash did not fire, giving the photograph an
unusual tint. Image 28.12 is much better because the
baby and placenta are centered (they “fill up” the field),
the photograph is taken at close to a right angle, it is in
focus, and the lighting is good.

Background distractions
When photographing a lesion or injury at the autopsy,
one should strive to have a clean, uncluttered back-
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ground, because the goal is to have the viewer look at
what you took a picture of, not what else you took a
picture of. Background distractions are many and limit-
less, but include other morgue personnel, other bodies,
autopsy tools, bloody tables, towels and sponges, sinks,
bone saws, and counters/shelves (Images 28.13 and
28.14). To aid with providing a clean background, one
may wish to use a large uniform, neutral-colored card-
board or plastic sheet that can either be moved around
from station to station to provide a clean background or
fixed to a wall or other surface so that the various bodies
can be moved in front of it for a clean background.

Image 28.15 of a lung on a cutting board is subopti-
mal for a number of reasons. The lung is not centered
and is not entirely represented (the lower lobe is cut off),
and the photograph was taken at an angle. Also, the
background is bloody and has autopsy tools. Hands are
in the picture. Image 28.16 is much better in that the
lungs are centered, the lighting is good, and the back-
ground is clean.

Body or lesion not centered or cut off
Ensure that the intended subject of the photograph is
centered and completely represented; if the subject is

large, overlapping photographs will capture the entire
entity. This is important not only for lesions and injuries,
but also for pertinent negative photographs. It is easy to
inadvertently cut off the top of the head, the bottom of
the feet, and portions of the arms and hands when taking
full-body photographs, but this can be prevented if the
photographer takes into consideration the composition
of the photograph.

Photography tips

• Experiment. Become familiar with your camera
equipment including the camera’s capabilities and
limitations. Cameras may have automatic focus and
automatic imaging options that can help optimize
photograph quality. Be familiar with different lighting
arrangements and the capabilities of your flash.

• If you deliberate about whether you should take 
a picture or not, take it. It is better to have too many
photographs than too few.
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The field of forensic pathology is broad and covers a
diverse range of topics, some of which do not fit partic-
ularly well with other discussions and deserve special
mention. For these topics, we have created a separate
chapter. This chapter includes discussions on biosafety
and bioterrorism, forensic radiology, and what to do
when one has performed an autopsy, but no cause of
death is found (the “negative” autopsy). Additional
topics of interest include discussions and visual demon-
strations of specific autopsy procedures such as the
proper examination of a heart, examination of the con-
duction system, and proper means of performing a

layered anterior neck dissection and detailed posterior
neck dissection. Also, different ways of documenting a
pneumothorax and air embolism are discussed.

General autopsy biosafety

Although the autopsy room can be a hazardous envi-
ronment, worker protection can be optimized with the
use of proper personal protective equipment, facility 
and engineering controls, and safe work practices 
and procedures. The most important component of 
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performing an autopsy is the safety of all those involved.
Risks involve infectious agents, physical injury, chemical
injury, and radiation exposure.

Infectious agents

Infectious agents can be potentially transmitted via per-
cutaneous injury, contact with mucous membranes, and
inhalation of aerosolized material. Infectious diseases
encountered with some degree of frequency in the
autopsy population are hepatitis B, hepatitis C, human
immunodeficiency virus (HIV), and Mycobacterium tuber-
culosis. These diseases are likely overrepresented in the
medical examiner population because of the higher
prevalence of intravenous drug abusers undergoing
forensic autopsies. One may also encounter infectious
bacterial agents such as Neisseria meningitidis. Prion dis-
eases (the etiologic agent for Creutzfeldt-Jakob disease
(CJD) and other diseases/conditions) are rarely encoun-
tered, but may be an issue in the occasional case and can
be transmitted percutaneously.

Infectious precautions should be taken in each and
every autopsy, not just those where an infectious agent
is known because it is not uncommon for people to
harbor infectious diseases that were not recognized until
discovered at autopsy. Also, newer, possibly unrecog-
nized infectious diseases may be present.

Percutaneous injury
Percutaneous injury may occur via a needle puncture, a
cut with a scalpel blade, oscillating saw blade, or other
sharp instrument, a shard of bone, or any other sharp or
irregular object. Injuries are not limited to the perfor-
mance of the autopsy, but may also occur in preparing
the body for autopsy, in collecting evidence, and in
sewing the body up following the autopsy. Of particular
note are victims of motor vehicle crashes who often have
irregular shards of glass and/or plastic on or in the cloth-
ing or the body itself. These can easily cause injury while
the pathologist or technicion is unclothing the body.
Bodies may also have irregular shards of bone protrud-
ing from open fractures. These shards can easily tear
through latex examination gloves. Other sharp objects
encountered at autopsy include projectile fragments,
broken tips or blades of knives, and embedded needles.

In cases of gunshot and stab wounds, when review-
ing the x-rays, it is always helpful to also notice whether
any of the radio-opaque objects appear sharp and poten-
tially injurious. One should never assume that all needles
and other sharp medical objects have been removed from
bodies that had medical intervention. Surgical staples
should be removed with caution.

Infectious aerosols
Airborne particles approximately 1 to 5 microns in diam-
eter can remain suspended in air for long periods of time.

If inhaled, they can reach the pulmonary alveoli.
Aerosols can be generated by the oscillating blade of a
bone saw and by fluid aspirator hoses that drain fluids
into a sink. Autopsy-generated droplets (>5 microns)
also have the potential to transmit infections if they are
inhaled or ingested.1

Many bacterial agents can be aerosolized, and hence
transmitted, and include Mycobacterium tuberculosis,
rabies, plague, legionellosis, meningococcus, rickettsio-
sis, coccidioidomycosis, and anthrax.1 Tuberculosis often
remains undetected until discovered at autopsy, so it is
occasionally encountered in the medical examiner 
population.

Personal protective equipment

Personal protective equipment (PPE) helps provide a
barrier of protection between the pathologist and the
deceased body and its surrounding. Standard autopsy
apparel includes a surgical cap, mask, scrub suit, imper-
vious gown or apron with full sleeve coverings, shoe
covers, and either goggles or a face mask for eye protec-
tion. Metal or cut-resistant synthetic gloves worn along
with surgical gloves can help prevent cuts and lacera-
tions, but offer little protection from needle punctures.

Although standard surgical masks protect against
splashes, their seal against the face has leaks and, hence,
they do not offer protection against aerosolized contam-
inants. When there is a risk of inhaling airborne infec-
tious agents, an N-95 respirator should be worn. The
“95” reflects that the respirator will filter 95 percent of
particles that are 1 micron in diameter. Because one
usually does not know the infectious nature of a case
until the autopsy is performed, it may be advantageous
to wear N-95 respirators for all autopsies. Those who
cannot tolerate the N-95 respirator or who have a beard
(thus precluding a tight seal to the face) may wish to
wear a powered air-purifying respirator equipped with
a high-efficiency particulate air (HEPA) filter.

Reducing autopsy room hazards

Risks inherent to autopsy work can be reduced in a
number of ways:

• Do not recap needles.
• Place all used sharps into puncture-resistant sharps

containers.
• Do not hold vacutainers when inserting needles (use

a test tube holder).
• Use scalpel blades that have a rounded, not a sharp,

point.
• Use the integrated HEPA filter/suction system that is

available for some bone saws to help decrease
aerosolization risks.
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• Decontaminate autopsy surfaces and tools with a
bleach solution (from 1 :10 to 1 :100 dilution, depend-
ing on the extent of contamination).1

Vaccination and tuberculin skin test

Autopsy personnel can reduce their risk of hepatitis B
virus infection by obtaining the hepatitis B vaccine.
Hepatitis B vaccine is currently recommended for all
health care employees who are regularly exposed to
blood and other body fluids. Furthermore, autopsy per-
sonnel should have a baseline tuberculin skin test and
retesting of negative skin tests at regular intervals.

Note on prion diseases

One must be particularly careful when autopsying an
individual with known or suspected prion disease. The
prion agent is transmissible and there is no known cure.
Prions are also unusually resistant to conventional chem-
ical and physical decontamination techniques. The
highest potential risk for transmission is a needle stick or
other percutaneous injury after contact with highly infec-
tive tissue. Although the brain, spinal cord, and eyes
have the highest load of prion protein, prion protein 
may also be detected in the liver, lymph node, kidney,
lung, spleen, and possibly other tissues. In addition to
regular and proper autopsy precautions, one may wish
to heed the following precautions and decontamination
procedures1–4:

• Limit attendance at the autopsy to necessary person-
nel only.

• Use a powered air-purifying respirator for respiratory
protection, if available.

• Remove the brain while the head is encased inside a
plastic bag. This will limit aerosolization of fluids.

• Cover the autopsy table with an absorbent sheet that
has a waterproof backing, to limit contamination of
the autopsy table by body fluids. This will also sim-
plify cleanup.

• Decontaminate autopsy instruments and saw blade
by soaking for 1 hour in 2N sodium hydroxide or for
2 hours in 1N sodium hydroxide.

• Clean the bone saw by repeatedly wetting with 2N
sodium hydroxide over a 1-hour period.

• Place the absorbent table cover and disposable pro-
tective clothing in double-bagged infectious waste
bags for incineration.

• Wash suspected areas of contamination on the
autopsy table with repeated wettings of 2N sodium
hydroxide over 1 hour.

• After the brain has been fixed in formalin, the tissue
blocks for histology can be placed in 96 percent formic

acid for 30 minutes, followed by fresh 10 percent for-
malin for at least 2 days.

• After histologic sections are cut, the knife is wiped
with 1N to 2N sodium hydroxide and the knife is then
discarded.

• After the slides are stained and coverslipped, they can
be decontaminated by placing in 2N sodium hydrox-
ide for 1 hour and then labeled as “infectious CJD.”

Of note is that prions are not inactivated by formalin fix-
ation or paraffin embedding. Prions may be deactivated
by steam autoclaving at 132 to 136 degrees Celsius for 1
hour. References are available for more detailed autopsy
procedures and methods of decontamination in a prion
disease autopsy.1–4

PPE for performing an autopsy is demonstrated in
Images 29.1 through 29.3. Although some form of
autopsy gown is generally required, some prosectors will
find comfort in the additional safety afforded by the use
of arm protectors and plastic aprons. The arm protectors
are optional, as is the plastic apron. Double gloving is
preferred, with a cut-resistant glove between the two
latex gloves on the noncutting hand (Images 29.4 and
29.5). For a particularly infectious case, a powered respi-
rator and boot-length shoe covers are added (Images
29.6 and 29.7). Depending on the required task (autopsy
versus braincutting versus fixed organ review), it may be
acceptable to don fewer items of protective clothing
(Image 29.8).
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Electrical concerns in the mortuary

Implanted automated cardioverter/defibrillator
Implanted automated cardioverter/defibrillators (AICDs)
should be regarded as still active when encountered in the
body. Because they are designed to provide shocks to help
reestablish a normal heart rhythm, they may also provide
a shock (25 to 40 joules) when manipulated or when the
leads are cut. Fortunately, they can be deactivated before
they are removed from a body. A list of common manu-
facturers of AICDs and their telephone numbers has been
published.5 Many times, an AICD factory representative
is able to physically visit the morgue and deactivate the
AICD. Although there are differences between manufac-
turers, some AICDs can be deactivated by placing a large
magnet over the device and listening for chirping or other
sounds. These instructions may be given by the factory
representative over the phone. Regardless, it is recom-
mended a factory representative be consulted for appro-
priate handling of the device.

Autopsy saw
The exposure of bare wires in the cords of electrical
autopsy saws is a serious concern. The outer protective
rubber coating may be inadvertently cut by the blade of
the saw. Electrical outlets should be installed with
ground-fault current interrupters.

Chemicals

The most common irritating chemical that one may be
exposed to in the morgue is formaldehyde, which can be
irritating to the skin, eyes, and mucous membranes. It
has been stated that the ability to smell formaldehyde
generally means that the person is breathing a concen-
tration that exceeds the recommended occupational 
standard.1

Radiation

Autopsy personnel may be exposed to radiation from
different sources, including x-rays and radioactive 
materials therapeutically placed in a body. The medical
examiner should be notified if a body contains either
diagnostic or therapeutic sources of radiation, and the
decision should be made as to whether or not an autopsy
needs to be performed. In the scenario in which bodily
radioactive materials are a concern, a radiation safety
expert may be consulted to evaluate the risk of radiation
exposure to autopsy staff.

Facility design

Ideally, autopsy facilities should be physically separated
from administrative offices and have a separate air
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supply. Autopsy rooms should have a minimum of 12 air
exchanges per hour and should have a negative pressure
in relation to the surrounding areas.6 The air should be
exhausted directly outside the facility.6

Do

- Take appropriate precautions to minimize work
hazards and optimize autopsy room worker protec-
tion.

- Be familiar with safe practices.
- Take advantage of the hepatitis B vaccination (in con-

sultation with your physician).
- Have regular tuberculin skin tests unless you are

known to be positive or reactive.
- Seek medical attention should an exposure occur.

Don’t

- Be careless or reckless in your procedures.

Autopsy procedures

Examination of the heart
A variety of methods for dissection of the heart at
autopsy have been described. The one illustrated here
combines visualization of the coronary arteries and the
valves with a cross-sectional view of the ventricles, but
can be adapted to the specific needs of a particular case.

First and foremost, it is always important to weigh the
heart. The heart weight, as compared to previously
established normal ranges of heart weights for body
weight, such as that prepared by Kitzman et al.,7 is often
more useful in establishing the presence of left ventricu-
lar hypertrophy than a measurement of the thickness of
the left ventricular wall. This is particularly true in cases
where there is left ventricular hypertrophy associated
with dilatation that thins the ventricular wall.

Each of the major coronary arteries should be cross-
sectioned in situ at 0.3-centimeter intervals along their
entire lengths (Image 29.9). Bone scissors can be used to

cut heavily calcified vessels; however, this often pro-
duces crush artifact that will make estimating the degree
of coronary artery luminal narrowing more difficult.
Ideally, heavily calcified vessels should be dissected
away from the heart and decalcified prior to sectioning,
but this is usually not practical in a busy pathology prac-
tice. The heart is then sectioned transversely from its
apex to the tips of the papillary muscles (Image 29.10).
This allows the ventricles to be seen in cross section, such
that one can establish the presence or absence of ven-
tricular hypertrophy and/or dilatation, together with
any gross abnormality of the myocardium. It is impor-
tant to visualize the cardiac valves from above, prior to
opening them (Image 29.11). This is particularly true for

642

29.9

29.10

29.11



Autopsy procedures

the aortic valve, where one is most likely to see pathol-
ogy in a sudden death due to valvular disease, and for
the mitral valve in order to document the presence or
absence of mitral valve prolapse. The base of the heart
can then be opened following the flow of blood, opening
both atria out to their appendages, opening the atri-
oventricular valves laterally, and opening the semilunar
valves anteriorly.

The coronary ostia should always be examined (Image
29.12) because abnormalities of the ostia can account for
some sudden deaths. Measurements of the ventricular
wall thickness and valve circumferences can be taken
routinely, but are more important to document when
actual pathology is identified. In many medicolegal
cases, histologic sections of the heart may not be neces-
sary, but short representative segments of the coronary
arteries and a transverse circumferential slice of left and
right ventricle should be retained as “stock.” When
needed, routine histologic sections can include sections
of any grossly visible significant abnormality of a coro-
nary artery, a transmural section of the posterior free
wall of the left ventricle, a transverse section of the inter-
ventricular septum (particularly useful for looking for
myocyte disarray in cases of hypertrophic cardiomyopa-
thy), and a transverse section of the anterior free wall of
the right ventricle (Image 29.13). Useful references are
included at the end of the chapter.8,9

Do

• Weigh the heart.
• Section each of the major coronary arteries along its

entire length.
• Remember to examine the coronary artery ostia and

the right ventricle.
• Retain “stock” specimens of the coronary arteries and

a transverse slice of left and right ventricle in all cases.
• Complete histology in cases where a cause of death is

not evident.
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Don’t

• Feel that routine histology of the heart, or any other
organ for that matter, is absolutely essential when
there is an obvious cause of death, unless routine his-
tology is mandated in your jurisdiction.

Examination of the cardiac conduction system
Microscopic examination of the cardiac conduction
system can be of merit in establishing an underlyion
cause of death in select cases. This is particularly true
when there is gross or histologic evidence of a disease
process that is also capable of affecting the conduction
system. It is less likely to be of assistance when there is
no other gross or histologic abnormality of the heart and
no past medical history to suggest the presence of a con-
duction system disorder. Examination of the conduction
system can be superficial or detailed, depending on the
nature of the case. Obvious gross abnormalities involv-
ing the conduction system will need only a few sections
to establish the histology of the disease process. A more
detailed examination generally involves processing and
viewing 40 to 80 slides, while highly detailed studies,
involving hundreds to thousands of slides from a single
case, are far beyond the capabilities of most forensic
pathologists and their histology laboratories. The fol-
lowing method for examination of the cardiac conduc-
tion system is adapted from a chapter on the conduction
system, written by R. E. B. Hudson, in Malcolm Silver’s
textbook entitled Cardiovascular Pathology.10

The sinoatrial node (SAN) is located on or adjacent to
the summit of the right atrial appendage (Image 29.14).
The block of tissue required for the SAN must be
removed prior to routine opening of the right atrium
through the atrial appendage. The SAN is most easily
examined by serially sectioning the area outlined in
Image 29.14 and obtaining single H&E and Verhoeff-van
Gieson stains of each section. Serial sections through
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each of these tissue blocks are generally not required,
although deepers can be requested if an abnormality is
identified or if there is difficulty finding the SAN. His-
tologically, the SAN is a compact bundle of branching
muscle fibers located just below the epicardial surface of
the right atrium in close association with its own artery
(Images 29.15 and 29.16). Although abnormalities such
as calcification and fibrosis can be seen, the reality is that
diseases of the SAN are unlikely to account for the
sudden death in the absence of any other anatomically
identifiable disease.

The atrioventricular node (AVN), the bundle of His,
and the bundle branches are found in the interventricu-
lar septum beneath the pars membranacea (Image 29.17).
Orientation of the block is obtained by holding the open
heart up to a light, while viewing it from the right ven-
tricular side, such that the pars membranacea is hori-
zontally aligned with the coronary sinus ostium, as
shown in Image 29.17. The area outlined in Image 29.17
is then removed as a single block (Image 29.18). It is quite
easy to obtain and retain this specimen in those cases that
may be problematic and require further examination in

the future. When an examination is necessary, the block
is serially sectioned, as illustrated in Image 29.19,
keeping the orientation of the left and right ventricular
surfaces consistent for each block. For a very superficial
examination, a single H&E and Verhoeff-van Gieson
section of each block is all that is required.

644

Right Atrial Appendage

Right Atrial Summit

Superior Vena Cava

Sinoatrial Node

mm 5 10 15 20

Pars Membranacea

Bundle of His

Coronary Sinus

Atrioventricular Node
Left Branch Fascicle

Right Bundle Branch

29.14

29.15

29.16

29.17

29.18



Autopsy procedures 645

A more detailed study requires sectioning through
each block. Approximately 80 levels will be obtained if
the histotechnologist is instructed to cut 8-micron-thick
deepers through each block, mounting and staining
every 40th level (one H&E stain, one Verhoeff-van
Gieson, and two unstained sections all cut at a normal

thickness of 4 microns) and discarding the levels in
between. More detailed studies involve mounting and
staining each and every level, which are cut as thinly as
possible.

Histologically, the AVN is located close to the central
fibrous body (Images 29.20 and 29.21), which it pene-
trates in order to reach the summit of the muscular inter-
ventricular septum, at which point it becomes the bundle
of His (Image 29.22). Several small fascicles leave the
bundle of His (Image 29.22) and extend along the suben-
docardium of the left ventricle (Image 29.23) forming the
so-called left bundle branch, which is not really a bundle
at all. The right bundle branch, which is indeed an actual
bundle of fibers, is what remains after all of the left-sided
fascicles have branched away (Image 29.24).

Demonstration of pneumothorax
A pneumothorax is a collection of air between the surface
of the lung and the inner lining of the rib cage (parietal
pleura). A small pneumothorax can be asymptomatic,
whereas a larger pneumothorax can cause dyspnea. If
large enough, a pneumothorax can significantly impair
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breathing, collapse a lung, and impair venous return to
the heart (a tension pneumothorax). A pneumothorax
may be due to natural disease such as the spontaneous
rupture of a pulmonary bleb or bulla in a person with
emphysema. It can also be caused by puncture of the
parietal and visceral pleura in attempts to place a sub-
clavian or internal jugular venous catheter. Pneumotho-
rax frequently occurs secondary to rib fracture of any
etiology. If anticipated, a pneumothorax can be demon-
strated on a chest x-ray taken before the body is opened.
If no x-ray is available, several dissecting techniques 
are available for demonstrating a pneumothorax. Pneu-
mothorax might be suggested on visualizing the lungs
because the affected lung will be collapsed, usually in
contrast to the fully inflated opposing lung.

Method 1
One technique of demonstrating a pneumothorax is to
first dissect the skin and subcutaneous tissue off the ante-
rior and lateral surface of the ribs, being careful not to
penetrate the pleural cavity. One can then hold up a flap
of skin on one side of the chest and fill the crevice
between the body wall and chest with water. Then poke
through the intercostal muscles with a scalpel and watch
for air bubbles escaping from the pleural cavity. If
desired, an upside-down flask filled with water can be
placed over the escaping air bubbles, collecting them.
The collected air bubbles will displace a roughly equal
amount of water, and the approximate size of the pneu-
mothorax can therefore be estimated.

Method 2
Another method used to demonstrate a pneumothorax
involves carefully dissecting the skeletal muscle from
one of the intercostal spaces anteriorly. The intercostal
muscle is carefully removed until the underlying parietal
pleura is encountered. If there is no pneumothorax, then
the visceral pleura of the lung will be visible immedi-
ately below the parietal pleura. If there is a pneumotho-

rax, then the visceral pleura of the lung will not be visible
beneath the parietal pleura, which may be bulging
outward because of increased pressure. Also, the visceral
pleura of the lung may be visible deeper within the
pleural cavity. A gush of air will be appreciated when the
parietal pleura is penetrated.

Demonstration of air embolus
Because air emboli will rarely be discovered on routine
autopsy, demonstration of air emboli requires anticipa-
tion of this finding and planning of autopsy techniques.
Air embolus should be anticipated in cases of pregnant
(or nonpregnant) women who suddenly become unre-
sponsive during or shortly following oral-vaginal sex
with air insufflation, in cases of abortion, in cases of stab
wounds (particularly of the neck and upper chest), and
during the course of treatment such as various neuro-
surgical, chest, or abdominal surgeries when there is
cutting or tearing of larger venous structures. Air can
also be purposefully or accidentally injected through
intravenous catheters.

When an air embolus is anticipated, one should obtain
a chest x-ray before the autopsy is performed. An air
embolus will appear as a radiolucent distention of the
right heart chambers (Image 29.25). During the autopsy,
the pericardial sac can be filled with water and the right
atrium and/or right ventricle incised. If an air embolism
is present, one will notice air bubbles in the blood escap-
ing from the heart. Alternatively, if the pericardial sac is
not filled with water, on removal of the heart, the blood
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escaping from the cut superior and/or inferior venae
cavae will have a frothy, bubbly nature if the air embolus
is particularly large. Another method of demonstrating
air embolism is to partially fill a large syringe (e.g., 60
milliliters) with water and stick a needle into the right
atrium and/or right ventricle and aspirate. If an air
embolism is present, one will aspirate bubbly blood from
the heart. The increased amount of air displacement in
the syringe can then be measured.

The presence of air in the vascular tree must be inter-
preted in the context of the condition of the body and the
circumstances of the case. The absence of air does not
mean that there was not an air embolus, and the pres-
ence of air may be postmortem artefact in the face of any
degree of decomposition.

Anterior neck dissection
An anterior neck dissection is performed to more ade-
quately document injuries (or absence of injuries) in a
person suspected of having neck trauma. These types 
of cases include hanging, strangulation and suspected
strangulation, and blunt force injury of any type that
causes neck compression or twisting. An anterior neck
dissection may also be helpful in the documentation of
sharp force injury and gunshot wounds of the neck. The
dissection is performed by a step-by-step layerwise
reflection of the tissues after the thoracic organs and the
brain have been removed. This allows the blood in the
neck to drain away, providing for a cleaner dissection
field. The shoulders are elevated by a head block or other
firm object; this hyperextends the neck and allows for
better exposure of the anterior neck tissues. Adequate
exposure is important for proper dissection. At each
stage (layer) of dissection, photographs of injury or per-
tinent negatives should be obtained.

The skin of the neck should first be examined for
injuries. The skin and subcutaneous tissue is then
reflected off the underlying anterior cervical strap
muscles along the fascial plane (Image 29.26). No sub-

cutaneous tissue or skeletal muscle needs to be cut at 
this point. This should expose the intact cervical strap
muscles. When a detailed anterior neck dissection is
anticipated, it is advantageous to leave the manubrium
intact at the beginning of the autopsy when the rib cage
is removed. This allows the inferior attachments of the
anterior cervical strap muscles to remain unaltered, and
provides for a cleaner, neater reflection of muscles.

The anterior cervical strap muscles are then reflected
superiorly after the inferior attachments of the muscles
are cut and reflected one by one, starting with the stern-
ocleidomastoid muscles and then reflecting the progres-
sively deeper muscle layers (Images 29.27 through
29.29).

The muscle layers are separated along their fascial
planes. As the muscle layers are reflected, the anterior
and posterior surfaces of the muscles are examined for
blood extravasation, which is usually reflective of injury
(contusion). In a decomposed body, however, the
muscles can take on a boggy, dusky maroon appearance,
and identifying distinct areas of blood extravasation can
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be challenging, if not impossible. Eventually, the thyroid
gland will be exposed (Image 29.30); after in situ evalu-
ation of this organ, it can be removed, allowing for study
of the underlying tracheal rings (Image 29.31). Reflection
of the trachea toward the face will allow for the visual-
ization of trauma to the prevertebral musculature and
fascia (Image 29.32).

The next step is to remove the tongue, larynx, and
upper trachea as a whole. This is accomplished by insert-
ing the scalpel blade over the body of the hyoid bone and
into the floor of the mouth, being careful not to poke
through the skin of the anterior neck. Then, the scalpel
blade is directed downward along each greater horn of
the hyoid bone, cutting the pharyngeal tissues until the
anterior surface of the cervical vertebrae is encountered.
One should be sure not to deviate the cut too far later-
ally, and risk cutting the common carotid arteries. If the
cut deviates too far medially, one risks cutting into 
the thyroid cartilage. Gentle traction of the larynx with
the noncutting hand away from the path of cutting will
provide additional room for dissection, hopefully
sparing the carotid arteries. The common carotid arter-

ies are left intact, if possible, because funeral directors
will use these vessels to embalm the head.

The next step is to reach into the mouth from the neck
and manually free up the tongue. The tongue is then
pulled down through the neck and the remainder of the
pharyngeal tissues can be cut, providing a separate block
of neck tissue including the tongue, larynx, upper
trachea, and upper esophagus. Areas of blood extrava-
sation are identified and photographs taken, if necessary.

The tongue is then serially cross sectioned and sepa-
rated from the hyoid bone. The hyoid bone and thyroid
cartilage can then be examined for areas of blood
extravasation and fracture. The hyoid bone is then 
separated from the thyroid cartilage by cutting the 
thyrohyoid ligaments and the remaining soft tissues. 
The pharyngeal tissues are cut away from the superior
horns of the thyroid cartilage and examined closely for
fracture. The thyroid gland is removed and the thyroid
cartilage is separated from the cricoid cartilage.

The skeletal muscle and soft tissues of the hyoid bone,
thyroid cartilage, and cricoid cartilage can then be
stripped. The degree of stripping and thoroughness of
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the examination of the tissues depend on the circum-
stances of each case. Image 29.33 shows the expected
normal appearance of the hyoid bone and larynx after
the soft tissue has been stripped. Images 29.34 and 29.35
show anterior and posterior views, respectively, of the
hyoid bone, thyroid and cricoid cartilages, and upper
trachea after they have been stripped of soft tissue and
separated. Such a detailed dissection allows for a thor-
ough evaluation of the structures for fracture. If fractures
are identified, the specimens can be radiographed; this
will also help detect subtle fractures, and radiographs
make suitable displays in the courtroom setting.

Do

- Take photographs of injuries and pertinent negatives.
- Avoid cutting the common carotid arteries.

- Avoid cutting through the skin of the neck (creating a
“buttonhole”).

- Perform an anterior neck dissection only after the brain
has been removed and the thoracic organs removed.

- Consider leaving the manubrium intact when a
layered anterior neck dissection is anticipated.

- Be familiar with different ways of demonstrating an air
embolus and a pneumothorax.

Don’t

- Confuse the two joints separating the body of the
hyoid bone from the greater horns of the hyoid bone
with fractures, particularly if there is no associated
blood extravasation.

- Confuse triticeous cartilages embedded in the thyro-
hyoid ligament as fractures, particularly if there is no
associated blood extravasation.

Posterior neck dissection
A posterior neck dissection is performed to more ade-
quately document injuries of the upper neck, particularly
injuries at the craniocervical junction.11–15 This can be per-
formed in cases of strangulation or suspected strangula-
tion, hanging, pedestrians struck by motor vehicles,
occupants of motor vehicles involved in crashes, and
falls, particularly in elderly people. Elderly people tend
to have weaker, osteoporotic bones and hyperextension
of the head can lead to an upper cervical vertebral frac-
ture. Palpation is not always a sensitive means for the
detection of fractures, and it is not always possible to
identify cervical fracture based on the presence of 
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hemorrhage in the prevertebral fascia. Posterior neck
dissection is the best means to prove or disprove 
vertebral fracture.

A posterior neck dissection can be of a varying degree
of thoroughness, ranging from a quick simple deep ver-
tical incision into the posterior neck muscles to examine
for hemorrhage, to a detailed evaluation of the integrity
of the bony and ligamentous structures. The following is
an example of how to perform a detailed posterior neck
dissection in an infant, which would be performed sim-
ilarly in an adult, because the anatomy and the dissec-
tion are the same, regardless of age.

A vertical incision is made in the midline of the pos-
terior neck, extending from the occipital scalp to between
the shoulder blades. Next, horizontal incisions are made
extending laterally from the inferior end of the vertical
incision (“relaxing” incisions) and the skin and subcuta-
neous tissue of the posterior neck and upper back are 
dissected and reflected laterally. After the skin and 
subcutaneous tissue of the back have been reflected, the
skeletal muscle is dissected away from the posterior
spinous processes and the posterior aspect of the verte-
bral bodies. Next, cuts are made with a bone saw through
the posterior aspects of the vertebrae, which are removed
(posterior laminectomy), exposing the spinal cord
(Image 29.36). Note that the scalp is reflected off the pos-
terior aspect of the calvarium. To evaluate its integrity,
the posterior arch of C1 vertebra is initially left intact.

Next, the posterior arch of C1 vertebra and a wedge
of the occipital bone (forming the posterior edge of the
foramen magnum) are removed (Image 29.37). This pro-

vides added exposure at the craniocervical junction and
helps with evaluation of C1 and C2 vertebrae and their
attachments. It also provides optimal visualization of the
upper cervical spinal cord during its removal.

The spinal cord is then removed (Image 29.38) and the
integrity of the spinal canal is examined. Posterior
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removal of the spinal cord allows for more adequate
visualization of the upper cervical spinal cord, including
its attachment with the brainstem, and is the preferred
approach (as compared to anterior removal) for spinal
cord removal when an upper cervical spinal cord injury
is suspected or needs to be documented.

The posterior longitudinal ligament and tectorial
membrane are then stripped, exposing the cruciate liga-
ment overlying the odontoid process. The ligaments are
examined for their integrity and any fractures are noted.
The cruciate ligament is then stripped, exposing the
odontoid process and the alar ligaments (Image 29.39).
The alar ligaments extend from the lateral aspects of the
apex of the odontoid process to the occipital condyles. To
better demonstrate the alar ligaments, strings have been
passed just anterior to the alar ligaments (Image 29.40).
With the alar ligaments removed, note the intact odon-
toid process (Image 29.41). In addition to visual exami-
nation, the structures at the craniocervical junction can
be palpated to further evaluate their integrity.

Intact alar ligaments are clearly visible in this other
case of a normal posterior neck dissection (Image 29.42)

Do

• Become comfortable performing a detailed posterior
neck dissection.

• Perform a posterior neck dissection when indicated.
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Don’t

• Forget that a posterior neck dissection may demon-
strate craniocervical injury that might have otherwise
been undetected

Forensic radiology

X-rays are helpful to the medical examiner in a variety
of ways. Most commonly, x-rays are used to locate
bullets in or around the body and its belongings. X-rays
not only inform the medical examiner of the number and
location of bullets, but also how many bullet fragments
are available for recovery. X-rays are particularly helpful
if the tissues are sufficiently decomposed to obscure
wounds or wound tracks. In the rare occasion of a bullet
embolus, an x-ray may prove invaluable in locating a
wayward bullet.

X-rays of all stab and incised wounds will help detect
broken pieces of a knife blade that may be retained in the
tissues or bone. This is important, because the fragment
of knife blade may potentially be matched up with a
suspect weapon. Identification of knife blades or blade
fragments is also important for personal safety to
prevent injury during manual exploration of a wound.
An x-ray of the chest also provides a means of docu-
menting an air embolus—a finding that may be difficult
to detect during dissection.

X-rays should be performed on all infant deaths and
should include the entire body. Close attention should be
directed to the extremities because these areas are not
usually dissected and an x-ray finding may be the only
clue of a healing fracture. Such a finding will then direct
additional dissection.

In this x-ray of a person with a gunshot wound of the
head, note the radio-opaque projectile that needs to be
recovered (Image 29.43). Although lead and metal

jackets show up well on x-ray, one must be reminded that
some projectile components such as an aluminum jacket,
plastic sleeve, or fiber wadding from a shotgun charge
will not normally show up on x-ray and must be identi-
fied directly at autopsy.

X-rays on gunshot wound victims should be carefully
reviewed and interpreted, because foreign objects such
as stones or medical devices mimic bullets. In a gunshot
wound victim, a radio-opaque object thought to be a
bullet was identified in the left upper chest. However, no
bullet was recovered at autopsy. The object was revealed
to be a metal hub from a needle thoracostomy catheter
that was placed during resuscitation attempts (Image
29.44; catheter placed on x-ray for comparison). As was
done in this case, x-rays should be first taken with all
clothing and medical therapy left on the body and in
place, to better detect any projectiles that may be resting
on the body or in the clothing.

In individuals with gunshot wound(s) of the head,
sometimes despite a thorough search, certain bullets or
projectile fragments simply cannot be found. When con-
fronted with this dilemma, remember that radio-opaque
dental fillings, caps, or artificial teeth can be confused
with projectiles or their fragments. In this case in which
the “projectile” could not be found, the teeth were reex-
amined, and it was discovered that the right upper
medial incisor was whiter and had a slightly different
appearance than the rest of the teeth (Image 29.45).
Reexamination of the x-ray revealed the tooth to be arti-
ficial, and it had the characteristic post extending into the
maxilla. The “projectile” was actually an implant.

In a person with multiple stab wounds, the blade of
the knife broke off during a stab wound of the back and
became embedded in the back. The knife blade was
demonstrated on routine x-ray of the chest of the victim
(Image 29.46) and was subsequently demonstrated at
autopsy (Image 29.47).
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X-rays have proven useful and time conserving in the
evaluation of vertebral artery injury (Image 29.48). Post-
mortem angiography using radio-opaque contrast dye
can demonstrate extravasation of dye from a tear in a
vertebral artery.

As is addressed in Chapter 25, x-rays may be invalu-
able in helping to positively identify an individual. Also

see Chapter 27 for further discussion on x-rays and
forensic odontology.

Do

• Obtain x-rays to document findings such as air emboli
that would be difficult to detect at autopsy.

• Use x-rays to locate bullets and determine how many
projectiles need to be recovered.

• Use x-rays to locate retained pieces of a broken knife
blade.

Don’t

• Forget that angiography of the vertebral arteries is a
quick and efficient way to evaluate their integrity.

Bioterrorism and chemical agents

Bioterrorism is the use or threatened release of harmful
biologic agents or toxic substances with the intent to
intimidate or harm civilians. This is in distinction to
biowarfare, in which the harmful biologic organisms are
directed against a military. It is regarded as a means of
indiscriminately killing or injuring a large quantity of
people with little monetary input and effort. Bioterror-
ism is a real and significant danger because very small
amounts of biological agents or toxins can cause mass
casualties, they may be easily and inexpensively
acquired or developed, they have low visibility, and they
are relatively easy to deliver.16 It has been said that there
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are three prerequisites for bioterrorism: vulnerability,
capability, and intent.17

Bioterrorism agents contain living organisms or their
toxins and can cause disease or death. Living organisms
require time (days) to multiply in the body, produce
disease, and kill the individual. Toxins are more lethal
and can cause death within minutes or hours. Bioterror-
ism agents are odorless, tasteless, and invisible to the
naked eye when aerosolized. They include a large
number of pathogens, some of which can be produced
by any country that has a basic pharmaceutical indus-
try.18 Bioterrorism defense includes vaccines and antimi-
crobials, both of which may be of limited use because of
the large number of agents that could possibly be used
as weapons. Furthermore, antimicrobial resistance to
drugs and antibiotics, and limited feasibility in creating
vaccines and antibacterials against certain agents, also
limit bioterrorism defense efforts.19

Because the scope of such a widespread attack can be
so grand, it is imperative that health care facilities and
local, state, and national public agencies be prepared 
for such attacks, including compiling preassembled
stockpiles of supplies, pharmaceuticals, and other
medical equipment. Simply maintaining these stock-
piles is not enough though; they must also be 
adequately made available to medical personnel and 
distributed to the public. Rapid communication of 
epidemiologic data to front-line medical personnel is
essential to initiate appropriate diagnostic procedures
and therapies.

Bioterrorism biosafety
Every act of bioterrorism (or suspected bioterrorism)
with fatalities will add to the complexity of medicolegal
death investigation. Because it is not possible to predict
the chemical or biologic nature of attacks, one should be
prepared to adapt to the situation at hand. The follow-
ing information is presented in hopes of highlighting key
issues in bioterrorism death investigation. Individuals
charged with such tasks should use this information
with discretion, and make modifications suitable to their
practice. Ultimately, the safety of medical examiner personnel
must remain the top priority of any bioterror investigation.

How is the body transported?
If surface contamination is visible, samples should be
collected in the field and the body cleansed with an effec-
tive solution such as 0.5 percent hypochlorite or pheno-
lic disinfectant before being brought to the autopsy
facility.20 Heavily contaminated remains should not be
brought to facilities where patient care is performed. All
personnel involved in transport or evaluation of the
body should wear appropriate PPE. The assistance of
hazardous materials personnel may be requested to
perform decontamination or other duties. The body bag

should be impermeable and double bagging is pre-
ferred.20 Surface decontamination of the body bag with
0.5 percent hypochlorite solution should occur before
transport.

What type of autopsy facility is needed?
In general, autopsies must be performed in autopsy
rooms having an appropriate level of containment with
air exchange (at least Biosafety Level 3). The body should
be stored in an area negatively pressured with 9 to 12 air
exchanges per hour.20

How is biosafety performed 
in the autopsy room?
Strict biosafety precautions must be performed and
maintained, because certain bioagents (tularemia, viral
hemorrhagic fevers, smallpox, ganders, Q fever) have
been transmitted to persons performing autopsies.20 One
must guard against cuts, splashes to mucosa, and inhala-
tion of infectious aerosols. Added safety precautions
should be taken when using an oscillating bone saw or
any other instrument that may create aerosols.

Only essential personnel should be permitted in the
autopsy room. Standard PPE should be worn, with the
minimum consisting of a surgical scrub suit, surgical cap,
impervious gown or apron with full sleeve coverage, eye
protection, shoe covers, and double surgical gloves with
an interposed layer of cut-resistant synthetic mesh.1

Although surgical masks protect from splashes, they will
not provide protection from airborne pathogens and
autopsy personnel should wear N-95 respirators at a
minimum.6 One may also consider wearing powered 
air-purifying respirators equipped with N-95 or HEPA
filters.20

Prophylaxis of autopsy personnel may be appropriate
in some cases. Decisions regarding prophylaxis should
be made on a case-to-case basis in consultation with
infectious disease and occupational health specialists.20

The bioterrorism autopsy
Complete autopsies should be performed as feasible on
a case-to-case evaluation considering case volume and
biosafety risks. The goal of the autopsy is to establish the
disease process and etiologic agent, determine that the
identified agent did indeed cause the death of the indi-
vidual, and reasonably rule out any other causes of
death.20

What tissues/samples need to be collected?
If possible, given the nature of the suspected biological
agent and the facility available, complete autopsies with
histologic sampling should be performed on suspected
bioterrorism victims. This will help determine the distri-
bution of bacilli and the portal of entry.20 The following
is a general list of useful samples to be collected at
autopsy whenever a biological agent is suspected20:
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• Collect blood, cerebrospinal fluid, and tissue samples
or swabs (in transport media) that will allow for the
isolation of bacteria and virus.

• Collect serum for serologic and biologic assays.
• Collect tissue samples frozen for polymerase chain

reaction (PCR).
• Collect tissue samples in glutaraldehyde for electron

microscopy.
• Perform microscopic examination on tissues (special

stains such as Gram stain and Steiner silver or
Warthin-Starry stains can be helpful in identifying
bacteria); in addition, immunohistochemical (IHC)
and direct fluorescence assay (DFA) agents are avail-
able from the Centers for Disease Control and Pre-
vention.

How is autopsy waste handled?
Body fluids and other liquid waste can be flushed or
washed down ordinary sanitary drains without special
procedures, however, a local wastewater treatment
person may be contacted in advance.20 Solid wastes
should be contained in appropriate biohazard or 
sharps containers and incinerated in a medical waste
incinerator.

How is the body handled after the autopsy 
is completed?
At the minimum, standard precautions should be fol-
lowed when handling all cadavers following completion
of the autopsy.21 It is not recommended that the body be
embalmed, because the risks of occupational exposure to
funeral home personnel outweigh the advantages of
embalming.20

The limited autopsy or external examination
Under certain circumstances, the decision may be made
to perform a limited autopsy or an external examination
of the body. In this situation, the following suggestions
are made20: (1) The presenting clinical symptoms and
signs should be consistent with the alleged infectious
agent, and the presence of the agent in the body should
be confirmed. (2) One should be able to state with rea-
sonable probability that the alleged agent was the under-
lying cause of death and also the likely immediate cause
of death. (3) The identity of the body should be known
and the appearance of the body should be documented.

Bioterrorism agents
A discussion of the extensive number of possible biolog-
ical weapons is beyond the scope of this book. Only the
more common, pertinent, or anticipated individual bio-
logical and chemical agents are discussed in the follow-
ing subsections.

Anthrax
There are three types of anthrax infection in humans:
cutaneous anthrax, gastrointestinal anthrax, and inhalational

anthrax. Inhalational anthrax (Bacillus anthracis) would
involve the release of a large number of anthrax spores,
perhaps from an airplane, over a large population. It has
been estimated that 50 kilograms of anthrax spores
spread over a 2-kilometer path of a large city could result
in 100,000 casualties and 95,000 deaths.22

Symptoms
Symptoms of inhalational anthrax include a prodrome 
of malaise, fever, cough, and chest discomfort.18,23 After
an incubation period of typically 1 to 6 days, a flu-like
illness ensues followed by rapid deterioration and the
onset of a second phase characterized by high fever,
dyspnea, hemoptysis, cyanosis, and shock that can lead
to rapid death. Chest x-ray may reveal a widened medi-
astinum and pleural effusions, which may be massive
and hemorrhagic.16,18,23

Autopsy findings
Gross autopsy findings include large serosanguineous
pleural effusions and edema and hemorrhage of medi-
astinal lymph nodes and surrounding soft tissues.24 All
three forms of anthrax can spread to abdominal organs
causing petechiae, and to the central nervous system,
causing hemorrhagic meningitis. Cutaneous anthrax pre-
sents as a black eschar surrounded by prominent edema
and vesicles that may resemble other conditions.25 The
lymph nodes that drain the site may be enlarged, hem-
orrhagic, and necrotic.

Diagnostic specimens
The diagnostic specimens of yield depend on the type of
anthrax infection. In inhalational anthrax, pleural fluid
cell blocks, pleural tissue, and mediastinal lymph nodes
have the highest amounts of bacteria and antigens,
whereas in cutaneous anthrax, skin samples from the
center and periphery of the eschar will have the highest
yield.20 Also, diagnosis can be confirmed by culture or by
demonstrating the organism on smear.25

Histologic findings include hemorrhagic necrosis and
prominent immunoblasts of the mediastinal lymph
nodes and hemorrhage and edema of the pleura and
interhilar septa, and mononuclear inflammation, but no
pneumonia.24 Meningeal spread of B. anthracis has been
described in up to 80 percent of inhalational anthrax
cases. Blood smears or tissue biopsies may reveal the
characteristic gram-positive spore-forming bacilli on
H&E stain, Gram stain, and Steiner silver stain; however,
the bacilli are best identified with the Steiner silver stain,
where they are identified in pleural fluid, pleurae, medi-
astinal soft tissues, and spleen.24 After the person has
received antibiotic treatment, however, the bacteria will
be more difficult to detect and may only be detected with
silver stains and IHC assays.20 Anthrax bacteria and
bacillary fragments have been detected by IHC assays
even after 10 days of antibiotic treatment.20 A DFA test is
available, but is not useful on formalin-fixed tissues.20
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Confirmatory testing can be performed by the detection
of capsule and cell wall antigens by DFA and B. anthracis-
specific PCR.16

Treatment/prophylaxis
Ciprofloxacin, doxycycline, ampicillin, or other antibi-
otics are effective treatment, and an anthrax vaccine is
available.16,23 Untreated inhalational anthrax has a mor-
tality rate approaching 100 percent. With treatment, the
mortality rate falls to 80 percent.18 Antibiotic prophylaxis
is suggested for those who have been exposed.23

However, the “weaponization” of anthrax by modifying
its genome may create strains resistant to known anti-
biotic therapy.23

Plague
Yersinia pestis can be spread by aerosolization. It would
most likely present clinically as pneumonic plague, but
may also present as bubonic plague.

Symptoms and autopsy findings
In pneumonic plague, after the inhalation of airborne
bacteria, those inflicted would develop pneumonia with
fulminant onset of fever, chills, cough, and bloody
sputum after an incubation period of 2 to 3 days. The
condition rapidly progresses to respiratory failure,
shock, and extensive ecchymosis associated with a bleed-
ing diathesis.16,18 Plague pneumonia is almost always
fatal if treatment is not begun within 24 hours of
symptom onset. In bubonic plague, the bacteria pene-
trate the skin causing acute lymphadenitis that results in
enlarged, soft, hemorrhagic lymph nodes, skin vesicles,
and pustules. In primary septicemic plague, the bacteria
enter through the oropharyngeal route, resulting in 
hemorrhagic, pustular cervical lymph nodes draining
the area. Septicemic plague can result in bacterial
seeding of the lungs causing pneumonic plague. With
any of the forms of plague, infection can spread through-
out the body, resulting in shock and disseminated
intravascular coagulation.

Diagnostic specimens
The gram-negative coccobacillus can be identified on
smears of blood, lymph node aspirate, or sputum, and
in lymph node or other tissue. It can be identified with
Gram stain, silver stain, and Giemsa stain. Immunofluo-
rescent staining for the capsule and DFA are diagnostic.20

Treatment/prophylaxis
Treatment involves doxycycline, ciprofloxacin, or chlo-
ramphenicol. A vaccine is available.18

Smallpox
Smallpox (variola virus/orthopoxvirus) is regarded as
the greatest biological warfare threat. Smallpox is highly
contagious and can spread widely and infect at low
doses. It has a high human-to-human transmission
within 3 meters via aerosol.18 Key to an effective program
in controlling a smallpox outbreak involves early detec-

tion and isolation of infected individuals, surveillance of
contacts, and a focused vaccination program.26

Symptoms
Smallpox has an incubation period of 7 to 17 days. Clin-
ically, those infected first develop fever and have severe
aching pains. Initially, the symptoms of smallpox might
be confused with the flu, and the disease spreads to
countless other unsuspecting people. Abruptly, one 
may then develop a host of symptoms including rigors,
vomiting, headache, and sometimes delirium.16 Two to 3
days later, one develops a papular rash that soon
becomes vesicular (4 to 5 days) and then pustular (7
days) and then finally pitted scabs (2 weeks).18 The
lesions start in the palms and soles and spread centrally.
The person remains afebrile as the painful pustules grow,
expand, and later scab over. In a small percentage of
cases, the disease progresses more rapidly and is char-
acterized by extensive bleeding in the skin and gastro-
intestinal tract and can be confused with acute leukemia,
drug reaction, or meningococcemia, and can result in
death within 5 to 7 days.16,20 One may develop secondary
infections such as pneumonia and encephalitis.

Autopsy findings
The skin pustules have a predominantly centrifugal dis-
tribution, affecting primarily the face and extremities.16

In distinction to varicella, the lesions on different areas
of the body remain fairly synchronous in their stage of
development.16,18 Histology of the skin lesions shows
intraepidermal vesicles, ballooning degeneration of
epithelial cells, and intracytoplasmic, paranuclear, and
eosinophilic viral inclusions (Guarnieri bodies).20

Diagnostic specimens
The skin lesions are the most important diagnostic
sample. Fluid from the vesicles should be collected for
electron microscopy, which can identify the characteris-
tic viral particles. Skin sections can be sampled for 
histology and IHC. PCR techniques can discriminate
viruses.18

Treatment/prophylaxis
A smallpox vaccine is available.

Viral hemorrhagic fevers
Viral hemorrhagic fevers can be caused by different
viruses, including Filoviridae (Ebola, Marburg viruses),
Flaviviridae (yellow fever, dengue viruses), Bunyaviridae
(Rift valley fever, Crimean-Congo, Hantaan), and Are-
naviridae (Lassa, Junin). These infections all cause fever
and vascular damage and can be spread by respiratory
means.

Symptoms
Early symptoms include high fever, petechiae, and easy
bleeding. Infected individuals then develop photopho-
bia, headache, diarrhea, vomiting, gastrointestinal bleed-
ing, hyperesthesia, tremor, and myalgias.18 One may also
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develop thrombocytopenia and leukopenia. There is an
incubation period of 4 to 21 days and, with a 25 percent
fatality rate, death may ensue in 7 to 16 days.18

Autopsy findings
The autopsy findings are similar in all hemorrhagic
fevers and include petechiae and ecchymosis of the skin,
mucous membranes, and internal organs. Necrosis of
liver and lymphoid tissue and diffuse alveolar damage
are common. Liver necrosis is midzonal in yellow fever,
which can help differentiate it from dengue.20

Diagnostic specimens
Light and electron microscopy can be used to identify
viral inclusions in hepatocytes infected with Ebola or
Marburg viruses. Serum and skin samples can be tested
using PCR, IHC, and electron microscopy. Viral isolation
can be accomplished by inoculating experimental
animals or cell cultures with serum.20

Treatment/prophylaxis
A Rift valley fever inactivated vaccine is available. 
Ribavirin may be effective for Lassa fever, Rift valley
fever and Crimean-Congo hemorrhagic fever. Passive
antibodies exist for some of the viruses.18

Botulism
Clostridium botulinum is the bacteria that produces a 
neurotoxin leading to botulism. Botulism is recognized
as one of the most toxic compounds known, with an esti-
mated toxic dose of only 0.001 microgram per kilogram
of body weight.16,18

Symptoms
Clinically, botulism is characterized by symmetric,
descending, flaccid paralysis, usually beginning in the
cranial nerves, eventually leading to respiratory failure.18

Onset of symptoms occurs 18 to 36 hours after exposure,
but is variable and may culminate in respiratory muscle
paralysis and death.16 There is no associated fever. With
artificial ventilation, patients may develop a return of
respiratory function in 2 weeks to 2 months.

Diagnostic specimens
The histopathologic changes are nonspecific. Tissue
should be obtained from suspect portals of entry
(wound, respiratory tract, gastrointestinal tract) for
anaerobic cultures. Serum may be obtained for botu-
linum toxin mouse bioassay.20

Treatment/prophylaxis
Botulism antitoxin is the only pharmacologic treatment
available.16,18

Tularemia
Francisella tularensis is the nonmotile, gram-negative coc-
cobacillus that causes typhoidal or septicemic tularemia,
which is manifest clinically as fever, weight loss, and
cough. It can take many forms including glandular, pha-
ryngeal, ulceroglandular, oculoglandular, typhoidal, and

pneumonic. If untreated, approximately 35 percent of
infected individuals will die of typhoidal disease.16

Autopsy findings
In most forms or tularemia, draining lymph nodes have
necrotizing lymphadenitis surrounded by a granuloma-
tous inflammatory infiltrate.20 Typhoidal tularemia has
systemic involvement with scattered necrosis in major
organs and DIC, but without a group of primary drain-
ing lymph nodes.20 The lungs in pneumonic tularemia
have abundant fibrinous necrosis with mixed inflamma-
tory infiltrate.

Diagnostic specimens
Diagnosis is difficult because of the lack of specific clin-
ical signs. Enlarged, necrotic lymph nodes should be
sampled. Culture swabs from potential portals of entry
can be useful. The bacteria is difficult to identify with
special stains, however IHC and DFA have demonstrated
the bacteria on formalin-fixed tissue.20

Treatment/prophylaxis
It can be treated with doxycycline, ciprofloxacin, and
chloramphenical.18 A vaccine is available.18

Chemical agents
Chemical agents are toxic substances present in either
gaseous or liquid form that may attack the lungs, nerves,
skin, or other body systems. They may cause impairment
of neurologic or respiratory function, or skin blistering.
Compared to bioterrorism agents, chemical agents
require larger quantities to achieve lethality and most
degrade rapidly.18

Ricin
Ricin is a potent protein toxin derived from castor beans
(Ricinus communis). It has a high lethality, causing weak-
ness, fever, and pulmonary edema after inhalation that
can lead to death from hypoxemia in 2 to 3 days.18 It can
be diagnosed by serum ELISA studies. No vaccine or
prophylactic antitoxin is available. Treatment involves
supportive measures.

Cyanide
Cyanide may be present as a liquid in munitions that is
vaporized on detonation. Although it is most rapidly
lethal when inhaled, it can be absorbed through the skin.
Cyanide binds to cytochrome oxidase causing chemical
asphyxia. It is a rapidly acting lethal agent, with death
occurring in as little as 6 to 8 minutes after inhalation.18

Although cyanide has an odor of bitter almonds, not 
all of the population can smell it. Antidote includes 
the administration of sodium nitrite and sodium 
thiosulfate.

Vesicants (sulfur mustard, liquid mustard)
Vesicants appear as a light yellow to brown oily liquid
that have an odor of garlic, horseradish, or mustard.
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They cause skin erythema and blistering. If inhaled, they
may cause pneumonitis within 1 to 3 days. They have
gastrointestinal side effects or cause bone marrow stem
cell suppression and prove fatal in 2 to 4 percent of those
exposed.18 Treatment is supportive. Silver sulfadiazine
may be applied to the skin.

Pulmonary agents
Pulmonary agents are numerous, but include ammonia,
sulfur dioxide, nitrous oxide, and phosgene. These
agents are inhaled, causing rapid onset of symptoms
including chest tightness and noncardiogenic pul-
monary edema. They are very irritating to the orophar-
ynx and have variably been referred to as “choking gas.”
Treatment involves supportive measures.

Nerve agents (tabun, sarin, soman, VX)
Nerve agents are liquid organic esters of phosphoric acid
that cause cholinergic syndromes through irreversible
inhibition of acetylcholinesterase. They are the most
toxic of the known chemical agents.18 When inhaled, the
onset of symptoms is within 5 minutes and can cause loss
of consciousness, convulsions, apnea, flaccid paralysis
copious secretions, and sinus bradycardia. Treatment
involves the administration of atropine, pralidoxime,
and diazepam.

Lewisite
Lewisite is an oily, colorless liquid that can be absorbed
through the skin, eyes, and respiratory tract. It has a
fruity odor that may resemble that of geraniums. Aside
from causing severe, painful tissue necrosis, it causes
increased capillary permeability that can lead to shock
and multiple organ damage. The antidote is British-Anti-
Lewisite (BAL Dimercaprol).18

Other chemical agents include T-2 mycotoxin (“yellow
rain”), 3-quinuclidinyl benzilate (BX), and arsine-based
vomiting agents such as adamsite, phenylchlorarsine,
phenylcyanoarsine, and phenylcholorarsine.18

Do

• Take proper precautions to optimize the safety of all
personnel involved in the investigation of a possible
bioterrorism death.

• Be sure your morgue is Biosafety Level 3 or higher, or
otherwise capable of handling bioterrorism cases.

• Make an attempt to determine what the likely bioter-
rorism or chemical agent is, and tailor your autopsy
to specifically include demonstration of that particu-
lar agent.

• Ask for help from governmental agencies or other
institutions for specialized testing of biological mate-
rial recovered at autopsy (when necessary).

• Perform complete autopsies when possible.
• Collect appropriate specimens to optimize diagnosis

and determine the portal of entry.

• Keep an open mind and adapt to situations as they
evolve.

Don’t

• Compromise your work once you have decided that
an autopsy is necessary.

• Be limited by early investigative information. The
responsible bioterrorism agent may be different than
originally suspected or a combination of bioterrorism
agents may be present.

The negative autopsy

So, you have just finished the autopsy, and you do not
know why the person has died. You have no cause of
death. You must now deal with the “negative” autopsy.
What do you do now?

In negative autopsies the toxicologic analysis may
provide the cause of death. With this in mind, always be
sure that you have collected appropriate specimens for
toxicologic analysis. If you did not obtain blood at the
beginning of the case, you can still recover blood from
the femoral blood vessels. If no other blood is available,
blood from the body cavities may be recovered, but its
analytical results will be suspect due to potential mixing
with different body fluids and possibly with gastro-
intestinal contents. However, it is better to have some
contaminated blood saved rather than no blood at all.
Skeletal muscle may be recovered from an extremity
(usually the thigh) and will provide a more accurate
determination of drug and alcohol levels that will 
generally closely approximate that of blood. At this time,
one may also wish to save tissue blocks of the heart from
the regions of the SAN and AVN for possible future 
histologic analysis. One should be sure to retain a 
sample of tissue from all of the organs for histologic
analysis.

In greater than 95 percent of autopsy cases, a cause of
death is eventually determined. Occasionally, despite a
thorough autopsy, no cause of death can be identified.
This may be the situation seen in a younger, seemingly
healthy person who died suddenly and unexpectedly.
These deaths can be frustrating, because their deaths may
be functional in nature, without any demonstrable structural
abnormality detectable at autopsy. In such a scenario,
several additional steps can be taken in attempt to deter-
mine why a person has died. Despite the additional
work, however, it is not unusual for an occasional case
to escape convincing cause of death determination. The
following lists present additional possibilities to explore
that might yield useful information, possibly leading to
a cause of death. They are not listed as guidelines to
follow, but merely as possibilities to include to spark new
thoughts or “investigative angles” that may ultimately
lead to the cause of death. Many of the possibilities
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include conditions that will not necessarily be demon-
strable at autopsy. Their discovery will often be the result
of very specific investigative efforts.

Consultation with your toxicologist may be beneficial.
When the cause of death is inapparent, the most impor-
tant office device becomes the telephone or face-to-face
discussion. When all else fails, despite a thorough
autopsy, investigation, and toxicology, sometimes the
best, most honest answer to the cause of death is simply
“undetermined.”

Autopsy

• Be sure that the tongue has been removed and exam-
ined for contusion and superficial lacerations consis-
tent with bite marks (as may be seen in a terminal
seizure).

• Be sure that no obstructing food bolus or other object
is in the larynx.

• Submit more sections of the heart for histologic exam-
ination, with hopes of detecting myocarditis.

• Submit sections of the cardiac conduction system
(SAN and AVN) with hopes of detecting an abnor-
mality such as fibromuscular dysplasia of the AV
nodal artery, inflammation, or neoplasm of the region.

• Reevaluate the lung slides. Is a fat embolism or the
previously unrecognized changes of asthma present?
Is there evidence of primary pulmonary hyperten-
sion?

• Could the person have had an undiagnosed air
embolism (oral-vaginal sex, injecting air in intra-
venous tubing, etc.)?

• A septic death can be difficult to identify; is there any
reason that the person could have had an infection?

• Is the liver at all fatty? Could the person have been 
an alcoholic and died of complications of chronic
ethanolism such as a seizure, cardiomyopathy, or 
an undetected metabolic derangement such as
ketosis?

• Although the heart weight may not seem increased, a
smaller person should have a smaller heart, and what
would be considered a heavy heart in a normal-sized
person might actually be cardiac hypertrophy in a
smaller person. Was there any histologic evidence of
myocyte disarray? Was there increased interstitial
and/or perivascular fibrous tissue that might be
reflective of chronic ischemia?

• Are there any sickle cell thrombi in the brain, heart,
or other vital organs?

• Were the coronary artery ostia in normal locations?
Any indication of aberrant coronary artery ostia or
abnormal coronary artery course?

• Could the person have had pancytopenia or
leukemia? Was bone marrow retained for histologic
examination?

• Could the person have died from a combination of
mild to moderate blunt force head injury serious

enough to cause a concussion that, in combination
with alcohol or drugs, led to apnea?

Investigation

• Review the medical records, if any are available.
• Review the preterminal activity. Is electrocution a 

possibility?
• Perform more detailed investigation, including

inquiring about personal or family history of seizures,
blackouts/fainting spells, chest pain, palpitations,
and similar symptoms that might indicate sudden
death from a cardiac dysrhythmia.

• Obtain any prior medical records that may include an
electrocardiogram to show possibly previously unrec-
ognized long QT interval, Wolff-Parkinson-White
syndrome, or other physiologic cardiac abnormality.

• Reevaluate how the body was found at the scene. Is
positional asphyxia or any other type of asphyxia a
possibility? Could the death be a combination of
asphyxia and drug toxicity?

• Could the person have been drugged and then smoth-
ered, suffocated, or strangled? Some types of asphyxia
will leave no anatomic findings.

• Could the person have choked on food or an object
that was subsequently removed?

• Could the scene have been “cleaned up” or altered in
some way that might have hidden the cause of death?
This may happen in autoerotic asphyxia cases or in
cases of suicide in which a plastic bag is placed over
the head and the person suffocates.

• Was there any history of preterminal bizarre, hyper-
active, or violent behavior or hyperthermia that may
be indicative of an abnormal drug reaction such as
neuroleptic malignant syndrome or of a psychiatric
condition such as schizophrenia? Sudden unexpected
death can occur in schizophrenics with little or no
autopsy findings.

Toxicology

• Is it possible that some drugs in very low concentra-
tions have not been detected, but are still potentially
fatal (such as fentanyl)?

• Is more advanced drug testing needed?
• Would a carboxyhemoglobin level be useful?
• Would analyses for arsenic, cyanide, or strychnine be

useful?
• Are several drugs present that in small quantities

would not individually be fatal, but when considered
together, might have cumulatively had potentially
toxic qualities?

• Could the person have died of drug toxicity, but
existed in a comatose state for a prolonged period of
time before finally dying (and during this time metab-
olized the drugs to low or undetectable levels)?
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• Could it have been an anaphylactic death? Did the
person have known allergies such as to particular
foods or insects? Would it be helpful to obtain a blood
tryptase level?

• If the person died in the hospital, could they have
been administered an incorrect solution such as a
bolus containing potassium or a neuromuscular
blocking agent such as succinylcholine or pancuro-
nium?

• Evaluate the vitreous fluid for electrolyte abnormali-
ties. Could the person have been an undiagnosed dia-
betic?

• Could the person have had a fatal reaction from a
drug–drug interaction?

Such conditions and findings may help determine a
cause of death in a case where the body is well preserved.
Often, with additional studies, one is able to provide a
reasonable cause of death. In these challenging cases,
many of which prove to be natural deaths, the diagnosis
is established by complete case investigation, with
careful consideration of historical, gross, and histologic
evidence. Also, one must remember that rather than 
reasonable medical probability, the cause of death in these
cases is frequently based on a preponderance of evidence,
which entails a lesser degree of certainty.

It is frequently even more challenging to determine a
cause of death in a decomposed body, especially if the
state of decomposition is advanced and the internal
organs are reduced to semiliquid amorphous appearing
tissue. In these cases, one is limited by decomposition
artifact and may need to focus more heavily on investi-
gation and toxicologic findings to provide the cause of
death. Perhaps the most important aspects of investigat-
ing decomposed bodies is to ensure that there is no
trauma and to exclude any type of foul play. In some of
these cases in which there is no evidence of foul play, the
person has a history of chronic alcoholism and, in the
absence of anything more convincing, the cause of death
may be certified as such. In other cases, one may docu-
ment calcific atherosclerosis of the aorta and/or coronary
arteries. Even though a 70 to 80 percent stenosis of a
coronary artery may not be seen, in the absence of a more
convincing cause of death, the death may be certified as
atherosclerotic cardiovascular disease, coronary artery
atherosclerosis, or similar wording. Failing to have any
reasonable cause of death, the cause of death may be 
certified either as “undetermined” or “undetermined
natural causes” based on one’s satisfaction that there is
no foul play.

If there is evidence of foul play, but the nature of 
any injuries cannot be adequately ascertained due to 
the extent of decompositional changes, the cause and
manner of death may be primarily determined by the
investigative information. In such cases, if it is evident
that the individual is a victim of homicide, but the extent

of decompositional changes precludes determination of
how the injury was inflicted, the term “homicidal vio-
lence,” “homicide by unspecified means,” or “undeter-
mined” all with the manner of death as “homicide” may
be most appropriate.

The negative autopsy of an infant and young child is
covered in Chapter 14, and sudden natural death in
infants and children is covered in Chapter 16.

Do

• Be sure that you have collected appropriate and ade-
quate toxicologic specimens.

• Perform a thorough histologic examination of the
organs.

• Explore the decedent’s medical history and the
medical history of family members.

• Inquire about syncopal episodes, dizziness, palpita-
tions, or any other symptoms that may indicate a
cardiac abnormality.

• Realize that in a small percentage of cases, the cause
of death simply cannot be determined.

Don’t

• Forget or underestimate the importance of the tele-
phone in gaining useful investigative information.

• Forget about forms of asphyxia that may leave no
autopsy findings.

• Forget that a scene may have been altered, a body
“cleaned up,” and other attempts made to hide an
unnatural death, possibly a homicide.
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The proper certification of cause and manner of death is
important for a variety of legal and practical reasons.
Death certificates serve as a source of statistical data from
which information about the health status of populations
is developed. The cause of death should convey an
understanding of what natural disease process, injury,
event, or combination thereof led to an individual’s
death. Natural disease and injury are not necessarily
mutually exclusive. The cause of death statement need
not be overly specific, but does need to allow one to gain
a good understanding of why the individual died. The
importance of clear, objective, accurate, consistent, and
proper wording of the cause of death cannot be overem-
phasized. The cause of death should be worded such that
there is a minimal chance of misinterpretation or confu-
sion. Verbose, unclear, or nonspecific wording may lead
to unintended legal, judgmental, prosecutorial, or polit-
ical statements.1 Although most deaths are from natural
causes, if any amount of traumatic injury, drug toxicity,
or other nonnatural event is deemed significant enough
to be a factor in a person’s demise, then the manner of
death is nonnatural. All nonnatural deaths should be
reported to the medical examiner. It has been said that

“death in all its forms and guises is the challenge of the
forensic medical examiner.”2

Proper death certification begins with a fundamental
understanding of cause and manner of death. The cause
of death is the injury, disease, or combination of the two that
initiates a train of physiological disturbances that, no matter
how brief or prolonged, resulted in the fatal termination of an
individual’s life.3 The cause of death should be etiologi-
cally specific. The cause of death can be divided into the
immediate cause of death and the proximate cause of
death. The immediate cause of death is the disease or injury
present at the time of death that caused the person’s
death. The proximate cause of death is the original natural
disease process, injury, or event that led to a string of
unbroken train of events over an unlimited time that
eventually led to the individual’s death. The manner of
death refers to the fashion in which the cause of death
arose, and can be listed as natural, accident, suicide, or
homicide. If there is inadequate information after thor-
ough investigation, it may be appropriate to label the
manner of death as undetermined.

The cause of death statement and the designation of
the manner of death are opinions generated based on the
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total case investigation with careful synthesis and analy-
sis of the available information. Because an endless range
of scenarios and circumstances may surround an indi-
vidual’s death, it is not surprising that some deaths are
difficult to classify into one of the four manners of death.
In fact, it is not uncommon for debate to abound regard-
ing manner of death certification in some cases.

Cause of death

The cause of death is often certain. This is particularly
true in cases involving injuries such as “gunshot wound
of head.” However, in many other cases, particularly in
natural deaths, the cause of death is less certain, and the
best cause of death is listed, realizing that it may not nec-
essarily be the cause of death. This is because our ability
to determine the cause of death is tightly linked to our
ability to determine the mechanism of death, and in
many natural deaths, the mechanism of death cannot be
determined. An example of this is cases in which severe
coronary artery atherosclerosis is detected (which is
known to cause sudden and unexpected death). In the
absence of any more serious or compelling condition,
coronary artery disease is often listed as the cause of
death, knowing that in some cases, the individual might
have died from some other unrecognized condition or
combination of conditions.

Many times, the cause of death is simple and can be
listed as “multiple blunt force injuries,” “metastatic
breast cancer,” etc. However, the complexity of an indi-
vidual case demands more complex cause of death state-
ments. To allow for this, most death certificates allow for
two or more lines of data in the cause of death section.
This allows the medical examiner to list conditions as a
logical chain of events using “due to” statements. An
example of such a cause of death is “gastrointestinal
hemorrhage due to ruptured esophageal varices due to
hepatic cirrhosis due to chronic ethanolism.”

In situations where more than one potentially fatal
condition is identified, it may be necessary to list both 
as the cause of death, such as “acute bronchopneumonia
and atherosclerotic cardiovascular disease” or some
similar wording. In situations in which many different
disease processes account for the person’s death, such as
bronchopneumonia, acute renal failure, hypoxic ischemic
encephalopathy, and disseminated intravascular coagu-
lation, all developing during recovery from blunt force
injuries sustained in an accidental motor vehicle crash,
one can simplify the wording and list the cause of death
as “sequelae of blunt force injuries,” “blunt force injuries
and their sequelae,” “complications of blunt force
injuries,” or similar wording. In this scenario, the manner
of death will be accident, despite the extensive amount
of natural disease, because the host of medical complica-
tions (and death) resulted from traumatic injury.

“Contributory conditions” or “other 
significant conditions”

Death certificates have spaces reserved not only for the
reporting of the cause of death, but for the listing of a
disease or injury that was a significant contributory con-
dition to the cause of death. One or more contributory
conditions may be present that, although they may have
contributed to death, are unrelated to the cause of death.
Sometimes these areas on the death certificate are desig-
nated as “Part 1” for the cause of death, and “Part 2” for
the contributory or other significant conditions.

It can be useful to list contributory causes of deaths,
particularly if there are two or more competing causes of
death for the same case. In such cases, the more con-
vincing or likely factor can be listed as the cause of death,
with the less likely factor listed as the significant con-
tributory condition. One must be reminded that if an
injury, drug toxicity, or other unnatural event is a signif-
icant factor in the cause of death, even if it is listed as a
contributory condition, the presence of the nonnatural
condition will determine the manner of death. That is, if
the cause of death is listed as “bronchopneumonia,” and
a “hip fracture” is listed as a contributory condition, the
manner of death would be “accident” (assuming that the
hip fracture was accidental in nature).

Delayed deaths

In delayed deaths, it is important to consider what pre-
vious disease process, traumatic injury, drug toxicity, or
other event led to an individual’s eventual demise. The
original precipitating event can occasionally be over-
looked not only by hospital physicians, but by the
medical examiner. Anytime a person has a history of a
significant remote traumatic injury or other nonnatural
event, one should explore this issue and determine
whether or not it had any role in the individual’s subse-
quent demise. If an unbroken chain of events extends
from a primary traumatic injury or other unnatural event
through the pathogenesis of the ensuing sequelae to
death, the fatality must be attributed to the original inci-
dent.3 An example of this is a person dying of pulmonary
artery thromboemboli due to deep venous thromboses of
the legs during recovery from injuries sustained in a
motor vehicle crash weeks earlier. In this example, the
death is attributed to the blunt force injuries and their
sequelae.

The association between a remote injury and the
immediate cause of death is more convincing the nar-
rower the time interval between the injury or event and
the death, but the time interval may be spread out over
weeks, months, years, or even decades. However, this
link between injury and death becomes weak or is
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broken if in the intervening period the individual has
completely recovered from the injury or has died from
an unrelated condition.

The pending and amended 
death certificate

It is not unusual to finish a forensic autopsy and not have
enough information to properly list a cause or a manner
of death. In this situation, depending on one’s jurisdic-
tion, a death certificate may be issued with “pending”
listed as a cause of death. This implies that more infor-
mation is needed (such as toxicology or histology results)
before a cause of death can be determined. It is recog-
nized that the “pending” death certificate will be fol-
lowed up with a final death certificate once the cause and
manner of death are determined.

Occasionally, after the death certificate is completed,
one receives additional information that significantly
changes the cause and/or manner of death. The most
common scenario is a death that was certified as some
type of natural disease (usually heart disease), but toxi-
cologic testing eventually showed cocaine, methamphet-
amine, or some other drug toxicity. In this scenario, the
cause and/or manner of death can be amended, and a
new, updated amended death certificate listing the more
accurate or complete cause of death can be filed. In
another scenario, it may eventually be proven that a
house fire was intentionally set (arson), which would
require that the manner of death on the death certificate
be amended from “accident” to “homicide” with the
cause of death remaining unchanged.

Mechanism of death

Although it is not listed on the death certificate, it is
useful to consider the mechanism of death—the physio-
logic and/or biochemical process by which the death
came about. An example of a mechanism of death is
cardiac tamponade resulting from hemopericardium due
to a ruptured myocardial infarct. Other mechanisms of
death include exsanguination, renal failure, and cardiac
dysrhythmia.

The manner of death

The manner of death may be listed as natural, accident,
suicide, homicide, or undetermined, with the designa-
tion made after careful consideration and evaluation of
the complete case investigation.

A death is considered to be natural in manner when
the individual dies as the result of natural disease
processes, without the significant influence of any type

of injury, drug toxicity, or other significant environmen-
tal or other nonnatural factor.

The word accident is variably defined, but is commonly
represented as “an event occurring by chance or from
unknown causes, with a lack of intention; an unintended
and usually sudden and unexpected happening, and
especially one resulting in loss or injury.”4 The designa-
tion of “accident” commonly reflects a number of physi-
cal injuries, toxic events, or environmental conditions
that were a significant factor in the individual’s demise.

It must be noted that a case in which the manner of
death is designated as accident can still be prosecuted as
a homicide (such as manslaughter) should the circum-
stances of the case dictate that someone is to be held cul-
pable for an individual’s death. This occasionally occurs
in cases such as motor vehicle crashes where an intoxi-
cated individual drove his or her motor vehicle with
reckless abandon, killing another individual. Unless
there is evidence of specific intent to kill the person with
the car, or willful action to harm the person utilizing the
car as a weapon, the manner of death is most commonly
and appropriately listed as accident.

In cases where there is significant natural disease and
the possibility of an accidental death (such as a man with
heart disease who drowns while swimming), the cause
and manner of death will often reflect an accidental
death, because it would not be known if the proposed
heart attack would have been fatal if it were sustained
on land. In other words, one often defers to an acciden-
tal manner of death when it is reasonable to do so, rather
than attempting to exclude any potentially significant
environmental factors.

The word suicide is defined as “the act of taking one’s
own life voluntarily.”4 The suicidal manner of death des-
ignation is applied when an individual deliberately takes
his or her own life or, through one or a series of deliber-
ate action(s), greatly increases the chance that he or she
will die.

The term homicide commonly means “the killing of one
human being by another”4 and encompasses every mode
of violent death by which one person’s life is taken by
another. It has been legally defined as “the destruction
of human life by the act, agency, procurement or culpa-
ble omission of some other person or persons.”3 Homi-
cide can result from either an act or the failure to perform
an act.

When the designation “homicide” is made, it does not
necessarily mean that “murder” has been committed or
that somebody is to be held culpable for a person’s 
death. The medical examiner definition of homicide is
simply that a person (or persons) killed another person.
It is up to the court system to determine if murder has
been committed. Medicolegal death investigators have
no role in determining guilt or innocence. The certifica-
tion of a death as a homicide is purely a medical 
diagnosis.
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Legal interpretation of the term homicide
There are different legal subtypes of homicide, divided
by the seriousness and the circumstances of the event.
Although the nomenclature and divisions of homicide
may vary in different jurisdictions, the following types
of homicide are commonly recognized (one should
consult the local laws where one practices for more spe-
cific and accurate information)3:

Criminal homicide. These criminal violent deaths 
are legally classified as murder. They are subdivided
into capital murder (or first-degree murder) and
manslaughter (or second-degree murder), or various
other subdivisions based on the circumstances of the
case.

Justifiable homicide. These homicides may occur in
several different scenarios. Homicides may be justified
when they are carried out by law enforcement person-
nel while legally performing their duties when 
acting under competent authority. Homicides may be
justified when one is resisting attempts of murder 
or serious harm to oneself or somebody else or is
defending one’s home or property. The individual
must truly believe that he or she is at risk of being
killed or seriously injured and the only salvation is to
kill the assailant. The individual should not be the
aggressor in creating the danger he or she seeks to
overcome.

Excusable homicide. These homicides occur when an
event results in the unanticipated and unintended
death of another person. The death must have occurred
as the result of a lawful act carried out in a lawful way
via lawful means.

The “how injury occurred” box

On the death certificate is a box with the designation
“How injury occurred” or some similar wording. This
box must be filled out with a short statement only in non-
natural deaths (accident, suicide, homicide). The
wording should be clear and succinct and be worded in
a way that is not definitive or dogmatic as to who may
be at fault. Broad wording allows expression of reason-
able opinion if more information becomes available and
avoids premature opinions that may prove less than
accurate in the future. Examples include the following:

Cause of death (COD): multiple gunshot wounds
How incident occurred: deceased shot by other
person(s)

COD: toxic effects of cocaine and methamphetamine
How incident occurred: recreational drug abuse

COD: blunt force head injury
How incident occurred: deceased was driver of motor
vehicle that left the road and overturned

Improper death certification

Much of the following discussion addresses problems
that arise when clinicians fail to recognize which deaths
they are able to certify, which deaths are medical exam-
iner cases, and how causes of death should be properly
worded. However, it also contains useful information for
medicolegal death investigators whose jobs involve
death certification.

Because the majority of death certificates are filled out
by clinicians of varying experience, it is not unusual to
encounter death certificates with improper causes
and/or manners of death. Often, however, these death
certificates only come to the attention of the medical
examiner when the death certificate is submitted for
approval prior to cremation of the body. Also, medical
examiners may have a death certificate sent to them after
it was turned down by the local records bureau because
it was either improperly filled out or contained wording
that suggested a nonnatural cause of death. Only the
medical examiner should certify deaths that are due to non-
natural causes.

Unacceptable causes of death
Unacceptable causes of death are nonspecific and have
no meaning, such as “cardiopulmonary arrest,” “respi-
ratory arrest,” or “brain death.” Other unacceptable
causes of death state only mechanisms of death such as
“renal failure,” “respiratory failure,” “hepatic failure,” or
“multisystem organ failure.” Also, causes of death that
may be interpreted to have either a natural or traumatic
etiology should be specified more clearly. For example,
an “intracranial hemorrhage” could represent either a
natural hypertensive intracerebral hemorrhage or it
might represent a subdural hematoma resulting from an
assault, the difference of which can have significant
implications.

Nonnatural cause or manner of death listed
Any death certificate filled out by a clinician that lists the
manner of death as anything other than natural should
be investigated, and if the manner of death is, indeed,
nonnatural, recertified by the medical examiner. Most
commonly, the clinician errs in signing a death certificate
on an accidental death when the person has been hospi-
talized for a prolonged period of time. The accidental
death is often in an older person who has fallen and sus-
tained either a hip fracture or a subdural hematoma, of
which either may have outright caused the person’s
death or at least significantly contributed to their demise.
These deaths should be reported to the medical exam-
iner for proper certification. It is up to the local jurisdic-
tion and individual medical examiner department
policies as to the necessity for the medical examiner to

666



Red flags on review of a death certificate

physically examine the body for proper certification, or
for the medical examiner to perform a chart review of
medical records and certify the death without further
examination. If the clinician feels that an injury is not sig-
nificant in the demise of a person with significant natural
disease, he or she should certify the death as being
natural and due to a natural disease. It is important to
make the distinction between an individual dying with
an injury, as opposed to an individual dying from an
injury.

Nonnatural cause of death listed 
as a natural death
All medical examiners desire to be informed of nonnat-
ural deaths in a timely manner. However, for various
reasons, some nonnatural deaths will be erroneously
reported as natural deaths by the treating physician.
Alternatively, it may be recognized, but go unreported 
to the medical examiner. Although most clinicians are
adept at recognizing acute traumatic injury, its relation
to a person’s death, and the need for the death to be
reported to the medical examiner, some are less adept at
recognizing delayed sequelae of significant traumatic
injury and its relationship to the eventual cause of death.
If an injury or other nonnatural event leads to death in
any number of “natural” diseases, the cause and manner
of death statements must be worded in such a way as to
reflect the underlying nonnatural cause and manner of
death. The inexperienced clinician may view a death
related to pneumonia or renal failure as a natural death,
disregarding the event that may have precipitated the
terminal natural disease process. This is the difference
between the proximate and immediate cause of death. A
remote but significant injury can be easily overlooked by
the inexperienced clinician, particularly if the person has
been hospitalized for a long period of time and is no
longer under the direct care of a surgeon or other physi-
cian who was treating the injury. Related to this, the
medical examiner should be suspicious of young to
middle-aged individuals whose causes of death have
been listed as “pneumonia,” “urosepsis,” or some other
seemingly inappropriate wording. These causes of death
may be appropriate in an elderly nursing home resident
who has other illnesses, but should be of concern in a
younger individual without any other medical problems
listed.

An example of a situation often confused by the clini-
cian who certifies an accidental death as a natural death
is that of a person who sustained multiple rib fractures
in a motor vehicle crash and survived in hospital for
weeks or months, only to die of pneumonia or pul-
monary artery thromboemboli. The clinician may certify
the cause of death as “pneumonia” or “pulmonary artery
thromboemboli” and the manner as “natural” (the
immediate cause of death), yet fail to take into account

why the person developed the pneumonia or the pul-
monary artery thromboemboli (the proximate cause of
death). The manner of death is accidental because the
person would not have developed these fatal natural disease
processes had they not sustained significant preceding trau-
matic injury.

Occasionally, the clinician may inadvertently sign a
death certificate of a suicidal death. These deaths often
are delayed because of a drug ingestion or hanging
attempt in which the individual was resuscitated, only
to survive for a prolonged period of time comatose in a
hospital or nursing home before dying of complications
of hypoxic ischemic encephalopathy, multisystem organ
failure, or other similar condition. Months to years after
the incident, the original cause of the person’s medical
problems may be overlooked during treatment of the
multiple secondary medical conditions. However, clini-
cians must not lose sight of the original cause of the
medical problems (the proximate cause of death) and
should report the case to the medical examiner as a
delayed suicide.

Occasionally, medical examiners will encounter a
homicide victim whose death was certified by a clinician.
This is usually related to complications arising from 
a remote injury. The most common scenario is that of
paraplegics or quadriplegics who develop infectious
complications of their paralysis, usually urosepsis or
bronchopneumonia, or deep decubitus ulcers with
osteomyelitis. Because the paralysis may have resulted
from a gunshot wound years previously, it may have
been overlooked and the cause of death simply ruled
“urosepsis” or “bronchopneumonia” and the manner of
death listed as “natural.” This death is properly certified
by wording such as “infectious complications of remote
gunshot wound of back,” and the manner of death as
“homicide.” An autopsy must be performed on all homi-
cide victims or all people that are possible victims of
homicide to verify the conditions causing their demise.
If necessary, on occasion one must request a body be
brought to the medical examiner department after it had
been released to the funeral home by a clinician. Rarely,
a body is already buried and needs to be disinterred for
a forensic autopsy.

Red flags on review of
a death certificate

The following is a list of words appearing on cause of
death statements filled out by clinicians that are either
too nonspecific or are words that may reflect underlying
traumatic injury, drug toxicity, or other nonnatural death
and should therefore initiate further inquiry. The list is
not meant to be all inclusive, but should serve as a 
guide as to recognizing “red flags” in cause of death
phraseology.
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Abscess
Accident
Acute respiratory distress syndrome (ARDS)
Acute tubular necrosis
Alcohol
Allergic reaction
Amputation
Anaphylaxis
Any organ or organ system “failure”
Any type of fracture
Any type of shock
Aspiration
Avulsion
Blunt
Bowel infarct
Bowel obstruction
Burns
Cardiac dysrhythmia/arrhythmia
Cardiopulmonary arrest
Cerebral herniation
Choking
Compartment syndrome
“Complication of . . .”
Contusion
Decubitus ulcers
Deep venous thrombosis
Dehydration
Disseminated intravascular coagulation (DIC)
Drowning
Drugs/drug abuse
Electrocution
Encephalopathy
Empyema
Fall
Fat embolism
Gastrointestinal hemorrhage
Gunshot wound
Hematoma
Hemorrhage
Hemothorax
Homicide
Hypoxic ischemic encephalopathy
Injury
Intoxication
Intracranial hemorrhage
Laceration
Malnutrition
Metabolic acidosis
Motor vehicle
Multisystem organ failure
Necrosis
Necrotizing fasciitis
Overdose
Paraplegia/quadriplegia
Peritonitis

Pneumonia/bronchopneumonia
Pulmonary artery thromboemboli
Respirator brain
Retroperitoneal hemorrhage
Ruptured/perforated viscus
Sepsis
Shock
Stab wound
Subarachnoid
Subdural
Suicide
Tear
Toxicity
Trauma
Urosepsis
Wound

Teaching proper death certification

Because the medical examiner is most knowledgeable
about proper death certification and has a vested inter-
est in seeing that proper deaths are reported to the
medical examiner department, it is useful for the medical
examiner to teach clinicians about the types of deaths
that must be reported to the medical examiner and how
to properly certify death. It may be advantageous to have
periodic meetings with groups of clinicians, particularly
around the time of year when many of them are begin-
ning their training or venturing out into practice.

Do

• Be clear and concise in the cause of death statement.
• Be familiar with the “red flags” in cause of death

wording generated by clinicians that may be indica-
tive of a nonnatural death.

• Realize that the cause and manner of death are opin-
ions based on the available information.

Don’t

• Use noncontributory or otherwise extraneous data in
the “contributory condition” section.

• Forget about the role that a remote injury can have in
the eventual death of an individual.
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The Pathologist as 
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Careful and proper documentation of injuries, collection
of toxicology specimens, and collection and submittal of
other evidence are important in medical examiner cases,
because every case should be approached as if the case
is to eventually go to trial. The occasional case that is ini-
tially viewed as “solved” or otherwise “unimportant”
may suddenly become “important” when new inves-
tigative information is provided. Forensic pathologists
are often called on to provide testimony as expert wit-
nesses in court regarding their autopsy findings or to
testify on behalf of a colleague forensic pathologist.

A witness is anyone who can provide information to a
court. There are different types of witnesses, and an
expert witness should be differentiated from a fact
witness. A fact witness merely provides personal obser-
vations of an event without interpretation or opinion of
it, whereas an expert witness is one who has scientific,
technical, or other specialized knowledge that will help
others understand evidence. The opinion of the expert
witness on an issue is described as “within reasonable
medical probability,” “within reasonable medical cer-
tainty” or similar wording that allows for possible, but
unlikely, situations or events. As an expert witness, the
forensic pathologist has an important role in conveying
clear, understandable, and truthful information to the
jury in an unbiased fashion. With experience, one learns
how to become a better expert witness. The following are
recommendations provided to aid a forensic pathologist
in becoming a good and efficient expert witness or to
become an even better expert witness.

Know your role

The forensic pathologist should understand what his or
her role is in the legal process before providing testi-
mony. The forensic pathologist is a competent and acute
observer in the laboratory that testifies as to his or her
factual findings and opinions in a clear, straightforward,
unbiased, and professional manner. The “testimony”
actually begins in the autopsy room where the anatomic
studies are conducted to his or her professional satisf-
action. At this time, the forensic pathologist must 
recognize, collect, and preserve medical evidence and
prepare a report of such findings for possible future 
testimony.

Once on the stand, the forensic pathologist does not
simply testify as to the cause and manner of death. Much
of the forensic pathologist’s testimony revolves around
autopsy findings and the correlation of the autopsy find-
ings with other case information. This requires expand-
ing the case file and one’s critical review of the
information to the fullest. This may involve ancillary
information collected to enhance findings and support
conclusions. The forensic pathologist interprets how a
death came about and may be questioned on various
aspects of the death such as what type of instrument 
may have been used to inflict an injury, how long 
an injured individual may have survived, and how long
an individual may have been dead until he was 
found.



The pathologist as expert witness

The forensic pathologist does not carry the full burden of
the case and does not win or lose a case. Although the
anatomic findings and opinions are important and nec-
essary, rarely do they alone permit the jury to come up
with an enlightened verdict. The forensic pathologist’s
opinion must never be biased for or against the prosecu-
tion or defense. It is a factual presentation of evidence
collected during the course of an entire death investiga-
tion. In the end, a well-prepared forensic pathologist that
knows his role in the legal process is likely to be less
stressed and is, therefore, more likely to provide more
efficient testimony.

Scientific validity

There are two key features of sound medical testimony:
scientific validity and personal impartiality. Regarding
scientific validity, the pathologist is to restrict his testi-
mony to facts objectively noted, analyzed in detail, and
accurately recorded, and to opinions solidly derived
from these data. The forensic pathologist’s observations
must be of high professional caliber and be thoroughly
and well documented. Few things are as meaningful and
indestructible as testimony based on well-documented,
solid, factual observation. In the end, the verdict can be
no better than the factual data and expert opinion on
which it is based.1

Personal impartiality

The forensic pathologist, although usually called to
testify by the prosecution, must give fair and dispas-
sionate testimony and must not permit himself to
become a prosecuting witness or, worse yet, a “perse-
cuting witness.”1 The testimony of the forensic patholo-
gist must not be “prosecution minded” or “defense
minded,” for he is not testifying for or against either
party. The goal is to present the truth as he sees it, will-
ingly and unemotionally doing what is possible within
the bounds of unbiased and disinterested observations
to help the jury reach a just verdict.1 As quoted by Paul
C. H. Brouardel, a French medicolegalist, “If the law has
made you (the physician) a witness, remain a man of
science; you have no victim to avenge, no guilty person
to convict, and no innocent person to save. You must
bear testimony within the limits of science.”1

Be prepared

The forensic pathologist needs to review the case file to
be familiar not only with the case information, but also
the scientific principles behind any findings. He must
review any toxicology results and determine what, if 
any, role drugs might have had in the person’s death.

One might anticipate questions and formulate answers.
Oftentimes, this comes only with experience, but the
better one can anticipate the important issues in a case,
the easier time one will have answering those questions
in court. Examples of this are endless, but commonly
include whether an individual would have been con-
scious after an injury, which injuries were most serious,
what physical abilities might have been possible after 
a certain injury, and how long an individual might 
have lived after being injured. One must realize that it is
not always possible to know the answers to all questions,
and it is important to state “I don’t know” when 
asked a question that is not immediately solvable. In
some situations, it may be proper to estimate, but even
estimates may need to be broad. Finally, one should
arrange the data for rapid, succinct review when on 
the stand.

And remember . . .

• Conjecture is not evidence.
• Presumption is not proof.

The value of the most competently performed autopsy is
diminished in the courtroom if the information derived
from it is presented by a poor witness: one who
mumbles, argues with the attorneys, or commits a
number of other violations of good and proper testimony
that “damn his testimony in the judgment of the jury.”1

Learn from each experience

Modify formats, procedures, and policies to improve
data collection and arrangement and minimize wasted
time. Prepare a clarification diagram in the case file.
Prepare a clear summary of findings including pertinent
information such as number of bullets recovered and
injuries sustained. The autopsy report and case file
should be constructed to allow for the quick, efficient
retrieval of easily interpreted, pertinent information.
Remember, every court appearance is a learning oppor-
tunity, no matter how many times you have previously
testified in court. Deficiencies that are identified should
not be taken personally, but rather viewed as an oppor-
tunity to make changes to enhance one’s format. This
may include rearranging the autopsy report to include 
a separate “injury section” to uniformly subdivide the
injury section or to provide a concise “findings” section
near the end of the report. The findings section of a mul-
tiple gunshot wound case may provide skeleton infor-
mation about each gunshot wound including entrance
site, injury, and whether or not a bullet was recovered or
if the bullet exited the body. Other improvements may
include refining collection methods of toxicology speci-
mens, or better documentation of clothing and other per-
sonal effects or valuables.
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Learn from each experience

Providing expert testimony should not be a feared
event that induces anxiety or panic. When he remembers
what his role is, including what is expected of him,
knows the limitations of what he can say, and knows that
it is up to the attorneys to ask the appropriate questions
to win or lose the case, then the expert witness, through
experience, will become more comfortable in his role and
provide effective, appropriate, and proper testimony.
Like so many other aspects of other professions, it is
important to learn from each experience and to strive to
do a better job each time. If problems arise, one’s proce-
dures can be modified to prevent that problem from 
happening again. Although only a couple of general 
references are provided at the end of this chapter, many
other resources are available to help improve one’s
understanding of the legal process and improve one’s
expert witness testimony.2,3

Do

• Always tell the truth.
• Say “I don’t know” or “I don’t remember” when

uncertain about something. It is better to admit to not
knowing something than to guess and potentially
provide false information; a speculative opinion is of
no use.

• Make it clear when questions or issues fall outside of
your area of expertise—admit to the limits of your
knowledge.

• Be a neutral witness.
• Provide an objective, unbiased opinion.
• Speak in a clear, loud voice.
• Be alert, objective, and unemotional.
• Maintain dignity, credibility, and self-control.
• Sit still and stay organized.
• Acknowledge the attorney when he is asking a ques-

tion, then turn your attention to the jury and direct
your answer to the jury.

• Provide answers in a matter-of-fact manner and be
concise.

• Pause briefly when answering questions posed
during cross examination to allow the opposing attor-
ney to make any objections. If you have begun to
answer a question when an objection is raised, do not
complete an answer until instructed to do so by the
judge, because if the objection is sustained, the ques-
tion should not be answered.

• Answer only the question being asked.

Don’t

• Be cocky, self-assured, or dogmatic.
• Be adversarial.
• Confuse the jury.
• Fiddle with a ring, watch, necktie, or other object, 

shift your weight or repeatedly/repetitively change
your body position; these unconscious behaviors can 
give the appearance that an expert witness is 
uncomfortable.

• Look at the attorney who called you to testify when
answering questions posed during cross examina-
tion—this may give the appearance that you are being
coached by the opposing attorney.

• Allow yourself to be “pinned down” to a narrow
window of possibility when you are not comfortable
with it; examples include attempts to replace a reply
of “likely” with “65 percent probability of occurring”
or narrowing a likely survival time from “a few hours
or so” to “between 60 and 90 minutes.”

• Discuss the case until the trial is over or observe any
other aspects of the trial if a “witness rule” has been
invoked. This is done to ensure that the testimony of
one witness is not influenced by the testimony of
another witness; however, in some cases, the witness
is allowed to view the testimony of an opposing
witness.

• Answer beyond the scope of a question.
• Allow yourself to be forced to answer “yes” or “no”

to a confusing, nebulous, or compound question. If
you must, ask the judge if you may explain your
answer.

• Allow your answer to a question to be interrupted
before you can finish in instances when an inade-
quately or partially answered question may give an
inaccurate interpretation that you did not intend.
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motor vehicle accident death certification,
260–261

motor vehicle accident flame burns, 244
overview, 665
positional asphyxia, 34–36
from thermal injuries, 245
traumatic asphyxia, 23, 28–29

Acquired immunodeficiency syndrome
(AIDS), in childhood, 363

Acquired postinflammatory aortic valvular
stenosis, 80

Acute carbon monoxide toxicity, in accidental
death, 21–23

Acute exhaustive psychosis, 504
Acute fatty liver of pregnancy (AFLP),

517–518
Acute heroin toxicity, in accidental death,

24–26
Acute myocardial infarct, 74–75
Acute otitis media (AOM), sudden natural

death in childhood, 357
Acute respiratory distress syndrome (ARDS)

in blunt force injuries, 137–138
in drowning, 227

Acute tubular necrosis, in blunt force injuries,
138

Addisonian crisis, and polyglandular
autoimmune syndrome, 111

Adenovirus, sudden natural death in
childhood, 353

Adipocere, as postmortem change, 541–542
Adult victims

age at death estimation, 583–586
sexual assault

bondage, 482
injuries, 480
living rape victim evidence collection,

479– 480
perineal injuries in elderly, 480
perpetrator identification, 482– 483
rape characteristics, 483– 484
restraint marks, 480– 482
specimen collection for kit, 477– 479

Aerosols, infectious, as autopsy concern, 638
AFLP, see Acute fatty liver of pregnancy

(AFLP)

Subject index

A
Abdominal aortic aneurysm, 75–76
Abdominal injuries

blunt force injuries, 139
in children, 389–393
thoracoabdominal, see Thoracoabdominal

injury
Abduction injuries, on rape victims, 480– 481
Abnormal tissue, in abrasion dating, 125
Abortion, in pregnancy death, 512
Abrasions

in atherosclerotic disease, 17–18
in automobile–pedestrian fatalities, 275
in blunt force injury

in custody, 300
dating, 124–126
overview, 121–122
patterned abrasions, 123–124

in contact range gunshot wounds, 168
death in custody scene correlation with

autopsy findings, 304–305
elderly woman autopsy example, 13–14
in hanging, 212
in hypertensive cardiovascular disease,

17–18
in intermediate-to-distant shotgun wounds,

194
from knives left in situ, 148
in multiple fracture homicide, 61–62
in odontology mistakes, 627
pedestrian run over by vehicle, 277
in scalp injury, 424
in stab wounds, 146
in strangulation evidence collection, 216

Accidental deaths
acute carbon monoxide toxicity, 21–23
acute heroin toxicity with water

submersion, 24–26
asphyxia in motor vehicle accident, 223
aviation crashes, 289
blunt trauma of motorcyclist, 19–21
cocaine-induced excited delirium, 33–34
electrocution, 29–31
electrocution and blunt head trauma, 31–33
gunshot wounds, 57–59, 68
house fire, 26–28

Age at deaths estimation
in adults, 583–586
from dentition, 588–589
subadults, 586–588

Agitated delirium, related deaths, 505
AICD, see Automated

cardioverter/defibrillator (AICD)
AIDS, see Acquired immunodeficiency

syndrome (AIDS)
Air bag-related injury, in motor vehicle

crashes, 270–271
Air embolus

autopsy approach, 646–647
from stab sounds, 146

Alcohol abuse
and cardiac conduction system disorders,

93
and infective endocarditis, 81

Alcoholic cardiomyopathy, 91–92
Alcoholics, toxicology-related deaths, 

490
Alcohol-related deaths, see Ethanol-related

deaths
Algor mortis, as postmortem change, 528
ALTEs, see Apparent frequency of intentional

asphyxial events (ALTEs)
Alveola, diffuse damage in blunt force

injuries, 137
ALZ-50, in SIDS theories, 331
Alzheimer’s disease, and choking, 207
Ammunition

birdshot wounds, 190–192
buckshot wounds, 192
shotgun slugs, 192

Amniotic fluid embolus, in pregnancy death,
511–512

Amperes, in electrocution, 250
Amphetamine, in toxicology-related deaths,

495
Anaphylaxis

overview, 254
testing for, 254–255
in venom-related deaths, 255

Aneurysms
in atherosclerotic cardiovascular disease,

75–76



Subject index

Berry aneurysms, 97
from hypertensive cardiovascular disease,

77
in pregnancy death, 515

Animal bite marks
bite mark mimicking, 619
bite mark protocol, 620

Animal scavenging
decomposing bodies, 548–550
in drowning deaths, 231–232
and taphonomy, 599–600

Animal venom-related deaths, 256
Antemortem dental records, in odontology,

606–610
Antemortem drug metabolism, toxicology-

related deaths, 497– 498
Antemortem subdural hematoma, 282–283
Anterior neck dissection, autopsy approach,

647–649
Anthrax, autopsy concerns, 655–656
Aortic aneurysm

in atherosclerotic cardiovascular disease,
75–76

from hypertensive cardiovascular disease,
77

Aortic dissection, in pregnancy death,
513–514

Aortic injury, in motor vehicle crashes, 266
Aortic laceration, in motor vehicle crashes,

266–267
Aortic valve stenosis, 80
Apparent frequency of intentional asphyxial

events (ALTEs), 401
Appendicitis, complications, 109–110
Aquatic life, dangerous, and drowning

deaths, 234–235
ARDS, see Acute respiratory distress

syndrome (ARDS)
Arm injury, battered child syndrome, 374–376
Arnold–Chiari malformation, see Chiari

malformation
Arrhythmias

from atherosclerotic cardiovascular disease,
75

in long QT syndrome, 94
Arrhythmogenic right ventricular

cardiomyopathy, 90
Arson cases, in evidence collection, 68–69
Arteriovenous malformations, 98–99
Artery injury, in motor vehicle crashes, 273
ASDs, see Atrial septal defects (ASDs)
Asian skull, osteology, 574–575
Asphyxia, see also Suffocation

autoerotic deaths, 222–223
in automobile–pedestrian fatalities, 279
carotid sinus stimulation, 223
chemical asphyxia, 201
child abuse, 401– 402
and death in custody violent struggles, 308
definition, 201
by hanging, ligature materials, 212–214
by hanging, overview, 209–211
homicidal asphyxia, 221, 223, 401– 402
homicidal hanging, 214
incaprettamento, 223
judicial hanging, 214–215
layered neck dissection, 210

mechanical asphyxia, 23, 28–29, 208
in motor vehicle accidents, 223
neck organ anatomy, 210–211
overview, 201–202
petechiae findings, 202–203
positional asphyxia, 34–36, 208
as resuscitation artifact, 223–224
from smothering, in homicide death, 63–64
by strangulation, 209–210, 215–220
suicidal asphyxia, 221
suicidal vs. homicidal asphyxia, 221
tonsillar asphyxia, 357–358
traumatic asphyxia, 23, 28–29, 208
vagal stimulation and rapid death, 207

Aspirin, in gastrointestinal hemorrhage
death, 15–16

Assailant, handedness in stab wounds, 147
Asthma

and sudden natural death, 104–106
and sudden natural death in childhood,

355–356
Atherosclerotic cardiovascular disease

acute myocardial infarct rupture, 74–75
arrhythmic sudden cardiac death, 75
autopsy approach, 76
male example, 73–74
as natural death examples, 14, 17–18
overview, 72
risk factors, 72–73
ruptured abdominal aortic aneurysm,

75–76
typical age range, 72

Atlanto–occipital disarticulation, 454
Atlanto–occipital dislocation

characteristics, 454
in sudden natural death in childhood, 347

Atlanto–occipital injury, 454– 456
Atrial septal defects (ASDs), in sudden

natural death in childhood, 347
Atrioventricular block, sudden natural death

in childhood, 352
Atrioventricular node (AVN)

autopsy approach, 644
in sudden natural death in childhood, 353

Autoerotic deaths
body at scene, 222–223
overview, 222
scene, 222

Automated cardioverter/defibrillator (AICD),
as autopsy concern, 641

Automatism, in barbituate pharmacology
literature, 5

Automobile–pedestrian fatalities
asphyxiation, 279
bumper injuries, 275–276
inguinal overstretch marks, 276
overview, 274
pediatric fatalities, 280
special considerations, 280

Autopsy approach, see also Death scene
investigation

abdominal blunt force injuries in children,
390–391

acute carbon monoxide toxicity, 22
acute heroin toxicity with water

submersion, 24
air embolus demonstration, 646–647

for anaphylaxis, 254–255
anterior neck dissection, 647–649
areas of expandibility, 4
arrhythmogenic right ventricular

cardiomyopathy, 90
asphyxia, petechiae findings, 202–203
asphyxia from smothering, 64
atherosclerotic cardiovascular disease, 72,

76
atherosclerotic heart disease, 14
atherosclerotic and hypertensive

cardiovascular disease, 17–18
in atlanto–occipital injury, 455– 456
automated cardioverter/defibrillator

(AICD), 641
in aviation crashes, 290, 294
bioterrorism, 653–654
bioterrorism agents, 655–657
bite marks, 620
blunt craniocerebral trauma, 48
blunt force injuries in custody, 300
blunt force injury, 122, 135–136
bodies found in water, 233–234
botulism, 657
for brain injuries, 461– 462
cardiac conducting system, 643–645
cardiac conduction system disorders, 94–95
cardiomyopathy, 92
cases overview, 66–67
central nervous system disease, 102
chemical agents, 653–654, 657
chemicals, 641
in child abuse, 409
childhood sudden natural death, 365–366
chronic ethanol abuse, 115–116
clinical aspects, 4
colloid cysts, 101
consultants, 67
and court of law evidence, 67–68
cyanide, 657
death in custody, 304–306, 315–316
decomposing bodies, 547, 550–551
definition, 65
delirium-related deaths, 505
diabetes mellitus, 12
elder abuse, 420
elder neglect, 417
electrocution, 31
emotional deaths, 507
evidence collection, 68–69
evidence of injury, 3
explosive injury, 134–135
external examination, 67, 655
facility design, 641–642
fetal child abuse, 370
future litigation concerns, 4
gastrointestinal hemorrhage, 15–16
general biosafety, 637–638
general valvular disease, 80
hanging deaths, 213
hantavirus infection, 103
harbored injury in incarceration death, 301
heart examination, 642–643
hemopericardium, 12
high-velocity rifle wounds, 198–200
hypertensive cardiovascular disease, 78–79
hypertensive heart disease, 12
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hypertrophic cardiomyopathy, 89
hypothermia, 249–250
for identification, 562
infectious aerosols, 638
infectious agents, 638
internal examination, 67
Lewisite, 658
lobar pneumonia, 102
Marfan’s syndrome, 78
medical intervention injuries and marks, 3
motor vehicle collisions, 259–260
motor vehicle fatalities, 288
multiple fractures, 61–62
necessity, 66
negative, and lethal chest trauma, 136
negative autopsy, 658–660
neonate birth injury, 523–524
nerve agents, 658
neuroleptic malignant syndrome, 504
nonatherosclerotic coronary artery disease,

86
nursing home abuse, 417
in osteology, 600
overview, 2–3, 65–66, 637
patterned abrasions, 124
percutaneous injury, 638
personal protective equipment (PPE), 638
photographs, 67
plague, 656
Pneumocystis carinii pneumonia, 103
pneumothorax demonstration, 645–646
polyglandular autoimmune syndromes,

111–112
posterior neck dissection, 649–651
postmortem changes, 553–554
postmortem dental records, 606
pregnancy death, 523–524
and prion disease, 639
and professional liability, 6
psychiatric deaths, 507
pulmonary agents, 658
radiation, 641
radiology, 652–653
reactive airway disease, 105, 108
report, 69–70
resuscitation artifacts, 326–327
ricin, 657
room hazard reduction, 638–639
samples taken, 4
saw, 641
scuba diving deaths, 237
second, and postmortem changes, 545–546
sepsis, 114
in sexual battery investigation, 475– 477
sexual battery investigation, 484– 485
SIDS

choking, 342–343
common findings, 336–337
cosleeping/overlay, 339–341
nonfatal findings, 337–338
wedging, 341–342

sign-out cases, 66
smallpox, 656
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