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Foreword

The medicolegal investigation of death is the most crucial and significant
function of the medical examiner within the criminal justice system. The
medical examiner’s office is primarily concerned with the investigation of
violent, sudden, unexpected, and suspicious deaths.

Forensic pathology is the branch of medicine that applies the principles
and knowledge of the medical sciences to the many legal issues within the
field of law. The medical examiner is responsible for determining the cause
and manner of death, identifying the deceased if unknown, determining the
approximate time of death and injury, collecting evidence from the body that
can be used to prove or disprove an individual’s guilt or innocence and to
confirm or deny the account of how the death occurred, documenting inju-
ries or lack of them, deducing how the injuries occurred, documenting any
natural disease present, determining or excluding other contributory or caus-
ative factors of death, issuing the death certificate, and documenting these
events through an official autopsy report. This autopsy protocol is a complete
medical record based on a thorough and conclusive review of all the facts
and information.

Forensic pathology, the science of recognizing and interpreting diseases
and injuries in the human body, is the basis of the medicolegal investigation.
The medical examiner provides the expert testimony if the case goes to trial.

Forensic Pathology Second Edition, written by Dominick J. DiMaio, M.D.
and Vincent J. DiMaio, M.D., provides the reader with more than 75 years
of practical, hands-on experience in the essentials of forensic medicine. The
material presented in this revised edition continues to be based on the per-
sonal experience of two forensic pathologists who are nationally renowned
experts in their respective fields. Dominick J. DiMaio, M.D., a retired Chief
Medical Examiner of New York City, is currently a forensic consultant. He
served as the professorial lecturer in pathology for the State University of
New York Health Science Center at Brooklyn.

Vincent J. DiMaio, M.D. is the Chief Medical Examiner for Bexar County
in San Antonio, Texas. He serves as a professor for the Department of Pathol-
ogy at the University of Texas Health Science Center in San Antonio.



The new and revised Forensic Pathology Second Edition begins with an overview
of the medicolegal investigative systems and then delves into the substance and
mechanics of forensic pathology. The authors present the essentials of forensic
medicine in a concise, lucid, and comprehensive manner. They omit superflu-
ous, confusing medical terminology and present medicolegal facts pertinent to
the many and varied cases discussed, and have added new case histories and
current information, bringing this remarkable text into the 21st century. Foren-
sic Pathology Second Edition is geared toward medical practitioners, medical
students, homicide detectives, medicolegal investigators, prosecuting and
defense attorneys, and others interested in forensic pathology.

The first edition of Forensic Pathology addressed and corrected the insuf-
ficiencies that existed between criminal investigations textbooks and medicole-
gal investigations textbooks and established a recognized reference standard
for medical examiners and homicide investigators. The second edition has been
completely revised and expanded to include current statistical information. It
has been updated and new photographs have been added, as well as two
additional chapters that address the concerns of the medicolegal profession.

The new chapter dealing with “Deaths In Nursing Homes” addresses
issues of improper health care resulting in drug overdoses, accidents not
involving medication, homicide, and gross negligence. The revised informa-
tion presents the dynamics involved in evaluating signs of neglect such as
contractures, malnutrition, dehydration and the various stages of decubitus
ulcers, which provide the practitioner with a frame of reference in a medi-
colegal determination. The chapter also addresses deaths caused by hospital-
bed rails and medical restraints.

The new chapter on “Sudden Deaths During or Immediately after a
Violent Struggle Unassociated with an Anatomical Cause of Death” is, with-
out a doubt, an extremely important addition to this text. Deaths involving
police or medical personnel who were attempting to restrain a violent or
irrational individual are fraught with controversy. The medical examiner and
investigator must be cognizant of the necessity for a complete and extensive
medicolegal examination. The circumstances leading up to and surrounding
the death should be obtained, and any medical records of the deceased should
be reviewed. A complete autopsy with microscopic survey of all organs —
especially the heart — as well as a complete toxicological screen should be
performed. This chapter discusses the evaluation of excited delirium, cate-
cholamine release, potassium and their effects on the heart. Drug actions,
alcohol and acute psychotic episodes are covered, along with deaths ascribed
to positional asphyxia. The authors present important information on the
proper certification of death in these circumstances.

I have known Dominick J. DiMaio for more than 30 years. In fact, he was
my mentor and instructor in forensic medicine when I was a young homicide



detective in the New York City Police Department. When I retired as command-
ing officer of The Bronx Homicide, I became a homicide and forensic consultant.

I have continued my professional affiliation with Dr. DiMaio and we have
been involved in many consultative investigations over the last 15 years. I
have also known his son, Vincent J. DiMaio, M.D. for more than 21 years
and have had the privileges of his professional affiliation in the sphere of
medicolegal investigations and of editing his excellent edition in this series,
Gunshot Wounds: Practical Aspects of Firearms, Ballistics, and Forensic Tech-
niques, which is the recognized standard for the interpretation and evaluation
of gunshot wounds.

According to the latter, the success of the medical examination and the
homicide investigation is assured when a mutual cooperation exists between the
forensic pathologist and the homicide investigator. Teamwork is essential. This
teamwork is based upon a recognition and appreciation of each other’s duties
and responsibilities so that all parties can benefit from their contributions and
expertise in the professional investigation of sudden death and homicide.

In my professional opinion as an expert in the sphere of practical homi-
cide investigation, Forensic Pathology Second Edition is the must-have com-
panion text to Practical Homicide Investigation: Tactics, Procedures, and
Forensic Techniques Third Edition.

Forensic Pathology Second Edition provides an outstanding insight into
the investigation of death and serves as a brilliant guide for any pathologist,
investigator, or attorney who lacks the formal training of a board-certified
forensic pathologist. This text provides practitioners with a foundation upon
which they can build an excellent medicolegal investigation. The authors have
provided graphic and descriptive photographs throughout the text that high-
light for the reader exactly what to look for and how to handle specific
situations. This revision carries this textbook well into the 21st century.

Forensic Pathology Second Edition by Dominick J. DiMaio, M.D. and
Vincent J. DiMaio, M.D. continues to be the most comprehensive, definitive,
and practical medicolegal textbook on forensic pathology today

Vernon J. Geberth, M.S., M.P.S.
Series Editor - CRC Press, LLC
Homicide and Forensic Consultant
Retired Homicide Commander
New York City Police Department
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Medicolegal
Investigative
Systems

Forensic pathology is a branch of medicine that applies the principles and
knowledge of the medical sciences to problems in the field of law

The major duties of a medicolegal system in handling deaths falling under
its jurisdiction are:

+ To determine the cause and manner of death

+ To identify the deceased if unknown

+ To determine the time of death and injury

+ To collect evidence from the body that can be used to prove or disprove
an individual’s guilt or innocence and to confirm or deny the account
of how the death occurred.

+ To document injuries or lack of them

+ To deduce how the injuries occurred

+ To document any natural disease present

+ To determine or exclude other contributory or causative factors to the
death

+ To provide expert testimony if the case goes to trial

Deaths that come to the attention of the office of the medical examiner or
the coroner generally fall into the following categories: violent deaths (accidents,
suicides, and homicides), suspicious deaths, sudden and unexpected deaths,
deaths without a physician in attendance, and deaths in an institution. There
are variations to these categories, depending on the local jurisdiction.

Definition of Death

Because of advances in medical science, what was formerly not a problem
has now become one—the definition of death. In simpler times, death was
defined as the permanent cessation of cardiac and/or respiratory function.
Today, instrumentation can keep a heart beating and an individual breathing
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in spite of the fact that if this machinery were turned off, heart and respiratory
activity would cease. This has brought about the concept of brain death. There
is extensive literature on this subject, and the definition of brain death in
adults and children is not necessarily the same.!

The declaration of an individual as brain dead, with all the requirements
to be met, is mostly of academic interest to the medicolegal system in that a
case is not reported until some clinician has pronounced the individual dead.
The only time that difficulty might arise is in the harvesting of organs and
the moving of brain dead individuals. Thus, in most jurisdictions, if harvest-
ing of organs is intended and family permission has been obtained, and if
the case is to be a medical examiner’s or coroner’s case, prior to removal of
the organs, permission must also be obtained from the medical examiner or
coroner. This is because, once the individual is “dead,” he or she becomes a
medicolegal case. Harvesting of organs at that time could then be interpreted
as interfering with the duties of the medicolegal system and therefore could
constitute a crime. Permission to harvest the organs after pronouncement of
death is, for the most part, automatic in most medicolegal systems, because
the importance of organ harvesting is recognized by medical examiner/cor-
oner offices. If properly coordinated, the harvesting of organs can be per-
formed without any interference to a subsequent medicolegal examination
of the body, including homicides.

The only time the authors have had problems has been when it was
decided to pronounce an individual dead, to maintain the person on life
support systems, and to transport the body outside the jurisdiction of the
medical examiner’s office. Once the organs are harvested and the machines
turned off, who then will perform the examination of the body? Because the
body has been moved out of the legal jurisdiction where it was pronounced
dead, does it have to be moved back to that jurisdiction or does the medi-
colegal agency in the area where the organs are harvested take jurisdiction?
Does this medicolegal agency have the legal right, since the individual “died”
in another jurisdiction? Fortunately, such problems can usually be settled
beforehand with conferences involving the agency harvesting the organs and
other medicolegal entities.

One other minor point should be mentioned. An individual may be
pronounced dead, yet be maintained on a life support system for 2 to 3 days
after pronouncement. This has sometimes resulted in confusion in the doc-
umentation of the date of death. This is more a problem of bureaucracy than
science, however.

Delayed Deaths

Most people realize that violent deaths (accidents, suicides, and homicides)
fall under the jurisdiction of a medicolegal system. What they often fail to
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realize is that this jurisdiction is retained even if there is a long delay between
injury and death, as long as the death was a result of injuries. Thus, if an
individual suffers a head injury resulting in irreversible coma, is put in a
nursing home, and dies 2 or 3 years later of pneumonia, this is still a medical
examiner’s case because the medical condition was the result of trauma. In
one case, an individual died of chronic renal failure within a few hours of
admission to a hospital. The renal failure was due to chronic pyelonephritis,
complicating paraplegia, which had in turn been caused by a gunshot wound
to the spine 25 years prior. This case was not only still a medical examiner’s
case, but was a homicide, since the event that started the chain of events that
resulted in the death was a gunshot wound. In this case, there were no legal
problems, because the perpetrator had died 10 years prior to the victim.

Cause, Manner, and Mechanism of Death

Two of the most important functions of the medical examiner’s or coroner’s
office are the determination of the cause and manner of death. Clinicians,
lawyers, and the lay public often have difficulty understanding the difference
between cause of death, mechanism of death, and manner of death. Simply
put, the cause of death is any injury or disease that produces a physiological
derangement in the body that results in the death of the individual. Thus,
although differing widely, the following are causes of death: a gunshot wound
to the head, a stab wound to the chest, adenocarcinoma of the lung, and
coronary atherosclerosis.

The mechanism of death is the physiological derangement produced by
the cause of death that results in death. Examples of mechanism of death
would be hemorrhage, septicemia, and cardiac arrhythmia. One must realize
that a particular mechanism of death can be produced by multiple causes of
death and vice versa. Thus, if an individual dies of massive hemorrhage, it
can be produced by a gunshot wound, a stab wound, a malignant tumor of
the lung eroding into a blood vessel and so forth. The reverse of this is that
a cause of death, for example, a gunshot wound of the abdomen, can result
in many possible mechanisms of death, e.g. hemorrhage or peritonitis.

Medical examiners often have to review death certificates produced by
clinicians. Not infrequently, the cause of death is listed as “cardiac arrest” or
“cardiopulmonary arrest.” Simply stated, this means that the heart stopped
or the heart and lungs stopped. Experience tells us, however, that when any
individual dies, the heart and lungs stop. These are not causes of death and,
to a degree, are not even mechanisms of death. Yet, clinicians continue to list
these diagnoses on the death certificate, and some government organizations
accept them as causes of death.

The manner of death explains how the cause of death came about. Man-
ners of death can generally be categorized as natural, homicide, suicide,
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accident, or undetermined. The authors also use the category “unclassified.”
Just as a mechanism of death can have many causes and a cause many
mechanisms, a cause of death can have multiple manners. An individual can
die of massive hemorrhage (the mechanism of death) due to a gunshot wound
to the heart (the cause of death), with the manner of death being homicide
(somebody shot the individual), suicide (they shot themselves), accident (the
weapon fell and discharged), or undetermined (one is not sure what
occurred).

The manner of death as determined by the forensic pathologist is an
opinion based on the known facts concerning the circumstances leading up
to and surrounding the death, in conjunction with the findings at autopsy
and the laboratory tests. The autopsy findings may contradict or agree with
the account of how the death occurred. Thus, if the story is that an individual
shot himself and the autopsy reveals a gunshot wound to the back inflicted
from a distance, obviously the account is incorrect. If, however, it is a contact
gunshot wound of the temple, then the autopsy findings are consistent with
the account. It must be realized that the manner of death can be changed if
subsequent information that alters the circumstances surrounding the death
is discovered. Thus, if we have an individual found with a contact gunshot
wound to the temple, with no weapon present and no history of any suicidal
threats, one might then conclude that this case is a homicide. If, subsequently,
it turns out that the individual had embezzled half a million dollars from his
company and was about to be indicted by the grand jury, and his body was
found by his wife, who removed a gun and suicide note from the scene, the
cause of death would be changed to suicide.

Just because a forensic pathologist makes a ruling as to the manner of
death does not mean that it will be accepted by either families or other
agencies. The author has ruled homicide in a number of cases that police
agencies have written off as accidents. Sometimes, families will challenge a
ruling and go to court to have the manner of death overturned. In most
instances, the court will support the medical examiner. The medical examiner
should not be upset if the court comes to a different ruling as to manner of
death, because juries, especially in cases of suicide, are notoriously not impar-
tial or objective. Thus, if a widow, challenging a medical examiner’s ruling
of suicide so that she can collect insurance, brings two or three young children
to the trial, it would not be surprising if the jury should decide to rule the
death an accident, no matter how much objective evidence had been pre-
sented to the contrary. Their reasoning is that the widow needs money and
the insurance company has plenty of it.

Occasionally, there are cases in which the cause of death would ordinarily
be considered natural, but the manner is homicide. Thus, we have the home-
owner who surprises a burglar, engages him in a violent struggle, then
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collapses and dies of a heart attack. The mechanism of death is a cardiac
arrhythmia and the cause of death is severe coronary atherosclerosis, but the
manner of death is homicide, in that the arrhythmia was brought on or
precipitated by the struggle. Some individuals will rule a case a homicide
even if there is no physical struggle, just sufficient psychological stress to have
precipitated the arrhythmia and death. This is very controversial.

In one case, what would ordinarily be considered a natural death based
on cause of death was classified as a suicide. An elderly woman attempted to
commit suicide by stabbing herself. She used a dull kitchen knife and could
not break the skin. She then picked up a hammer and struck herself two or
three times on the head, producing some minor contusions of the scalp. The
stress of the attempted suicide precipitated a fatal cardiac arrhythmia due to
severe coronary atherosclerosis. One of the authors ruled the cause of death
to be coronary atherosclerosis and the manner suicide. Her family initially
challenged this ruling. When the reasoning for the ruling was explained to
them, much to the author’s surprise, the family agreed that it was suicide. In
another case, a young woman stood at the end of a pier, placed a gun to her
chest, and pulled the trigger. The bullet struck her in the chest and she fell
backward into the harbor. Her body was subsequently pulled out of the water
by a police boat. At autopsy, she had a through-and-through gunshot wound
of the left breast, with the bullet producing only soft tissue injury and not
entering the chest cavity. The actual cause of death was drowning. The
manner of death was ruled as suicide.

A manner of death is ruled undetermined when there is insufficient
information about the circumstances surrounding the death to make a ruling,
or, in some instances, when the cause of death is unknown. Thus, if one finds
the skeletonized remains of a young adult male without evidence of trauma,
one cannot say whether the manner of death was accident, homicide, or
suicide, because the cause of death is not known. In other instances, there
may be insufficient information concerning the circumstances surrounding
the death to explain the manner of death. This situation often occurs in
deaths due to drug overdoses. Thus, an individual dies as a result of an
overdose of a central nervous system depressant drug. The individual has a
long history of overmedicating, but, at the same time, has a history of
attempted suicide. Is this a case of suicide or did the individual just take too
much medication inadvertently, because that was his or her normal habit?
Sometimes it is possible to differentiate on the basis of the metabolites of the
drug present. Sometimes it is not.

An individual was found with a head injury, obviously due to a fall on
the back of the head. There was suspicion, however, that the individual had
been in a fight. Toxicological analysis revealed the deceased was intoxicated.
Was there a fight and the individual was struck, fell backward, and hit his
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head, making the case a homicide? Or was there a fight in which the indi-
vidual was not injured, walked away, and, while intoxicated, fell backward,
striking his head, making the death an accident?

In some instances, based on the circumstances surrounding a death, a
ruling as to the manner of death can be made without a cause of death. Thus,
the decomposing body of a 32-year-old female was found in a ditch two miles
from her burglarized house. She was clad in pajamas, barefoot (with the soles
of her feet clean), and her hands were bound behind her back. An autopsy
failed to reveal a cause of death. The cause of death was ruled undetermined;
the manner homicide. The ruling as to manner was based on the circum-
stances surrounding the death and not the autopsy findings. In the autopsy
report, it was suggested that she had either been strangled or smothered. The
perpetrator was subsequently arrested and confessed to smothering her.

In addition to the usual classifications of manners of death, some
forensic pathologists, ourselves included, use the term “unclassified.” This
refers to a death in which the cause and circumstances are known, but the
death does not readily fall into any of the aforementioned categories. An
example is the case of a woman who came into the hospital for an abortion.
A hypertonic saline solution was injected; the woman went into labor and
delivered a live 450-g infant. There were chemical bums of the skin due to
the hypertonic saline solution. The child survived an hour and a half
without mechanical assistance, then died. The death was obviously not a
suicide, but was it a natural death, an accident, or a homicide? You can
propose valid arguments for all three rulings. The manner of death was
ruled unclassified. The authors also place in the unclassified category cases
that some individuals call medical misadventure. Thus, a case of a perforated
heart due to an intravascular catheter, and an air embolism complicating
spinal fusion are classified as unclassified.

One must also understand that sometimes the classification of manner of
death is based on tradition. Thus, if two people are “kidding around” with a
gun and one individual points the gun at another and pulls the trigger, in some
localities, this is classified as an accident, in others, as a homicide. An individual
walking down the street is hit by an automobile; the driver stops. This is an
accident. If the driver continues on his way, in a number of jurisdictions, this
is classified as a homicide. If one drinks too much alcohol and dies of acute
alcohol intoxication, this is an accident. If one drinks too much alcohol every
day for 15 years and develops cirrhosis of the liver and chronic liver failure due
to the alcohol, then the manner of death is classified as natural.

Sudden, Unexpected Natural Death

The largest category of deaths handled by most medical examiner’s offices is
natural deaths (Table 1.1). Most of these are sudden and unexpected deaths.
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Table 1.1 Breakdown of Medical Examiner Cases as to Manner of Death:
Bexar County Texas (1983 -1998)

Total Naturals Homicides Suicides Accidents Other
31,502 14,718 4,893 3,440 7,693 758
(100%) (46.7%) (15.6%) (10.9%) (24.4%) (2.4%)

These are individuals out functioning in the community, whose deaths are
not expected, who suddenly collapse and die. Stress should be put on the
sudden nature of these deaths, as many of these individuals may actually have
a history of a serious disease.

The medical examiner’s office will also see individuals who die as a result
of a chronic or terminal disease, but who have elected to die at home. These
individuals may be in a hospice or under hospice care. Some elderly individ-
uals with chronic end-stage disease may have been cared for at home for
years without seeing a physician. The absence of medical supervision means
that these deaths become medical examiner’s cases. In the case of hospice
individuals, one of the authors (VJMD) has adopted a policy of pre-registra-
tion in his office. The hospice personnel send the office information on
patients while they are still alive. This includes the name of the attending
physician who has already agreed to sign the death certificate as well as the
expected cause of death. When the individual eventually dies, the hospice
just informs the office of the death; the time of death, and who made the
pronouncement.

Sudden deaths can be instantaneous; sudden but not instantaneous, or
cases where the individual is found dead. Most people, when talking about
sudden death, envision instantaneous deaths. The best illustration of this is
an individual walking along who suddenly collapses and is dead upon hitting
the ground. The most common cause for this is a ventricular arrhythmia due
to coronary artery disease. The individual will often show impact abrasions
of the face, indicating that as he was going down, he was unconscious and
was not even able to put his arm up in front of his face to prevent impacting
the ground (Figure 1.1).

The sudden, but not instantaneous, death is illustrated by the individual
who begins to complain of chest pain, difficulty in breathing, weakness,
sweating, nausea, and vomiting, and then collapses. He is then transported
to the hospital. On the way to the hospital, he goes into cardiac arrest and
by the time he reaches the emergency room he is not resuscitatable. Another
individual with the same initial symptoms may arrive conscious at the hos-
pital only to experience his fatal cardiac arrhythmia 2 h after admission. Is
this still a sudden death? This depends upon one’s definition of sudden death.
Many, if not most, medical examiners limit classification of sudden deaths
as those occurring instantaneously or within 1 h of the onset of symptoms.
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Figure 1.1 Impact abrasions of face indicating individual was unconscious or
unable to protect his face from impact with ground. Such abrasions tend to overlie
bony ridges.

If the individual complaining of chest pain and difficulty breathing survives
long enough to get to the emergency room of a hospital, where an EKG shows
an acute myocardial infarct and laboratory tests reveal elevated enzymes, then
a diagnosis of myocardial infarct can be made and the case is not a medical
examiner’s case.

There is a third category of sudden unexpected deaths. These are the
individuals in whom the death was unexpected, but was found dead in
what may or may not have been an instantaneous manner. Sometimes, one
can tell how rapid the death was by the how the individual was found.
Someone found sprawled on the kitchen floor with impact-type abrasions
of the face is most likely an instantaneous death. In the case of a person
found dead in bed, death may have been sudden but not instantaneous.
The great majority of sudden, unexpected natural deaths seen at a medical
examiner’s office are due to cardiovascular disease. Less common are deaths
due to central nervous system lesions, pulmonary disease, and sepsis. The
whole spectrum of natural disease associated with sudden death is discussed
in Chapter 3.
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The Coroner System

There are two general types of medicolegal investigative systems in the United
States: coroner systems and medical examiner systems. As of 2000, 12 states
had coroner systems; 19 states had state medical examiner systems; 3 states
had county or regional medical examiner’s offices but no coroner’s offices;
and 16 had a mixture of medical examiner and coroner systems.? Over the
years, there has been a gradual decrease in the number of coroner systems,
with replacement by medical examiner systems, though this seems to have
slowed down recently. Coroner systems, however, still make up a significant
proportion of the medicolegal coverage of the American population.

The coroner system, dating back to feudal England, is the older of the
two medicolegal systems. The earliest reference appears in the Articles of Eyre
(1194).%In the pure form of this system, an individual who is not a physician
is elected the coroner. He then makes rulings as to the cause and manner of
death in cases that fall under the coroner law. As a general rule, these cases
constitute violent deaths, sudden and/or unexpected deaths, suspicious
deaths, and cases in which a physician is not in attendance at the time of
death. In making a ruling, the coroner is not required to consult a physician
for advice, may or may not order an autopsy, and may or may not rule in
agreement with autopsy findings if one is performed. The training the cor-
oner receives for the position can range from absolutely none to a few hours
or to 1-2 weeks. Based on this training — or lack of it — the coroner makes
decisions as to cause and manner of death that may have significant criminal
and civil consequences.

In some areas of the country, this system has been modified such that
the coroner must be a physician, though not necessarily a pathologist. This
gives a scientific veneer to the system. We now have physicians making
decisions in a medical field usually having absolutely nothing to do with their
areas of expertise. Thus, we have the obstetrician-coroner, the general prac-
titioner-coroner, and so on. Occasionally, by chance, the coroner is a pathol-
ogist, though almost never a forensic pathologist.

Most people do not realize that exposure to forensic pathology in most
general pathology training programs ranges from nonexistent to a few
hours of instruction, or occasionally a short (2—4 weeks) rotation through
a medicolegal system. Thus, certification as an anatomical (general) pathol-
ogist does not necessarily mean that an individual knows any forensic
pathology. Physicians practicing outside their fields of specialty or with
such minimal training as possessed by the physician-coroner would ordi-
narily be open to malpractice lawsuits and condemnation by the public,
colleagues, and especially the legal community. No insurance company
would provide malpractice coverage. The coroner-physician, however,
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works for a governmental organization that either does not care or know
about qualifications for this work.

California often exemplifies the extremes of this country. Thus, in a
number of counties in California, the coroner is also the sheriff. Thus, a
deputy sheriff might kill a civilian and his boss, the sheriff, rules as to the
cause and manner of death. Sheriffs also operate jails. The sheriff acting as
the coroner thus makes rulings as to the cause of death of inmates dying in
his jail. Obviously, to anyone but the California legislature, there is a conflict
between having a single organization whose duties are to both enforce laws
and make arrests and to conduct objective investigation of death in which
rulings may impeach or conflict with the other half of the organization.

In many areas of the country, the coroner is also a funeral director. Here,
again, there is at least the appearance of a conflict of interest. The coroner-
funeral director makes a livelihood by conducting funerals, not by being a
coroner. Some unscrupulous coroners are more interested in obtaining a
family’s permission to conduct the funeral than to make a ruling as to cause
and manner of death. They may take great care not to make a ruling as to
cause and manner of death that might offend a family and thus cost them
business or potential votes in the next election.

The coroner system was developed at a time when the lay public knew
as much about the science of medicine as the physicians practicing it. Times
have changed. Medicine has become an extremely complicated, specialized,
scientific field. Specialized knowledge is necessary not only to practice med-
icine in general, but to practice any of its numerous subspecialties. Thus, a
dermatologist would not consider doing neurosurgery, nor would a neuro-
surgeon practice obstetrics/gynecology. The practice of forensic medicine has
also become a specialty. Neither average hospital pathologists nor physicians
who are not pathologists can adequately practice in this field no matter how
well intentioned they are — and they are often very well intentioned.

Some non-forensic pathologists claim that any anatomical pathologist
with a basic knowledge of pathology can handle 85% of medical examiner
cases, with the remaining 15% needing a forensic pathologist in a fully
equipped medicolegal facility. Therefore, only a small corps of experi-
enced forensic pathologists is needed, to which the difficult 15% of cases
can be referred.

Even accepting this somewhat dubious premise, the problem is how does
one know ahead of time which of the cases are the 15% needing the forensic
pathologist and the fully equipped medical examiner’s office? Not even a
forensic pathologist knows for sure in every case. One never knows when the
simplest autopsy will turn out to be a complicated case with the most extreme
repercussions. A witnessed “automobile accident” turned out, at autopsy, to
be a capital homicide involving an armed robbery. A simple carbon monoxide
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suicide in a garage eventually ended up with a million-dollar lawsuit and
involved the flying characteristics of light planes. A simple case of sudden
death in infancy ended up as the final death in a decades-long chain of
infanticide.

The Medical Examiner System

The medical examiner system was first introduced in the United States in
1877 in Massachusetts. The state was divided into a number of sectors, within
each of which was designated a physician who functioned as a “medical
examiner” to determine the cause and manner of death. Originally, medical
examiners did not have the right to order autopsies. This was not corrected
until the 1940s. Neither was a central laboratory for toxicological analysis
available. It was only in the 1980s that a true State Medical Examiner System
was established in Massachusetts.

The first true medical examiner system came into existence in 1918 in
New York City.* A medicolegal system was established in which the individual
designated as Chief Medical Examiner was to be a physician experienced in
the field of pathology (forensic pathology did not become a subspecialty until
1959). The system described the type of cases that fell under the Medical
Examiner Law; it stated that the medical examiner could perform autopsies
in cases that he felt needed them, and it established a laboratory for his use.
The cases that fell under the medical examiner system were violent deaths
(accidents, suicides, homicides), suspicious deaths, sudden, unexpected
deaths, and deaths occurring without the attendance of a physician. Most
medical examiner systems in this country are variations of the original New
York concept. Some of the newer systems specify that the chief medical
examiner must be a forensic pathologist.

The creation of a medical examiner system does not necessarily mean
that a community actually has a functioning or effective medical examiner
system, nor does the fact that it once had one guarantee that it will continue
to operate in an effective manner. Thus, by the mid 1980s, the New York City
Medical Examiner System had been seriously damaged in its functioning by
a change in the law that allowed families to prevent the performance of
autopsies in cases in which the manner of death did not appear to be homi-
cide; that is, the forensic pathologist had authority to perform an autopsy
only in cases that were obviously homicide.

Unfortunately, it is not always possible to recognize a homicide until an
autopsy is performed. In 10% of children beaten to death, there is no external
evidence of trauma. In addition, without an autopsy, an accurate cause of
death, the presence and extent of disease or injury, the incapacitation
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produced by them, and knowledge of whether there was any pain or suffering
involved in an injury (an important question in civil cases) become sheer
speculation.

Some legislatures have created medical examiner’s offices and have not
funded them adequately. In other instances, the offices are placed under state
government agencies that should not be supervising the medical examiner’s
office. No medical examiner’s office should function under a police agency.
There is a direct conflict in values, goals, and philosophies. The police want
to make an arrest and clear a case. The medical examiner’s office wants to
determine the cause and manner of death, independent of who did what.
While these functions usually coincide, in some cases, they do not. One of
the most controversial types of death is that of a civilian killed by police. By
virtue of being a subdivision of a police agency, the impartiality of the medical
examiner’s office in such cases is open to serious question.

In some areas, the medical examiner’s office functions under the public
health department. This may or may not work out. Public health departments
often have only a vague concept of the duties and functions of a medical
examiner’s office, which is a medicolegal agency rather than a pure medical
agency. The contribution of the medical examiner’s office to the public health
is of a tenuous nature. Placing it under a department of public health tends
to increase the bureaucracy between the office and the authority to which it
is responsible. In addition, public health departments are often under funded
and there is always the human tendency to dip into one section of a depart-
ment for monies for another section. Just as police agencies should be sep-
arate from the district attorney’s office, so, ideally, the medical examiner’s
office should be reportable to only the highest authority, for example, the
mayor, county commissioners, or governor.

As a general rule, while some medical examiner’s offices are handicapped
by defective laws, underfunding, and political interference, they do a much
better and more scientific job than a coroner. It is easier to convince
(“coerce”) a politician subject to election to change a ruling than a physician
who can usually make more money in private practice doing the same work.

One argument for retention of the coroner system is that it is more
economical than a medical examiner system. The coroner system, while
cheaper in some jurisdictions in the short run because no experts or scientific
investigations are used, becomes more expensive in the long run. Savings are
lost when cases are invariably mishandled with resultant expensive and pro-
tracted litigation, both criminal and civil, retrials, the hiring of outside
experts, and so on. More important than money, however, is that the coroner
system often produces inferior and inaccurate results. Non-physicians cannot
make medical decisions, no matter how many weeks of training they have.
General pathologists can get through most cases, but the difficult case, the
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one that they often do not even recognize as difficult, can result in the
imprisonment of innocent individuals and the release of the guilty. Just as
we are guaranteed certain basic rights by our legal system, we should also
have the right to a competent scientific medical investigation following a
death, especially if there is the potential for civil or criminal litigation.

Some coroners argue that they can and do produce excellent work
because they retain competent physicians and rely on them to make decisions.
This is true. But, if coroners rely that much on their physicians, then what
purposes do the coroners serve? They are just elected administrators subject
to political influence who, if they desire, can ignore their experts. In addition,
a conscientious, competent coroner may be defeated at the next election to
be replaced by a venial incompetent.

A modern, well-organized medical examiner system is relatively cheap
to operate, considering its benefits once the population serviced exceeds
approximately 250,000. Cost to the community for a good system is approx-
imately one quarter to one third the cost of a movie ticket per person per
year. This money will fund a fully staffed medical examiner’s office including
an investigative staff and a toxicology laboratory. Some states or counties
claim to be too big, with a population too scattered, for a state system. This
can be handled by establishing either regional offices or a central state office
to which bodies can be transported.

The main problem with establishing a quality medical examiner system
is ignorance — ignorance not only by the general public, but, more impor-
tantly, by courts, judges, and attorneys. The courts permit untrained and
sometimes incompetent individuals to routinely testify on the basis of a
medical degree often coupled with vague forensic experience. While no judge
would take his pregnant wife to a dermatologist for obstetrical care, he does
permit an individual with no forensic training at all to testify in a case that
may involve a sentence of lengthy imprisonment or even execution.

There is ignorance also on the part of politicians. They have very little
idea of what a medical examiner’s office does, do not visit the facilities, and
show very little interest in the office — after all, the dead do not vote. The
only time one hears from politicians is when there are lawsuits against the
government because of incompetence in the medicolegal system. The public
is often ignorant of the poor quality of the medicolegal system in their area
because they assume what they see on television crime shows is also true in
their own community.

The police are partly at fault because they do not realize the amount of
help a quality medical examiner system can provide. In some instances, they
do not like the data provided by a good medical examiner system. They prefer
the charlatan who tells them what they want to hear to the expert who tells
them unpalatable truths or that conclusions cannot be made. One of the
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characteristics of the unqualified expert in forensic pathology is an ability to
interpret a case in exquisite detail. This “expert” sets the time of death, plus
or minus a few minutes, accurately positions the deceased, and gives detailed
analysis of the events surrounding the death and precise deductions about
the assault. If the police have expressed prior opinions, it is not uncommon
for the opinions of the “expert” to agree in almost complete detail with the
police hypotheses. The experienced forensic pathologist tends to hedge,
knows there can be more than one interpretation of a set of facts, and is more
“wishy-washy” than the charlatan.

Because of the poor quality of forensic medicine in many parts of this
country, there are individuals languishing in jail for homicides that were
suicides and murderers walking the street after having committed a homicide
that was interpreted as an accident or a natural death.

Operation of a Medical Examiner System

To perform its duties, a medical examiner system requires a number of
basic essentials. First is an adequate law under which to operate. Under
such a law, violent deaths (accidents, suicides, and homicides), suspicious
deaths, sudden and unexpected deaths, deaths without a physician in atten-
dance, and deaths in jails and penal institutions should fall under the
medical examiner’s jurisdiction. In many areas, there is also a broad “24-
hour death” report law. That is, the death of any individual dying within
24 h of admission to a hospital must be reported to the medical examiner
as a possible medical examiner case. This law is useful in picking up cases
that might otherwise be missed.

After indicating the type of cases that fall under the medical examiner’s
jurisdiction, the law should then state that medical examiners have the right
to perform an autopsy on any cases that they feel need one to accurately
determine the cause and manner of death or to document injuries or disease
processes. The law should also give medical examiners the right to subpoena
records and individuals, if necessary, to help in making such determinations.
The law should state that deaths are to be reported to medical examiners
immediately after they occur or are discovered and that, at any crime scene,
medical examiners have jurisdiction over the body. Overall jurisdiction of
the scene, of course, lies with the police agency involved. The law should also
provide medical examiners with a toxicology laboratory.

The right of the medical examiner to perform autopsies in any cases
falling under the Medical Examiner’s Law is especially important. This is
because accurate determination of the cause and manner of death can be
accomplished only by a complete autopsy. The absence of any external evi-
dence of injury does not rule out massive internal injuries and the possibility
that the case is a homicide. Thus, in the authors’ experience, 10% of all
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children dying of blunt traumatic injuries show no evidence of injury exter-
nally. If one could not perform an autopsy in such cases, these homicides
would be missed and death ascribed to natural causes. Obvious homicide
cases are less of a problem than the more subtle ones that initially appear to
be natural deaths or accidents.

It is also highly desirable that the medical examiner have some civil
service protection. This is because medical examiners make unpopular deci-
sions, decisions that politicians, police agencies, and sometimes the public
may not want to hear. There is always the natural tendency of humanity to
want to “kill” the bearer of bad news.

The second requirement for an adequate medical examiner system is
qualified personnel. The chief medical examiner should be a board certified
forensic pathologist with a number of years of experience. Under the chief
medical examiner, there should be assistant medical examiners who are
also board-certified forensic pathologists. If initially not certified, the indi-
viduals should be given a certain time limit (2-3 years) to obtain certifi-
cation. To acquire and retain such qualified personnel, they must command
competitive salaries.

What is a board certified forensic pathologist? A board certified forensic
pathologist is a physician who has successfully completed a graduate medical
education program in either anatomical or anatomical and clinical pathology
approved by the Residency Review Committee and accredited by the Accred-
itation Council for Graduate Medical Education (ACGME) or The Royal
College of Physicians and Surgeons of Canada; been endorsed by the training
program director and successfully passed a written and practical examination
designed and administered by the American Board of Pathology in this
(these) field(s) of medicine, following which they have taken 1 full year of
additional supervised training in forensic pathology in a program accredited
for such training by the ACGME, and passed a written and practical exam-
ination designed and administered by the American Board of Pathology in
this field.

Third, the medical examiner’s office needs adequate staffing. Medical
examiners alone do not constitute an office. There must be competent inves-
tigative, administrative, secretarial, and technical support staff.

Fourth, there must be an adequate facility. One cannot practice forensic
medicine in the sub-basement of a county hospital or in the back of a funeral
home. The facility must have sufficient space, an appropriate floor plan,
electrical, plumbing, and cooling capabilities, and furnishings.

Fifth, there must be adequate instrumentation available for the scientific
investigation of death. In some areas, x-ray equipment is considered a luxury,
but it is basic equipment for an autopsy suite. There should be equipment
in the toxicological laboratory capable of an accurate, precise analysis for the
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presence of drugs. The equipment should be of high quality and be in suf-
ficient quantity to handle the caseload. Computerization of an office has now
become mandatory.

Last, there must be consistent and adequate funding of the institution.
Without this, a qualified staff is not possible, nor are adequate facilities
or equipment.

How do medical examiners (forensic pathologists) approach a case? They
approach it just like any other physician approaches a patient. In medical
school, one is taught that, to make a correct diagnosis, one must take a
history, perform a physical examination, and order relevant laboratory tests.
Based on this, a diagnosis is made. The forensic pathologist performs all of
these functions but with some variance. Thus, the history is not obtained
from the patient, but from witnesses, relatives of the deceased, police agen-
cies, treating physicians, and/or records (medical, nonmedical, police, gov-
ernmental, etc.). It is an account of the events leading up to and surrounding
the death.

In most major medical examiner systems in this country, reports of deaths
do not come directly to medical examiners, but to lay investigators employed
by the medical examiner’s office, who are trained to screen the cases and make
a determination as to whether a death is a medical examiner’s case. If it is not,
it is then released back to the reporting physician. If the case falls under the
Medical Examiner’s Law or if there is no physician to sign the death certificate,
the case is accepted. Whether a case is accepted or not, a detailed report should
be written up. In cases that are not accepted, the report should be subsequently
reviewed by a medical examiner as soon as possible. If there is any disagreement
with the conclusion of the investigator, the body will then be brought in from
the funeral home to which it was sent. With well-trained, highly motivated
investigators, this is an extremely rare occurrence.

The reason that physicians are not used to screen calls is both economical
and logistic. In a community of a million people, one might get anywhere
from 4000 to 6000 death calls a year. To have a physician personally screen
each one of these calls — calling other physicians, double-checking records,
talking to police agencies, and going to the scene of death — is uneconomical
and a waste of professional time. The U.S Department of Justice has published
national guidelines for death investigation.® In addition, there is now in exist-
ence the American Board of Medicolegal Death Investigators, which certifies
death investigators based on a combination of experience and testing.®

If investigators accept the case as a medical examiner’s case, they then
must decide whether to go to the scene of the death. If the body has been
moved from the scene to a hospital, the decision has already been made for
them and the body can come directly in. If they decide to go to the scene,
their job is to document all the findings at the scene regarding the body and
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to obtain a detailed history of the circumstances leading up to and surround-
ing the death. Investigators will document the scene with diagrams and
photographs. In some communities, investigators videotape the scene. This
material is then brought back to the office, where a detailed report is prepared
for the medical examiner. At this time, the investigation report may be
supplemented by telephone calls to other agencies and individuals. The lay
investigator goes to hospitals to obtain medical records that may be of impor-
tance in making a determination of the cause of death. Based on the inves-
tigator’s report, the medical examiner will then decide what to do with the
case, whether to perform an autopsy, as well as what types of tests are to be
performed.

In some jurisdictions, physicians routinely make all scene investigations
or at least all violent death scenes. While this is satisfactory in small, low-
volume offices, it is generally a waste of personnel, time, and money in large
urban areas. In some areas of the country, a physician who visits a scene has
the right to sign out the case without bringing it into the medical examiner’s
office. This practice should be condemned. There is no way to adequately
examine a body at a scene as well as in a morgue. If a body is a medical
examiner’s case, it should come into the office, where, at the minimum, a
complete external examination can be performed in an environment with
adequate lighting, equipment, and support personnel. In addition, at the
same time, body fluids can be obtained for toxicological analysis. If it is a
medical examiner’s case, it should come in. If it is not a medical examiner’s
case, then the medical examiner should refuse jurisdiction and let the
patient’s attending physician handle the case. When in doubt, however, bring
the case in.

When the body comes in, the medical examiner then performs a physical
examination and laboratory tests. The procedures may range from an external
examination of the body to a complete autopsy. This will be determined by
the information that has been provided to the medical examiner by the
investigator, the type of case, the medical examiner’s expertise, and local or
regional differences. Performing autopsies on every case coming into a med-
ical examiner’s office is a waste of time and energy. The practice is common
in areas where there are contract pathologists paid by the case. Thus, the
more cases they autopsy, the more money they make.

For every case that comes into the office, at least blood, urine and vitreous
should be obtained and retained. The blood should be obtained from the
femoral or subclavian vessels. It should never be obtained from a blind
thoracic puncture. It is the policy of one of the authors (VJMD) to perform
a complete toxicological screen on the blood of most individuals younger
than 70 years of age, whether they are autopsied or not. An exception would
be a terminal cancer patient in the end stage of the disease. Routine drug
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screens on apparent natural deaths have, with regular monotony, revealed
deaths from suicidal and accidental overdoses of drugs. Such extensive screen-
ing is not possible in most areas of the country because of limitations on the
toxicology laboratory.

If an autopsy is performed, what specialized tests are done at the time
of autopsy are determined by the type of case. Thus, a rape examination may
be conducted in a suspected rape case, or hair obtained in a death with blunt-
force injuries to the head.

For all cases coming to autopsy, it is recommended that, at the minimum,
blood, vitreous, urine, and bile be obtained for toxicological analysis. Blood
should be obtained from the femoral vessels. If this is not possible, other
sites, in descending order of preference, are the subclavian vessels, the root
of the aorta, the pulmonary artery, the superior vena cava and the heart. The
blood should be collected with a clean needle and new syringe. Blood should
never be obtained by incising a vessel or the heart and attempting to capture
the fluid as it escapes. All body fluids should be placed in glass tubes or
bottles, not plastic. If the body is decomposed, liver, kidney, and thigh muscle
are retained. When suicidal overdose of oral medications is suspected, the
stomach contents should be kept. Some laboratories retain portions of liver
and kidney in all suspected drug overdose deaths — whether decomposed
or not. With modern instrumentation and analytical methods, however, it is
rarely necessary to analyze these materials.

The urine is generally of use only in screening for certain drugs. The
detection of a drug in the urine indicates only that the individual has taken
that drug at some time in the past, not that they were under its influence at
time of death. It is the presence of the drug in the blood that is important.
Because of this, toxicological procedures should be concentrated on the
blood. Absence of a drug in the urine also does not necessarily indicate that
it will not be found in the blood. Thus, an intravenous injection of heroin
could cause death before any metabolites appear in the urine.

At the time of autopsy, tissue should be retained for possible micro-
scopic examination, although this is not necessary in every case. Thus, in
traumatic deaths, such as a shooting or motor vehicle accident, while a
medical examiner may elect to do microscopic examination of the tissue,
it is rarely necessary. Even if microscopic slides are not made, tissue should
still be retained for this possibility. It is the opinion of the authors that
toxicologic specimens and tissue removed for possible microscopic exam-
ination should be retained for 3-5 years. All microscopic slides and paraffin
blocks should be retained indefinitely.

In homicide cases and cases where extensive civil litigation is expected,
photographic documentation of the injuries is recommended.
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NAME Accreditation

In 1997, the National Association of Medical Examiners (NAME) insti-
tuted a revised voluntary inspection and accreditation program for medi-
colegal offices. The new program is much more stringent than the prior
program. The standards represent minimum standards for an adequate
medicolegal system, emphasizing policies and procedures. Deficiencies are
designated as Phase I or II. A single Phase II deficiency precludes accredita-
tion. Evaluated are:

The facilities

Safety policies, procedures and equipment
Personnel

Notification, acceptance and release
Investigations

Body handling

Postmortem examinations
Identification

Evidence and specimen collection
Support services

Reports and records

Mass disaster plan

Quality assurance

One area addressed is medical examiner caseload. If a medical examiner
performs more than 250 autopsies per year, this is considered a Phase I
deficiency; if more than 400, a Phase II deficiency (there are plans to lower
the 400 number to 350 and possibly 300).

Excessive caseload is a problem in many medicolegal offices. The rec-
ommended annual caseload for a forensic pathologist without administra-
tive responsibilities is 250 autopsies. On a short-time basis, one can perform
autopsies at an annual rate of 300, perhaps 325. By the time, caseload
exceeds 350 autopsies, mistakes are being made and the quality of the
autopsy is being sacrificed.
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Time of Death

Determination of the time of death is important in both criminal and civil cases.
In criminal cases, it can set the time of the murder, eliminate or suggest suspects,
confirm or disprove an alibi. In civil cases, the time of death might determine
who inherits property or whether an insurance policy was in force. Unfortunately,
all methods now in use to determine the time of death are to a degree unreliable
and inaccurate. They usually give vague or dubious answers. The longer the
postmortem interval, i.e., the time between death and the attempt to determine
time of death, the less precise the estimate of the interval. One obvious facet of
time of death determination often not considered is that the time the fatal injury
is incurred is not necessarily the time of death. One can incur massive fatal
injuries, yet linger in an unconscious state for hours prior to death (Figure 2.1).
Many factors are or have been used in determining the time of death:

Livor mortis

Rigor mortis

Body temperature

Degree of decomposition

Chemical changes in vitreous

Flow-cytometry

Stomach contents

Insect activity

Scene markers (papers, letters, clothing, televisions, TV schedules, etc.)

Livor Mortis

Livor mortis (lividity, postmortem hypostasis) is a reddish purple coloration
in dependent areas of the body due to accumulation of blood in the small
vessels of the dependent areas secondary to gravity (Figure 2.2A). Postmor-
tem lividity is occasionally misinterpreted as bruising by people unfamiliar
with this phenomenon.

Dependent areas resting against a firm surface will appear pale in
contrast to the surrounding livor mortis due to compression of the vessels
in this area, which prevents the accumulation of blood. Thus, areas sup-
porting the weight of the body, for example, the shoulder blades, buttocks,
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Figure 2.1 Contact wound of right temple with .357 Magnum. The deceased
lived 1 hr and 34 min with no life support systems.

Figure 2.2 (A) Liver mortis in dependent areas of body (continued).

and calves in individuals lying on their backs, show no livor mortis, but appear
as pale or blanched areas (Figure 2.2B, C). Tight clothing, for example, a
brassiere, corset, or belt, which compresses soft tissues, collapsing the vessels,
also produces pale areas.

Livor mortis usually, but not invariably, has a cherry-red to pinkish color
in deaths due to carbon monoxide. This is due to carboxyhemoglobin. Iden-
tical coloration may be caused by exposure of a body to cold temperatures,
and in deaths due to cyanide.Localized areas of bright red livor mortis are
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Figure 2.2 (continued) (B) Blanched areas of buttocks and shoulders due to
compression of vessels by weight of body. (C) Infant with pale face from lying
face down in crib.

also seen adjacent to chest tubes. In all three of the aforementioned entities,
the coloration is caused by predominance of oxygenated hemoglobin.

Livor mortis is usually evident within 30 min to 2 h after death. In indi-
viduals dying a slow lingering death with terminal cardiac failure, livor mortis
may actually appear antemortem. Livor mortis develops gradually, usually
reaching its maximum coloration at 8-12 h. At about this time, it is said to
become “fixed.” Prior to becoming fixed, livor mortis will shift as the body
is moved. Thus, if an individual dies lying on his back, livor mortis develops
posteriorly, i.e., on the back. If one turns the body on its face, blood will
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drain to the anterior surface of the body, now the dependent aspect. Livor
mortis becomes “fixed” when shifting or drainage of blood no longer occurs,
or when blood leaks out of the vessels into the surrounding soft tissue due
to hemolysis and breakdown of the vessels. Fixation can occur before 8-12
h if decomposition is accelerated, or at 24-36 h if delayed by cool tempera-
tures. Thus, the statement that livor mortis becomes fixed at 8—12 h is really
just a vague generalization. That livor mortis is not fixed can be demonstrated
by applying pressure to a dependent discolored area and noting the subse-
quent blanching at the point of pressure.

Although livor mortis may be confused with bruising, bruising is rarely
confused with livor mortis. Application of pressure to an area of bruising
will not cause blanching. An incision into an area of contusion or bruising
shows diffuse hemorrhage into the soft tissue. In contrast, an incision into
an area of livor mortis reveals the blood to be confined to vessels, without
blood in the soft tissue.

Livor mortis also occurs internally, with settling of the blood in the depen-
dent aspects of an organ. This is most obvious in the lungs.

As the blood accumulates in the dependent areas, the pressure of the
settling blood can rupture small vessels, with development of petechiae (minute
hemorrhages or Tardieu spots) and purpura (patches of purplish discoloration)
(Figure 2.3). This usually takes 18-24 h and often indicates that decomposition
is fast approaching. This phenomenon is more common in asphyxial or slow
deaths. Unfortunately, as time passes, it cannot always be determined with
certainty whether the purpura produced are ante- or postmortem. Presence of
petechiae and purpura only in dependent areas suggests a postmortem origin.
In limbs hanging over the side of a bed or the legs and forearms of an individual
who is hanging, Tardieu spots may develop even more rapidly, appearing as
early as 2—4 h after death.

Livor mortis can cause difficulty in interpreting head injuries in decom-
posed bodies. In a body lying on its back, blood accumulates in the pos-
terior or dependent half of the scalp due to gravity. In advanced
decomposition, with lysis of red blood cells and breakdown of the vessels,
there is seepage of blood into the soft tissue of the scalp. This gives the
appearance of confluent bruising and cannot always be differentiated from
true antemortem bruising. There will, of course, be no abrasion or lacer-
ation of the scalp, but all forensic pathologists have seen extensive scalp
contusions without abrasions or lacerations. In decomposed bodies, blood
collecting in the occipital areas of the brain due to gravity may escape
through small vessels, producing very thin localized films of blood in the
subarachnoid or subdural spaces coating the occipital lobes. The rest of the
brain does not show subarachnoid or subdural hemorrhage. In drownings
where the body floats head down, decomposition produces the picture of
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Figure 2.3 Tardieu spots. (A) Petechiae in area of livor mortis. (B) Petechiae
and purpura in arm hanging over bed.

diffuse scalp hemorrhage. Rarely, postmortem leakage of blood into the
soft tissue and muscle of the anterior aspect of the neck may also occur in
drownings. This “bleeding” is minimal.

Livor mortis is not very important in determining the time of death. It
is important, however, in determining whether the body has been moved.
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Rigor Mortis

Rigor mortis, or stiffening of the body after death, is due to the disappearance
of adenosine triphosphate (ATP) from muscle. ATP is the basic source of
energy for muscle contraction. Muscle needs a continuous supply of ATP to
contract because the amount present is sufficient to sustain muscle contrac-
tion for only a few seconds. The three metabolic systems responsible for
maintaining a continuous supply of ATP in the muscle are the phosphagen
system, the glycogen—lactic acid system, and the aerobic system. Under opti-
mal conditions, the phosphagen system can provide maximal muscle power
for 10-15 sec, the glycogen—lactic acid system for 30—40 sec, and the aerobic
system for an unlimited period of time.! After exercise, these three systems
need time to be replenished. After death, generation of ATP stops, though
consumption continues. In the absence of ATP, actin and myosin filaments
become permanently complexed and rigor mortis sets in. This complex
remains until decomposition occurs.

Any violent muscular exertion prior to death will produce a decrease in
ATP and speed up the onset of rigor mortis, since no ATP is produced after
death. Some factors that cause a marked decrease in ATP prior to death are
violent or heavy exercise, severe convulsions, and high body temperatures.
All of these factors may cause rapid onset of rigor mortis, with onset appear-
ing within minutes in some cases, and, in rare instances, instantaneously.
The instantaneous appearance of rigor mortis is known as cadaveric spasm.
In one instance, a man was chasing his wife with a straight razor when she
turned and fired one shot, striking and killing him instantly. The deceased
collapsed to his knees, holding the razor in his right hand in an upward
position. At the scene, he was found dead, kneeling, with his right arm
extended upward with the razor clasped in the hand. In cadaveric spasm, the
object will be firmly clenched in the hand (Figure 2.4).

Rigor mortis disappears with decomposition. Cold or freezing will delay
the onset of rigor mortis as well as prolong its presence. Rigor mortis can be
“broken” by passive stretching of muscles. After rigor mortis is broken, it will
not return. If only partial rigor mortis has set in prior to stretching, then the
residual unbroken rigor mortis can still set in.

Rigor mortis usually appears 2—4 h after death, and fully develops in
6—12 h. This can vary greatly. In one case seen by the author, a young
woman died following an overdose of aspirin. An EMS unit was summoned
while she was in an agonal state. On arrival, she was still breathing and
had a heart rate. Almost immediately, she suffered a cardiopulmonary
arrest. Attempts at resuscitation were made and continued for approxi-
mately 15-20 min. Following this, she was pronounced dead. The body
was then made ready to be transported to the medical examiner’s office.
At this time, it was realized that she was in full rigor mortis, only minutes
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Figure 2.4 Cadaveric spasm in 43-year-old male with razor in right hand.

after being pronounced dead. Two hours later, at the morgue, she had a
rectal temperature of 106°F.

Rigor mortis, when it develops, involves all the muscles at the same
time and at the same rate. However, it becomes most evident in the smaller
muscles. Thus, rigor mortis is said to appear first in the smaller muscles,
such as the jaw, and then to gradually spread to large muscle groups. The
classical presentation of rigor mortis in its order of appearance is jaw, upper
extremities, and lower extremities. It passes off in the order in which it
appeared. Rigor mortis is lost due to decomposition. In temperate climates,
rigor mortis disappears in 36 h, but may be present up to 6 days. In hot
climates, such as in Texas, a body can be in a moderately advanced to
advanced state of decomposition in 24 h, in which case, there will be no
rigor mortis present.

In a case seen by one of the authors (VJMD), the decomposing body of
a 14-year-old boy was pulled from a cold lake. He had drowned 17 days prior.
The body was in an early to moderate state of decomposition externally: a
swollen face, discolored skin with slippage and marbling. The internal organs
were in an early state of decomposition — not as decomposed as one might
expect with the external changes. The most unusual aspect of the case was
that the body was still in full rigor mortis. One can only speculate that the
immersion in the cold water was the reason the rigor mortis persisted.

Rigor mortis may be delayed or be very weak in emaciated individuals.
Its onset may also be very rapid in infants. Poisons, such as strychnine, that
produce convulsions can accelerate the development of rigor mortis. Any
disease or environmental factor that raises body temperature accelerates the
development of rigor mortis. Thus, hyperthermia, loss of body regulatory
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Figure 2.5 Body originally found face down, but now turned onto back. Left
arm in air. Blanching of right side of face, back of right hand and forearm, and
back of left wrist.

temperature due to cerebral hemorrhage, and infection may accelerate the
development of rigor mortis.

In drowning deaths, rigor mortis may develop fully within only 2 to 3
h. This is apparently due to exhaustion of ATP through violent struggling
while drowning. Individuals who are being chased prior to their deaths may
show more rapid development of rigor mortis in their legs than in the rest
of their musculature. This, again, is due to exhaustion of ATP by the muscles
of the legs caused by running. Like livor mortis, rigor mortis can indicate
whether a body has been moved (Figure 2.5).

Body Temperature

Some physicians attempt to determine how long an individual has been
dead by the temperature of the body. Such determinations make two
assumptions that may not be true: first, that the body temperature at death
was normal, and second, that body cooling follows a progressive repetitive
pattern such that one can project what the prior body temperature was and
what it will be.

Determination of the time of death by body temperature usually involves
using a formula. A number of formulas have been devised, some of which
are quite complicated. Two of the formulas that are the easiest to use are:

(1) Time since death = 37°C — Rectal temperature (C) + 3
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98.6°F — Rectal Temperature (F)
1.5

(2) Time since death =

The problem with all formulas using body temperature to determine
time of death is that they are based on the assumption that the body tem-
perature at time of death is “normal.” What is normal? “Normal” body
temperature is an average. Some people have higher and some have lower
body temperatures. Traditionally, the normal mean oral temperature has
been said to be 98.6°F (37.0°C). These figures are based on testing done
during the 19th century. More recent work indicates that mean oral temper-
ature, for healthy adults age 40 or younger, is really 98.2°F (36.8°C) with
99.9°F (37.7°C) the upper limit of the normal temperature range.? Body
temperature also varies with time of day, with the nadir at 6 a.m. and the
zenith at 4-6 p.m. Women showed slightly higher normal temperatures.

A second problem: Even if we know what the deceased’s normal temper-
ature is, was the temperature normal at the time of death? Strenuous exercise
can raise rectal temperatures up to 104°F. Infection obviously causes a rise
in body temperature. Intracerebral hemorrhages or injury to the brain can
cause dysfunction of the thermoregulatory system of the brain stem, which
causes increased body temperatures. Exposure to cold can cause hypother-
mia, i.e., low body temperatures.

In other words, body temperature varies from the site where it was
taken (oral or rectal, brain or liver), from individual to individual, by time
of day, by the activity of the individual, and by the health of the individual.
To make matters even worse, Hutchins, in comparing recent premortem
rectal temperatures with postmortem rectal temperatures, observed eleva-
tion of rectal body temperature in the early postmortem period and feels
that this is probably the rule.® Utilizing linear regression analysis of the
pre- and postmortem rectal temperature difference as a function of time,
he concluded that, on the average, postmortem rectal temperature took
about 4 h to return to premortem levels after death. He hypothesized that
continuing metabolic activity of body tissues and of bacteria in the bowel
was the cause of this effect.

Another factor to be considered is that death may not occur immedi-
ately following an assault.Patients could be injured and lie in a coma for
several hours. They might develop pneumonia, increasing the body tem-
perature, or die slowly in coma, becoming hypothermic. Thus, even if one
knew exactly when an individual died, the time might not correspond to
the time of the assault.

If the forensic pathologist decides to take rectal temperatures, the rectum must
always be examined prior to insertion of the thermometer. In cases of possible
sexual assault, swabs should be taken prior to insertion of the thermometer.
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In addition to the aforementioned problems with “normal” body tem-
peratures, we have the problem that body cooling does not necessarily follow
a uniform, repetitive pattern such that one can project what the body tem-
perature was. In a dead body, heat is lost by conduction (absorption of heat
by objects in contact with the body), radiation (loss in the form of infrared
heat rays), and convection (movement of air). Thus, we can see that loss of
body heat is passive. If the temperature of the environment surrounding the
body is greater than 98.6°F, the body will get warmer; if the same, the body
will remain at 98.6°F; and, if colder, the body will cool. There is, unfortu-
nately, no control over environmental temperature.

At a scene, there may be air conditioning or heating. A body lying in
sunlight will retain heat longer than in shade. But the sun moves, changing
the conditions of exposure to sunlight, and thus, heat. A wet body conducts
heat more rapidly. Is the body lying on stone, which is excellent for conduc-
tion, or on a bed, which acts as an insulator? Is the individual fat or thin?
Clothed or nude? Clothing and fat act as insulators that tend to retain heat.
Children and infants cool rapidly because they have a large surface area
relative to mass. The opposite occurs with obese individuals, i.e., they have
a small surface area relative to their mass. Cachectic (emaciated) individuals,
of course, cool faster than obese individuals.

To recapitulate, the problems with using postmortem body temperatures
to make a determination of the time of death are that one does not know
what the temperature of the body was at the actual time of death and one
does not know at what rate it has cooled.

Decomposition

Decomposition involves two processes: autolysis and putrefaction. Autolysis is
the breakdown of cells and organs through an aseptic chemical process caused
by intracellular enzymes. Since it is a chemical process, it is accelerated by heat,
slowed by cold, and stopped by freezing or the inactivation of enzymes by heat.
Organs rich in enzymes will undergo autolysis faster than organs with lesser
amounts of enzyme. Thus, the pancreas autolyzes before the heart.

The second form of decomposition, which to most individuals is synon-
ymous with decomposition, is putrefaction. This is due to bacteria and fer-
mentation. After death, the bacterial flora of the gastrointestinal tract spread
throughout the body, producing putrefaction. This is accelerated in septic
individuals because bacteria have already spread throughout the body prior
to death.

When we talk about decomposition, we usually mean putrefaction. The
onset of putrefaction depends on two main factors: the environment and the
body. In hot climates, the more important of these two factors is environment.
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Most authorities would give the following sequence of events in decomposition
of bodies. First there is greenish discoloration of the lower quadrants of the
abdomen, the right more than the left, usually in the first 24-36 h. This is
followed by greenish discoloration of the head, neck, and shoulders; swelling
of the face due to bacterial gas formation; and “marbling.” Marbling is produced
by hemolysis of blood in vessels with reaction of hemoglobin and hydrogen
sulfide and development of greenish black coloration along the vessels (Figure
2.6). The body soon undergoes generalized bloating (60-72 h) followed by
vesicle formation, skin slippage, and hair slippage. By this time, the body is a
pale green to green-black color.

Figure 2.6 Marbling.

Bloating of the body is often noted first in the face, where the features
are swollen, the eyes bulge, and the tongue protrudes between the teeth and
lips. The face has a pale greenish color, changing to greenish black, then to
black (Figure 2.7A). Decomposition fluid (purge fluid) will drain from the
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Figure 2.7 (A) Decomposition with discoloration and early marbling. (B) Same
individual 12 hours prior. Body was immediately refrigerated after discovery, yet
decomposition continued.

mouth and nose (Figure 2.8). This is often misinterpreted by the inexperi-
enced as blood, and head trauma is suspected. Decomposition fluid will
accumulate in body cavities and should not be confused with hemothorax
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Figure 2.8 Early decomposition with bloody purge fluid flowing from nostrils.

in the case of the pleural cavities. Usually, the fluid accumulating in each
pleural cavity is less than 200 mL.

As decomposition continues, hemolyzed blood leaks out into the tis-
sue. Especially in the scalp, this cannot readily be differentiated from
antemortem bruising. Thus, in the dependent areas of the head in decom-
posed bodies, one must be very cautious in interpreting blood in the tissue
as a contusion.

This description of the gradual decomposition of a body assumes a
temperate environmental climate. With high temperature, this process can
be accelerated. Thus, in Texas, a body left in a car during the summer will
take less than 24 h to go from a fresh state to a swollen, greenish-black body
with marbling, vesicle formation, skin slippage, and purge fluid.

Cold weather slows down and may even stop decomposition. A frozen
body will not undergo decomposition until it defrosts. Extreme examples of
this are mammoths frozen in Siberia for thousands of years.

Decomposition is hastened by obesity, heavy clothing, and sepsis, all of
which keep the body warm. Decomposition is delayed by tight clothing or
by the body’s lying on a metallic or stone surface that will rapidly cool it by
conduction. In the case of generalized sepsis, the authors have seen bodies
undergo accelerated decomposition in spite of the fact that they were imme-
diately refrigerated. A septic body dead 6-12 h may have the appearance of
one dead 5-6 days even if refrigerated.
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Even in the non-septic body, if decomposition has set in, immediate
refrigeration of the body may not necessarily stop decomposition completely
(Figure 2.7A, B). Thus, the authors have seen a number of bodies in which
there was early decomposition with opaque eyes, a reddish tinge to the skin
of the face, and bloody purge fluid in the mouth and nostrils when the body
was initially viewed at the scene. When the body came to autopsy 6-12 h
later, after having been refrigerated the whole time, the face was bloated and
greenish black.

As decomposition progresses, hair slips off the head and skin from the
hands. Thus, one finds “gloves” of skin. Hair may be taken by birds in the
area and used to build nests. As the body decomposes and swells, one often
gets the impression of a very heavy individual. When the body is actually
weighed, however, the weight will be found to be significantly less than
estimated on gross examination of the body. As decomposition proceeds, the
weight of the organs decreases.

In hot, dry climates, the body can dehydrate rapidly and may go into
mummification rather than decomposition. While the skin will have a brown
to black leathery appearance, the internal organs will continue to deteriorate,
often reduced to a blackish-brown putty-like consistency.

Bodies are embalmed to delay decomposition. The success of embalming
is variable and depends on the quality of the embalming, the climate, and
the nature of the ground where the body is buried. Rarely will a body be
perfectly preserved for years. One of the authors disinterred the body of an
elderly white female buried for 6 years that was in perfect condition and
could have been “viewed” at a funeral. There was no odor, no observable
changes to the outside of the body, and no fungus present. Microscopic
sections from the embalmed organs were perfectly preserved. The body of
another female buried the same length of time, but in ground where water
leaked into the coffin, was completely skeletonized. The authors have seen
bodies buried for a year perfectly preserved, except for some drying of the
fingertips and patches of fungus, while other bodies buried 2—3 weeks are in
an advanced state of decomposition.

The time necessary for skeletonization of a body is also variable. In areas
where the body is exposed to the elements and scavengers, it can proceed
quite rapidly, occurring in 9-10 days. In rare instances, it may be even faster
than this. The uterus and prostate are two of the last organs to decompose.

Occasionally, a decomposing body will undergo transformation to adi-
pocere (Figure 2.9). Adipocere is a firm, greyish-white to brown wax-like
material composed of oleic, palmitic, and stearic acids. It is produced by
conversion of neutral fats during putrefaction to the aforementioned acids.
It is most prominent in subcutaneous tissue, but can occur wherever fat is
present. Adipocere is really a variation of putrefaction. It is seen most
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Figure 2.9 Adipocere.

commonly in bodies immersed in water or in damp, warm environments.
In adipocere, fat undergoes hydrolysis to free fatty acids by virtue of endog-
enous lipases and bacterial enzymes. Bacterial enzymes, principally from
Clostridium perfringens, convert these free fatty acids to hydroxy fatty acids.*
Adipocere is said to take several months to develop, though development can
be as short as several weeks. It is relatively resistant to both bacteriologic and
chemical degradation.

A brief mention should be made of maceration of infants in intrauterine
deaths. This is not truly putrefaction, but rather an aseptic autolytic process.
It is described in a separate section.

Eye changes postmortem are difficult to interpret. Changes depends on
whether the eyes are open or closed and on the environment. Tache noire is
seen, but often not observed. It is an artifact of drying consisting of a brown
to black band of discolored sclera where the eyes are partly open and exposed
to the air (Figure 2.10). In closed eyes, by 24 h, there is usually a white
scummy deposit on the cornea, which, in turn, is cloudy.

Chemical Changes in Body Fluids

Quantitation of vitreous potassium has been put forward as a reliable
method of determining the time of death. It is known that, as time since
death increases, so does the concentration of potassium. Sturner and Gant-
ner developed a formula for estimating the time of death based on a uniform
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Figure 2.10 Tache noire. (A and B) Postmortem drying of sclera of eyes.

increase in vitreous potassium.® However, this formula has since been proven
incorrect. Graphs published in the same article are also of little help due to
their wide margin of error. Coe estimates that, when using potassium levels
to determine time of death, in the first 24 h after death, the potential
variability is £10 h; the first 48 h £20 h, and the first 72 h £30 h (John Coe,
personal communication). The wide variation is because increases in
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potassium concentration in the vitreous are controlled by the rate of decom-
position. Anything that accelerates decomposition, e.g., high temperature,
will increase potassium rise.

Flow-Cytometry

Flow-cytometry is being investigated as a tool in determining how long an
individual has been dead and, thus, the time of death. This procedure is still
experimental, and whether it is completely reliable or how practical, is still
to be determined. Present analyses involve use of splenic tissue. In flow-
cytometry, one correlates the degree of DNA degradation in tissue from the
deceased with tissue from other individuals whose time of death is known
i.e., controls.®

Gastric Emptying and Digestion

One way of attempting to determine the time of death is by establishing the
time interval between eating and death and then finding the time the deceased
last ate. A perusal of standard forensic textbooks gives a number of estimations
of how long it takes to digest a meal. Spitz and Fisher state that a small meal
(a sandwich) is digested in 1 h and a large meal takes 3—5 h.” Adelson says
gastric emptying depends on the size and content of the meal, with a light meal
taking 1/2-2 h to digest, a medium size meal 3—4 h, and a heavy meal 46 h.?

For stomach contents to be of value in making an estimate of the time
of death, a knowledge of gastric emptying is necessary. The introduction in
1966 of radioisotopic methods measuring gastric emptying has led to more
accurate measurement of gastric emptying than the old barium contrast meal
and tube recovery technique. Thus, it is now possible to simultaneously
measure gastric emptying of both liquid and solid components of normal
meals without an invasive technique. Such studies have shown that there are
no significant differences in solid food emptying rates between young and
aged men, though a delay in liquid emptying has been observed in aged men.’

Dual radionuclide methods employing noninvasive simultaneous mon-
itoring of liquid and solid meal gastric emptying have been used to determine
the influence of weight and caloric content of a meal on gastric emptying.
These methods have revealed that, if water is ingested with a solid meal, the
water is emptied rapidly and separately and is not influenced by either the
weight or total calories of the accompanying solid meal. The rate of emptying
is exponential and identical to that of non-nutrient liquid meals ingested
without solid portions. In contrast, the emptying pattern of calorie-contain-
ing liquids is slower and more linear, which indicates a more constant rate
of emptying. Thus, in a study by Brophy et al., the mean liquid half-emptying
time for 150 g of orange juice was 24 = 8 min (range 12—37 min).!°



38 Forensic Pathology

If the caloric content of a meal is kept stable but the weight is increased,
the result is an increase in the rate of emptying; that is, the emptying rate
(expressed as grams of solid food emptying from the stomach per minute)
increases directly with meal weight. This is felt to be due to activation of
gastric wall stretch or volume receptors stimulating peristalsis of the antrum
by the increased meal weight and volume. In contrast, if the meal weight is
held constant and the caloric content is increased, there is a progressively
slower rate of emptying.!!2

Most studies done on gastric emptying utilize an artificially structured
meal, unlike what the ordinary person would eat. This meal is designed to
give a certain weight and/or number of calories. The favorite of many of the
experimenters seems to be beef stew, though one used lettuce. In contrast is
a study by Moore et al.,!! where the subjects were given a self-selected meal
that included meats, seafoods, vegetables, soups, salads, pastries, desserts,
and a variety of beverages. The subjects were allowed to eat as much as they
wanted and to stop when they felt full. The meals were consumed in 30 min.
The total amount of food ingested ranged from 1024 to 2408 g with a mean
of 1692 g. The weight of the solid food consumed ranged from 693 to 1279
g with an average of 865.5 g. The gastric half-emptying time (TY,) for these
meals ranged from a low of 60 to a maximum of 338 min with an average
half-emptying time of 277 + 44 min. There was great variability in meals of
approximately the same weight. Thus, a 1474-g meal in one individual had
a half-emptying time of 195 min, a 1549-g meal 126 min in another, a 1562-
g meal 60 min in a third, a 1260-g meal 143 min, and a 1923-g meal 124
min. This study also revealed that, in several subjects, there was a long lag
time following ingestion of the meal during which no emptying occurred.
As expected, the liquids emptied significantly more rapidly than the solid
food. For the liquids, the mean half-emptying time was 178 £ 22 min,
compared with 277 + 44 min for solids.

As part of these experiments, the same individuals were given 900- and
300-g meals. It was observed that the larger meals were associated with a
longer emptying time

The half emptying time of 277 + 44 min for an ordinary meal is much
longer than most of the studies in the literature.!! Most studies, however,
usually involved smaller meals that were artificial in composition. Studies
show that the longer emptying times are associated with larger meals and
that gastric emptying appears to be more closely correlated with the total
number of calories in the meal than with meal weight.!:!2

Brophy et al. investigated differences in emptying rates in healthy subjects
fed the same meal on separate days.!° Both solid and liquid times were
studied. The meal administered consisted of 150 g of beef stew and 150 g of
orange juice, with both elements isotopically labeled. As a result of these
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experiments, it was concluded that meal emptying time is a variable phe-
nomenon in healthy subjects with significant differences from day to day in
the same and in different individuals. Thus, for liquids, the half-emptying
time was an average of 24.88 £ 8.66 min. In one individual, however, over 4
d, the half-emptying time for 150 g of orange juice was 30, 12, 28, and 12
min. The range of half-emptying times for the whole group was from 12 to
38 min. For solid food, the half-emptying time was 58.58 + 17.68 min. The
overall range was from 29 to 92 min. Thus, this study demonstrates that the
gastric emptying of either liquids or solids is subject to relatively wide dif-
ferences in the same and different individuals even if the same meal is
ingested. If, in addition to this, we added differences in the weight, caloric
content, and composition of the meal, we would see even greater differences
in half-emptying time.

Insect Activity

Another factor that may be of use in determining the time of death is insect
activity. Just as in life, after death the tissues of humans are still attractive to
a variety of insects. Different insects are attracted at different stages of decom-
position of the body. These insects follow a set pattern of development in or
on the body. Identification of the type of insects present and their stage of
development, in conjunction with knowledge of the rate of their develop-
ment, can be used to determine approximately how long a body has been
dead. In addition, this identification might indicate that the body has been
moved from one area to another.

In their development from egg to adult stage, insects undergo either
complete or incomplete metamorphosis. In incomplete metamorphosis,
small versions of the adult hatch from the egg. These subsequently mature
into the full adult form. In complete metamorphosis, the insect hatches from
the egg as a larva. The larva is markedly different in appearance from the
adult, e.g., the maggot that develops into a fly. After a series of molts, the
larva enters a resting stage, the pupa. From the pupa emerges the fully formed
adult insect.

The insects that are attracted to a dead body fall into three categories:
the necrophagous species, which feed on the body itself; the predators and
parasites, which feed on the necrophagous insects; and the omnivorous spe-
cies, which feed on both the body and on the other insects. The necrophagous
species are the most important in determining the time of death. Depending
upon the time of day and the species of insect, insects may settle on the body
and begin to feed immediately after death. As the body decomposes, succes-
sive waves of insects settle on the body. Varying factors, such as the rate of
decomposition, burial, immersion in water, mummification, and geography,
determine how soon and how many types and waves of insects will attack
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the body. The temperature and humidity of the environment are the major
factors controlling the laying of eggs and the rate of development of the
necrophagous insects. Extremes of temperature may impair, prevent, or cause
cessation of insect development. Obviously, temperature and humidity are
tied into the season of the year, which also controls what insects are available.
Temporary storing of the body in an area where there is no access for insects
will prevent the laying of eggs on the body and thus impair determination
of the time of death. In addition, moving the body from one area to another
may interfere with the cycle of insect development and introduce new species.

Flies are the most common form of insect associated with decomposing
bodies. They tend to lay their eggs in orifices of the body and in open wounds.
This latter attribute may result in either destruction or alteration of the appear-
ance of a wound. Eggs are generally deposited immediately after death in the
daytime. Blowflies do not normally lay eggs at night. If the body has not been
moved and only eggs are present on the body, one can assume that the duration
of death has been about 1-2 d. This is quite variable, however, depending on
the temperature and humidity, as well as the species of fly. After hatching, the
maggots grow progressively larger until they reach the pupa stage. This can
take anywhere from 6-10 d under ordinary conditions. The adults emerge in
12-18 d. All of these figures, however, are quite variable and greatly dependent
on the species involved and the temperature of the environment. Because of
this, it is the authors’ opinion that any attempt to determine time of death
using entomological evidence from bodies should be done only with the aid
of an entomologist. For more detailed information concerning methods and
techniques used and the different species of insects, the authors recommend
A Manual of Forensic Entomology by Kenneth G.V. Smith.!®

Scene Markers

This last method of attempting to determine when an individual died, though
unscientific, is often more accurate than determinations made by scientific
means. This is especially true in badly decomposed bodies. Scene markers
include:

+ Uncollected mail or newspapers.

+ Whether the lights are on or off.

+ A TV schedule opened to a time and date.

+ How the individual is dressed.

* Any food that is out or dirty dishes in the sink.

+ Sales receipts or dated slips of paper in the deceased’s pockets.

+ When the neighbors last saw the individual or observed a change in
his habits. Thus, if he typically went for a walk every evening and
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suddenly is no longer seen, then one might conclude that death
occurred on or about the day he failed to take his walk.
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Deaths
Due to
Natural Disease

Ring around the rosy
Pocket full of posies
Ashes, ashes

All fall down

Most natural deaths seen in a medical examiner’s office are sudden and
unexpected. The definition as to what constitutes sudden death is variable.
It is based on the amount of time between the onset of symptoms and death.
Depending on one’s definition, the maximum time interval varies anywhere
from 1-24 h. Most witnessed deaths handled by the medical examiner are
what are called instantaneous deaths. Literally, the individual falls down dead.
In such cases, everyone agrees that these are sudden deaths. In other cases,
the individuals usually die within 1 h of the onset of symptoms.

Cardiovascular Disease

Cardiovascular disease is the most common cause of death in the United
States. Sudden cardiac death causes between 300,000 and 400,000 deaths a
year. It is the leading cause of death in men between 20 and 65 years of age.
Zipes and Wellens estimate that up to 80% of individuals dying suddenly of
cardiac disease die of coronary artery disease.! Of 853 individuals, 18 years
of age or older, coming to autopsy in San Antonio, Texas, 591 (69.3%) died
of cardiovascular disease; 76.3% (451) of the 591 of coronary artery disease.
Cardiomyopathy accounted for a significant but smaller number (13%), with
occasional deaths from valvular heart disease, myocarditis, and other less
common forms of cardiovascular disease.

There is a circadian variation in the incidence of sudden death, with a
peak incidence in the early morning. Willich et al. reported the peak incidence
of sudden cardiac death as between 7 and 9 a.m. (after discounting individ-
uals found dead during this time), which was 70% higher than the average
rate during the rest of the day.? They suggest that one possible explanation
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for this is increased activity of the sympathetic nervous system, known to
occur in the morning, which may predispose to cardiac arrhythmias.

Coronary Atherosclerosis

The most common cause of death from cardiovascular disease is coronary
atherosclerosis. Approximately half the individuals with coronary artery dis-
ease die suddenly. Sudden death is, in fact, the initial symptom in approxi-
mately 25% of individuals dying of coronary atherosclerosis. In the authors’
experience, coronary artery disease accounts for 76.3% of adults’ dying sud-
denly and unexpectedly of cardiovascular disease who come to autopsy. The
frequency will change to some degree depending on the population handled
by a particular office and the criteria used for selection of cases for autopsy.

In contrast to the number of individuals who die in the hospital of
coronary artery disease, in a medical examiner’s office, acute coronary throm-
bosis and acute myocardial infarcts are the exception rather than the rule. In
a study of 500 consecutive autopsies of individuals aged 20-99 years who
died suddenly and unexpectedly of coronary artery disease, only 67 (13.4%)
showed acute thromboses, grossly.®> The left coronary artery and its branches
showed a slightly higher incidence of thrombosis compared with the right.
The low incidence of thrombosis in individuals’ dying suddenly is in agree-
ment with other authorities. In contrast, studies of hospitalized patients show
a high rate of thrombosis — 87.3% by DeWood et al.* Gross myocardial
scarring representing previous areas of old infarction has been reported as
being present in 34.8% of individuals dying suddenly, with 8.4% demon-
strating evidence of acute myocardial infarction, grossly.

What is present in all deaths due to coronary atherosclerosis is severe
atherosclerosis of the coronary vessels. Significant obstruction of the coronary
artery lumen usually requires 75% narrowing of the lumen (Figure 3.1). In
individuals with hypertensive cardiovascular disease, one often does not see
the classical eccentric narrowing due to plaque formation of pure coronary
atherosclerosis, but rather concentric thickening of the walls by atherosclerotic
deposits. In individuals older than 60 years of age, the coronary arteries may
present yet another picture. While the lumina are patent, the vessels are rigid
calcified tubes because of calcium deposits in the walls of the vessels.

In some individuals, while the epicardial coronary arteries appear non-
occluded, microscopic examination of the myocardium reveals severe, occlu-
sive dysplasia of the intramural coronary arteries.> The dysplasia is charac-
terized by severe medial thickening, with smooth muscle disorganization and
marked luminal narrowing. Burke and Virmani describe four sudden deaths
due to this entity in young (12-31 years) individuals.

In most individuals who die suddenly and unexpectedly of atherosclerosis
of the coronary arteries, at least two vessels are involved. Occasionally, an
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Figure 3.1 Left anterior descending coronary artery of 21-year-old male with
75% narrowing of lumen due to atherosclerosis.

individual will die with single vessel disease with a single strategically located
atherosclerotic plaque. This plaque, which produces at least 75% narrowing
of the lumen, is usually found in the proximal portion of the left anterior
descending coronary artery (the “widow-maker”) almost immediately after
its origin. This is an extremely critical point in this vessel, in that the left
coronary artery begins supplying significant myocardial tissue shortly after its
origin. In contrast, the right coronary artery does not supply any significant
amount of myocardial tissue until it gives off the posterior descending vessel.
In a study of 451 deaths due to CAD, in 54 of the cases (11.9%) significant
disease was confined to one vessel. The vessel was the left anterior descending
coronary in 40 cases; the circumflex in 4 and the right coronary in 10.

Bridging

Sudden death has been described in a condition called bridging.5,” In this
entity, the left anterior descending coronary artery (very rarely the right
coronary), instead of lying in the epicardial fat of the heart, dips down into
the myocardium (Figure 3.2). Coronary angiography has demonstrated
bridging in from 0.5 to 1.6% of individuals.” In adults with hypertrophic
cardiomyopathy, bridging occurs in 30-50% of individuals.” In bridging,
there is compression of the vessel during systole with either partial or com-
plete occlusion of the lumen. Generally, this is a benign phenomenon,
because nearly all coronary blood flow to the left ventricle occurs during
diastole. With tachycardia, however, there is a shortening of diastolic perfu-
sion. This may allow the systoli compression to become significant. This
would explain the observation that sudden death in bridging is seen more
often in association with exercise. Septal fibrosis from repeated systolic com-
pression may occur. Death from bridging is rare.
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Figure 3.2 “Bridging” of left anterior descending coronary artery.

Dissecting Coronary Aneurysm

A dissecting aneurysm of the coronary artery may be either secondary to
extension of an aortic root dissection or primary and limited to the coronary
artery. Primary dissecting aneurysms may be either spontaneous or due to
trauma (e.g., chest trauma, coronary angiography). Spontaneous coronary
artery dissection is a rare condition, usually presenting as sudden death.5-1
It consists of an intramural hematoma of the media of the vessel wall, which
flattens and occludes the lumen, reducing blood flow (Figure 3.3). Commu-
nication with the lumen may occur. There may be a diffuse adventitial inflam-
matory reaction consisting mainly of eosinophils present. This is felt to be
reactive and not related to causation. Most (80%) spontaneous dissecting
aneurysms occur in females, particularly in the peripartum period. Three
quarters of the cases involve the left anterior descending coronary artery. In
men, dissection of the right coronary artery appears to be more frequent.!?
Changes of cystic medial necrosis may be present.

Coronary Artery Spasm

In some individuals, angina coupled with symptoms consistent with devel-
opment of an acute myocardial infarction occurs immediately prior to sud-
den collapse and death. At autopsy, however, there is no infarct and the
coronary arteries are found to be patent, without significant atherosclerosis
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Figure 3.3 Postpartum dissecting aneurysm of left anterior descending coronary
artery.

or congenital anomalies. Death is believed to be due to transitory coronary
artery spasm. The phenomenon of coronary artery spasm without anatomical
narrowing of the coronary arteries in association with angina has been dem-
onstrated angiographically and has actually been witnessed during operative
procedures.!!1* Myocardial infarction secondary to coronary artery spasm
induced by use of cocaine is a well recognized phenomena.

Mechanism of Sudden Death

The mechanism of sudden death in most individuals with coronary artery
disease is the sudden onset of ventricular tachycardia, which either is sus-
tained or, in most cases, progresses to ventricular fibrillation (approximately
80%). This has been demonstrated in individuals wearing portable cardiac
monitors who collapsed and died with the terminal event’s being recorded.
Asystole or a bradyarrhythmia accounts for the remaining 20% of cases of
sudden cardiac death.!*!

The death rate following out-of-hospital cardiac arrests is dependent on
the type of arrhythmia that caused the arrest, prompt initiation of cardiop-
ulmonary resuscitation (CPR), and how soon after arrest defibrillation is
instituted. The public’s perception of the success of CPR is based to a great
degree on information communicated to them by the media — especially
television. An unrealistic impression is routinely conveyed. In a television
study of CPR, 75% of “patients” survived the immediate arrest, with appar-
ently 67% surviving to discharge.!® Virtually none had neurological sequelae.
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The arrest was due to trauma in the majority of cases, with the patients
typically young.

In actuality, short-term success of CPR (the return of the patient’s
blood pressure and pulse for 1 h) is, at most, 40%, with survival until
discharge from the hospital varying from 2-30 % for cardiac arrests out-
side the hospital.!>-®¢ While 83% of the patients on television were non-
elderly, in reality, the elderly are the most common group. On TV, 28%
of the underlying diseases were primary cardiac, in reality, 75-95% are
cardiac in origin. For the elderly, long-term survival after cardiac arrest
outside the hospital is 5% or less. In arrests due to trauma, the long-term
survival rate varies from 0-30%.'¢

Schneider reviewed 19,955 patients in 98 studies who had CPR after
in-hospital cardiac arrest.!” Resuscitations were successful in 15% of cases.
The rate of CPR success did not change over time. The nature of the
cardiac rhythm affected CPR success rates with 20% success with ventric-
ular fibrillation or tachycardia; 7% with electromechanical dissociation;
6% with asystole; and other, 10%. A small number of patients (2%) with
successful resuscitation had central nervous system impairment.

Sudden Death: Exercise and Climate

Sudden death in association with coronary artery disease can occur at any
time of the day, during any activity. The individual might be sleeping or
participating in strenuous activity. Severe climatic conditions such as heat
and cold may stress the heart, predisposing to anginal attacks and sudden
deaths.!® However, there is no doubt that strenuous activity predisposes a
person to sudden cardiac death.’®?! In individuals over the age of 35,
coronary atherosclerosis is the most common cause of death in exercise-
related deaths.!® In younger individuals, the most frequent causes are hyper-
trophic cardiomyopathy and congenital anomalies of the coronary arter-
ies.”? The most common coronary anomaly is anomalous origin of the left
coronary artery from the right sinus of Valsalva.?

Hypertensive Cardiovascular Disease

Sudden death in individuals with hypertension is usually associated with,
and probably in most instances due to, accompanying coronary atheroscle-
rosis. The atherosclerosis present can be either the usual form, with eccentric
plaque-like deposits of atheromatous material, or a concentric form with
uniform thickening of the coronary arteries. In the latter case, while the
lumen may be technically patent, the severe concentric narrowing of the
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vessels accomplishes the same hemodynamic effect as the eccentric plaques,
that is, a reduction in blood flow to the myocardium.

In some individuals with a history of hypertension who die suddenly and
unexpectedly, the autopsy will reveal only an enlarged heart with marked left
ventricular hypertrophy and minimal or absent coronary atherosclerosis.?
The mechanism of death in these cases is a cardiac arrhythmia, most likely
ventricular fibrillation. It has been known clinically for some time that
patients with left ventricular hypertrophy have significantly more ventricular
premature contractions than normal individuals or individuals with hyper-
tension without left ventricular hypertrophy.?*2¢ This clinical observation is
in agreement with the observations of forensic pathologists that a small but
significant number of individuals who die suddenly and unexpectedly with
a clinical history of hypertension have only left ventricular hypertrophy,
without severe atherosclerotic involvement of their coronary arteries or the
small vessels of the myocardium. In contrast to individuals with hypertension
coming to autopsy in hospitals, most individuals dying suddenly and unex-
pectedly of a cardiac arrhythmia with a clinical history of hypertension do
not show the gross changes of hypertension in their kidneys, that is, the fine
granularity of the cortical surfaces, though, microscopically, there is evidence
of arteriosclerosis.

In regard to the left ventricular hypertrophy in individuals with hyper-
tension, electrocardiographic studies have shown increases in left ventricular
mass in young individuals 12-20 years of age, before arterial pressure reached
levels considered abnormal in adults.?” This is in agreement with the obser-
vation of the authors that some individuals in their late teens and early
twenties in populations that are particularly susceptible to hypertension (e.g.,
blacks) have shown left ventricular hypertrophy consistent with hypertension
without any clinical history of hypertension but with a family history of
hypertension.

Cardiomyopathy

The cardiomyopathies constitute a diverse group of diseases of both known
and unknown etiology characterized by myocardial dysfunction, that is, dis-
eases that are not the result of arteriosclerotic, hypertensive, congenital, or
valvular disease.?® Cardiomyopathies can be grouped into three general cat-
egories: dilated or congestive, hypertrophic, and restrictive-obliterative.
The last category is usually rarely encountered by the forensic pathologist,
since it deals with entities such as amyloidosis, hemochromatosis, sarcoidosis,
glycogen storage disease, and hypereosinophilic syndrome, conditions not
usually associated with sudden death and mostly of an infiltrative nature to
the myocardium. The exception is sarcoidosis, which, while uncommon, is
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occasionally encountered. It must, of course, be realized that within the three
categories of cardiomyopathy, there can be some overlap.

The largest category of cardiomyopathies is the congestive or dilated
cardiomyopathies. This condition is characterized by enlargement, some-
times massive, of the heart, with dilatation of all four chambers (Figure 3.4A).
Probably the most common cause of dilated cardiomyopathy in America is
chronic alcohol abuse. The myocardial damage in this case can be due to the
direct toxic effect of the alcohol, the nutritional effects of chronic alcoholism,
or the toxic effects of an additive to the alcohol (e.g., cobalt). Other causes
of dilated cardiomyopathy are peripartum cardiomyopathy and chronic myo-
carditis. There is also an idiopathic form of dilated cardiomyopathy in which
the cause is unknown.

Patients with peripartum cardiomyopathy present with heart failure dur-
ing the last month of pregnancy or during the first 5 months postpartum.?
In approximately half the patients, the enlarged heart returns to normal
within 6-12 months. Occasionally, sudden death occurs. There is some
thought that this entity is a form of myocarditis secondary to an infectious,
autoimmune or idiopathic process.

In dilated cardiomyopathy, the heart is markedly enlarged, with flabby
myocardium and dilatation of all chambers. Mural thrombi are common.
Microscopically, there is degeneration and/or hypertrophy of muscle fibers,
focal or diffuse myocardial fibrosis, scattered mononuclear cell infiltrates,
and, occasionally, fatty infiltrates.

Congestive cardiomyopathy has also been associated with certain toxic
substances such as cobalt and adriamycin. The secondary cardiomyopathy
due to toxic substances may be caused by the direct cardiac toxic action of
the drug, an atypical reaction to it, or excessive doses of some of these
substances, such as adriamycin. In all forms of congestive cardiomyopathy,
sudden deaths occur and are recognized by both forensic pathologists and
clinicians. Arrhythmias are, in fact, clinically associated with this condition.

The most interesting of the three cardiomyopathies is hypertrophic car-
diomyopathy. It has also been known as idiopathic hypertrophic subaortic
stenosis and hypertrophic obstructive cardiomyopathy. Hypertrophic cardi-
omyopathy is principally a familial cardiac disorder, with an autosomal dom-
inant pattern of inheritance, said to be present in approximately 0.2% of the
population.®® In this condition, there is massive myocardial hypertrophy with-
out ventricular dilatation, in the absence of any cardiac or systemic disease
that could produce these changes. The heart usually shows a disproportionate
asymmetrical hypertrophy of the interventricular septum compared with the
free wall of the left ventricle (Figure 3.4B). In some cases, however, the left
ventricular hypertrophy is symmetrical, with thickening of both the septum
and free wall. Ninety-five percent of the cases of hypertrophic cardiomyopathy
show disarray in the ventricular myocardial fibers, with fibers running in all
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Figure 3.4 (A) Congestive cardiomyopathy. Heart weight 1050 g. Note size of
heart in relationship to adult brain of normal size. (B) Hypertrophic cardiomegaly
with asymmetrical hypertrophy of interventricular septum.

directions in an apparent haphazard pattern and with the myocardial cells
hypertrophied and bizarre. These bizarrely shaped and haphazardly arranged
myocardial cells are typically seen in the septum. They are less common in
the free wall. The haphazardly arranged bizarre cells are not specific for hyper-
trophic cardiomyopathy, but have been noted in a number of other conditions
usually associated with left ventricular strain. The disarray, however, is not
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nearly so marked or extensive. Ventricular and supraventricular arrythmias
are common in individuals with this condition.

Echocardiographic evidence of hypertrophic cardiomyopathy is usually
present in one or more closely related family members. In adolescents and
young adults, hypertrophic cardiomyopathy may be the most common cause
of sudden cardiac death.

Valvular Disease

Sudden death due to valvular disease usually involves either mitral valve
prolapse (floppy mitral valve; myxomatous degeneration of the mitral valve)
or aortic stenosis. Rarely, sudden death will be due to an acute bacterial
valvulitis (Figure 3.5). The valve involved is usually the tricuspid valve and
the individual an intravenous drug abuser.

B

Figure 3.5 Acute bacterial endocarditis involving mitral and aortic valves in
32-year-old drug addict.

Until recently, it was estimated that 5-15% of the population had mitral
valve prolapse. A study by Freed et al. of 1646 men and 1845 women,
representing an unselected, community-based sample of ambulatory
patients, and using current two-dimensional echocardiographic criteria,
revealed an overall incidence of 2.4%.%! The mitral valve prolapse syndrome
refers to a condition characterized by nonspecific symptoms (dyspnea,
fatigue, dizziness, palpitation, anxiety, atypical chest pain), electrocardio-
graphic abnormalities, and arrhythmias.?'=33 The characteristic auscultation
findings are midsystolic clicks and late systolic murmurs. The arrhythmias
are widely varied, with premature ventricular complexes being the most
prevalent. The anatomical findings are voluminous, thickened, redundant
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valve leaflets showing myxomatous transformation of the valve substance,
in the absence of any inflammatory change, and dilatation of the mitral
annulus (Figure 3.6). The posterior leaflet of the mitral valve is allegedly
involved more than the anterior, though this has not been the authors’
impression.

Clinically, there is protrusion of the mitral leaflets into the left atrium
during systole. Complications of mitral valve prolapse are sudden death
due to ventricular fibrillation, infective endocarditis, transient ischemic
attacks and partial strokes secondary to clot or platelet aggregations orig-
inating from the prolapsed valve, ruptured chordae tendinae, and progres-
sion to mitral insufficiency.’'-

Deaths due to mitral valve prolapse are uncommon. Diagnosis of this
entity as a cause of death is made by exclusion. One would have to do a
complete autopsy, including a thorough toxicological screen, to exclude other
possible causes of death before making the diagnosis. In the cases the authors
have seen, the myxomatous degeneration of the valves has been extremely
marked and has involved both leaflets of the mitral valve. The victims have
generally been female, with the youngest 12 years of age and the rest in their
late teens, twenties, and early thirties. Some have had a previous history of
arrhythmias. One 18-year-old girl, who had been on propranolol for her
arrhythmias, had her medication stopped approximately a month before
collapsing and dying in front of a number of witnesses.

After mitral valve prolapse, the next most common cause of sudden death
due to valvular disease is aortic stenosis (Figure 3.7). Mitral stenosis, once a
common finding in the medical examiner’s office, has almost disappeared
due to the marked decline in rheumatic fever and the surgical treatment for
mitral stenosis. Aortic stenosis may have four etiological causes: congenital
malformation of the valve, rheumatic inflammation with fusion of the cusps,
secondary calcification of congenital bicuspid valves, and primary degener-
ative calcification of normal aortic valves.>*Congenital aortic stenosis, which
excludes the bicuspic aortic valve, refers to conditions present at the time of
birth. Congenital stenotic valves will develop secondary calcification as the
individual gets older. This condition is rarely seen in the medical examiner’s
office because diagnosis has usually been made and treatment administered.

Rheumatic aortic stenosis is becoming uncommon for the same reason
that mitral stenosis is uncommon — the relative absence of rheumatic fever
in the population. In rheumatic aortic stenosis, there is fusion of the cusps
due to the inflammatory process. Calcification develops in patients as they
grow older, generally over the age of 40.

In both secondary calcification of the bicuspid valves and primary degen-
erative calcification of the normal aortic valve, it is the calcium deposit that
is the principal cause of the stenosis. With the bicuspid aortic valves, calci-
fication begins in the 6th, 7th, and 8th decades of life, developing at the free
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Figure 3.6 Floppy mitral valve. (A) Viewed from atrium. (B) Opened up with
lower two thirds of left ventricle amputated.
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Figure 3.7 Aortic stenosis.

edges of the cusps and progressing toward the base. In primary degenerative
calcification of normal aortic valves, the calcification progresses from the
base toward the edges and usually involves individuals in the 8th and 9th
decade of life.

At the present time, the most common cause of aortic stenosis is calci-
fication of bicuspid valves. It should be noted that bicuspid aortic valves, the
precursor of calcific aortic stenosis, are present in approximately 0.4% of the
population.

The aspect of aortic stenosis of most interest to the forensic pathologist
is the propensity for sudden death. The mechanism of death is presumably
acute myocardial insufficiency secondary to obstruction of the left ventricular
outflow. The most disturbing case that the authors have seen with calcific
aortic stenosis was that of a commercial airplane pilot in his late forties who
collapsed and died while jogging. This condition apparently was not detected
in any of his physical examinations.

Coronary Artery Anomalies

Sudden death in adults and children may be associated with congenital anom-
alies of the coronary arteries. There are many variations.*>*® There may be a
single right coronary ostium, with the left coronary artery arising from the
proximal portion of the right coronary artery; the left main coronary artery
arising from the right sinus of Valsalva with passage of the artery between
the aorta and pulmonary artery; the right coronary artery arising from the
left sinus of Valsalva; coronary artery hypoplasia, etc.

Myocarditis

The clinical manifestations of acute myocarditis may range from none to
acute fulminating congestive heart failure to sudden death.?® The cases of
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interest to the forensic pathologist are those involving individuals who are
asymptomatic or have had only minor complaints and then suddenly collapse
and die.

Myocarditis can be caused by infectious agents (bacterial, rickettsial,
viral, protozoal, fungal), connective tissue diseases (e.g., rheumatic fever,
rheumatoid arthritis), physical agents (chemical poisons, or drugs) or can
be idiopathic. With infectious myocarditis, injury to the myocardium may
be directly due to invasion by the organism or by toxin produced by the
organism. Microscopically, there are patchy or diffuse areas of necrosis with
interstitial inflammation. The inflammation may be focal and minor or
extensive and severe. Degeneration and necrosis of muscle fibers is usually
present. The infiltrate may vary from mostly neutrophils to lymphocytes,
plasma cells, and esosinophils. Grossly, the appearance of the heart may be
normal or pale and flabby with dilated chambers.

Most cases of infectious myocarditis are probably viral in origin. Ini-
tially, there is infiltration by neutrophils and lymphocytes accompanied by
necrosis of muscle fibers. Subsequently, lymphocytes and macrophages
predominate. There may or may not be subsequent interstitial fibrosis on
healing. If fibrosis develops, it may be either minor or extensive and may
or may not be associated with subsequent arrhythmias. In a case seen by
one of the authors, a 17-year-old boy at age 13 had a documented episode
of viral myocarditis. Following that, he developed arrhythmias with occa-
sional episodes of ventricular extrasystoles and tachycardia. He was told
never to engage in any strenuous activities. At age 17, while participating
in a basketball game, he collapsed and died. For the 4 years following his
episode of myocarditis, he had been followed by a cardiologist, who had
documented his numerous episodes of arrhythmias. It was the expectation
of the cardiologist that the heart would show extensive interstitial scarring.
At autopsy, the heart appeared grossly normal. Multiple microscopic sec-
tions of the heart taken from all areas, including the conduction system,
were completely unremarkable. This shows that a viral inflammation of the
heart can cause injury to the conduction system of the heart that cannot
be detected or evaluated microscopically. This condition is probably the
cause of some instances of sudden death in which the autopsy findings are
completely negative.

In occasional cases of fatal myocarditis, the myocarditis is not wide-
spread, but consists of a single strategically located lesion. Thus, the case
of a 32-year-old housewife found dead on the kitchen floor, whose autopsy
and toxicological examination were completely negative. Microscopic
sections of the heart showed a single focus of acute myocarditis in the
conduction system. Death in this case was due to the unfortunate location
of a relatively small lesion. This points out the importance of taking mul-
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tiple sections of the heart, especially through the conduction system, in
any complete examination of the heart for heart disease. It should be
realized that a single small collection of mononuclear cells in the myocar-
dium does not necessarily indicate that the individual is suffering from
myocarditis. This is a “normal” finding in many hearts if one takes sufficient
microscopic sections. In cases where myocardial disease is suspected, the
authors recommend taking a minimum of six microscopic sections of
myocardium for proper evaluation of the myocardium. At least one of these
should involve the conduction system.

Aortic Dissection

Aortic dissection occurs when blood dissects between the middle and outer
two thirds of the aortic media, creating a blood filled channel within the
aortic wall.*” The process usually arises in the ascending aorta and is man-
ifested by an intimal tear, a necessary component of a dissecting aortic
aneurysm. The tears have sharp edges and run transversely or longitudinally
rather than obliquely. A combined longitudinal and transverse tear pro-
duces T- or cross-shaped tears. The tear tends to arise in relatively normal
appearing areas of the aorta. In some case, the tears are seen to be preceded
and arise in areas of intramural hematoma. The dissection then proceeds
peripherally down the aorta. It usually breaks out again into the lumen of
the aorta. It might, however, rupture into the pericardial sac. The predis-
posing factors are hypertension, heredity and inflammation. In Marfan’s
syndrome, there is both dilatation and dissection of the aorta.’® Marfan’s
syndrome affects fibrillin, a glycoprotein that sees to the adhesion and
alignment of the sheets of collagen in the aorta. Fragmentation of the elastic
fibers results in weakening of the wall and dissection. Focal areas of cystic
medial necrosis may be seen.

The term aortic dissection is often used to describe rupture of the aorta
due to simple dilatation rather than true dissection. Genetic abnormalities
of the collagen, such as those found in osteogenesis imperfecta and Ehlers-
Danlos, lead to dilatation of the aorta. This, in turn, can result in rupture at
the site of the aneurysm.

Familial degeneration of the aortic media in the absence of any of the
well-characterized diseases of the connective tissue can occur. These cases
show cystic medial necrosis. Most individuals with dissection, however,
have none of the aforementioned conditions. What they do have is hyper-
tension. Hypertension is the most important risk factor in developing
aortic dissection.

Weight lifting and use of cocaine have been associated with aortic dis-
section.’®* In regard to cocaine, the individuals tend to be men, long-term
cocaine users, and have a history of hypertension or idiopathic cystic medial
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necrosis.*” The dissection occurred shortly after recent use of cocaine. The
weight lifters may have had predisposing cystic medial necrosis.

Sudden Death on a Physiological Basis

Up to this point in the discussion of sudden cardiac death, lesions of the
heart that are visible either grossly or microscopically have been described.
Sudden cardiac death on a physiological basis without a visible etiology can
also occur. Thus, sudden death can be, though rarely, one of the sequelae of
Wolff -Parkinson-White syndrome.'** Sudden cardiac death is also seen in
conjunction with the Q-T interval syndrome.! There are two forms of this
syndrome: the congenital hereditary form and the acquired form. The Jervell
and Lange-Nielsen syndrome and the Romano-Ward syndrome are the two
hereditary forms. The acquired form is secondary to drugs, electrolyte abnor-
malities, toxic substances, hypothermia, anorexia nervosa, and diet programs
involving liquid protein diets. In the acquired form of the Q-T interval
syndrome, removing the inciting factor abolishes the syndrome. The mech-
anism of death in both anorexia nervosa and dieting with liquid protein diets
is the same — development of a prolonged Q-T interval with subsequent
ventricular arrhythmias.*"*?

Deaths Due to Intracranial Lesions

Sudden deaths due to lesions of the brain are considerably less common than
those due to cardiac disease. The most common causes encountered by the
medical examiner are epilepsy, nontraumatic subarachnoid hemorrhage,
intracerebral hemorrhage, meningitis, and tumors. Occasional rare lesions
such as cysticercosis are also encountered.

Epilepsy

Probably the most common cause of sudden death due to an intracranial
lesion is epilepsy. Epileptic deaths constitute approximately 3—4% of all nat-
ural deaths coming to autopsy in a medical examiner’s office. The estimated
incidence of sudden unexplained death among epileptics is 2—17%.** Very
few of these individuals die in status epilepticus.

Typically, individuals dying suddenly and unexpectedly of epilepsy are
young and show either subtherapeutic levels or absence of epileptic medica-
tions on toxicological analysis. Usually, but not always, such deaths are unwit-
nessed, with the victims often found dead in bed in the morning. If a death
is witnessed, there may be no seizures or only one seizure with collapse.*>#
In individuals found dead in bed, there is usually no evidence of seizures,
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either in the environment (sheets and blankets undisturbed, no loss of urine)
or on the body (bite marks of the tongue are absent in 75% of the cases).
That individuals are commonly found dead in bed is probably because sleep
predisposes to epileptic attacks and, in fact, is used as a provocative diagnostic
technique. Sleep has also been found to affect cardiac vulnerability to
arrhythmia in that sudden death secondary to arrhythmias often occurs in
the morning, immediately before or at the time of awakening.

Diagnosis of death due to epilepsy is, for the most part, a diagnosis of
exclusion. At autopsy, there are no pathonomonic findings. In approximately
25% of the cases, a bite mark of the tongue might indicate a seizure, but
seizures as a terminal event can occur in other entities. To make a diagnosis
of death due to epilepsy, the examiner must have a clinical diagnosis of
epilepsy in the past or a well-documented history of seizures, a scene not
inconsistent with such a finding, and a complete autopsy, including removal
of the tongue, with no findings, grossly, microscopically, or toxicologically,
to explain death.

Most epileptic deaths are natural. If, however, the epilepsy was due to
trauma, documented, and uncontestable, then the manner would more
properly be classified as accident. Some epileptics die of accidental means
precipitated by an epileptic attack; for example, an individual may have an
epileptic attack while in water and drown (Figure 3.8). No matter what the
manner of death, it is very common for epileptics dying suddenly to have
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Figure 3.8 A 27-year-old epileptic drowned in the bathtub.
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subtherapeutic levels or absence of anticonvulsive medication. Careful
examination of the brain in most instances does not reveal a lesion that
could have caused the epilepsy. The actual incidence of finding such lesions
varies considerably, depending on the authority, but, to a degree, is influ-
enced by the type of population being handled. The only thing that one
can say is that, in the vast majority of the cases, no lesion to explain the
seizure disorder will be found at autopsy. If lesions are found, they may be
foci of sclerosis, arteriovenous malformations, or adhesions between cortex
and dura. Again, it must be realized that the finding of such lesions is
uncommon. One finding, sclerosis of Ammon’s horn, is most probably a
secondary phenomenon related to cerebral edema during epileptic attacks,
with compression of the vessels supplying blood to this region (branches
of the posterior cerebral artery) against the edge of the tentorium by a
herniating hippocampal gyrus.

Because the diagnosis of death due to epilepsy is on an exclusionary basis,
the actual incidence of such deaths is probably underestimated. Thus, if an
individual dying of a seizure disorder happens to have significant coronary
atherosclerosis, the cause of death would probably be ascribed to the coronary
artery disease rather than the epilepsy.

The mechanism of death in epilepsy is most probably due to a cardiac
arrhythmia precipitated by an autonomic discharge.**> Alterations in car-
diac activity and respiration have been documented in individuals dying
during an epileptic attack. It is not known, however, why a seizure, apparently
no different from those that the patient had previously had in the past, should
prove fatal at this particular time. The autonomic nervous system, especially
the sympathetic portion, is important in the regulation of cardiac and vas-
cular physiology. Cortical loci exert a more specific autonomic control of
cardiovascular changes than do the lower levels of the brain. Cortical stim-
ulation can produce changes in heart rate, blood pressure, and cardiac extra-
systoles. Stimulation of portions of the hypothalamus can also produce
cardiovascular changes, for example, cardiac arrhythmias, because the hypo-
thalamus exerts considerable control over the autonomic function. Produc-
tion of extrasystoles by stimulation of the hypothalamus is due to the
stimulation of the sympathetic pathways to the heart or stimulation of path-
ways controlling secretion of epinephrine.

The sympathetic nervous system can lower the vulnerable threshold of
even electrically stable myocardium, thereby facilitating the onset of ventric-
ular fibrillation, if the activity of the sympathetic nervous system is increased
by neural or neurohumoral action. Increased sympathetic nervous activity
can predispose to ventricular fibrillation by the direct action of neuroepi-
nephrine on neuroeffector sites in the myocardium. The aforementioned
findings indicate that sudden death during epileptic seizures is most likely
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due to a lethal cardiac arrhythmia induced or propagated by the disorganized
neural discharges of a seizure.

Nontraumatic Subarachnoid Hemorrhage

The second most common cause of sudden unexpected death due to natural
disease of the brain is nontraumatic subarachnoid hemorrhage. Early in this
century, spontaneous subarachnoid hemorrhage was considered a disease
entity in itself. With the advancement of medical knowledge, it was realized
that it was a syndrome with multiple causes. Berry aneurysms are the most
common cause of subarachnoid hemorrhage, followed by intracerebral hem-
orrhages and, to a lesser degree, rupture of arteriovenous malformations.
Arteriovenous malformations probably account for only a few percent of
nontraumatic subarachnoid hemorrhages. They tend to cluster in the early
decades of life, though they can be found at any age. Uncommon causes of
nontraumatic subarachnoid hemorrhage would be blood dyscrasias;
endocarditis with embolic phenomenon; overuse of anticoagulants; tumors,
both primary and metastatic; and sickle cell hemoglobinopathy.

Berry Aneurysms

In the medical examiner’s office, rupture of a berry aneurysm is the most
common cause of nontraumatic subarachnoid hemorrhage. Berry aneurysms
per se are not uncommon — unruptured aneurysms have been reported in
4.9% of all routine autopsies when searched for.*® While Berry aneurysms
are rare in children, they increase in frequency with age. They are located,
for the most part, at the point of bifurcation and branching of the cerebral
arteries, with approximately 90% found in the anterior cerebral, middle
cerebral and internal carotid arteries. Berry aneurysms are thought to be the
result of developmental weakness of the vessel walls. This abnormality gen-
erally consists of a defect in the formation of the media at the branching
point. The intimal elastic lamina and the muscularis terminate at the neck
of the aneurysm, with the wall of the sac made up of thickened hyalinized
intima and the adventitia. Persistence of incomplete involuted embryonic
arteries with residual medial weakness is the explanation proposed for aneu-
rysms away from the point of bifurcation.

Hypertension and cigarette smoking are predisposing factors. Athero-
sclerosis may also play a secondary role, leading to focal destruction and
weakening of the vessels walls. Multiplicity of aneurysms is quite common,
multiple aneurysms being reported in anywhere from 12 to 31.4% of cases.?’

Berry aneurysms almost invariably rupture at the apex. When rupture
occurs, there is generally hemorrhage into the subarachnoid space. Hemorrhage
may also occur into the substance of the brain. The patient usually complains
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of an excruciating headache and loses consciousness almost immediately.
Death is due to generalized vasospasm triggered by the subarachnoid hemor-
rhage, with resultant ischemic injury to the brain. Minor leakage from the
aneurysm may precede rupture. In such cases, the patient often complains
of headache for days or weeks prior to rupture.

Most of the statistical data on ruptured intracranial aneurysms are based
on hospital cases, that is, those individuals who survive a rupture long enough
to be admitted to a hospital. There are, however, two studies in the literature
that include large numbers of individuals who died prior to or on arrival at
a hospital.*”*® These studies more accurately represent the cases seen in the
medical examiner system. In both reports, 60% of the patients died imme-
diately after rupture. Of those who survived the initial insult, more than half
died less than 24 h after admission to a hospital.

In Freytag’s study, the ages of the individuals ranged from 14 to 77, with
a mean age of 46 years.?” Eighty-four percent of the aneurysms were located
in the anterior portion of circle of Willis and 16% in the posterior portion;
27% were present in the middle cerebral artery, 25% in the internal carotid
artery, 24% in the anterior communicating artery, and 10% in the basilar
artery. Patients with aneurysms of the posterior circle of Willis or the internal
carotid artery showed a greater tendency (69-79%) to die at the time of
rupture than those in other areas (49-53%). Of the 24 aneurysms in the
basilar artery, 20 were present at the branching point of the posterior cerebral
arteries. Evidence of previous bleeding from the aneurysms was present in
13% of the cases.

In ruptured berry aneurysms, massive subarachnoid hemorrhage was
present in 96% of the cases, subdural hemorrhage in 22%, and intracerebral
hemorrhage in 43%. Subarachnoid hemorrhage was the only lesion in 49%
of the cases, with intracerebral hemorrhage and subdural hemorrhage alone
in 1% of each of the cases. Intracerebral hemorrhage was present in 24% of
those who died immediately, but in 71% of those who survived some time,
thus indicating a better chance of survival if the aneurysm had ruptured into
the brain tissue. Hemorrhage into the ventricular system occurred in 17%
of the cases with intracerebral hemorrhage. Such hemorrhage into the ven-
tricular system may be as rapidly fatal as bleeding into the subarachnoid
space. Twenty-two percent of the cases showed hemorrhage in the subdural
space. Only 5% of the cases, however, were space-occupying (over 50 mL).

In deaths due to subarachnoid hemorrhage from a ruptured berry aneu-
rysm, the largest quantity of blood is on the ventral surface of the brain, with
lesser amounts laterally and dorsally (Figure 3.9A). Large pools of blood on
the ventral surface of the brain often make it difficult to locate the aneurysm
if the brain is not examined when fresh. The arachnoid membrane should
be removed with forceps and the ventral surface of the brain flushed with
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Figure 3.9 (A) Massive subarachnoid hemorrhage from ruptured aneurysm of
right middle cerebral artery. (B) Berry aneurysm
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running water. This will allow inspection of the circle of Willis for aneurysms
(Figure 3.9B). In approximately 10% of all cases in which subarachnoid
hemorrhage is present and in which the presentation is that of a ruptured
berry aneurysm, no aneurysm can be found. If we exclude all other causes
of the subarachnoid hemorrhage, then, in all probability, the cause is a
rupture of a small aneurysm that has been completely obliterated by the
blowout of the vessel.

A small percentage of the cases of nontraumatic subarachnoid hemor-
rhage are due to bleeding from an arteriovenous (AV) malformation. These
are complex tangles of abnormal arteries and veins linked by one or more
fistulas.® They lack a capillary bed and the small arteries have a deficient
muscularis. They range from small to large; cortical to deep. Most of these
lesions are visible on the surface of the brain, appearing as a wedge of arteries
and veins extending into the subcortical white matter. Deep arteriovenous
malformations may lie in the white matter, basal ganglia, thalamus or brain-
stem. The majority of arteriovenous malformations of the brain involve the
central parietal cortex.

Most arterio-venous malformations derive part of their blood supply
from at least one branch of the middle cerebral artery. There may be severe
bleeding from these lesions into the subarachnoid space or into the substance
of the brain, presenting as a massive intracerebral hemorrhage. It is estimated
that 0.1% of the population have AV malformations with 12% of these
symptomatic.’ Sturge-Weber syndrome is characterized by multiple arteri-
ovenous malformations of the cerebral hemispheres associated with vascular
nevi of the face and/or neck and epilepsy. The most common clinical pre-
sentations are intracranial hemorrhage (30-82%); seizures (16-53%); head-
ache and focal neurological deficits.*” Two percent of all strokes are due to
AVs. The death rate from hemorrhage is 10-15%.

A rare cause of subarachnoid hemorrhage is sickle cell disease. At
autopsy, there is diffuse subarachnoid hemorrhage distributed evenly over
the convexities of the cerebral hemispheres, as well as on the ventral surfaces
of the brain. The marked concentration of subarachnoid hemorrhage on the
ventral surface of the brain seen in rupture of a berry aneurysm is not present.
The brain must be carefully examined to rule out the presence of arterio-
venous malformations or berry aneurysms.

Whatever the cause of the nontraumatic subarachnoid hemorrhage, as
soon as blood enters the subarachnoid space, it causes a mild inflammatory
reaction in the meninges.”” Fibrosis subsequently develops in many cases.
Following hemorrhages into the subarachnoid space, a meningeal reaction
is generally not seen for at least 2 h, when there are small accumulations of
polymorphonuclear cells around pial blood vessels. By 4-16 h, a more inten-
sive polymorphonuclear reaction is seen. Lymphocytes begin to accumulate



Deaths Due to Natural Disease 65

around the pial vessels. After 16-32 h there are large numbers of polymor-
phonuclear cells and lymphocytes. Reaction of the mesothelial cells lining
the subarachnoid space and arachnoid trabeculae appears 24 h after the
subarachnoid hemorrhage. Breakdown of the erythrocytes can be seen as
early as 16-32 h after subarachnoid hemorrhage. By the third day, the poly-
morphonuclear reaction has reached its peak. Because of a rapid increase in
lymphocytes and macrophages, however, it accounts for only half of the cells
present. Hemosiderin granules can be seen inside macrophages. By 7 days,
no more polymorphonuclear reaction is present. At this time, lymphocytic
infiltration is most prominent, with macrophages and hemosiderin. Some
intact red blood cells are still present. Fibrosis of the pia matter develops in
about 10 days. Since slight fibrosis of the pial and arachnoid membranes may
be present as a “normal” aspect of these membranes, especially with advanc-
ing age, interpretation of minimal fibrosis is difficult.

Intracerebral Hemorrhage

Intracerebral hemorrhage is characterized clinically by an abrupt onset and
rapid evolution. Intracerebral hemorrhages are more common in males and
show a higher incidence in blacks than in whites, probably due to the greater
incidence of hypertension. Blacks dying of intracerebral hemorrhages are
generally younger than their white counterparts.

Intracerebral hemorrhages are uncommon in the younger age groups.
The hemorrhage usually occurs in individuals who are up and active rather
than asleep. Hypertension is virtually always present. There is usually only
one episode of hemorrhage at the time of the attack. Recurrence of bleeding
is not usually encountered. The patient usually develops symptoms over a
period of 2 h to hours. The primary sites for intracerebral hemorrhages are
the putamen and adjacent internal capsule, the thalamus, the cerebellar hemi-
spheres, the pons, and the white matter (Figure 3.10).

In hemorrhage in the putamen, the speech becomes slurred and the
muscles of the face, arms, and legs gradually weaken. In thalamic hemor-
rhage, hemiparesis occurs secondary to pressure on the adjacent internal
capsule. The sensory deficit is greater than the motor weakness. Cerebellar
hemorrhage usually takes a period of several hours to develop. Loss of con-
sciousness is uncommon. Repeated vomiting, occipital headache, vertigo, and
inability to walk or stand are symptoms. Occasionally, the individual is
thought to be intoxicated. In pontine hemorrhage, consciousness is lost
almost immediately.

As in the case of ruptured berry aneurysms, most of the literature about
intracerebral hemorrhage is clinically oriented and concerns hospital cases.
The paper by Freytag is probably most relevant to a medical examiner’s office,
because 80% of the cases were autopsies carried out in a medical examiner’s
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Figure 3.10 Primary intracerebral hemorrhages involving (A) basal ganglia with
rupture into ventricular system (continued).

office.! Of the 393 cases studied, 40% of the hypertensive intracerebral
hemorrhages originated in the striate body area, 16% in the pons, 15% in
the thalamus, 12% in the cerebellum, and 10% in the cerebral white matter.
Neither the cerebral nor cerebellar hemorrhages showed predilection for any
side. Three percent of the cases showed multiple areas of origin for the
hematomas, with five being the greatest number of multiple sites. There was
no direct correlation between the severity of atherosclerosis of the basilar
vessels and the development of intracerebral hemorrhage.

The age of the individuals ranged from 30 to 88 years of age, with an
average of 55.5 years. Freytag pointed out that more than 50% of the hemato-
mas occur between 40 and 60 years of age. Eleven percent of the patients,
however, were in their thirties. Survival time was relatively short. Thus, 35%
of the individuals were found dead or were dead on arrival at a hospital, 75%
were either dead on arrival at a hospital or died within the first 24 h. Only
10% lived longer than 3 days. When hemorrhage occurred in the pons, 95%
of the patients died within 24 h. Seventy-five percent of the hematomas
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Figure 3.10 (continued) Primary intracerebral hemorrhages involving (B) pons,
and (C) cerebellum.
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ruptured through the ventricular walls into the ventricles. Hemorrhages at
sites close to the ventricles penetrated into the ventricles more often than
those in remote areas. Thus, 97% of the thalamic hemorrhages ruptured into
the ventricles, compared with only 40% of the cerebral white matter hemato-
mas. In 6% of the cases, the intracerebral hematomas penetrated through
the cortex and subarachnoid membrane into the subdural space. This was
most common with the cerebellar hemorrhages. Only 15% of the intracere-
bral hemorrhages penetrated through the cortex, producing subarachnoid
hemorrhage. More than half (54%) of the patients developed secondary brain
stem hemorrhages and edema.

In intracerebral hemorrhage, the brain is asymmetrically swollen, with
the swollen hemisphere containing the hemorrhage. Subarachnoid hemor-
rhage may or may not be present on the base of the brain. On sectioning,
the brain tissue adjacent to the hemorrhage is swollen and edematous. No
brain tissue is present in the hematoma. Microscopic sections of adjacent
brain tissue usually show severely sclerotic hyalinized arteries and arterioles.
Occasionally, aneurysmally dilated arterioles and small arteries may be found.
Death is generally due to compression and distortion of the midbrain, or
hemorrhage into the ventricles. While deaths due to ruptured berry aneu-
rysms or intracerebral hemorrhage are generally considered natural, in cer-
tain circumstances, they might be classified as homicide. Thus, if an
individual ruptures an aneurysm during a fight in which physical violence
is involved, the case should be classified as homicidal in manner. But, whether
there are any criminal actions involved is something for the courts to decide,
not the medical examiner.

Primary Brain Tumors

Sudden, unexpected death may, on rare occasion, be due to an undiagnosed
primary brain tumor. In a study of 10,995 consecutive medicolegal autopsies
in Dallas, Texas, DiMaio et al. found 19 sudden, unexpected deaths due to
primary intracranial neoplasms, an incidence of 0.17%.°! In another study
of 17,404 autopsies performed at the Brooklyn Office of the Medical Exam-
iner, DiMaio and DiMaio found an incidence of 0.16% of sudden, unexpected
deaths due to primary intracranial neo-plasm.*

In the 19 deaths due to primary intracranial neoplasm reported by DiMaio
et al., nine (47.4%) were in the astrocytoma-glioblastoma category.>> The
remainder included four cases of oligodendroglioma and one case each of
medulloblastoma, microglioma, meningioma, teratoma, colloid cyst, and pitu-
itary chromophobadenoma (Figure 3.11). Six deaths occurred following abrupt
loss of consciousness or the individuals were found dead. Five of these had no
known preceding symptoms. Thirteen individuals had symptoms of increased
intracranial pressure, epilepsy, and psychiatric manifestations. Comparison of
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Figure 3.11 Sudden death due to unsuspected colloid cyst of third ventricle.

the duration and the type of symptoms exhibited by these patients and those
of a hospital patient population in which death was caused by a previously
diagnosed primary intracranial neoplasm revealed that there was a shorter dura-
tion of acute symptomatology in the sudden, unexpected death cases seen by
the medical examiner. The symptoms also tended to be nonlocalizing and there
was a lack of progression or change of symptoms in those patients in whom
epilepsy was a primary manifestation of their underlying disease. There was also
a lower incidence of focal neurological deficits as presenting symptoms.

Meningitis
Meningitis is an occasional cause of sudden unexpected death.> Until the late
1980s, most of the victims were children between the ages of 3 months and 3
years, with the organism involved being Hemophilus influenza. Mass inoculation
of children with Hemophilus vaccine has resulted in the virtual disappearance
of such cases. At present, acute bacterial meningitis is a disease of adults. It is
seen in association with infections of the ears and sinuses; alcoholism; splenec-
tomy, pneumonia, and septicemia. The most common organisms now encoun-
tered are Streptococcus pneumoniae (40—60%); Neisseria meningitis (15-25%);
Listeria monocytogene (10~15%) and Haemophilus influenzae (5-10%).>* In neo-
nates, the coliform bacilli and group B streptococci predominant.

Most cases of meningitis develop secondary to septicemia. S. pneumoniae
may develop secondary to pneumococcal pneumonia. This organism is also
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Figure 3.12 A 29-year-old female with pneumococcal meningitis. Purulent
exudate in subarachnoid space.

the most common organism associated with head trauma in which the dura
is disrupted. Hemophilus, pneumococcal, and meningococcal meningitis all
may develop by direct extension from middle ear infections.

At autopsy, the brain is markedly swollen. The meninges appear cloudy
on the ventral surface of the brain and, to a lesser degree, laterally due to
purulent exudate (Figure 3.12). The exudate may be so slight as not to be
seen grossly, or severe with copious quantities. In all cases of meningitis, the
middle ears should be opened and examined to make sure that this is not
the source of the meningitis.

Among bacteria that cause meningitis is Neisseria meningitidis.>> The
posterior nasopharynx is the natural reservoir for this organism, with 2—-15%
of healthy individuals carrying the organism in non-epidemic times. Men-
ingococcal is now second only to pneumococcus in causing meningitis and
is more common than Hemophilus influenza in both children and adults. The
fatality rate is approximately 3%. Infection may present as a pure purulent
meningitis, meningococcemia (septicemia), or as both.

Meningococcemia may present as a mild febrile illness, a fulminant disease
(Waterhouse-Friderichsen Syndrome) or a chronic illness. The patient may
have chills, high fever, dizziness, nausea, headaches, or weakness. Petechiae
appear on the body in 75% of cases. They may coalesce, forming purpura and
intracutaneous lesions. In 10% of the cases, there is a rapidly progressive course
with toxemia, shock, and collapse. The individual may die less than 10 h after
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onset of symptoms. Occasionally, a person who is walking around will suddenly
collapse, die, and, at autopsy, be found to have meningococcemia. In such a
case, one can only speculate that the symptoms were not severe enough to
inconvenience the person. At autopsy, there will be cyanosis; a blotchy
erythematous rash, petechiae and purpura of the skin, and conjunctivae and
acute bilateral hemorrhagic adrenal necrosis, but no meningitis (Figure 3.13).
Cultures of the blood and spinal fluid for meningococcus are generally negative
after refrigeration of the body due to the fragile nature of the organisms and/or
antemortem administration of antibiotics. In such cases, diagnosis can be made
from blood by detection of specific meningococcal capsular polysaccharides
using immunoelectrophoresis, latex agglutination or polymerase chain reac-
tion.>® These, in the presence of the aforementioned autopsy findings, make
the diagnosis of meningococcemia.

The same clinical and autopsy presentation that occurs in meningococ-
cemia may occur from pneumococcal septicemia. The latter condition is
commonly associated with absence of the spleen, either through surgery or
congenital aberration. The pneumococcus organisms can usually be cultured
from the blood even after refrigeration of the body.

Viral encephalitis is rarely seen in the medical examiner’s office due to
its protracted course, which leads to a clinical diagnosis. The brain will show
severe edema with perivascular cellular infiltrates and infiltration of the
meninges. The cells are predominantly lymphocytes and polymorphonuclear
cells. Acellular plaques of necrosis may be seen throughout the brain.

Reyes Syndrome

Reyes syndrome is an entity of unknown etiology affecting children, in which
an upper respiratory tract infection, chicken pox, and, rarely, gastroenteritis
are followed by vomiting, convulsion, coma, hypoglycemia, elevated blood
ammonia, and abnormal serum transaminase values. Individuals dying of the
entity show fatty metamorphosis of the liver, with multiple small fatty cyto-
plasmic vesicles in the hepatocytes, myocardial fibers, and tubular cells of the
kidneys. These are extremely fine vesicles compared with the coarse deposit
seen in alcoholic fatty metamorphosis of the liver. Reyes syndrome can be
confused with inborn errors of metabolism with which it may share many of
the same clinical characteristics. The only way to be absolutely sure of the
diagnosis is to demonstrate specific mitochondrial changes in liver tissue.

An increased incidence of this syndrome was noted in children who had
taken aspirin for flu-like illnesses or chicken pox. Because of this, the use of
aspirin in the treatment of children was discontinued in the 1980s. This has
led to the virtual disappearance of the entity. Thus, from 1980 to 1997, 1207
cases of Reyes Syndrome were reported with a peak incidence of 555 cases
in 1980.7 Since 1994, no more than two cases per year have been reported.
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Figure 3.13 Meningococcemia. (A and B) Blotchy erythematous rash with
petechiae and purpura (continued).

Hydrocephalus

Sudden and unexpected death is also seen in association with hydroceph-
alus. Here, the patient will usually have a long history of hydrocephalus,
often with a shunt procedure performed in the past. The patient appears
to be asymptomatic, then suddenly dies. At autopsy, one will find chronic
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Figure 3.13 (continued) Meningococcemia. (C) Bilateral acute hemorrhagic
necrosis of adrenals.

hydrocephalus, generally without any acute process. Such deaths are appar-
ently a manifestation of the “final straw that broke the camel’s back.” These
individuals were apparently borderline stabilized as to intracranial pressure,
when some minor physiological change sufficient to raise the intracranial
pressure caused death.

Psychiatric Patients

Sudden death is occasionally seen in psychiatric patients, usually chronic
schizophrenics on phenothiazine, in whom there are therapeutic or high, but
not lethal, levels of this drug. Such deaths are believed to be due to one or
more of the following: cardiac arrhythmias induced by this drug, which does
have a recognized potential to produce arrhythmias; hyperthermia; hypoten-
sion with development of tachycardia and cardiovascular collapse; respiratory
dyskinesias; laryngeal-pharyngeal dystonias; neuroleptic malignant syn-
drome; and seizures.’® Ascribing a death to the use of phenothiazines can be
decided on only after obtaining a medical history, an account of the circum-
stances leading up to and surrounding the death, a scene investigation, a
complete autopsy, and a thorough toxicological analysis. This is to prevent
deaths from other causes being incorrectly attributed to phenothiazines.

Another subpopulation of schizophrenics whose deaths are not related
to phenothiazine medication even though many have been prescribed this
drug in the past, die suddenly and unexpectedly. At autopsy, these individuals
show no anatomical cause of death. A complete toxicological analysis using
the most refined techniques will reveal no drugs in toxic levels and, in most
cases, absence of any drugs at all. In some cases, histories have shown that
the individuals have been off their medications for several months prior to
death. These deaths are sudden and unexpected and in some instances have
been witnessed.
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Respiratory System

Sudden death due to diseases of the respiratory system makes up only a small
proportion of all sudden deaths. This has not always been the case. Thus, in
the textbook by Gonzales et al., published in 1937, diseases of the respiratory
tract accounted for 23% of unexpected deaths.” Gonzales et al. grouped
respiratory deaths into four large categories: asphyxia, hemorrhage from air
passages, pneumothorax, and infections of the lung.

Nowadays, sudden, unexpected deaths from lung diseases are relatively
uncommon. The group that Gonzales et al. referred to as “asphyxia” included
asthma and pulmonary embolism. Deaths due to these entities are still seen.
Diphtheric or luetic inflammation of the larynx are not seen anymore. Also
included in this category were deaths allegedly due to inhalation of vomitus.
It is now realized that vomitus in the tracheobronchial tree is almost invari-
ably an agonal event.® It is only when the airway is completely occluded by
foreign material in an individual who has severe neurological impairment
that one should attribute death to massive aspiration.

Epiglottitis

While conditions like luetic or diphtheric laryngitis are no longer seen, occa-
sional cases of acute epiglottitis will be seen in the medical examiner’s office.
Most people think of this as a disease of young children. Increasingly, how-
ever, it has become a disease of adults.®¢> With acute epiglottitis, there is
always the potential for sudden fatal airway obstruction, which can occur
extremely rapidly. The individual may have very minor symptoms such as a
sore throat, difficulty swallowing, and hoarse speech. From there, the patient
can rapidly develop airway obstruction, even while talking to a physician.
Acute epiglottitis is often a medical emergency, requiring immediate tracheo-
stomy or insertion of an endotracheal tube if the individual begins to develop
acute airway obstruction.

H. influenzae has traditionally been the most common cause of this
condition in both children and adults. In the last decade, there have been
significant changes in the epidemiology of epiglottitis, with its now occurring
almost exclusively in adults, and with a lower incidence of H. influenzae
infection.®"¢? Since the introduction of H. influenzae vaccination in Sweden
in 1992-1993, there has been a >90% reduction in the incidence of acute
epiglottitis in the youngest age group.®

Other causes for obstruction of the larynx by natural disease are
extremely rare. Occasionally, large numbers of polyps combined with sudden
edema due to temporary obstruction by the polyps may cause death. One
case the authors saw involved an individual with an undiagnosed squamous
cell carcinoma of the larynx that virtually occluded the airway. The individual
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had had symptoms, but refused to see a physician, when suddenly he devel-
oped edema, which completely closed off the airway, and died.

Pulmonary Thromboemboli

Gonzales et al. list asthma and pulmonary embolus as causes of asphyxia.®
These two conditions are not fatal as often as they formerly were, but still
represent a significant number of deaths due to respiratory disease. Death
from massive pulmonary thromboembolus is due to impaction of dislodged
thrombi in the pulmonary artery or its main tributaries (Figure 3.14).
Thrombosis has been classically described as being caused by three factors:
stasis, injury to a vein, and hypercoagulability. Most pulmonary thromboem-
boli originate in the deep veins of the lower extremities. Occasionally, they
will arise in the pelvic veins, especially in pregnant women. In one case, the
source of the embolus was a pelvic vein in a woman who had a serocystad-
enoma the size of a basketball pressing on the vein. Any trauma to the lower
extremities or pelvis may injure a vein and cause the formation of thrombi,
which can be subsequently dislodged.

Stasis is a cause for the formation of thrombi, with the classic example
the individual confined to bed. Thrombi can develop in individuals who
are in bed following a traumatic injury that does not involve a vein of the
lower extremity or pelvis. Thus, an individual might be in bed for a head
injury, develop thrombosis of the veins of the lower extremities, and throw

Figure 3.14 Bilateral massive pulmonary thromboemboli
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a massive pulmonary thromboembolus. Here, even though the mechanism
of death is natural, i.e., a pulmonary thromboembolus, the manner of death
would be accident because the individual was confined to the bed due to
trauma. If the individual had been assaulted, then the case would be clas-
sified as homicide.

Death from massive pulmonary thromboembolus is caused by a combi-
nation of mechanical obstruction of the blood flow by the embolus plus
vasoconstriction that further reduces the lumen of the pulmonary arteries.
Symptoms of massive pulmonary thrombolus are syncopy, chest pain, and
dyspnea. Approximately one third of the people dying of massive throm-
boemboli die within an hour. In all deaths due to massive thromboemboli,
the source of the emboli should be sought. The veins of the pelvis and legs
must be examined. Incisions should be made bilaterally into the popliteal
fossae and calves.

There has recently been speculation that hereditary thrombotic disease,
manifested by the presence of factor V Leiden and factor 1I/20210A alleles
coupled with acquired factors, accounts for a large number of fatal cases of
pulmonary thromboemboli. A number of studies, however, have shown that
the incidence of factor V Leiden and factor 1I/20210A allele in patients with
fatal pulmonary thromboemboli is not greater than the incidence of these
factors in the general population.®>

Asthma

Asthma, which affects 3% of the population, is also a cause of sudden and
unexpected death in the medical examiner’s population.® Deaths from it,
while uncommon, do occur, with death rates of from 1.1 to 7% reported.
Since 1960, there has been an increase in the incidence of deaths from
asthma, either because of increased prevalence of the disease or an increase
in severity. Deaths in blacks are twice that of whites. Sudden, unexpected
death can occur in asthmatics without long-term deterioration or a pro-
longed attack. The frequency of death from asthma is increased at night or
in the early morning, possibly due to a pronounced diurnal variation in
airflow limitation. Up to one fourth of deaths from asthma occur within
30 min of onset of the attack.

In acute asthmatic attacks, there is a reduced airflow rate, air trapping,
and a ventilation-perfusion imbalance that leads to decreased oxygenation
of the blood, elevated carbon dioxide, increased pulmonary vascular resis-
tance, a right ventricular systolic overload, and an increase in the effort
needed to breathe. The reduction in airflow is due to a combination of
smooth muscle contraction, tenacious mucoid secretions in the bronchi, and
an inflammatory infiltrate in the walls of the bronchi. These may develop
either gradually or in a very short order. If airflow obstruction is not relieved,
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there will be steady progression to elevated carbon dioxide, metabolic aci-
dosis, exhaustion, and death.

At autopsy, the lungs usually appear overexpanded, completely, occu-
pying their respective chest cavity. This hyperexpanded state may not be
present if extensive cardiopulmonary resuscitation has been carried out. In
addition to the hyperexpansion of the lungs, a sticky tenacious white mucus
deposit will fill the bronchi. Microscopic sections of the lung show a chronic
inflammatory infiltrate with numerous eosinophils around the bronchi.
The basement membrane of the bronchi is thickened and has a wavy
appearance.

A large increase in deaths in the 1960s in Great Britain was originally
attributed to abuse of aerosol bronchodilators. It is now generally accepted
that such use is not a cause of death from asthma. Rather, the excessive use
of bronchodilators is a reflection of the need for more effective therapy for
these individuals. The increasingly accepted view is that many deaths from
asthma are due to inadequate or delayed treatment.

In the workplace, two types of asthma are encountered: work-aggravated
and occupational.®® The former is preexisting asthma that is aggravated by
irritants in the workplace. Occupational asthma is caused by exposure to irri-
tants in the workplace. Occupational asthma without a latency period follows
exposure to high concentrations of irritant gases, fumes, or chemicals on one
or several occasions. The most common examples of such agents are chlorine
and ammonia. Occupational asthma with a latency period is the most com-
mon type and is caused by exposure to irritants over a period of time that
can vary from a few weeks to several years. The majority of individuals
developing occupational asthma with latency do not recover.

Pneumonia

The medical examiner will see numerous individuals with bronchopneumo-
nia. In most cases, this is a secondary complication of another disease process
that has brought the case into the office. Thus, individuals hospitalized for
several days or weeks following head trauma from an accident quite com-
monly will develop bronchopneumonia. Sudden deaths due to primary pneu-
monia are uncommon.When they do occur, one sees either a lobar
pneumonia or a confluent bronchopneumonia involving at least one lobe.
Such deaths usually involve alcoholism. Occasionally, one will see cases of
bilateral acute fulminating tuberculous pneumonitis. In these cases, the
deceased is usually an alcoholic or has an impaired immune system. Occa-
sionally, one will see a young child with a vague history of some respiratory
symptoms over a couple of days, interpreted as being nothing but a cold by
the parents. These children are often found to have patchy bronchopneumo-
nia involving all lobes or bronchiolitis.
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Hemoptysis

A fourth type of sudden, unexpected death due to pulmonary disease is
massive hemoptysis (Figure 3.15). There are generally two causes, depend-
ing on the population served. First is a tumor eroding into a pulmonary
vessel with subsequent massive hemoptysis and exsanguination. In a pop-
ulation with a large number of alcoholics or individuals with impaired
immune systems, however, one will see fatal hemoptysis caused by cavern-
ous tuberculosis.

Figure 3.15 An 80-year-old female who exsanguinated from massive hemopty-
sis due to tuberculosis and bronchiectasis.

Spontaneous Pneumothorax of Newborns

One other pulmonary cause of sudden death should be mentioned. This is
spontaneous pneumothorax of the newborn.®”% This entity is relatively
uncommon, occurring in 1-2% of live births, and is usually benign, with
virtually all term infants having resolution without sequelae, often without
the condition’s being diagnosed. It should be suspected in any apparently
healthy newborn who dies suddenly and unexpectedly in a hospital nursery.
An X-ray prior to autopsy will make the diagnosis (Figure 3.16).
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Figure 3.16 Pneumothorax of newborn with left tension pneumothorax and
displacement of heart and left lung into right chest cavity.

Urogenital and Gastrointestinal Tracts

Diseases of the urogenital and digestive organs caused 13% of the sudden
and unexpected deaths in 1937.5 Nowadays, such cases are uncommon, with
possibly the most common entity a massive hematemesis due to esophageal
varices complicating cirrhosis of the liver. Occasionally, one will see a death
following a duodenal ulcer eroding into a major blood vessel with massive
GI hemorrhage. There are occasional deaths caused by peritonitis from a
perforated duodenal ulcer or an acute peritonitis. These latter deaths are
more common in alcoholics and psychotic patients on heavy doses of antip-
sychotic medications that could mask the symptoms of these conditions and
the patients’ awareness of their illness.

Spleen

A spleen massively enlarged due to undiagnosed leukemia may rupture,
causing exsanguination. Absence of the spleen, either surgically or congeni-
tally, is associated with pneumococcal septicemia and bilateral adrenal hem-
orrhages. Presentation of this syndrome may be the same as that due to acute
fulminant meningococcemia.

Pancreas

Sudden death from diseases of the pancreas generally involve two entities,
acute fulminating pancreatitis and diabetes mellitus. Deaths from acute
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pancreatitis in which the patient is mobile and walking around are uncom-
mon. As in instances of unsuspected peritonitis, they are associated with
alcoholism and individuals on high doses of antipsychotic medications,
which can mask or obscure symptoms.

Sudden, unexpected death due to the acute onset of diabetes mellitus is
relatively rare.®® The classic symptoms of diabetes are polydipsia, polyuria,
polyphagia, and loss of weight. In some instances however, diabetic coma
may be the initial symptom. If the individual dies without medical attention
or if the cause of the coma is not diagnosed before death, these cases become
medical examiner cases.

Diabetes is a metabolic disorder characterized by hyperglycemia and a
failure to a greater or lesser extent to secrete insulin. Approximately one third
of all diabetics are juvenile onset diabetics. In this condition, the lack of
insulin may be complete. This type of diabetes is differentiated from the
mature onset diabetes by the tendency of the juvenile diabetic to develop
ketoacidosis. Most individuals with juvenile onset diabetes present with the
classical symptoms of diabetes previously mentioned. Approximately one
third, however, initially present in acidosis or diabetic coma. In a number of
instances, the onset of diabetes seems to be triggered by an infective illness.
In diabetic ketoacidosis, blood glucose levels are seldom under 300 mg/dL
or over 1000 mg/dL, with an average blood level reported as 736 mg/dL.

The biochemical derangement in diabetic ketoacidosis may be extremely
severe with increased metabolism of fatty acids, resulting in the formation of
ketone bodies and acidosis. There is loss of large quantities of electrolytes and
water. The hyperglycemia produces osmotic diuresis with hypertonic dehydra-
tion. Free acetone is elevated in the blood in cases of coma. Levels of free acetone
in normal individuals are generally less than 0.17 mg/dL. In diabetic coma,
levels have been reported as ranging from 14.5 to 74.95 mg/dL.”

There is an aketotic form of diabetic coma that differs in several respects
from the classical form of ketoacidosis. The patients tend to be older and
blood glucose levels in this condition are extremely high, with an average
level of 1949 mg/dL. Dehydration is intense, with serum sodium and potas-
sium usually normal or high. Free acetone is only mildly elevated (up to 5.81
mg/dL) if at all.”

Sudden, unexpected death due to the acute onset of diabetes is a problem
to the forensic pathologist in that postmortem blood glucose levels are gen-
erally of no value because of the great fluctuation in the level of glucose after
death. Elevated blood acetone levels, while suggestive of diabetes, are not
diagnostic, because they may be the result of another condition, such as
malnutrition. In addition, in the aketotic form of diabetic coma, elevated
levels of ketones may not be present. Glucose in the urine is also not diag-
nostic, because it can occur in many conditions. The presence of glycogen
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in the cells of the proximal convoluted tubules of the kidney (Armanni-
Ebstein lesion) is said to be diagnostic of uncontrolled diabetes. Unfortu-
nately, this lesion is often absent.

The most reliable indicator of diabetes mellitus in the postmortem state is
elevated glucose in the vitreous humor. Vitreous humor provides an easily
obtainable fluid for the postmortem diagnosis of diabetic coma. An elevated
vitreous glucose level is an accurate reflection of an elevated antemortem blood
glucose level. Fortunately, marked agonal rises in blood glucose level, a not
uncommon occurrence, do not manifest themselves as rises in the vitreous
glucose. Thus, in studying 102 nondiabetics in whom perimortem peripheral
blood glucose concentrations exceeding 500 mg/dL resulted from a terminal
rise in blood sugar from a variety of causes, Coe found the vitreous glucose in
all of these cases was below 100 mg/dL.”! Even if intravenous glucose infusions
are administered for hours prior to death, the vitreous glucose level in normal
subjects is generally less than 200 mg/dL. Thus, glucose levels significantly
above 200 mg/dL are diagnostic of diabetes mellitus even if intravenous glucose
infusions are being administered. Of course, as the time between the death and
autopsy increases, there will be a fall in the glucose level of the vitreous. This
decrease, however, is relatively gradual in the diabetic because of the markedly
elevated levels of glucose present, and significantly elevated levels of glucose
will remain for prolonged periods of time.”?

Liver

Sudden death in association with liver disease is uncommon. Rarely, indi-
viduals will die of massive hepatic necrosis caused by fulminating hepatitis.
One should always worry in such cases that the hepatitis is of a toxic nature
such as that caused by an overdose of acetaminophen. In children, Reye’s
syndrome can cause relatively rapid death, but the condition is usually diag-
nosed prior to death.

Another cause of massive hepatic necrosis is ingestion of poisonous mush-
rooms. Amanita phalloides is one of the most commonly encountered poison-
ous mushrooms in the United States. It is the most dangerous, accounting for
almost all fatalities. It is found in many regions of the U.S., including California,
the Pacific Northwest, and the Northeast. It contains cyclopeptide toxins,”
which are potent hepatotoxins with no taste or smell that are not destroyed by
cooking. Ingestion of even one mushroom can cause death. Following inges-
tion, there are no symptoms for several hours. Then, the victims develop
nausea, vomiting, severe abdominal cramps, and watery diarrhea. They then
seem to be getting better, when they develop hepatic and renal failure, become
jaundiced, and develop a coagulopathy and impaired neurologic status. The
signs of fulminant hepatic necrosis may not appear for a day or two. The
mortality rate for Amanita phalloides poisoning is 20-30%.
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In alcoholics with cirrhosis of the liver, there is a relatively obscure entity
characterized by massive non-traumatic intra-abdominal hemorrhage. Di
Maio reported three cases’ in which no source for the bleeding was found.
Of the three, one who was briefly hospitalized showed evidence of a dissem-
inated intravascular coagulopathy. It was the author’s opinion that this was
the most likely cause of the intra-abdominal hemorrhage in the two other
cases and could be attributed to the cirrhosis of the liver. Two of these deaths
were obviously sudden and unexpected, with one 44-year-old woman
observed to become rigid and collapse while seated in a chair at home. She
was found to have 2750 mL of non-clotted blood in her abdominal cavity and
advanced micro-nodular cirrhosis. A second individual was a 38-year-old man
who collapsed while walking from a convenience store to a parked truck.
Again, there was no evidence of trauma, and 4800 mL of non-clotted blood
was found in the abdominal cavity. The liver showed micro-nodular cirrhosis
of an advanced degree. The third individual, who was hospitalized for 21 h,
had between 2500 and 3000 mL of non-clotted blood in his abdominal cavity.

Occasionally, chronic alcoholics die suddenly and unexpectedly, without
any anatomical or toxicological cause of death. At autopsy, the only finding
is an enlarged liver with severe fatty metamorphosis. The toxicological screen
usually shows absence of alcohol. This entity was first described by Le Count
and Singer in 1926.7° By tradition, these deaths have been signed out as “fatty
metamorphosis of the liver.”

Alcohol, in both moderate and heavy doses, has a direct toxic effect on
hepatic triglyceride metabolism, with resultant accumulation of triglycerides
and phospholipids in the liver cells.”® Large and small vacuoles of fat are
present in the hepatocytes and Kupffer cells. While the most common cause
of the accumulation of fat in the liver is chronic abuse of alcohol, this
condition can also be seen in obesity, diabetes, and viral infections as well as
due to toxic compounds of phosphorous and chlorinated hydrocarbons.

While the death is certified as due to fatty metamorphosis, no one seri-
ously believes that it is the actual cause of death. Rather, it is a marker of
chronic abuse of alcohol. The present thought is that such deaths are due to
cardiovascular etiologies.”® Alcoholics have a tendency to develop arrhyth-
mias. Recent study has also demonstrated an increased QT interval and
elevated plasma norepinephrine.”””8 It is thought that the effects of chronic
alcoholism on the heart are fatal arrhythmia and death.

Adrenals

The adrenal is rarely a primary cause of sudden death. Bilateral adrenal
cortical hemorrhages are seen in sepsis (the Waterhouse-Friderichsen
syndrome), classically with meningococcemia, though other organisms
can produce the same picture. There have been rare sudden deaths in
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association with a pheochromocytoma of the adrenal gland.” Minor
trauma and surgery are common precipitants. This tumor secretes epi-
nephrine, norepinephrine, or both. Sudden death on a cardiac basis from
release of these chemicals can occur.

Miscellaneous

Sudden, unexpected death could be caused by rupture of a tubal pregnancy.
The woman may have only vague symptoms of abdominal pain, often
ascribed to gastroenteritis. Rupture of the tubal pregnancy can result in
massive hemoperitoneum with 2-3 L of blood present (Figure 3.17). Other
causes of sudden, unexpected death due to natural disease seen by the authors
include idiopathic pulmonary hemosiderosis, central pontine myelinosis,
cysticercosis, a stasis ulcer of the ankle with erosion into a vessel, an aneurysm
of the femoral artery with erosion through the vessel wall and skin with
massive exsanguination (Figure 3.18), and undiagnosed malignant tumors.

Tumor and Trauma

There is no medical proof that a single traumatic event can give rise to a
malignant tumor.% However, a causal relation between head trauma, such as
a fracture of the skull, and the subsequent development of a meningioma

—________:'

Figure 3.17 Rupture of tubal pregnancy with massive hemoperitoneum in 28-
year-old female. Incidental finding: teratoma of ipsilateral ovary.
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Figure 3.18 Aneurysm of right femoral artery with erosion through skin, per-
foration, and exsanguination in a 75-year-old male. Second uneroded aneurysm
visible in left inguinal region.

has been suggested, with Schiffer et al. reporting three such cases.?! Trauma
has also been linked to the metastatic spread of a preexisting malignant
tumor. Multiple episodes of trauma in conjunction with other factors may
cause cancer, for example, chronic irritation of the skin and squamous cell
carcinoma. If, under the category of trauma, one includes radiation (includ-
ing ultraviolet light), carcinogenic chemicals, and chronic exposure to heavy
metals, there is no doubt that, with repeated exposure, an individual can
develop a malignant tumor.®
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Blunt Trauma Wounds

The severity, extent, and appearance of blunt trauma injuries depend on:

+ The amount of force delivered to the body

The time over which the force is delivered

The region struck
+ The extent of body surface over which the force is delivered
+ The nature of the weapon

If a weapon deforms or breaks on impact, less energy is delivered to the body
to produce injury, because some of the energy is used to deform or break it.
Thus, the resultant injury is less severe than one would have if the weapon
did not deform or break. Similarly, if the body moves with the blow, this
increases the period of time over which the energy is delivered and decreases
the severity of the injury.

For any given amount of force, the greater the area over which it is
delivered, the less severe the wound. The size of the area affected by a blow
depends on the nature of the weapon and the region of the body. For a
weapon with a flat surface, such as a board, there is diffusion of the energy
and a less severe injury than that caused by a narrow object, for example, a
steel rod delivered with the same amount of energy. If an object projects from
the surface of the weapon, then all of the force will be delivered to the end
of the projection and a much more severe wound will be produced. If a blow
is delivered to a rounded portion of the body, such as the top of the head,
the wound will be much more severe than if the same force is delivered to a
flat portion of the body, such as the back, where there will be a greater area
of contact and more dispersion of force.

Blunt force injuries fall into four categories:

Abrasions

Contusions

Lacerations

Fractures of the skeletal system

L s
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It should be realized that a wound might display more than one type of
injury. Thus, one may have a laceration with abraded margins lying in the
center of an area of contusion.

Abrasions

An abrasion is an injury to the skin in which there is removal of the superficial
epithelial layer of the skin (the epidermis) by friction against a rough surface,
or destruction of the superficial layers by compression. Antemortem abra-
sions have a reddish-brown appearance (Figure 4.1) and heal without scar-
ring. Abrasions produced after death are yellow and translucent with a
parchment-like appearance. They are important to the forensic pathologist
in that they indicate where a blunt instrument or a blunt force has interacted
with the body. They may be the only external evidence of trauma to the body.
Abrasions are not always present in areas of blunt force injury.
There are three types of abrasions:

1. Scrape or brush abrasions
2. Impact abrasions
3. Patterned abrasions

In scrape (brush) abrasions, the blunt object scrapes off the superfi-
cial layers of the skin, leaving a denuded surface. At times, these abrasions
may be fairly deep, extending down to the dermis. In such instances, there
may be leakage of fluids from vessels with deposit of a serosanguineous
fluid on the surface of the abrasion. This dries, forming the familiar
reddish brown scab. One of the most common types of scrape abrasions
is the linear abrasion known as the scratch. Extensive scrape-like abrasions
(graze or sliding abrasions) are seen in pedestrians who slide across the
pavement (Figure 4.1A) after being hit by a motor vehicle. Particles of
gravel, dirt, or glass may be embedded in such wounds. An incision made
into these areas usually fails to reveal underlying soft tissue hemorrhage
(Figure 4.1B). Similar scrape abrasions may be produced when a victim’s
body is dragged over a rough surface. Nooses or ligatures can also produce
scrape abrasions.

It is quite common to read in textbooks of the heaping up of epidermis
at the distal end of a scrape abrasion, enabling one to determine the direction
of movement of the blunt object or the body across a rough surface. The
phenomenon is more theoretical than real and usually does not occur to a
significant degree.
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Figure 4.1 (A) Scrape-like abrasion from sliding across pavement. (B) Incision
shows injury confined to epidermis.
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Figure 4.2 Impact abrasions of right
side of face.

In impact abrasions, the blunt force is directed perpendicular to the
skin, crushing it. Such abrasions tend to be focal and are commonly seen
overlying bony prominences where a thin layer of skin covers bone. Impact
abrasions over the supraorbital ridge (eyebrow), zygomatic arch (cheek-
bone), and the side of the nose are commonly seen in individuals who are
unconscious when they collapse, and strike their heads on the ground
(Figure 4.2).

A patterned abrasion is a variation of an impact abrasion. Here, the
imprint of either the offending object, such as a pipe, or intermediary mate-
rial, such as clothing, is imprinted or stamped on the skin by the crushing
effect of the blunt object (Figure 4.3).

Postmortem insect bites and diaper rash are occasionally misinterpreted
as abrasions by the inexperienced physician (Figure 4.4A-B). Another artifact
that can be confused with an abrasion is drying of the skin of the scrotum
and, less commonly, of the vulva (Figure 4.4C). The skin in these areas seems
to be very susceptible to drying, especially if exposed to the open air. It has
a reddish brown or yellow coloration and may be interpreted as an abrasion.

Dating of Abrasions

Unlike attempts at dating of contusions in which histological examination
of the injuries has not been helpful, histological examination of abrasions
in an attempt to determine their age is possible to a degree. Robertson
and Hodge probably provide the most authoritative and logical method
of approach.!
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Figure 4.3 Patterned abrasions. (A) Thread marks of pipe (lacerations below
abrasion). (B) Grill marks in individual who jumped off eight-story building,
landing on metal grill.
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Figure 4.4. A. Postmortem ant bites simulating abrasions. B. Diaper rash
(continued).
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Figure 4.4. (continued) C. Drying of scrotum.

They describe four stages in the healing of abrasions:

Scab formation

Epithelial regeneration

Subepithelial granulation and epithelial hyperplasia
Regression of epithelium and granulation tissue

L s

The first stage is scab formation. Serum, red cells, and fibrin are depos-
ited on the abrasion. These are not used for aging, but do indicate survival
following the injury. The infiltration of polymorphonuclear cells in a perivas-
cular formation signifies that the injury is 4-6 h old. The earliest time for
such a cellular reaction is 2 h, but it is usually not clearly visible until 4-6 h.
By 8 h, the bed of the scab is marked by a zone of infiltrating polymorpho-
nuclear cells underlying the area of epithelial injury. At 12 h, there are three
layers: a surface zone of fibrin and red cells (or crushed epithelium in the
case of impact abrasions), a deeper zone of infiltrating polymorphonuclear
cells, and a layer of damaged abnormally staining collagen. For the next 12
to 18 h, the last zone is progressively infiltrated by polymorphonuclear cells.

The second stage is epithelial regeneration. Regeneration of the epithe-
lial cells arises in surviving hair follicles and at the edges of the abrasion.
Epithelial growth may appear as early as 30 h in superficial scrape-like abra-
sions and is clearly visible by 72 h in most abrasions.

The third stage is subepidermal granulation. This becomes prominent
during days 5 to 8. It occurs only after epithelial covering of an abrasion.
Perivascular infiltration and chronic inflammatory cells are now prominent.
The overlying epithelium becomes progressively hyperplastic, with formation
of keratin. This stage is most prominent during days 9 to 12 after injury.

The last stage is regression. It begins at about 12 days. During this phase,
the epithelium is remodeled and becomes thinner and even atrophic. Col-
lagen fibers, which began to appear in the late subepidermal granulation
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phase, are now prominent. There is a definite basement membrane and the
vascularity of the dermis decreases.

Contusions

A contusion or bruise is an area of hemorrhage into soft tissue due to rupture
of blood vessels caused by blunt trauma (Figure 4.5). Contusions may be
present not only in skin, but also in internal organs, such as the lung, heart,
brain, and muscle. A large focal collection of blood in an area of contusion
is referred to as a hematoma. A contusion can be differentiated from an area
of livor mortis in that, in a contusion, blood has escaped into soft tissue and
cannot be wiped or squeezed out, as in an area of livor mortis. The extent
and severity of a contusion depends not only upon the amount of force
applied, but also on the structure and vascularity of the tissue that is contused.
Thus, contusions are more readily incurred in areas with thin, lax skin and
in fatty areas.

Figure 4.5 Non-patterned contusion. Perpetrator jumped on deceased’s chest,
rupturing left lung and lacerating liver.

Contusions might reflect the configuration of the object used to produce
the contusion; that is, they might be patterned (Figure 4.6). When an indi-
vidual is struck with a flat object, such as a board, it is quite common to find
parallel linear contusions corresponding to the edges of the board, with
normal-appearing tissue in between. A contusion at a site does not necessarily
indicate the point of trauma, since soft tissue bleeding will follow the path
of least resistance. Deep bruises may not be visible externally and may be
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Figure 4.6 Patterned contusions caused by (A) end of flashlight (B) imprint of
left hand (continued).
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discovered only on incising the soft tissue. In other instances, deep bruises
may not become visible externally until hours after death. Scalp bruises are
frequently not visible externally unless there is swelling (Figure 12.4). Bruises
can also be difficult to detect in dark-skinned individuals.

Figure 4.6 (continued) Patterned contusions (C) clothing (D) pool cue.
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Contusions, like abrasions, indicate that blunt force has been applied to
a particular area. Absence of a bruise, just as absence of an abrasion, does
not indicate that there was no blunt force to that area. This is especially true
of the anterior abdominal wall, where there may be massive internal injury
in the absence of external evidence of trauma. Another point to remember
is that a contusion might be much larger than the object that produced it.

As a rule, bruises are not fatal. However, multiple contusions with exten-
sive soft tissue hemorrhage may produce shock and death from massive blood
loss. This is seen occasionally in battered children.

The size and severity of a contusion is not always indicative of the amount
of force applied, though, obviously, the greater the force, the greater the
contusion. Certain factors influence the size of a contusion: age, sex, the
condition and health of the victim, and the site and type of tissues struck.
Children and the elderly bruise more easily because of loose delicate skin in
the former and loss of subcutaneous supportive tissue in the latter. Senile
purpura (ecchymoses) on the forearms of the elderly may be mistaken for
bruises. Women, especially if obese, seem to bruise more easily. Well-condi-
tioned, muscular individuals are more resistant to bruising. Soft, lax, vascular
tissue, such as in the eyelid, is more susceptible to bruising than areas such
as the palm. Alcoholics with cirrhosis, individuals with bleeding diatheses,
and individuals taking aspirin bleed more easily. A single therapeutic dose
of aspirin irreversibly inhibits platelet function for the 7-d life of the platelets
with resultant inhibition of hemostasis and a prolonged bleeding time.?

Dating of Contusions

The forensic pathologist is often asked the age of a bruise, as such information
could be of potential importance in a case. Methods used to age a bruise are (1)
histology and (2) color changes. The first method can be disposed of very rapidly.
Consistent microscopic dating of contusions has been found to be impossible.?

The method most commonly employed in dating contusions is based on
the changes in color a contusion undergoes as it heals. The depth of a
contusion and skin pigmentation may affect the appearance and detection
of the colors. Yellow coloration is visible sooner in superficial bruises than
in deep bruises; dark pigmentation may conceal a bruise. The depth and
location of the bruise can influence its time of appearance, with superficial
bruising and bruises of the eyelids (with their loose soft tissue) appearing
immediately, and deep bruising not appearing for days.

As a bruise ages, it undergoes an evolution in its color due to the degra-
dation of the hemoglobin. The time and order of the changes is how one
ages a bruise. Problems arise, however, in individuals’ disagreeing on color
terminology and the chronology of the development of colors, and that
bruises are not consistent in appearance, color or evolution.
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There is no standard terminology in use to describe the color of a bruise.
The same bruise might be described as violet, reddish purple, bluish purple,
purple, or blue. Most bruises appear initially as red, dark blue, purple, violet
or black. As the hemoglobin in the bruise is broken down, the color gradually
changes to violet, green, dark yellow, and pale yellow before disappearing.
These changes can occur over a matter of days to weeks. Unfortunately, the
rate of change is quite variable, not only between persons, but in the same
person and from bruise to bruise. Not uncommonly, the color change goes
directly from violet to yellow with no green coloration. In the same individ-
ual, one can have two bruises that were incurred at the same time, and one
will go from blue to violet to yellow and disappear while the other is still
violet. A brown coloration to a contusion is said to indicate that it is not
recent. The authors, however, have seen numerous pale brown contusions of
the anterior chest overlying the sternum produced by perimortem cardiop-
ulmonary resuscitation, and have seen contusions develop a pale yellow color
in 2 to 3 d. Langlois and Gresham concluded that all one could say about a
bruise with yellow coloration is that it is more than 18 hours old.* They also
concluded that absence of a yellow color does not mean that the bruise is
less than 18 hours old. Color changes should be considered only as general
guidelines in interpreting how old a bruise is. The best thing to do is to just
state that the bruise appears either recent or old.

Postmortem Bruising

One of the most commonly heard statements in regard to contusions is that
they indicate that the injury was incurred prior to death, because one cannot
form a contusion after death. This is not absolutely correct. Contusions can
be produced postmortem if a severe blow is delivered to a body within a few
hours of death.? The blow can rupture capillaries, forcing blood into the soft
tissue and producing a postmortem contusion identical in appearance to an
antemortem contusion. Postmortem contusions rarely occur and are most
commonly seen in skin and soft tissue overlying bone or bony prominences
such as in the head. Microscopic examination of a contusion to determine
whether it is antemortem or postmortem is usually of no help, because, in
most cases, the antemortem injuries are incurred immediately prior to death
and there is insufficient time for tissue reaction.

The Eyes and Eyelids

Surgical removal of corneas or the globes of the eyes shortly after death can
result in hemorrhage into the eyelids indistinguishable from antemortem
traumas (Figure 4.7A). Removal of vitreous shortly after death can result in
scleral hemorrhage at the puncture site (Figure 4.7B).
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Figure 4.7 (A)Hemorrhage into eyelids following removal of corneae. (B) Scleral
hemorrhage following removal of vitreous.

Confluent hemorrhage in eyelids can occur after death in cases of head
trauma with fracture of the orbital plates. One can prove this by taking the
body of an individual with skull fractures, but without hemorrhage in the
eyelids, and placing it face down for a number of hours. Blood will drain
from the cranial cavity through the orbital plate fractures into the eyelids.

Decomposed Bodies

In decomposed bodies, especially in the scalp, hemolysis of erythrocytes
produces a diffuse discoloration of the soft tissue, which makes attempts to



104 Forensic Pathology

distinguish between an antemortem contusion and an area of livor mortis
impossible. In areas of livor mortis, blood vessels break down with leakage
of erythrocytes into the soft tissue. Erythrocytes still in the vessels and those
that diffuse into soft tissue hemolyze. Erythrocytes in soft tissue from bruising
will also hemolyze, giving identical appearances to these lesions.

Lacerations

A laceration is a tear in tissue caused by either a shearing or a crushing force
(Figure 4.8). Just as with contusions, one can have lacerations of internal
organs as well as the skin. Lacerations of the skin tend to be irregular with
abraded contused margins. They are caused by blows from blunt objects,
falls, or impact from vehicles. The appearance of the laceration may not
accurately reflect the instrument that produced it. Thus, a steel rod might
produce not only a linear laceration of the scalp, but also a Y-shaped one. As
a general rule, however, long, thin objects, such as pipes and pool cues, tend
to produce linear lacerations, while objects with flat surfaces tend to produce
irregular, ragged, or Y-shaped lacerations. Just as with contusions, determin-
ing the age of lacerations is difficult.

Lacerations occur most commonly over bony prominences, such as in
the head, where the skin is fixed and can more easily be stretched and torn.
Since different components of soft tissue have different strengths, there is
usually incomplete separation of the stronger elements, such as blood vessels
and nerves, so that when one looks into the depth of the laceration, one sees
“bridges” of tissue running from side to side (Figure 4.9). The presence of
bridging proves decisively that one is not dealing with an incised wound. The
depths of the laceration should be explored for the presence of foreign mate-
rial that could have been deposited there by the weapon or surface that caused
the laceration.

If the blow or impact that causes a laceration is delivered at an angle,
rather than perpendicular to the surface of the body, one will find under-
mining of the tissue on one side, which indicates the direction that the blow
was delivered (Figure 4.10). The other side of the laceration, the side from
which the blow was coming, will be abraded and beveled.

While most lacerations have irregular, abraded, even contused margins,
if an individual is struck with a heavy object having a relatively sharp edge
along the impacting surface, the wound produced may greatly resemble an
incised wound (Figure 4.11). Careful examination of the wound, however,
will usually reveal at least some abrasion of the margin, plus bridging in the
depths of the wound. Occasionally, a very dull knife may produce an incised
wound with abraded margins. Again, careful observation of the edges and
base of the wound with a dissecting microscope usually makes differentiation
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Figure 4.8 (A) and (B) Lacerations.
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Figure 4.10 Laceration with avulsion of skin. Blow delivered from deceased’s
left to right.

between an incised wound and a laceration relatively easy. In some instances,
however, differentiation is not possible. Differentiation of a laceration from
an incised wound of the head in a decomposed body is often not possible.
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Figure 4.11 Laceration with sharp, almost incised margins.

An avulsion or avulsive injury to the outside of a body is a form of
laceration where the force impacting the body does so at an oblique or
tangential angle to the skin, ripping skin and soft tissue off the underlying
fascia or bone. Thus, tires passing over an extremity may avulse soft tissue
off the bone. In a case of extreme avulsion, an extremity or even the head
can be torn off the body. Internally, organs can be avulsed or torn off in part
or in toto from their attachments.

A variation of an avulsive laceration is one produced by shearing forces,
where the skin shows no signs of injury but the underlying soft tissue has
been avulsed from the underlying fascia or connective tissue, creating a pocket
that may be filled with a large quantity of blood. This injury is occasionally
encountered on the backs of the thighs of pedestrians struck by motor vehicles.
As the hood of the car impacts the back of the thigh and lifts up the pedestrian,
it imparts a shearing force to this region, avulsing the skin and subcutaneous
tissue off the fascia and creating pockets where blood can accumulate.
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Defense Wounds Due to Blunt Force

Just as one can have defense wounds from a knife attack, one can have defense
wounds from an attack with a blunt object. There are generally abrasions
and contusions on the back of the hands, wrists, forearms, and arms (Figure
4.12). Lacerations are less common and may contain embedded fragments
of the weapon in the wounds. Even less common are fractures. When these
occur, they generally involve the forearm, and are incurred in attempts to
ward off a blunt object.

Figure 4.12 Abrasions and contusions of back of hand representing defense-
type wounds.

Determination of Whether a Wound is Ante- or Postmortem

At present, determination of whether a wound is either ante- or post-
mortem is made by gross or microscopic examination of the wound. The
presence of bleeding into the tissue is presumed evidence that the
deceased was alive, or, at least, the heart was beating at the time the injury
was incurred. The problem with this principle is that, on occasion, trauma
to a recently dead body can cause bleeding into soft tissue. This is seen
most commonly with withdrawal of vitreous. The needle is inserted
through the sclera and the vitreous aspirated. Within minutes, hemor-
rhage develops around the needle-stick site (Figure 4.7B). This phenom-
enon may cause confusion to a forensic pathologist who is unaware of it.
Much rarer is the postmortem contusion of the scalp previously men-
tioned in this chapter.

Another method of determining if an injury is antemortem is micro-
scopic examination of the injury in search of an inflammatory reaction.
The problem with this technique is that some tissues do not show an
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inflammatory reaction unless the victim has survived for at least several
hours after the injury.

Techniques to identify antemortem injuries involving use of histochem-
istry, enzymology and biochemistry have been developed.> None of these
techniques are used on a routine basis, if at all, in the United States. Analysis
of enzyme activity in antemortem wounds has demonstrated a zone of
decreased enzyme activity at the center of the wound, with increased enzyme
activity at the periphery. The increased enzyme activity occurs over a specific
time interval, with the interval different for different enzymes. Enzyme activ-
ity can be detected up to 5 d after death. The enzyme activity can be used to
demonstrate that a wound was antemortem as well as to date it. In addition
to enzymes, other markers such as DNA, C 3 factor, vasoactive amines and
catecholamines have also been used. Thus, histamine and serotonin are both
increased in antemortem wounds.

Fractures of the Face

Fractures of the mandible, maxilla, zygoma and zygomatic arch are pro-
duced predominantly by assaults and motor vehicle accidents. All can be
fractured by a single blow. Maxillary fractures can be placed in five cate-
gories (Figure 4.13):

Dentoalveolar
LeFort I
LeFort 11
LeFort III
Sagittal

NN A

In dentoalveolar fractures, direct force applied anteriorly or laterally
causes separation of a fragment of the mandible. This fragment generally
contains a number of teeth. The LeFort I fracture is a transverse fracture of
the maxilla, above the apices of the teeth, through the nasal septum and
maxillary sinuses, the palatine bone and the sphenoid bone. The LeFort II
(the “pyramidal”) fracture has the same path posteriorly. As it proceeds
anteriorly, however, it curves upward near the zygomatic-maxillary suture,
through the inferior orbit rim onto the orbital floor, through the medial
orbital wall and across the nasal bones and septum. The LeFort III is a high
transverse fracture of the maxilla that goes through the nasofrontal suture,
through the medial orbital wall and fronto-zygomatic suture, across the arch
and through the sphenoid. Sagittal fractures run in a sagittal plane through
the maxilla.
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Figure 4.13 Fractures of the face: LeFort I, LeFort II, LeFort III.

Fractures of the the Extremities

Fractures of the bones of the extremities can be produced by either the direct
or indirect application of force to the bone.®

Fractures from Direct Application of Force

When a blunt object impacts a long bone, it tends to bend the bone, pro-
ducing disruption or cracking of the bone on the side opposite the impact
i.e., the convex or tension side of the bone. With significant impact, however,
there is crushing on the side of the bone to which the force is applied (the
concave side), prior to the bone’s cracking. In comminuted fractures, the
bone is broken into more than two pieces.

Fractures caused by direct application of force to a bone site can be
divided into penetrating, focal or crush fractures, depending on the amount
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of force applied to the bone and the size of the area to which it is applied.
Penetrating fractures are caused by a large force acting on a small area.
Because, for all practical purposes, this category is synonymous with gunshot
wounds, penetrating fractures will not be discussed in this book.

In focal fractures, a small force is applied to a small area and the resultant
fracture is usually transverse. Overlying soft tissue injury is relatively minor,
for example, an abrasion, contusion, or small laceration. In areas where two
bones are adjacent to each other, such as in the forearm or calf region,
typically only one bone is fractured. Focal fractures, produced by weapons
such as a bat or pipe, are seen in forearms when an individual has tried to
ward off blows from such instruments (Figure 4.14A).

In crush fractures, a large force is applied over a large area, with resultant
extensive soft tissue injuries and, often, comminuted fractures of the bone.
In the forearm and lower legs, there is usually fracture of both bones at the
same level. Most crush fractures of the extremities involve the legs, with
motor vehicle-pedestrian accidents the most common etiology. The fractures
produced are called bumper fractures (Figure 9.18).

In severe impact injuries of the legs, a number of possible fracture pat-
terns can be produced (transverse; oblique; spiral; segmental; comminuted;
longitudinal split; tension wedge; compression wedge).” The two most com-
mon patterns are tension wedge and oblique (Figure 4.14B). Tension wedge

A B

Figure 4.14 Direct fractures. (A) Focal (B) Crushing. Arrow indicates direction
of force.
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fractures can be used as an indicator of the direction of impact. In tension
wedge fractures, the fractures begin opposite to the point of impact and
radiate back through the bone at a 90° angle, giving rise to a wedge of
bone whose point is directed in the direction of the force and whose base
is at the point of impact. What appears to be an oblique fracture on X-
ray may turn out to be a tensile wedge fracture on dissection. On occasion,
one will see compressive wedge-type fractures. These are extremely rare
and may be confused with the common tension wedge fracture.

Fractures Caused by Indirect Application of Force

Indirect fractures are produced by a force acting at a distance from the
fracture site. In this regard, it should be noted that bone is weaker to tension
(stretching) than compression. Indirect fractures can be classified into six
types (Figure 4.15):

Traction

Angulation

Rotational

Vertical compression

Angulation and compression

Angulation, rotation, and compression fractures
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In traction fractures, the bone is pulled apart by traction. An example
would be violent contraction of the quadriceps muscle with resultant trans-
verse fracture of the patella. In angulation fractures, the bone is bent until
it snaps. The concave surface is compressed and the convex surface is put
under traction. This usually results in a transverse fracture.

In rotational fractures, the bone is twisted and a spiral fracture is
produced. Spiral fractures occur only when the bone is subjected to tor-
sional force. In the femur, most spiral fractures occur in the proximal
third. The proximal and distant ends of a spiral fracture are connected by
what Porta et al. call a “hinge.”® The hinge distinguishes it from an oblique
fracture. To determine in which direction a bone was twisted, ascertain
the direction the spiral runs from the end twisted. This indicates the
direction of torque.

Vertical compression fractures produce an oblique fracture of the body
of long bones, with the hard shaft of the long bone driven into the cancellous
end. In femurs, a T- or Y-shaped fracture is typically seen at the distal end
of the femur. Such fractures may occur following impaction of the end of
the femur into the instrument panel in motor vehicle crashes.
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Figure 4.15 Indirect fractures. (A) Traction. (B) Angulation. (C) Rotational. (D)
Vertical compression. (E) Angulation and compression. (F) Angulation, rotation,
and compression.

In angulation and compression fractures, the fracture line is curved,
with an oblique component due to compression, and a transverse component
due to angulation. The last category is angulation, rotation, and compres-
sion fractures. The angulation plus rotation produces an oblique fracture,
with the compression increasing the tendency toward fracture.
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Pelvic Fractures

Fractures of the pelvis deserve special mention because of two unusual aspects.
First, an immense amount of force is required to disrupt the pelvic ring. Second,
because the pelvis is a ring, disruption of any portion of it is usually associated
with disruption of another portion of the ring. Pelvic disruption or fractures
are classified by the direction of the force.”!° There are four categories:

Anterior-posterior compression
Lateral compression

Shear

Complex fractures

L.

In fractures due to antero-posterior compression, there is a direct blow
to either the pubic symphysis or the posterior iliac spines, or violent external
rotational forces applied to the femurs. Anteriorly, there is separation of the
pubic symphysis. Posteriorly, there is bilateral separation of the sacroiliac
joints anteriorly, with the posterior iliac ligaments generally intact.

In lateral compression, the force is applied either to the iliac crest directly
or to the greater trochanter by the femoral head’s being propelled into the
acetabulum. Anteriorly, the pubic rami on the side of impact are usually
fractured. However, there may be contralateral fracture of the pubic rami or,
less commonly, fracture of all four pubic rami or even disruption of the pubic
symphysis. Posteriorly, there is ipsilateral impaction of the sacroiliac joints
with the posterior ligaments generally intact. If the femoral head produces
lateral compression by being propelled into the acetabulum, there are usually
ipsilateral fractures of the pelvic rami, disruption of the sacroiliac joints with
impaction, and fractures of the acetabulum.

Shearing injuries of the pelvis are due to extremely severe force. There
is application of a shearing force to one or both of the sacroiliac joints. The
force is perpendicular to the trabecular pattern of the posterior pelvic com-
plex, which results in disruption of both the anterior and superior sacroiliac
ligaments with gross disruption of the joints. With massive forces, the hemi-
pelvis can be avulsed from the body. Anteriorly, there may be disruption of
the pubic symphysis, two pubic rami, or all four pubic rami.

In complex fractures, multiple forces from different angles have been
exerted at the pelvis and one cannot simply classify the injuries as being due
to the three aforementioned modes.

Healing of Fractures

Healing of fractures depends on the ages of individuals and their nutritional
status. After adulthood, age does not play an important role. Fractures of
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cancellous bone unite faster than those of cortical bone. In children, a callus
is visible radiologically within 2 weeks of the fracture. The bone is consoli-
dated in 4-6 weeks, though it usually takes 2—3 months to heal solidly. In
adults, consolidation takes approximately 3 months, though in the case of
the femur, it could take 4-5 months. These are only very general time periods.

In healing, fractures of the bone undergo a number of stages that end in
repair of the bone. Initially, there is hemorrhage at the point of fracture
secondary to rupture of vessels, with production of a fusiform hematoma
surrounding and joining the ends of the bone. The periosteum is torn from
the outer surface of the bone; the endosteum from the marrow. Fibrin is
deposited in the hematoma. This is followed in 24 to 48 hours by an inflam-
matory response with edema, continuing deposit of fibrin and the accumu-
lation of large numbers of polymorphonuclear cells. As time passes,
increasing numbers of machrophages appear.

The next stage begins 48 hours after injury and is characterized by the
appearance of fibroblast and mesenchymal cells with gradual development
of granulation tissue. Necrosis of the bone adjacent to the fracture becomes
evident, with empty lacunar spaces due to death of osteocytes. The line of
demarcation between dead bone, with its empty lacunae, and live bone is
evident. There is marked proliferation of the cells of the deep layer of the
periosteum and, to a lesser degree, of the cells of the endosteum.

As the days pass, the periostial proliferation results in formation of a
collar around what is becoming the callus. At the same time the periosteal
cells are proliferating, capillaries begin to grow out into the hematoma.
Osteoblasts begin to appear and form new trabeculae. Approximately a week
after injury, granulation tissue, fibroblasts, osteoblasts, chondroblasts and
small islets of cartilage in the fibrous stroma appear. Osteoblasts produce a
matrix of collagen and polysaccharide, which becomes impregnated with
calcium to produce immature “woven” bone. The callus reaches its maximum
size in 2—3 weeks. The next stage appears in 3—4 weeks and is marked by a
hard bony callus, with the bone forming from periostial and endochondrial
ossification. In the last stage, there is remodeling of the new bone from a
woven appearance to mature bone.
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Blunt Trauma Injuries
of the Trunk
and Extremities

Blunt Force Injuries of the Chest

The thorax, or chest, is a bony-cartilaginous cage containing and protecting
the heart, the lungs, and their major blood vessels. The posterior surface (the
back) is formed by the 12 thoracic vertebrae and posterior aspect of the ribs.
The sides are formed by the ribs, separated from each other by the intercostal
spaces, 11 in number, which are occupied by the intercostal muscles. The
sternum and the ribs make up the front. The diaphragm forms the floor of
the chest cavities and separates the thoracic from the abdominal cavities.

The heart lies between the two lungs in the middle of the chest, enclosed
within a sac, the pericardium; each lung is enclosed by a serous membrane,
the pleura. The heart is placed obliquely in the chest behind the body of the
sternum and adjoining parts of the ribs. It projects farther into the left chest
cavity than the right, such that about one third of it is situated to the right
and two thirds to the left of the midline.

Nonpenetrating blunt force injuries of the chest organs can occur with or
without external evidence of injury to the chest wall. In some cases, the absence
of external injury is attributed to the clothing worn by the victims. Children
and young adults, whose chests are pliable and elastic, may sustain severe
injuries to the intrathoracic viscera without fractures of the sternum and ribs,
whereas in older people, fractures of the ribs and sternum are frequent.

Injury to the Ribs
There are four general types of rib fractures:
1. Pathologic (spontaneous) rib fractures. These occur in primary bone
disease and tumors of bone.

2. latrogenic (therapeutic) rib fractures. During cardiopulmonary resus-
citation (CPR), the patient may sustain multiple rib or sternal fractures,
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mediastinal hemorrhage, and pneumothorax. In the elderly, and in
chronically debilitated or malnourished individuals, the ribs are fragile
and easily broken when minimal pressure or violence is applied to the
chest. These fractures usually involve the first six ribs, tend to be more
left sided than right, and are either anterolateral or anterior.

Rib Fractures caused by direct localized violence. Depending on where
the force is applied, one or more of the underlying ribs might be frac-
tured. If severe localized direct force is applied to the chest, the fractured
ribs can contuse the underlying lung parenchyma or the sharp, pointed
fragments of rib can be driven into the pleural cavity, lacerating the
pleura, lung, or heart, resulting in pneumothorax or hemopneumotho-
rax. Fractures of the first three ribs are frequently associated with severe
injuries to the tracheobronchial airway and great vessels of the upper
anterior chest, whereas fractures of ribs 10 through 12 can be associated
with injuries to the diaphragm, liver, and spleen.

Rib fractures caused by indirect violence. In indirect violence, severe
anteroposterior (front-to-back) compression of the chest, such as
would be caused by a fall from a height or a car rolling over the chest,
may fracture the ribs, most often on their curved lateral portions. If
the compressing force is from behind toward the front, the ribs tend
to be fractured near the spine; if from the sides of the chest, the ribs
fracture near the spine and the sternum. The sharp, pointed frag-
ments of the fractured ribs can lacerate the underlying pleura, lungs,
and heart.

The complications of fractured ribs are:

Flail chest

Lacerations of the intercostal blood vessels with hemothorax
Laceration of the lung with pneumothorax

Laceration of the lung with hemopneumothorax

Impaling wounds of the heart

Pleurisy, empyema, and pneumonia

The Sternum

Injuries of the sternum can be either iatrogenic, e.g., during CPR, or the
result of direct violence. Fractures are usually transverse and occur most
frequently in the body of the sternum. They are caused by a violent impact
on the anterior chest, e.g., impacting a steering wheel, someone’s jumping
on a chest, or from severe anteroposterior compression of the chest, such as
might be caused by a car’s running over the victim. Fractures secondary to
CPR usually occur at the level of the third or fourth interspace.
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The Heart

Blunt trauma to the thorax can produce a spectrum of life-threatening or
fatal cardiac injuries ranging from commotio cordis to cardiac contusion to
rupture of the heart.

Commotio Cordis

Sudden death from cardiac arrest following a sudden, blunt, non-penetrating
impact to the chest in an individual with a normal heart and unassociated
with structural injury to the heart, occurs, though rarely. It is most often
reported in association with sports activities and young athletes."? The usual
description of the event is of an individual struck in the chest by a baseball,
a karate kick, etc., who then collapses virtually instantaneously or after a brief
delay. The blow does not appear to be of sufficient magnitude to cause cardiac
arrest. Evidence of impact is not present in a substantial number of cases
(approximately half). Impact points appear to be mainly over the left ven-
tricle. These deaths are believed to be caused by a primary ventricular dys-
rhythmia induced by an abrupt, blunt, pre-cordial blow incurred at an
electrically vulnerable phase of ventricular excitability, e.g., the upstroke or
peak of the T wave. CPR, even if performed immediately or in a timely period,
appears to be ineffectual. This event has been reproduced in experiments
where baseballs were propelled at high speed at animals’ chests.?

Structural Injuries of the Heart

Any massive crushing force applied to the anterior chest can cause bursting
lacerations of the pericardium. These lacerations are almost invariably associ-
ated with injury to the heart or major blood vessels. The heart, protected in
front by the sternum and ribs, is suspended in the pericardial sac by the aorta,
pulmonary artery, and vena cava. The front or anterior surface of the heart is
formed chiefly by the right ventricle and, to a lesser extent, the left ventricle.
Traumatic injuries of the heart are caused by severe direct violence to the
anterior chest. The nature of the injuries depends on the severity of the localized
violence, whether the impact is inflicted while the heart is filled with blood,
and whether the force applied is sufficient to compress or crush the heart
between the sternum and vertebral column. Injuries to the heart are usually
associated with injury to other structures of the chest. Blunt chest trauma is
frequently caused by automobile accidents. The driver sustains this trauma
when the chest forcibly strikes the steering wheel, the front-seat passenger when
the chest strikes the dashboard. Air bags, and a lap belt combined with a good
shoulder belt or harness can prevent or minimize this injury.

A localized force applied directly to the chest might be sufficient to cause
a contusion of the anterior wall of either ventricle or the interventricular
septum. Hemorrhage can occur in the conduction system with resultant
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arrhythmias.* Grossly, recent contusions appear as dark red, hemorrhagic
areas. They must not be confused with an acute myocardial infarct. If the
localized impact drives the heart against the vertebral column, a contusion of
the posterior wall of either ventricle or the interventricular septum could
result. A posterior cardiac contusion must not be confused with postmortem
lividity, a change frequently found on the posterior ventricular surfaces of the
heart. Microscopic study of the antemortem contusion will reveal localized
interstitial hemorrhage and injured myocardial fibers. With cellular injury,
there are EKG changes and release of cellular enzymes (e.g., troponin). Pri-
mary trauma to the heart must, but cannot always, be differentiated from
iatrogenic injury due to CPR, open cardiac massage, or intracardiac injections,
especially if resuscitation is prolonged. The contused myocardium usually
heals without any sequelae or residual injury. Rarely, it may undergo necrosis
with rupture into the pericardial sac several days after the injury. It may also
heal with fibrotic replacement of the contused myocardium and, rarely, form
an aneurysm. Killen et al. reported a case of a posttraumatic pseudo-aneurysm
of the left ventricle.> They collected 12 more cases from a review of the
literature. Complications were arrhythmia, cardiac failure, and embolism.

Lacerations of the heart occur primarily when a very severe crushing force
is applied to the anterior chest. They can involve one or more areas of the heart,
that is, atria, interatrial septum, ventricles, interventricular septum, papillary
muscles, chordae tendinae, or cardiac valves. Cardiac lacerations infrequently
occur as isolated injuries (Figure 5.1). Most often, they occur with other severe
chest injuries. Rapid cardiac failure occurs whenever a cardiac valve, chordae
tendinae, or papillary muscle is lacerated. Bolooki et al., while reporting two
cases of ventricular septal defects produced by penetrating chest injuries, noted
that defects caused by blunt trauma have been reported more frequently in the
literature than defects from penetrating trauma.®

In 1971, Simson described the chin-sternum-heart syndrome.” This syn-
drome is known to occur in parachutists wearing protective helmets when there
is incomplete deployment or partial failure of a parachute. The pattern of cardiac
injury, multiple atrial, endocardial and myocardial lacerations, is associated with
sternal compression by the chin with laceration of the chin. One of the authors
(DJD) has encountered a similar syndrome in individuals who have fallen down
stairs, sustaining severe flexion injury to the neck. There is injury to the chin,
compression or fracture of the sternum, cardiac injury, and cervical spine frac-
ture with injury to the spinal cord. In some cases of blunt trauma to the chest,
the ribs are fractured, with the fractured ends puncturing the heart.

If the pericardial sac is not torn, a laceration of the heart will result in
rapid death due to cardiac tamponade. As little as 150 mL of blood can cause
death. The resultant increase in the intrapericardial pressure due to cardiac
tamponade interferes with the entry of blood into the right heart and produces
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Figure 5.1 A 62-year-old male with rupture of the right ventricle of the heart
at the interventricular septum due to impact of chest on steering wheel. No
external injuries present.

mechanical interference with the contractility of the ventricular myocardium.
If the pericardial sac is lacerated, bleeding will occur into the pleural cavities.

On rare occasions, blunt force trauma to the anterior chest causes direct
injury to a coronary artery, almost invariably the left anterior descending
branch. Atherosclerotic vessels are more susceptible to trauma. Injury to
coronary arteries can produce coronary occlusion from an intraluminal
thrombus, hemorrhage into an atherosclerotic plaque, intimal laceration or
a traumatic dissecting aneurysm.®’ Because of its medicolegal implication,
the diagnosis of traumatic coronary thrombosis must be made with caution.
Objective evidence supportive of this diagnosis is:

+ Injury to the chest wall and/or heart (fracture of the sternum and/or
ribs overlying the thrombosed coronary artery, and/or injury to the
myocardium adjacent to the thrombosed coronary artery)

+ An incomplete tear of the wall of the thrombosed coronary artery,
especially if survival is greater than 8—12 h and a myocardial infarction
is present

+ Finding the age of the infarct, when observed microscopically, to be
consistent with the time interval between alleged coronary artery
injury and death
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In addition, serial electrocardiograph studies and cardiac enzyme determi-
nations consistent with the time interval from trauma to testing support the
hypothesis of injury to a coronary artery. It must not be forgotten, however,
that posttraumatic coronary artery thrombosis may occur not as a primary
complication of trauma but secondary to shock and intravascular stasis of
blood, factors that are conducive to thrombus formation in victims with
coronary atherosclerosis.

The Aorta

The heart is suspended in the pericardial sac by the aorta, pulmonary artery,
and superior vena cava. Any force that violently compresses the anterior chest
and forces the heart downward may exert sufficient traction on the aorta to
tear it transversely. The superior vena cava and the pulmonary artery are
rarely torn. Aortic lacerations are most often seen in automobile accidents,
less commonly in falls. In automobile accidents, aortic lacerations occur in
both head-on and side-impact crashes.

Virtually all lacerations of the thoracic aorta involve the descending
portion, immediately distal to the origin of the left subclavian artery (Figure
5.2). The arch of the aorta is anchored by the great vessels arising from the
aortic arch, that is, the right innominate, left common carotid, and subclavian
arteries, and the ligamentum arteriosum (which connects the left pulmonary
artery to the arch of the aorta). Partial or complete lacerations of the descend-
ing aorta occur at almost precisely the same location — just distal to the
origin of the left subclavian artery, at the junction of the aortic arch and the
descending aorta (figure 5.2-5.3).

The precise mechanism of this injury is not known. The relatively con-
stant location of aortic lacerations, the relative fixation of the descending
aorta just below the aortic isthmus, the relative fixation of the aortic arch by
the vessels, and the constant association of the aortic laceration with decel-
eration injuries, such as automobile collisions, suggest that the abrupt decel-
eration of the body and resulting forceful compression of the anterior chest
and underlying mediastinal structures cause the heart and great vessels to be
jerked away from the posterior chest wall to which the thoracic aorta is
attached. This traction on the ligament ductus arteriosus and descending
aorta at its point of fixation is sufficient to lacerate the aorta immediately
below the origin of the left subclavian artery.

Rarely, a periaortic hematoma due to an aortic laceration may evolve
into a false aneurysm. The blood at the periphery of the hematoma, which
is contained by the periaortic and mediastinal soft tissue undergoes organi-
zation until a restraining fibrous connective tissue wall is formed — the false
aneurysm. This outer wall becomes adherent to the surrounding mediastinal
structures, e.g., the tracheobronchial tree and esophagus, incorporating them
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Figure 5.2 (A and B) Operator of motor vehicle with minor contusion of chest
and complete transection of aorta.
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Figure 5.3 Small laceration of aorta, distal to origin of left subclavian artery.

into the wall. Ultimately, the lining of the aneurysmal sac becomes contin-
uous with the endothelium lining the aortic lumen. Because the false aneu-
rysmal wall is composed of fibrous tissue without elastic tissue, continued
aneurysmal enlargement is inevitable.

Bursting rupture of the ascending portion and arch of the aorta occur
when a violent force compresses the heart and intrapericardial portion of
the ascending aorta, producing a sudden rise in intracardiac and intraluminal
pressure that results in a transverse tear of the aorta immediately above the
cusps of the aortic valve (Figure 5.4).!%!! This usually involves only a portion
of the aorta’s circumference. Death rapidly ensues from severe hemorrhage.
These injuries are associated with fractures of the upper ribs and sternum.

While transmural rupture of the aorta due to trauma is common, trau-
matic dissection of the aorta is relatively rare.!> Even rarer is a traumatic
dissecting aneurysm of the ascending and arch of the aorta.!>!* With regard
to traumatic dissecting aortic aneurysms, Papadopoulos et al. reported the
case of a 50-year-old hypertensive male who had sustained a steering wheel
injury 4 years prior to admission to the hospital for sudden onset of pain in
the lower back and left lower extremity.!> The pain subsided rapidly, but the
patient developed severe intermittent claudication. A translumbar aortogram
revealed a dilated aorta with complete occlusion of the left common iliac
artery. At surgery, a huge dissecting aneurysm of the descending thoracic
aorta was found, with the intimal tear starting just distal to the left subclavian
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Figure 5.4 Motor vehicle accident with compression of chest and laceration of
ascending aorta.

artery. The true lumen of the distal thoracic aorta was very narrow. A review
of the literature up to October 1975 by these authors revealed 138 cases of
chronic traumatic aneurysmal lesions of the thoracic aorta.'

Traumatic rupture of the ascending aorta must not be confused with
spontaneous ruptures associated with cystic medial necrosis, which fre-
quently occur in this area. Grossly, the lesions might resemble each other.
However, absence of injuries and the microscopic characteristics of cystic
medial necrosis will differentiate the nontraumatic from the traumatic rup-
ture. In cases of suspected traumatic laceration of the aorta, all natural
diseases that might cause spontaneous rupture or aneurysmal formation,
e.g., atherosclerosis, syphilis, or cystic medical necrosis, must be sought. It
must be realized, however, that even if these conditions do exist, rupture
could still be due to trauma.

Heggtveit et al. reported two cases of innominate artery aneurysms
occurring after blunt trauma following a motor vehicle accident.!® In such a
case, the victim sustains injury to the chest just to the right of the sternum.
This impact may produce nonpenetrating injury to the innominate artery
and development of an aneurysm.
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Traumatic rupture of the abdominal aorta, either partial or complete, is
relatively uncommon, if not rare. Most but not all are caused by automobile
accidents.'” Rupture is commonly associated with fracture-dislocation of the
underlying vertebrae.

Diaphragm

Traumatic rupture of the diaphragm is most often caused by severe blunt
trauma to the lower anterior chest. It is frequently associated with fractures
of the ribs and thoracoabdominal injuries. Violent compressive force applied
to the lower anterior chest will cause overstretching and twisting of the
diaphragmatic leaf, which ultimately ruptures. Forcible upward displacement
of the abdominal viscera against the undersurface of the diaphragm may also
create sufficient pressure to rupture the diaphragm. The severe crushing force
applied to the lower chest-upper abdomen may produce a large hemidia-
phragmatic defect with ragged hemorrhagic edges. The defect is usually large
enough for protrusion of the abdominal viscera into the thoracic cavity.
Traumatic rupture of the diaphragm is more common on the left. This is
allegedly thanks to the protection afforded the right diaphragmatic leaf by
the liver.

Rupture of the left hemidiaphragmatic leaf permits the stomach, intes-
tine, omentum, or spleen to herniate into the left pleural cavity. The left lung
is compressed and the heart displaced to the right. Herniation occurs because
of the difference between the positive pressure cavity of the abdomen and
the negative pressure cavity of the thorax. The presence of the liver on the
right side acts as a plug if an opening is made. Rarely, a part of the liver can
pass through and become tightly constricted at the margin of the rent like a
strangulated hernia.

Lungs

Pneumothorax may be due to natural disease, medical procedures, or trauma.
Spontaneous pneumothorax may occur following rupture of an emphyse-
matous bulla. Jatrogenic pneumothorax can be caused by external cardiac
massage, percutaneously inserted subclavian catheters and continuous ven-
tilatory support.'®!® Thus, in 168 cases of pneumothorax, 54 occurred during
or immediately following closed chest cardiac massage (49 on the left side
and 5 on the right).!® There were associated ipsilateral anterolateral rib frac-
tures in 43 of these patients. Of the 54 patients, 45 had also received intrac-
ardiac medication administered percutaneous through the left side of the
chest. Whether this contributed to the pneumothorax was unknown. In 51
patients, pneumothorax occurred following percutaneous insertion of a cath-
eter in the subclavian vein. In addition, 61 patients developed pneumothorax
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during continuous ventilatory support, and two patients during tracheo-
stomy. In 1982, Newman et al. noted the increased frequency of catheter
complications involving the subclavian and internal jugular veins secondary
to total parenteral nutrition."

Traumatic rupture of the intrathoracic trachea and bronchus is usually
the result of severe compressive injury of the chest. The most frequent site
of rupture of the tracheobronchial tree is within 2.5 cm of the carina,
especially in the main bronchi. Cases of combined injury to the trachea
and bronchus occur infrequently. Approximately 30% of the victims have
anterior fractures of the second and third ribs. Winter and Baum?® reviewed
the various mechanisms that have been suggested as being responsible for
these injuries:

+ Compression of a main bronchus against the vertebral column

+ Direct compression by the sternum against a closed glottis

* Sudden rise in intraluminal pressure during forced expiration against
a closed glottis with explosive effect

+ Shearing forces that cut across the hilar areas

+ Deceleration of the pendulous lungs moving forward against the rel-
atively more fixed trachea and proximal bronchi

Most likely, there are several causative mechanisms with any one or a com-
bination of these mechanisms producing bronchial or tracheal injury.

In children, adolescents, and young adults, severe trauma to the chest
may cause the flexible thoracic cage to be markedly compressed without
fracturing the sternum, ribs, and costal cartilages. A normal lung, because
of its elastic structures, is capable of withstanding gradual compression
without injury. However, a sudden forcible blow to the chest could be
sufficient to cause a contusion of the lung secondary to an inward bending
of the rib(s). In children, it is not unusual to see a distinct subpleural
hemorrhage corresponding to the width of the impacting rib. A localized
blow to the chest compresses air within the alveoli that normally escapes
via the air passages. If the air is trapped within the alveoli because the air
passages are obstructed, the intra-alveolar air pressure will increase until
it exceeds the limits of alveolar elasticity, at which time the alveoli rupture,
resulting in intra-alveolar hemorrhage.

Osborn refers to contusions of the posterior surface of the lungs as con-
trecoup contusions.”! He found them to be in an almost constant position
corresponding to the angle of the ribs. He further stated that the thorax is
typically compressed from the front and sides, the posterior parts near the
spine being relatively fixed; hence, the typical contrecoup lesion is posterior.
If the alveoli under the site of impact fail to absorb the force of the striking
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rib, the anterior alveoli transmit the force to the posterior alveoli, causing the
contusion of the posterior surface of the lung. Resolution of a pure pulmonary
contusion is rapid and complete without residual scarring. Generally,
improvement occurs within 48 h and clearing is complete a few days later.

Multiple unilateral or bilateral rib fractures give rise to the “flail” chest
with consequent paradoxical respiration. In such instances, inspiratory effort
resulting from diaphragmatic descent is associated with inward motion of
the injured thoracic wall, with little or no ensuing ventilatory exchange. The
increased work of breathing creates only increased negative intrapleural pres-
sure changes, which in turn cause more paradoxical motion of the chest wall.
This, combined with reduced pulmonary ventilatory efficiency caused by
trauma to lung parenchyma, leads quickly to hypoxia.

If a person is run over by an automobile or crushed beneath an over-
turned car or falling debris, the resulting injuries to the lung may consist of
bursting ruptures. These occur most often when the glottis is closed and a
severe compressive force is applied to the chest. The compressed intra-alve-
olar and intrabronchial air is trapped because it is unable to escape via the
normal air passages, which are occluded. The intrabronchial and intra-alve-
olar air pressure will progressively increase, causing marked dilatation of the
alveoli, which ultimately rupture, resulting in intrapulmonary hemorrhage
and possibly a pneumothorax. In adults, the crushing force applied to the
anterior chest will fracture the ribs, costal cartilages, and sternum, whereas
the same force applied to the posterior chest will drive the fractured ribs and
vertebrae into the chest cavities. In children, adolescents and young adults,
the flexible and elastic rib cage will resist fracturing.

A grinding force will produce multiple fractures of the ribs, costal car-
tilages, and sternum, with mangling of the lungs. Intrapulmonary tears (lac-
erations) occur when the crushing force drives the chest inward, compressing
the intrathoracic organs and exerting downward traction on the lung tissue.
The intrapulmonary tears may be small and multiple, or single and large
beneath an intact pleura.

Usually, a simple fracture of the rib will neither contuse nor lacerate
the underlying lung. However, if the impact to the chest is forceful enough
to cause inward displacement of the fractured ends of the ribs, they may
puncture and lacerate the underlying pleura and lung. During postmortem
examination, the inwardly driven broken ends of the fractured ribs may
not be evident because they may have rebounded, giving the appearance
of a simple fracture.

Complications of Lung Injuries
Hemothorax may result from lacerations of the lungs. Bleeding into the
pleural cavity is not significant if the laceration is small because of the
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Figure 5.5 Perforation of pulmonary artery by Swan-Ganz catheter with mas-
sive dissecting hemorrhage into pulmonary parenchyma and rupture into chest
cavity.

contractility of the elastic lungs and compression of the laceration by the
expanding hemothorax. Massive intrapleural bleeding occurs, however, if the
laceration is large and involves large blood vessels. Hemothorax might be
augmented by bleeding from lacerations of the mediastinal tissues, dia-
phragm, and internal mammary or intercostal arteries following fractures of
the sternum and/or ribs. Blunt chest trauma can overstretch and lacerate old
pleural adhesions, producing intrapleural bleeding. The amount of bleeding
is dependent on the degree of vascularization of the pleural adhesions. During
therapeutic or diagnostic thoracentesis, the needle may puncture and lacerate
the intercostal artery, causing bleeding into the pleural cavity. Perforation of
a pulmonary artery by a Swan-Ganz catheter may occur with a resultant
hemothorax (Figure 5.5).

Lacerated wounds of the lung can also result in leakage of air into the
pleural cavity, producing a pneumothorax. When the pneumothorax is asso-
ciated with intrapleural bleeding, it is called a pneumohemothorax. A tension
pneumothorax can develop when the laceration penetrates deep into the lung
and severs a large bronchus. With each inspiration, air entering the bronchus
escapes into the pleural cavity. On expiration, the lacerated edges of the
bronchus act as a valve to prevent the air from passing out of the pleural
cavity through the bronchus. With each inspiration, the volume and pressure
of the trapped air increases until the air pressure is high enough to collapse
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the lung and displace the mediastinum and heart to the opposite side. At
autopsy, the pleural cavity contains a collapsed lung with air under pressure,
a concave depressed diaphragm, and displacement of the heart and medi-
astinum to the opposite side. When a lacerated wound of the lung involves
a pulmonary vein and adjacent bronchus, air exiting the bronchus may enter
the pulmonary vein and be conveyed to the left atrium and ventricle, with
resultant cardiac and cerebral air embolus.

If the blood in a pleural cavity is not removed, it will gradually break
down, undergoing a series of color changes, red to brown, with the ultimate
formation of a chocolate brown pigment deposit and turbid brown fluid.
Intrapleural blood may be diluted by serous effusion. The lacerated lung,
hemothorax, and diluting serous fluid are vulnerable to bacterial injection
with production of pneumonia, lung abscesses, pleurisy, and empyema.

A diagnostic needle biopsy of the pleura or lung or a diagnostic or
therapeutic thoracentesis may terminate in sudden death during insertion of
the needle into the pleural cavity with no anatomical cause of death at
autopsy. The exact mechanism of death is unknown.

Blunt Force Injuries of the Abdominal Viscera

The abdominal organs are vulnerable to a variety of injuries from blunt
trauma because the lax and compressible abdominal walls, composed of
skin, fascia, and muscle, readily transmit the force applied to the abdominal
viscera. If the victim anticipates the blow and tightens the abdominal
muscles, this will disperse the force of impact and thereby reduce the
probability of internal injuries. Thus, the boxer who has conditioned his
abdominal muscles and is prepared to receive such blows will sustain no
injury to his abdominal organs.

The type of injury an abdominal organ will sustain depends on the organ
involved. The soft, compact, vascular liver and spleen may be lacerated or
crushed; a distended hollow organ, such as the stomach or intestines, will
burst due to the rapid increase in intraluminal pressure produced by the force
of impact. The severity of trauma is relative to the size of the blunt object,
the force of impact, the organ traumatized and its condition at the time of
impact. It cannot be overemphasized that absence of external injury (contu-
sions or abrasions) to the abdominal walls does not exclude injury, even
massive injury, to one or more of the internal abdominal organs (Figure 5.6).
The lack of external injuries is attributable to the lax and compressible
abdominal walls and protection afforded by clothing. If a traumatized victim
complains of abdominal pains, but lacks visible signs of injury to the abdo-
men, the emergency room physician or surgeon may fail to clinically detect
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Figure 5.6 (A) Complete transection of liver (B) without any evidence of exter-
nal trauma to anterior abdominal wall.
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the early signs of intra-abdominal injury, and thus delay a lifesaving opera-
tion. This is especially true of intoxicated victims and individuals on high
doses of tranquilizer whose condition renders them insensible to pain and
obscures the signs of peritoneal irritation.

A 21-year-old male, involved in a motor vehicle accident, was admitted
to a local hospital with pain in the left abdominal region. Vital signs were
normal; physical examination was essentially negative, except for severe ten-
derness in the periumbilical area. The patient’s abdomen was flat and soft.
Bowel sounds were normal. X-ray studies of the abdomen, in the flat and
upright position, revealed no evidence of abnormality. The intestinal gas
pattern was normal. The hepatic, splenic, renal, and psoas outlines were
unremarkable. There was no evidence of free abdominal air or fluid. Approx-
imately 28 h later, he was DOA at another hospital. At autopsy, 2000 mL of
purulent material was found in the peritoneal cavity. Fifty centimeters from
the duodenum, there was a 2 x 2-cm laceration of the proximal jejunum,
with communication with the peritoneal cavity. The mesentery showed a 3
x 5-cm contusion and recent thrombi of the superior mesenteric veins.

Trauma to the abdomen may be generalized, involving the abdomen as
a whole, as exemplified by an individual run over by a vehicle, or localized,
such as would occur if an individual was kicked in the abdomen. Most
homicides resulting from blunt force involve localized injuries to the abdo-
men. Possibly only through a thorough investigation of the circumstances
surrounding the victim’s death will one be able to determine whether the
blunt force injury was of a homicidal or accidental nature.

Since many individuals receive cardiopulmonary resuscitation nowadays,
it is extremely important to differentiate iatrogenic injuries of the abdominal
organs from those due primarily to trauma. Thus, with vigorous, slightly
misplaced cardiopulmonary resuscitation, the authors have seen lacerations
of the liver where it overlies the vertebral column. Several hundred milliliters
of blood were present in the abdominal cavity in some cases, even though
these injuries were, in a sense, postmortem.

In 1983, Ducatman et al. described three cases of fatal rectus sheath
hematoma.?? This entity is characterized by apparent spontaneous nontrau-
matic hemorrhage into the rectus sheath, usually occurring after anticoagu-
lant therapy. It may be either an immediate or contributory cause of death.

Liver

The liver lies in the upper right quadrant of the abdominal cavity. It is partly
protected by the lower ribs and the xiphoid process of the sternum. It is the
largest of the solid abdominal organs and is the one most frequently injured
by blunt trauma to the abdomen. Severe localized blunt trauma applied to
the right upper quadrant will often lacerate only the liver, whereas generalized
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blunt trauma tends to injure not only the liver, but the other abdominal
organs, though with less frequency. Fractures of the adjacent ribs may or may
not be present, depending on the age of the individual and the calcification
of the ribs.

The liver is susceptible to trauma because of its large size, its anatomic
position in the upper abdomen, its inability to give with trauma, and the
solid nature of its tissue. A preexisting liver disease, such as fatty metamor-
phosis or hepatitis, may make the liver more friable and thus easier to injure.
In addition, fatty metamorphosis is often associated with impairment of the
coagulability of blood. Injuries of the liver can be classified as transcapsular
lacerations, in which both capsule and parenchyma are torn, and subcap-
sular lacerations, in which the capsule is still intact and the injury is either
beneath an intact capsule or intraparenchymal. The right lobe is injured five
times as frequently as the left, with the lesions occurring more commonly
on the convex surface. Any severe localized force applied directly to the front
of the liver will drive the liver in a posterior direction, crushing it against the
posterior vertebral column, and producing a transcapsular laceration at the
junction between the right and left lobes, immediately beneath the site of
external impact (Figure 5.6). A variation of this is the contrecoup laceration
of the liver where the laceration occurs on the posterior surface of the right
lobe, at the point where it rests against the vertebral column. The same
localized force that can produce transcapsular lacerations, if violent enough
and directed to the front of the liver, may compress the liver, not only in a
backward direction, but also in a lateral direction, causing an internal (sub-
capsular) laceration of the parenchyma.

Blunt trauma applied directly to the front of the liver may strip the
capsule from its parenchymal attachment at the point of impact, resulting in
the development of a subcapsular hematoma. Either the hematoma will
undergo complete organization and be replaced by a thick fibrous connective
tissue capsule, or continuous subcapsular bleeding may create sufficient pres-
sure to rupture with a resultant fatal intraperitoneal hemorrhage. Rupture
of the subcapsular hematoma may occur days after the time of impact.

If the force impacting the front of the liver is directed upward, it may
lacerate the inferior (under) surface of the liver, whereas, if the force is
directed downward and backward, there is deformation of the dome of the
liver with lacerations of the superior surface. Multiple superficial capsular
lacerations of the diaphragmatic or superior surface of the right lobe of the
liver are common in motor vehicle accidents.

If the force is directed straight at the liver, along its anterior margin, there
can be lacerations of both the concave and convex surfaces. With severe
crushing force applied over the front of the liver, such as might occur in a
severe automobile accident or a brutal kick to the abdomen, there could be
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complete amputation of the left lobe of the liver when it is crushed between
the anterior abdominal wall and the vertebral column.

In addition to injuries to the parenchyma of the liver itself, there may
also be injuries to the portal vein, hepatic artery, and inferior vena cava.
Isolated injury to these vessels themselves are extremely rare, since any force
sufficient to injure them would also produce extensive injuries to the liver.

Mays, in an experimental study, attempted to determine the amount of
energy necessary to produce injuries to the liver.”> He found that, in the
energy range of 27-34 ft Ib, there were tears and lacerations of the capsule,
but intrahepatic damage to the vascular and biliary trees was absent. If the
energy was increased to 106—134 ft Ib, there was crevicing of the liver exter-
nally, but only an occasional disruption of a small bile duct or hepatic artery.
There was no disruption of the major vascular or biliary trees. Increasing the
energy to 285-360 ft Ib caused extensive pulpefaction of the liver, bursting
injuries, and severe disruption of the tributaries of the hepatic artery, portal
vein, and bile ducts, though the major divisions themselves remained intact.

As previously noted, not all injuries to the liver are of a primary traumatic
basis. Thus, one can have injuries caused by cardiopulmonary resuscitation,
liver biopsy, angiographic vascular studies, and introduction of chemother-
apeutic agents via the hepatic arteries. The authors have seen cases in which
needle biopsies were performed only to have the patient exsanguinate a
number of hours later due to massive intra-abdominal hemorrhage from the
biopsy site. Intraperitoneal hemorrhage may also be due to rupture of a
hepatic tumor.

Isolated traumatic rupture of the gallbladder due to blunt trauma is
uncommon. Bursting rupture of the gallbladder, if present, is usually asso-
ciated with massive injury to the liver. Isolated rupture of the gallbladder is
said to be more common in children and young adults, possibly because their
chests are more easily compressed. Leakage of bile into the abdominal cavity
would cause chemical peritonitis.

Pancreas

The pancreas is located retroperitoneally, closely applied to the posterior
abdominal wall. It is composed of a head, neck, body, and tail, with the head
lodged in the curve of the duodenum. The neck and body are in proximity
to the portal vein, inferior vena cava, and aorta, overlying the body of the
second lumbar vertebra. The tail crosses the upper pole of the left kidney,
terminating in the gastric surface of the spleen, in contact with the left flexure
of the colon. Blunt force injuries to the pancreas are not common because
of its posterior location and considerable distance from the anterior abdom-
inal wall. If a severe localized force were applied to the epigastric region of
the abdomen and injury to the pancreas incurred, it would generally be at
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the point where the pancreas overlies the second lumbar vertebra. Contu-
sions, lacerations, and transections can occur at this point. With lacerations
of the pancreas, there is associated injury to the pancreatic ducts, with loss
of pancreatic secretions into the abdominal cavity and chemical peritonitis.

Trauma to the pancreas can result in residual pseudocysts, either peri-
pancreatic or intrapancreatic. In the peripancreatic cyst, blood and pancreatic
secretions accumulate around the pancreas, beneath the intact peritoneum,
forming a peripancreatic hematoma. Resolution leads to the formation of a
cyst filled with clear fluid. The cyst wall is devoid of epithelial lining, but
does contain hemosiderin-laden macrophages and hemosiderin deposits in
the fibrous connective tissue wall. In an intrapancreatic cyst, there is intra-
pancreatic bleeding, resulting in the formation of hematoma. With resolu-
tion, there is a cyst whose wall, again, is devoid of epithelial lining but
contains hemosiderin. In contrast, neoplastic or congenital cysts have a dis-
tinct epithelial lining. Most pseudocysts of the pancreas are not caused by
trauma, but rather are a result of pancreatitis.

Spleen

The spleen lies in the left upper quadrant of the abdomen, extending to the
epigastric region and lying between the fundus of the stomach and the
diaphragm. It is not as frequently injured as the liver because of its well-
protected position in the left upper quadrant of the abdomen. Spontaneous
rupture of the spleen, unassociated with any significant trauma, is associated
with any condition that produces splenomegaly and an increased fragility of
the parenchyma. The most common of such conditions are infectious mono-
nucleosis, malaria, and leukemia. While this rupture is said to be spontane-
ous, it may actually be due to a trivial, perhaps unrecalled, traumatic episode
that would have absolutely no significance in a normal individual.

Iatrogenic splenic rupture during cardiopulmonary resuscitation is
extremely uncommon. If it does occur, it is probable that the spleen was not
normal to begin with, but enlarged.

Severe trauma to the left upper quadrant of the abdomen can produce
lacerations or bursting ruptures of the spleen. The extent of injury depends
on the severity of the force and whether it is localized or generalized. Injuries
can range from a small superficial capsular laceration up to virtual disinte-
gration of the spleen. In some instances, the force delivered to the spleen is
sufficient to lacerate the splenic parenchyma, but not to injure the capsule.
If internal bleeding continues, a subcapsular hematoma could form. This
may stop enlarging after a time and resolve, resulting in an area of scarring.
If the bleeding continues, there will be a progressive increase in subcapsular
pressure with rupture of the capsule and resultant intraperitoneal hemor-
rhage. The rupture of the capsule may occur hours or even days after the
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trauma. It might be due just to the buildup in pressure or be precipitated by
another incident of trauma, even if it is minor. Microscopic sections will
show that one is dealing with a delayed rupture of a subcapsular hematoma.
During the period of development of the subcapsular hematoma and prior
to its rupture, the patient may be either asymptomatic or complain of vague
abdominal pain.

Gastrointestinal Tract

Traumatic injuries of the esophagus secondary to blunt trauma are rare and
of little interest to the forensic pathologist, because they rarely result in death.
Probably of most interest is agonal or postmortem esophagogastromalacia
(autodigestion of the lower esophagus and stomach). This phenomenon is
occasionally seen in debilitated patients or individuals who die after a pro-
longed coma. While the lower esophagus may be involved, it is the stomach
that is principally involved. The tissue has a grayish-white to black appearance
and is extremely friable. Microscopically, there is absence of any inflamma-
tion. This phenomenon occurs either immediately prior to death or, more
probably, immediately after death and is of no clinical significance.

Repeated violent vomiting can produce lacerations of the esophagus,
even perforations, at its lower end, where it meets the stomach. These lacer-
ations are usually single in number, longitudinal, and on the lateral or pos-
terior wall. They can range from superficial, involving only the mucosa, to
complete lacerations of the wall with perforation. Lacerations of the esoph-
agus in this area are most frequently seen in alcoholics, following prolonged
bouts of violent and excessive vomiting (Mallory-Weiss Syndrome). Nor-
mally, in vomiting, the pyloric sphincter contracts and the lower and upper
esophageal sphincters relax prior to contracture of the gastric musculature.
It is postulated that, during violent spasmodic vomiting, if the upper esoph-
ageal sphincter fails to relax, the powerful contractions of the gastric mus-
culature, aided by abdominal wall contractions, will propel the gastric
contents into the esophagus. There is sufficient violence to cause a rapid rise
in intraesophageal pressure, with rupture of the esophagus at its weakest
point, the posterior lateral wall. This could result in mediastinal emphysema,
bilateral hydrothorax, hydropneumothorax, or massive hemorrhage, which
is the terminal event in the Mallory-Weiss syndrome.

Rupture of the hollow abdominal viscera, for example, the stomach or
bowel, is relatively uncommon because of the mobility of the individual
segments, which enables them to be easily displaced by the full impact of a
blow. When rupture does occur, death is usually due to peritonitis that
resulted from the spillage of intestinal contents into the peritoneal cavity.
The stomach lies in the left upper quadrant of the abdomen, extending to
the epigastric and umbilical region. The greater part of the stomach, the
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fundus and body, is protected by the ribs. Injuries to the stomach are virtually
all caused by localized blunt force applied to the epigastric or left upper
quadrant, for example, a kick or a blow with the fist. This crushes the stomach
between the anterior abdominal wall and the posterior vertebral column.
Depending on the severity of the injury, there might be a contusion or actual
perforation of the wall of the stomach. While injury to the stomach may be
a solitary traumatic lesion, more often it occurs in association with other
major abdominal trauma. The stomach may perforate immediately or the
contusion may progress to a point of necrosis with subsequent perforation
due to the digestive action of the gastric acids.

In most cases of rupture of the stomach, the stomach is distended with
food or drink.?* The more distended, the more vulnerable the stomach is to
blunt force injury. An impact to the anterior abdominal wall compresses the
stomach between the abdominal wall and the vertebral column, creating a
sudden increase in intragastric pressure that is distributed uniformly over
the entire stomach. If the pyloric sphincter and cardiac orifice are relaxed,
the compressing force displaces the stomach contents into the duodenum
and esophagus and the stomach is partially protected from the injury. If,
however, the stomach contents are not evacuated, the rapid increase in intra-
gastric pressure will overcome the resistance of the gastric wall, with resultant
rupture. Rupture can occur in any portion of the stomach, but the anterior
wall seems to be most often involved. There is usually a circular defect with
ragged ecchymotic edges. In addition to the aforementioned causes of per-
foration, the stomach can also be perforated during endoscopic examination
or biopsy, or by a feeding tube.

There are three possible mechanisms for rupture of the bowel: compres-
sion between the anterior abdominal wall and the vertebral column or pelvis;
deceleration at points of fixation (usually the Ligament of Treitz or the ileo-
cecal junction) or a local area of increased intra-luminal pressure.

Immediately distal to the stomach is the duodenum. It is situated in the
umbilical region. Beginning at the pylorus, it is divided into four regions:
the superior, descending, horizontal, and ascending portions.

The first three portions encircle the head of the pancreas. The ascending
fourth portion overlies the vertebral column from the fourth to the second
lumbar vertebrae where it becomes the jejunum. The ascending portion of
the duodenum and the duodenojejunal flexure are fixed by the ligament of
Treitz. Severe blunt force trauma to the abdomen may injure the duodenum,
with the most common site of injury in the vicinity of the ligament of Treitz.

The fixed distal portion of the duodenum is compressed between the
anterior abdominal wall and the lumbar vertebrae. Injury may range from a
contusion to perforation to transection. The contusion may subsequently
evolve into a perforation if it is severe enough to devitalize the wall by
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hemorrhage. In such a case, the duodenal perforation might occur hours or
days after the injury was sustained. If the duodenum is distended at the time
of impact, there could be a bursting rupture at the duodenojejunal flexure. The
points of rupture are usually small and ovoid, with ragged ecchymotic edges.

The jejunal portion of the small bowel principally occupies the umbilical
and left iliac region, while the ileum chiefly occupies the umbilical, hypogastric,
right iliac, and pelvic regions. The terminal portion of the ileum usually lies in
the pelvis in the right iliac region, where it opens into the cecum. The jejunum
and ileum are attached to the posterior abdominal wall by a fold of peritoneum,
the mesentery, which allows free movement of the jejunum and ileum. Blood
vessels and nerves run through the mesentery. There is an increased incidence
of injury to the jejunum and ileum in comparison with the stomach and duode-
num, with the jejunum injured more often than the ileum.?

In most instances of severe abdominal impact, the small intestine is
crushed between the anterior abdominal wall and the vertebral column or
pelvis. The resultant lesion, a contusion, perforation, or transection, depends
on the severity of the blunt force and the area over which it is applied. A
severe contusion can progress to a delayed perforation several hours or days
after injury. Transection of the jejunum usually occurs just distal to the
ligament of Treitz, where the jejunum is firmly attached to the posterior
abdominal wall. In transection of the small bowel, there is usually associated
injury to the mesentery. Spontaneous rupture of the small bowel may occur
due to infarctions secondary to incarceration, strangulation, various ulcer-
ative diseases of the mucosa, and thrombosis of the mesenteric vasculature.

With severe blunt trauma to the abdomen and injury to internal organs,
the mesentery of the small intestine is often contused or torn. There can be
either single or multiple lacerations. The mesentery appears to be torn most
often by a tangential blow to the abdomen that exerts traction on the mem-
brane. Death could occur solely from injury to the mesentery if there is
laceration of one of the large blood vessels coursing through the mesentery.

The large intestine differs from the small intestine in its larger caliber,
more fixed position and less vulnerability to trauma. The midportion or
transverse colon is the most open to trauma because of its relation to the
vertebral column and its exposed position in the mid abdominal cavity. A
severe impact to the anterior abdominal wall may crush the midportion of
the transverse colon between the anterior abdominal wall and the lumbar
vertebrae. The resulting traumatic lesion depends on the severity of the blunt
force and might range from a contusion to a laceration to transection. Rup-
ture of the colon may also occur following insertion of foreign objects, hands,
or animals for sexual stimulation.? Iatrogenic rupture of the colon can occur
during sigmoidoscopy, proctoscopy, or a high colonic enema. Occasionally,
a barium enema will result in perforation of the colon.
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Kidneys

The kidneys are situated in the posterior part of the abdomen on either side
of the vertebral column behind the peritoneum. The right kidney is usually
slightly lower than the left. The posterior surface and upper portion of the
right kidney rest on the 12th rib; the left kidney usually rests on the 11th
and 12th ribs. The anterior surface of the right kidney is in contact with the
right adrenal gland, liver, and the right colic flexure. The anterior surface of
the left kidney is in contact with the left adrenal gland, stomach, spleen,
jejunum, colon, and, medially, the pancreas.

Spontaneous rupture of the normal kidney does not occur. Blunt force
injuries to the kidney are uncommon. They are usually seen following motor
vehicle accidents or falls from great heights when there is massive blunt force
trauma to the abdominal cavity. Blunt force applied to the flank may crush
the kidney between the abdominal wall and the lumbar vertebrae. The most
common injury to a kidney is a contusion. Aside from contusions, the major-
ity of injuries to the kidney are small transverse lacerations beneath an intact
capsule with minimal hemorrhage. Injuries producing massive lacerations of
the kidneys up to fragmentation are uncommon and are associated with
massive injury to the other abdominal organs.

Urinary Bladder

In adults, the empty urinary bladder is placed entirely within the pelvis,
behind the pubic symphysis. When distended, the bladder may extend into
the abdominal cavity. In children, the anterior surface of the bladder is in
contact with the lower two-thirds of the abdominal wall between the sym-
physis pubis and the umbilicus. Beginning at puberty, it slowly begins to
descend to its final position in the pelvis. Iatrogenic rupture of the urinary
bladder may occur during instrumentation for diagnostic or therapeutic
purposes. More commonly, severe blunt trauma to the pelvis and lower
abdomen causes rupture. The degree and type of injury that occurs usually
depends on the volume of urine in the bladder.

There are two types of rupture: extraperitoneal and intraperitoneal.
Extraperitoneal occurs when the bladder is empty or contains only a small
amount of urine. In extraperitoneal rupture, the bladder lies within the pelvis
and is protected by the strong bony pelvis. Here lacerations of the urinary
bladder are associated with fractures of the pelvis. Only rarely will extrap-
eritoneal rupture occur without pelvic fractures. This is when blunt force is
applied to the lower abdominal wall in a downward direction.

Intraperitoneal rupture of the urinary bladder occurs when the bladder
is markedly distended by urine. At this time, a kick, a blow, or any blunt
force to the lower abdominal wall can compress the posterior wall of the
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bladder against the sacrum, raising the pressure within the bladder lumen
and rupturing it, with urine entering the abdominal cavity.

Internal Genitalia

Injuries of the nonpregnant uterus are extremely rare. When they do occur,
they are usually associated with extensive fractures of the pelvis. Blunt trauma
injuries to the pregnant uterus and/or fetus are usually caused by automobile
accidents, with falls and assaults accounting for a significantly smaller num-
ber of cases.?”?® Placental separation is the leading cause of fetal death. Sep-
aration occurs at the moment of trauma but may not become evident for a
few hours. This is probably due to a small separation at the edge of the
placenta, with development of a retroplacental hematoma that takes a while
to grow and kill the fetus. In the absence of any direct trauma, the cause for
the separation is severe distortion of the uterus that can occur with violent
motion. Following the death of the fetus, labor usually begins within 48 h,
though it may be delayed up to a few weeks. During this time, the mother
may develop a disseminated intravascular coagulopathy. With fractures of
the pelvis, there may be not only placental separation but direct fetal injury,
for example, fracture of the fetal skull and/or internal injuries to the fetus.

Blunt Force Injuries of the Extremities

These injuries may be limited to the skin and subcutaneous tissues or extend
to muscles, blood vessels, nerves, bones, and joints. Injuries to bone are
described in Chapter 4.

Avulsive wounds of the lower extremities are most frequently seen in
automobile—pedestrian accidents. If an automobile wheel passes over the
lower extremities, it can exert tangential pressure on the skin and subcu-
taneous tissues, separating them from the underlying muscles. The pocket
created is soon filled with blood and liquefied fat. In other instances, the
skin and subcutaneous tissue are also torn, forming a large flap of skin
(Figure 5.7). A blood-filled pocket may also be produced in the back and/or
lateral (outer) aspect of the thigh in pedestrians impacted by the front of
the hood. The tangential force of the hood impacting the thigh strips the
skin and subcutaneous tissue from the muscle, creating a blood-filled
pocket (Figure 5.8).

Complications of Blunt Force Injuries to the Lower Extremities

Shock — caused by severe crushing, soft tissue injuries, and/or com-
pound fracture.

Hemorrhage — occurs from traumatic amputation, compound fracture
with severing of a large vessel, multiple lacerations, or severe avulsive wounds
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Figure 5.7 (A) Bilateral avulsion injuries of lower extremities caused by truck
wheel passing over legs. (B) Avulsive injury of left thigh with (C) transection of
femoral artery.
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Figure 5.8 Blood-filled cavity (incised) in back of thigh caused by impact
with front of automobile hood, with skin and subcutaneous tissue avulsed
from muscle.

of the skin and subcutaneous and underlying tissues, with tearing of numer-
ous small vessels.

Venous thrombosis with fatal pulmonary embolism — Veins may be
injured directly by fracture of the lower extremity, with resultant thrombosis.
Thrombosis may also be secondary to venous stasis following prolonged
immobilization of the lower extremity when the patient is confined to bed
with a fractured extremity. There may be crushing injuries rather than frac-
tures of the lower extremity with either direct injury to the veins or stasis bv
compressing hemorrhage and edema resulting from the leg injury.

Fat embolism — Fat embolism follows mechanical trauma that mobi-
lizes the fat from an injured fat deposit in the body. This happens rapidly,
usually within a few seconds after injury. A few heartbeats are sufficient to
bring fat to the lungs and even to the systemic circulation. For this reason,
fat may be found even when death seems to be instantaneous —although,
with sudden death, the amount of fat is usually small. The amount of fat in
those surviving injury is proportional to the degree of injury and to the time
of survival up to 24 h. Older persons are prone to have more massive fat
embolization. Microscopic sections of the lungs show massive amounts of
intravascular fat droplets, as well as free fat in the alveoli. Outside the lungs,
fat emboli are more frequently seen in the kidney than in the brain. Micro-
scopic sections of the brain show petechiae (small hemorrhages) throughout,
with fat droplets within the capillaries.
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Infection — Compound fractures are frequently contaminated with
bacteria carried into the wound and lodged in the devitalized traumatized
tissues. Depending on the virulence of the bacteria and immediateness and
extent of surgical attention and cleansing of the wound, the infection may
be limited to the skin or soft tissue or extend to the bone (osteomyelitis).
A combination of aerobic and anaerobic organisms may cause gangrene of
the lower extremity, a terminal hemolytic anemia, hemoglobinuric neph-
rosis, uremia, and septicemia. Wounds contaminated with soil are occa-
sionally infected with tetanus.

Crush syndrome: crushing injuries of the extremities — In this entity,
there is traumatic or ischemic muscle necrosis in persons pinned by beams
and falling debris. This causes myoglobin release with resultant acute tubu-
lar necrosis.

Effects of injury on preexisting natural disease — There may be delir-
ium tremens in alcoholics, uremia in patients with chronic renal disease,
cardiac decompensation in patients with heart disease, cerebral damage dur-
ing shock, etc.

Injury to upper extremities occurs in association with motor vehicle
accidents, falls, and assaults. In the case of homicide, the upper extremities
should be closely scrutinized for defensive and offensive injuries. The finger-
nails, fingers, hands, and forearms should be carefully examined for abra-
sions, contusions, and lacerations. Broken or avulsed fingernails in a rape
victim may indicate that the victim tried to protect herself. Fractured fingers
and forearms are sustained by victims when they attempt to ward off a blunt
instrument. Contusions, abrasions, and superficial lacerations over the
knuckles may corroborate a perpetrator’s contention of self-defense. Absence
of injuries to the hand, however, does not exclude the possibility that blows
were struck with the fists. Injuries to the back of the arms may indicate the
victim was attempting to ward off blows.
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Trauma to the Skull
and Brain: Craniocerebral
Injuries

Injuries to the head can be grouped into two broad categories based on the
mechanism by which the injury is produced: Impact injuries and accelera-
tion or deceleration injuries.

Impact injuries are caused when an object strikes or is struck by the
head. These injuries consist of the local effects of contact between the head
and the object. Typically, these injuries are:

+ Soft tissue injuries: lacerations, abrasions, and contusions of the scalp
 Fracture of the skull

+ Contusions of the brain

+ Epidural hematomas

+ Intracerebral hemorrhages

Acceleration or deceleration injuries are due to sudden movement of
the head the instant after injury, with resultant production of intracranial
pressure gradients and the subjecting of the brain to both shearing and tensile
forces. Two types of injuries are typically produced: (1) Subdural hematomas
and (2) diffuse axonal injury.

Subdural hematomas are secondary to tearing of the subdural bridging
veins; diffuse axonal injury is secondary to injury to the axons.! While accel-
eration or deceleration injuries are associated with impact, theoretically, impact
is not necessary for the production of these injuries, just sudden angular rota-
tion of the head. In situations encountered by forensic pathologists, however,
acceleration or deceleration injuries of the brain involve impact.

Impact Injuries

Soft Tissue Injuries

When the head is either struck by an object or strikes the ground, the
initial injuries are incurred by the scalp — lacerations, contusions, or
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abrasions. Lacerations can produce profuse bleeding due to the great
vascularity of the scalp. Only under the most unusual circumstances would
this be life threatening.

Fractures of the Skull

The second type of injury that can be incurred is to the skull. In general,
whenever a head is either struck with or strikes an object having a broad flat
surface area, the skull at the point of impact flattens out to conform to the
shape of the surface against which it impacts. As the skull is flattened and
bent inward, adjacent, but more distant areas, are bent outward by a wave
of deformation consisting of the central area of inbending and the peripheral
outbending (Figure 6.1)%* This outbending can occur at a considerable dis-
tance from the point of impact. Where the skull curves sharply, the extent
of inbending and outbending is not so great as in less-curved areas. If a
fracture of the skull occurs, the fracture does not begin at the point of impact,
but at the point of outbending. Linear fractures begin on the external surface
of the skull by the forces produced by the outbending of the bone. After
inbending, the skull attempts to return to its normal configuration. As the
inbent portion of the skull does so, the fracture line extends from its origi-
nating site toward the area of impact, as well as in the opposite direction.
The fracture line may or may not reach the point of impact and could actually
continue through it.

In any fall or blow to the head, the degree of deformation of the skull,
the generation of a fracture and the extent of any fracture produced is depen-
dent on a number of factors:

Figure 6.1 Indenting of skull at point of impact with outward bending at
periphery.
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* The amount of hair

+ The thickness of the scalp

+ The configuration and thickness of the skull
The elasticity of the bone at the point of impact
The shape, weight, and consistency of the object impacting or
impacted by the head

+ The velocity at which either the blow was delivered or the head strikes
the object

The amount of energy required for production of a single linear frac-
ture from a low-velocity blow or fall depends on whether the head strikes
a hard unyielding surface or a relatively soft yielding surface. With a yielding
surface, a large proportion of the impacting energy is transferred to the
surface by way of the deformation of the surface, thus decreasing the
amount of energy available to cause head injury. In the case of a hard
unyielding surface, e.g., a steel plate, in which there is essentially no energy
transferred to the impacted surface, it takes approximately 33.3-75 ft Ib of
energy to produce a single linear fracture.>* This energy is absorbed in
0.0012 s. The first 0.0006 s is used in deforming and compressing the scalp
and the residual 0.0006 s is used in deforming the bone.?> The amount of
energy necessary to produce multiple linear fractures or stellate fractures
is almost identical to that needed to produce a single linear fracture, with
only a slight increase required.? In fact, the same amount of force necessary
to produce a single linear fracture could produce a stellate fracture in
another area of the skull. That skull fractures commonly occur when indi-
viduals fall on the back of the head becomes obvious when one realizes
that a free-fall of 6 ft for a head weighing 10 Ib gives an available energy
of 60 ft Ib, well within the range necessary to produce a linear fracture of
the skull if it impacts an unyielding surface. The velocity of the head at the
time of impact is approximately 20 ft/s or 13.5 mph.?

If a head strikes or is struck by a deformable object, not all the energy
possessed by either the object or head will be available for deformation of
the skull. At impact, the object will tend to indent and deform so as to wrap
itself around the head. Thus, the energy delivered is no longer in a localized
focus but is dispersed over a considerable area, reducing the possibility of a
skull fracture. Linear or comminuted fractures of the skull produced by
impaction of a head and a relatively soft and flexible object, such as the
instrument panel of a motor vehicle, require kinetic energy levels at impact
of between 268 and 581 ft Ibs.* Impact velocities are from 43 ft/s (29 mph)
to 65 ft/s (45 mph). In one test, a human head impacting at 577 ft 1Ib of
energy did not fracture.* The fractures produced with a head impacting an
unyielding surface (in which 33.3 to 75 ft Ib of energy is needed to fracture
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the skull) are essentially identical to fractures produced with heads impacting
a yielding surface and requiring 268 to 581 ft Ib to fracture.* Thus, the
magnitude of energy necessary to produce a skull fracture is approximately
33.3 to 75 ft Ib, with other energy being utilized to deform and dent objects
it impacts.

One point that has been stressed by numerous authors and should be
repeated is that there is no absolute correlation between the severity of brain
injury and the production of a linear skull fracture. Skull fractures can occur
without any significant or detectable brain injury or any impairment of
consciousness. Conversely, death may result from extensive brain injury with-
out a skull fracture.

Simple linear fractures are typically seen in low-velocity impacts with a
large area of contact between the head and impacting object. A fall to the
pavement is the best example. With increased velocity and, thus, greater force,
one may have a series of complete or incomplete circular fractures encircling
the impact point (Figure 6.2). These fractures result from failure of the
external surface of the bone at the edge of the inbent area, due to extreme
inbending at the time of impact.? If the velocity and energy of impact are
increased even more, one gets stellate fractures, where there is depression
of the bone at the point of impact. The severe inbending about the impact
site produces fractures on the inner surface that radiate out from the site of
the blow.? Fractures resulting from the outbending of the bone at a distance
from the point of impact, and arising in the outer surface of the skull, extend
toward the point of impact and join with the fractures radiating outward
from the point of impact. Circular fractures may occur at the junction of the
inbending bone on its external surface (Figure 6.2). The concentric or circular
fracture lines may be incomplete in that they stop at a linear fracture, indi-
cating that the linear fracture preceded the concentric fracture. The opposite
may also occur with the linear fractures stopping at the concentric fracture
lines, which indicates that the latter preceded the former.

A depressed skull fracture occurs when the skull is struck with an object
having a relatively large amount of kinetic energy but a small surface area,
or when an object with a large amount of kinetic energy impacts only a small
area of the skull. The scalp does not significantly affect the nature of the
injuries to the skull. Large deformations occurring at a distance from the
point of impact are no longer present.>* At the point of impact, there is a
depressed fracture, possibly with fragmentation. The fractures are due to
failure of the inner surface of the skull secondary to the inbending. An
example of this type of fracture is the circular depressed fracture of a hammer
blow (Figure 6.3). Here there are no linear fractures radiating to or from the
circular depression in the skull. If there is insufficient energy to produce
fractures of both the outer and inner tables of the skull, there will be a
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Figure 6.2 Circular fracture of cranial vault from fall onto top of head.

depressed fracture in the outer table, with the inner table intact. The fracture
of the outer table is almost always larger than the fracture of the inner table.
Most depressed fractures are compound in that there is an associated lacer-
ation of the scalp. Epilepsy is a complication in a small percentage of
depressed fractures.

Blows in different areas of the head can have different effects. A blow
to the top of the head tends to produce a cranial vault fracture that might
or might not extend into the temporal region or base of the skull. A blow in
the occipital region generally produces a linear fracture of the posterior fossa;
a blow to the temporo-parietal region fractures through the temporal bone
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Figure 6.3 Blows to head with hammer, with (A) stellate lacerations of scalp.
(continued).

to the base of the skull; and a mid frontal blow produces fractures running
to the orbits and sometimes into the maxilla.’

Basilar skull fractures are quite common in forensic medicine. The base
of the skull, by virtue of its construction and irregular shape, is weak. Almost
any diffuse impact to the vertex of the skull will produce basilar fractures.
Basal skull fractures can occur from blows anywhere along the circumference
of the skull below the cranial vault. They can run anterior-posteriorly, pos-
terior-anteriorly, side to side and any combination of these three. Basal skull
fractures may be missed on X-rays of the skull. With a basal fracture, intrac-
ranial passage of a nasogastric tube or nasophrayngeal airway can occur.’

Hinge fractures are transverse fractures of the base of the skull that com-
pletely bisect the base of the skull, creating a “hinge.” The authors divide them
into three categories (Figure 6.4(A)). Type I run in the coronal plane, extending
from the lateral end of one petrous ridge, through the sella turcica, to the lateral
end of the contralateral petrous ridge. Type II run from front to the contralateral
back, passing through the sella turcica. Type III run from side to side in the
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Figure 6.3 (continued) Blows to head with hammer, with (B and C) depressed
circular skull fractures.
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Figure 6.4 (A) Hinge fractures: Types I, I and III; (B) ring fracture.
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coronal plane but do not pass through the sella turcica. Type I hinge fractures are
the most common form of transverse fractures of the base of the skull. They have
traditionally been ascribed to impacts on the side of the head and, less commonly,
to impacts on the tip of the chin. In the latter instance, one would expect a
laceration of the tip of the chin, though not necessarily fracture of the mandible.

Ring fractures are circular fractures of the base of the skull that surround
the foramen magnum. Typically, they run from the sella turcica partly down
the petrous ridges, before turning posteriorly, and then medially, joining in
the posterior fossa, enclosing the foramen magnum (Figure 6.4(B)) They
may be due to impacts on the top of the head that drive the skull downward
onto the vertebral column, falls on the buttocks that drive the spine into the
base of the skull, and impacts to the tip of the chin. In ring fractures from
impacts on the tip of the chin, almost invariably there is a laceration of the
chin. Even though the force of impact is transmitted through the mandible
to the base of the skull, in most instances, fractures of the mandible are not
present. Experiments have revealed that more force is needed to fracture the
mandible than to produce a basal fracture.®

Humphry et al. reviewed 86 cases of basal skull fracture.” They found no
correlation between the site of impact and generation of a hinge or ring
fracture. Hinge and ring fractures of the base of the skull can be produced by
impacts anywhere on the circumference of the head.

In skulls in which the sutures are not completely fused, suture lines
represent areas of weakness and fractures may travel along them (diastatic
fractures). Rarely, in infants and young children, diastatic fractures can be
produced by severe cerebral edema. Thus, the authors had a case of an 18-
month-old male admitted to a burn unit with burns over most of his body.
He was never conscious and died a week after admission. At autopsy, there
was separation of the coronal, sagittal, and lambdoidal sutures due to the
edema (Figure 6.5).

Contre-coup fractures of the anterior cranial fossae are isolated fractures
of the anterior cranial fossae associated with contre-coup injuries of the
brain, with the impact point on the opposite side of the skull. In a study of
171 deaths from cranio-cerebral trauma due to falls, Hein and Schulz found
that contre-coup fractures of the anterior cranial fossae occurred in 12% of
the cases.® All cases had fractures at the impact site, which was the occipital
region. If one considered only falls where there was occipital impact, then
24% of the cases had contre-coup fractures.

Contusions of the Brain

Impact injuries can produce contusions and lacerations of the brain. Contusions
are the most frequently encountered traumatic lesion of the brain. Contusions
involve the crests of the gyri, but can extend into the white matter as wedge-
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Figure 6.5 An 18-month-old child with separation of sutures due to severe
cerebral edema.

shaped lesions.” Contusions are more severe when associated with skull fractures
and are less severe in brains with diffuse axonal injury.! Cortical contusions
consist of areas of hemorrhage and necrosis that originate at the moment of
impact. Occasionally, hemorrhage may be present without necrosis or necrosis
with little or no hemorrhage.® The contusion hemorrhages are located at or near
the crest of a gyrus. They are usually multiple in number, streak-like, and densely
arranged (Figure 6.6) though occasionally solitary. If the hemorrhage is close to
the surface of the cortex, there may be overlying focal subarachnoid hemorrhage.
If death is not immediate, the bleeding will continue. The amount of bleeding
depends on the type (small artery, capillary, vein) and caliber of the vessel
injured as well as if there is any adjacent necrosis. If necrosis is present, the
contusions develop a wedge-shaped appearance with the base of the wedge at
the crest and the point toward the white matter. If there is profuse bleeding, the
areas of hemorrhage may expand into the white matter or subarachnoid space,
essentially forming an area of intracerebral hemorrhage.
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Figure 6.6 Streak-like linear contusions of cerebral cortex.

Contusion necrosis, just as contusion hemorrhage, tends to be in the
cortex, at the crest of the gyri, sparing the cortex of the sulci.’ The area of
necrosis is wedge shaped, with the base of the wedge at the cortical crest. The
area of necrosis is usually delineated by accompanying hemorrhage, though
the exact extent of the necrosis may not become clear for 10-12 h. If the
necrosis is purely ischemic, without hemorrhage, the lesion becomes visible
grossly 10-12 h after the injury as an area of swollen gelantinous paren-
chyma.”!® Microscopically, it becomes visible at 3—5 h. Over time, contusions
are reabsorbed with resultant golden-brown areas of gliosis.

Contusions are most often found in the frontal and temporal lobes of
the brain. Less commonly, contusions are present on the lateral and ventral
surfaces of the cerebral hemispheres. Contusions are not usually seen in
infants. Rather, one sees lacerations involving the white matter, most com-
monly in the frontal and temporal lobes.”!! Contusions may be absent in severe
open fractures of the skull, with massive lacerations or even evisceration of the
brain. Thus, in jumps and falls from great heights, massive lacerations of the
brain are often unaccompanied by contusions.

There are six types of contusions.’

1. Coup contusions. These occur at the site of impact and are due to
the inbending bone snapping back (rebounding), inflicting tensile
force injuries to the brain.!> Coup contusions are less common than
the second type of contusion.

2. Contrecoup contusions occur in the brain at locations directly
opposite to the point of impact (Figure 6.7).They are tensile force
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Figure 6.7 Contrecoup contusions of temporal poles due to fall on back of head.

injuries due to the brain rebounding backward from the skull fol-
lowing impact.!? They are seen most commonly in the frontal poles,
orbital gyri and temporal lobes. Contrecoup contusions are classi-
cally associated with falls. As their name indicates (contre being
French for opposite), they develop opposite to the point of impact.
Thus, an individual falling on the left side of the back of his head
will have contrecoup contusions of the right frontal and temporal
lobes. A fall onto the top of the head would result in contusions of
the ventral surface of the cerebral hemispheres. Contrecoup contu-
sions are virtually never seen in the occipital lobes, in spite of the
frequent occurrence of individuals’ falling on their faces. While usu-
ally, one has only contrecoup injuries following a fall, and no coup
injuries, on occasion, an individual might have both coup and con-
trecoup contusions (Figure 6.8). When this occurs, the contrecoup
contusions will always be much more extensive and severe than the
coup contusions.

With blows to the head, if contusions are produced, they should be
only coup contusions. Occasionally, however, the coup contusions are
accompanied by contrecoup contusions. In these instances, the con-
trecoup contusions will be less extensive and less severe than the coup
contusions. The usual teaching is that, with blows to the head, if there
are no coup contusions, there are no contrecoup contusions. This may
not be completely correct. The authors have seen rare cases in which
individuals have been struck on the head and there were small con-
trecoup contusions, but no coup contusions. There is always the pos-
sibility in these cases that, after such individuals were struck, they
collapsed, striking their heads and incurring a contrecoup contusion
from the fall.
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Figure 6.8 (A) Fracture of skull in left posterior fossa with, (B) coup contusions
of left cerebellar hemisphere and contrecoup contusions of right temporal pole.
Eight-day survival.

3. Fracture contusions are associated with fractures of the skull. They
do not necessarily bear any relation to the point of impact, as the
fracture line can be some distance from this point.

4. Intermediary coup contusions are hemorrhagic contusions in the
deep structures of the brain, for example, the white matter, basal
ganglia, corpus callosum, brain stem, and along the line of impact —
that is, between the location of the coup and contrecoup points. They
are said to be seen only in falls.” Intermediary contusions should not
be mistaken for gliding contusions.

5. Gliding contusions are focal hemorrhages located in the cortex and
underlying white matter of the dorsal surfaces of the cerebral hemi-
spheres, principally in the frontal region. They are seen in falls and
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motor vehicle accidents.>!? They are independent of the site and direc-
tion of impact and are often found in association with diffuse axonal
injury.!?

6. Herniation contusions are caused by impaction of the medial portion
of the temporal lobes against the edge of the tentorium, or the cere-
bellar tonsils against the foramen magnum. These are also indepen-
dent of the site and direction of impact.

The most important fact to remember about contusions is the relation
of coup and contrecoup contusions to falls and blows. A fall on the head will
produce contrecoup contusions opposite the point of impact and no or very
minor coup contusions at the point of impact. A blow to the head results in
coup contusions and no or minor contrecoup contusions.

Intracerebral hematomas are discrete collections of blood within the
cerebral parenchyma that are not in contact with the surface of the brain.!
They are principally located in the white matter of the fronto-temporal lobes
and are caused by impact. They are said to differ from hemorrhagic inter-
mediary coup contusions in that they are well demarcated, homogeneous
collections of blood, in contrast to contusions that are blood and contused
cerebral parenchyma. In the authors’ opinion, this distinction is artifactual,
and may just reflect a longer survival time by the intracerebral hematomas
with continued bleeding. One of the most interesting aspects of intracerebral
hematomas is that they can appear hours to days after the injury.!>'” There
have been numerous cases where a computerized tomography (CT) scan on
admission has shown no intracerebral hematomas, but subsequent CT scans,
taken several hours to several days after admission, revealed some. In some
instances, their development has been followed by successive CT scans. Pri-
mary intracerebral hemorrhages involving the basal ganglia are found in
approximately 10% of fatal head injuries. They are caused by decelera-
tion/acceleration forces and are commonly found in association with diffuse
axonal injury and gliding contusions.!* In 90% of the cases, the cause of the
injury was either a motor vehicle accident or a fall. In the study by Adams
et al. 43 of 63 patients had small (less than 20 mm) hematomas.'3

Lacerating, Penetrating, and Perforating Wounds of the Brain

Lacerating and penetrating wounds of the brain are most commonly due to
fractures of the skull. Injuries to the brain by fragments of bone may occur
in the presence of an intact scalp. Lacerations of the corpus callosum or
septum pellucidum may occur due to blunt trauma to the head without any
fractures of the skull (Figure 6.9). This latter phenomenon appears to be
more common in younger individuals, who have more elastic bone. Lacera-
tions of the brain may show little and even no bleeding around them. This
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Figure 6.9 A 33-year-old male with transaction of corpus callosum. Impact top
of head. No skull fracture.

is apparently due to vasospasm of arteries, which can maintain a bloodless
field for as long as one hour.’

With severe hyperextension of the head, such as occurs in motor vehicle
accidents when individuals are thrown forward, their faces impacting the
windshield or visor region, and their bodies continuing forward, there may
be injury to the brain stem. This injury can range from tears and hemorrhages
in the pyramids at the junction of the medulla oblongata and pons to avulsion
of the brain stem at the pontomedullary junction (Figure 6.10).!% These
injuries are commonly associated with fractures of the base of the skull and
fractures of the upper cervical vertebrae. Subarachnoid hemorrhage is usually
present over the brain stem.

In contrast to adults, impact trauma in infants (5 months or younger) does
not produce cortical contusions, but rather, grossly visible lacerations in the
cerebral white matter and microscopic lacerations of the outermost layer of the
cortex, which run parallel to the surface of the brain.!! The lacerations of the
cerebral white matter occasionally extend through the cortex or wall of the
ventricles or both. They are most often present in the orbital and temporal
lobes and in the first and second frontal convolutions. Minimal bleeding is
present in the lacerations and sometimes in the adjacent white matter. The
earliest cellular reaction is seen at 36 h and is obvious by 72 h. Unlike contusions
in the adult brain, the location and distribution of the white matter lacerations
cannot be used to indicate whether the injuries were from a fall or a blow.
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Figure 6.10 Complete avulsion of brain stem at pontomedullary junction.

Epidural Hemorrhages

The dura is a gray membrane of connective tissue firmly adherent to the
inner surface of the skull. Arteries run along the inner surface of the
dura at its point of attachment with the skull. The potential space
between the skull and dura is the epidural space, with an actual space,
the subdural space, between the dura and brain. The brain, in turn, is
enclosed in two thin, transparent membranes: the inner pia and the outer
arachnoid. The subarachnoid space is between the arachnoid and pial
membranes. It and the subdural space contain fluid. The fluid in the
subarachnoid space is cerebrospinal fluid, produced by the choroid
plexus that reaches the subarachnoid space through the foramen of
Magendi of the fourth ventricle.

Epidural hematomas are primary impact injuries. They are relatively
infrequent and are seen most commonly in falls and traffic accidents. They
are infrequent in the elderly and the very young (less than 2 years of age)
due to strong adherence of the dura to the skull in both these age groups.
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Epidural hematomas are caused by trauma to the skull and the meningeal
vessels (principally the arteries) at the point of impact. At impact, the skull
is bent inward, with stripping of the dura and laceration of meningeal vessels.
A fracture is virtually always present at this point (90-95% of the time) in
association with the epidural hematoma.

The area of avulsion from the dura is extended by arterial bleeding that
strips the dura from the bone, permitting accumulation of blood. The inabil-
ity of the venous system to generate sufficient pressure to strip dura from
bone accounts for the infrequency of epidural hematomas following venous
injury. Epidural hematomas unassociated with fractures are uncommon.
These usually occur in children who have very elastic bones, such that the
dura can be avulsed from the bone without fracture. In most such cases,
bleeding is minor.>"

Epidural hematomas usually have a thick, disk-shaped appearance (Fig-
ure 6.11(B,C)). They are virtually always unilateral. Most epidural hemato-
mas result from fractures of the squamous-temporal bone, with laceration
of the middle meningeal artery (Figure 6.11(A)). Thus, most epidural
hematomas are in the temporal region. Less commonly, there are lacera-
tions of the anterior and posterior meningeal arteries with frontotemporal
and parieto-occipital hematomas, respectively. Epidural hematomas caused
by venous bleeding are the result of injury to the diploic veins, middle
meningeal veins, and dural sinuses.

Figure 6.11 (A) Fracture of squamous temporal bone with laceration of middle
meningeal artery (continued).
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Figure 6.11 (continued) ( (B and C) epidural hematomas.

Symptoms from an epidural hematoma usually occur 4-8 h after injury.
There is a lucid interval prior to the development of severe symptoms in
approximately one third of patients. Occasionally, an individual will develop
an epidural hematoma so rapidly that death will occur in as little as 30 min.’
Death is caused by displacement of the brain with compression of the brain



Trauma to the Skull and Brain: Craniocerebral Injuries 165

stem. With large fractures, there may be decompression of the epidural
hematoma and survival.

Chronic epidural hematomas are rare.?® They produce their signs and
symptoms over a lengthy period of time. These lesions might lie quiescent for
many days and then suddenly bring about death. It is hypothesized that
chronic epidurals are more commonly associated with tears of venous rather
than arterial structures. However, in some cases, tears in meningeal arteries
have been demonstrated. Frequently, however, no point of bleeding is found.
Symptoms are usually present from the time of the trauma, though they may
be very minor in nature, such as headache or nausea. Drowsiness may or may
not be present. Chronic epidural hematomas may or may not be associated
with fractures of the skull. They are seen most commonly in older children
and young adults. This is thought to be due to the ease with which the dura
can be stripped from the skull in such individuals. Generally, an epidural
hematoma is considered chronic when more than 48-72 h passes from injury
to identification. In some individuals, the interval has been as long as 18 days.

Acceleration/Deceleration Injuries

Acceleration or deceleration injuries are due to sudden movement of the
head the instant after injury, with resultant production of intracranial pres-
sure gradients and the subjecting of the brain to both shearing and tensile
forces. Two types of injuries are typically produced: subdural hematomas
and diffuse axonal injury. Subdural hematomas are secondary to tearing of
the subdural bridging veins; diffuse axonal injury is secondary to injury to
the axons.! While acceleration or deceleration injuries are associated with
impact, theoretically, impact is not necessary for the production of these
injuries, just sudden angular rotation of the head. In situations encountered
by forensic pathologists, acceleration or deceleration injuries of the brain
involve impact.

An impacting force to the head can produce linear acceleration, rota-
tional (angular) acceleration, or a combination of both. In linear accelera-
tion, the force passes through the center of the head, accelerating the head
in a straight line. In rotational or angular acceleration the force does not
pass through the center of the head and thus the head will rotate about its
center. Impacts to the front and back of the head tend to produce linear
acceleration while those to the side produce a combination of linear and
angular. A combination of linear and angular acceleration of the head in the
coronal plane e.g., side impact is more injurious to the brain than similar
acceleration in the sagittal plane (frontal impact) as angular acceleration sets
up shear strains in the brain.?-2
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Subdural Hematomas

The subdural hematoma is the most common lethal injury associated with
head trauma (Figure 6.12). The high mortality associated with subdural
hematomas is due in part to associated brain damage.!* Since a large number
of subdural hematomas are caused by falls, it is not uncommon to find
contrecoup contusions in association with subdural hematomas. Unlike epi-
dural hematomas, subdural hematomas are often not associated with a frac-
ture of the skull and can occur in the absence of cerebral contusions or any
other visible brain injury. Subdural hematomas are more common in the
elderly and alcoholics.

Clinically, approximately 72% of all subdural hematomas are due to
falls and homicidal assaults, with motor vehicle accidents accounting for
only 24%.! This is in contrast to diffuse axonal injury, where approxi-

Figure 6.12 (A and B) Subdural hematoma.
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mately 89% of cases are due to motor vehicle accidents and only 10% to
falls and assaults.

Subdural hematomas can be acute, subacute, or chronic. Acute subdural
hematomas manifest themselves clinically within 72 h of injury; subacute
between 3 days and 2—-3 weeks, and chronic more than 3 weeks after injury.
Subdural hematomas are caused by the stretching and tearing of the parasag-
ittal bridging veins that drain the surface of the cerebral hemispheres into
the dural venous sinuses. These injuries occur after the head impacts a hard
surface and the brain is accelerated. This rapid acceleration causes the tearing
of the bridging veins. The more rapid the acceleration or deceleration, and
the shorter the time of acceleration or deceleration, the more likely one will
have a subdural hematoma rather than diffuse axonal injury.»'*?* The reason
that subdural hematomas are less common in motor vehicle accidents, in
contrast to diffuse axonal injury, is that in a motor vehicle accident, the head
typically strikes a yielding or energy-absorbing surface, thus extending the
time interval in which the acceleration or deceleration occurs. This reduces
the probability of a subdural hematoma’s occurring, because it requires a
large acceleration or deceleration over a short time. It does, however, predis-
pose the brain to diffuse axonal injury.

Part of the lethality associated with subdural hematomas is because of
injury to the cerebral parenchyma by the same acceleration/deceleration force
that produces the acute subdural hematoma.'* This acceleration or deceler-
ation force may also induce brain injury of the diffuse axonal injury type.
The severity of this injury would vary from totally recoverable to such that,
regardless of the subdural hematoma, death would occur.

There is no consistent relation between the presence or location of skull
fractures and the presence of subdural hematomas. A fracture might be
either on the same or contralateral side to the hematoma or may not even
be present (which is more common in elderly individuals). Subdural
hematomas may be on the same or contralateral side as the point of impact
or bilateral.” Subdural hematomas can occur without apparent head injury
or with very minor injury in the elderly and in individuals on anticoagu-
lants or who have bleeding dyscrasias. Occasionally, a cerebral aneurysm
or intracerebral hemorrhage will rupture into the subdural space, produc-
ing a subdural hematoma.

In subdural hematomas, the onset of symptoms is usually rapid. In
elderly individuals, however, symptoms may develop over days. There may
be a relapse of symptoms secondary to recurrent hemorrhage. In an adult,
a rapidly developing (acute) subdural hematoma becomes life threatening
when it reaches approximately 50 mL in size. With slow bleeding, a consid-
erably larger subdural hematoma can be tolerated without symptoms or
serious side effects. In infants, a smaller volume is life threatening. Renewed
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bleeding into an old subdural hematoma can occur. It can be either “spon-
taneous” or the result of new trauma to the head. It originates from the
sinusoidal vessels in the outer neo-membrane formed during the organiza-
tion of the initial hematoma. Rapid development of a subdural hematoma
with mass displacement of the brain with or without generalized cerebral
edema may result in compression of the brain stem and development of
secondary (Duret’s) hemorrhage. These may develop in as little as 30 min
after trauma (R. Lindenberg, personal communication).

In subdural hematomas, the blood presses on both the crests and depths
of the gyri so that the cerebral convolutions retain their normal contours.
The hematoma, however, causes displacement of the cerebral hemispheres
with flattening of the convolutions of the opposite hemisphere as they are
pressed against the dura and bone. If rebleeding occurs within the sac
formed by an organized subdural hematoma, the convolutions on the side
of bleeding will become flattened as the fibrous membrane presses on the
crests of the gyri.

If a person does not immediately die from a subdural hematoma, the
hematoma will gradually become encapsulated by cells from the dura. The
arachnoid does not participate in this encapsulation. Therefore, the capsule
is attached to the dura and not the arachnoid. When formed, this sac of blood
will press on the underlying gyri, flattening them, deforming the surface of
the brain immediately underneath this sac. There is, however, no shifting of
the hemisphere toward the other side, which is seen in the acute non-orga-
nized subdural hematoma.

Organization of a subdural hematoma follows a protracted course.’ The
subdural space has only a limited absorptive capacity, thus, a subdural
hematoma is removed by a process of organization initiated by the dura. For
the first few days immediately following a subdural bleed, the clot is not
adherent to the dura. At about 4-5 days, the clot begins to become adherent
at multiple sites.

About 24 h after formation of the subdural hematoma, a layer of fibrin
is deposited on the dura beneath the subdural hematoma. Fibroblastic activ-
ity starts at the junction with the dura by 36 h with a layer of fibroblasts 25
cells thick present after 4-5 days.® Invasion of the subdural hematoma by
capillaries and fibroblasts is evident by 5-10 days. Hemosiderin-laden mac-
rophages are obvious. Erythrocytes begin to lake. By 8 days, a membrane
12-14 cells thick is present on the dura. The neocapillaries in the membrane
are the source for rebleeding into the subdural hematoma. The arachnoid
surface of the subdural hematoma is initially coated only by fibrin. The
membrane enclosing the arachnoid surface of the hematoma begins to form
in about 14 days, at which time the dural membrane is one third to one half
the thickness of the dura. By 3—4 weeks after injury, the hematoma is covered
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by a membrane of fibrous tissue that grows inward from the edges of the
clot. By 4-5 weeks, the arachnoid membrane has half the thickness of the
dura, with the dural surface equal in thickness to the dura. The clot is
completely liquefied and hemosiderin-laden macrophages are present in the
membranes. At 1-3 months, the membrane is hyalinized on both its inner
and outer aspects, with large capillaries invading the clot. This goes on to
eventual complete resorption, with only a residual gold-colored membrane
adherent to the dura.

Some individuals do not develop significant symptoms of a subdural
hematoma for weeks to months after head injury. The resultant hematoma
is a chronic subdural hematoma. In this entity, instead of the initial acute
subdural hematoma’s becoming organized and then smaller as it is reab-
sorbed, it begins to enlarge. This continues until the chronic subdural
hematoma produces sufficient symptomology.

The victims of chronic subdural hematomas tend to be either infants
younger than 6 months of age or the elderly.!** Both have cranial cavities
that can accommodate the slow accumulation of large quantities of blood.
In the case of infants, this is due to incomplete fusion of bony plates; in the
elderly, increased intracranial space due to brain atrophy. In infants, chronic
subdural hematomas may result in enlargement of the head. Adults with
chronic subdurals often tend to be alcoholics. Because of the prolonged time
between trauma and symptoms, in a significant percentage of individuals
with chronic subdural hematomas, no history of trauma can be elicited.
Chronic subdural hematomas are rarely seen in medicolegal offices.

The etiology of chronic subdural hematomas is generally thought to be
rebleeding from thin-walled sinusoidal blood vessels in the neo-membrane
of a resolving acute subdural hematoma. Lee et al., however, feel that most
chronic subdurals originate as subdural hygromas.?®

A subdural hygroma is an accumulation of spinal fluid in the subdural
space.'#?¢ Trauma to the brain causes effusion of spinal fluid through the
arachnoid, with development of a hygroma. A small amount of bleeding may
also be present, giving the fluid a xanthochromic color. Hygromas can also
develop secondary to meningitis. If the hygroma, instead of being reabsorbed,
continues to grow, it can produce the same space-occupying effects as a
subdural hematoma.

Diffuse Axonal Injury

Immediate prolonged coma unaccompanied by an intracranial mass lesion
occurs in almost half of patients with severe head injuries. The etiology of
this coma and the cause of death in fatal cases is diffuse axonal injury
(DAI). Diffuse axonal injury results from the effects of head motion on the
brain. It is caused by sudden acceleration or deceleration of the head. While,
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theoretically, impaction of the head against a hard object is not necessary,
in reality, brain injury in humans requires contact, not just acceleration or
deceleration. For all practical purposes, it is the impact that starts the
acceleration or deceleration injury to the brain.

Diffuse axonal injury is a continuum, varying from mild brain injury
and dysfunction to severe irreversible dysfunction and injury, and even death.
The severity of injury is determined by the amount of acceleration or decel-
eration of the brain, the time span over which it occurs, and the direction
of movement.??? Experiments have shown that only motion in the coronal
plane causes severe injuries. Sagittal head movement produces diffuse axonal
injury of mild, or at most, moderate type.

At low levels of acceleration or deceleration, there is no anatomical dis-
ruption of the axons, only physiological dysfunction. This may lead to either
complete recovery of an axon or its degeneration. As the physical force
increases, there will be a progressive increase in the extent of irreversible
physiological injury to axons (thus making it more likely that they will
subsequently undergo degeneration) plus an increase in the amount of
immediate structural disruption of axons (transaction) with immediate ces-
sation of all activities.

Concussion is defined by Kelly et al. as “a trauma-induced alteration in
mental status that may or may not involve loss of consciousness.”?” In mild
concussion, there is confusion and disorientation, but no loss of conscious-
ness. Retrograde amnesia may or may not develop. If it does, it develops 5
or 10 min after the trauma and, while it might subsequently decrease, there
will always be some residue.” In cerebral concussion, there is immediate
loss of consciousness, which usually returns within minutes but can persist
for hours (< 6 h) as confusion and retrograde, or posttraumatic, amnesia.
What is clinically called concussion is thought to be a manifestation of diffuse
brain injury, with no or insignificant irreparable physical injury to the brain.
Blumberg et al. reported on autopsy findings of five individuals who died
from other causes after incurring cerebral concussion.?® Using immuno-
staining with B-amyloid precursor protein (B-APP), they found multifocal
axon injury.

In the second-impact syndrome, individuals incur a minor head
injury, followed by a second head injury before the symptoms of the first
have disappeared.? These individuals appear dazed, may complete the
activity they were performing at the time of second impact, but then
collapse into coma. This entity is seen virtually exclusively in sports. Mor-
tality is approximately 50%.

The term diffuse axonal injury (DAI) is used clinically to characterize a
condition of diffuse injury of the axons of the brain associated with immediate
unconsciousness and coma longer than 6 h of duration.? In mild DAL there is
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coma of 6-24 h; in moderate DAI, coma of more than 24 h without prom-
inent clinical signs of brain stem dysfunction; and, in severe DAI, coma of
more than 24 h with brain stem signs. Severe DAI usually results in severe
disability or death. Axonal injury of a greater or lesser degree is the patho-
logical lesion common to all three forms of DAI.

With mild DAI, the injury is predominantly physiological. Some axons,
however, may show immediate physical disruption with cessation of func-
tions. In other axons, the physiological disruption will eventually lead to
degeneration. As the acceleration or deceleration force increases, the propor-
tion in each category changes, until, with severe DAI, the predominant injury
is shearing of axons and immediate cessation of functioning. In severe DAI,
there is mechanical disruption of the axons in the white matter of the cerebral
hemispheres, the corpus callosum, and upper brain stem. Focal hemorrhages
are usually grossly visible in the corpus callosum and dorsolateral quadrant
of the rostral brainstem. Occasionally, laceration or even transection of the
corpus callosum can occur. Gliding contusions of the gray matter of the
cerebral hemispheres and hippocampi may be present.

The histologic hallmark of DAI is axonal swelling or “retraction balls”
(see below). **33 Evidence of axonal injury is not visible for approximately
12 to 24 hours using hematoxylin and eosin stains and 15-18 h with silver
stains. If one employs immunohistochemical techniques, injury may be vis-
ible in 6 h using ubiquitin and 3 h or less with B-APP. Injury to axons has
been detected as early as 1.5 h with B-APP. These axonal changes by B-APP
are not specific for DAI, however. Similar changes have been seen in non-
traumatic cases with cerebral hypoxia.’’3 As time passes, the extent and
degree of axonal injury increase.

In DAL, the axons first appear dilated, like sausage links; then club shaped,
and finally (in 18-24 h) as round balls known as “retraction balls.” Retraction
balls represent axons that are transected. They are seen in the cerebral white
matter, corpus callosum, and upper brain stem. The number of retraction
balls increases during the first week after injury. This is because, while the
initial trauma causes transection of some axons with formation of retraction
balls, other axons are irreversibly injured but continue functioning for a while
prior to cessation of function and degeneration. Two to three weeks after
injury, the number of axon retraction balls begins to decrease and clusters
of microglial cells, the most prominent lesion, appear. This will be followed
by astrocytosis and demyelinization.?

In diffuse axonal injury, experiments have revealed that it is not only the
magnitude of acceleration that produces the injury, but the time over which
the acceleration occurs. Severe angular accelerations over a short time period
result in subdural hematomas; acceleration over a long time period, diffuse
axonal injury.”!42* This agrees with the observation that diffuse axonal injury
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is more common in vehicular accidents, where the time of impact may be
prolonged due to absorbing materials, but rare in falls, where there is no
absorption of impact. When diffuse axonal injury has been documented
following falls, these have been falls from a considerable height.>* It is
extremely unlikely for diffuse axonal injury to occur from a fall from a
person’s own height.

Death Due to Cerebral Concussion

The authors have seen a number of deaths following blunt trauma to the
head in which no, or at least insignificant, anatomical injury to the brain
could be documented. They fall into two categories. The first is illustrated
by the case of an 8-year-old boy riding in the back seat of a motor vehicle
that was involved in a head-on collision with another vehicle. The boy was
propelled over the back seat, striking the top of his head against the wind-
shield. He was dead at the scene within minutes of the accident. At autopsy,
there was no evidence of any injury to the scalp, skull, brain, or neck (anterior
and posterior dissection). A complete autopsy and toxicological screen were
negative.

A second, similar case involved a 20-year-old man who fell 20 ft to the
ground from a ladder. Death was immediate. At autopsy, there was a small
laceration of the scalp in the temporal region without fracture of the skull
or gross evidence of injury to the brain. A number of small perivascular
hemorrhages were identified in the brain stem. There was no other evidence
of injury. The neck was examined anteriorly and posteriorly. Death in this
and the previous case was presumably due to diffuse axonal injury.

The second category of deaths involves individuals who, while acutely
intoxicated with alcohol, are severely beaten about the head, usually with
fists and feet (Figure 6.13). The individuals collapse and are subsequently
found to be dead. At autopsy, the face shows extensive soft tissue injury. There
is no intracranial hemorrhage (subdural, subarachnoid or intracranial).
There are no skull fractures, though fractures of the nose may be present.
Anterior and posterior dissection of the neck is unremarkable. The airway is
patent. The blood alcohol is high, but not in the lethal level, i.e., above 0.15
%, but less than 0.400%. Analysis of vitreous humor indicates that, even if
there had been prolonged survival, the blood alcohol level was never in the
lethal range.

Milovanovic and Di Maio reported five such deaths.* In all cases, there
was extensive soft tissue injury to the face and head; no intracranial bleeding;
no injury to the neck; no airway obstruction and no skull fractures. Three
of the five individuals did, however, have nasal fractures. All five were intox-
icated, with blood alcohol levels from 0.22 to 0.33 g/dl. Three of the five died
within minutes of the assault; two were found dead.
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Figure 6.13 A 35-year-old male severely beaten about face with fists. Blood
alcohol 280 g/dL. No visible injury to brain.

The cause of death in this category of cases is posttraumatic apnea due
to a combination of concussion and acute alcohol intoxication.**-3¢ Con-
cussion, alone or in combination with alcohol, can produce posttraumatic
apnea. With concussion alone, however, posttraumatic apnea is rare, brief,
relatively mild and not life-threatening. Concussion in combination with
alcohol produces apnea that can cause death. This was demonstrated by
Zinc and Feustel in animal experiments.’® They concluded that alcohol
augments the effects of concussive brain injury with resultant posttrau-
matic apnea.

Subarachnoid Hemorrhage

Subarachnoid hemorrhage is the most common sequela of trauma to the
head. Subarachnoid hemorrhage can be focal or diffuse, minor or severe. In
very rapid deaths, subarachnoid hemorrhage tends to be multifocal. In most
cases, it is of a diffuse nature, overlying the cerebral hemispheres, with min-
imal pooling on the ventral surface of the brain. Large collections of blood
in the subarachnoid space of the base of the brain are more common in
natural diseases than trauma, e.g., a ruptured berry aneurysm.



174 Forensic Pathology

Traumatic subarachnoid hemorrhage over the base of the brain can be
caused by lacerations of the internal carotid, vertebral, or basilar arteries.
These injuries can be almost immediately fatal. Hyperextension can cause
bleeding because of lacerations of the basal or vertebral arteries. Blows to the
face might produce lacerations of the internal carotid artery or a vessel of
the circle of Willis. Blows to the neck can cause lacerations of a vertebral
artery with dissection of blood superiorly into the subarachnoid space.

In some instances, subarachnoid hemorrhage may be the only visible
sign of trauma to the brain. Such was the case of an individual struck repeat-
edly about the head with the barrel of a rifle, with resultant multiple lacer-
ations of the scalp, but no fractures of the skull. The brain showed massive
subarachnoid hemorrhage, but no contusions or lacerations. That subarach-
noid hemorrhage in itself can cause death is illustrated by deaths following
rupture of a berry aneurysm or laceration of a vertebral artery. While most
subarachnoid hemorrhage is of venous origin, occasional cases are caused by
lacerations of the vertebral artery or one of the basilar arteries of the brain.

It is possible to have massive injury to the brain with minor focal sub-
arachnoid hemorrhage, especially if death is rapid. This is seen most com-
monly in cases with massive mutilating injuries of the head, such as when an
individual jumps several stories to the ground. There are massive, gaping,
compound fractures of the skull, with partial or even complete avulsion of
the brain. The brain may show spotty subarachnoid hemorrhage and no
contusions. Absence of contusions in such cases is common. In one case, an
individual had his head caved in with a baseball bat in front of a number of
witnesses. The brain showed virtually no subarachnoid hemorrhage and no
contusions, though there were extensive lacerations. Absence of hemorrhage
following lacerations to the brain has been reported as much as 1 h after injury,
and is presumably due to prolonged spasm of vessels.” Subarachnoid hemor-
rhage may cause subsequent development of communicative hydrocephalus
because of a lack of reabsorption of cerebrospinal fluid relative to production.
This is due to subarachnoid hemorrhage causing scarring of the arachnoid
villi, such that it impedes their ability to reabsorb cerebrospinal fluid.

Subarachnoid hemorrhage can be produced postmortem secondary to
decomposition, with lysis of blood cells, loss of vascular integrity, and leakage
of blood into the subarachnoid space. In addition, minimal subarachnoid
hemorrhage may be produced during the process of removing the brain. In
this case, in the process of removing the skull cap, cerebral veins and the
arachnoid are torn, with subsequent diffusion of blood into the subarachnoid
space in the posterior aspect (dependent portion) of the cerebral hemispheres
and cerebellum. While this hemorrhage is usually very minor, if the brain is
not removed from the cranial cavity immediately but rather left to sit for a
while, a considerable quantity of subarachnoid hemorrhage may accumulate.
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Vertebral Artery Injury (Laceration)

Blunt trauma to the neck can cause severe injury to the vertebral arteries.
The upper third of the cervical region is the area where the vertebral artery
is most susceptible to trauma. Two types of trauma can result. In the most
common form, there is a traumatically induced dissection in the vessel wall,
along a length of vertebral artery, with rupture into the subarachnoid space
at the base of the brain (Figure 6.14). The second type of injury also involves
dissection but, instead of rupture of the vessel wall, there is thrombosis of
the lumen with infarction of brain tissue. Opeskin and Burke reported on
25 cases of vertebral artery trauma.’” In 19 cases, there was rupture with
subarachnoid hemorrhage, while in four, there was thrombosis with
ischemia. The remaining two cases had rupture, but death was too rapid for
subarachnoid hemorrhage.

The most common causes of vertebral artery trauma are blows to the
neck, motor vehicle accidents, falls, and cervical spine manipulation. In most
of Opeskin and Burke’s cases, considerable force was involved.?” Chiropractic
manipulation with resultant vertebral artery injury was the cause for two of
their deaths. Injury of the vertebral artery should be suspected when an
individual collapses and dies almost immediately after receiving a blow to

Figuren 6.14 Massive subarachnoid hemorrhage secondary to laceration of
vertebral artery.
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the neck. In cases caused by rupture of the artery, an autopsy reveals sub-
arachnoid hemorrhage primarily concentrated on the ventral surface of the
brain and around the brain stem.

In rupture of the artery due to blunt trauma, Opeskin and Burke noted
bruising and abrasions below and behind the ear in 50% of 18 cases.*
Fractures of the cervical spines were present in 10 of 25 cases. Demonstration
of the vertebral artery injury is easiest by injection of radio-opaque dye into
the vertebral arteries with radiological demonstration of the injury. Only
after such demonstration should there be dissection of the neck, because
dissection is extremely difficult and, if not done correctly, may produce
artifactual defects in the vessels.

Of 19 individuals with rupture and subarachnoid hemorrhage in the
study of Opeskin and Burke, 14 died immediately and five in 10 h to 3 days.?”
Four of the five delayed deaths were unconscious from the time of trauma.
In the fifth case, rupture occurred 2-3 days after neck manipulation. Of the
four individuals who died secondary to vertebral artery thrombosis, symp-
toms did not appear for 1 d to 4 weeks, with survival time of 3 days to 7 weeks.

Traumatic Injury of the Carotid Artery

This entity is probably more common than realized.*®* It occurs mostly in
motor vehicle accidents, where it is often missed because of other injuries to
the head. The injury can be in the neck or in the cranial cavity. In the neck,
it may be found in association with hyperextension injury or spinal fracture.
Intracranial injury is commonly associated with a fracture of the skull. Neu-
rological symptoms may be delayed. Thus, of 29% of patients seen by Cogbill
et al., significant neurological deficits developed more than 12 h after a
normal admission neurological examination.* The injury to the carotid arte-
rial wall might be caused by:

+ An intimal laceration with development of a thrombus
+ An intimal laceration with subsequent dissection into the media in the
presence of an intact adventitia, with development of a true aneurysm

+ Rupture of the wall of the artery

One of the authors reviewed a case of a thrombosis of the internal carotid
artery just distal to the bifurcation of the common carotid artery. The injury
was incurred in a low-speed motor vehicle collision and was due to deploy-
ment of an airbag.

Traumatic Dissection of Intracranial Arteries

Dissection of intracranial arteries due to trauma is relatively uncommon.
If it does occur, however, it can cause cerebral infarction. It is caused by
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subintimal dissection of the intracranial anterior circulation arteries. Unlike
other areas of the body where dissection is in the media, here it occurs
subintimal, with resultant occlusion of the lumen by mechanical effects and
the production of infarction.

Traumatic Brain Swelling and Edema

Following significant head injury, whether clinically mild or severe, swelling
of the brain can occur. Brain swelling may be focal, adjacent to an area of
brain injury; or diffuse, involving one or both cerebral hemispheres. Brain
swelling is due to an increase in intravascular cerebral blood volume second-
ary to vasodilatation (congestive brain swelling), or an absolute increase in
the water content of the brain tissue, or a combination of the two. An increase
in tissue water content, or cerebral edema, is often incorrectly considered
synonymous with brain swelling. If continued long enough, brain swelling
caused by an increase in the intravascular cerebral blood volume progresses
to cerebral edema, presumably due to increased vascular permeability. The
magnitude of the brain swelling does not necessarily correspond to the sever-
ity of the injury. Massive cerebral (congestive) swelling can occur within 20
minutes following head trauma.!

Swelling of one cerebral hemisphere is seen most commonly with an
ipsilateral subdural hematoma. The secondary swelling may, in fact, cause a
more serious mass effect than the hematoma. The rapid onset of the swelling
suggests that the etiology is congestive.

With severe brain injury, diffuse brain swelling of a severe degree may
occur immediately without the individual regaining consciousness. Brain
swelling, however, might not occur immediately after an injury, but rather
develop minutes to hours later. Delayed brain swelling of a significant degree
is rare. It is usually diffuse and more often associated with the less severe
forms of brain injury. Typically, the patient receives a concussion, regains
consciousness, only to become stuporous and lapse into coma minutes to
hours later. Until recently, it was felt that children were more susceptible than
adults to developing diffuse swelling, even after minor trauma.*>** Recent
studies have challenged this contention. Lang et al. found that, while diffuse
swelling might occur more readily in children it is more benign.* Thus, in
their study, 75% of children with diffuse swelling had a benign course, while
two thirds of adults had a poor outcome The researchers believed that a
number of the previous studies had problems in that they were not able to
adequately study changes in the brain in children because the studies were
performed without CT scans.

If brain swelling develops to a severe degree and continues over a suffi-
cient time, there can be herniation of the brain or secondary brain stem
hemorrhage. A rapidly expanding intracranial mass or severe brain swelling
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Figure 6.15 (1) tonsillar, (2] transtentorial, and (3) subfalcial herniation of brain.

can produce tonsillar, transtentorial, or subfalcial herniation of the brain,
with resultant necrosis, secondary infarction, and Duret hemorrhages (Figure
6.15). Herniation may be either symmetrical, due to brain swelling, or asym-
metrical, due to a mass in one side of the brain or subdural space, e.g., a
subdural hematoma or intracerebral hemorrhage. In the case of diffuse brain
swelling, there is usually symmetrical herniation of the cerebellar tonsils
without brain stem hemorrhage. The brain stem and cerebellar tonsils are
forced into the foramen magnum, with resultant dysfunction or even infarc-
tion of the brain stem. The individual becomes unconscious and develops
respiratory difficulty that proceeds to arrest and death. Severe herniation of
the cerebellar tonsils can result in infarction. In some individuals with pro-
longed survival, the authors have seen the upper spinal cord encased in
necrotic cerebellar tissues shed into the cerebrospinal fluid. In dealing with
an asymmetrical herniation caused by a subdural hematoma, in addition to
ipsilateral cerebellar tonsil herniation, one often has a secondary brain stem
hemorrhage (a Duret hemorrhage) involving the midbrain and pons.

Transtentorial or uncal herniation is due to a rapidly expanding suprat-
entorial mass lesion. It may be either unilateral or bilateral, though unilateral
herniation is more common because rapidly expanding lesions are usually
unilateral. A rapidly expanding mass in a cerebral hemisphere means that
ipsilateral uncal herniation can be expected. If severe enough, there will be
displacement of the brain stem against the contralateral tentorial edge with
injury to the brain stem and production of Kernohan’s notch.

The third type of herniation is subfalcial or transfalcial herniation. This
occurs when there is a rapidly expanding mass in one cerebral hemisphere



Trauma to the Skull and Brain: Craniocerebral Injuries 179

or at least in the subdural space on one side. This causes herniation of the
cerebral hemisphere across the midline below the edge of the falx. The her-
niating tissue is most often the cingulate or supracingulate gyrus.

As previously noted, herniation with compression of the brain stem can
result in Duret hemorrhages. These are secondary herniation hemorrhages
of the midbrain and pons. They might range from small streaks to massive
confluent hemorrhage. They are in the midline and are most commonly
associated with asymmetrical herniation of the brain stem. Duret hemor-
rhages may develop in only 30 min.

Boxing Injuries

Professional boxers and, to a lesser extent, amateur boxers can suffer both
acute and chronic injuries in the sport. In 1928, Martland described the
“punch drunk syndrome” in boxers.* This syndrome, in its final form, is
characterized by slurred speech, ataxia, impaired memory, dementia, a
broad-based gait, and a Parkinsonian-like facial appearance.*>* These brain
injuries result from the cumulative effect of multiple subconcussive blows.
The brain injury is apparently irreversible and, in some cases, progresses even
after the fighter stops boxing. Corsellis et al. described a unique neuropatho-
logical pattern of injuries in such boxers.*” It is characterized by:

+ A fenestrated cavum septi pellucidi

* Scarring of the cerebellum and cerebral hemispheres, with marked
loss of Purkinje cells and loss of neurons with subsequent gliosis in
the cerebral hemispheres and with resultant reduction in brain weight
and enlargement of the lateral and third ventricles

+ Degeneration and loss of the pigmented cells of the substantia nigra

+ Neurofibrillary tangles throughout the cerebral cortex and brain stem,
most commonly in the medial temporal gray matter and the laterally
placed temporal, insular, and frontal cortex

In fights, most punches to the head result in rotational acceleration. Thus,
not unexpectedly, most ring fatalities are due to subdural hematomas. These,
as well as DAI, are due to rotational or angular acceleration. Although less
common, blows to the head can produce linear acceleration of the brain with
resultant focal ischemic lesions, especially in the cerebellum.*® These develop
a few days after trauma. Straight blows to the face can also produce hyperex-
tension of the neck, with resultant damage to the axons in medullopontine
angle and the reticular substance of the brain, as well as retinal detachment.
Blows to the neck can cause injury to the carotid arteries, with development
of dissecting aneurysms or thrombosis.*® Also, if the boxer is knocked out, he
can strike his head as he collapses to the mat, incurring contrecoup contusions.
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Occipito-Cervical Injuries

The cervical vertebrae are divided into the upper, C1-C2, and the lower,
C3—C7, vertebrae. The occiput, C1 and C2, form a functional unit bound
together by ligamentous bands. There is no intervertebral disc between the
occiput and C1, and C1 and C2. The vertebral arteries pass through the
foramina of the transverse processes from C-1 to C-6 and are, thus, subject
to injury from lateral fractures.

Atlanto-occipital (occipitocervical) dislocation due to craniocervical lig-
amentous separation is an extremely severe injury commonly associated with
death. Dislocation may be anterior, posterior, vertical and lateral. This injury
is commonly seen in pedestrians struck by motor vehicles and in the occu-
pants of motor vehicles involved in crashes. In a study of 100 consecutive
deaths from motor vehicle accidents, 24 had cervical spinal injuries, with 8
having atlanto-occipital dislocation.® The other injuries involved the first
cervical vertebra in three cases; the second in nine cases; the third to the
seventh in four cases.

Of the eight individuals with atlanto-occipital dislocation, only three had
osseous injury (two involved a condyle, one a fracture of C1). Adams studied
12 cases of atlanto-occipital dislocation occurring secondary to traffic acci-
dents.>® Five had osseous injuries (two of the occipital condyles; three of C1).
Nine of the twelve cases had pontomedullary brainstem lacerations, four had
midbrain lacerations.

The Atlas (C1) is a ring-like structure between the occipital condyles
and the axis (C2). Isolated fractures are usually not associated with neu-
rological injury. Fractures can be classified based on the location and sta-
bility of the fractures. Anterior arch injuries are usually due to
hyperextension and may vary in severity from minimally displaced to com-
minuted to unstable; lateral mass fractures are due to lateral loading; pos-
terior arch fractures are caused by hyperextension together with axial
loading; burst fractures by axial loading.>

Fractures of the axis (C2) involve the dens, the neural arch or the body
of the vertebra. Neurological injury from fractures of the dens is rare. If there
is injury, it can vary from minor to fatal. Odontoid fractures are the most
frequent spinal fracture in children below 8 years of age and adults above 70
years. They may be caused by falls on the head. Excluding the dens, the most
common fracture is that of the neural arch between the superior and inferior
articular processes, the “hangman’s fracture.” The most common mechanism
is axial loading with extension or flexion. It is seen commonly in motor
vehicle accidents and falls.

Less dramatic, and more difficult to detect than atlanto-occipital dis-
locations, are atlantoaxial (C1—C2) dislocations. Adams studied 14 traffic
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fatalities with C1-C2 dislocation.’! Thirteen had sprains of the atlantoaxial
facet joints; one a healed C1 fracture. Six of the 13 — two children and
four older individuals — had odontoid fractures. In sharp contrast to
atlanto-occipital dislocations, there was only one pontomedullary lacera-
tion and two lacerations of the brainstem.

Most fractures of the lower cervical vertebrae can be divided into five
types (Figure 6.16).52 They vary in severity from mild to severe. Only the
severe forms of each type will be considered, as these are the injuries of
interest to the forensic pathologist.

Flexion-distraction: a flexion injury characterized by disruption of the
posterior ligaments with anterior displacement of a vertebra.

Flexion-compression: a more severe version of the flexion-distraction
injury. There is disruption of the posterior ligaments with anterior and
inferior displacement of a vertebra with compression and fracturing of the
adjacent vertebra.

Extension-distraction: extension injuries that are the opposite of flex-
ion-distraction injuries. There are no fractures of the vertebrae, but rather
anterior disruption at the discs as they are pulled apart with posterior dis-
placement of vertebrae.

Extension-compression: a more severe form of extension-distraction
with fracture of the posterior elements of the vertebral bodies and increased
anterior separation at the disc space.

Vertical compression: involves compression and fracturing of a vertebra.

Lacerations of the Brainstem

Violent hyperextension of the head and neck can cause laceration at the
junction of the pons and medulla.!®>* These laceration may be either partial
or complete, and are usually associated with fractures of the cervical spine,
hinge fractures, or ring fractures."®> Occasionally, the injury will not be
associated with either cervical or cranial fractures. The only evidence of injury
to the brain, aside from the laceration, is generally subarachnoid hemorrhage
around the brainstem. While death is almost always immediate, partial lac-
eration is sometimes associated with survival of a few hours. While generally
ascribed only to hyperextension, some individuals feel that these injuries can
be a form of diffuse axonal injury due to angular acceleration of the head.>

Traumatic Intracranial Aneurysms

Traumatic intracranial aneurysms>*>° are relatively uncommon, with approx-
imately 100 reported in the literature. Most occur in association with frac-
tures of the base of the skull and involve the extracranial portion of the
internal carotid artery. When the aneurysms occur intracranially, they most



182 Forensic Pathology

e
\ @
Tl

Flexion-Distraction Extension-Distraction

ES

Flexion-Compression Extension-Compression

Figure 6.16 Fractures of lower cervical vertebrae

commonly involve the anterior aspect of the circle of Willis. Traumatic aneu-
rysms might be either true or false aneurysms. Those involving the cerebral
arteries are true aneurysms, as they are formed due to the lack of an external
elastic lamina in the cerebral vessels.

Cerebral Palsy

Deaths complicating cerebral palsy (CP)> are occasionally seen in a medi-
colegal system. Pneumonia or seizures are the typical presenting causes of
death. Usually, the only reason the death becomes a medical examiner’s case
is that it occurred at home. Cerebral palsy is not a single disease, but rather
a group of diseases producing non-progressive motor impairment due to
lesions or anomalies that arose in the early stages of brain development.
Twenty-five percent of afflicted individuals are unable to walk; 30% are
mentally retarded and 33% have epilepsy. Despite dramatic changes in obstet-
rical and perinatal care, there has been no decline in CP’s prevalence among
full term births. In fact, it has increased overall because of the increase in
survival of premature infants. The lower the birth weight and the earlier the
gestational age, the higher the risk of cerebral palsy. Current medical opinion
is that, for the vast majority of children with CP, the injuries are not caused
by birth trauma or hypoxic insult at birth, but rather by intrauterine insult.
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Wounds Caused by Pointed
and Sharp-Edged Weapons

One, two! One, two! And through and through
The vorpal blade went snicker-snack!
—Lewis Carroll, Jabberwocky

Wounds caused by pointed and sharp-edged weapons can be divided into
four categories:

Stab wounds

Incised wounds (cuts)

Chop wounds
Therapeutic/diagnostic wounds

L.

Stab Wounds

Stab wounds are produced by pointed instruments. Most are homicidal. In stab
wounds, the depth of the wound track in the body exceeds its length in the skin.
The edges of the wound in the skin are typically sharp, without abrasion or
contusion (Figure 7.1). In describing stab wounds, one should never use the
term laceration. A laceration is a tear in the skin caused by blunt force.

The most commonly used weapon to produce a stab wound is a knife,
which, by virtue of its cutting edge, can also produce incised wounds. The
typical weapon is a flat-bladed, single-edged kitchen, pocket, or folding knife
with a 4- to 5-in. blade. Other devices, such as ice picks, scissors, screwdrivers,
broken glass, forks, pens, and pencils, have been used to inflict stab wounds.

The force needed for a knife to perforate the skin depends on the con-
figuration and sharpness of the tip of the knife. The sharper, more needle-
like the tip, the more readily it will perforate the skin.! Once the tip has
perforated the skin, the rest of the blade will slide into the body with ease.
As long as it does not contact bone, a knife can readily pass through organs
with very little force. Thus, even if a knife blade is driven its complete length
into the body, this does not necessarily mean that the stab wound was inflicted
with great force.
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Figure 7.1 Stab wound by single-edged knife. Top squared off, lower end V-
shaped.

Depth of Stab Wounds

In stab wounds, the length of the wound in the skin can be equal, less or
greater than the width of the knife. It may be greater if, as the knife perforates
the skin, the cutting edge of the blade is drawn against the skin, slicing
through it, enlarging the wound. The elasticity or laxness of the skin can also
change the dimensions of the wound in the skin, increasing or decreasing it
by a millimeter or two beyond the actual dimensions of the knife.

The depth of the stab wound can be equal to, less than, or greater than
the length of the knife blade. If the knife is not inserted all the way, the wound
track is less than the length of the blade. Or, the knife may be plunged deeply
into the body with such force as to indent the abdominal or chest wall, so
that the length of the knife track exceeds the length of the knife blade. If
there are numerous stab wounds in the body, one can usually get an approx-
imation of the length and the width of the knife blade by examining them all.

The depth a stab wound needs to achieve to produce a life threatening
or fatal wound depends on the area of the body stabbed. Minimum skin-to-
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organ distances for various organs have been determined by Connor et al.
using computer tomography (CT).2 There was no significant difference
between the minimum skin to organ distances for males (44 cases) and
females (27 cases). Table 7.1 gives the minimum, maximum and mean skin
to organ distances for various organs. These distances may overstate the
distance a knife needs to penetrate to reach an organ in that in real life
situations the skin and subcutaneous tissue may be compressed by the force
of the thrust.

Table 7.1 Distance from Skin to Organs (mm)

Pericar-

Pleura dium Liver Spleen Kidney Thoracic Abdominal ~ Femoral
aorta aorta artery
Minimum 10 15 9 12 19 31 65 13
Maximum 48 45 36 39 79 93 102 25
Mean 22 31 19 23 37 64 87 18
Standard
Deviation 7.9 7.1 6.3 7.0 13 15.1 10.3 3.9

Appearance of Stab Wounds in Skin

The size and shape of a stab wound in the skin depends on the nature of the
blade and knife, the direction of the thrust, the movement of the blade in
the wound, the movement of the individual stabbed, and the state of relax-
ation or tension of the skin. The sharpness of a weapon will determine the
appearance of the margins of the wound: sharp and regular; abraded and
bruised, or jagged and contused. With a blunt cutting edge, the edges of the
wound may be abraded. If an individual is stabbed such that the flat surface
of the knife blade is at an oblique angle to the skin, the stab wound will have
a beveled margin on one side with undermining on the other, indicating the
direction from which the knife entered.
The parts of a single-edge knife (Figure 7.2) are:

+ Grip

* Guard
+ Ricasso
+ Back

+ Spine

+ Edge

« Point

The appearance of a stab wound can be influenced by how deep the knife
is thrust in and what portion of the shaft penetrates or contacts the skin. If
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Figure 7.2 Parts of single-edge knife.

the knife is thrust with great force into the body up to the guard, then the
imprint of the guard could be on the skin. If the knife is thrust in up to the
ricasso, the wound can be squared at both ends.

The shape of a stab wound in the skin is determined not only by the
shape of the blade, but by the properties of the skin. If a stab wound is
inflicted when the skin is stretched, the resulting long, thin wound will
assume a shorter, broader appearance when the skin relaxes. Langer’s lines
can also influence the appearance of a wound. Langer’s lines are a pattern
of elastic fibers in the dermis of the skin, which is approximately the same
from individual to individual. Plastic surgeons take advantage of this pat-
tern of fibers to conceal scars. If one is stabbed across these lines, that is,
perpendicular to the fibers, the fibers will pull apart the edges of the wound,
creating a gaping wound (Figure 7.3). Stab wounds parallel to Langer’s
lines produce narrow slit-like wounds. Between the two extremes are
oblique wounds. Here, depending on the pattern of the fibers, the wounds
may be asymmetrical or semicircular. If the edges of a gaping wound are
drawn together, the size of the restored wound approximates the maximum
possible width of the knife blade.

If a double-edged weapon is used to stab an individual, the wound
produced will show bilateral pointed ends. If a single-edged weapon is used,
theoretically, one end of the stab wound is pointed and the other is squared
off or blunted (Figure 7.1). However, stab wounds with double-edged weap-
ons are uncommon in the U.S. Virtually all stab wounds seen are made with
single-edged weapons. When actual wounds are examined, it becomes obvi-
ous that a number of stab wounds caused by single-edged weapons have
bilateral pointed ends like those made with double-edged weapons. There
are two explanations for this. First, as the tip of the knife perforates the skin,
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Figure 7.3 (A) Multiple stab wounds with same knife. Varied shapes to wounds
due to Langer’s lines. Effect of Langer’s lines on stab wound perpendicular to (B)
and parallel to (C) lines.

it is pulled down, with the cutting edge slicing through the skin and the
squared-off back of the knife not imparting its configuration to the skin
because it does not contact it. Second, many single-edged knives have a
cutting edge on the back of the knife at the tip. Thus, the initial plunge into
the skin will produce a double-pointed wound. Then, as the rest of the knife
goes through the skin, if it is pulled down slightly, the back or squared off
portion of the knife will never contact the skin.

Thus, while in theory one can look at a stab wound and say the weapon
was single- or double-edged, in reality, it is not always possible through
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examination of a single wound. If an individual is stabbed multiple times
with a single-edged knife, examination of the wounds will eventually disclose
the typical single-edged configuration.

As a knife is withdrawn from the body, it may be twisted or the person
stabbed may move. In such a case, the knife might produce a Y- or L-shaped
wound (Figure 7.4). There will be a primary stab wound with an extension
caused by the knife’s edge cutting a secondary path as it exits. A variation of
this can be seen when the knife is only slightly rotated or the individual moves
only slightly, such that one end (the cutting end) of the stab wound will have
an inverted V-shaped notch or “fork” in it (Figure 7.5)Thus, in this situation
with a single-edged knife, one end of the stab wound will be squared or
blunted and the other will be forked.

This picture of a fork at one end of a stab wound caused by the cutting
edge of the knife can be simulated by tears in the skin at the squared-off
end of the stab wound produced by the back of the blade (the ricasso)
lacerating the skin as the blade is plunged in. These tears can usually be
differentiated from the fork cuts in that they are not as sharp and clean
and are often confined to the superficial layers of the skin (Figure 7.6).

The most common reason for a large, irregular knife wound is move-
ment of the victim as the weapon is withdrawn. Prosecutors, however, often
contend that this is due to the perpetrator’s twisting the knife in the body
after stabbing the individual.

If a knife is plunged into the body with such great force that the full
length of the blade enters, a patterned abrasion around the stab wound can
be caused by the guard (Figure 7.7), which is a metal piece between the
blade and handle originally designed to keep the user’s hand on the handle.
Use of the term “hilt” is technically incorrect, because that term refers to
swords. A mark from a guard will be symmetrical if the knife is plunged
straight in. (Figure 7.7A) If the knife is plunged in a downward angle, then
the guard mark will be prominent above the stab wound; if the knife is
plunged upward, the guard mark will be below the stab wound. In oblique
stab wounds, a knife plunged in from the right will have a guard mark on
the right (Figure 7.7 (B, D)).

In some stab wounds, examination of the wound will reveal both ends
to have a squared-off or blunt appearance. This is caused by the knife’s
being plunged in the full length up to the guard. In most weapons, between
the true edge of the knife and the guard, there is a short, unsharpened
section of blade called the ricasso. This generally has a squared-off con-
figuration that is identical on both the back and the cutting edge of the
knife. Thus, if the knife goes in all the way, one end of the stab wound
will be squared off by the back of the knife, and the other by the ricasso.
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Figure 7.4 (A, B and C) Irregular configuration of stab wounds caused by knife’s
being twisted or movement of victim as blade is withdrawn.
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Figure 5.5 (A) Stab wounds from a single-edge knife with small forks at the
cutting-edge end caused by the knife’s being withdrawn. (B) Double-edged stab
wound with fork at one end.

Stab Wounds from Weapons Other than Knives

When an individual is stabbed with an implement other than a knife, the
stab wound may have a characteristic appearance because of the unusual
nature of the weapon. Because ice picks are no longer common household
objects, ice pick wounds are rarely seen nowadays. Ice picks produce small,
round, or slit-like wounds that can be easily missed or confused with wounds
caused by .22-caliber bullets or shotgun pellets (Figure 7.8). A single ice pick
wound might be missed on a cursory examination of a body, especially if
there is little or no external bleeding (Figure 7.18).

If a victim is stabbed with a barbecue fork, there will be clusters of two
or three wounds, depending on the number of prongs on the fork (Figure
7.9A). Each of the stab wounds will be equally spaced, as are the prongs of
the fork. Perforation of the skin with a kitchen fork is generally not possible.
The authors have seen only one death due to a stab wound with a kitchen
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Figure 7.6 Tearing at squared-off margin of stab wound from single-edged knife
produced by back of blade’s lacerating skin.

Figure 7.7 Patterned abrasions
around stab wounds due to single-
edged knife with guard. (A) Symmetri-
cal marking at superior and inferior |
margins. (B) Knife plunged in a down- ved
ward angle with guard mark at squared
off margin (continued).
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Figure 7.7 (Continued) Patterned abrasions around stab wounds due to single-
edged knife with guard. (C) Knife plunged upward with guard mark on inferior
margin of stab wound. (D) Oblique stab wound with guard mark on inferior
margin.

fork (through the chest wall into a lung), though they have seen numerous
attempts. What one sees is a pattern of three or four (depending on the
number of prongs) abrasions or superficial penetrating wounds of the skin
caused by the prongs of the fork (Figures 7.9 B,C).

The authors have seen fatal stab wounds inflicted with pens, pencils,
broken pool cues, etc. In one case, an individual was stabbed on the left side
of the neck with a ballpoint pen. The pen perforated skin, muscle, and
ligaments; penetrating into the spinal column at the atlanto-occipital junc-
tion, and perforating the spinal cord (Figure 7.10).

The appearance of stab wounds made with scissors depends on whether
the scissors were open or closed at the time of stabbing (Figure 7.11). If
closed, the tip of the scissors splits rather than cuts the skin, producing a
linear stab wound with abraded margins. If the screw holding the two blades
is not flush but protrudes, it can produce an angular laceration in the mid
portion of one of the skin margins. If the two blades are separated, two stab
wounds will be produced with each stab.
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Figure 7.8 Elderly individual with multiple ice pick wounds of chest originally
believed to be shotgun pellet wounds.

Figure 7.9 (A) Stab wound with barbeque fork (continued).

Stab wounds with screwdrivers may show very characteristic configu-
ration if the weapon is a Phillips screwdriver. In such instances, the X-shaped
point of the blade will cause a circular wound with four equally spaced cuts
and an abraded margin (Figure 7.12 A, B). A standard-blade screwdriver
will produce a slit-like stab wound with squared ends and abraded margins
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Figure 7.9 (continued) (B and C) Superficial stab wounds caused by kitchen fork.

(Figure 7.12 C). Thus, one cannot be absolutely sure whether a wound has
been produced by a screwdriver or by a knife with a narrow, dull blade,
plunged in up to the guard.

Stab wounds inflicted with a broken bottle tend to occur as clusters of
wounds of different sizes, shapes, and depths (Figure 7.13 A, B). The stab
wounds are sharp edged but ragged and there are differences in the depth of
penetration for the individual wounds. Most fatal stab wounds with broken
bottles are homicides, occasionally suicides, and, rarely, accidents (Figure
7.13 C). In one case, an individual died when he fell on a broken bottle. The
broken end penetrated into the right side of the neck, severing a major vessel.
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Figure 7.10 Stab wound of neck from ballpoint pen with perforation of spinal
cord at atlanto-occipital junction.

Figure 7.11 Suicide. Multiple stab wounds with scissors.
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Figure 7.12 (A and B) Stab wounds with Phillips screwdriver.
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Figure 7.12 (C) Stab wounds from
traditional screwdriver

Stab wounds caused by swords and lances are virtually unheard of in
the U.S. The authors have encountered only one, a sword wound. Occa-
sionally, one sees deaths caused by arrows or crossbow bolts. These are,
in a way, stab wounds. The appearance of the wound depends on the
arrowhead. Target arrows have pointed conical ends. They produce cir-
cular entrance wounds in the skin similar in appearance to bullet wounds.
Hunting arrows have from two to five knife-like edges (four or five are
the most common). The wounds produced are cross-like or X-shaped
with the four-edged arrowhead. The margins of the wound appear
incised, without abrasions.
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Figure 7.13 (A and B) Stab wounds
from broken bottle.

Figure 7.13 (C) Sliver of glass perforating stemum and aorta. Deceased fell
through glass door.

Identifying the Weapon

The pathologist is often asked to give an opinion as to the characteristics of
a knife used in a killing. Was the knife single- or double-edged? What was
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the length of the knife blade? The width? Was the blade serrated? Was more
than one knife used?

One should be extremely cautious in giving answers to these questions.
In most cases, on examining a wound, the most information that can be
deduced is the maximum width of the blade, an approximation of the length
of the blade, and whether it is single-edged. If the stab wound passes at an
oblique or perpendicular angle to Langer’s lines, one must reorient the wound
edges to see the true appearance of the blade.

One can never definitely link a knife to a wound unless the tip of the knife
has imbedded itself in the body and broken off (Figure 7.14). If the knife is
recovered, this tip can be matched to the knife by tool mark comparison. A
physical match in such a case is as valid as a ballistics match of a bullet.

In most instances, the most that one can do when presented with a knife
and asked if it was the weapon that produced a specific wound is state that
it could have been. To be sure that a knife blade was serrated from the
appearance of the wound is rare (Figure 7.15).

All knives thought to have injured or killed an individual should be
examined for the presence of blood or tissue. Any blood or tissue present
can be typed by DNA techniques so as to link the weapon to the victim. It
is possible for a knife or similar weapon to not show microscopic blood
staining after it has been used to stab an individual. In stab wounds of solid
organs, bleeding occurs only after the knife is withdrawn because pressure
of the knife in situ prevents bleeding. During withdrawal of the knife, the
muscular and elastic tissue of the solid organs stabbed or the elastic tissue
of the skin may contract about the knife and wipe off the blood present
on the blade of the knife. During its withdrawal from the body, the knife
may also be wiped clean by the clothing. If a knife appears to be free of
blood, the handles should be removed to see if any blood is there. With
folding knives, the recess for the blade should also be tested for blood. Even
though the blade or recess may appear to be free of blood or tissue, analysis
of wipings of the blade might still yield sufficient tissue to perform at least
limited DNA analysis and typing. This may be sufficient to link a weapon
to a victim.

On rare occasions, a knife is found embedded in the body. To remove it,
the thumb and index finger should grasp the sides of the handle immediately
adjacent to the skin. This will enable the examiner to avoid touching that
portion of the knife handle that was in contact with the assailant’s hand,
where fingerprints may have been left.

Rarely, the weapon is found firmly clenched in the deceased’s hand (Fig-
ure 2.4). Cadaveric spasm, an intense muscular contraction of the hand,
which occurs at the moment of death, provides unequivocal proof that the
person had the weapon in his hand prior to death.
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Figure 7.14 (A) Broken knife blade embedded in humerus. (B) Match made with
murder weapon.

Usually, following a suicidal stabbing, the weapon is found immediately
adjacent to or a short distance from the body. Absence of blood on the hand
is inconsistent with a suicidal cutting of the throat, but may occur with
suicidal stab wounds of the chest or abdomen. The absence of a weapon at
the scene of a death suggests a homicide because an assailant usually does
not leave the weapon at the scene of death. Rarely, a suicide victim survives
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Figure 7.15 Stab wound from blade with serrated edge.

long enough to clean the weapon and replace it in its usual storage area or
hide it. It is also possible for a perpetrator to leave the weapon near the body
to suggest a suicide.

Manner of Death

Most deaths due to stab wounds are homicides. In such killings, multiple
wounds are usually widely scattered over the body. Most of the wounds often
fail to penetrate deeply and, thus, are not life threatening. Most life-threat-
ening wounds involve the chest and abdomen. Death is usually fairly rapid
and due to exsanguination.

Suicide by stabbing is uncommon. When individuals decide to stab them-
selves, they will often unbutton or pull aside their clothing to expose the area
that they intend to stab. Most suicidal stab wounds involve the mid and left
chest and are multiple in number, with many wounds showing minimal
penetration or just barely breaking the skin (Figure 7.16(A)). The latter are
“hesitation” stab wounds. Suicidal stab wounds vary in size and depth with
usually only one or two “final” stab wounds going through the chest wall,
into an internal organ. Occasionally, a knife will be plunged into the body
without any evidence of hesitancy (Figure 7.16 (B)). In some instances, the
knife is left in situ. In one case the authors are aware of, an individual stabbed
himself with two knives and left them embedded in his abdomen.

Once connected with the traditions of Japanese Samurai warriors, seppuku
(commonly called hara-kiri) is an unusual form of suicide involving an
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Figure 7.16 (A) Multiple suicidal
stab wounds of chest with only one
penetrating into chest cavity. (B) Single
stab wound to the left chest with knife
embedded in chest

abdominal stab wound. A single large wound is inflicted in the abdomen.
The sudden evisceration of the internal organs results in an immediate
decrease of intra-abdominal pressure and cardiac return, which results in
sudden cardiac collapse. The proper method for performing seppuku involves
plunging a short sword into the left side of the abdomen, drawing the blade



206 Forensic Pathology

across to the right side of the abdomen and then turning it upward, producing
an L-shaped cut.

Impaling injuries are very uncommon. When they do occur, they are
usually caused by falls and traffic accidents. Rarely, one encounters deliberate
sexually motivated impalement, usually involving the anus and genital area.
Occasionally, individuals fall on an object that they are carrying, e.g., a pencil.
More commonly, individuals fall or jump from a structure onto a pointed
object such as a fence.® Falling pipes and metal rods have also impaled
individuals. In traffic accidents, a vehicle might crash into an obstacle, e.g.,
a fence, which, in part or in whole, is driven into the car (usually the wind-
shield), impaling the driver or a passenger (Figure 7.17). Shifting cargo, e.g.,
metal pipes, in the back of a vehicle can slide forward and impale the driver
or passenger if the vehicle abruptly stops. Rare cases have been reported
involving wood splinters in a tornado.

Stab Wounds by Anatomical Location

Most fatal stab wounds are located in the left chest region. Among a
number of explanations is that most people are right handed and, when
facing a victim, will tend to stab the left chest. In addition, if the intention
is to kill someone, one would stab in the left chest where the heart is
thought to be.

Most fatal stab wounds of the chest involve injury to the heart or aorta.
Deaths due solely to a stab wound of the lung are less common. Fatal stab
wounds of the right chest usually involve injury to the right ventricle, aorta,
or right atrium. Stab wounds of the left chest usually injure the right ventricle
when parasternal, and the left ventricle as the stab wounds become more
lateral and inferior.* While hemopericardium is common, death caused solely
by cardiac tamponade is not. In cardiac tamponade, once a victim acutely
accumulates more than 150 mL of blood in the pericardial sac, death can
occur at any time. Rather than this scenario, however, most deaths are due
to a combination of hemothorax, external blood loss, and hemopericardium.

Stab wounds of the heart with severing of the left anterior descending
coronary artery are rapidly fatal. In stab wounds, damage to the atria or great
vessels leading to and from the heart are more serious than those of the
ventricles because the ventricular muscle can contract, thus slowing or ter-
minating bleeding. Stab wounds of the heart are typically inflicted over the
front of the chest, occasionally the sides, and least commonly the back. The
majority of the stab wounds of the left chest also perforate the lungs. Some
individuals survive stab wounds of the heart.

Stab wounds of the lungs, like those of the heart, typically occur from
wounds over the front of the chest, less commonly the sides, and only occa-
sionally the back. Most such wounds are associated with wounds of the heart.



Wounds Caused by Pointed and Sharp-Edged Weapons 207

Death from stab wounds of the lungs alone are usually due to exsanguination
with massive hemothorax. Pneumothorax may also occur.

Stab wounds of the lower chest can produce injuries to not only the heart
and lungs, but also to the abdominal viscera. Fatal stab wounds of the abdo-
men usually involve injury to the liver or a major blood vessel, e.g., the aorta,
vena cava, iliac, or mesenteric vessels. Occasionally, in wounds of the abdo-
men, death is not immediate. Rather, the victim develops peritonitis because
of a wound of the bowel. The forensic pathologist, by virtue of his work, sees
a biased sampling of cases — only those individuals who die of their injuries.
Thus, in regard to all stab wounds of the abdomen, only two thirds enter the
abdominal cavity and less than half of these inflict significant injury to the
viscera.’

Less common are stab wounds of the head and neck. Stab wounds of the
neck can produce rapid death by exsanguination; air embolism or asphyxia
due to massive soft tissue hemorrhage with compression of the trachea and
vessels in the neck. Delayed deaths might be due to cellulitis, or arterial
thrombosis with cerebral emboli and infarction. In cases in which there are
stab wounds of the head and neck, X-rays of the chest are suggested to rule
out air embolus. Occasionally, in a stab wound of the neck, the knife will
sever not only a major blood vessel, but also the trachea, with resultant
massive hemorrhaging into the pulmonary tree.

Stab wounds of the brain are uncommon. Most occur through the eye
or the temporal region because of the thinness of the bone in these areas.
Often, single stab wounds of the brain are not immediately fatal, and the
victim may walk or run away from the assailant. In some instances, victims
may not realize that they have been stabbed.®” Rarely, stab wounds of the
brain are not discovered until years after the assault. Sometimes, the knife
blade might still be present. Victims of stab wounds of the brain have, on
occasion, been hospitalized and the knife’s entry into the brain not discovered
because the wound was concealed by hair; in the fold of the eye or under the
eyelid.® Death in such cases was due to either continuing intracranial bleeding
or infection. At autopsy, the skull defect produced by the weapon will match
the width and thickness of the knife blade or screwdriver or the diameter of
an ice pick. Bleeding from a stab wound of the brain may be subdural,
subarachnoid, intracerebral, or a combination of all three.

Stab wounds of the spine are uncommon. Like stab wounds of the head,
the knife blade may break off and be found in the spine. Injury to the cord
will produce either complete or partial paralysis below the level of injury.
Delayed presentation is rare, but occurred as long as 30 years after the stab-
bing in one case.’?

While most lethal stab wounds involve the trunk, head, or neck, occa-
sionally one will have a lethal stab wound of an extremity. Most commonly,
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Figure 7.17 Impaling injury from a pipe.

the vessel involved is the femoral artery. In virtually all these cases, the
individuals stabbed are intoxicated and do not realize the lethality of their
injury. Instead, they keep walking around bleeding copiously before they
collapse and die.

Most stab wounds of the upper extremities are sustained by victims as
they try to defend or protect themselves from assailants. Defense wounds of
the lower extremities occur but are uncommon.

In rare instances, the weapon used to inflict a stab wound, e.g. an ice
pick, may produce an inconspicuous external wound, with minimal or no
external bleeding (Figure 7.18). This stab wound can be overlooked in exam-
ination of the body at the scene, where conditions for ideal examination are
lacking.

Probing of stab wounds is usually of very little benefit, in that the probe,
with very little force, will produce multiple erroneous wound tracks. Thus,
probing is not recommended.

Incised-Stab Wounds

An incised-stab wound is a stab wound that is converted to an incised (slash-
ing) wound. The wound starts out as a stab wound with the knife plunged
into the body. The knife, instead of being immediately withdrawn, is pulled
toward the assailant, slicing through the tissue, extending the length of the
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Figure 7.18 Inconspicuous single ice pick wound in front of ear. Ice pick per-
forated vertebral artery.

wound in the skin such that the wound is now longer than deep. This is
accomplished in one continuous flowing movement. In Figure 7.19, the
deceased was stabbed on the right side of the neck with the tip of the knife
penetrating into the third cervical vertebra. The knife was then pulled ante-
riorly, toward the assailant, slicing through skin, muscle and the jugular veins.

Usually, one cannot tell the direction the knife was drawn through the
tissue from examination of the wound alone. The only way a differentiation
can be made is if there is a nick or forked configuration to one end of the
wound. If present, this indicates that the blade was drawn toward this end.

Physical Activity Following a Fatal Stab Wound

The question of whether an individual is capable of physical activity, i.e.,
able to walk or run away from the assailant after receiving a fatal stab
wound, depends on the organ(s) injured, the extent of the injury, the
amount of blood lost, and the rapidity with which the blood is lost. With
profuse bleeding, physical activity is limited or lost rapidly; with slow
bleeding, the victim is capable of walking away from the assailant. Not
infrequently, a trail of blood will mark the path of escape. A stab wound
that will disable one victim will not necessarily affect the physical activity
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Figure 7.19 Incised-stab wound of right side of neck. The assailant was facing
the deceased at the time the wound was inflicted.

of another. The authors have seen prolonged survival (several hours) fol-
lowing stab wounds of major vessels.

Karger et al. evaluated 12 cases of suicide from sharp pointed weapons
in order to estimate the potential for physical activity following injury.® In
all cases, the suicidal action and the subsequent behavior were witnessed.
Seven of the victims had stab wounds of the heart. These latter deaths fell
into three categories, based on time of survival and physical activity: imme-
diate incapacitation (one case); short-term survival (two cases) and long-
term survival (four cases). The short-term group collapsed in approximately
10 seconds; the long-term 2—10 minutes.

The individual who collapsed immediately had a 15 mm wound of the
heart and a 450 ml tamponade. In the short-term group, both individuals
collapsed in 10 seconds; both had tamponade, one 250 ml with the other not
specified. The stab wounds of the heart were 14 and 20 mm long, compared
with 7-10 mm for the long-term group. In two of the long-term group,
cardiac tamponade of 300 and 400 ml were found. No mention of tamponade
is made in the other two cases. The individual with the 400 ml tamponade
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lived the longest — 10 min. An eighth case involved a stab wound of the
heart with a cannula. This individual survived 2 h and was found to have a
600 ml tamponade.

In the eight cases with stab or puncture wounds of the heart, the right
ventricle was punctured three times; the left five. All injuries to the heart
perforated only the anterior wall. The case with the longest time of physical
activity (2 h) and three of the four individuals in the long-term physical activity
group had wounds of the left ventricle, while both cases in the short-term
group had wounds of the right ventricle. In another case, an individual stabbed
himself in the right chest, injuring his lung and liver. He survived 2 h and was
found to have a 2200 right hemothorax and a 700 ml hemoperitoneum.

Force Necessary to Inflict Fatal Stab Wounds

It is impossible to exactly quantitate the force exerted by an assailant in
inflicting a fatal stab wound. After comparing and correlating the relation of
each of the following four variables with those of the fatal stab wound, it is
possible, however, to state in comparative terms the force required to inflict
the fatal stab wound:

1. The condition of the knife: a sharp point; a dull point; a sharp or dull
cutting edge; a thin or thick blade; double-edged or single-edged
cutting blade. A sharp, pointed, double-edged, thin knife requires less
force or effort to penetrate tissues or organs than a single-edged, blunt,
pointed, dull blade.

2. The resistance offered by the different tissues or organs penetrated. Pen-
etration of skin, cartilage, and bone, which are tough structures,
requires greater force than that required for penetration of soft tissue,
such as fat. Therefore, the tissue or organs penetrated by the knife will
indicate the amount of force exerted by the assailant.

3. The depth and length of the stab wound. A 2-in blade causing a 4-in-
deep stab wound must be inflicted with great force.

4. The amount of clothing and its composition will also determine the
amount of force to be exerted. For example, leather belts, thick leather
jackets, fur coats, and so on will require a greater force for penetration
than scant, soft clothing.

In regard to the above item # 2, O’Callaghan et al. measured the force
necessary for a knife to penetrate different tissues.!” They inflicted a series of
stab wounds to a depth of 10 cm in cadaveric tissue and amputated speci-
mens. They determined that the mean force to penetrate skin, subcutaneous
fat and muscle was 11.1 Ib (49.5 N) with a range of 7.9 to 12.4 1b; for
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subcutaneous fat and muscle 7.8 Ib (35 N); for muscle 8.4 1b (37.5 N) and
for fat 0.5 1b (2 N).

Postmortem Bleeding

Drainage from a postmortem incised or stab wound is usually minimal due
to the small quantity of blood present in the severed blood vessel. However,
should a large blood vessel be severed after death and the vessel be located
in a dependent area of the body, the quantity of blood lost could be consid-
erable. The dependent position enables the network of blood vessels com-
municating with the severed vessel to drain or “bleed” through the severed
vascular wall. In postmortem experiments, one of the authors severed large
blood vessels in the chest and abdominal cavities to determine the quantity
of blood that could be lost in each body cavity; 300-500 mL of blood leaked
out into the cavities. This quantity of blood is small in comparison with the
usual amount of blood that accumulates during antemortem wounding.

When a victim is stabbed multiple times and bleeds heavily, the last stab
wound inflicted may appear bloodless. In such cases, the medical examiner
may experience difficulty in deciding whether this stab wound was inflicted
before, during, or soon after death.

During movement or transportation of a body, blood may escape from
the wounds and stain the clothing. Thus, blood stains on the clothing at the
time of autopsy may have occurred during movement and transportation of
the victim’s body. Blood stains or blood-stain patterns initially present on
the clothing may be enlarged, increased in number, or obliterated by the flow
of postmortem blood during transportation.

Incised Wounds

Incised wounds or cuts are produced by sharp-edged weapons or instruments.
A knife is the classical example of a weapon used to inflict an incised wound,
though, in fact, any instrument with a sharp edge can do so e.g., a piece of
glass, metal, or paper. The sharp edge of the instrument is pressed into and
drawn along the surface of the skin, producing a wound whose length is
greater than its depth.

In incised wounds, the length and depth of the wound will not provide
information as to the weapon. A 3-in-long incised wound could have been
produced by a 6-in blade, a 2-in blade, a razor, or even a piece of glass. Incised
wounds should not be confused with lacerations. Incised wounds have clean-
cut straight edges free of abrasion or contusion (Figure 7.20). There is no
bridging in the depth of the wound. Lacerations, which are tears in the skin
caused by blunt force, generally have ragged, abraded margins with bridging
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Figure 7.20 Incised wound of face caused by razor. Note sharp, clean margins.

of the base. One must realize, however, that a dull, irregular-edged, or nicked
cutting edge can produce an incised wound with irregular, contused, or
abraded margins because the wound is caused more by the pressure applied
by the weapon than by the cutting edge. No bridging in the depth of the
wound will occur, however.

Wounds of the scalp produced by heavy, usually metallic, objects with
sharp edges can produce lacerations with sharp, non-abraded margins that
can be confused with incised wounds. Careful examination of the base of the
wound usually produces evidence of bridging, thus indicating a laceration.
In some instances, however, just by examining a wound alone, it will not be
possible to determine if it is an incised wound or a laceration. Other wounds
on the body will often suggest the etiology of the ambiguous wound.

Incised wounds often begin very superficially, deepen, and then become
superficial again. If the blade is held at an oblique angle to the skin, the
wound will present a beveled or undermined edge. If the angle is extreme, a
skin flap will be produced. On occasion, a single slash with a sharp, edged
weapon might produce more than one incised wound. These are wrinkle
wounds, which occur when the skin is not flat, but “wrinkled,” that is, in
folds. Here, the cutting edge skips from crest to crest of the skin, leaving a
string of cuts, all of which have resulted from a single slash (Figure 7.21).
Usually, these lie in a straight line and it is fairly simple to deduce what has
occurred. If the skin is thrown into irregular folds, an irregular zigzag wound
may be produced by a single swipe of the blade. In such a case, the blade
rolls up the skin before cutting through it.
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Figure 7.21 Incised “wrinkle” wound caused by knife drawn across skin from
crest to crest.

The edges of an incised wound tend to separate or gap. The extent to
which the wound gaps and the shape it subsequently assumes depend on
whether it is parallel, transverse, or oblique to the direction of the elastic
fibers in the skin (Langer’s lines). Thus, an incised wound parallel to the
contractile fibers will gap less than one made at a right angle or obliquely
across the fibers because the fibers will pull the skin apart and evert the edges.

Incised wounds are usually not fatal. Most are seen in emergency rooms,
where they are treated with a few sutures and the victims released. Incised
wounds are most frequently inflicted on the exposed portions of the body:
the head, neck, and arms. If the victim survives, the wounds usually heal by
primary intention, leaving a thin, linear scar. Fatal incised wounds generally
involve the arms and neck and are usually suicidal. Homicidal incised wounds
almost always involve the neck.

Suicidal incised wounds are generally inflicted on those parts of the body
most accessible to the victim. The victim may expose the portion of the body
to be incised. For example, he may open his collar before cutting his throat,
or pull up his shirt before cutting his chest or abdomen.

In self-inflicted incised wounds, one will often find hesitation marks
(Figure 7.22). These are superficial incised wounds adjacent to, a continu-
ation of, or overlying the fatal incised wound. They are very superficial and
often do not go through the skin. One has the impression that the deceased
attempted to cut the skin, but either because of pain or hesitancy, did not
initially cut deep, but rather made multiple, very superficial cuts, almost
like paper cuts, until finally, he built up enough courage to actually cut
through the skin. Very superficial incised wounds identical to hesitation
marks occasionally can be seen in homicidal incised wounds of the neck.
This could be caused by either struggling of the individual prior to the
infliction of the fatal wound or perhaps the perpetrator’s initial hesitancy
to cut the victim’s throat.

Fatal incised wounds of the arms are almost always suicidal. As a means
of attempting suicide, cutting one’s wrists is a poor method. Most people
have a vague knowledge of anatomy and do not know where to sever a major
vessel. In addition, they usually do not cut deep enough. Some individuals
cut their forearms vertically, rather than horizontally, due to an ignorance of
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Figure 7.22 Incised wounds of neck with hesitation marks.

anatomy (Figure 7.23 A). One individual who did so had this fact explained
to him by his physician. When the patient cut his wrist again later in the
week, he cut the radial artery correctly and bled to death.

In self-inflicted incised wounds of the extremities, right-handed individ-
uals usually cut the left wrist or forearm; left-handed individuals, the right
wrist or forearm. These incised wounds are typically found on the flexor
surface and radial aspect of the forearm (Figure 7.24 (A and B)). Thus, the
presence of linear scars on the flexor surface in these areas suggests that an
individual has attempted suicide in the past.

Defense wounds are wounds of the extremities incurred when an indi-
vidual attempts to ward off a pointed or sharp-edged weapon. They are most
commonly found on the palms of the hands, due to attempts to grasp or
ward off the knife; the back (extensor surface) of the forearms and upper
arms and on the ulnar aspect of the forearms (Figures 7.24 (C and D); 7.25).
Rarely, defense wounds will be found on the feet or legs. In such a case, the
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Figure 7.23 (A) Three self-inflicted incised wounds of flexor surface of left
forearm, the two in the wrist, vertical in orientation. (B) Detail of wound of
antecubital fossa showing partial severing of artery and vein.

individual might have kicked out at the knife to try to ward it off, or he
might have curled up and tried to cover his vital areas with the legs.

In self-inflicted incised wounds using double-edged razor blades, the
blade will often cut the fingers of the hand holding it. If individuals are using
a knife and there is a lot of blood, there is a possibility that their hands could
slip from the handle onto the blade, incurring an injury. In both instances,
the wounds produced simulate defense wounds.

Incised Wounds of the Neck

Incised wounds of the neck can be accidental, homicidal, or suicidal. Acci-
dental wounds are extremely rare, usually seen only when an individual goes
through a sheet of glass or is struck in the neck by a flying fragment of glass
or some other sharp-edged projectile. Thus, in one case, a 13-year-old male
was struck by flying glass when a bottle containing dry ice exploded. The
fragment of glass severed his left jugular vein, causing exsanguination.
Homicidal incised wounds of the neck present two different pictures,
depending on whether they are produced from the back or the front. Most
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Figure 7.24 Demonstration of (A) self-inflicted incised wound of flexor surface
of wrist (B) self-inflicted incised wound of radial aspect of forearm (continued).

commonly, a person’s throat is cut from behind. The head is pulled back,
exposing the neck, and the knife is then drawn across it. Often, the victim
is face down on the floor or ground at the time the wound is inflicted.
The perpetrator usually starts the incision high up on the side of the neck
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Figure 7.24 (Continued ) Demonstration of (C) defense wound of back of fore-
arm, (D) defense wound of ulnar aspect of forearm.
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Figure 7.25 (A and B) Defense wound of palm of hand incurred in attempt to
grasp knife.
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opposite to the hand he is using. The knife is drawn across the neck, from
left to right by a right-handed assailant and from right to left by a left-
handed individual. The wound inflicted is first shallow, then deeper and
then shallow again, terminating on the opposite side of the neck. The
wound generally starts below the ear; runs downward and medially at an
angle, then straight across the midline of the neck, and then upward,
ending on the opposite side of the neck, lower than its point of initiation
(Figure 7.26).

Figure 7.26 Homicidal incised wound of neck inflicted from back beginning
below left ear (A) running downward and medially across the midline of the neck
and upward on the opposite side of the neck, ending lower than its point of
initiation (B).
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Homicidal incised wounds of the neck inflicted from the front tend to be
short and angled (Figure 7.27). A right-handed individual typically inflicts
incised wounds on the left side of the victim’s neck, with the slashes running
downward and medially at an oblique angle. If the wounds are inflicted on
the right side, they tend to be fewer in number. Wounds across the front of
the neck tend to be horizontal and short, extending a short distance to the
right or left of the midline. Horizontally incised wounds inflicted from the
front of the neck are the least common. The characteristics of the wounds
produced by a frontal attack are obvious with an understanding of the etiology.
Instead of the neck’s being cut with one long, continuous motion, these
wounds are inflicted by “swipes” or slashes made while facing the individual.

In self-inflicted wounds of the neck, the same general pattern holds as
for a homicidal assault from the rear. The wound usually begins higher on
the neck on the side opposite to where it terminates. Suicidal incised wounds
of the neck are usually, but not always, accompanied by hesitation marks
(Figure 7.28). In rare instances, a fatal self-inflicted incised wound of the
neck may be accompanied by cadaveric spasm (instantaneous rigor mortis)
with the knife or razor found firmly clenched in the victim’s hand — unequiv-
ocal proof of suicide. In some suicides, the weapon might not be present at
the scene. Another person may have altered the scene, or, if the initial wound
was not immediately incapacitating, the suicide victim was allowed time to
conceal the weapon prior to death.

Incised wounds of the neck may be extremely deep and extend completely
to the vertebral column. This is most common in homicidal wounds inflicted
from the rear.

Death from incised wounds of the neck may be due not only to exsan-
guination, but to massive air embolus. An X-ray of the chest for the detection
of air in the venous system and heart is recommended. Subsequently, the
heart should be examined for air emboli. The length of time it takes to die
following an incised wound of the neck depends on whether the venous or
arterial systems are severed and whether there is air embolism.

Miscellaneous

Pieces of glass have been used to cut wrists and throats and to slash people.
They have been used in both homicides and suicides. Occasionally, an acci-
dental death will be caused by glass. The authors have seen a number of cases
in which an intoxicated individual knocked out a pane of glass with a hand
or fist. In the process, as the arm went through the glass, or when it was
pulled back, a jagged projection of glass cut the arm, inflicting a deep wound
and severing a major vessel, with resultant exsanguination (Figure 7.29).
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Figure 7.28 Seclf-inflicted incised wound of neck with hesitation marks.

Psychotic individuals may use edged weapons to mutilate either them-
selves or others. Mutilation usually involves the genitalia, ears, or nose.
Non-psychotic individuals may mutilate as a warning, in revenge, or to
collect souvenirs (usually ears). Husbands occasionally mutilate the gen-
italia of cheating wives. Sexual mutilation of prostitutes occurs, though
rarely.

In bodies in which there is prolonged immersion in water, the water can
leach out the blood in both stab and incised wounds, giving an almost
postmortem appearance to these wounds, suggesting that they were inflicted
after death rather than before (Figure 7.30).

In both incised and stab wounds, one should always examine the clothing
to see if there are defects corresponding to the wounds. This is to rule out
an individual’s being stabbed or cut and then the body dressed.

Chop Wounds

Chop wounds are produced by heavy instruments with a cutting edge, e.g.,
axes, machetes, and meat cleavers. The presence of an incised wound of
the skin, with an underlying comminuted fracture or deep groove in the
bone, indicates that one is dealing with a chopping weapon (Figure 7.31).
When the perpetrator pulls out a weapon that has embedded itself in the
bone, he might give it a sharp twist, fracturing or breaking off the adjacent
bone. In tangential wounds of the skull, chopping instruments may cut off
disks of bone.
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Figure 7.29 (A, B) While intoxicated, the deceased attempted to break a window
and enter. He incurred wounds of the left arm, with severing of major vessels
and exsanguination.
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Figure 7.30 Antemortem incised wound of right forearm with blood leached
out following prolonged immersion in water.

Figure 7.31 (A) Chopping wounds of head from machete. Note incised-like
nature of wounds with cutting of underlying bone (continued).
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Figure 7.31 (continued) (B) Chopping wounds of head from machete. Note
incised-like nature of wounds with cutting of underlying bone

While most chop wounds appear incised, when there is a combination of
cutting and crushing, they can have both incised and lacerated characteristics.

Chopping weapons cutting through bone can impart characteristic stri-
ations on the bone unique to each type of weapon. Humphrey and Hutchin-
son evaluated hacking trauma on bones produced by cleavers, machetes and
axes.!! Hacking blows produce wounds in bone characterized by at least one
smooth, flat side with, in the case of angled impacts, fracturing of the other
side. Cleavers produce clean, narrow wounds without fractures at the entry
site; machetes wider, less-clean wounds with small fragments of bone at the
entry site and fractures in the bed of the cut. Axes make crushing, fragmenting
wounds with fractures. Microscopic examination of these wounds by Tucker
et al. found that cleavers produce thin, fine striations that are sharp and
distinct.!? Striations produced by machetes were more pronounced but coarse
and less distinct. Axe wounds showed no striations on the bone. The authors
thought that microspcopic analysis of hacking wounds of bone could disting-
ish different classes of weapons. They also saw a potential to identify specific
weapons. Boat or airplane propellers can produce chop-like wounds of the
body. On occasion, a body will be pulled from the water with multiple chop
wounds (Figure 7.32). The question then arises as to whether these are ante-
or postmortem. If, on examination of the site of injury, there is hemorrhage
in the soft tissue, one can be fairly sure that this is an antemortem injury.
Absence of bleeding into a chop wound does not prove that the injury was
postmortem, because prolonged immersion in water might result in the
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Figure 7.32 Body pulled from water; wounds caused by boat propeller.

leaching out of the blood from the wound, giving the appearance of a
postmortem injury.

Therapeutic or Diagnostic Wounds

These are wounds produced by medical personnel during the treatment of
a patient. Common examples are thoracotomy incisions; surgical stab
wounds of the chest or abdomen for insertion of tubes and drains; laparot-
omy incisions; incisions for peritoneal lavage; cutdowns of the wrists, antecu-
bital fossae, and ankles; and tracheostomy incisions.

Some of these surgical wounds may be mistaken for primary traumatic
injury; e.g., a surgical stab wound of the chest for a drain could be interpreted
as a homicidal stab wound. In other instances, the traumatic wounds are
obliterated by the surgical procedure; e.g., a stab wound of the left chest
might be incorporated into a thoracotomy incision. Occasionally, a homicidal
stab wound is converted to a therapeutic use, e.g., a surgical drain might be
placed into the chest cavity through a stab wound of the chest. If the indi-
vidual dies and the drain tube is left in the stab wound, the wound could be
misinterpreted at autopsy.
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To avoid misinterpretation of therapeutic wounds, therapeutic tubing
should never be removed prior to sending a body to the medical examiner;
the chart should be reviewed prior to autopsy and, if any questions arise, the
treating physicians should be consulted.
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Asphyxia

Asphyxial deaths are caused by the failure of cells to receive or utilize oxygen.
The deprivation of oxygen can be partial (hypoxia) or total (anoxia). The
classical signs of asphyxia are visceral congestion, petechiae, cyanosis, and
fluidity of blood. These are nonspecific, however, and can occur in deaths from
other causes. Visceral congestion is due to obstructed venous return and cap-
illovenous congestion. The latter is a result of the susceptibility of these vessels
to hypoxia, with resultant dilatation of the vessels and stasis of blood.
Petechiae are pinpoint hemorrhages produced by rupture of small ves-
sels, predominantly small venules. Rupture appears to be mechanical in
etiology and is caused by sudden over distention and rupture of the vessels
following abrupt increases in intravascular pressure.'> These are most com-
mon in the visceral pleura and epicardium. In asphyxial deaths from stran-
gulation, petechiae are classically seen in the conjunctivae and sclerae.
Petechiae, as nonspecific markers,> may be seen in the conjunctivae and
sclerae in association with many different conditions, not all fatal, and not
just in asphyxial deaths. They are routinely seen in the reflected scalp in all
types of death and are of no diagnostic significance in this area. Petechiae of
the epiglottis are also of no significance. Gordon and Mansfield documented
development of epicardial petechiae after death.2
Petechiae can develop after death in dependent areas of the body e.g., an
arm hanging over the side of a bed. Here, gravity causes increased intravascular
congestion and pressure with resultant mechanical rupture of small vessels. If
the petechiae become larger or confluent, they are called ecchymoses.
Cyanosis is, of course, nonspecific and caused by an increase in the amount
of reduced hemoglobin. It does not become observable until at least 5 g of
reduced hemoglobin is present. Postmortem fluidity of blood is not characteristic
of asphyxia or any cause of death, but rather the result of a high rate of fibrinolysis
that occurs in rapid deaths, possibly by high agonal levels of catecholamines.?
Asphyxial deaths can be loosely grouped into three categories:

1. Suffocation

2. Strangulation
3. Chemical asphyxia
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These deaths might be accidental, suicidal or homicidal in manner. Com-
pared with other causes of homicide, homicides via asphyxia are relatively
uncommon in the U.S. They predominantly involve strangulation — manual
and ligature strangulation. In the last ten years, murders ascribed to stran-
gulation have averaged 286 a year, with a range of 366 to 211. There seems
to have been a gradual decrease in the number of such cases over the years.
Murders caused by “asphyxiation” (no further description but excluding
strangulation) have averaged 107 a year, with this number being fairly con-
stant over the ten-year period.*

Suffocation

In deaths from suffocation, there is failure of oxygen to reach the blood.
There are six general forms of suffocation:

Entrapment/environmental suffocation
Smothering

Choking

Mechanical asphyxia

Mechanical asphyxia combined with smothering
Suffocating gases

AN 2 e

Entrapment / Environmental Suffocation

In suffocation by entrapment or environmental hazard, asphyxia is caused
by inadequate oxygen in the environment. These deaths are almost exclusively
accidental in nature. In entrapment, individuals find themselves trapped in
an air-tight or relatively air-tight enclosure. Initially, there is sufficient oxygen
to breathe. However, as respiration continues, they exhaust the oxygen and
asphyxiate. The best example of this is a child trapped in a discarded refrig-
erator. Fortunately, this specific form of death by entrapment is becoming
rare, as modern refrigerators do not have a latch system of locking and can
be pushed open from the interior. Suicide and homicide by entrapment are
rare, but do occur.

In environmental suffocation, an individual inadvertently enters an area
where there is gross deficiency of oxygen. This deficiency is not due to
displacement of the oxygen by suffocating gases, which will be discussed in
another section, but rather that the oxygen has been depleted by some mech-
anism. Thus, the authors reported two deaths caused by lack of oxygen in
an underground chamber.> The normal percentage by volume of oxygen in
the atmosphere is 20.946%. In this particular case, the percentage by volume
was 9.6%. This lethal atmosphere was caused by fungus-like organisms and
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low forms of plant life present on the vault walls and in the sediment on the
floor. The metabolic processes of the fungi and plant life resulted in depletion
of oxygen by these organisms, with production of carbon dioxide. Thus,
carbon dioxide, which is normally 0.033% in air, in this case, was 7.0%. The
increased quantity of carbon dioxide, however, was insufficient in itself to
have caused death by displacement of oxygen. It was the absolute lack of
oxygen that caused death. At oxygen concentrations of 10 to 15%, there is
impairment in judgment and coordination. Loss of consciousness occurs at
8 to 10%; death at 8% and less. At oxygen concentrations of 4 to 6%, there
is loss of consciousness in 40 sec and death within a few min.

In deaths due to entrapment or environmental suffocation, the cause
of death cannot be determined by autopsy alone, because there are no specific
findings. All that one finds is nonspecific acute visceral congestion. It is only by
an analysis of the circumstances leading up to and surrounding death, and
the exclusion of other causes, that one can make a determination as to the
cause of death.

Smothering

Asphyxia by smothering is caused by the mechanical obstruction or occlusion
of the external airways, i.e., the nose and mouth. Deaths such as these are
usually either homicide or suicide, very rarely accident (Figure 8.1).

The most common form of suicidal smothering is the placing of a plastic
bag over an individual’s head (Figure 8.1 A). If it is heavy plastic, it may be
secured at the neck. More commonly, suicides employ the thin, filmy plastic
bag used by dry cleaners. Here, there is often no necessity to secure the bag
at the neck, because it clings to the face, occluding the airways. These filmy
plastic bags also account for the rare accidental deaths by smothering when
these bags are used to cover a mattress or pillow in a crib of a young child.
The child becomes enmeshed in the bag and smothers. In all the deaths that
the authors have seen in which plastic bags have been placed over the head,
there have been no specific autopsy findings. Petechiae of the face, sclerae,
and conjunctivae were virtually always absent. Petechiae of the epicardium
or pleural surfaces of the lung were sometimes present, but these are so
nonspecific that the authors do not give any weight to them. If an individual
commits suicide by use of a plastic bag and the bag is removed prior to
notification of the authorities, a medical examiner cannot determine the
cause of death by the autopsy.

There are occasional allegations of infants smothering in their cribs because
of heavy blankets or bedding placed over them. The authors feel that these
cases are examples of sudden infant death syndrome (SIDS) and that it is just
coincidental that they are found covered by bed clothes. One can pile a number
of blankets on an infant without causing any respiratory difficulty.
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Figure 8.1 (A) Suicide of elderly female who secured plastic bag over head with
tie around neck. (B) Accidental smothering in mentally retarded, 43-year-old male
who wrapped face in duct tape. Deceased had performed this act before.

Occasionally, an alcoholic is found face down on a pillow, dead. Cir-
cumferential oral and nasal pallor is noted and death is attributed to
smothering. This pallor, however, can be caused post mortem by passive
pressure of the dependent head on the pillow. Thus, the diagnosis cannot
be made on this “evidence.” The authors have grave reservations about this
diagnosis. An individual would have to be in an alcoholic coma to smother
this way. Alcoholic coma, however, puts them in grave danger of death
anyway and this is more likely the cause of death, rather than the alleged
suffocation.

Accidental smotherings can occur with defective cribs. Here, an infant
is trapped either between a too-small mattress and the frame of the crib, or
between a defective crib and mattress, with the face wedged against the
mattress (Figure 8.2). The child is unable to move and smothers.

Gags obstructing the nose and mouth can cause death by smothering.
Such deaths, though unintentional, are still homicides if the victims die
during the commission of a crime. Typically, a gag is placed around the face
obstructing the mouth and nose (Figure 8.3). Victims are usually elderly
individuals who are either unable to struggle sufficiently to move the gag or
who are unusually susceptible to the anoxia by virtue of natural disease.
Mucus and fluids may accumulate in the nasal cavities and airways, contrib-
uting to asphyxia. In the elderly, there may be congestion of the face with
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Figure 8.2 A 9-month-old child who slipped between frame and mattress of
defective crib. Face wedged against mattress.

Figure 8.3 A 75-year-old woman, victim of robbery. Asphxyiated from towel
secured over mouth and nose.
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scattered fine petechiae of the sclerae, conjunctivae, and skin of the face. This
has not been the case in young individuals in whom petechiae are usually
absent. It is the discovery of the gag obstructing the airways that makes the
diagnosis, not alleged signs of asphyxia.

In homicide by smothering, the implements used are usually pillows,
bedding, and the hands. Infants may be placed in plastic bags. The victims
tend to be very young, very old, debilitated, or incapacitated by restraints,
disease or drugs. It is extremely difficult to smother adults in full control of
their faculties.

When a pillow is used, it is placed over the face and pushed down. This
causes obstruction of the nose and mouth, asphyxia, and death. There are
usually no marks on the face. The face is not congested and there are no
petechiae of the sclerae or conjunctivae (Figure 8.4). Abrasion injuries of the
face will occur only if the victim puts up a vigorous resistance. In a review
of 15 smothering deaths involving children below the age of 2 years, of the
13 who could be evaluated for the presence of petechiae, only one had
findings. This child had a single petechia of the conjunctiva and a single area
of scleral hemorrhage. Because of the circumstances of this case, there was
the possibility that the child might also have been choked. Pushing the face
into the bedding will accomplish the same end as using a pillow.

Smothering can also be accomplished using the hands. The nose is
pinched off with one hand, while the other hand is used to push the jaw closed.
In small children, one hand can accomplish both these tasks. In infants and
adults unable to put up any effective resistance, an autopsy will fail to disclose
any injury due to this process. In adults, even those who can muster only a
minimal struggle, there may be abrasions on the nose or chin from the fin-
gernails, and contusions of the lips from pressure of the palm (Figure 8.5).

The sequence of physiological events in smothering is:

+ Bradycardia (decrease in heart rate)

+ Decrease in respiration to agonal gasps with eventual cessation of
respiration
Slowing and finally flattening of the electroencephalogram (EEG)

The heart will continue to beat even after flattening of the EEG. In infants,
bradycardia has been observed to start 30 sec after the initiation of smoth-
ering, and flattening of the EEG at 90 sec.® If, after cessation of respiration,
the pillow or hand is removed from the face, respiration will not usually
restart spontaneously. The individual must be resuscitated. Violent struggles
with increased utilization of oxygen can speed up this sequence of events,
just as natural disease could make the individual more susceptible to the
effects of hypoxia.
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Figure 8.4 A 2-month-old infant smothered by parent. No petechiae of sclerae,
conjunctivae, or face.

Choking

In choking, asphyxia is caused by obstruction within the air passages. The
manner of death can be natural, homicide, or accident. Natural deaths are
seen in individuals with acute fulminating epiglottitis, where there is
obstruction of the airway by the inflamed epiglottis and adjacent soft tissue.
Such individuals represent medical emergencies and can die literally in
front of a physician. The individual develops a sore throat, hoarseness,
respiratory difficulty, inability to speak and then suddenly collapses as the
airway is completely obstructed. Inhalation of steam can cause a similar
picture, with a markedly edematous, beefy-red mucosa in the larynx with
obstruction (Figure 8.6).
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Figure 8.6 Massive laryngeal edema caused by inhalation of steam.

Homicidal deaths by choking are relatively uncommon. In infants, one
occasionally sees a newborn murdered by stuffing toilet paper into its mouth.
Figure 8.7A illustrates the case of an infant killed by her father by ramming
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Figure 8.7 (A) Pacifier rammed into mouth by father (continued).

a pacifier into her mouth. In adults, individuals sometimes die during a
robbery or burglary when a cloth or sock is rammed into the mouth to silence
the individual. This is often done in conjunction with gagging (Figure 8.7B).
This method of gagging individuals is shown quite frequently on television
without any harmful consequences, but, unfortunately, in real life, the cloth
can work its way backward, completely obstructing the posterior pharynx
and causing the individual to asphyxiate.

Most choking deaths are accidental in manner. In 1997, there were
approximately 3300 deaths ascribed to unintentional inhalation of food or
other objects, resulting in obstruction of the respiratory passages.” In chil-
dren, choking usually involves aspiration of a small object into the larynx
with occlusion of the airway, e.g., a small rubber ball or a balloon (Figure
8.8). Deaths have occurred in classrooms, where children have choked on
the top of ballpoint pens they were biting on.

In adults, choking virtually always involves food (Figure 8.9). Here, it is
commonly associated with acute alcohol intoxication, bad-fitting dentures,
neurological injury, or senility. The piece of food will wedge in the larnygo-
pharynx and larynx, completely obstructing the airway. Such deaths have
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Figure 8.8 A 2-year-old choked to death on a wine cork.
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Figure 8.9 A 39-year-old male choked on a ham sandwich.

acquired the name of “cafe coronary.” The individual is eating, suddenly stops
talking, stands up, and collapses. Cardiopulmonary resuscitation is begun in
the belief that the individual has suffered a heart attack. In fact, he has choked
on food and his airway is completely occluded. Thus, cardiopulmonary resus-
citation is ineffective. If the individuals giving mouth-to-mouth resuscitation
are observant, they will see that the chest is not rising when they blow into
the airway, which indicates obstruction.

Coughing during a collapse suspected of being caused by choking rules
out this diagnosis as one must have an open airway to cough. Coughing
involves the inspiration of 2 to 2.5 liters of air, followed by closing off of the
epiglottis and the vocal cords, contraction of the abdominal muscles to force
up the diaphragm, while, at the same time, the expiratory muscles contract.
The epiglottis and vocal cords open up and the air is then expelled out of
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the lungs, under pressure, usually carrying with it any foreign material
present in the bronchi and trachea.® The expelled air can reach velocities of
75 to 100 miles per hour.

Occasionally, choking deaths occur when an individual falls into finely
ground material, such as cornmeal or sawdust. There is involuntary inhala-
tion and the airway is completely occluded by this material.

The finding of small amounts of food material in the airway at autopsy
does not indicate that the individual choked to death. Approximately 20-25%
of all individuals aspirate food agonally, independent of the cause of death.’
One can attribute a death to aspiration only if the airway from the larynx
down is completely occluded by food. Death caused by massive aspiration
of food is rarely seen in a medical examiner’s office. It is most common in
comatose patients who have impaired functioning of the central nervous
system.

The diagnosis of choking death is made at autopsy when the airway is
found occluded. If the individual had an occluded airway and the object or
food was removed during resuscitation, the only way to make the diagnosis
would be by history. There are no specific autopsy findings indicative of
choking except for occlusion of the airway.

Some medical personnel will ascribe a death to choking even though the
airway was never completely occluded. They suggest that laryngospasm is
the cause of death. There is, however, no objective evidence that this can
occur. If laryngospasm did occur, one would expect relaxation of the larynx
as the victim became agonal. This, in turn, would lead to opening up of the
airway and recovery. Others hypothesize that a fatal “vagal reaction” or “reflex
cardiac death,” mediated through the parasympathetic nervous system,
occurred through hypersensitivity of the larynx to aspirated food. Again,
there is just no objective proof that this entity exists.

Mechanical Asphyxia

In mechanical asphyxia, pressure on the outside of the body prevents respi-
ration. Mechanical asphyxia is almost always accidental in manner. It can be
subdivided into three types:

1. Traumatic asphyxia (a term often used interchangeably with mechan-
ical asphyxia)

2. Positional asphyxia

3. Riot-crush or “human pile” deaths

Traumatic Asphyxia

Traumatic asphyxia occurs when a heavy weight presses down on an individ-
ual’s chest or upper abdomen, making respiration impossible. One common form of
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traumatic asphyxia is individuals under a car, repairing it, when the jack slips
and the vehicle falls on top of them (Figure 8.10). At autopsy, there is con-
gestion of the head, neck, and upper trunk with numerous petechiae in these
areas, the sclerae, the conjunctivae and the periorbital skin. Retinal hemor-
rhages may also be present. Internally, there is often no evidence of trauma
in spite of the heavy weight on the chest. Individuals who survive an episode
of traumatic asphyxia usually make an uneventful recovery, though occasion-
ally there is some permanent visual impairment due to retinal hemorrhage.
One individual who survived described a severe crushing pain and suffusion
of his face followed by immediate unconsciousness.! Rarely, traumatic
asphyxia is homicidal. Thus, in one instance, an individual was knocked to
the ground and a refrigerator and stereo were piled on top of him. An
occasionally encountered form of accidental traumatic asphyxia involves
individuals buried in cave-ins with their heads above the ground.

The most unusual case of traumatic asphyxia seen by the authors was
that of a 5-month-old infant killed by a python. The snake wrapped itself
around the baby, tightening its coils whenever the child exhaled. At autopsy,
the only marks on the child were teeth marks on the face where the snake
had tried to swallow the child whole (his head was too big for the snake’s
mouth) (Figure 8.11). There were no petechiae, hemorrhage, or bruising.

Positional asphyxia

Positional asphyxia is virtually always an accident and is associated with
alcohol or drug intoxication. In this entity, individuals become trapped in
restricted spaces, where, because of the position of their bodies, they cannot
move out of that area or position. This results in restriction of their ability
to breathe, followed by death (Figure 8.12). There is usually marked conges-
tion, cyanosis, and petechiae. Positional asphyxia might occur if individuals
fall down a well and are wedged between the walls. Every time they exhale,
they slip farther and farther down the well, preventing inhalation.

Riot-crush

Riot-crush, as the name implies, occurs in riots, when the chest is compressed
by stampeding people piling on top of each other. Respiratory movements
are, thus, prohibited by this human pile.

Traumatic Asphyxia Combined with Smothering

Traumatic asphyxia combined with smothering is a combination of both
these entities. It can be accidental or homicidal. An accidental form is
overlay, where an infant is placed in bed for the night with either an adult
or a larger child. Subsequently, the infant is found dead. During the night,
the other individual rolled onto the infant, killing it by a combination of
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Figure 8.10 Traumatic asphyxia. (A) Deceased pinned under overturned vehi-
cle. (B) Marked congestion of face with petechiae.



Asphyxia 243

Figure 8.11 A 5-month-old infant killed by python. No petechiae, hemorrhage,
or bruising of body. Puncture marks on face have a semicircular configuration
and are caused by the needle-like teeth of the python.

smothering and traumatic asphyxia. If the circumstances surrounding the
child’s death are not known, such a case is often ascribed to SIDS. In fact,
an autopsy cannot differentiate between the two. Other deaths in this category
are individuals buried in cave-ins, grain, or sand, etc. The physical findings
at autopsy are generally nil. Rarely, a few fine petechiae of the facial skin, but
not of the sclerae or conjunctivae, will be found.

Burking is a combination of suffocation and traumatic asphyxia devel-
oped (or at least perfected) by the “resurrectionists” Burke and Hare in the
early 19th century.!! These men made their living by digging up bodies from
graveyards and supplying them to medical schools for dissection. They
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Figure 8.12 Positional asphyxia in acutely intoxicated individual.

decided, however, to eliminate the chore of digging up bodies and go straight
to the source. Victims, usually intoxicated, were brought to the ground,
whereupon Burke knelt or sat on their chests, expelling the air and interfering
with inspiratory efforts. He then put one hand over the victim’s nose and
mouth and used the other hand to press the lower jaw towards the upper.
Visible injuries were virtually nonexistent. The two now had a fresh body for
the schools.

Suffocating Gases

Deaths from suffocating gases are caused, not by the toxic nature of the gases,
but rather by displacement of oxygen from the atmosphere. Carbon dioxide
and methane are the two most commonly encountered suffocating gases.
Both are essentially nontoxic and odorless. Both are found in sewers and
mines. Methane is the principal constituent (94-96%) of natural gas that is
used for cooking. It is odorless; the smell we detect from natural gas is an
added ingredient to make leaks detectable. Reduction of atmospheric oxygen
to less than 25% of normal (5-6% by volume of oxygen) by displacement of
oxygen by inert gases, such as carbon dioxide and methane, produces uncon-
sciousness in seconds and death in a matter of minutes. Determination of
the cause of death in such cases is by knowledge of the circumstances sur-
rounding the death. There are no specific findings at autopsy. Toxicological
analysis of the blood is of no help in the case of carbon dioxide, because it
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is a normal constituent of blood. Methane can be detected in the blood. Since
the gas is not toxic, however, all that its identification would indicate is that
the individual was exposed to an atmosphere containing methane, not that
death was due to it.

Strangulation

Strangulation is a form of asphyxia characterized by closure of the blood
vessels and air passages of the neck as a result of external pressure on the
neck. There are three forms of strangulation:

1. Hanging
2. Ligature strangulation
3. Manual strangulation

Virtually all hangings are suicide and all ligature and manual strangula-
tions homicide. In total numbers per year, murder by strangulation is uncom-
mon. In the last ten years, murders ascribed to strangulation have averaged
286 a year, with a range of 366 to 211.* The numbers may be slightly higher
in that some deaths ascribed simply to asphyxiation were strangulation. The
increase would be minor, as the total number of homicides ascribed to just
asphyxiation in that same time period averaged 107 a year.

In all three forms of strangulation, the cause of death is cerebral
hypoxia secondary to compression and, thereby, occlusion of the vessels
supplying blood to the brain. The arteries supplying blood to the brain
are:

» The internal carotids

+ The vertebrals

+ The small spinal arteries

+ Anastomatic connections of branches of the external carotid and sub-
clavian arteries

The venous drainage is chiefly by way of the jugular veins and the cervicalis
profunda veins.

The carotid arteries, by virtue of their location, are easily compressed by
direct pressure to the front of the neck. In contrast, the vertebral arteries are
resistant to direct pressure, but can be occluded by severe lateral flexion or
rotation of the neck.!? Such a condition can occur in hanging. The amount
of pressure necessary to occlude the carotid arteries is approximately 11 Ib;
for the vertebral arteries it is 66 1b.!3 Pressure on the neck in the area of the
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carotid arteries causes unconsciousness in an average of 10 sec.!* If pressure
is immediately released, consciousness is regained in 10—12 sec. Electrocar-
diographic (EKG) changes are minimal. Respiratory movements are inhibited
in the inspiratory phase. Electroencephalograms (EEG) show an increased
amplitude of their waves, similar to the picture seen during an epileptic
seizure. The pattern returns to normal in approximately 20 sec.!

Rossen et al. conducted an extensive study involving occlusion of not
only the carotid arteries but the vertebral arteries and the anastomatic con-
nections of branches of the external carotids and subclavian arteries.'® This
was accomplished using an inflatable pressure cuff placed on the lower third
of the neck that produced 600 mm of mercury within one-eighth of a second
of inflation. Only the small spinal arteries were not occluded. The subjects
were 126 normal male volunteers between the ages of 17 and 31 years.
Repeated tests were conducted on 85 of the subjects. Acute occlusion of the
arterial circulation resulted in blurring of vision, constriction of visual fields,
loss of consciousness and hypoxic convulsions. The pressure cuff was released
upon loss of consciousness with complete recovery within 1 or 2 min after
the procedure and no subsequent sequelae. The convulsions occurred after
loss of consciousness, were mild, generalized tonic and clonic, and rarely
continued more than 6-8 seconds. The EEG showed large, slow waves cor-
related with loss of consciouness. The EKG changes were minimal. Half the
subjects loss consciousness in 6 to 6.5 sec. The overall range was approxi-
mately 5 to 11 sec.

Rossen et al. then studied the effects of prolonged occlusion of cerebral
circulation on 11 individuals.!®* Complete occlusion of the cerebral blood
flow was not achieved in every case, as in the other experiment. Cervical
pressure was maintained for as long as 100 sec in some tests. The subjects
regained consciousness in 3040 sec and were able to walk from the room
in 2 min. Convulsions, cyanosis, involuntary urination and defecation in
some patients, bradycardia, and dilatation of the pupils followed loss of
consciouness. The convulsions were relatively mild, continuing during the
whole period of unconsciousness in some individuals, lasting 30—40 sec in
others. Initially, after loss of consciouness, the heart rate was stable. Subse-
quently, bradycardia developed, with the heart rate dropping as much as
50%. Respiration continued throughout the test, increasing in rate.

Venous drainage of the head is by the jugular and vertebral venous
systems. The vertebral venous system consists of an external plexus of veins
in the deep muscles of the neck adjacent to the vertebral column and an
internal vertebral plexus within the spinal canal. This internal vertebral
plexus, though limited in its blood transport capacity, cannot be affected by
pressure on the neck. In contrast, the amount of pressure necessary to occlude
the jugular veins is 4.4 1b.!?
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Hemorrhage over the back of the larynx and in soft tissue overlying the
cervical spine should be interpreted as traumatic in etiology only with great
care. In the majority of cases, it is not due to trauma to the neck, but rather
is an artifact produced by over-distention and rupture of the venous sinuses,
forming the pharyngolaryngeal plexus.!? Such hemorrhage can and does
occur in deaths from natural causes and might be either peri- or early post-
mortem in origin.

In virtually all fatal cases of ligature and manual strangulation, there are
petechiae of the conjunctivae. The presence of petechiae does not indicate
that death was due to strangulation, because they can be seen in a number
of other conditions, including natural disease.!” Petechiae may develop in
victims of attempted strangulation who do not incur any life-threatening
degree of asphyxia. Thus, in a study of 79 surviving victims of attempted
strangulation (both ligature and manual), who showed stigmata of strangu-
lation, conjunctival petechiae were observed in 14 victims, only eight of
whom became unconscious, and with only four experiencing sphincter
incontinence.'® This suggests that petechiae are not necessarily an indication
of life-threatening asphyxia, but rather the effect of local venous congestion.

Hanging
In hanging, asphyxia is secondary to compression or constriction of the neck
structures by a noose or other constricting band tightened by the weight of
the body. There may be either complete or incomplete suspension of the
body (Figure 8.13). Incomplete suspension, with the toes or feet (less com-
monly the knees or buttocks) touching the ground, is extremely common.
Virtually all hangings are suicidal. Accidental hangings are uncommon and
homicidal hangings very rare. Death is caused by compression of the blood
vessels of the neck such that an insufficient amount of oxygenated blood
reaches the brain. Obstruction of the airway can also occur, either through
compression of the trachea or, when the noose is above the larynx, elevation
and posterior displacement of the tongue and floor of the mouth. Blockage
or compression of the air passages is not necessary to cause death in hanging.
A number of individuals have hanged themselves with the noose above the
larynx and a permanent tracheostomy opening below. Fracture of the neck
plays virtually no role in non-judicial hangings. It is rare and, in our expe-
rience, is usually seen only in individuals with advanced degenerative disease
of the cervical spine, such as osteoarthritis, in combination with complete
suspension of the body, a sudden drop, and, frequently, obesity.

The amount of pressure necessary to compress the jugular veins is 4.4
Ib; the carotid arteries, 11 lb; and the vertebral arteries, 66 1b. Compression
of the trachea requires 33 Ib of pressure.!® Because of the small amount of
pressure necessary to compress the carotid arteries, one can hang oneself
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Figure 8.13 (A) Hanging with complete suspension (continued).

sitting, kneeling, or lying down. The weight of the head (10-12 Ib) against
a noose is sufficient to occlude the carotid arteries and cause death. The
authors have seen cases where individuals have hanged themselves from a
bedpost while lying in bed next to a sleeping spouse. Hangings in kneeling
and sitting positions are common.

Virtually all hangings are suicidal. Depending on the area of the country
and the sex of the victim, hanging is either the second or third most popular
method of suicide. Rarely, couples hang themselves together, some with the
same rope. In hangings, a simple slipknot type of noose is typically used.
The noose is constructed from anything that is handy. Most common are
ropes, electrical cords, and belts. In jails and prisons, convicts typically tear
sheets into strips as well as using T-shirts, undershorts, trousers, or even
socks. Occasionally, to prevent a change of mind, the victim ties his hands
together. The authors have seen a number of cases where the victims have
actually handcuffed their hands behind themselves. (Figure 8.13B )
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Figure 8.13 (continued) (B and C)
Hanging with (B) hands cuffed behind
back (C) incomplete suspension..

The most common point of suspension is the side of the neck, followed
by the back and the front. At the time of suspension, the noose typically slips
above the larynx, catching under the chin (Figure 8.14). Present on the neck
will be a furrow. This furrow generally does not completely encircle the neck,
but rather slants upward toward the knot, fading out at the point of suspen-
sion — the knot (Figure 8.15). If the knot is under the chin, its site might
be indicated by an abrasion or indentation beneath the chin. The clarity and
configuration of the furrow depend on the material used. A rope will give a
deep, well-demarcated, distinct furrow, often with a mirror-image impression
of the twist of the rope on the skin (Figure 8.16A). This furrow initially has
a pale yellow parchment appearance, with a congested rim. With time, the
furrow dries out and becomes dark brown. If the ligature is a soft material,
the groove might be poorly defined, pale, and devoid of bruises and abrasions
(Figure 8.16B). In some cases, the lower margin of the groove is pale, with
the upper margin red, caused by postmortem congestion of vessels. A towel
can give poorly defined superficial areas of abrasion.

In the majority of suicidal hangings, the noose consists of a single loop.
Less commonly, there are two loops. This results in two furrows that may be
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Figure 8.14 Hanging with point of suspension on (A) side of neck and (B) front
of neck.

Figure 8.15 Furrow from noose slanting upward toward point of suspension.
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Figure 8.16 (A) Noose mark with pale yellow base and congested rim. (B) Broad
pale furrow due to soft noose.

parallel, overlap at points, or follow two completely different paths, e.g., one
oblique and the other horizontal. The two loops might pinch the skin
between them, producing a hemorrhagic strip of skin (Figure 8.17). If the
noose is a belt, there are usually two parallel ligature marks on the neck where
the upper and lower edges of the belt dig into the skin (Figure 8.18).
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Figure 8.17 Suicide with double loops pinching skin.

If a soft noose, such as a towel, is used and the body is cut down shortly
after death, no marks may be present on the neck. With a thin, hard ligature,
the groove will be narrow, deep, and distinct. The longer the body remains
suspended, the more prominent the mark. The furrow will be shallow and
broad with a wide ligature such as a strip of cloth. The ligature mark is
deepest opposite the point of suspension. Rarely, scratch marks will be seen
above and below the ligature mark, where the victim tried to undo the noose.

In most hangings, the face is pale and the tongue is protruding and
“black” from drying (Figure 8.19). Exceptions to this usually involve partially
suspended individuals, where the noose is tightened only by the weight of
the head or the torso. In these instances, while the carotid arteries and venous

Figure 8.18 Suicide with belt.
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Figure 8.19 Suicidal hanging with protrusion of tongue and drying.

drainage are completely occluded, the vertebral arteries continue to supply
blood to the head, producing congestion of the face and petechiae. In hang-
ings, blood will pool in the dependent areas of the body, usually the forearms,
hands, and lower legs, secondary to gravity. With time, punctate hemorrhages
and Tardieu spots, caused by hydrostatic rupture of vessels, will be seen
(Figure 8.20).

Prior to removal of the noose from the neck, its nature and composi-
tion, width, mode of application, location, and type of knot should be
described in detail. After removal, the ligature mark on the neck should
also be minutely described. One should describe the direction of the furrow
(obliquely upward, horizontal, etc.), whether it is continuous or inter-
rupted, its color, its dimensions (depth and width), whether there is a
distinct imprint to the ligature pattern, the areas of the neck involved, and
its relation to local landmarks.

Usually, except for ligature marks, there are no other external marks
(injuries) on the body. If some are present, the medical examiner must decide
whether they are self-induced, occurred during the convulsive phase preced-
ing death, were produced when the body was cut down or during attempted
resuscitation, occurred when a swinging body contacted other objects, or
were produced by a second party, making the case a homicide.

On examination of the internal structures of the neck, in more than half
of the cases, there are no injuries. Of 83 consecutive hangings examined pro-
spectively, only ten (12%) had fractures. Nine showed fractures of the thyroid
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Figure 8.20 Tardieu spots.

cartilage, specifically the superior horns; none fracture of the hyoid, and one
a fracture of the cervical spine (VJM DiMaio, personal communication). This
last case involved an obese woman with arthritic changes of the cervical ver-
tebrae who stepped off a ladder, dropping a short distance before being fully
suspended. Of the nine cases with fracture of the superior horns of the thyroid
cartilage, seven were unilateral and two bilateral. Four of the unilateral fractures
were contralateral to the point of suspension, two ipsilateral, and one unknown.
Seventeen (20.5%) of the 83 cases, excluding those with fractures, showed
hemorrhage in the strap muscles of the neck. Petechiae of the conjunctivae or
sclerae were present in 21 of the 83 cases (25.3%) including four with fractures
and six with hemorrhage in the neck. Absence of petechiae in most hangings
is because there is complete obstruction of the arterial system, so there is no
pooling of blood in the head, no increased pressure, and, therefore, no pete-
chiae. A dried rivulet of saliva often runs from a corner of the mouth and down
the chest. Blood-tinged fluid may be present in the nostrils.

The low incidence of fractures of the neck organs observed by one of the
authors (VJMD) was also observed by Feigin.!” In a retrospective study of
307 suicidal and accidental hangings, fractures of the neck organs were
present in only 9.5% (29) of cases. In three cases, there were fractures of the
cervical spine, C1-2, C3—4 and C6-7 (one in association with a fracture of
the thyroid cartilage), 14 cases with fractures confined to the thyroid cartilage,
nine fractures of the hyoid and three fractures of the hyoid and thyroid
cartilage. No individual had more than two fractures of the neck organs.
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Fractures were not associated with height of suspension, sex, or the width of
the ligature. The likelihood of fractures did increase with age.

The best way to examine the interior of the neck in strangulation
deaths, whether manual or caused by hanging or ligature, is to remove the
viscera from the chest and abdominal cavities and then remove the brain.
After there has been drainage through the cranial and chest cavities, the
neck can be dissected in a relatively blood-free field. Fractures of the thyroid
cartilage, the cricoid cartilage or the hyoid bone can only be considered
antemortem if there is blood at the fracture site. In the authors’ opinion,
blood detectable only microscopically at a fracture site is insufficient to
prove that the fracture was antemortem.

Homicidal hanging is very rare. It is virtually impossible for one of two
healthy adults, equally matched physically, to hang the other unless the victim
was beaten unconscious or rendered helpless by alcohol or drugs. In the first
instance, one would suspect homicide by virtue of the injuries on the victim.
In the second scenario, or if the victim was rapidly subdued by two or more
stronger assailants, there might be no marks on the body except the noose
mark or possible contusions of the arms, inflicted while being forcibly
restrained by the assailants. If there is also a marked disproportion in strength
between the assailant and victim, for example, an adult and a child or a large
man and a small woman, it would also be possible to hang an individual
without marks of violence. A person might also be ligature strangled and
then strung up. But in this instance, the neck markings would not have the
classic inverted-V configuration of a hanging. The authors, however, have
seen suicidal hangings involving incomplete suspension where the noose
mark overlaid the larynx and was horizontal, not sweeping upward to the
point of suspension in an inverted-V configuration. To rule out any violence
that might not be visible and to make sure the individual was not drugged,
in all alleged suicidal hangings, a complete toxicologic screen should be
performed and, in most instances, a complete autopsy.

Accidental hangings usually involve children who are playing at hanging
or get entangled in a rope, or adults engaging in the practice of sexual (erotic)
asphyxia (see Sexual Asphyxia). Rarely, infants will accidentally hang them-
selves from a pacifier suspended around their neck on a cord or get entangled
in a toy or mobile placed above their cribs.?’ Accidental hangings of infants
and toddlers have also been reported with venetian-blind cords and draw-
strings on clothing.?"??

In all deaths from hanging, the police agency involved should notify the
medical examiner’s office immediately. If the victim is obviously dead, the
body should not be cut down, so that proper photographic documentation
and investigation of the scene can be made. The noose should never be cut
from the body, but left intact for transport with the body to the morgue.
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When the medical examiner removes the noose from the neck, the knot
should not be untied. The noose should either be slipped off the head or cut
opposite to the knot and the cut ends secured together with tape.

Research has been performed on the hanging of dead bodies. Between
1817 and 1855, Casper performed 23 experiments to determine the effect of
hanging on a dead body.?> He concluded that the noose marks seen on the
neck in hanging during life could be produced by a ligature applied to a neck
within 2 h or if not later after death. Thus, noose marks on the neck do not
necessarily mean that an individual was alive when he was hanged.

In judicial hangings, death is caused by fracture-dislocation of the upper
cervical vertebrae with transaction of the cord. The knot is placed under the
left ear or, less commonly, under the chin. A trapdoor is sprung and the
prisoner falls a specific distance determined by his weight. If he falls an
insufficient distance, he strangles rather than breaking his neck; if he falls
too far, he is decapitated. In properly performed judicial hangings, the victim
abruptly stops at the end of his fall when his head is jerked suddenly and
violently backward, fracturing his spine. Ideally, one then has the classical
hangman’s fracture — fracture through the pedicles of C2 with the posterior
arch remaining fixed to C3. C1, the odontoid process and the anterior arch
of C2 remain in articulation with the base of the skull. This injury pattern
is caused by hyperextension and distraction and results in injury of the cord
at C2-3. This classic fracture does not always occur in hangings. Thus, in an
anthropologic study of six judicial hangings by Spence et al., there were
fractures of the hyoid, the styloid processes, and occipital bones as well as
the cervical body of C2 and the transverse processes of C1-3 and C5.%

In a report by Hartshorne and Reay on two recent hangings, they found
bilateral vertebral artery lacerations with associated basilar subarachnoid
hemorrhage; fractures of the hyoid and thyroid cartilage and hemorrhage
into the cervical muscle.?> In one of the cases, there was also a fracture or
separation at C2 and C3 with complete transection of the cord, bilateral
carotid intimal tears and a subdural hematoma. In this latter case, the fall
was 5.5 feet, with the knot slipping to the subaural area. In the other case,
the fall was 7 feet, with the knot secured in the subauricular area.

In judicial hangings, consciousness is lost immediately, though the heart
may continue to beat for 8-20 min and there may be muscular contractions
of the facial muscles, twitching and convulsions of the limbs and trunk, and
violent respiratory movements of the chest. In non-judicial hangings, where
the mechanism of death is strangulation, if there is complete suspension with
occlusion of both the carotid and vertebral arteries, based on the experiments
of Rossen et al., the victim should lose consciousness in 5—11 sec, with half
losing consciousness in 6 to 6.5 sec. If the suspension results only in occlusion
of the carotid arteries, unconsciousness may not occur for 10-15 seconds.
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Ligature Strangulation

In ligature strangulation, the pressure on the neck is applied by a constricting
band that is tightened by a force other than the body weight. Virtually all
cases of ligature strangulation are homicides. In the authors’ experience,
ligature strangulation is the most common method of homicidal asphyxia,
though the incidence of manual strangulation follows fairly closely. In a study
of 133 homicides caused by asphyxia, ligature strangulation accounted for
48 of the deaths; manual strangulation for 41.%¢ In ligature strangulation,
females predominate as victims, though not as much as in the case of manual
strangulation. Of the 48 victims of ligature strangulation, 27 were females
and 21 males. In the authors’ experience, the most common motive for
ligature strangulation of females is rape. Suicides and accidents are rare. The
mechanism of death is the same as in hanging — occlusion of the vessels
supplying blood and thus oxygen to the brain. With constant compression
of the carotid arteries, consciousness is lost in 10-15 sec.

In contrast to hanging deaths, the face and neck above the ligature mark
appear markedly congested, with confluent scleral hemorrhage and petechiae
of the conjunctivae. Fine petechiae might also be present on the skin of the
face, especially in the periorbital regions. In the authors’ experience, petechiae
are present in 86% of the cases of ligature strangulation.?® The presence of a
congested face, petechiae, and scleral hemorrhage in ligature strangulation
occurs because, unlike in hanging, there is no complete occlusion of the vas-
culature. Blood continues to go into the head from the vertebral arteries. It
cannot escape, however, because of the compressed venous system. This results
in increased intravascular pressure, congestion, and rupture of the vessels.

Ligatures used range from electrical cords, neckties, ropes, and telephone
cords to sheets and hose. The appearance of a ligature mark on the neck is
subject to considerable variation, depending on the nature of the ligature,
the amount of the resistance offered by the victim, and the amount of force
used by the assailant. The ligature mark might be faint, barely visible, or
absent in young children or incapacitated adults, especially if the ligature is
soft, e.g., a towel, and removed immediately after death (Figure 8.21). If a
thin tough ligature is used, there will be a very prominent deep mark encir-
cling the neck. Initially, it has a yellow parchment-like appearance that turns
dark brown.

In ligature strangulation, in contrast to hangings, the ligature mark usu-
ally encircles the neck in a horizontal plane often overlying the larynx or
upper trachea (Figure 8.22). When a wire or cord is used, it often completely
encircles the neck. There might be a break in the furrow, however, usually
in the back of the neck, where a hand has grasped the ligature and tightened
it at this point. Aside from the ligature mark, abrasions and contusions of
the skin of the neck are usually not present. They can occur, however, if the
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Figure 8.21 (A, B, C (A) Ligature strangulation with cloth band. Ligature marks
on anterior and lateral aspects of neck. (B) Close-up showing vertically oriented
pattern of cloth. (C) Poorly defined ligature marks on a young girl strangled with
T-shirt (continued).
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Figure 8.21 (continued) (D and E) Elderly man strangled with towel.

assailant places his hands beneath and around the ligature and twists it,
tightening it around the neck, or if the victim claws at his neck in an attempt
to remove the ligature or relieve the pressure. If there is more than one loop
of the ligature around the neck, there could be bruising of the skin if the
ligature pinches the skin between two loops. Edema fluid may be present in
the nostrils.

Injury to the internal structures of the neck is the exception rather than
the rule. In a study of 48 ligature strangulation deaths, fractures of the hyoid
or thyroid cartilage were present in only six cases (12.5% of the total cases)
— five of the males (23.8%) and one (3.7%) of the females.?® Altogether,
there were 12 fractures in the six cases, seven of the hyoid and five of the
thyroid cartilage. Four of the victims had fractures of both the thyroid and
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Figure 8.22 Victim strangled with (A) telephone cord and (B) boot lace. Face
congested with numerous petechiae. Horizontally oriented ligature mark overly-
ing larynx, encircling neck.

hyoid; two, only the hyoid. The fractures of the thyroid cartilage all involved
the superior horns.

Suicide using a ligature is rare. In such cases, the victim usually ties a
ligature tightly around the neck (Figure 8.23A). Because some individuals
remain conscious for 10-15 sec after complete occlusion of the cartoid arter-
ies, they have sufficient time to tie at least one, if not more, knots. Instead
of tying a knot, some individuals tightly wrap a ligature several times around
the neck, securing it in place by the overlapping loops. Other individuals use
a tourniquet method: a ligature is loosely wrapped around the neck, knotted,
and then tightened by a stick inserted beneath the ligature and twisted mul-
tiple times. Clothing or the individual’s own weight on the stick holds it in
place, maintaining the “tourniquet.” In one case, an individual used a plastic
lock-tie to strangle himself (Figure 8.23B).

Accidental ligature strangulation is rare. It is seen when a tie, scarf, shirt,
or other article of clothing gets entangled in a moving machine. Isadora
Duncan, the dancer, died of accidental strangulation when a scarf she was
wearing became entangled in an automobile wheel.?” Other deaths have
involved motorcycles, snowmobiles, ski lifts and massage devices.?

Despite decomposition, ligature marks tend to be well preserved and
recognizable. The marks resist decomposition presumably because the
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Figure 8.23 (A) Suicidal ligature strangulation using stocking. Six previous
attempts at suicide. (B) Suicidal strangulation using plastic lock-tie.

ligature has compressed the underlying blood vessels, restricting access to
the area by the putrefying bacteria. In infants, the elderly, and decomposing
bodies, there can be pseudo-ligature marks that suggest strangulation. In
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infants, pale crease marks between overlapping folds (rolls) of neck skin can
be mistaken for ligature marks. This can be further complicated in newborns
by the presence of petechiae, which can be normally present in newborns
delivered vaginally because of compression of the chest.

A similar picture of pseudo-ligature marks can be seen in the elderly —
pale crease marks caused by overlapping rolls of skin, petechiae of the sclerae
and conjunctivae (caused by cardiac failure) — with the addition of retro-
pharyngeal hemorrhage. Petechiae are often seen in acute cardiac failure, not
uncommonly the cause or mechanism of death in elderly individuals. The
case that comes to mind is that of an elderly woman found dead in bed with
a pillow propping up her head, such that her chin was against her chest.
There was a long history of cardiac disease. When the body was examined at
the medical examiner’s office, there was a horizontal mark across the front
of her neck that simulated a ligature. The face above the mark was congested
and there were fine petechiae of the sclerae, conjunctivae, and periorbital
skin, as well as retropharyngeal hemorrhage. At the time the body was initially
autopsied, a full account of the circumstances and scene surrounding the
death was unknown. For example, it was not known that the head had been
propped up, that there was a long history of cardiac failure, and that the
woman died in a room with no windows and with a single entrance that was
blocked by a bed in which her bedridden husband slept. Death was, in fact,
caused by her long-standing coronary artery disease. The “ligature mark”
was just an artifact — a crease caused by the positioning of the head. Pseudo-
ligature marks can also be seen in decomposing bodies with tight collars or
other clothing around the neck. The body, as it decomposes, swells around
the tight-fitting garment, which produces a deep furrow that simulates a
ligature mark.

In victims of homicidal ligature strangulation, hair is often found
clutched in the hands. This should be recovered and retained. A control
sample of the victim’s hair should be obtained for comparison, because the
hair found in the hands almost invariably turns out to be that of the victim.
Fingernail scrapings or cuttings (the latter are preferred) should be taken to
look for tissue of the perpetrator under the nails. Unfortunately, unlike in
fiction, such scrapings or cuttings have traditionally been of little help, with
foreign tissue rarely identified. With the new STR and mitochondrial DNA
techniques, this should change, with a greater success in detecting tissue of
an assailant on fingernail cuttings.

Manual Strangulation

Manual strangulation is produced by pressure of the hand, forearm, or other
limb against the neck, compressing the internal structures of the neck. The
mechanism of death is occlusion of the blood vessels supplying blood to the
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brain i.e., the carotid arteries. Occlusion of the airway probably plays a minor
role, if any, in causing death. Virtually, all cases of manual strangulation are
homicide. In the authors’ experience, it is the second most common method
of homicidal asphyxia. In a study by DiMaio of 41 deaths caused by manual
strangulation, females predominated, with the ratio of females to males 1.9
to 1 (27 to 14).26 Of the 27 females manually strangled, the motive was rape
in 14 cases and domestic violence in 10.

One cannot commit suicide by manual strangulation because, as soon
as consciousness is lost, pressure is released and consciousness regained. A
choke hold can result in manual strangulation if it is maintained long enough.

Occasionally, it is claimed that the death of a healthy individual ascribed
to manual strangulation is unintentional and caused by a vasovagal reaction
(reflex cardiac death) brought on by touching, grasping, or striking the neck.
This is an interesting theory, but unproven by objective evidence. The mech-
anism of death in such a case would be an arrhythmia produced by stimu-
lation of the carotid sinuses. The carotid sinus is a focal area of enlargement
of the common carotid artery where it bifurcates into the external and inter-
nal carotid arteries. Compression or stimulation of the carotid sinuses causes
an increase in blood pressure in these sinuses with resultant slowing of the
heart rate (bradycardia), dilatation of blood vessels (vasodilation), and a fall
in blood pressure. Pressure on the common carotid artery below the sinuses
reduces the blood pressure within the sinus by reducing the amount of blood
flowing into it. This mimics hypotension or decreased blood supply from
hemorrhage or shock, causing the heart to beat faster (tachycardia), the blood
vessels to constrict (vasoconstriction), and a rise in blood pressure. This
explains the fact that, while in most cases of manual strangulation there is
bradycardia, vasodilation, and fall in blood pressure, in some cases, if the
hands are lower down on the neck, there might instead be tachycardia,
vasoconstriction, and a rise in blood pressure.

In normal individuals, pressure on the carotid sinus causes minimal
effects with a decrease in heart rate of less than six beats per minute and only
a slight reduction in blood pressure (less than 10 mm Hg).?® Some individ-
uals, however, show extreme hypersensitivity to stimulation of the carotid
sinuses. In such individuals, there is slowing of the heart and cardiac arrhyth-
mias ranging from ventricular arrhythmias to cardiac stand-still and
hypotension. There are cases reported in which turning of the neck in varying
positions or a high or tight collar has produced dizziness and fainting.?%*
Some articles refer to cases of stimulation of the carotid sinus that have
allegedly produced bradycardia, progressing to cardiac arrest and death.?
Review of the original case reports almost invariably indicates that these
individuals were elderly suffering from some severe cardiovascular disease
that in itself was capable of causing sudden death.
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In manual strangulation, the face usually appears congested and cyanotic,
with petechiae of the conjunctivae and sclerae. Di Maio found petechiae
present in the conjuctivae or the sclerae in 89% of his cases.? Fine petechiae
might also be present on the skin of the face. The petechiae are most notice-
able on the bulbar conjunctivae and conjunctival sac, the skin of the upper
and lower eyelids, the bridge of the nose, the brows, and the cheeks. Con-
junctival hemorrhages will be larger if the victim struggles and the assailant
responds with increased pressure about the neck. The petechiae are caused
by rupture of venules and capillaries secondary to increased intravascular
pressure as a result of the obstructed venous return (the internal jugular
veins) in conjunction with incomplete arterial obstruction, which permits
the vertetbral arteries to continue supplying blood to the brain. The charac-
teristic signs of asphyxia — cyanosis, and multiple petechiae — are most
striking above the site of manual compression of the neck. Petechiae are not
pathognomonic of asphyxial deaths, however. They are also seen in other
diseases, for example, acute heart failure. In severe vomiting or coughing,
occasional petechiae might be seen. If the body remains in the prone position
for a prolonged length of time, such that it is approaching decomposition,
postmortem petechiae can form in the distribution of the livor mortis. These
petechiae may be present on the skin, conjunctivae and sclerae. On occasion,
in cases of manual strangulation, pulmonary edema is present, with foamy
edema fluid visible in the nostrils.

In most cases of manual strangulation, the assailant uses more force than
is necessary to subdue and kill his victim. Hence, marks of violence are fre-
quently present on the skin of the neck. Typically, there are abrasions, contu-
sions, and fingernail marks on the skin (Figures 8.24, 8.25). Rarely, no marks
are present. Dissection of the throat usually reveals hemorrhage, often exten-
sive, into the musculature. Depending on the age of the victim and the amount
of force used, there might be fractures of the hyoid bone or thyroid cartilage.
As age increases, so does calcification of these structures and the tendency to
have fractures. Thus, these fractures are less common in individuals in their
teens and late twenties than in individuals over 30 years of age. One must be
careful not to mistake the cartilagenous separations between the greater horns
of the hyoid and its body and the superior horns of the thyroid cartilage and
thyroid plates for fractures. Hemorrhage must always be present at an alleged
fracture site before it can be called an antemortem fracture.

The incidence of fractures in manual strangulation is high if a careful
dissection of the neck is conducted. In the 41 cases of manual strangulation
studied by DiMaio, the incidence of fractures was 68.1% (28 cases) — 100%
of the males (14 of 14 cases) and 52% (14 of 27 cases) of the females.?° Harm
and Rajs reported an incidence of 70% of their 20 cases; Simpson and Knight
92% of 25 cases.'®% In DiMaio’s cases, of the 14 females with fractures, all
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Figure 8.24 (A and B) Manual strangulation with fingernail marks and
scratches on sides of neck.

had fractures of the hyoid, either alone (5 cases) or in combination with the
thyroid cartilage (4); in combination with the cricoid (3) or in conjunction
with both the thyroid and cricoid (2). Of the 14 males, 10 had fractures of
the hyoid, either alone (4 cases) or in combination with other structures (6);
two had fractures limited to the thyroid cartilage; two to the cricoid cartilage.
There were 60 individual fractures in Di Maio’s 28 cases. Unilateral fractures
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Figure 8.25 A 38-year-old female manually strangled. Bilateral fractures of
superior horns of thyroid cartilage and fracture of cricoid cartilage. No external
evidence of manual strangulation. Horizontal mark on neck is a surgical scar.

of the hyoid predominated over bilateral fractures 3 to 1. With unilateral
fractures of the hyoid, fractures of the left side dominated 11 to 7. All the
fractures of the thyroid cartilage involved the superior horns rather than the
body of the thyroid. The latter fractures tend to be vertical and are usually
caused by a blow to the thyroid cartilage.

Because of its location high up in the neck, the hyoid bone is relatively
safe from injury by direct blows unless the neck is arched. In direct blows to
the neck, fractures of the hyoid are generally seen only in association with a
fracture of the mandible. The U shape of the hyoid does make it susceptible
to fracture by compression. Thus, fractures of the hyoid are, as a rule, seen
only in strangulation. Whether the fractured ends of the hyoid bone are
driven inward or outward is immaterial.

The larynx, lying in front of the fourth through sixth cervical vertebrae,
is protected in the midline only by skin and two layers of fascia. It is therefore
susceptible to direct neck trauma, i.e., blows to the neck. Thus, fractures of
the body of the thyroid cartilage can be seen in blows to the neck. Lateral
compression of the larynx, as might be expected in manual strangulation,
causes fractures of the cornu (horns) of the thyroid. Fractures of the cricoid
cartilage occur most frequently when the cartilage is compressed in an antero-
posterior direction against the vertebral column. These fractures, which are
usually vertical, might occur in the midline or laterally.

In manual strangulation, there is usually trauma to both the external and
internal aspects of the neck. Because of the way the neck is usually grasped,
the tips of the four fingers with their associated fingernails dig into the neck.
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Depending on the length, sharpness, and regularity of the nails, they can
produce linear or semilinear abrasions, scratches, and scrapes (Figure 8.24).
The tips of the fingers can produce contusions or erythematous marks.
Pressure as applied by the thumb tends not to be at the tip, but on the pad.
Therefore, nail marks are less common from the thumb, though a contusion
may be present.

Various methods of manual strangulation are used. The simplest involves
using one hand and attacking the victim from the front. In this method of
attack, one sees small contusions and erythematous marks in association with
nail marks on one side of the front of the neck caused by the fingers. An
erythematous mark or contusion and, less commonly, a nail mark caused by
the thumb, might be present on the opposite side of the neck. If the right
hand is used, this thumb mark is on the right side of the neck. If two hands
are used and the victim is attacked from the front, there are usually erythema-
tous marks and contusions or nail marks on both sides of the front of the
neck, usually posterior to the sternocleidomastoid muscles. A variation of a
two-handed attack to the front of the neck involves using pressure applied
by two thumbs on the central aspect of the neck. Here, the assailant presses
both thumbs directly against or along the sides of the larynx and trachea.
This results in erythematous markings or contusions of the anterior aspect
of the neck. The area of hemorrhage can be either in a bilateral parasagittal
plane or confluent across the midline. Fingernail marks, contusions, and
erythematous marks caused by the fingers will be on the lateral aspects of
the neck.

If either one or two hands are used and the victim is attacked from the
back, erythematous marks or contusions from the fingertips, as well as nail
marks, are generally found on the front of the neck between the larynx and
sternocleidomastoid. With one hand, the marks would be on only one side
of the neck; with two hands, on both sides. Bruises from the thumbs will be
present on the back of the neck.

A less common method of strangulation is an assault from the front
using the palm of the hand to apply pressure to the neck without using the
fingertips. The authors have seen this in a number of instances, all of which
involved adults who were unconscious through acute alcohol intoxication,
or young children. There was no evidence of trauma externally that could be
related to either the fingertips or fingernails. In all but one instance, there
was congestion of the face and petechiae of the conjunctivae and sclerae, as
well as periorbital petechiae of the skin. No hemorrhage was noted internally
and there was no injury to the internal structures of the neck.

Nail marks can be classified into three types using the classification of
Harm and Rajs: impression marks, claw marks, and scratch marks. Impres-
sion marks are “regularly curved, comma-like, exclamation mark-like, dash-



268 Forensic Pathology

like, or oval, triangular, rectangular epidermal injuries measuring 10—15 mm
in length and up to a few millimeters in breadth.” ! They are produced when
the fingertip digs into the skin at a right angle to it with the fingernails
penetrating through the epidermis to the dermis. In the case of curved
imprints, the concave surface does not necessarily correspond to the concave
surface of the nail, but might just as easily be a mirror image.

Claw marks are U-shaped injuries of both the epidermis and dermis,
varying in length from 3—4 mm to a few cm. In claw marks, the fingernails
dig into the skin at a tangential angle, cutting the epidermis and dermis
tangentially and undermining it. Scratch marks are parallel linear abrasions
or erythematous bands in the epidermis up to 1.0 cm wide, produced when
the fingernails dig into the epidermis at a vertical angle and then are drawn
across the skin, producing an elongated injury.

While, in most manual strangulations, there is evidence of both external
and internal injury to the neck, in some cases, there is no injury, either
externally or internally. One of the authors (VDM), over a period of 3
months, saw three women who had been manually strangled. The first
showed absolutely no evidence, either externally or internally; the second
showed congestion of the face with fine petechiae of the conjunctivae and
skin of the face, but no evidence of injury to the neck, either externally or
internally; and the third victim had abrasions and scratches of the skin with
extensive hemorrhage into the muscles of the neck. All three women were
killed by the same individual. All three had blood alcohols above 0.300 g/dL.
The modus operandi of the perpetrator was to meet a woman in a bar, buy
her liquor until she was extremely intoxicated, and then go off with her and
have sexual intercourse. He would then strangle her. At the time of strangu-
lation, the women were unconscious through acute alcohol intoxication, so
a very minimal amount of pressure was necessary. He would place his hand
over their necks and push downward, compressing the vessels of the neck.
In the last case, the individual regained consciousness and struggled, with
the resultant injuries. The perpetrator admitted having killed a number of
other women the same way over the past years in a number of states.

In manual strangulation, the victims are usually female. When they are
male, they are often highly intoxicated. It is suggested that, in all manual
strangulations, a complete toxicological screen be performed.

Sphincter incontinence is thought to be quite characteristic in strangu-
lation. Harm and Rajs addressed this question in a study of 37 dead and 79
surviving victims of strangulation.!® Of the 37 dead victims, 60% (22) had
an empty urinary bladder, compared with 14% of 54 control autopsies whose
causes of death were other than violence. Of the 79 surviving victims of
asphyxia, 5% (4) had sphincter incontinence. Thus, sphincter incontinence,
while more common in strangulation, is not an absolute finding.
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In cases of strangulation, the presence of fractures of the larynx or hyoid
indicate only that pressure or force has been applied to the neck. These
fractures by themselves do not cause death. They are just markers of neck
trauma. The authors have seen cases where someone has attempted to stran-
gle an individual, causing fractures of the thyroid cartilage or hyoid, only to
give up and stab or beat the victim to death.

One must be sure that the fractures are antemortem, because it is not
uncommon to fracture the larynx at the time of autopsy. The distinguishing
characteristic of an antemortem fracture is hemorrhage at the fracture site.
This hemorrhage should be grossly visible. Hemorrhage demonstrable only
microscopically can be a postmortem artifact. In handling suspected stran-
gulation cases, one must be very careful about the interpretation of retro-
esophageal and paravertebral cervical hemorrhage. Bleeding over the front
and sides of the larynx is virtually always diagnostic of trauma e.g., strangu-
lation, a blow, or an intravenous line. This is not the case for retro-esophageal
and paravertebral cervical hemorrhage. These are almost always an artifact
and are often seen in natural deaths, especially in elderly individuals dying
slowly, i.e., hypoxic deaths.>*! The presence of petechiae of the mucosa of
the epiglottis or larynx is not diagnostic of strangulation or any specific form
of asphyxia.

Injuries of the Pharynx and Larynx Produced by Resuscitative
Intubation

Resuscitative injuries of the pharynx and larynx secondary to intubation
can mimic injuries caused by strangulation and neck holds. In a study of
50 individuals who had endotracheal intubation prior to reaching an
emergency room, in an unsuccessful attempt at resuscitation, 37 (74%)
had injuries of the airway following the intubation.’’ Injuries to the
mouth consisted of focal contusions, lacerations, and focal abrasions of
the lips and buccal mucosa. Injuries of the posterior oropharynx and
laryngopharynx were contusions of the base of the tongue, contusions of
the epiglottis, petechiae of the epiglottis, contusions of the piriform
recesses, and laceration of the epiglottis (one case). Injuries to the larynx
(32 cases) included contusions and petechiae of the mucosa as well as
seven cases in which there were hemorrhages in the superficial and deep
muscles of the larynx. As noted previously, petechiae of the epiglottis,
larynx and trachea are of no diagnostic significance. In regard to hem-
orrhage in the neck musculature, Raven et al. do not give the exact
location of these hemorrhages and their extent.?? Externally, the individ-
uals had cutaneous neck abrasions in two cases; facial petechiae in three
and conjunctival petechiae in ten. The occurrence of the petechiae was
ascribed to chest compression during resuscitation.
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Injuries to Perpetrators of Strangulation

The paper by Harm and Rajs is unusual in that, not only does it consider
the characteristics and patterns of injuries in victims of both manual and
ligature strangulation, but also documents injuries in the assailant.!® The
authors studied 37 fatal cases of strangulation — 20 manual, 12 ligature, and
five both manual and ligature. In 32 instances, the perpetrators were known.
Twenty were examined for injuries. Of these, 13 (65%) showed a total of 98
injuries. Interestingly, the presence or absence of defense injuries on the
victims did not correlate with the presence of injuries on the perpetrator.
Thus, of the victims killed by the 13 assailants who showed evidence of injury,
six showed defensive injuries of the hands and arms, while seven showed no
injuries and thus no indication of a struggle even though the injuries on the
assailant indicated that they did struggle.

Nail marks (impressions, claw marks, and scratches) constituted 82% of
the injuries incurred by the 13 assailants. The other 18% of injuries were
nonspecific in nature. Eleven (85%) of the assailants had from two to 26 nail
marks. Seventy percent of these nail marks on ten of the 11 assailants were
on the backs of the hands and forearms and were predominantly impressions.
Most of the nail marks were concentrated on the back of the index finger
and thumb. The face and right shoulder were secondary sites of injury.

When the distribution of the injuries in the stranglers was compared
with those received by rapists who did not strangle their victims, it was found
that the most common lesions in rapists were parallel scratches on the trunk
caused by nails. Nail marks (mostly scratches and claw marks) were more
often on the face and neck in rapists and nonspecific injuries were more
common than in stranglers (47 to 18%).

Chemical Asphyxiants

In chemical asphyxia, inhalation of a gaseous compound prevents utilization
of oxygen at the cellular level. The most common chemical asphyxiant
encountered by a medical examiner is carbon monoxide. Carbon monoxide
poisoning is discussed in Chapter 14.

Hydrogen cyanide and its salts, potassium and sodium cyanide, are
potent, rapidly acting poisons. Cyanide produces cellular hypoxia by com-
bining with the ferric iron atom of intracellular cytochrome oxidase. There
is no cumulative effect from ingestion or inhalation of cyanide. One either
dies or survives. Cyanide salts are used in photography, engraving, electro-
plating, and chemical laboratories. Most deaths caused by ingestion of cya-
nide are suicide and involve individuals who work in laboratories in which
cyanide is used. It is a favorite method of suicide for chemists. Cyanide salts
are harmless until they come into contact with acid, at which time there is
production of hydrogen cyanide gas. Inhalation of this gas in a small room,
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in very high concentrations, such as a gas chamber, can produce almost
immediate collapse and death. This, however, is the exception. In most
instances, it takes minutes to die following inhalation of cyanide gases. Even
in the Nazi death chambers, where pure cyanide gas in large quantities was
pumped into a closed chamber, it took minutes to cause death. Ingestion of
cyanide salts can produce rapid death if the salts contact gastric acid and the
stomach is empty. With a full stomach, there might be a delay of several
minutes to an hour before death occurs. According to Baselt** and J. Garriott
(personal communication), the minimum adult lethal dose is approximately
200 mg for either sodium or potassium cyanide.

At the autopsy of an individual who ingests a cyanide salt, the mouth and
stomach give off the distinct smell of bitter almonds. Unfortunately, the ability
to smell cyanide is governed by a genetic trait and a significant percentage of
the population cannot smell it. The gastric mucosa and blood will have a
bright red color. Livor mortis is often bright pink. This coloration is caused
by cyanide’s inhibition of the cytochrome oxidase system, which prevents
utilization of circulating oxyhemoglobin. It is oxyhemoglobin that gives the
bright pink color to the blood, not cyanohemoglobin, which is not formed
in any significant quantity in life. If a strong solution of potassium or sodium
cyanide was ingested, there may be some alkaline burns of the gastric mucosa.
If there was some vomiting of this material, these burns might be seen in the
skin adjacent to the mouth. If hydrogen cyanide is inhaled, the only changes
at autopsy are a bright pink color to the blood and livor mortis.

Analysis of the blood for the presence of cyanide should be conducted
as soon as possible, because it decomposes with time. Conversely, in normal
blood, cyanide is formed over time. Cyanide is detoxified by the liver into
thiocyanate. Normal thiocyanate concentrations in the blood range from 1
to 4 mg/L in nonsmokers and from 3 to 12 mg/L in smokers. Blood cyanide
levels in healthy subjects range from 0.016 to 0.041 mg/L. Toxic levels of
cyanide range from 0.1 to 2.2 mg/L, with fatal levels generally greater than
1.1. mg/L (J. Garriott, personal communication). Individuals in industries
exposed to cyanide on a chronic basis may have a mean level of 0.232 mg/L
for smokers and 0.183 mg/L for nonsmokers. One worker, a smoker, had a
level of 2.2 mg/L, which would ordinarily be considered a lethal level.**

Hydrogen sulfide (H,S) is produced by fermentation of organic matter.
It is found in sewers, sewage plants, and cess pools, as well as in the oil and
chemical industries. Hydrogen sulfide, in conjunction with C0, and methane
formed in sewers, is known as sewer gas. Deaths caused by H,S are, almost
without exception, accidental in manner. Just like cyanide, there is no cumu-
lative effect to the inhalation of H,S. In low doses, hydrogen sulfide is easily
detected by its pungent, rotten-egg odor. In higher concentrations (150 parts
per million), it can produce paralysis of the olfactory nerves.
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In low concentrations, H,S is a severe local irritant. In concentrations of
1000-2000 ppm (0.1-0.2%), there can be rapid, almost immediate death. At
autopsy, the deceased appears cyanotic with dark-colored blood. This is
caused by the reduction of oxyhemoglobin and the formation of methemo-
globin. Sulfhemoglobin is not formed during acute exposure to H,S. Nor-
mally, a small quantity of sulfhemoglobin exists in the blood. It is also formed
postmortem secondary to decomposition. Fatal levels of sulfide in the blood
range from 0.9 to 3.8 mg/L (J. Garriott, personal communication).

Sexual Asphyxia (Autoerotic Asphyxia, Autoerotic Deaths)

These are asphyxial deaths, principally caused by hanging, in which transitory
anoxia is intentionally induced to enhance sexual arousement produced by
masturbation.® Such deaths are rare, with the victim virtually always a male.
Only a few cases involving females have been reported.*® The victim is typ-
ically found in a private area, nude or partially nude; sometimes wearing
female clothing. There may be erotic literature, sexual paraphernalia or a
mirror opposite the individual so that he can observe his actions.

Typically, the deceased is found hanging by the neck, with a towel or
some article of clothing interposed between the noose and the skin to prevent
rope burns or marks on the neck (Figure 8.26). This pattern of behavior is
repetitive and there may be evidence that the individual has performed this
act numerous times over many years. While the individual is typically found
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Figure 8.26 A 21-year-old male. Sexual asphyxia. Placed towel between noose
and skin.
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with a simple noose around the neck, there may be elaborate binding with
multiple turns of the rope around the body, or the hands bound either in
front of or behind the body. Analysis of the binding will reveal that the
individual was capable of binding himself. He is not completely suspended;
his feet are on the ground. Thus, he can relieve the pressure of the noose just
by standing a little straighter. In some instances, rather than a noose, a
ligature or some other device capable of applying pressure to the neck is used.
There is always some self-rescue device so that the individual can relieve
pressure before losing consciousness. Unfortunately, because of equipment
failure, a flaw in design or construction of the device, or loss of control by
the individual, accidental deaths occur.

Crucifixion

One unusual, historical, form of asphyxia was crucifixion.?” The victim was
typically nailed to a cross with nails driven through the wrists into the
crossbar and through the feet into the upright post. Death was caused by
shock, both hypovolemic and secondary to the pain of nailing, plus dehy-
dration and asphyxia. The weight of the body on the outstretched arms would
interfere with exhalation by maintaining the intercostal muscles in an inha-
lation state. Exhalation would then become primarily diaphragmatic. Over
a prolonged time, this would lead to impaired respiration and asphyxia.

Death Caused by Upside-Down Suspension

If an individual is suspended upside down for a long enough period of time
death can result. The mechanisms of death might be either acute cardiac or
respiratory failure or a combination of both. The length of time it takes for
death to occur depends on the health of the individual. It could range from
a few hours to a day, perhaps somewhat longer.

Deaths from Choke or Carotid Holds

Neck holds are used by law enforcement agencies to subdue violent individ-
uals. Rarely, one will encounter a death alleged to have occurred due to
application of either a choke hold or a carotid sleeper hold.3¥*! These terms
are often used interchangeably, but, in fact, refer to two different holds whose
purpose is to produce transient cerebral ischemia and unconsciousness. Nei-
ther involves use of a mechanical implement. Rather, the arm and forearm
are used to compress the neck, producing cerebral ischemia and unconscious-
ness. Occasionally, a baton, large metal flashlight, or some other device, will
be used to compress the neck. The authors have seen a number of deaths
involving use of such instruments. In such cases, there is usually extensive
hemorrhage in the neck and fractures of the hyoid or larynx.
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With choke (bar arm) holds, the forearm is placed straight across the
front of the neck. The free hand grips the wrist, pulling it back, collapsing
the airway and displacing the tongue rearward, which occludes the hypophar-
ynx. Incapacitation is caused by collapse of the airway and the carotid arteries
with resultant decrease in the supply of oxygen to the brain. Compression of
the carotid arteries is the prime mechanism for loss of consciousness. If too
much force is used, there could be fracture of the larynx or hyoid. In two
cases reported by Reay and Eisele and in a case seen by the authors, there
were unilateral fractures of the greater cornu of the thyroid cartilage.’® Both
of Reay and Eisele’s cases had fractures on the left side of the neck, the right
forearm was across the neck and the left hand was used to pull it backward.
Thus, pressure was eccentrically transferred to the neck, predominantly to
the left side. In the case seen by the authors, the left forearm was across the
neck and the fractures were on the right side of the neck. The authors’ case
also had a fracture of the hyoid bone on the same side. Following loss of
consciousness, the chokehold is released and the victim should regain con-
sciousness within 30 sec. There should be no permanent sequelae. Obviously,
if the choke hold is maintained for too long, death will ensue, and one now
has a case of manual strangulation.

In the carotid sleeper hold, symmetrical force is applied by the forearm
and upper arm to the front of the neck such that there is compression of
only the carotid arteries and jugular veins and not the trachea. The arm is
placed about the neck with the antecubital fossa or crook of the arm centered
at the midline of the neck. The free hand grips the wrist of the other arm
and pulls it backward, creating a pincher effect. This produces transient
cerebral ischemia. The carotid sleeper hold impedes blood flow in the carotid
arteries by pressure exerted on both sides of the neck by the pincher effect
of the arm and forearm. If properly applied, the compression of the carotid
arteries will cause loss of consciousness in approximately 10-15 sec. On
relaxation of the hold, cerebral blood flow will be restored and consciousness
will return in approximately 10-20 sec, without any serious side effects.
Experiments by Reay and Holloway demonstrated that, during application
of the carotid sleeper hold, blood flow is decreased an average of 85% to the
head.* The range in five subjects was 82 to 96%. The time to minimum
blood flow averaged 6 sec (range 3.2 to 7.2 sec).

In theory, the carotid sleeper hold will cause rapid unconsciousness
without injury to the individual. Unfortunately, in violently struggling indi-
viduals, a carotid sleeper hold can easily and unintentionally be converted
into a choke hold, as the individual twists and turns to break the hold.

Maintenance of the pressure in a carotid sleeper hold, after loss of con-
sciousness, becomes manual strangulation and, if continued long enough,
will cause death. One would not expect trauma to the structures of the neck
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in such an instance. The compression of the carotid arteries, with resultant
decreased cerebral blood flow, can theoretically precipitate a stroke in an
individual with atherosclerotic disease of the carotid or cerebral vasculature.
The pressure can cause dislodgment of atherosclerotic material with a stroke
caused by an embolus. Blood flow to the brain is from both the carotid and
the vertebral arteries. If the vertebral arteries have impaired blood flow due
to atherosclerosis, then occlusion of the carotid arteries can threaten an
already compromised circulation, resulting in thrombosis or stroke.

Both choke and carotid sleeper holds are safe if properly used, though
the latter is the safer of the two. In weighing how much force is acceptable
in a situation, one must realize that any action involving force always has the
potential of producing severe injury and death.
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Deaths Caused by
Motor Vehicle
Accidents

In motor vehicle deaths, autopsies are performed to:

+ Determine the cause of death

+ Confirm that death was caused by injuries suffered in the accident

+ Determine the extent of these injuries

+ Detect any disease or factor, e.g., drugs, that could have precipitated
or contributed to the accident or death

+ Detect any criminal activity associated with the death

+ Document all findings for subsequent use in either criminal or civil
actions

+ Establish positive identification of the body, especially if it is burnt or
severely mutilated

The injuries in motor vehicle crashes are the result of:

+ Impaction of the individual on some portion of the interior of the car

+ Violation of the integrity of the passenger compartment by intrusion
of part of the car or of another object, e.g., another vehicle or a
lamppost, into the passenger compartment

+ Ejection from the motor vehicle, either in part or entire

+ Fire

Causes of Motor Vehicle Accidents

The most common cause of a fatal motor vehicle accident in the U.S. is
impairment of the driver by alcohol, drugs, or a combination of both. As
a general rule, approximately half of all motor vehicle operators killed in
crashes are under the influence of alcohol. If one considers only drivers
who cause the accidents, it would be safe to say that 65-75% are to some
degree under the influence of alcohol or drugs.! These drugs are not
necessarily drugs of abuse, but can be prescription medications. In addition,
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at least 15.9% of drivers, in some areas, are under the influence of mar-
jjuana at the time of the crash, though what the significance of specific
levels of the active ingredients of marijuana means is not known at the
present time, just that the active ingredients of marijuana are detectable
in the blood.!

The second most common cause of fatal motor vehicle accidents is
human error — speed, reckless driving, and falling asleep at the wheel.
Excess speed, in most instances, plays only a marginal factor as a cause of
an accident. It is, in fact, usually associated with alcohol intoxication,
which would be the primary cause of the accident. With present day motor
vehicles, crashes at 55 versus 75 mph are not significantly different in their
fatal outcome.

The third most common cause is environmental hazards, such as bad
weather, slick or icy roads, poorly marked roads, and poorly constructed
roads. After this, come a host of miscellaneous causes such as defective
vehicles and natural disease. An example of the latter would be the individual
who suffers a fatal heart attack at the wheel.

Natural Disease as a Cause of Motor Vehicle Accidents

Accidents caused by natural disease are rare and do not represent a serious
danger to the public. Sudden natural deaths at the wheel generally result
in the death of only the driver, with the cause of death usually the natural
disease. The driver is often able to stop the vehicle. When a collision does
occur, usually only minor injuries result. Buttner et al.? reviewed 147 cases
of sudden death in association with operation of a motor vehicle in which
134 of the individuals were male and 13 female. The main cause of death
was ischemic heart disease — 113 cases (76.9%). Aortic aneurysm
accounted for six cases, cerebrovascular disease for eight and epilepsy for
two. In the cases resulting from cerebrovascular disease, six were caused by
rupture of an aneurysm and two by intracerebral hemorrhage.

Not all the 147 individuals were driving at the time of death — 43 were
found dead in the driver’s seat of a parked vehicle, and 28 individuals were
driving and able to stop the vehicle before they died. In one case, the
deceased was driving and a passenger stopped the vehicle. Eight died while
driving but were not involved in a collision, 55 died while driving by
colliding with either another vehicle (26 cases) or with an object. In two
cases, a pedestrian was injured, five cases caused minor injury to a passenger
not necessitating hospital admission, and in three cases, a passenger
incurred severe injuries. In only one case did the collision result in the
death of others (two people in a shop).
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Categories of Motor Vehicle Accidents

Motor vehicle accidents can be divided into four categories, depending on
how the accident occurred:

Front impact crashes
Side impact crashes
Rollovers

Rear impact crashes

- =

The probability of a fatality depends to a degree on the size and type of
vehicle involved in a crash. Small vehicles, by virtue of their size, are less able
to absorb crash energy. Thus, severe injury and fatalities are more common
with such vehicles. Utility vehicles and pickups are generally heavier than are
automobiles, therefore, the occupants of the former vehicles are more likely
to survive crashes with cars. Pickups and sports utility vehicles, however, are
more likely than cars to be involved in fatal single-vehicle crashes. In sports
utilities, this is caused by their tendency to rollover.

Deaths are slightly more common in multiple vehicle crashes than single
vehicle crashes. In fatal single vehicle crashes involving a car, the frequency
of the type of crash causing death, in descending order, is: frontal impact;
side impact, rollover and rear impact.’ For utility vehicles and pickups, it is
rollovers, frontal impacts, side impacts and rear impacts. In fatal multi-
vehicle crashes involving a car, the frequency of type of crash in descending
order is: frontal and side impacts (approximately equal), followed by rear
impacts and then rollovers. For pickups and utility vehicles, it is frontal
impact; side impact; rear impact and finally rollover.

Front Impact Crashes

Front impact crashes are the type of crash that most people think of when
talking about motor vehicle accidents. Textbooks tend to concentrate on this
type of accident, because it is easy to explain and understand. When two
vehicles crash head-on, or a vehicle crashes into a fixed object, unless the
driver and passengers are restrained, they will continue their forward move-
ment, even though the car has stopped. If unrestrained, the driver’s knees
will impact the instrument panel; the chest the steering wheel; and the head
the windshield, sun visor region above the windshield, or the frame (generally
in this order). The same pattern of injuries would be true for unrestrained
passengers, except they would impact the dashboard rather than the steering
wheel. If the front impact is off-center, the driver or passenger might impact
the A pillar with their head.
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If the driver is restrained by belts, but without an airbag, the knees still
impact the instrument panel but the head flexes forward, with the chin
impacting either the sternum or, in severe collisions, the steering wheel.
Unrestrained individuals in the back seat will hit the back of the front seat,
the passengers in the front seat come up against the windshield or the sun
visor area.

Objects protruding from the instrument panel, such as levers or knobs,
can produce patterned abrasions on the victims.

If the drivers and passengers have restraint devices and if the passen-
ger compartment retains its integrity, then the occupants of the vehicle
should survive without any significant injury. The intrusion of part of
the vehicle or another object into the passenger compartment may be
transitory, with the portion of car or the object springing back. Thus, it
might not at first be obvious that there has been violation of the integrity
of the passenger compartment.

If the head of the driver or front seat passenger impacts the windshield,
there will be abrasions and superficial cuts of the forehead, nose, and face,
with the injuries having a vertical orientation (Figure 9.1)Thin slivers of
windshield glass might be embedded in the wounds or be found loose on
the clothing. The glass cuts, per se, are not serious, thanks to the construction
of the windshield. Windshields are designed to prevent serious cuts and
people going through them. The latter phenomenon, however, can still occur
if the windshield pops out of the frame. Present-day windshields consist of
thin outer and inner layers of glass with a thick core of plastic. Impaction of
the head against the windshield with great force can cause the glass to shatter,
but the plastic will only bulge.

Blunt force impact on the windshield, while not causing serious incised
wounds, can, with enough force, produce fairly severe soft tissue injuries.
There can be partial avulsion of the skin with the avulsed skin anchored
superiorly (Figure 9.2). These wounds, because of their location, often
bleed very heavily, appearing very dramatic and life threatening. This has
caused emergency room physicians to concentrate all their attention on
these seemingly severe, but actually non-life-threatening head injuries, and
to neglect chest and abdominal injuries that eventually caused death (Figure
9.3). In addition to the external injuries, impaction of the head with the
frame of the car above the windshield can cause basilar skull fractures,
closed head injury, and fractures of the neck. Basilar fractures tend to run
along the length of the petrous ridges passing through the sella turcica
(“hinge fractures”). Less common are ring fractures and multiple fracture
lines of the base of the skull.

In neck injuries, the most common fatal injuries are upper cervical
fractures or dislocation at the atlanto-occipital junction (Figure 9.4). This
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Figure 9.1 (A and B) Abrasions and superficial cuts of the forehead caused by
impacting the windshield.
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Figure 9.2 Avulsion of skin caused by impact with windshield.

can result in either complete transection or crushing of the cord. In other
instances, the cord is violently pulled down, with partial or complete avulsion
of the brain stem, ventrally, at the ponto-medullary junction.

The chest of the driver can impact the steering wheel; the chest of the
passenger, the dashboard. Evidence of injury from such an impact varies
from imprinted abrasions/contusions of the wheel or instrument panel to
complete absence of any evidence of external injuries (Figure 9.5). The fol-
lowing internal injuries are fairly typical, depending on the amount of force
and the age of the victim:

+ Transverse fracture of the sternum (usually at the third intercostal space)

+ Bilateral rib fractures

+ Impaling injuries of the lung caused by fractured ribs

+ Contusions, internal lacerations, and rupture of the pulmonary paren-
chyma

+ Rupture of the heart

+ Transection of the aorta

+ Lacerations of the liver and spleen
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Figure 9.3 (A) A 24-year-old male with severe laceration of forehead caused by
impact with windshield. Treated for non-existent brain injuries. (B) Cause of
death: a 1-cm laceration of right atrium with hemopericardium (250 ml).
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Figure 9.4 Fracture-dislocation of neck at atlanto-occipital joint.

Because of the elastic nature of the sternum or ribs in young individuals,
there can be extensive thoracic injuries without fracture. Serious chest inju-
ries from impaction against the steering wheel became less frequent with the
introduction of energy-absorbing compressible steering wheel columns in
the late 1960s. At the time, this was estimated to have reduced overall driver
fatalities in frontal crashes 12%, with serious injury (including fatalities)
reduced by 38%.*

One of the most common fatal thoracic injuries is transsection of the
aorta (Figures 5.2 and 5.3). Typically, this occurs immediately distal to the
origin of the left subclavian artery. Occasionally, one will see at autopsy
individuals who have survived motor vehicle accidents in the past and died
for other reasons. On opening the aorta, faint, horizontally oriented, linear
scars on the intimal surface of the aorta distal to the left subclavian artery
can be seen. These represent incomplete lacerations of the intima that sub-
sequently healed. While the etiology of thoracic aortic lacerations has clas-
sically been ascribed to rapid deceleration, more recent work suggests that it
is caused by chest compression.®

Injury to the heart is less common than aortic injuries. The most
common injuries are myocardial contusion, laceration of the pericardial
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Figure 9.5 Imprint of steering wheel on chest.

sac, rupture of the right atrium, rupture of the right ventricle anteriorly
at the interventricular septum, rupture of the left atrium, and laceration
of the interatrial septum (Figure 9.6). Occasionally, individuals die from
intraparenchymal pulmonary hemorrhage caused by massive pulmonary
contusions.

In addition to the chest injuries, there can be lacerations of the liver and
spleen. The injuries of the liver range from superficial capsular lacerations
to bursting rupture. With massive blunt trauma, there might be rupture of
the left hemi-diaphragm. With both splenic and hepatic injuries, the extent
of the injuries may not be appreciated initially, when there may only be
production of subcapsular hematomas. The individual will be examined and
thought to have only minor injuries. A peritoneal tap will reveal no blood.
The patient will die hours, if not days, later when the subcapsular hepatic or
splenic hematoma ruptures. The authors have seen deaths in individuals
where the physicians were so concentrated on other injuries that they ignored
the possibility of abdominal injuries. In one case, the patient was given an
initial peritoneal tap with no blood found. Although the patient subsequently
complained of abdominal pain and had a drop in hematocrit, the physicians
were so concerned with the other injuries that they lost their patient to the
liver injury.

Occasionally, there will be a motor vehicle accident in which the driver
impacts the steering wheel and in which no anatomical cause of death
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Figure 9.6 Rupture of heart caused by chest’s impacting steering wheel.

presents after a complete autopsy and toxicological screen. There may be soft
tissue trauma to the chest and a fractured sternum or ribs, but insufficient
injuries to explain death. Such deaths are caused by fatal cardiac arrhythmia
secondary to a cardiac contusion. Examination of the heart might fail to
reveal any evidence of impact because of the suddenness of the death. Some
individuals do not develop cardiac arrhythmias until hospitalized. In these
individuals, the presence of a cardiac contusion is confirmed by enzymatic
tests and EKGs. The patients usually recover, though occasionally, they will
die from an arrhythmia. Rarely, the authors have seen traumatic dissecting
aneurysms of the left anterior descending coronary artery caused by blunt
trauma to the chest.

Before death can be ascribed to cardiac contusion, positional or trau-
matic asphyxia must first be ruled out. A careful dissection of the neck, both
anteriorly and posteriorly, in the upper cervical region must also be per-
formed. The authors have seen a number of deaths caused by posterior
fracture or dislocation of the upper cervical region, while no hemorrhage
was seen anteriorly or in the subarachnoid space of the brain stem. This
injury would have been missed if the posterior aspect of the cervical spine
had not been explored. These injuries are caused by hyperflexion of the head.
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In any automobile death in which no cause of death is found at autopsy, the
back of the neck should be explored.

In elderly individuals, death can occur with injuries that a younger person
might survive. Thus, rib fractures, minor cardiac contusions, pulmonary
contusions, and some minor intrathoracic or intraabdominal injury that
younger people will survive might cause death in an elderly individual with
an unstable cardiac status.

If the knees impact the dashboard, there may be fractures of the patella
or the distal femur, as the patella is driven as a wedge between the malleoli.
There also can be dislocation at the hip joint or a fracture of the femur at
its neck. In one case the authors saw, a woman in her early fifties was a
passenger in the front seat of a car. She impacted her knees against the
dashboard in a minor crash. She was seen in the emergency room of a
prestigious trauma center where she complained of leg pains and had
obvious bruising of the knees. The knees were X-rayed, but no fractures
were seen. The woman said that she could not walk, so she was given
crutches and sent home. A day and a half later, she was found dead in bed.
At autopsy, a fracture of the neck of the right femur was found, with massive
bleeding into the musculature and soft tissue of the thigh. Death was caused
by exsanguination. The doctors in the emergency room, while dutifully X-
raying the knees, had not examined the rest of the femur and had com-
pletely missed the fracture that produced death.

If the integrity of the passenger compartment is violated by the engine’s
being driven backward, the injuries produced can be the massive crushing
injuries previously noted, plus injuries of the pelvis. Occasionally, the com-
partment may be violated, the injuries produced minor, yet death occurs.
Death in these cases is usually caused by traumatic asphyxia with compres-
sion of the chest by the intruding portion of the car so that respiration is
impossible.

In unrestrained individuals, the usual sequence and pattern of injuries
is knee—femur—hip—chest-head. In restrained (belted) individuals, the nature
of the injuries is dependent on the severity (force) of the crash. Knee contact
usually still occurs. In moderate-speed collisions (30 mph and above), the
forward movement of the head is such that it might impact the steering
wheel. In all collisions, the individual is propelled toward the point of impact.
This is true in angled front impact collisions. Thus, in an impact to the left
front of the vehicle, the head of the driver moves front-left and might impact
the A pillar while the passenger might impact the rearview mirror.°

If the driver and passenger are restrained by seat (lap and shoulder) belts
and there is no intrusion into the passenger compartment, the probability
of survival is great. In addition to preventing, or at least minimizing, occu-
pant-to-interior impacts, seat belts virtually eliminate the risk of ejection,
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even in rollover crashes. Use of seat belts reduces the risk of fatalities to front-
seat occupants by 45%.”

Seat belts and airbags, while effective in decreasing the incidence of death
and injury, can, themselves, produce injuries, even death. Lap belts can
produce tears of the mesentery and omentum and occasionally laceration of
the bowel. Shoulder belt use may be reflected by a linear abrasion running
downward and medially on the left side of the neck of the driver or the right
side of the neck of the front passenger (Figure 9.7A). A poorly defined area
of abrasion and contusion indicating the distribution of the belt might be
seen on the skin of the lower abdomen (Figure 9.7B).

In addition to the aforementioned injuries, one also sees dicing injuries,
which are superficial cuts of the skin caused by the fragments of glass pro-
duced when the side and back windows of a car shatter (Figure 9.8). Glass
used in these windows is tempered glass, which is designed to shatter into
little glass cubes on violent impact. This is to prevent the individuals in the
car from incurring serious cuts from slivers of glass. The marks produced by
these little cubes of glass tend to be linear, right angled, and very superficial.
They are not life threatening. Drivers typically have them on the left side of
the face and forehead and the left arm; passengers on the right side of the
face and forehead and right arm.

In head-on crashes, the floorboards can be driven upward and inward,
twisting the foot on the ankle and causing a fracture. In other instances, if
the seat goes forward, the foot can be trapped beneath the seat, breaking
the ankle.

Side Impact Crashes

The second type of collision is the side impact. In fatal crashes involving
passenger cars, it is second in frequency to front impacts. These crashes
usually occur at intersections when a car is struck broadside by another
vehicle going through the intersection at right angles to the first. In such
cases, dicing injuries can be found on either one or both sides of a driver,
depending on whether the side glass is propelled into the driver; the driver
into the glass, or both. Side impact crashes can also occur when a car skids
sideways, striking a fixed object such as a tree or pole with its side.

In car-to-car collisions, where the impact is to the driver’s side, force
is applied from the shoulder level downward. The head can flex laterally
through the side window, striking the impacting vehicle. It might also
impact the A or B pillars. If the impacting vehicle is a truck, the force is
delivered from roof to floor level, and the intruding vehicle can make direct
contact with the head. A seatbelt or frontal airbag in this situation yields
virtually no benefit. External injuries — abrasions, lacerations, dicing inju-
ries, and fractures — will tend to be on the left side of the body, and the
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Figure 9.7 Abrasions caused by (A) shoulder belt and (B) lap belt in 26-year-old
female driver dying of craniocerebral injuries. Manner of death: suicide.
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Figure 9.8 Dicing injuries of back of left hand (A) and forehead (B).

left arm and leg may be fractured. Internally, fractures of the ribs tend to
be predominantly on the left side. While textbooks always discuss transec-
tions of the aorta from head-on collisions, these injuries can result from a
side impact as well. In addition, there might be rupture of the heart, with
the same type of injuries as those in head-on collisions. Lacerations of the
liver and, to a lesser degree, the spleen, can be present, as well as lacerations
of the left kidney. Basilar fractures and fractures of the neck might occur.
The overall impression with such cases, however, is that the injuries to the
left side of the body are more severe than the right. In the case of passengers
in this vehicle, the injuries will tend to be to the left side. Unrestrained
front seat passengers might be cushioned by the driver, reducing the severity
of the injuries to some degree. Use of a seatbelt by the passenger can reduce
the severity of or even eliminate injuries by preventing the passenger from
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making contact with the driver, the impacting vehicle, or structures in the
passenger compartment.

If the impact is from the right (i.e., the passenger’s) side, the injuries will
tend to be more severe on the right side of the body. Transection of the aorta
may occur, though it is less common than from front or left-side impacts.
Lacerations of the heart, liver, and spleen; fractures of the neck; and basal
fractures can also occur.

As noted, seat belts tend to keep people in place rather than having them
hurled from one side of the vehicle to the other. They are less effective in
preventing injuries in side impacts than in head-on crashes, because the sides
of motor vehicles are constructed of thin sheet metal.

When a side impact occurs, fatalities usually occur in the car impacted
rather than the car impacting, because the engine protects the impacting
driver and passengers. In side impact collisions with fixed objects, that is,
when a car slides sideways into a fixed object, the driver or a passenger if not
restrained may partially pop out the window, impact the fixed object, and
then pop back into the vehicle.

Rollovers

Rollover crashes are generally less lethal than head-on and side impact col-
lisions, provided the individual is not ejected or the vehicle rolls into an
unyielding object such as a tree. Anything that prevents ejection of an occu-
pant increases the probability of survival. Because of better design, present-
day car doors usually do not open in rollovers. Instead, the unrestrained
individual is ejected out the window. Thus, use of a seat belt is very beneficial
in such accidents. If one is not wearing a seat belt, one may be thrown about
the passenger compartment like a rag doll and not infrequently ejected from
the vehicle. Ejection may be complete with the car rolling over the ejected
individual, or just the head and upper trunk may protrude to be rolled over
by the vehicle. The body may then pop back into the car. It is not uncommon
in rollover accidents to see a blood-stained depression in the roof of the car
adjacent to a window (Figure 9.9). The head of one of the individuals in the
vehicle has protruded through the window as the car rolled over, with the
head causing the depression as it was crushed. Paint from the roof is some-
times left on the head of the victim in such instances.

The injury patterns in rollover accidents in which an individual is
not restrained are much more variable because the individual is thrown
about, impacting surfaces willy-nilly. There is no specific injury pattern.
If the individual is ejected and the car rolls over his trunk but not his
head, there may be no external evidence of trauma (Figure 9.10). Subse-
quent autopsy, however, can reveal massive ruptures of the lungs, heart,
liver, spleen, and mesentery.
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Figure 9.9 Blood-stained depression in roof of car adjacent to window where
head popped out and was rolled over.

Rollovers account for approximately 18.8% of all fatal motor vehicle
accidents.® In passenger cars, crash direction is most commonly from the
front, with rollovers accounting for 15.1% of fatal accidents. In contrast,
rollovers account for 36% of fatal crashes involving utility vehicles; 24.5%
for pickups; 20.3% for vans and 13.8% for large trucks. ?

Most single-vehicle rollover accidents involve a vehicle’s running off
the roadway, followed by an abrupt attempt to steer it back onto the road.
The attempted correction causes the vehicle to skid sideways. As it does, it
begins to tip over toward the leading side. If there is sufficient lateral
momentum, the tires will plow into the surface and the vehicle will roll
over. If the momentum is insufficient, the vehicle will fall back onto its
wheels. The point at which the vehicle begins to roll over is approximately
where the tire marks stop. The propensity of the vehicle to tip is determined
not only by the side momentum but also by the height of the vehicle’s
center of gravity (thus, the increased tendency of utility vehicles to roll
over) as well as the nature of the ground surface. A vehicle is more likely
to roll over on dirt than pavement.

As a vehicle begins to roll, it becomes airborne. With a low center of
gravity, such as in automobiles, the rolling vehicle tends to land on the edge
of the roof opposite to the side of the car that is leading the rollover. In
vehicles with a high center of gravity, such as utility vehicles, the impact point
is more likely to be the leading edge of the vehicle roof. After impact, the
vehicle continues to roll, often coming to rest back on its wheels. When a
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Figure 9.10 Tractor rolled over deceased with (A) no external evidence of injury
but (B) massive internal injuries with fractures of ribs and sternum and rupture
of internal organs.
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vehicle does roll over, it usually doesn’t do it more than once. By studying
the scene and the vehicle, an accident reconstructionist can estimate the speed
of the vehicle at the time of rollover, the number of rolls, the impact points
on the vehicle, and the direction of the roll.

Rear Impact Crashes

Rear impact crashes are the least common form of fatal accident. This is because
the occupants of the front seat of the impacted car are protected by the trunk
and rear passenger portion of the vehicle. These usually decelerate the impacting
vehicle sufficiently to protect individuals in the front seat. People in the impact-
ing automobile are protected by their car’s engine. Rear impact crashes account
for many civil suits involving whiplash syndrome. Although relatively uncom-
mon, one of the potential dangers with the rear impact crash is rupture of the
gas tank, with ignition of the fuel. Rupture of the tank is, of course, proportional
to the speed of impact. In the authors’ experience, most fatal automobile fires
begin under the hood of the car and are not related to rear impact.

In rear impact collisions, there may be seatback failure such that the back
of the front seat goes horizontal. At the same time, the occupant of the seat
can go backward, impacting the rear seat or the roof, or even be ejected out
the rear window. This can result in serious, if not fatal, head and/or neck
injuries. This can occur even if the individual is wearing a seatbelt. In one
case seen by the authors, the seat partially failed after a rear impact, creating
a ramp, with the driver propelled backward and upward. His head impacted
the roof of the car with such force as to embed hair in the cloth lining. The
impact fractured his neck, producing quadriplegia.

Conclusions

In the aforementioned discussion of injury patterns associated with different
types of crashes, we have neatly divided all crashes into four categories: front
impact, side impact, rollover, and rear impact. This is, of course, an artificial
distribution. There can be a combination of the types. Thus, there might be a
front impact where the car is deflected, rolls over, and slams sideways into a tree.
One minor, infrequent, but interesting injury should be mentioned here.
Occasionally, an individual is brought into the morgue with a gray- to pale-
green-colored face and a leathery texture to the skin (Figure 9.11). This is
caused if the car battery ruptures and sprays the victim’s face with acid.

Seat Belts and Air Bags

There are three forms of automobile belt-type restraints: lap belts; shoulder
(diagonal) belts and three-point belts (lap plus shoulder belt). Lap belts were
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Figure 9.11 (A and B) Acid burns of face from ruptured battery.

the first form of restraint offered, becoming standard in automobiles in 1964.
They are still found in older vehicles and in the back seats of some newer
vehicles. All new vehicles use the three-point belt. As of December 1997, it
was estimated that 69% of motor vehicle occupants use safety belts.”

Lap belts are effective in reducing mortality and morbidity, predomi-
nantly by preventing ejection of the driver and passengers at the time of a
crash. In frontal collisions, they prevent impact of the head of the driver or
passenger with the windshield frame and reduce injuries that would be caused
by impacting the steering wheel and dashboard. On frontal impact, the head
and chest will jackknife over the belt such that the driver’s head can impact
the steering wheel and the front passenger’s head the dashboard. Both can



298 Forensic Pathology

incur serious and fatal injuries. Lap belts also prevent rear passengers from
impacting or being propelled over the front seats.

While successful in reducing mortality and injury, on occasion, a lap belt
can also cause injury. If the belt is worn too high (above the pelvis), the body
can violently jackknife, producing compression fractures of the lumbar ver-
tebrae; transverse fractures of the vertebral bodies; as well as fractures of the
pedicles, transverse processes and lamina of the lumbar vertebrae.?!! The
vertebral injuries are caused by severe flexion combined with shearing forces.
Soft tissue injuries produced by lap belts consist of contusions and lacerations
of the duodenum, jejunum and ileum and lacerations of the spleen and
pancreas. In intestinal injuries, the lacerations are on the anti-mesenteric side
of the bowel. While all of the aforementioned injuries occur from wearing
the lap belt too high, such injury can still take place if it is worn properly
through a phenomenon called “submarining,” where, at impact, the pelvis
sinks down into the seat and slides under the belt. Most abdominal and spinal
injuries, however, are caused by wearing the lap belt too high.

Injuries to the small intestine, colon and lumbar spine, in the plane of
the lap belt, are referred collectively to as the “seat belt syndrome.” Contusions
and abrasions on the abdominal wall, in association with this syndrome, and
caused by the belt, are called the “seat belt sign.”!!

Use of the shoulder restraint without the lap belt can produce fractures
of the cervical, thoracic and lumbar spine; fractures of the ribs and sternum
and injuries of the larynx, liver, spleen and kidney.!® With combined use of
lap and shoulder belts(three-point restraints), the benefits of the lap belt are
augment by the benefits of the shoulder belt. Impaction with the steering
wheel and dashboard are prevented. However, the three-point restraint still
can produce injuries such as rib fractures (single more likely than multiple),
fractures of the clavicles, and sternum and cervical spine fractures.*!°

While lap—shoulder belts can produce injuries, such hazards are out-
weighed when one realizes that they reduce fatalities for drivers of passenger
cars by 45%.” The part played by seat belts in saving lives is further evidenced
in their ability to prevent individuals from being ejected from vehicles —
75% of occupants ejected from passenger cars are killed.'? Only 1% of occu-
pants who are restrained are ejected compared with 22% of unrestrained
occupants.

Air Bags

Air bags were introduced to reduce serious injuries and deaths in automobile
crashes, especially in those individuals not using seat and lap belts. They are
intended to provide protection only in frontal crashes and to be used in con-
junction with seat belts. Compared with lap—shoulder belts, air bags are sig-
nificantly less effective. Thus, airbags alone have an estimated effectiveness
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of 14% in reduction of fatalities in drivers in crashes of all types compared
with 45% for lap—shoulder belts used alone. The estimated reduction in
fatalities when used together is 50%.”

To perform their function, air bags should fill as much of the space as
possible between the driver and the steering wheel or the passenger and the
dashboard. In addition, the air bag must deploy as rapidly as possible. As
with any life-saving device or drug, there is the potential for adverse side
effects. Thus, air bags can produce injury, and, on rare occasion, death.

There is a wide variance in the design of air bags including:

Collision speed that triggers deployment
+ Speed of deployment
+ Distance of extension
+ Physical characteristics of the airbag, etc.

Deployment of airbags occurs when crash sensors detect an impact equivalent
to hitting a solid barrier at 10—15 mph.” There is some thought that the
threshold for deployment is too low, and that there is no risk of severe injury
or fatalities to drivers until impact speed is approximately 30 kph (18 mph).
Some suggest that 18 mph should be used for the threshold for deployment,
at least for belted individuals.!

Some vehicles have a higher threshold than the 10-15 mph while others
have dual thresholds. An example of dual threshold deployment is found in
Mercedes automobiles, and has been so for driver airbags since 1988 and
passenger air bags since 1989.'* The threshold for deployment is 12 mph if
the passenger is unbelted and 18 mph if belted.

Inflation of the air bag is usually by a pyrotechnic device with production
of gas. The velocity of deployment ranges from 100 to 200-plus mph, with
older air bags deploying faster than newer. Deployment time is at least 30
milliseconds. Airbags can be tethered or untethered. In the former, tethers
control the excursion of the bag toward the occupant as well as the shape.
The distance that the air bag can travel from wheel to driver can range from
12 to 20 inches, with the untethered bags traveling farther. Newer air bags
will be less powerful and able to modify the amount of inflation depending
on the size of the driver or passenger. Side-impact airbags are smaller than
front-impact bags and must inflate faster.

Just like seat belts, air bags can cause injuries, but, unlike seat belts,
the injuries can be immediately lethal. Deaths are usually associated with
women of small stature and children below the age of 13 years, especially
when the children are unrestrained or out of position. Rear-facing infant
or child restraints should never be used in front seats, as they place the
child’s head and body very close to the air bag housing. Infants in the front
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seat, in rear-facing infant seats, have predominantly craniocerebral injuries.
Drivers seated too close to the steering wheel (less than 10 inches) can be
seriously injured or killed by deploying air bags. Short drivers are injured
more frequently because they must sit closer to the steering wheel to reach
the gas and brake pedals.

In some vehicles, e.g., Mercedes, there are “pre-tensioners” that are acti-
vated by the same sensor system that activates the air bag. Pre-tensioners pull
the slack out of the shoulder strap before the airbag deploys, pulling wearers
back in the seat before they begin to move forward, reducing the subsequent
force of impact between the air bag and the person. This reduces the likeli-
hood of air bag injury.

Fatal injuries ascribed to airbag deployment include cervical spine dis-
locations or fractures, basal skull fractures, and injuries to thoracic and
abdominal viscera. The injured person may show characteristic abrasions of
the anterior neck and under surface of the jaw (Figure 9.12). Abrasions of
the chest might also be present. In one relatively minor accident reviewed by
the authors, there was blunt trauma to the right internal carotid artery, just

Figure 9.12 Abrasions on undersurface of chin and on neck caused by deploying
airbag. Cause of death was fracture of cervical spine.
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distal to the bifurcation of the common carotid artery. At the scene, the driver
appeared somewhat disoriented. She was seen at a hospital and sent home,
only to be re-admitted 12 hours later, with a history of convulsions. She was
alert, oriented, and could speak but had left-sided hemiparesis. An angio-
graph showed complete occlusion of the right internal carotid artery caused
by thrombosis. She gradually deteriorated over the next few days, dying of
widespread infarction of her right cerebral hemisphere. The traumatic injury
of the internal carotid artery was demonstrated at autopsy.

By November 2000, the National Highway Traffic Safety Association
(NHTSA) had documented 169 deaths ascribed to airbags since 1990.' One
hundred involved children 12 years of age or younger. Ninety-eight were
killed by passenger bags; two by driver’s air bags. Of the 98 children fatally
injured by deployment of passenger air bags:

* 69 were unrestrained or improperly restrained
+ 18 were in rear-facing child safety seats

+ 5 were in forward-facing child safety seats

* 6 were wearing lap and shoulder belts

Of the 69 adults, 63 were drivers and six were passengers. Only 18 of the

drivers were belted, and 23 of the drivers and three of the passengers were
62 inches or less in height.

Motor Vehicle Fires

Fires secondary to a motor vehicle crash are uncommon. When they do occur,
and involve fatalities or severe injuries, they almost invariably result in a
major lawsuit against the automobile manufacturer. Because of this, in any
motor vehicle accident where there is a fire and a burned body is removed
from the vehicle, a complete and thorough autopsy should be performed.
This should involve examination of the neck, both anteriorly and posteriorly,
especially if there are no evident traumatic injuries to explain death. Blood
carbon monoxide analysis should be performed. If no blood can be obtained,
use spleen, marrow, liver or muscle in that order.

Fire occurs in approximately 2.9% of fatal motor vehicle crashes — 5.7%
of large truck crashes; 2.9% of light truck and 2.5% of passenger car.’ In
absolute numbers, for example in 1998, fatal fires occurred in 738 crashes
involving passenger cars; 565 light trucks and 279 large trucks.

A number of experiments have been conducted involving burning vehi-
cles. No propellants were used in these experiments. In one case, a fire was
started in the passenger compartment of an automobile.'®> The four windows
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were left open and a 10 km/h wind blew steadily through the windows from
the driver’s to the passenger’s side. Maximum temperatures in the compart-
ment ranged from 867 to 1133°C. The maximum carbon monoxide level was
15,100 ppm; the carbon dioxide level 122,000 ppm. Oxygen concentration
dipped down to 8.5%.

In a similar experiment, the same type of car was burned, again with the
fire started in the passenger compartment, but with the windows closed.®
After a period of smoldering and heavy smoke formation, the fire erupted
with a flash-over. It burned for less than 1 min before it went out, presumably
because of lack of oxygen. The temperature rise away from the immediate
vicinity of the fire was minimum (maximum of 30°C). At the time of flash-
over, the temperature rose to 29°C on the floor, 266°C at the driver’s head
level and 603°C at the headliner. After the flash-over, the temperatures
dropped to below 50°C. Prior to the flashover, the CO was from 110-260
ppm; the CO, levels 700-1000 ppm. Subsequently, CO rose to 24,800 ppm;
CO, 59,000 with O, falling to 8%.

Motorcycle Accidents

There is a classic line that goes, “Buy your son a motorcycle for his last
birthday.” This, in a way, summarizes motorcycle accidents. The motorcycle,
by its design, is intrinsically dangerous. An accident that might result in minor
injuries with an automobile can result in death with a motorcycle. Approxi-
mately 6% of all traffic fatalities involve motorcycles.!? In accidents involving
automobiles, the most dangerous thing that can happen to an individual is to
be ejected from the vehicle. Motorcycles involved in accidents always eject
their operators or passengers. Individuals dying in motorcycle accidents typ-
ically die of either head or neck injuries, with the former more common.
There are usually extensive skull fractures, predominantly basal. The injuries
occur from impacting the ground or another object, e.g., a curb or a lamppost.
If the individuals are not wearing protective clothing, and even when they are,
there can be extensive confluent scrape-like abrasions as they slide across the
pavement. An incision into this area typically reveals no underlying subcuta-
neous hemorrhage, because these injuries are very superficial and limited to
the skin (Figure 4.1). Passengers falling off the backs of moving motorcycles
typically have lacerations of the back of the head, fractures of the posterior
fossa, contrecoup contusions of the frontal lobes of the brain, and abrasions
of the back and elbows. If the person tumbles forward, there will be abrasions
of the face. While motorcycle helmets reduce the incidence of head trauma
in low-speed accidents, at moderate and high speeds their sole function is to
prevent brain matter from being spread over the highway.
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The most common causes of motorcycle accidents are alcohol or drugs,
environmental factors (oil slicks, bumps or potholes in the road,), reckless
driving, and failure of drivers of cars to see the motorcycle. The most com-
mon cause of a motorcycle fatality is running off the road. Approximately
28% of motorcycle operators involved in fatal crashes have a blood alcohol
level of 0.10 g/dl or greater.'?

The authors have seen a number of motorcycle operators beheaded or
having arms avulsed due to cables or wires stretched across roads or used as
supports to poles or towers (Figure 9.13). Injury occurs when the operator
does not see the cable or wire. Examination of the amputated heads and
extremities shows the edges of the wounds to be sharp, almost as if they had
been produced with a knife. If one found such a head and body without
knowing the individual had been on a motorcycle and beheaded by a wire,
one would think that the head had been cut off with a sharp, edged instru-
ment, so sharp are the edges of the wound.

Occasionally, a motorcycle rider, seeing a car stop abruptly in front of
him and knowing he will not be able to stop in time, will drop his motorcycle
on its side and skid toward the vehicle in an attempt to prevent impacting
it. The authors have seen a number of cases in which this was effective in

Figure 9.13 (continued) (A) Complete avulsion of right arm by guy wire. Note
sharp margins.
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Figure 9.13 (continued) (B) Incomplete beheading due to wire. (C) Sharp margins
to wound, almost as if neck had been cut with a knife.

preventing any serious damage to the motorcyclist. Unfortunately, in one
case, the operator skidded beneath the car, hooking his chin on the bumper
and dislocating his neck at the atlanto-occipital juction.
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As mentioned previously, operators of automobiles often do not see
motorcyclists, either because of their low profile, or because auto drivers
are not attuned to looking for motorcycles. Automobiles will turn in front
of a motorcycle and the motorcycles will crash into the car. Automobiles
going through an intersection will crash into a motorcycle, failing to see
it. Most experienced motorcyclists assume that individuals driving cars do
not see them.

The aforementioned discussion of motorcycles also applies to a degree
to off-the-road, all-terrain vehicles (ATVs). These are now all four-wheeled
vehicles. Three-wheeled vehicles are no longer sold in the U.S. because they
are believed to be unsafe. Fatal injuries tend to involve the head and neck,
with occasionally the ATV’s turning over and landing on top of the operator.
The operators who are killed often are young children, too young to legally
operate motor vehicles or motorcycles.

Mention at this time can also be made of snowmobiles. One of the more
common causes of death with these vehicles is drowning. This occurs when
a driver attempts to cross a frozen lake and does not realize that the ice is
not thick enough to support the vehicle.

Suicide by Motor Vehicles

A small number of single motor vehicle accidents are suicides. Typically,
drivers crash their cars head-on into a fixed object such as a concrete bridge,
an embankment, or a utility pole. The individual turns off the road and drives
a significant distance, straight into the object, without using the brakes. It is
usually obvious from a study of the tire tracks that such individuals had
sufficient time to turn back onto the road or avoid the obstacle if they had
accidentally gone off the road. In addition, if the death was witnessed, no
brake lights would have been observed. There are probably other such sui-
cides that go undetected. The cause of the “accident” in such cases is attrib-
uted to drinking or falling asleep at the wheel.

Usually, individuals committing suicide with a motor vehicle will have a
history of prior suicide attempts or treatment by a psychiatrist. In one
instance, the victim was a mother who had just killed her daughter. In all
suspected cases, one should examine the soles of the shoes of the driver to see
if there has been transfer of the pedal pattern to the shoe sole. If the pattern
is that of the gas pedal, then one knows that, at the time of impact, the
individual was still accelerating. This is confirmatory evidence of a suicide.

Determination of Who Was Driving

Occasionally, accidents occur in which there are two or more occupants in
a vehicle and it is not clear who the driver was. In some cases, all the people
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may be dead, or a survivor, although he might have been the driver, to avoid
legal liability might claim that a deceased individual was driving. In such
instances, examination of the body, car, and clothing can be decisive in
determining who actually was the driver. The pattern of injuries, for example,
dicing or an imprint of a steering wheel, might identify the driver. In other
instances, examination of the car might show fibers in the broken steering
wheel or in the sun visor that correspond to the clothing of one of the
individuals. Examination of the soles of shoes for a pedal pattern from an
accelerator or brake might be of aid. There might be deposits of blood on
the steering wheel, visor or windshield that can be typed by DNA to identify
the driver.

In one case, a 20-year-old girl was suspected of driving a motor vehicle
involved in a fatal collision. Her blood alcohol showed that she was intoxi-
cated at the time of the accident. She claimed that the other individual in
the car, who had been killed, was the driver. Her shoes and the pedals of the
car were examined. There could be no transfer of the pedal pattern to the
soles of her shoes because they were covered by fine parallel grooves that
would not take an impression from the pedals. Examination of the pedals,
however, revealed the pattern of the sole of the shoes (Figure 9.14). This
indicated that she had been the driver of the motor vehicle.

Motor Vehicle-Train Accidents

Collisions between trains and motor vehicles are virtually all of the side
impact-type, with the train impacting the side of a vehicle that is either trying
to beat the train through the intersection, or is stalled on the tracks. Less
commonly, a speeding vehicle impacts the side of a train. The nature of the
injuries varies from typical side- and front-impact automobile injuries to the
more common nonspecific pattern of massive mutilating injuries. Since many
of these cases evolve into civil suits, a complete autopsy and analysis for
alcohol and drugs is mandatory. Many of the drivers are, in fact, under the
influence of alcohol.

Toxicology in Motor Vehicle Accidents

In all fatal motor vehicle accidents, a complete toxicologic screen for alcohol
and drugs, and in certain circumstances carbon monoxide, should be per-
formed on both drivers and passengers. Tests for alcohol alone are not suf-
ficient. Drugs tested for should include alcohol; carbon monoxide; acid, basic,
and neutral drugs. Marijuana testing is optional. In select cases, analysis for
opiates is indicated.

In 1999, 38% of traffic fatalities were alcohol related compared with 49%
in 1989.12 The intoxication (blood alcohol of 0.10 g/dL or greater) rates for
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Figure 9.14 Brake pedal with imprint of sole of shoe.

drivers in fatal crashes were: 17% passenger cars, 20% light trucks, 28%
motorcycles, and 1% for large trucks.

Atleast 10—15% of drivers involved in automobile accidents will be under
the influence of other drugs, either illicit or prescribed.! Whether a drug is
a cause of an accident, either wholly or in part, can be decided only by
individual analysis of a case. Drug testing on passengers is recommended for
two reasons — first, a “passenger” occasionally turns out to have been the
driver; second, the presence of a drug or alcohol in a passenger often reflects
the toxicologic status of the driver.

Often victims of motor vehicle accidents do not die immediately and
are transported to a hospital. Here, intravenous fluids are started and
massive blood transfusions begun. Prior to instituting a transfusion, blood
is virtually always drawn for type and cross matching. Unused blood for
this purpose is retained in the blood bank for at least 7 d. Thus, it is usually
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possible to obtain original, pre-transfusion blood for toxicologic analysis
within 1 week of admission to a hospital.

If, in spite of the transfusions and medical attention, the victim dies
within a few hours of admission, toxicologic screens should still be performed
on blood and vitreous fluid removed at autopsy. In spite of massive transfu-
sions, we have been able to document elevated or intoxicating levels of alcohol
in the blood in many people. This is because alcohol, being water soluble,
distributes itself throughout the body of a drinker. When he is then trans-
fused, the alcohol diffuses back into the blood from water in the tissue in an
attempt to equalize the concentrations. Vitreous is valuable in that it reflects
alcohol and drug levels 1-2 h prior to death and is essentially unaffected by
the transfusions.

Carbon monoxide levels should be performed in most motor vehicle
deaths, since occasionally death might be caused by, or the accident precip-
itated by, acute carbon monoxide poisoning. The source of the carbon mon-
oxide is usually a defective exhaust system in the vehicle.!”

Pedestrian Deaths

When a pedestrian is struck by a motor vehicle, the pattern and severity of
the injuries, as well as their etiologic mechanisms, depend, for the most part,
on four factors:

The speed of the vehicle

Its physical characteristics

Whether it was braking

Whether the victim was a child or an adult

- =

Relationship between Speed at Impact and Injuries

The speed of the vehicle is probably the most important factor in the causa-
tion of severe injuries. Between 20 and 40 km/h, the nature of the injuries
produced changes, becoming severe. This is not to say, however, that severe,
even fatal, injuries cannot occur at lower speeds.'®

Karger et al. studied 47 pedestrian—passenger car fatalities in regard to
impact velocity and injury.!® They found that four types of injury appeared
to be correlated with impact velocity:

Fracture of the spine
Rupture of the thoracic aorta
Inguinal skin rupture
Dismemberment

Ll
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With regard to fractures of the spine, they found that: almost half
involved the cervical spine, first appeared at an impact velocity of 27.5 km/h,
were common above 45 km/h, and were present in all cases with impact
velocity above 67.5 km/h.

Ruptures of the thoracic aorta first appeared at 63 km/h, were always
present above 85 km/h, and were associated with corresponding fractures of
the thoracic spine.

Ruptures of the inguinal skin first occurred at 66 km/h and were always
present at 95 km/h and above.

Dismemberment first occurred at 98 km/h. In regard to this last obser-
vation, Zivot and Di Maio reviewed 85 fatal motor vehicle—pedestrian deaths,
and, in five cases, found amputation of a limb, and in two, transection of the
torso. In all seven instances, the vehicles were going a minimum of 55 mph
(88.5 Km/h)."

Child Pedestrians

In children struck by non-braking or late-braking motor vehicles, impact
with the front of the vehicle is above the body’s center of gravity. The victim
is impacted, slammed down, and run over. If the vehicle is braking hard prior
to the impact, the front of the vehicle dips below the child’s center of gravity
and the child may be thrown forward.

Adult Pedestrians

If an adult is struck by a truck with a high front, the situation is the same as
with a child. With non-braking or late-braking, the impact to the adult is above
the center of gravity and the individual is slammed down and run over. If the
truck is braking hard prior to impact, the individual is thrown forward.

If adults are struck by an automobile or light truck, rather than a truck
with a high front, a different pattern of injuries occurs because victims are
impacted below the center of gravity. With non-braking or late-braking auto-
mobiles at very high speed, the pedestrian is picked up and thrown over the
top of the car. Examination of the automobile reveals either scuff marks or
dents on the bumper, as well as denting of the front of the hood in most
instances. There may be dents on the roof or trunk of the car, when the
individual is hurled over it. The authors have seen this pattern in individuals
struck at high speeds, i.e., the high 60s and 70s mph range. In these cases,
there is often mangling of the body with partial or complete amputation of
a limb by the massive blunt trauma (Figure 9.15). The skin in the groin area
may show traumatic striae (stretch marks) if it has been violently stretched
by impact at the buttocks (Figure 9.16). Striae might also be present on the
neck because of violent bending with subsequent massive fracture of the
cervical vertebrae.
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Figure 9.15 Traumatic amputation of lower extremities by motor vehicle mov-
ing at high rate of speed. Note the sharp edges of amputated limbs.

Figure 9.16 Striae in inguinal regions caused by overstretching of skin.
Deceased pedestrian was struck in buttocks by speeding motor vehicle.

If the motor vehicle is traveling at a moderate speed at the time of impact,
the pedestrian will be picked up, land on the hood, and slide backward, then
impacting the windshield and sliding off. The automobile will then present



Deaths Caused by Motor Vehicle Accidents 311

NI
TERRRRRRREL POREE 1Y ;

=

Figure 9.17 Typical pattern of damage to motor vehicle that has impacted a
pedestrian. Dented hood and impact site on windshield.

the classic picture of a pedestrian impact: scuffing or dents on the bumper,
indentation of the front and top of the hood, and an impact site on the
windshield (Figure 9.17). Fragments of glass from the windshield may be
found in the hair of the victim, because often it is the head that hits the
windshield. In addition, hair might be found in the windshield. The authors
have also seen the weave pattern of clothing imprinted on the hood. In some
instances, threads have been caught by the deformed hood, which could be
linked to clothing. As the body impacts the front of the hood and indents its
top, paint smears can be imparted to the clothing. All of the aforementioned
trace evidence can be used to link a victim and car in cases of hit and run.

If the pedestrian is struck by the extreme lateral or outer portions of the
front of the vehicle, i.e., the headlight area, the individual will be picked up
onto the fender and will roll off. Damage to the car will generally be confined
to the headlight area and the fender, with no damage to the top of the hood
or the windshield.

If an automobile traveling at either high or moderate s