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Series | ntroduction

Over the last decade, the field of forensic science has expanded enormously.
The critical subfield of forensic pathology is essentially based on a transverse,
multiorgan approach that includes autopsy, histology (comprising neuro-
pathological examination), immunohistochemistry, bacteriology, DNA
techniques, and toxicology to resolve obscure fatalities. The expansion of the
field has not only contributed to the understanding and interpretation of many
pathological findings, the recognition of injury causality, and the availability of
new techniques in both autopsy room and laboratories, but also has produced
specific new markers for many pathological conditions within the wide variety
of traumatic and nontraumatic deaths with which the forensic pathologist deals.

The Forensic Pathology Reviews series reflects this expansion and provides
up-to-date knowledge on special topics in the field, focusing closely on the
dynamic and rapidly growing evolution of medical science and law. Individual
chapters take a problem-oriented approach to a central issue of forensic pathology.
A comprehensive review of the international literature that is otherwise difficult
to assimilate is given in each chapter. Insights into new diagnostic techniques
and their application, at a high level of evidential proof, will surely provide helpful
guidance and stimulus to all those involved with death investigation.

It is hoped that this series will succeed in serving as a practical guide to
daily forensic pathological and medicolegal routine, as well as provide
encouragement and inspiration for future research projects. I wish to express my
gratitude to Humana Press for the realization of Forensic Pathology Reviews.

Michadl Tsokos, mb
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Preface

Never before has so much information on current criminal cases and the
associated forensic pathological matters been so readily available to so many
people. The media seem to carry an increasing number of crime stories that touch
detail nearly every day. The Internet provides widespread and virtually unlimited
access to information (and misinformation) on all types of forensic pathological
and medicolegal scenarios.

More than ever, there is a need for fixed points of reference by which both
common forensic pathological entities and specific pathological conditions that
are only rarely encountered in the autopsy room can be judged based on expert
review, evaluation, and recommendation. The Forensic Pathology Reviews series
has the goal of increasing a point of reference.

Of course, solving forensic pathological problems effectively requires a
strong base of knowledge of pathology combined with personal experience and
critical appraisal skills. Successful forensic pathologists and medical examiners
weigh the importance and validity of the data they collect from the victims of
homicide, suicide, and accidents as well as from those who expire from natural
causes using sound reasoning based on probabilities, and a broad knowledge of
the pathological and clinical features presented by these fatalities, in order to
generate a thoughtful, convincing, and appropriate approach to establishing the
cause and manner of death and the reconstruction of events. Encountering and
solving problems in forensic pathology—particularly challenging cases—
continues to be a source of great professional satisfaction.

It is a pleasure to express my gratitude to the many colleagues from all
around the world who have so generously contributed to the Forensic Pathology
Reviews series by making their scientific and practical knowledge accessible to
the broad international readership of this series.

Michadl Tsokos, mb
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Pathological Features of Death
From Lightning Strike

Sephan Sidl, mp
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CONCLUSIONS FOR THE FORENSIC PATHOLOGIST
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SUMMARY

Lightning strikes cause more deaths in the United States than other natu-
ral disasters, such as hurricanes, tornadoes, volcanoes, and floods. Lightning is
a transfer of an electrical charge and results from the sudden environmental dis-
charge of static electricity. The power of lightning is estimated to be between
10,000 and 200,000 A of current, with estimated voltage ranging from 20 mil-
lion to 1 billion V. The effects of lightning on the human body depend on a
number of features, such as the intensity of the current, the time it spends pass-
ing through the body, the pathway involved, the activity and position of the per-
son at the time of the event in relation to the ground, and the kind of strike
(direct strike, contact voltage, side splash, ground strike, or wire-mediated
lightning). Lightning strikes result in multisystem dysfunction, and survivors
may experience prolonged disability following recovery from the initial insult.

From: Forensic Pathology Reviews, Vol. 4
Edited by: M. Tsokos © Humana Press Inc., Totowa, NJ
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Electrical energy causes muscular spasm and necrosis, thrombosis, blood ves-
sel tears, unconsciousness, and motor and sensory function abnormalities. Most
deaths after lightning strikes occur either because of primary cardiac arrest or
hypoxia-induced secondary cardiac arrest. If multiple persons are struck, atten-
tion at the scene should be directed first to those who appear dead, because they
may be in respiratory arrest and in urgent need of immediate cardiopulmonary
resuscitation that can be successful in lightning strike victims for far longer than
would seem reasonable in other types of injury.

Key Words. Lightning strike; lightning injuries; direct strike; ground
strike; contact voltage; side splash; side flash; wire-mediated lightning;
flashover; Lichtenberg figures; burns.

1. INTRODUCTION

Lightning is a transfer of electrical charge resulting from the sudden envi-
ronmental discharge of static electricity sandwiched between an upper nega-
tive-charged region, such as thunderheads, and a lower positive area (1). When
voltage between two oppositely charged fields exceeds atmospheric resistance,
discharge occurs (2). The most common types of lightning strikes are intracloud
(the majority of discharges) and cloud-to-ground (some 20%), with ground-to-
cloud and cloud-to-cloud lightning occurring only rarely (2—4). However, a
lightning strike may occur under fair weather conditions from a clear sky, far
from any thunderstorm clouds (5-8). Cherington and colleagues (9) discussed a
case where the discharge originated in a cumulonimbus cloud that was approx
10 miles away and that was obscured by mountains. They called this phenom-
enon a “bolt from the blue.”

The power of lightning is estimated to be between 10,000 and 200,000 A
of current, with estimated voltage ranging from 20 million to 1 billion V
(10-12). A strike produces an intense burst of thermal radiation of up to 30,000
K within milliseconds and is accompanied by a shock wave of up to 20 atm that
can contuse or perforate human organs (10,11,13,14). Electrical energy follows
the path of least resistance. Because tissues that have a low water and elec-
trolyte content have a higher resistance, tissue resistance decreases in the fol-
lowing order: bone, fat, tendon, skin, muscle, blood vessel, and nerve
(4,11,15,6). The most important resistor to the flow of current is skin. Skin
resistance varies from 1000 ohms on a sweaty palm to 1 million ohms on a dry,
calloused hand (11). The phenomenon of current traveling on the surface of wet
skin without much penetration to deeper tissues is called “flashover” (1-3,14).
If it is raining or the person is perspiring, the water can vaporize with such force
that the clothes are shredded and the shoes are blown off (2,14).
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Estimates reveal that there are approx 50,000 thunderstorms and 8 million
lightning flashes per year worldwide (17). Surprisingly, despite the vast
amounts of energy involved, the overall mortality rate following lightning
injury is only 30% (8,18). The morbidity rate in survivors, however, is close to
70% (2,19). Lightning strikes, although uncommon, still reportedly cause more
deaths in the United States than other natural disasters, such as hurricanes, tor-
nadoes, volcanoes, and floods (16,18,20,21). In the United States, several thou-
sand people are struck by lightning but survive, and approx 100 to 600 people
die from lightning injuries (2,4,8,10,14,17-19,22) each year. These deaths
occur primarily from May to September, between 3 and 6 pm, and mostly affect
a young, active group less than 40 years of age (8,18,19). The effects of light-
ning on the human body depend on a number of features, including the inten-
sity of the current, the time it spends passing through the body, the pathway
actually involved, and the activity and position of the person at the time of the
event in relation to the ground (1,10,13). In addition to these, a factor of major
importance is the kind of strike, as a person may be hit by lightning in several
ways (4).

2. THE DIFFERENT FORMS OF LIGHTNING STRIKES

2.1. Direct Strike

Lightning may strike a person directly, usually entering through the head
or an outstretched arm (1,12,18,23,24). The current is then transferred to the
body, and, in most of these cases, the exit pathway is through the soles of the
feet because the lightning victim is normally standing, earthing him or herself
through the ground (12,14) (Fig. 1). A direct lightning strike is the most dam-
aging because the current discharges directly through the body and causes
extensive thermal injuries and barotrauma (2,12,19,23,25).

2.2. Contact Voltage

The difference between a direct strike and a side splash is the contact volt-
age. It occurs if people are wearing or carrying something metal, such as an
umbrella, golf club, or a weapon (2,23,26). If lightning strikes this metal object,
the current will flow to the body of the victim, if this pathway is the way of least
resistance (23).

2.3. Side Splash

A side splash or side flash strike occurs when lightning discharges—after
a primary strike to an adjacent object such as a tree—to a victim who has no



Fig. 1. Fatal direct lightning strike of a 63-year-old farmer. (A) Scene of death
was an open field on a rainy day. The clothes are partially shredded, but the rub-
ber boots are not blown off. (B,C) The skin of chest and right arm shows a fern-
like pattern below the entrance point (neck) of the lightning strike. (D) The exit
point was characterized by a melted sole of the right rubber boot, (E) a defect of
the stocking, and (F) a plantar second- to third-degree burn with melted fabric
from the sock. (Courtesy of Dr. Michael Tsokos, Hamburg, Germany.) (Figure con-
tinues on two following pages.)
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Fig. 1. (continued)
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Fig. 1. (continued)

direct contact with the object (2,19,23,24,27,28). The lightning may be con-
ducted down the tree or it may jump to a path of less resistance, such as the per-
son or persons standing under or near the tree (19). The side splash seems to be
the most frequent form of lightning strike (22). As with ground strikes, the side
splash often leads to injuries of several people (23,26).
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2.4. Ground Strike

Ground strike (also known as “stride potential” and “step voltage”) occurs
when lightning strikes the ground and a person is standing or walking nearby.
An electrode voltage is encountered between the victim’s two legs, and light-
ning can travel up one leg of a victim and down the other, causing a current to
flow through the lower extremities and trunk (2,12,20,23). Ground strikes are
less severe because the force of the lightning dissipates rapidly when it travels
through soil (25). The heart and brain are usually spared by this type of injury,
but the victims are frequently rendered transiently paraplegic and show severe
burns on both legs (12,23).

2.5. Wire-Mediated Lightning

People may rarely be struck by lightning indoors while using a telephone
or an electrical appliance (18,29,30). In these cases, the lightning surge may
energize the structure of a house, causing current to flow through the victim into
the grounded telephone or appliance. Likewise, lightning may strike a cable,
causing connected telephones to become electrically charged (18,31). Morgan
and colleagues (32) reported the case of a 52-year-old man who was struck by
lightning via the telephone line. They assumed that lightning passed through the
man from head to toe and grounded via arcs from the right big toe and left
scapular region. Qureshi (33) described the case of a 27-year-old woman who
was indirectly struck by lightning while using the telephone during a thunder-
storm. She heard a loud bang mediated through the telephone into her left ear
and was thrown across the room. She was briefly unable to speak and hear. The
left half of her face and body felt numb and she suffered from temporary left-
sided hemiparalysis.

3. EFFECTS OF LIGHTNING STRIKES ON THE HUMAN BoDY

Lightning injuries result from electrical energy, thermal energy, or the
enormous blast force of a thunderous lightning strike (23). Although lightning
is essentially a high-voltage direct current, the effects of lightning are much dif-
ferent than those caused by other types of high-voltage electricity (18). Whereas
high-voltage electricity usually produces charring of tissue, a lightning strike is
characterized by an extremely short duration of electrical contact. Although it
is just a small proportion of the current that passes through the victim’s body,
the magnetic field that is formed is high enough to affect the neuromuscular,
cardiovascular, and central nervous systems (9,15,34). Lightning strikes result
in multisystem dysfunction, and survivors may experience prolonged disability
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following their recovery from the initial strike (14). Electrical energy affects the
permeability of cell membranes, can denature active intracellular proteins, and
cause muscular spasm and necrosis, thrombosis, blood vessel tears, uncon-
sciousness, motor and sensory function abnormalities, such as transient para-
plegia and aphasia, amnesia, burns, contusions, edema, cataracts, decreased
renal clearance with myoglobinuria, necrosis, and other injuries, including
cerebral bleeding, skull fractures, or heart contusion (3,4,8,14,15,27,35,36).
However, lightning is anything but invariably fatal: cases have been reported of
one person who was struck by lightning and merely stunned, whereas his com-
panion, who was struck with the discharge after it emerged from the elbow of
the original target, was killed. Other authors reported electrocutions of entire
crowds, with some killed, others burned, and others merely showing various
minor or major neurological sequelae (37,38). The degree of injury is depend-
ent on many factors, including current strength, resistance of the conducting tis-
sue, current pathway, and duration of current flow.

3.1. Skin Injury

The vast majority of lightning injuries are first- and second-degree burns
to the skin, covering between 1 and 20% of the body (13,14,39,40). However,
the points at which the current enters and leaves the body by arcing usually
show third-degree burns (32,37). Most of the current flows along the outside of
the body, thus decreasing the extent of internal burning and tissue damage
(13,38,41). Immediately after the strike, lightning victims may be too hot to
touch (14). Burns associated with lightning appear in several forms: feathering,
linear, punctuate, thermal (from the ignition of clothing), contact (from metal
objects, such as jewellery or zippers [Fig. 2]), and flash (1,4). Celikoz and col-
leagues reported the case of a 21-year-old man who had taken shelter under a
thick nylon cover in the center of a group of five soldiers. While the soldiers
sheltered themselves from heavy rain, lightning struck the nylon cover and a
flash discharge with full-thickness scalp burn 12 cm in diameter occurred in the
victim (1). Most lightning burns, however, are superficial and require only local
care, such as dry gauze dressings (2,14); sometimes they reach from the entry
point nearly to the exit point, where full-thickness burns are often found
(14,40,42,43). In contrast to electrical skin injuries from alternating current,
significant myonecrosis is only rarely seen (42). The feathering, arborescent, or
fern-like pattern of skin injury is a transient, hyperpigmented mark that appears
within an hour of the strike, radiates outward from a central spot, and disap-
pears after several hours (8,27,33,38). This so-called “Lichtenberg figure”
(Figs. 3 and 4) is thought to be a fractal pattern of positive electrical discharge,
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A '

Fig. 2. (A) Contact burn at the left forearm caused by a partially melted watch
following a lightning strike. (B) Detail. (Courtesy of Dr. Roland Hausmann, Erlan-
gen, Germany.)

and has been reported in approx 30% of lightning strike cases (4,8,14,38,44).
Histological examination of the arborizing pattern revealed normal epidermis
and dermis. An extravasation of red blood cells in the subcutaneous fatty tissue,
as proposed by Resnik and Wetli (38), is not mandatory. Other authors
described only a dilatation of small blood vessels in the corium, sometimes
combined with an elongation and nuclear streaming (palisading) of the cells of
the basal epidermal layer (45).
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Fig. 3. Fatal direct lightning strike of a 52-year-old man. An arborescent pattern
of skin injury is clearly visible at the left loin region. (Courtesy of Dr. Roland
Hausmann, Erlangen, Germany.)

Jonas et al. (46) reported the case of a couple who was hit by a lightning
strike. Both survived the thunderbolt without permanent injury. However,
whereas the man was unconscious for only a few minutes, his wife fell into a
coma for 24 hours. The lightning, which entered her body behind the left ear
and went out at her left shoe, caused a partial evaporation of a gold ornamental
chain on her neck. After recovery, the woman got a tattoo on her neck. Two skin
biopsies taken 6 months later showed particles of different shapes and sizes up
to 2 mm deep in the skin that accumulated in histiocytes, multinucleated giant
cells, and, to a small extent, in fibroblasts. Element analysis by electron energy
loss spectroscopy, energy-dispersive X-ray analysis, and atomic absorption
spectroscopy showed that the detected particles were gold (70%), silver (21%),
and copper (9%).
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Fig. 4. Fatal direct lightning strike of a 42-year-old woman. (A,B) Fern-like pat-
terns (“Lichtenberg figures”) are visible on the thigh. (Courtesy of Dr. Wolfgang
Huckenbeck, Dusseldorf, Germany.)
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3.2. Heart Injury

Most deaths following lightning strikes occur because of primary cardiac
arrest or are the result of hypoxia-induced secondary cardiac arrest (2,14).
Because lightning is direct current, it has the effect of cardioversion and induces
ventricular standstill, as opposed to atrial and ventricular fibrillation
(2,4,8,14,32,41,47,48). Despite the fact that 50 to 75% of those who have car-
diac arrest will die, cardiopulmonary resuscitation (CPR) can be successful in
lightning victims far longer after the initial strike than in other types of injury
(2,4,18,37,49).

Other cardiovascular effects of lightning are transient hypertension and
tachycardia, both thought to be secondary to adrenal stimulation with excess
catecholamine release or autonomic stimulation (19,49). Chia (39) reported
the case of a 24-year-old woman who was struck by lightning and was found
to be in congestive cardiac failure at the time of hospital admission. Kleiner
and Wilkin portrayed the case of an 18-year-old man with T-wave inversion
in electrocardiograph (ECG) showing a rapidly developing severe bilateral
pulmonary edema 3 hours after admission (49). Even in cases of primary
cardiac arrest, ECG abnormalities are not necessarily seen (14). If ECG
changes occur, they consist of deep T-wave inversions in multiple leeds and
patterns of ischemic changes, myocardial infarction, or subepicardial injury
that normally resolve within several months (19,39,41,48-50). These
changes are explained by epicardial hemorrhages, muscle fiber necrosis, and
a peculiar spiral malformation of the myocardial fibers (41,51). Animal
experiments by Karobath et al. (47) confirmed the existence of myocardial
necroses owing to lightning strikes. Zack and colleagues (35) portrayed a
case of side splash where a 27-year-old man showed severe acute myocardial
infarction, affecting virtually all parts of the myocardium. Lichtenberg and
colleagues (19), however, showed that the potential for, and mechanisms of,
injury to the cardiovascular system obviously differ in each type of lightning
strike. They found in 19 cases that a direct lightning strike results in a high
incidence of severe cardiac injury that can be manifested early as life-threat-
ening pericardial effusion or severe global cardiac dysfunction. ST elevation
and prolonged QTc intervals in the ECG were limited to direct strikes,
whereas myocardial injuries manifesting as creatine kinase-MB release can
be seen in any type of strike; this occurred in 75% of victims of a direct hit,
66% of victims of a side splash, and 12% of victims of a ground strike. ECG
changes after splash and ground strikes were limited to nonspecific ST-T-
wave changes (19).
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3.3. Central Nervous System

The most serious injuries from lightning strikes involve the cardiovascu-
lar and central nervous systems (2,9,16). Because of their clinical course, the
effects of direct strikes to the head can be divided into the following four
groups:

Fatal coma from hypoxic encephalopathy.

Global encephalopathy with partial recovery.

Slow resolution of focal neurological dysfunction.

Transient neurological symptoms with rapid complete recovery (9, 18).

Sl o

Mechanisms of neuronal damage in lightning strikes include prolonged
depolarization, direct neuronal damage (heat and blunt trauma) as well as sec-
ondary tissue damage from edema, ischemia, and reperfusion injury (10,52).
It has been well-described that lightning strikes cause intense vasospasms and
ischemia (10,53). Whereas skull fractures are mostly linked to falls, brain
lesions are common in the absence of falls. In fact, most neurological lesions
in lightning-strike patients are not linked to trauma from falls, but occur as a
result of hypoxia caused by paralysis of the respiratory musculature or failure
of the medullary respiratory center (14,36). Comparable to other tissues,
brain damage of lightning victims is triggered thermally or electrically (54).
Subarachnoid and intraventricular hemorrhages often follow a particular pat-
tern with regard to the location in the brain (12,36,55). The most vulnerable
sites are the basal ganglia and brainstem. Although small petechial hemor-
rhages are seen in the brainstem, larger hemorrhages are found in the basal
ganglia (12,36,56,57). The pathophysiology of basal ganglia hemorrhages
related to lightning is not likely a product of either mechanical trauma or
intense peripheral vasoconstriction resulting in acute hypertension, but may
reflect the path of current flow in the brain (36). Ozgun and Costillo (56)
pointed out that electrical conductivity is highest in the cerebrospinal fluid
(CSF), and heating of the CSF to 145°F has been recorded after legal elec-
trocution. Additionally, blood vessels and neural tissue have been found to
carry more current per area than other tissues, and to become damaged before
surrounding tissues in an animal model (56,58). Ozgun and Costillo con-
cluded that preferential conduction along Virchow-Robin spaces in the ante-
rior perforated substance plays a major role in the production of basal ganglia
injury following lightning strikes (56).

Severe head trauma can occur as a consequence of falling, being thrown
to the ground by the enormous blast force of a thunderous lightning strike, or
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as a direct effect of the lightning strike (8,25,32,36). Blunt head trauma patients
often present with subarachnoid and intraventricular hemorrhages, as well as
mass lesions of epidural and subdural hematomas (32,36).

Ongoing neurological deficit following a lightning strike is an important
issue. The majority of sequelae following a lightning strike are neurological,
as seen in 70% of survivors (14,43). Injuries arise as a result of the primary
strike (hemorrhages, edema, or neuronal injury) or are owing to a hypoxic
insult from the cardiac arrest (14). Nearly 80% of lightning-strike survivors
suffer from amnesia, loss of consciousness, or confusion, and 50% are afflicted
with paraplegia, which is normally transient and resolves within hours to days
(14,40,43). Persisting neurological deficits, however, indicate spinal cord dam-
age, which is a rare but well-documented phenomenon following lightning
strikes (14,59). Freeman and colleagues (59) reported the case of a 58-year-old
man who was struck by lightning while sleeping in a tent:

After short-term loss of consciousness, he was unable to move his arms and
legs. Over the next few hours, he gradually noticed some return of move-
ment and feeling in the fingers, arms, and legs. ... Two days after admis-
sion, the patient was discharged with no persistent sensory loss or
paresthesias. The only remaining deficit was some difficulty in walking.

Approximately 6 weeks after the lightning strike hit the man, he began to
notice numbness, tingling, and dysesthesia in both hands.

Over the next week, the paresthesia gradually migrated into his forearms to
the elbows and became noticeable in his feet. He also complained of weak-
ness in his hands and legs. Finally, the patient described severe shock going
through his arms, trunk, and feet elicited by minor neck flexion.

CSF analysis revealed a moderate elevation in protein (0.89 g/L) with nor-
mal cell count. Nerve conduction studies were normal. Magnetic resonance
imaging (MRI) revealed hyperintense signals within the posterolateral region of
the spinal cord from C1 to C3 bilaterally. Clinically, the symptoms were con-
sistent with a diagnosis of delayed myelopathy secondary to electric injury with
predominant dorsal column involvement. The abnormal spinal cord signal had
resolved at a follow-up MRI performed 6 weeks later. At this time, the patient
described some improvement with less stiffness in his hands, improved sensa-
tion, and improved grip (59).

Marleschki (60) portrayed the case of a lightning strike during the fourth
month of pregnancy. Aside from skin burns and transitory symptoms of left
ventricular ischemia, the 27-year-old woman suffered from temporary hypoes-
thesia, muscular hypotonia, and palsy of the right arm and both legs. As move-
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ments of the fetus were not palpable for 12 hours, Marleschki assumes that the
lightning stroke caused a reversible palsy of the child (60).

Van Zomeren and colleagues (61) tried to objectify neuropsychological
impairments in six survivors of lightning stroke between 1 and 4 years after injury.
Patients reported fatigue and lack of energy as their main complaints. In addition,
poor concentration, irritability, and emotional lability were mentioned often. Neu-
ropsychological tests disclosed mild impairments in memory, attention, and visual
reaction times. The authors speculated that most complaints of these survivors are
caused by a vegetative dysregulation, a disorder that has often been noted in the lit-
erature as an aftermath of electrical injury to the nervous system (61).

3.4. Other Injuries

Victims of lightning strikes may also suffer ophthalmic, otological, psy-
chiatric, pulmonary, renal, gastrointestinal, musculoskeletal, and peripheral
neurovascular complications (18). Dilated, unreactive pupils are usually a
short-term effect of autonomic nervous system involvement (14).

Ear lesions may vary from mild burns of the auricle to complete destruction
of the hearing organ. Absence of the organ of Corti, rupture and collapse of Reiss-
ner’s membrane, strial degeneration, and decreased spiral ganglion cell popula-
tion were reported (17,62,63). Sound pressure levels of 150 to 160 dB have been
recorded thus, ruptured tympanic membranes are common in lightning-strike
patients, but no case of auditory ossicle injury following lightning strike has been
reported so far (3,14,17,25,33,64-66). Symptoms related to the inner ear follow-
ing lightning strike may be cochlear, such as hearing loss, or vestibular, such as
temporary vertigo, positional vertigo, and endolymphatical hydrops (15). A case
of hearing loss caused by a lightning strike was reported by Cankaya and col-
leagues (16). Aside from a first-degree burn of the auricle, the 33-year-old man
showed two perforations with hemorrhagic edges on the right tympanic mem-
brane that were attributed to the blast effect of lightning. The middle-ear mucosa
was hyperemic and edema was present. At pure-tone audiometry, a 40-dB con-
duction-type hearing loss was detected, which resolved within 6 months. Sen-
sorineural hearing loss caused by lightning strike, however, does not have a high
rate of resolution (15). In the case of a lightning strike via a telephone wire men-
tioned earlier, the 27-year-old woman complained of tinnitus and deafness in her
left ear (33). Although the tinnitus improved, deafness persisted at a re-examina-
tion 6 months later.

Todd and Meyers (17), as well as Silbergleit and Trenkner (67), reported
cases of lightning strike-induced dysphagia that persisted several months and
was attributed to an isolated central nervous system defect.
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As the lens of the eye seems to be very sensitive to electrical current or the
heat set free by the current, the most common permanent ocular sequela of
lightning is cataract (10,29). The cataract can occur soon after a lightning strike
or it may develop over many months (2,68). Problems with vision may be a sign
of retinal detachment. Burns of the periorbita and the eyelids, keratitis, iritis,
papillary abnormalities, cornea lesions, lens dislocations, retina damages, and
thermal optic nerve papillitis were reported in patients injured by lightning (10).

The muscular effects of electricity consist of muscular contraction in
response to electric stimulation (32). Because lightning is a modified form of
alternating current, consisting of a brief, highly damped discharge, no injury is
usually associated with this contraction. Indeed, a rupture of muscles may occur
occasionally as sometimes observed in cases of electrocution (69), or the vic-
tim may fall, receiving secondary injuries (32). In contrast with other electrical
injuries, muscle necrosis with resulting renal impairment is rarely seen after
lightning strikes (14). The myoglobinuria from lightning injury results from tis-
sue damage caused by heat generation and coagulation necrosis. Myoglobinuria
has clearly been shown to precipitate acute tubular necrosis, which progresses
in some cases to renal failure (70).

4. FIrsT AID AFTER LIGHTNING STRIKE

Anyone struck by lightning should have a complete physical examination,
including ophthalmological and otological check-up. Care for these patients
with multisystem involvement requires a team approach and attention to the
whole patient (19). Multiple lightning victims have to be treated in the opposite
way from those involved in other disaster situations (2): the recommendation of
the American Heart Association is that after a lightning strike, all attention
should be given to the most sick, particularly to those who appear moribund or
even dead, because these persons may be in respiratory arrest and in need of
immediate CPR (2—4,18,37,49,70).

5. CoNcLUSONS FOR THE FOReENs C PaTHoOLOGIST

In regions with high lightning-strike densities, lightning strikes should
always be considered as a potential differential diagnosis when investigating
unexpected, unwitnessed deaths, especially when they occurred outdoors (66).
The diagnosis of a lightning fatality should be considered even when witnesses
report that the sky was cloudless and they heard no thunder (66). Because
knowledge of the weather conditions, even in the surrounding area, is of obvi-
ous value, further information is available from meteorological services like the
National Lightning Detection Network of the United States (8).
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Fig. 5. Fatal direct lightning strike of a 52-year-old man. Because of an effect
called “flashover,” (A) the cap, (B) the trousers, and (C) a sock exploded into
shreds. (Courtesy of Dr. Roland Hausmann, Erlangen, Germany.)

If there are no or no reliable witnesses, a diligent search for evidence at
the scene of death is needed (18). Externally visible forensic clues that suggest
lightning strike at the scene include damage to nearby trees, such as splitting or
removal of bark, or charred arc marks on the walls of nearby structures (18).
The ground may display a keraunographic fern-like pattern in the grass resem-
bling the cutaneous changes (Lichtenberg figures) observed in some victims
(8,18). If the scene of death is inside a building, nearby electrical and telephone
equipment should be examined for signs of lightning damage (18). The cloth-
ing of lightning-strike victims may be burned, the trouser legs, for example,
may be exploded into shreds, and the shoes may be melted or “exploded” (8,14)
(Fig. 5). Clothing of lightning-strike victims, particularly shoes, may have been
torn by the lightning energy. Finding a victim in a remote location with the
clothing in disarray may even suggest a sexual attack (18). Skin observations of
burns and fern-like cutaneous patterns, as well as singed hair, may then point to
the true cause of death (66).

In any case of death attributed to lightning, a thorough autopsy is manda-
tory. Besides the lightning injuries mentioned, such as skin burns or fern-like
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injuries, the forensic pathologist has to look for fractures that may have been
caused by the lightning strike’s explosive effects or by electrically induced mus-
cular contractions (18). Further points of interest are the tympanic membranes,
aortic injury (mostly consisting of endothelial elevations and tearing of a por-
tion of the media [8]), cardiac injury (such as heart contusions or myocardial
ischemia), and head injury, including cerebral hemorrhages.
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SUMMARY

The ever-expanding growth of the geriatric population increases the like-
lihood of abuse and neglect both in the home and in caregiving institutions. In
the United States alone, hundreds of thousands of elders are maltreated each
year. Only recently has there been a clear public and governmental awareness
of elder abuse in all its forms. Elder maltreatment, including abuse and neglect,
comprises an act or omission resulting in morbidity and/or mortality of older
persons. Six recognized categories of elder maltreatment include physical, sex-
ual, and psychological abuse; financial exploitation; neglect, and a miscella-
neous classification that often includes the violation of the elder’s rights. A

From: Forensic Pathology Reviews, Vol. 4
Edited by: M. Tsokos © Humana Press Inc., Totowa, NJ

25



26 Hunsaker and Hunsaker

strong familial relationship between the abused and the abuser exists. In more
than two-thirds of cases, an adult child or spouse is the perpetrator. Domestic
violence in the family is also a common underlying factor. Recognition of this
phenomenon is the initial step in reaching a correct diagnosis. Despite efforts to
educate health care providers of elder maltreatment, physicians in the United
States have reported only 2% of all abuse cases in recent years. Achieving full
recognition of elder maltreatment requires a multidisciplinary effort from many
fields, including clinicians, social workers, medicolegal death investigators, and
law enforcement to establish comprehensive research and governmental fund-
ing. The ultimate goal of such an agenda is to define evidence-based markers
for accurate diagnostic methods, which differentiate causes of injury and death
by abuse and neglect from those related to normal aging and senescence. In
addition to the painstaking scrutiny of the putative victim’s medical and psy-
chological background, circumstantial and scene findings that may suggest
elder maltreatment, in any form, must be meticulously investigated.

Key Words. Elder abuse; elder neglect; chronic debilitating diseases;
maltreatment; domestic violence; forensic pathology; clinical forensic medi-
cine; sexual abuse; decubitus ulcers; institutionalization; health care providers;
caregiver.

1. INTRODUCTION

“Honor your father and mother”—which is the first commandment with a
promise—*‘that it may go well with you and that you may enjoy long life
on the earth.” (Ephesians 6:2-3 [1])

With the rapidly growing cohort of elders in the general population, both
society and individuals are bound to address with greater emphasis the health
evaluation, maintenance, and care of the aged, both logistically and financially.
In the United States alone, it is anticipated that more than 70 million “baby
boomers” aged 65 years or older will retire over the coming decade. Families
or other caregiving institutions increasingly face the inevitable task of estab-
lishing long-term care arrangements for the elderly as increasing longevity con-
tinues unabated. The care of the chronically diseased and disabled elders
portends significant strains on the family. Failure to establish appropriate long-
term planning earlier in the elder’s life, before the onset of significant disabil-
ity, increases the likelihood of both familial and societal disequilibrium. This
prospect represents an unprecedented, emerging public health crisis with global
impact. In the United States, the “traditional” family unit (composed of a father,
mother, and children) has undergone progressive deterioration and, to a great
extent, no longer exists. As a consequence, reliance on caregivers from the
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broader, extended family unit, as well as from private or state-supported insti-
tutions, may further complicate strained familial relationships. In these circum-
stances the care of an elder becomes extremely suboptimal.

Between 1 and 2 million older Americans are likely to experience some
form of elder mistreatment each year (2,3). Elder mistreatment denotes all types
of elder abuse and elder neglect. Elder abuse and neglect were defined by the
American Medical Association’s Council on Scientific Affairs of 1987 as the
omission of actions or the actions resulting in harm or threatened harm to the
welfare or the health of the elderly (4,5). In essence, such mistreatment repre-
sents a failure by the lawfully designated caregiver to reasonably exercise the
duty to accord fundamental legal and human rights.

The United Nations in the Universal Declaration of Human Rights, cou-
pled with many subsequent statements of principles, covenants, and commit-
ments in support of the rights of older persons, lays out the fundamental
entitlements of all humans and provides a basis for legislation. For example, the
Older Americans Act enacted by the US Congress in 1992 specifically defines
elder abuse in terms similar to those of the American Medical Association (42
USC §3002[13]). At the state level, as a further example, Kentucky law defines
elder abuse as “the infliction of physical pain, mental injury, or injury of an
adult” (KRS 209.020[7]).

Maltreatment of the elderly can be divided into the following categories:
physical, psychological, financial/material neglect; financial/material abuse; or
violation of civil rights; or any combination of these (6). Elder neglect, although
currently less well-defined, often is the most commonly investigated form of
elder abuse.

Although elder abuse and neglect have achieved ever-increasing recogni-
tion in the medical and law enforcement arenas, reporting of these instances is
still woefully inadequate. Only one in five cases is reported to the appropriate
authority. Such a failure in official recognition of the problem still exists,
although most US jurisdictions have legislated mandatory reporting laws
(3,7,8). Kentucky is a mandatory reporting state requiring that any person
(physicians, law enforcement officers, nurses, social workers, cabinet person-
nel, coroners, medical examiners, alternate care facility employees, caretakers,
and attorneys outside the attorney—client relationship) report when the observer
has reason to believe that a vulnerable adult has been abused or neglected (KRS
209.030[2]). All 50 states and the District of Columbia have legislation touch-
ing on elder abuse in either domestic or institutional environments, setting up
systems for both identifying and reporting suspected cases, and establishing adult
protective services (APS) for investigation of allegations and assistance to victims.
Hamp provides a current and comprehensive compilation of state legislation in
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the United States (9). Yet, uniformity is lacking owing to the jurisdiction-
dependent variety of legislative approaches. This is exemplified by the follow-
ing various points of interjurisdictional divergence:

* Age covering the victim.

* Definition of elder abuse.

e Classification as to criminal or civil.

* Kinds of abuse included.

e Mandatory versus voluntary reporting requirements.
* Procedures specifically covering investigation.

* Remedies for abuse and neglect.

Such official enactments have prompted more executive and judicial
scrutiny; however, because of the lack of systematic training and knowledge
about elder mistreatment in the legal sectors, among health care providers, and
by medicolegal investigators, cases of elder abuse are still being identified only
at critical stages of illness or at autopsy. Many are never investigated thor-
oughly. In contrast to the policy of vigorously investigating unexplained or sus-
picious deaths of younger humans, the standard for analyzing deaths among
geriatric groups is considerably lower; risk factors for abuse are not well-rec-
ognized and well-established medical conditions, which overlap with features
of abuse, are often regarded as sufficient to explain death. As the magnitude of
elder abuse is not fully clear, many consider it to be a hidden crime impacting
a significant number of the elderly. Complicating this deficit in official over-
sight is the common phenomenon whereby the elder may be uncooperative
because of fear of changing his or her environment, for example, removal from
the familiar home setting to a nursing home.

Elder mistreatment is, in many ways, similar to child abuse, and subtle
findings on physical examination may be the only indication of abuse or neg-
lect. Clinicians and forensic investigators have developed considerable skill and
expertise in identifying and documenting features of nonfatal and fatal child
abuse. With recent emphasis on clinical geriatric medicine, more specialists are
now competent to address the health concerns of the aged, including suspected
abuse. Thoughtful, perceptive interviewing by clinical specialists tends to assist
the elder in realizing that he or she may indeed be a victim of abuse. A thor-
ough, goal-directed physical examination—with complete review of the med-
ical history, evaluation of the patient’s quality of mentation, and laboratory
results—constitutes the optimal approach for the forensic investigator in uncov-
ering abuse and neglect. The same exhaustive investigatory approach applies in
cases of death, although the same kind and degree of specialized training for
postmortem death investigators have not kept pace with that of their clinical
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counterparts (10). Nonetheless, the autopsy remains the final opportunity for
determining whether abuse or neglect caused or contributed to death. This chap-
ter covers findings or markers of elder abuse in the clinical context, as well as
at autopsy, including commonly encountered decubitus ulcers. Once recog-
nized, all such indicators require explanation prior to exclusion of abuse or neg-
lect by the caregiver.

2. THE DEFINITION AND ScoOPE OF ELDER MALTREATMENT

2.1. Epidemiology of the Graying Phenomenon

The worldwide population older than 65 years is projected to be 550 to
973 million from 2000 to 2030. This reflects a drastic rise in the global popu-
lation from 6.9 to 12%. Such projections forecast that the number of persons in
developing countries will nearly triple from 249 million in the year 2000 to an
estimated 690 million in the year 2030. These numbers represent both a decline
in fertility and an increase in life expectancy. Even in third-world countries with
relatively less effective health care provision, the life expectancy has increased
to 76 to 80 years. In the wake of the growing geriatric population, increased
demands on medical and public health services have accrued. Concomitant with
the growth of this clearly emerging, distinctive group are projected increased
long-term health care costs attributable to a greater prevalence of chronic dis-
eases, various disabilities, and illnesses related to injuries and mental dysfunc-
tion (11). The 60- to 65-year-old age bracket represents the fastest growing age
group in the United States. By 2030, elder groups will have grown to 19.6% of
the US population. By 2030, there will be 71 million elderly Americans (2). By
the year 2050, the average life span in the United States will increase by 10
years. The estimated number of elders 80 years of age or older will grow from
approx 9.3 million in 2000 to 19.5 million in 2030 (11).

2.2. Elder Abuse Definition: Forms of Maltreatment

In 1975, G. R. Burston wrote a letter to the editor published in the British
Medical Journal raising the specter of “granny-battering,” which documented
various cases of elder maltreatment perpetrated by family members (12). Dur-
ing the last 30 years, the prevalence of elder maltreatment has been further
defined with greater public awareness. The American Medical Association
(AMA) provided the following standard definition of elder abuse in a 1987
position paper:

“Abuse” shall mean an act or omission which results in harm or threatened
harm to the health or welfare of an elderly person. Abuse includes inten-
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tional infliction of physical or mental injury; sexual abuse; or withholding
of necessary food, clothing, and medical care to meet the physical and men-
tal needs of an elderly person by one having care, custody or responsibility
of an elderly person. (4,5,13)

The National Aging Resource Center on Elder Abuse (NARCEA) divides
elder maltreatment into five classes of elder abuse, including physical, psycho-
logical (emotional), financial, sexual, and neglect. NARCEA includes two addi-
tional categories: self-abuse (neglect) and a miscellaneous group (2). Several of
these classes may, and often do, occur simultaneously (14).

Elder abuse is a generic or umbrella term that encompasses both elder
abuse and neglect. The term “maltreatment” is synonymous with elder abuse.
As recently as the 1990s, the prevalence of maltreatment in the elderly popula-
tion ranged from 1 to 5%, affecting hundreds of thousands of elderly people in
all classes of society (8,13). As recognition and reporting of elder abuse cur-
rently in the United States have improved, the incidence is only slightly less
than that of child abuse (8). Ten percent of elders 65 years of age and older
experience some form of maltreatment annually. Four percent of these elders
will experience some type of moderate-to-severe abuse (4,14,15).

In some forms of domestic violence, there is a general ebb and flow of
elder abuse activity in the home or maltreatment in a long-term care facility.
Such actions are typified by alternating periods of quiescence and exacerbation.
Ultimately, the situation-specific frequency of abuse escalates over ever-shorter
intervals and reaches the point at which it does not spontaneously resolve. Even
seemingly trivial incidents may be debilitating or potentially lethal for the sus-
ceptible elder with fewer psychological or physical reserves. Stressors that are
commonly overcome by younger, healthier persons may well set in motion
rapid decline and death in the seniors. Intervention is necessary at that critical
juncture if the elder is to fully recover (2).

Dyer et al. (16) offer a comprehensive review of evidence-based markers
suggestive of elder abuse and neglect, while acknowledging that no gold stan-
dard yet exists and emphasizing that extensive research is mandatory in order to
optimize diagnosis (Table 1). Their discussion incorporates a description of both
physical and, frequently coexistent, nonphysical markers, the manner in which
changes owing to aging relate to and are distinguishable from these markers, and
the current state-of-the-art armamentarium that facilitates the diagnosis of abuse
and neglect derived from findings both clinically and at autopsy.

2.2.1. Physical Abuse

Physical abuse of elders consists of violent acts intended to cause pain or
injury. Egregious cases of physical abuse, such as firearm injury, extensive
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Table 1
Potential Forensic Markers of Abuse and Neglect in the Elderly:
Applications to Clinical and Postmortem Investigation

Bruises Dehydration/malnutrition Financial exploitation
Abrasions/lacerations Improper medication use Hygiene

Fractures Decubitus ulcers Restraints

Burns Sexual abuse Cognitive and mental

health problems

Adapted from ref. 16.

blunt force trauma, sharp force injuries, cutaneous markings resulting from
inappropriate or excessive employment of various kinds of restraints, and
human bite marks, present little challenge in diagnosis even to the uninitiated
medicolegal investigator. Slapping and striking the victim with various objects
constitute subtler, typical acts of violence. Shoving and/or pushing are other
types of physical abuse. The resulting physical findings include cutaneous blunt
force injuries (bruises, abrasions, and lacerations) sharp-force injuries (incised
wounds and stab wounds), skeletal fractures, skin burns, and ligamentous
injuries (2,3,13). Evaluation of physical injuries necessitates consideration of
the type, amount and extent, pattern, location, and potential pathophysiological
consequences (17).

2.2.1.1. Blunt Force Injuries

The physical appearance of blunt traumatic wounds, including the magni-
tude and severity, rests on the following well-established factors:

* Degree of applied force.

» Time interval of applied force.

 Character of body surface impacted (flat, curvilinear, bone-supported).
* Area of body surface to which force is applied.

* Nature of the blunt instrument.

Contusions (bruises) of skin and other external body surfaces (e.g., scle-
rae) result from impact of variable force by or against a blunt object either per-
pendicular to or at an acute angle to the surface. The consequence is tearing of
the subcutaneous (subconjunctival) vasculature with extravasation of variable
degrees of whole blood or blood constituents to the surrounding tissue and dis-
section along and into tissue planes. The timing of the appearance and the loca-
tion of contusions are variable. Relative superficial injury may be apparent on
the surface soon after impact, and may exhibit a pattern implicating the offend-
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ing blunt instrument. Imprints from knuckles or fingers, including those in sub-
axillary regions of the arms and around the ankles, are occasionally discernible
and indicative of forceful slapping, fist pounding, or movement of the victim
through grasping the arms below the shoulders or pulling at the feet. Parallel,
“railroad-track” bruise patterns are characteristic of impact by a firm, smooth-
surfaced, cylindrical object, such as a pipe, switch, or rod (17-19). Localization
of contusions is valuable in distinguishing those resulting from a fall (which is
not uncommon among the elderly and is often the explanation for the bruises
provided by the caregiver), as opposed to nonaccidental wounding. The most
common sites of inflicted wounds are the face and neck, thoracoabdominal
areas, hips, and the palms and soles of the feet (18,19). The dating of bruises by
appearance (size and color) is inexact and forensically unreliable because of
great individual variation in response to injury. Although more recent bruises
are said to be varying shades of red, blue, or purple and those in “healing”
stages appear as either blue-green, yellow-green, or brown, great caution is
mandatory in interpretation of the approximate age of the injury. Evaluation
requires close correlation with the offered history of occurrence. Histological
examination of bruises to determine their age is also of quite limited value. In
a comprehensive review designed to age bruises in 89 subjects ranging from 10
to 100 years, Langlois and Gresham stated that “it was only possible to con-
clude that a bruise with a yellow color was more than 18 hours old” (20). Mul-
tiple bruises that are indisputably in different stages of healing suggest physical
abuse. In fatal cases without internal injury where extensive external soft tissue
contusions are documented and the extravasated blood volume is semiquanti-
tated, consideration of hypovolemic shock as the mechanism of death is appro-
priate (21). In the same setting where the loss of blood is insufficient to invoke
fatal exsanguinating shock, the forensic pathologist may examine the
myocardium to possibly determine whether histopathological features of “stress
cardiomyopathy” caused by multiple, repeated blunt impacts are present (22).
Abrasions and lacerations of skin occur from impacts by or against blunt
objects of various shapes, and result from motion over a rough surface or
forceful separation of the skin, respectively, causing a surface split and dis-
ruption from the subjacent connective tissue. Either kind of wound is common
among the elderly because of age-related loss of skin thickness, elasticity, and
tensile strength (23,24). Such injuries in the geriatric group in the institutional
setting have been observed quite frequently on the arms, of which known
causes (approx 50%) were reported as falls, stumbling against objects in the
environment, or mishaps with wheelchairs. A multiplicity of such injuries,
especially those not present on the extremities, is suspicious for abuse or neg-
lect. Abrasions in particular frequently form a pattern that reflects more accu-
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Table 2
Phases of Skin-Wound Healing

Singer and Clark (Wounds) Robertson and Hodge (Abrasions)
Inflammation Scab formation
Tissue formation Epithelial regeneration

Epithelization

Formation of granulation tissue

Neovascularization
Tissue remodeling Subepithelial granulation and epithelial

Wound contraction and extracellular hyperplasia

matrix reorganization
Regression of epithelium and granulation
tissue

Adapted from refs. 25 and 28.

rately than bruises the configuration of the causative instrument. The micro-
scopical dating of abrasions and lacerations, which is scientifically based on
an understanding of the dynamics of cutaneous wound healing, has significant
limitations (25). All stages are subject to multifactorial conditions that overlap
in time and are dependent on constitutional factors. For example, diabetes mel-
litus, which is common in the geriatric population, impairs healing (26),
whereas fibroproliferative disorders predispose the elder to formation of
keloids and hypertrophic scars (27). Recognizing these, the forensic expert is
adequately prepared to make some general conclusions by considering the tim-
ing of the stages of healing (28).

With regard to survival after injury, inflammation, predominantly the infil-
tration of polymorphonuclear leukocytes (PMN), is typically observable micro-
scopically within 4 to 6 hours after the nearly immediate investment of serum,
erythrocytes (red blood cells [RBCs]), and fibrin in the abrasion. The scab pro-
gresses after 12 hours to form a three-layered zone of fibrin and RBCs, neu-
trophils, and collagen, and PMN continue to aggregate over the next 12 to 18
hours. Epithelial overgrowth becomes visible between 30 and 72 hours in most
cases. By 5 to 8 days after injury, chronic inflammatory infiltrates and neovas-
cularization form granulation tissue; by 9 to 12 days postinjury, the appearance
of keratin superjacent to the thickened epithelial cells is evident. Regression
with remodeling of the epithelium is usually underway by day 12. Cautious
application of these brackets of time allows the expert to offer reasonable gen-
eralizations about the time elapsed since injury (Table 2) (25,28).
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Table 3
Phases of Fracture Healing

Phase Time after injury Features
Initial repair Up to 24 hours Tearing of periosteum and endosteum

with enlarging fibrin-laden hematoma.
Inflammation 24-48 hours Edema, fibrin, population of neutrophils

followed by macrophages.
Granulation tissue 48 hours—days Proliferation of fibroblasts and

mesenchymal cells — granulation tissue;
demarcation of osteocytic necrosis from
live bone; exuberant periosteal and
endosteal cell proliferation.

Incipient callus Days—1 week Periosteal collar and capillary ingrowth
in hematoma; osteoclasts — bone
trabeculae;chrondroblasts — cartilage.

Callus 2-3 weeks Osteoblasts — bone matrix and
calcification — immature “woven” bone.

Hard callus 34 weeks Periosteal/endochondral ossification.

Healed new bone > 4 weeks Remodeled immature bone — mature bone.

Adapted from ref. 17.
PMN, polymorphonuclear leukocyte.

Fractures are lacerations of bone leading to structural splitting, separation,
or compression. A host of aging changes, including cancer and prolonged
immobility, make the bones of the elder more fragile and fracture-prone. Patho-
logical fractures from cancer may occur at any skeletal site. Common age-
related fractures occur in the hips and wrists from falls. Osteoporotic women
commonly experience vertebral and hip fractures. Sites of fractures that raise
suspicion of abuse fall into two main categories: mid- and lower facial fractures
(fractured or avulsed teeth, and fractures of the mandible and zygoma) (29), and
spinal and truncal fractures (30). Spiral fractures and those caused by rotation
are highly suspicious for physical abuse (16,31). Ante- and postmortem radi-
ographs facilitate the detection, type, and age of fractures, and assess bone den-
sity. In regard to timing, the same general principles and cautions that are
applicable to evaluation of skin wounds also apply to the histological examina-
tion of fractures as healing progresses. In adults, the principal dependent vari-
able is the state of nutrition of the victim. DiMaio and DiMaio (17) present the
consensus view of the phases of fracture healing as given in Table 3.
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Cutaneous bite marks are a special form of blunt force injury. They con-
sist of abrasions, contusions, lacerations, impressions (or any combination
thereof), represent a patterned injury (prototypically circular or oval separate,
curved arches in apposition that approximate the size and shape of the biting
surface of the front teeth), and are commonly inflicted by humans, cats, or dogs
(32). The forensic significance of human bites is that they are often a compo-
nent of violence and abuse, even though they infrequently cause significant
morbidity or death. It is beyond the scope of this article to cover the specialty
of forensic dentistry. Properly evaluated and documented bite marks on the
elder’s skin permits the forensic odontologist to assess the concordance
between the patterned injury and the suspect’s dentition for purposes of exclu-
sion or inculpation. Reference to this kind of specialist underscores the neces-
sity for a multidisciplinary collaboration in the investigation of suspected elder
abuse.

Another potential marker of elder abuse involving the head is “traumatic
alopecia,” which exhibits an atypical pattern of hair loss associated with abnor-
malities of the scalp (33).

Resorting to mechanical restraints, such as Posey vests or various kinds of
ankle and wrist binding, prompts suspicion when there is no reasonable evi-
dence to believe that such an effort to control the elder’s behavior is indicated
to avoid significant harm. Further, restraint without prior medical evaluation
only heightens suspicions of abuse or neglect. Physical restraint in the absence
of an emergency or life-threatening situation is significantly associated with
injury and death. The frail elder is susceptible to getting entrapped in thorax/
chair restraints and succumbing to positional asphyxia, hanging, or thorax com-
pression (Fig. 1) (34,35). Patterned blunt skin injuries of the thorax and neck,
including a cervical ligature furrow created by the strap qua noose, correlate
well with such a predicament. Physical markers of restraints include patterned
blunt force injuries—primarily abrasions or contusions—encircling the wrists
or ankles that form corresponding scars upon healing. Immobility from restraint
predisposes to the formation of decubitus ulcers (see Section 4.5.).

2.2.1.2. Burns

Although it is clear that elderly persons older than 65 years of age die
from complications of burns at a rate well above the national average, the rela-
tionship of this kind of injury to elder abuse is less clear in comparison to his-
torical evidence-based patterns of child abuse. Burns ascribed to abuse are
frequently present on the palms, soles of the feet, and hips (36). At least two
retrospective studies suggest that burns represent a marker of neglect or abuse
of the aged, ranging from 36 to 70% of cases (37,38). White recommends that
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Fig. 1. Accidental positional asphyxia secondary to chest compression from
partial body trapping under bed railing of nursing home’s bed.

nurses regard burns in the elderly (Fig. 2) as suspicious for abuse (39). In rare
cases, thermal body burns or scalds may mimic decubitus ulcers (Fig. 3) and
may need to be distinguished in assessing whether abuse has occurred (40).

2.2.1.3. Sexual Abuse

Sexual abuse is reported in less than 1% of all elder abuse cases (4,5,13).
Any contacts with the genitalia, mouth, or anus are considered sexual molesta-
tion (14). The acts of kissing, fondling, or improper handling during grooming
are included in this definition. Elderly who are incapable of rendering consent
because of weakness or various cognitive deficiencies more commonly fall vic-
tim to sexual abuse (2). The diagnosis of a sexually transmitted disease, prima-
rily among elder women, is suspicious for abuse. Mucosal contusions of the
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Fig. 2. Elder with (A) second-degree immersion burns to the left proximal sec-
ond through fifth digits and (B) bullous second-degree burn on the left inner foot.
This elder had bilateral mirror-image burns of both feet and ankles.
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Fig. 3. Autopsy appearance of a scald over the sacral and gluteal region of an
89-year-old man. The scald was caused by application of hot water by a male
nurse to the demented patient who was institutionalized in a senior citizen home.
The patient died 2 days later from septic multiple organ failure. (Courtesy of Dr.
Michael Tsokos, Hamburg, Germany.)

palate and uvula are consistent with nonconsensual fellatio (29,41). Cutaneous
and mucocutaneous lacerations, abrasions, and contusions of the anogenital
regions likewise are findings highly suspicious for abuse (42). The prevalence
of urinary tract infections among older women unrelated to geriatric physiology
may indicate abnormal sexual contact (43).

2.2.2. Elder Neglect

Neglect of the elderly may be intentional (active) or unintentional (pas-
sive). Intentional neglect is the deliberate or willful failure to fulfill legal or con-
tractual responsibilities in order to punish or harm the elderly. These may
include withholding items of necessity, such as bathroom privileges, food, or
medication. Unintentional neglect is commonly attributed to the physical or
psychological impairment of the caregiver, who is in fact incapable of provid-
ing proper care to the elderly. Passive neglect may also result from the care-
taker’s ignorance or lack of skills. Overall, neglect of any kind usually results
in the inability of the elderly to properly thrive in a community. Without objec-
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tive documentation and evidence-based interpretation of findings, it may be dif-
ficult to meet the legal or administrative standards of proof for establishing the
seeming paradox of “intentional neglect” (2,3,15).

Abandonment, a type of neglect, is the desertion of the elder by the per-
son who is responsible for providing care. Desertion of the elder may occur in
various settings, such as in the person’s own home, in a care facility, or at a pub-
lic location (7,44,45).

Limitations in activities of daily living (ADLs) often necessitate long-
term elder care and dependency by the disabled elder on other individuals (46).
Elders who are not able to perform ADLs are more often neglected, especially
in cases of an inherent problem with eating. Those elderly who cannot perform
ADLs are more likely to sustain physical abuse (2).

2.2.3. Nonphysical Abuse

Nonphysical abuse includes psychological humiliation, financial fraud,
and violation of the elder’s rights. These less-recognized forms of elder mal-
treatment practiced by the perpetrator(s) are frequently difficult to establish and
prosecute.

2.2.3.1.Psychological Humiliation

The psychological abuser intends to cause emotional pain to the elder, and
this form of abuse often accompanies physical abuse. Verbal humiliation and
threatening to abandon or institutionalize the elder are important forms of psy-
chological abuse (3). Humiliation, nonverbal threats or insults, and verbal
insults are frequent components of psychological or emotional abuse (2). Any
type of mental anguish in the elder caused by inappropriate caregiver conduct
is also classified as psychological abuse (13).

2.2.3.2. Financial Fraud

Misappropriation of money or property by the caregiver or outside “con
artist” is the prime example of material or financial exploitation in the elderly.
Changing of wills or other legal documents and financial coercion are other
examples of material exploitation (3). Financial fraud also consists in lottery,
sweepstakes, and home-improvement scams. Many elders will basically “buy
friendship” by providing financial gain to the person who willingly takes the
elder’s money in return for companionship (47,48).

2.2.4. Violations of Rights

The miscellaneous category proposed by NARCEA comprises medical
abuse, abandonment, and various violations of rights (2,14). Examples of vio-
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lations of rights are denial of an individual’s participation in any decision-mak-
ing processes pertinent to health, personal issues, or marriage, and may also
include denial of the inviolable right to privacy.

The ratio of male to female victims of abuse is 1:1. However, the fre-
quency of reporting injuries derived from the abuse is more common in females
(2). In a 10-year retrospective review of both living and deceased victims of
abuse, the investigators concluded that more males were victims of neglect, as
contrasted to the higher number of female victims who experienced physical
and sexual abuse (49).

Another broad classification of elder maltreatment distinguishes among
domestic elder abuse, institutional elder abuse, and self-neglect or self-abuse
(2,14). Domestic situations of abuse refer to cases where the elder is mis-
treated—either in the elder’s home or in the home of the caregiver—by some-
one who has a special, close relationship with the elder, such as a spouse, child,
other relative, or friend acting as caregiver. Institutional abuse occurs in various
residential facilities: extended care facilities, nursing homes, or board and care
facilities. The perpetrators are institutional and have a fiduciary or contractual
obligation to care for the elder in that facility (47).

2.3. Differential Presentations: Mimics of Elder Abuse
2.3.1. Self-Neglect

Self-neglect refers to the elder who lives alone in the community and is
not able to provide for his or her mental health (3). Self-neglect or self-abuse
occurs when the presumptively competent elder refuses assistance with his or
her ADLs, despite knowing the consequences. Self-neglect applies whenever
the inaction threatens the patient’s safety or health (2). Nonspecific but typical
signs and symptoms of self-neglect include poor personal hygiene, dehydration
and malnutrition; hazardous, unsanitary, or unclean living conditions, lack of
specific medical aids that help with ADLs, inadequate housing, or homeless-
ness (47).

Syllogomania, or hoarding behavior, is an obsessive-compulsive disorder
that is subsumed within the self-neglect typology. Specifically, dysfunctional
hoarding relates to the apparent incapacity to make a decision to discard
“trash.” Typically, the home is filled with trash to the point where the environ-
ment is unsafe to inhabit (50,51). In a National Elder Abuse Incidence Study
(NEAIS) from 1996, surveying American elders 60 years of age or older repre-
senting 20 US counties, found that 101,000 experienced some form of self-neg-
lect. This study also estimated 450,000 of the sampled elders to be victims of
elder neglect or abuse (7).
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2.3.2. Chronic Diseases:. Age-Related Morbidities and Mortality

Neglect and subtle signs of abuse among the aged are often difficult to
diagnose because of the common presence of chronic or debilitating diseases
(14,52). Ten percent of elders suffer from various types of degenerative or
debilitating diseases. Approximately 80% of all elderly persons 65 years of age
or older in the United States have at least one chronic condition, and about 50%
have at least two. Diabetes mellitus affects one in five (18.7%) of these indi-
viduals. The prevalence of Alzheimer’s disease and other forms of dementia
doubles every 5 years after 65 years of age (48). The inevitable and possibly
untreatable aspects of chronic illness in the aged may be confused with neglect.
Common manifestations include urinary or fecal incontinence, delirium—
which may be either organic or caused by insufficient or excess drug-adminis-
tering patterns—and dementia-related behavioral disorders (15).

3. ParTICIPANT CHARACTERISTICS AND Risk FACTORS FOR ELDER
ABUSE AND NEGLECT

Familial ties to elder maltreatment occur in 90% of cases. In two-thirds of
these cases, the perpetrator is typically an adult child or the spouse of the elder
(53).

3.1. Characteristics of Elders at Risk

Both progressive inability of the elder to perform ADLs and cognitive
impairment are the two critical factors predisposing to elder maltreatment (13).
In addition, elder victims of maltreatment may have one or more of the follow-
ing characteristics: bowel and/or bladder incontinence, minimal social interac-
tion, and residence in close proximity or shared living arrangement with the
abuser (2,3,54,55). Other risk factors for elder maltreatment include low level
of education, history of prior domestic violence, and limited access to local
resources, such as governmental aid. Another factor predisposing the elder to
mistreatment is that many elderly persons prefer to live in the situation of abuse
or neglect rather than be sent to a nursing home (13). Conversely, epidemio-
logical surveys do not implicate the elder’s economic, educational, or religious
background or the elder’s use of alcohol as risk factors for maltreatment or
abuse (2).

3.2. Characteristics of the Abusive Caregiver

Risk factors specific to the caregiver include substance abuse and alco-
holism, psychiatric and personality disorders, and financial, legal, and emo-



42 Hunsaker and Hunsaker

tional dependence on the elder (3,46). A history of violence in the family, par-
ticularly the spouse, is a higher predictor of abuse toward the elder. Opportuni-
ties for conflict occur in shared living environments (3). The “caregiver-stress
hypothesis™ postulates that the caregiver develops stress and resentment from
the day-to-day chronic care of the disabled elder. The financial and emotional
dependence of the caregiver on the patient is significantly correlated with
abuse. The relative proportion, namely the relationship of the caregiver/perpe-
trator and abuse to the elder, has been reported as follows: children in 16 to
55%; spouses in 14 to 58% of cases; other relatives in 6 to 15%; and nonrela-
tives less than 5%. (2,46). Perpetrators of sexual abuse operate in various set-
tings. Some abusers are affiliated with a long-term care institutions (commonly,
other patients who have underlying psychiatric disorders or dysfunction, or
institutional personnel), whereas others in the domestic situation are friends or
family members (2,49).

Elderly residing in nursing homes averaged 1.5 million in 1997. These
patients suffered predominantly from various chronic illnesses and functional
disabilities. Death in these individuals may, in certain cases, be the result of
some form of elder maltreatment or therapeutic misadventure. Nursing home
elder deaths usually are not autopsied medical examiner cases because the
decedent has a long and complicated medical history that can be linked to the
death (56).

4. REPORTING |SSUES AND THE MEDICAL EXAMINATION

In the United States, recognition and reporting of elder abuse has been
minimum, at best. With increased attention and education to elder maltreatment
by law enforcement, health care providers, prosecutors, and society, “at-risk”
elders may have a better chance of receiving the necessary medical or psycho-
logical care and financial aid.

4.1. Health Care Provider Reporting

Elder mistreatment is under-recognized by physicians. Less than 10% of
elder abuse cases are reported by clinicians. A few states have voluntary report-
ing laws; however, most have mandatory reporting laws (2). Clinicians are less
inclined to report elder abuse for a variety of reasons: denial of the maltreat-
ment by the adult patient, the physician’s lack of knowledge about the jurisdic-
tional statues mandating a report of suspected abuse, the evaluator’s fear that a
report will result in the irretrievable breakdown of the relationship between the
family and patient, the desire to avoid court appearances, and the frequent diag-
nostic confusion in differentiating between neglect and/or abuse and natural
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disease states. Tied to this mindset among clinicians is the current absence of
easy-to-use protocols or screens to aid in the diagnosis of elder maltreatment
(15). A detailed patient history and a separate account of the illness provided by
the caregiver are crucial for the diagnosis of elder maltreatment. Physicians
may be the only outside connection to the elder or the caretaker. As the initial
and sole evaluator of the elder’s status, the physician is best situated to make
the diagnosis (13). As part of the evaluation, physicians are required to have
sensitive interviewing skills in asking the elder patient about abuse even if there
is no evidence of injuries or psychological changes to suggest it (3).

Elder mistreatment is most often identified during routine office visits.
However, subtle or obscure presentations of elder maltreatment may prevent
health care professionals from interpreting or reporting their physical or psy-
chological findings. These subtle findings include poor hygiene, disorderly
clothing, dehydration and malnutrition, or decubitus ulcers (13). Common elder
complaints include failure of self-care, dehydration, and falls. Such complaints
are etiologically nonspecific, but should raise suspicion in physicians adminis-
tering to the aged population. As any of these complaints can suggest either
self-neglect or general neglect and abuse, prudence requires that mistreatment
be high on the initial differential diagnosis (2). Physicians must be in tune with
the wide scope of elder abuse and neglect spanning ethnic and socioeconomic
groups (15).

The elder population utilizes emergency medical services twice as much
as any other age group. In one urban study, the elderly comprised 22% of all
emergency department (ED) patients (2,57). Precisely at this critical time, the
ED physicians have the opportunity to evaluate “accidental injuries” in older
adults and determine whether the trauma may have resulted from neglect, phys-
ical abuse, or self-neglect (2).

4.2. Legal Aspects

In the United States, all physicians and health care providers must report
suspected elder maltreatment mandated by law. APS must be alerted when elder
maltreatment is suspected. If such a service does not exist, the state’s Office of
Child and Family Services can be contacted. Such notification sets in motion
the process by which a social worker investigates the case (13). In the United
States, APS enlists the assistance of volunteer reporting of suspected abuse or
neglect to state authorities (3). The law and definition of elder abuse vary in
either minor or significant ways among the respective jurisdictions (9). Multi-
disciplinary teams effectively communicate issues of elder maltreatment among
the geriatric physician, forensic pathologist, social workers, case managers,
nurses, legal experts, members of APS, senior advocacy volunteer groups,
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Table 4
Elder Mistreatment Screening Questions

GENERAL SITUATIONAL
Do you feel safe where you live?
Are you having difficulties with the living situation?
How are you getting along with your ?
Are you getting out with your friends?
Are you afraid of ?

SPECIFICS ABOUT INJURY
Has anyone hurt you?
Does anyone hit you?
Has anyone touched you (sexually) without your consent?
How and when did it happen? Is it still going on?
How often has this type injury occurred?
How much time has passed since injury and treatment?

GENERALIZED HEALTH AND WELL-BEING
What kinds of food are you eating and when?
Do you see a doctor regularly?
Are you taking your medicines as prescribed?

FINANCIAL
What are the specific living arrangements at your home?
Who handles your finances? i.e., check book?
Has anyone taken something that belongs to you when you did not want them to
take it?

SPECIFICS ABOUT ACTIVITIES OF DAILY LIVING
Are you able to get around your environment without any assistance?
If not, do you have help? If so, who helps you around the house?
Do you pay them to help you?
What are you missing at home that would make it easier to get around? Why don’t
you have this?

EMOTIONAL AND PSYCHOLOGICAL STATUS
Do you have frequent disagreements with your ? If so, what happens?
Are you often alone?
Have you ever been with anyone who did not provide care for you when you
needed it?
Have you been threatened or scolded?

For further details, seerefs. 2,3,7,13,15.
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including the Ombudsman, and other local government interest groups (13).
The Older Americans Act of 1976 established the Ombudsman Program in
nursing homes and provides for standards and methods to address facility mal-
treatment. This program affords anonymous avenues for the elder resident to
file complaints in nursing home (2).

4.3. Clinical Forensic Medicine: Evaluation in Living Patients

4.3.1. History

In the living patient, a thoroughly painstaking history is an indispensable
tool in elucidating mistreatment. Interviews of the elder and the caregiver
should be done separately. As part of a complete history, posing simple, direct,
nonjudgmental questions in a neutral, private, and relaxed setting is often more
conducive to eliciting specific complaints. Many elder victims do not want to
volunteer any information about their maltreatment owing to shame, fear, and
love for the abuser. Open-ended questions allowing adequate time for the elder
to respond is the most effective way to glean information (Table 4). Direct ques-
tions should be asked during the office visit. Specific inquiries about the elder’s
daily activity level, medications, social encounters, and the list of daily meals
are helpful in accessing the overall functioning. Questions about care rendered
by the nursing facility and staff are also acceptable (3,13,15).

In 1992, the American Medical Association published diagnostic guide-
lines with questions directed to all elders pertaining to abuse and neglect, irre-
spective of whether physical findings were present (2,6).

Legal documentation for possible criminal neglect or abuse must be com-
plete and accurate. Photographs together with indicated laboratory and radi-
ographic examinations are all components of a thorough documentation.
Laboratory tests should include a complete blood count, coagulation profile,
and blood chemistries, including blood urea nitrogen, creatinine, calcium, total
protein, and albumin. If old, healing, or new fractures are discovered, images
obtained either by X-ray, computed tomography, or magnetic resonance imag-
ing, alone or in combination, are necessary features of the diagnostic process.
These require clinicians or radiologists skilled at interpretation that differenti-
ates between natural disease processes and trauma consistent with neglect or
abuse (13,41). Toxicological examination of blood and urine, coupled with hair
and fingernail analysis, may be utilized for possible drugs or toxins. Appropri-
ate therapeutic drug monitoring may uncover undermedication, which can
prompt investigators to determine whether the caregiver withheld or misappro-
priated the patient’s drugs. Evidence of overmedication may point to efforts by
the caregiver to calm down or even sedate the victim with tranquilizers (41).
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In some cases in which the physician identifies maltreatment, the patient
refuses to allow the doctor to report the abuse by virtue of the competent
patient’s right within the doctor—patient relationship (13). The abused elder may
not seek medical care or other types of governmental assistance from fear that
any type of assistance may show that he or she exhibits signs of abuse. Further,
pursuant to state laws mandating reporting, their injuries will be subject to fur-
ther investigation, which may terminate the typical home situation (8). The
competency or capacity of the patient must be established in these situations
(see Section 4.3.2.). If the elder is competent to make decisions, he or she may
refuse to proceed with further intervention by law enforcement. If the elder is
deemed incompetent to make decisions, all jurisdictions authorize the judiciary
to declare the elder a guardian of the state so that appropriate actions for care
and oversight of the elder can be implemented. Part of this is effectuated
through notification of and intervention by local and state social services agen-
cies (13).

4.3.2. Psychological, Neurological, and Cognitive Evaluation

Victims of abuse may have diminished capacity—the lack of the ability
to make and communicate informed and rational decisions reflecting an under-
standing of the attendant risks and benefits. Capacity may be both situational
and transient. Elders with dementia or mental illness may retain some degree
of capacity, the assessment of which is time-consuming and requires skill by
the evaluator. Approximately 50% of elder nursing home patients exhibit some
form of dementia (56). The Minnesota Multiphasic Personality Inventory and
the Wechsler Adult Intelligence Scale are helpful in further evaluation of pos-
sible elder abuse victims. The Zung Self-Rating Depression Scale, the Hamil-
ton Rating Scale, Yesavage Geriatric Depression Scale, the Cambridge Mental
Disorders of the Elderly Examination, the Beck Depression Inventory, and the
Popoff Index of Depression all may be used in the neuropsychological evalu-
ation of the victims. The Michigan Alcoholism Screening Test (geriatric ver-
sion) may also be helpful in identifying alcoholic victims or alcoholic
caregivers (41).

4.3.3. Physical Examination and Laboratory Sudies

Paramount to the differential diagnosis of abuse or neglect is the exam-
iner’s high index of suspicion. At the outset the physician must be aware that
abuse occurs in all races and spans all socioeconomic groups (14). Inconsis-
tency between the physical appearance and pattern of trauma and explanations
offered for creation of the injuries is a strong indicator of the fact and, more
specifically, type of elder abuse. Hallmark presentations highly suspicious for
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neglect or abuse include delays between injury and medical intervention, exem-
plified by healing fractures of the extremities and ribs and cutaneous lacerations
healing by secondary intention at the time of examination (3,14,25). Although
physical signs do not always yield conclusive diagnosis of abuse, the following
examples heighten the index of suspicion: bilateral or parallel injuries of the
extremities, which suggest control marks or forceful restraining; burns or scalds
on the soles, palms, or buttocks sustained during hot water baths; and poorly
treated, extensive, deep, or purulent decubitus ulcers (2,3,14).

In summary, the clinician having the first opportunity to examine the elderly
patient has a host of historical, physical, psychological, and laboratory factors to
weigh in assessing whether abuse is present: frequent visits to the ED for chronic
debilitating disease without proper care; signs and symptoms attributable to lack
or misadministration of medicines; injuries or illnesses that are not explained ade-
quately by the patient or the abuser; and levels of drugs—whether subtherapeutic
or toxic—that are inconsistent with the reported care provided (3,14).

4.4. Forensic Autopsy

Autopsy is the final opportunity to make the diagnosis of elder abuse (14).
Physical findings at autopsy, coupled with appropriate investigation and labo-
ratory studies, frequently overlap with those observed in the clinical setting
(Table 5). At autopsy or in the clinical setting, the physical findings cataloged
in this table should be explained and ruled out from possible sources of abuse
or neglect (3,41). Many postmortem studies that make up the forensic special-
ist’s armamentarium in the diagnosis of elder maltreatment are available and
should be used, depending on the nature of the case: appropriate imaging stud-
ies, histopathological examination, and laboratory analysis (vitreous humor
chemistry, toxicology, which may include organs in addition to fluids, and
microbiology) (58,59).

4.5. Medicolegal I nterpretation of Decubitus Ulcers

If suspected by the domestic or institutional caregiver, decubitus ulcers
(pressure ulcers/pressure sores)—especially those that are large, foul smelling,
and necrotic—are not difficult to observe and diagnose (Fig. 4). Because they
constitute a usually treatable, yet potentially lethal, condition in the elder, the
medical forensic specialist must have expertise in understanding the pathology
and pathophysiology of decubitus ulcers in order to proffer evidence-based
opinions on the potential causal connection to morbidity and mortality (60).
Such opinions play an indispensable role in evaluating quality of care with sig-
nificant impact in both civil and criminal forums.



Table 5
Physical Findings in the Clinical Forensic Setting or at Autopsy

GENERAL

* Opverall hygiene

* Weight and height

* If necessary, possible anthropometric measurements for body mass index

GENITOURINARY

* Ecchymosis of vulva, anus, or scrotum may indicate forced sex
* Vaginal fistula

» Sexually transmitted diseases

HEAD AND NECK

* Ecchymosis of uvula, hard and/or soft palates may indicate forced oral sex

* Poor dentition including tooth fractures or ill-fitting dentures may suggest neglect

» Retinal detachment, orbital fractures, or traumatic cataracts may suggest chronic
abuse

* Subconjunctival hemorrhage may suggest acute trauma including possible strangu-
lation

* Neck abrasions or contusions may suggest attempts of strangulation

* Traumatic alopecia

* Closed head injuries

SKELETAL

* Acute or occult rib fractures

* Fractures of long bones may occur secondary to decreased bone tensile strength in
immobilization, Sudeck’s atrophy (reflex sympathetic dystrophy), osteoporosis

Torso

e Acute or occult bruises of the chest, abdomen, or back

¢ Pneumothorax

» Rupture of the spleen, lacerations of the liver, and/or free intraabdominal blood
may suggest abdominal trauma

* Bronchopneumonia

* Unhealed decubitus ulcers with infection or infestation with maggots

EXTREMITIES

» Restraint associated ligature marks that may include abrasions, lacerations, or
bruises to the wrists or ankles

* Burns, lacerations, abrasions, bruises, especially if patterned, may suggest blunt
force trauma injuries

* Immersion burns may be clearly delineated (must differentiate between trauma and
natural disease state, such as Raynaud’s phenomenon, digital ischemia, or vitamin C
deficiency

Modified from refs. 3 and 41.
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Fig. 4. Gross appearance of decubitus ulcers at external examination. (A,B)
Extensive grade IV decubitus ulcers on the sacrum with inflamed wound margins
and large zones of necrotic debris indicating neglect/maltreatment prior to death.
(C) Grade Il decubitus on the sacrum showing inconspicious, neatly excised
wound margins according to surgical intervention shortly before death. (D) Grade
IV decubitus on the trochanter. (E) Grade IV decubitus on the heel. (F) Grade IV
decubitus on the thoracic vertebral column. (G) Grade Il decubitus on the back
of the head. (Courtesy of Dr. Michael Tsokos, Hamburg, Germany.) (Figure con-
tinues on following pages.)
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Fig. 4. (continued)
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Fig. 4. (continued)

Various disease states, in which individuals are bedridden, ranging from
quadriplegics to demented elderly, augment skin breakdown. Even round-the-
clock medical care meeting current standards may be insufficient to prevent
lethal infectious complications of decubitus ulcers, as exemplified by the highly
publicized death in 2004 of the quadriplegic actor, Christopher Reeve (61). The
resultant decubitus ulcers in both appearance and extent inevitably raise ques-
tions about the quality of health care, neglect, and mistreatment. Conventional
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wisdom among many physicians and other health care providers has held for
many years that the development of decubitus ulcers, especially in the elderly
patient in a long term care setting, is inevitable—a consequence of “normal”
disease processes. In practice, this has come to mean that, for example, an
infectious complication of decubitus ulcers is regarded as a feature of natural
disease processes. Accordingly, the manner of death on the death certificate is
recorded as natural. With increasing recognition of, and ever-improving treat-
ment for, this type of potentially lethal chronic skin ulcer, however, decubitus
ulcers and their complications are frequently, but not inevitably, preventable. As
a result, it behooves clinicians and medicolegal death investigators, especially
forensic specialists, to diagnose accurately the type of chronic ulcer, to under-
stand the pathophysiology of their formation, and to determine whether the
quality of care met civil or criminal standards. This applies particularly to the
judgment of forensic pathologists, who must opine whether the fatal outcome
was not the consequence of natural causes, but rather caused by neglect or
malfeasance by someone other than the deceased (e.g., the caregiver failing in
the legal duty to prevent the contributory cause of death, the decubitus ulcer).
In some instances, the manner of death may be appropriately regarded as unnat-
ural. If classified as an accident, this may raise questions of medical malprac-
tice. In other circumstances, the manner may be correctly assigned as homicide
and therefore lead to criminal prosecution (62). As the geriatric cohort contin-
ues to increase, such issues will assume an even greater role in the practice of
forensic pathology.

The geriatric population is particularly susceptible to the development
of chronic cutaneous ulcers, which may occur in any setting of care. Health
care providers need to understand the pathophysiology of decubitus ulcers,
not only for proper diagnosis and treatment, but also as a method for ruling
out those resulting from abuse and neglect. Takahashi et al. (63) provide a
useful scheme in differentiating the major types of geriatric-associated
chronic ulcers (Table 6).

Considerably less common forms of chronic ulcers are those caused by
vasculitic small-vessel disease and various dermatological disorders (63). Ref-
erence to the correct differential diagnosis is fundamental to the examiner in
determining whether the chronic ulcer is related to some form of elder abuse.

It is equally significant to recognize in the differential diagnostic process
that some skin wounds are “mimickers,” appearing to be decubitus ulcers when
in fact the wound resulted from another pathophysiological insult. Tsokos
reported the case of an 85-year-old patient with severe peripheral artery disease
dying shortly after hospitalization. Clinically, death was ascribed to sepsis from
decubitus ulcers. Thorough medicolegal investigation, which included review
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Table 6
Differentiation of Chronic Ulcers

Type Cause

Decubitus ulcers (pressure ulcers) Prolonged compression of soft tissue between
bony prominence and external surface

Ischemic ulcers Diminished or no circulation to area,
commonly owing to peripheral arterial
disease

Venous ulcers Lower extremity edema owing to venous
incompetency, various systemic conditions,
or drugs

Neuropathic ulcers Various neuropathies; lack of sensation over

pressure area resulting in ischemia

Adapted from ref. 63.
According to refs. 66—68.

of medical history and events prior to admission, autopsy, and extensive
histopathological evaluation of the wounds, prompted a significant change in
the cause-of-death statement on the certificate of death: complications of third-
degree body burns owing to the application of an electric heating pad to his
back at home shortly before hospitalization (40).

Physical findings, such as poorly treated decubitus ulcers and other cuta-
neous conditions—including burns or nonhealing skin rashes—in the anogeni-
tal and perineal regions, may represent neglect and/or abuse (64). These
cutaneous lesions pose a significant source of morbidity and mortality in the
elderly (as well as nonelderly, immobile, dependent adults). A sixfold increase
in mortality is related to nonhealed decubitus ulcers (65).

The presence of one or more decubitus ulcers on the elder requires special
scrutiny. Under most circumstances, decubitus ulcers are preventible or treat-
able. Such findings raise a red flag requiring that neglect or abuse must be ruled
out. In a study by Shields et al., approx 95.4% of postmortem neglect cases
exhibited decubitus ulcers (49).

There is a high prevalence of decubitus ulcers in females in the age group
80 years of age or older (66). Underlying factors, such as trauma, and neuro-
logical diseases, such as senile dementia, and malnutrition, are associated with
the presence of decubitus ulcers in elderly (66). Decubitus ulcers in this cohort
account for serious infectious complications and/or sepsis. Failure to recognize
the causal link to the infectious etiology may lead to underdiagnosis and under-
reporting (66). The grading of decubitus ulcers, which not only describes the
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Fig. 5. Multiple decubitus ulcers over the sacrum and thoracic vertebral col-
umn in a case of fatal neglect of an 87-year-old female who died in a senior citi-
zen home. (Courtesy of Dr. Michael Tsokos, Hamburg, Germany.)

severity, but also predicts significant morbidity or mortality, is highlighted in
the classification according to Shea (67) (Table 7). The location of chronic
ulcers is important in differentiating decubitus ulcers from other types: 69.6%
of these chronic ulcers were located on the sacrum, whereas 10.9% of multiple
decubitus ulcers were present on the sacrum. A combination of multiple decu-
bitus ulcers (Fig. 5) appeared both on the trochanter and sacrum (4%), the hip
and sacrum (3.2%), and the thoracic vertebral column and sacrum (2.4%)
(66). Ulcers in other locations, such as on the front of the legs from prolonged
crossed position or on the chest from extended arm pressure, may be a marker
of negligent failure by the caregiver to reposition the elder at appropriate
intervals. Tsokos and co-workers (66) have formulated a panel of questions in
reference to decubitus ulcer formation as a means of sorting out whether they
resulted from willful negligence, including alleged medical malpractice
(Table 8).

Medicolegally, it is important to directly link causality of fatal infectious
sequelae including sepsis to the untreated or maltreated decubitus ulcer.
Advanced decubitus ulcer grades include exposure of the subcutaneous tissue
penetrating to muscle and/or bony tissue (66). Clinically and at autopsy, the
proper evaluation of the consequences of the decubitus ulcer includes macro-
scopical description and photographic documentation, adequate histopatholog-
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Table 7
Decubitus Ulcer Grades—Macroscopical and Histopathological Features
Grade I 11 I v
Gross findings Erythema of Superficial dermal Bone or joint Ulceration, necrosis, and
infected ulceration; Possible involvement with no associated inflammation into
skin bullous formation; no anatomical limits; subcutaneous and skeletal
underlying possible muscle tissue
subcutaneous osteomyelitis and/or
involvement joint dislocation
Histopathological ~ Vascular Mixed inflammation; Ulceration of epidermis Type IVA Type IVB
findings congestion epidermolysis yv1th mlxeq chronic acute and
mﬂaana}“O“ and osteomyelitis chronic
NECrosis into the alone osteomyelitis
dermis and
subcutaneous tissues;
fat and skeletal
muscle necrosis
Incidence 4% in group 4% in group <90 years 4% in group

<70 years;
10% <90
years

combined with IV

<90 years
combined
with III

(29



56 Hunsaker and Hunsaker

Table 8
Tsokos Decubitus Care Questions

* Where, when, and under what circumstances did the decubitus ulcer develop?

* Was a decubitus ulcer risk calculation used on admission of the patient?

* What intrinsic and extrinsic patient risk factors were identified?

* Was prevention management adequately adjusted to the identified risk factors?

* Was the patient consistently monitored, and were skin changes in the areas at risk
registered?

o If the formation of a decubitus ulcer was noted, was treatment subsequently under-
taken?

* Was the institutional documentation sufficient and are there enough data for a con-
clusive argument?

Taken from ref. 66.

ical sampling and review of the soft and, where indicated, boney tissue, and
selective microbiology of blood and other affected tissues in circumstances
where artifactual contaminants (e.g., prolonged postmortem interval with
decomposition) do not render the results uninterpretable. Colonization of per-
sistent, open, and nontreated decubitus ulcers infected by various microorgan-
isms has been causally linked to bacteremia, sepsis, and osteomyelitis. Such
infectious complications have a mortality rate of up to 50% (66). On gross
examination it may be difficult to distinguish between subcutaneous infection
in decubitus ulcers, which do not accompany bone infection, and osteomyelitis.
Moreover, pressure-induced noninflammatory changes of the involved bone
subjacent to the ulcer irrespective of the presence of osteomyelitis may be
found with the cortical bone layer intact. Decubitus ulcer-associated
osteomyelitis is reported to occur in a frequency between 17 and 58%. This may
be an overestimation based on clinical diagnosis alone without the presence of
a bone biopsy or osteotomy at autopsy. Severe osteomyelitis may not be found
in many grade IV decubitus ulcers if sepsis is not present. Tiirk et al. recom-
mend that examination of bone specimens adjacent to deep decubitus ulcers
without sepsis is probably not indicated (68). It is important to recognize, how-
ever, that even though sepsis and other systemic inflammatory complications
may stem solely from the soft tissue in grade IV decubitus ulcers, bacteriolog-
ical blood cultures and tissue cultures may not be sufficient to identify
osteomyelitis (69). Additional studies may be needed to diagnose and treat
osteomyelitis in the clinical setting and to document it as the etiopathogenetic
factor causing lethal sepsis.

The recent study of the medicolegal aspects of decubitus ulcers by
Heinemann et al. showed a risk of 0.5% for developing pressure ulcers within
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the general German population of 400,000 geriatric patients. This translates
into the prospect that approx 50% of the patients are at risk for developing
decubitus ulcers (70). Approximately 50% of patients who have severe decu-
bitus ulcers may experience periods of sepsis with associated mortality rates
of 48 to 55% (70).

4.6. Starvation, Malnutrition, and Dehydration as Markers
of Neglect

Malnutrition and its extreme, starvation, both result from inadequate con-
sumption of essential, nutritious foodstuffs, and are potentially fatal. Among the
elderly, the most common type is protein-—caloric malnutrition. Many age-
related conditions ranging from edentia and poor-fitting dentures through loss
of appetite to dementia can contribute to being underweight and malnourish-
ment. Commonly prescribed psychotropic drugs repress the desire to eat. Neu-
rological disease causing inefficient mastication and deglutition may prompt
the caregiver to either force-feed or ignore the elder who is eating. In either sce-
nario, a lethal choking episode (a variation of the fatal “café coronary’) or aspi-
ration pneumonia may ensue (71). Malnutrition per se can also result from
caregiver neglect. Quinn and Tomita define significant weight loss as follows:
5% (below baseline) in 1 month, 7% in 3 months, and 10% in 10 months (36).
Body weight loss of more than 40% may be fatal. Clinically, anemia resulting
from malnutrition may be a mark of neglect. Measurement of serum albumin is
more specific for indicating malnutrition than weight loss alone (72). Malnutri-
tion commonly initiates a vicious cycle, predisposing to infection and skin
ulcers, which in turn require more calories and protein for healing. At autopsy,
in addition to assessment of body and visceral mass, the forensic specialist
should document the contents of the entire gastrointestinal tract and examine
the adrenal glands microscopically for stress-related changes of the cortex. In
the study by Shields et al., 36.4% of the deceased patients that were considered
victims of neglect were classified in the anorexic category according to deter-
mination of the body mass index (BMI) (BMI <17.5 kg/m?) (Fig. 6). Nearly
40.9% were underweight (BMI = 17.5-20 kg/m?) (49).

Dehydration, an insufficient level of total body water, frequently accom-
panies malnutrition. The aged are prone to dehydration as a result of age-related
alterations in control of fluid homeostasis. Illness (infection or diarrhea) and
medications, such as diuretics, may explain dehydration. Nevertheless, dehy-
dration may also be a result of caregiver neglect when monitoring fluid intake
and supplying required fluid are absent. Clinical signs of dehydration may be
difficult to sort out because of overlap with other conditions in the elder. Mark-



58

Hunsaker and Hunsaker

Fig. 6. Cutaneous chest retraction and scaphoid abdomen secondary to mal-
nutrition of an elder (same case as Fig. 2). His body mass index was 14.8 kg/ m2.
The elder also exhibited hypernatremic and hyperosmolar dehydration at the time
of his arrival in the emergency department.

€rs

at autopsy for dehydration include sunken eyes, dry mucosal, mesothelial,

and serosal membranes, lack of skin turgor, and fecal impaction. Laboratory
studies helpful in diagnosing dehydration include vitreous humor chemistry
evidencing the classic “dehydration pattern,” and toxicology for drugs that
cause fluid loss or impair appetite (17,58).
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SUMMARY

Injuries caused by sharp or pointed objects are common. They rarely
cause fatal injuries, however, and the fatality rate is estimated to be 3% at most.
Most fatalities caused by sharp force are homicides. The ratio of homicide to
suicide is estimated at 6:1 to 5:2. When investigating deaths owing to sharp
force, the forensic pathologist is expected to give an opinion on the following
points: the type of injuries; the number and anatomical distribution of injuries;
the shape, size, length, and depth of injuries; the object (weapon) used; the
amount of force needed to inflict the injuries; the extent of internal injuries; the
cause of death; and the victim’s capability to act. These points are of decisive
importance for the reconstruction of the sequence of events and, thus, are essen-
tial for distinguishing between self-infliction and involvement of another party.
Most homicides by sharp force are committed by males, often under the influ-
ence of alcohol. The most common tool used is a knife, but other pointed
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objects, such as scissors, ice picks, forks, or broken glass, may also be used.
The victims are usually family members or acquaintances. Homicides commit-
ted by females are comparatively rare. In such cases, the victims are mostly the
life partners. The scene of death is most frequently the victim’s home. Fatal
stabs are usually located in the precordial or cervical region. The number of
stabs does not allow the drawing of conclusions as to the mode of death, the
motive, or sex of the perpetrator. When the number of stabs is higher than nec-
essary to kill the victim, this is referred to as “overkill,” and may point to a
strong emotional conflict between the perpetrator and the victim.

Key Words: Homicide; sharp force injury; stab wounds; overkill; clinical
examination of offenders.

1. INTRODUCTION

The term “sharp force” refers to a form of mechanical impact causing
injuries by means of pointed and/or sharp-edged instruments. Such instruments
are ubiquitously available as objects of daily use (e.g., knives, scissors, forks,
bottles or glasses, screw-drivers, ball-point pens, axes, or saws) and may cause
serious or fatal injuries when used inappropriately.

Injuries caused by sharp or pointed objects are common. Their number
cannot be estimated, as most of them heal without any medical treatment.
Most of these injuries are domestic accidents (1); fatal injuries are rare.
According to Walton et al., the mortality rate is 3% without taking the
anatomical location of the injuries into account (2). A higher percentage
(17%) was found by Webb et al. (3), but in a selected study material: the
authors reported on 120 victims of knife attacks who had to undergo medical
treatment in Edinburgh hospitals between 1992 and 1996. Despite rapid med-
ical intervention, 20 of them died.

Deaths caused by sharp force account for about 2% of the forensic
autopsy material (4), most of them homicides. Statements as to the ratio
between homicides and suicides with sharp objects vary in the literature. Gill
and Catanese, who systematically investigated 120 deaths occurring in New
York City in 1999, found a ratio of 6:1 (5). The figures quoted in the European
literature range between 4:1 (4,6) and 5:2 (7). Accidental deaths resulting from
sharp force are generally very rare and are hardly mentioned in the literature
(7-10).

This chapter focuses on homicides resulting from the use of sharp force.
General aspects of injuries owing to sharp force are discussed only on the
fringe. For details, refer to the forensic pathological literature and textbooks in
particular (11-16).
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2. EPiDEMIOLOGY
2.1. General

Although in the United States homicides are predominantly committed
with guns, as these are comparatively easy to obtain (17—22), the use of sharp
force (usually stabbing with knives) is the most frequent method of homicide in
European countries (10,23-28). The share of homicides by sharp force in the
total number of killings is similar in many regions. For example, Oslo, Norway,
reports 27% (25), Copenhagen, Denmark, 33% (26) and 36% (25), respectively,
and Geneva, Switzerland, 37% (27). Outside Europe, 35% were reported for
New Foundland (29) and 34% for Auckland, New Zealand (30). A high per-
centage of 55% was found by Kua et al. in a study from Singapore (31).

The victims of homicidal deaths caused by sharp force form a heteroge-
neous group without any specific constellation of characteristic features. A ret-
rospective analysis of our own material including 82 homicidal deaths owing to
sharp force injuries from 1990 to 2000 in the region south of Baden (south-
western Germany) (32) showed a relatively broad frequency peak for the vic-
tims in the age group between 20 and 50 years of age. The average age was 37.5
years. These figures are in line with those of other studies (7,10,23,33). The sex
ratio was nearly equal (52% male, 48% female). Similar sex ratios in the vic-
tims were also found by Bajanowski et al. (60% male, 40% female) (7), Hunt
and Cowling (33), as well as Padosch et al. (50% male and female each) (34).
In contrast to this, only 21% of the victims were female in the study by Orm-
stad et al. from Stockholm, Sweden (10). In other Scandinavian studies, women
also accounted for a considerably lower share among the victims than men:
36% in Copenhagen, Denmark, 31% in Oslo, Norway, and 24% in Stockholm,
Sweden (23,25,26).

Concerning the perpetrators’ ages, our study showed a peak in the age dis-
tribution between the 20th and 30th year of life with an average age of 33.9
years (32). In the study performed by Hunt and Cowling (33), in which 91
homicidal deaths owing to sharp force from all parts of Great Britain were
investigated, the peak age of the perpetrators was observed between the 20th
and 40th year of life, just as in the study by Karlsson from Stockholm, Sweden
(23). Among the perpetrators in our study material, males were represented
with a share of 87%. Only 13% of the perpetrators were women. Similar sex
distributions were also reported in other studies: Rogde et al. reported 85%
male and 15% female perpetrators (26), Ormstad et al. 88% males and 12%
females (10), Padosch et al. reported 86% males and 14% females (34), and
Hunt and Cowling reported 80% male and 20% female offenders (33). The con-
stellation of a female perpetrator and a female adult victim is a rarity. In some
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studies, this constellation did not occur at all (10,23). Hunt and Cowling
reported on an attempted murder—suicide carried out by a depressive woman
who stabbed her mother to death before trying to kill herself (33).

2.2. Motives and the Relationship Between Perpetrator
and Victim

In most publications dealing with homicides by sharp force it is empha-
sized that usually the perpetrator and the victim knew each other before the
attack, and that, in many cases, there was an even closer relationship (life part-
nership) (7,25,26,32,33). Homicides without a previous personal relationship
between the perpetrator and the victim range between 11% (7) and 23% (25).
Consequently, the dominant motives are interpersonal conflicts. Rogde et al.
(26) found domestic conflicts in female victims and arguments in male victims
to be the most frequent causes leading to attack. Hunt and Cowling (33), as well
as Ormstad et al. (10), expressed the same opinion. Only 5 to 8% of the cases
are sexually motivated (10,32,33), although the use of sharp force in sexually
motivated homicides is not uncommon (35-39).

A high percentage of the perpetrators are intoxicated by alcohol or drugs
when committing the offense. In the study by Karlsson, only 9% of the perpe-
trators were sober (23). In 20% of the cases the offenders had taken drugs of
abuse in addition to alcohol, but the victims were also usually under the influ-
ence of alcohol and in most cases, their blood alcohol concentration was more
than 150 mg/dL. Moreover, drug components were found in the blood of 22%
of the victims (23). Similar results were observed in the investigations con-
ducted by Ormstad (10) and Rogde et al. (26). In our own study material, only
15% of the perpetrators and 12% of the victims had blood alcohol concentra-
tions above 200 mg/dL (32).

3. ScenE FINDINGS

In fatalities caused by sharp force injuries, most frequently the death scene
is the victim’s home (25,26,32,33). According to our own investigations, 56%
of the female victims and 42% of the male victims were killed in their own res-
idence. The second most frequent death scene was out in the open, where 28%
of the male victims and 15% of the female victims had been killed. The high
number of crimes committed in the victim’s home can be explained by the fact
that homicides owing to sharp force are often offenses of a domestic nature
between life partners. This applies especially to the constellation of a female
victim and a male perpetrator (Fig. 1). In contrast to this, offenses involving a
male victim and a male perpetrator are often committed in the open or in pub-
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Fig. 1. Homicide of a 32-year-old woman who was killed by her jealous lover
by (A) knife stabs to the chest, the neck, and the abdomen. (B) “Active” defense
wounds on the left hand.

lic places. Here, personal disputes between (often intoxicated) parties are the
dominant factor (32).

On principle, the findings at the scene are important to determine whether
death was caused by homicide, suicide, or accident (Fig. 2). The importance of
a joint visit to the scene by the police and the forensic pathologist cannot be
emphasized enough. The purpose of this visit to the scene is to reconstruct the
sequence of events in the given case. It has turned out that, for this purpose, it
may often be helpful to inspect the scene again after having performed the
autopsy, as only then will the extent of the injuries and the cause of death be
known. For example, for the evaluation of the bloodstain pattern, it is important
to know whether and, if so, which arteries of the victim were injured and how
long the capability to act may have been maintained. The analysis of bloodstain
patterns is a special discipline in forensic science on which comprehensive lit-
erature is available (40-48).
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Fig. 2. Homicide of a 73-
year-old woman killed in the
bathroom by her psychotic son
by multiple stab wounds
inflicted by a knife. (A) Position
of the victim at the crime
scene; the woman was
attacked while standing near
the bathtub and fell backward.
(B,C) Details, with remarkable
bloodstain patterns, indicating
that the killing of the woman
was committed at the scene
where the victim was found,
and that she was not placed
into the bathtub but fell into it.
(D) Stab wounds on the vic-
tim’s body surface. (E) Numer-
ous stab wounds at the left side
of the thorax and on the inner
aspect of the left upper arm
indicating that the left arm was
elevated for defensive actions
while the stab wounds were
inflicted.
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Fig. 2. (Continued)
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4. Forensc MebicaL EvALUATION
4.1. General

When investigating deaths caused by sharp force, the forensic pathologist
is expected to give an opinion on the following points:

The type of injuries.

The number and anatomical distribution of injuries.
The shape, size, length, and depth of injuries.

The object (weapon) used.

The amount of force needed to inflict the injuries.
The extent of internal injuries.

The cause of death.

The victim’s capability to act (1).

NI P

These points are of general importance for the reconstruction of the
sequence of events and thus are also essential for the central distinction between
self-infliction and involvement of another party.

4.2. Wound Morphology

Injuries are classified according to their shape as stabs, cuts, and slashes
or chops. The distinctive characteristic of a stab is that the depth of the wound
is greater than its length. The wound has sharp edges, which can be brought into
apposition. The instrument is pointed and hits the surface of the victim’s skin at
an approximately perpendicular angle. Cuts are also sharp-edged incisions on
the skin that can be approximated, but here the instrument hits the skin more at
a tangential angle. Cuts are longer than they are deep. They show shallow
extensions at the ends of the wound and their depth varies along the course. The
causative instrument is sharp-edged. Slashes are caused by “half-sharp” force.
Slashing tools (axes, cleavers, etc.) are sharp-edged and often rather heavy so
that the wounds produced by them contain elements of both blunt and sharp
force in terms of morphology, e.g., a sharp-edged incision with an abraded
wound margin. The morphology of sharp-force injuries is thoroughly described
in current textbooks (1,11,14,49,50). There is nothing new to be added to the
existing information, therefore this chapter will not discuss morphological find-
ings in detail.

4.3. | dentification of the Object (Weapon) Used

The shape of a wound does not necessarily provide information as to the
weapon used. The most frequently used object is a knife (7,23). Common types
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Fig. 3. An 18-year-old man who was killed by stabbing with a broken glass.

are single-edged kitchen or pocket knives with a blade length between 10 and
13 cm (4,11,51). Less often, injuries are caused by pieces of glass (Fig. 3), espe-
cially broken-off bottle necks or glasses (11,14,50,52-55), scissors
(11,14,50,56,57), screwdrivers (11,14,50,58-60), ice picks (11), or forks
(11,14,50).

Although a stab wound will usually provide information as to whether a
single- or double-edged knife was used, it is rather rare that conclusions can be
drawn with regard to its general shape. Differences in wound morphology are
mainly the result of the dynamics of the fight (movements of the victim and the
perpetrator during the stabbing) and not so much a consequence of the shape of
the knife. Accordingly, caution must be employed when drawing conclusions as
to the width of the blade from the length of an incision. First, the blade needs
not to have penetrated into the body with its full length. Second, many stab
wounds are the result of both a stabbing and cutting movement so that the
length of the wound slit suggests a wider blade than the knife actually used.
Moreover, the length of the wound track is not necessarily indicative of the
length of the blade. First, the blade needs not to have entered the body up to the
handguard or hilt. However, it is possible that the soft tissue was compressed as
the blade was thrust in. After withdrawing the stabbing instrument, the pressure
and the compression produced by it ceases, thus resulting in a wound track that
is longer than the penetrating blade. The question of whether a blade was fully
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plunged into the body can be definitely answered only if a punch mark of the
knife’s handguard is discernible on the skin around a stab wound. In certain
tools used for stabbing, this mark may have a characteristic shape and, thus,
give a clue to the weapon used.

Injuries caused by the same knife may be shaped differently, suggesting
the use of different knives. However, wounds produced by different weapons
may resemble each other. Exceptions are knives with unusual shapes. An exam-
ple is given by Pollak (61), who reported on wound findings after the use of a
survival knife (so-called “Rambo” knife). Such a knife has a serrated back
which causes characteristic parallel, superficial abrasions on scraping over the
skin (61). If very long knives are used or if the victim is a small person, e.g., a
child (Fig. 4), they may fully perforate not only the neck or the extremities, but
also the trunk (62). The exit wounds of such stabs must not be mistaken for the
entrance wounds. If the blades of a pair of scissors were closed, injuries caused
by scissors are often “Z”-shaped (56). If the blades of a pair of scissors were
open, the injuries may at first sight be similar to those produced by a knife. An
overview of various forms of the wound morphology produced by scissors is
given in Knight's Forensic Pathology (14).

Generally, injuries can be assigned to an object best if the DNA (from
blood or tissue) of the victim can be found on the weapon used. In those rare
cases in which the tip of the knife has broken off in the victim’s body after strik-
ing a bone, this part recovered from the body at autopsy can be morphologically
assigned to the presumed weapon (11).

4.4. Dynamics of Stab Wounds

In the forensic pathological literature there are numerous publications
discussing the physical aspects of stabbing (63—73); the authors tried to quan-
tify aspects of the amount of force used (stabbing intensity) and the dynamics
of the stab.

The amount of force required to inflict a stab wound depends on the type
and shape of the object (weapon) used, the speed of approach, the kind of cloth-
ing and its thickness, as well as whether bony structures have to be penetrated
or not. If a pointed, sharp object is used, the amount of force is comparatively
smaller than with a blunt object having a rounded blade tip (such as a bread
knife).

Essential resistance to a pointed, sharp object is offered by clothing, skin,
and bony structures. The opinion occasionally expressed in the literature that
the deeper soft tissue layers (fatty tissue, muscles) do not offer any major resist-
ance to the stabbing object has not gone unchallenged (67,72). Weber et al.
(72), as well as Kaatsch et al. (67), were able to demonstrate in their stabbing



Fig. 4. (A) Homicide of a 3-year-
old girl who was killed by her psy-
chotic mother with a kitchen knife
(length of the blade 10 cm); so-
called “overkill” with more than 40
stab wounds to the chest and the
abdomen. (B,C) Thirteen exit
wounds from stabs penetrating the
whole trunk are present at the right
side of the back.
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experiments that with a higher amount of force, a blade will penetrate deeper
into a body or a body model. This does not mean, however, that the resistance
of the internal organs or soft tissues is equal to that of clothing, skin, or bone.
If no bony structures are affected and the clothing consists only of a T-shirt, a
relatively small amount of force is required to inflict the injury, provided that a
pointed, sharp object is used, the knife is held firmly in the hand, and the stab
is effected at a high velocity. If the knife-holding hand is moved slowly towards
the victim, a considerably higher amount of force will be required.

O’Callaghan et al. (73) investigated the amount of force required to pen-
etrate soft tissue with a knife. For a 10-cm-deep stab through human skin, sub-
cutaneous fatty tissue, and muscle, an average amount of 49.5 N was required.
In contrast to this, investigations by Kaatsch et al. (67) using pig cadavers
showed that for a stab through soft tissue (though with penetration of a thin tex-
tile layer), a force of 150 to 240 N was necessary. In studies performed on
corpses, Fazekas et al. (65) found that a single-edged, normal, moderately sharp
stiletto knife penetrates skin covered by a single layer of clothing at a force of
15.33 to 17.86 kp (corresponding to 150-175 N) on average. With loose cloth-
ing, the stabbing force values were higher than with tight clothing.

Weber and Milz conducted investigations on the speed of stabs (70). They
were able to demonstrate that adult males reached average speeds of 6.14 m per
second with their dominant hand and 5.27 m per second with their nondominant
hand. Female subjects reached a mean value of 4.16 m per second for the dom-
inant hand and 3.68 m/second for their nondominant hand.

Weber and Schweitzer conducted investigations on the momentum of
stabs (71). Their results showed that with a single-edged bread knife (blade
length 155 mm, width up to 22 mm) a momentum of 1.3 kg m per second pro-
duced a stab with an average depth of 59 mm; a momentum of 2.6 kg m per
second produced a stab with an average depth of 126 mm; and a momentum of
3.6 kg m per second produced a stab with a depth of 150 mm in an intercostal
space of a body.

4.5. Number and Distribution of Wounds

Homicides by sharp force can be committed by a single stab or a multi-
tude of stabs. The share of homicides by single stab wounds varies in the dif-
ferent studies: Bajanowski et al. (7) reported an isolated stab wound only in
22% of their cases, Karlsson in 34% (23), Ormstad et al. in 44% (10), Hunt and
Cowling in 54.5% (33), and Blomquist et al. in 67% (74).

The number of stabs shows a certain correlation with the gender of the
perpetrator (23,32,33). In homicides caused by sharp force that were commit-
ted by female perpetrators, the victims had fewer stab wounds on average than
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in homicides that were committed by male perpetrators. It seems that female
perpetrators often inflict only one singular stab to their victim, especially if the
victim is a man (10,32,33). On the contrary, Karlsson found in his study mate-
rial from Stockholm, Sweden, that singular stabs occurred mostly in the course
of arguments between intoxicated men, whereas women who killed men usu-
ally inflicted two to nine stabs (23).

Concerning their anatomical distribution, stabs are most often located on
the thorax and the neck. According to the results of the study by Bajanowski et
al. (7), the injuries were located on the anterior left side of the trunk in 50% of
the cases. In singular fatal stabs, the precordial region is strongly overrepre-
sented. Hunt and Cowling (33) found the injuries to be located in the precordial
region in 69% of their cases; in our own autopsy series, they were found in that
location in 60% of the cases. The anatomical distribution of the stabs has a cer-
tain relation to the total number of stabs. Whereas in homicides with a single
stab the chest was hit in 60% of all cases, the share of stabs to the chest
decreased in inverse proportion to the total number of stabs. In the presence of
more than 50 stabs only 15% were located in the precordial region. With a ris-
ing number of stabs they were distributed over all body regions. The probabil-
ity of stabs in the dorsal region increases as well. Single fatal stabs in the back
were found neither in our study (32) nor in those by Ormstad et al. (10) or Hunt
and Cowling (33), whereas Metter and Benz (79) reported them in 9% of the
cases.

The location of the stabs does not allow for the drawing of conclusions as
to the gender of the perpetrator (32); in both sexes, the most common stabbing
sites are the chest and the neck. No relation is found between the location of the
stabs and the motive of the offense or the type of relationship between the per-
petrator and the victim.

4.6. Overkill

The term “overkill” refers to the infliction of massive injuries by a perpe-
trator by far exceeding the extent necessary to kill the victim (39). Overkill indi-
cates that the offender was in a state of strong excitement; very often this is
because of deep personal conflicts between the perpetrator and the victim that
may have a long history (10,23). It is also possible, however, that the victim
assumes the role of a substitute and becomes the projection surface for the killer.
This applies especially to sexually motivated homicides (37—-39). An overkill can
also be the consequence of an escalating fight, for example, in the course of a rob-
bery. Finally, it has to be considered that psychotic or psychopathic offenders
sometimes commit very bizarre homicides (Fig. 4) in which there may be a large
number of stab wounds inflicted on the victim (23,62,75,76). An overkill, there-
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fore, does not necessarily indicate that the perpetrator and the victim knew each
other personally, although experience shows that killings with a multitude of stab
wounds tend to have a personal background (23), exceptions are not uncommon.
For example, the authors had homicidal deaths in their own study material that
had occurred in connection with a robbery and showed more than 30 stab wounds
(32). On the basis of our own investigations, no clear correlation between the
motive (assignment according to the Crime Classification Manual [39] ) and num-
ber of stab wounds could be confirmed.

A large number of injuries alone does not necessarily suggest infliction by
another party (4,77). Lieske et al. (4), for example, reported on a suicide with
120 self-inflicted knife stabs. Although a large number of injuries are consid-
ered to be indicative of homicide, one would expect defense injuries on the vic-
tim’s body, especially in the presence of a multitude of fatal stab wounds.
According to our investigations, these were always present in homicides in
which the victim had suffered more than 30 stab wounds (32).

4.7. Defense Injuries

Defense injuries resulting from sharp force provide specific evidence of
infliction by another party and prove that the victim was, at least initially, con-
scious and able to ward off the assault to a certain degree. Defense injuries may
occur when the victim raises the hands or arms for protection (“passive”
defense injuries) or tries to seize the weapon or the attacker’s weapon-holding
hand (“active” defense injuries, defense injuries sustained on grasping the
weapon) (11,78). The distinction between “active” and ‘“passive” defense
injuries is the result of tradition and does not sufficiently take into account the
dynamics of a fight and the numerous possibilities of interaction between the
victim and the perpetrator (7,78-80).

“Active” defense injuries are located on the palms, the flexor sides of the
fingers and the interdigital spaces. “Active” defense injuries are seen particu-
larly often in the region of the thumb, the index finger (Fig. 1) and the pertinent
metacarpal regions I and II, especially near the intermetacarpal space I (Fig. 5)
(11,49,78,80). “Passive” defense injuries are located on the extensor sides of
the forearms and the back of the hands (Fig. 6). They occur when victims raise
their hands for protection or move their arm upward to ward off a stab effected
from the top downwards (49).

Under morphological aspects, defense injuries caused by sharp force are
cuts, stabs, or wounds with both cutting and stabbing elements. Relative move-
ments of the blade in the wound may—as in other parts of the body—cause stab
wounds with different angles (79,80). Perforations of forearms or hands are not
uncommon, especially with tangential stabs and thin soft tissue, such as on the
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Fig. 5. “Active” defense injuries at the intermetacarpal space | of the left hand.

hand (78,80). Perforating stabs through the extremity held in front of the body
for protection with secondary reentry in another part of the body are possible.
Cuts of the hands are considered the most frequent form of defense injuries
resulting from sharp force (28,78).

In several autopsy studies, the incidence of defense injuries ranged
between 37.1 and 49.5% (5,26,28,33,78,81,82). Significantly different figures
(5.8-31.8%) were reported in studies conducted on a comparatively smaller
number of cases or preselected material (7,83-85). With an increasing number
of injuries on the remaining body, the number of additional defense injuries
rose as well, although this relation is not linear (28,32,33,78,81). In victims suf-
fering a single fatal stab or cut wound, defense injuries are relatively rare: Kat-
kici et al. found them in 3.3% (81); Hiittemann in 5.6% (32), Metter and Benz
in 8.3% (78), and Hunt and Cowling in 15.4% (33) of these cases. Some inves-
tigators (26,33,81) observed defense injuries in female victims more often
(54.5-79.0%) than in male victims (27.3-36.0%). Rouse et al. (28), on the other
hand, did not see any significant difference in this respect.

Preferential sites for defense injuries are the left forearm and left hand,
with approximately two-thirds of all defense injuries being located on the left-
hand side (Katkici et al: 61.1% [81] and Metter and Benz 69% [78]).
Bajanowski et al. (7) found almost the same distribution of defense injuries on
the right and left arm, although these results are based on a very small number
of examined victims.
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Fig. 6. (A,B) Numerous “passive” defense wounds restricted to the back of both
hands (same case as Fig. 4).

4.8. Causes of Death

The most frequent cause of death in homicides caused by sharp force is
exsanguination because of injuries of major vessels. How fast death will occur
depends on the number of vascular hits, the type of vessels affected (arteries,
veins), and their size (diameter). In this context, not only the amount of blood
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lost, but also the speed of blood loss, is a deciding factor. Arterial hemorrhages
from major vessels may lead to death relatively fast. A loss of more than 1 L of
blood from a major vessel may already be fatal. However, several liters of blood
may be lost from smaller venous vessels before death occurs. Thus, there is a
close link between the question of the cause of death and the ability to act (see
Subheading 4.9).

An external sign of acute anemia is sparse postmortem lividity. Apart from
accumulations of blood in the tissue near the injured vessels or in the body cavi-
ties, pale organs are a characteristic finding at autopsy. In stab injuries of the
trunk, it may happen that there is only minor external bleeding with most of the
blood accumulating in the thoracic and abdominal cavity. By a shift in the soft tis-
sue layers (so-called “Kulissenphdnomen” in German) the wound tracks may
close, in most cases, only partially. Under these circumstances, only minor traces
of blood may be found on the clothing and at the scene, despite massive injuries.

When the stab or cut wounds are located on the neck, two other potential
causes of death have to be considered: aspiration of blood and air embolism.
For aspiration of blood, exposure of the respiratory tract is a precondition. A
lesion of the great cervical vessels is not mandatory. Loss of blood from small
vessels (e.g., the thyroid gland) may be sufficient enough to cause fatal aspira-
tion of blood. In gaping wounds of the jugular veins, air may be sucked in when
the body is in an upright position. If a sufficient amount of air is transported to
the right ventricle via the bloodstream, air embolism may occur, which can lead
to death alone or in combination with loss of blood, or occasionally with aspi-
ration of blood.

Less frequent causes of death owing to the impact of sharp force are car-
diac tamponade and failure of central regulatory processes. Cardiac tamponade
subsequent to a stab wound will occur if the blood flowing from the heart or the
adjacent great vessels cannot escape through the opening in the pericardium.
This is possible if the opening in the pericardium is comparatively small, for
example, when a narrow, pointed object was used (49). In this context, Karger
et al. reported a suicide in which the left ventricle was punctured with a cannula
(86). Central regulatory failure is possible after stabs to the skull injuring the
medulla oblongata (11,87,88).

4.9. Ability (Capability) to Act

Assessment of the ability to act (capability to act) after suffering stab and
cut wounds is essential for the reconstruction of the sequence of events. Gener-
ally, immediate incapacitation is to be expected only if central regulatory cen-
ters are injured or if the victim becomes unconscious, e.g., after blunt
traumatization of the skull. On the other hand, lesions of the heart, the lungs, or
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Table 1
Graduation of Ability to Act According to Petersohn (89)
and Staak and Konig (90)

Grade 1: Complex, carefully directed actions that require full consciousness.

Grade 2: Instinctive actions that are appropriate to the situation.

Grade 3: Reflexes and automatisms also appearing in the unconscious.

Grade 4: Incoherent, rapidly exhaustible sequences of movements, such as extension
spasms.

vessels in the vicinity of the heart by no means always result in immediate inca-
pacitation, even if the injuries are ultimately fatal. According to Petersohn (89),
as well as Staak and Konig (90), the ability to act is classified into four grades
(Table 1).

In forensic practice, it is very common after stab injuries to the heart that
the ability to act is maintained at least for a short period of time (49). In a ret-
rospective analysis of 37 deaths caused by sharp force, Zimmer at al. (91) found
some deaths resulting from exsanguination after penetration of the heart in
which the victim maintained the ability to act (grade 1 to 2) for up to 15 min-
utes. Other authors also reported that occasionally the ability to act was main-
tained over prolonged periods of time after injuries of the heart or the brain
were sustained (8,86,90,92-95). There are even reports in the literature of stabs
to the heart that were survived for several hours, especially in cases in which
the left ventricle was penetrated only a few millimeters (93-95). The duration
and extent of the ability to act after stabs to the heart seems to depend essen-
tially on the size of the lesion and thus, the amount and speed of blood loss
(86,90,91,96), and not so much on the anatomical location in the heart (90).

In lesions of the abdominal aorta, the ability to act may be maintained
over prolonged periods of time, whereas in injuries of the thoracic aorta, inca-
pacitation generally occurs within seconds (49). Injuries of the lungs or abdom-
inal organs do not lead to immediate incapacitation.

4.10. The Differentiation Between Suicide and Homicide

The most important issue in evaluating deaths caused by sharp force is the
differentiation between suicides and homicides. In the literature, the signs
indicative of suicide are the following (4,9,11,51,82,97,98):

1. Location of the injuries in the precordial region.
2. Grouped injuries with a similar direction.
3. Concomitant, shallow, tentative stabs.
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4. Combination with trial cuts (mostly on the arms).

5. The absence of defense injuries.

6. Exposure/undressing of stab region.

7. Stabs often descending.

8. Avoidance of body regions with high sensitivity to pain.

Multivariate analyses of deaths owing to sharp force have shown that the
simultaneous presence of several of these features is highly indicative of sui-
cide (97). One must emphasize, however, that an accumulation of these char-
acteristic features is only a clue pointing toward suicide, but not definitive
proof. In particular, it is not possible to draw the reverse conclusion that the
absence of the above findings means homicide. This aspect has been pointed
out in many case reports in which the above criteria were partially or totally
absent.

A rarely mentioned but also significant criterion is the extent of blood on
the hands of the victim. Although suicides often show extensive traces of blood
on the hands, this is usually not the case in homicide victims, unless they have
suffered defense injuries, which points also to infliction by another party
(49,99).

4.11. Injuries on the Knife-Holding Hand of the Perpetrator

The clinical forensic examination of living individuals becomes more and
more important. This does not only refer to victims of actual or fictitious vio-
lent crimes, but also to suspected offenders. These are presented to the forensic
pathologist by the police not only to preserve DNA traces as proof of contact
between the suspect and the victim, but also to determine potential conse-
quences of fights with the victim. In this respect, the reconstruction of the
offense is of primary importance (80,100).

In the course of bodily injuries or homicides by sharp force, the perpe-
trator may involuntarily injure him- or herself (11). Cut wounds on the knife-
holding hand of the offender may occur when the hand slips onto the blade.
This is possible if the knife used does not have an adequate hand guard and
the tip of the blade hits a solid resistance, e.g., a bony structure of the victim,
thus being abruptly decelerated. Depending on how the knife is held by the
hand, characteristic lesions may be created. When the stab is effected with the
blade protruding on the ulnar side of the fist, the little finger will be predom-
inantly affected (101). When the knife is held with the blade protruding on the
radial side, injuries may occur on the thumb or index finger, or even on both
of them, especially if a double-edged blade is used (100). When the cuts are
deep enough, the flexor tendons of the fingers may also be severed; in this
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connection, strongly retracted tendon stumps suggest that the fist was firmly
closed at the moment of traumatization or the tendons injured were at least
under tension (101). Thus, specific injuries on the perpetrator’s hand allow for
reconstructive conclusions. For correct evaluation it is, of course, indispensa-
ble to consider the pattern of injuries as a whole, as victims of sharp force and
suicides may show similar lesions on the hands (9,98,101).
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SUMMARY

Marfan syndrome is one of the most common inherited connective tissue
disorders, and it is caused by abnormalities in the fibrillin-1 gene. This results
in a series of cardiovascular and musculoskeletal abnormalities that may be
responsible for sudden and/or unexpected death. Review of cases and the liter-
ature shows that, although sudden death is most commonly the result of hem-
orrhage from acute aortic dissection, there may be a variety of other lethal
mechanisms. These include intra- and extracranial arterial dissection, intra- and
extracranial arterial aneurysm rupture, mitral valve prolapse, aortic valvular
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incompetence with acute cardiac failure, ventricular arrhythmia, endocarditis,
and brainstem compression from atlanto-occipital instability. Pregnancy, exer-
cise, and trauma may exacerbate underlying tissue weaknesses in individuals
with the syndrome. The phenotypic manifestations of Marfan syndrome vary
considerably among individuals, making postmortem diagnosis difficult. Mar-
fan syndrome should be suspected in tall individuals with vascular complica-
tions, with appropriate tissues and blood taken for DNA extraction (or storage)
for genetic analysis if confirmation of the diagnosis is required.

Key Words: Marfan; aortic dissection; aneurysm; sudden death; arterial
aneurysm rupture; mitral valve prolapse.

1. INTRODUCTION

Marfan syndrome was first described by Antoine-Bernard Marfan in 1896 in
Paris in a 5-year-old girl with long fingers (pattes d’ araignée or “spider fingers”)
and toes and tall stature. Aortic involvement was first described in 1943 (1). Mar-
fan syndrome is a heritable disorder of connective tissue caused by mutations in
the gene encoding for fibrillin-1, which is a large major glycoprotein lying within
10- to 12-nm extracellular matrix microfibrils responsible for elastogenesis and the
elasticity and maintenance of elastin fibers (2). Alterations to the gene may affect
connective tissues throughout the body, resulting in characteristic phenotypic fea-
tures that can be used clinically to identify potential cases. Although there has been
a significant increase in the life-span of individuals with Marfan syndrome over the
past 30 years owing to elective aortic root replacement and closer medical moni-
toring and management, sudden and/or unexpected death remains a well-recog-
nized phenomenon (3-5). The observed increase in life expectancy in people with
Marfan syndrome may also have been influenced by the overall improvement in
life expectancy in the population, and also by the increase in the number of cases
being diagnosed with less severe manifestations of the syndrome (4). Although the
most common cause of death involves internal hemorrhage from aortic dissection,
a wide variety of other lethal events may occur involving other organ systems, not
all of which will be necessarily obvious at autopsy (Table 1).

2. lLLUSTRATIVE CASES

A review of the files of the Forensic Science SA in Adelaide, Australia,
revealed a number of cases where the possibility of Marfan syndrome had been
raised, usually based on tall stature, arachnodactyly, and aortic dissection. Con-
firmation of the diagnosis by obtaining a positive family history or by genetic
testing was usually not possible and so the diagnosis in many cases remained
conjectural. The following cases were chosen to demonstrate certain features
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Table 1
Findings in Sudden and/or Unexpected Death in Marfan Syndrome

A. Causes of death related directly to Marfan syndrome
1. Aortic dissection
i. Hemopericardium/cardiac tamponade.
ii. Hemothorax.
iii. Vascular compromise.
a. Coronary artery occlusion.
b. Other artery occlusion.
iv. Arteriovenous shunting.
2. Other vessel dissection
i. Coronary artery dissection with myocardial infarct.
ii. Aortic branch dissections.
3. Aneurysm rupture with hemorrhage
i. Intracranial.
ii. Ductus arteriosus.
iii. Other.
. Mitral valve prolapse
. Aortic valve dilatation with left ventricular failure
. Ventricular arrhythmias
. Endocarditis
i. Native valves.
ii. Prosthetic valves.
8. Postvascular/valvular surgical complications
9. Atlanto-occipital instability with cord/brainstem compression
B. Conditions/Activities exacerbating underlying pathological features of Marfan syn-
drome
1. Pregnancy
2. Exercise
3. Trauma
4. Drug abuse
C. Lethal events not necessarily related to Marfan syndrome
1. Accidents
2. Homicides
3. Coincidental natural diseases

NN NV,

and problems that may arise in clinical and forensic practice in determining the
sequence of terminal events and their relationship to possible Marfan syndrome.

2.2.Case 1l

A 28-year-old woman presented at the hospital with sudden onset of
abdominal pain with diarrhea and vomiting. Initial diagnoses were of possible
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Fig. 1. Typical arachnodactyly of the fingers in a case of Marfan syndrome.

renal colic or gastroenteritis. She had one child and gave a past history of
asthma and hypothyroidism. Precipitate clinical deterioration occurred with the
development of peritoneal irritation and collapse. A laparotomy was performed
that demonstrated an inoperable small and large intestinal infarction. Her
abdomen was closed and death occurred soon after. A subsequent history was
obtained from a family member of Marfan syndrome that had been diagnosed
in infancy at an interstate hospital.

At autopsy, the deceased was well built without a marfinoid habitus. She
did have, however, long fingers and toes (Fig. 1), pectus carinatum, and dorsal
kyphoscoliosis. The most critical finding was of thoracic aortic dissection
extending from an intimal tear at the origin of the left subclavian artery distal
to the bifurcation of the common iliac arteries (Fig. 2). This was associated with
a small amount of posterior mediastinal hemorrhage (Fig. 3) and small bilateral
accumulations of serosanguinous pleural fluid. The aorta was not dilated and
there were no abnormalities of other vessels or of the aortic or mitral valves.
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Fig. 2. Aortic dissection in a case of Marfan syndrome showing peeling of the
outer from the inner aortic wall layers around the origin of the renal and gut
arteries.

The most significant effect of the dissection had been compromise of the ori-
gins of the celiac axis and superior and inferior mesenteric arteries supplying
the gut with ischemic damage/infarction of the stomach and small and large
intestines (Fig. 4). Microscopically, cystic medial necrosis of the aorta was con-
firmed (Fig. 5), and infarction of the intestine with focal areas of acute inflam-
matory response and bacterial overgrowth was demonstrated. Death was caused
by multiple organ failure following intestinal infarction resulting from dissec-
tion of a nonaneurysmally dilated aorta in an individual with previously con-
firmed Marfan syndrome.

2.2. Case 2

A 38-year-old woman suffered cardiac arrest in bed after an episode of
coughing. She had no significant past medical history. At autopsy, the body had a
marfinoid habitus, being tall and thin with long fingers. There was no pectus exca-
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Fig. 3. Posterior mediastinal hemorrhage adjacent to a dissection of the tho-
racic aorta in a case of Marfan syndrome.

vatum or high-arched palate. The only significant finding was that of mitral valve
prolapse with no other abnormalities of the heart, aortic valve, or aorta. Death
was, therefore, attributed to mitral valve prolapse possibly related to underlying
Marfan syndrome. Genetic confirmation was not sought by her family.

2.2. Case 3

A 57-year-old man with known Marfan syndrome collapsed with chest
pains after digging in the garden. His past history included ischemic heart dis-
ease with previous myocardial infarction and three coronary artery stents. At
autopsy, the body was tall (190 cm) but not thin, with long fingers and a high-
arched palate. The mitral valve showed mild prolapse. There was no aortic
dilatation, aortic dissection, or aortic valve abnormality. There was significant



Fig. 4. Early intestinal infarction due to aortic dissection that caused compro-
mise of the celiac axis and the superior and inferior mesenteric arteries.

s

Fig. 5. Cystic medial necrosis of the wall of the aorta showing characteristic
disruption of elastin fibers with increased amounts of glycosaminoglycans.
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cardiomegaly with extensive scarring of the left ventricular free wall and the
interventricular septum associated with marked atherosclerotic narrowing of the
right and left anterior descending coronary arteries despite previous stenting.
Death was caused by coincidental ischemic heart disease in an individual with
known Marfan syndrome.

3. INCIDENCE AND INHERITANCE

Marfan syndrome is one of the most common inherited disorders of con-
nective tissue, occurring in approx 2 to 3 people in every 10,000 in all ethnic
groups (1). It may be either an autosomal dominant condition associated with
over 200 mutations of the fibrillin-1 gene located on chromosome 15q21.1, or
a sporadic occurrence in 25 to 30% of cases.

4. CHARACTERISTICS

Defects in the fibrillin-1 gene may result in a very characteristic phenotype
with variable and seemingly unrelated abnormalities in the eyes and cardiovas-
cular and skeletal systems, with arachnodactyly (long fingers and toes),
dolichostenomyelia (long arms and legs), high-arched palate, kyphoscoliosis,
pectus excavatum or carinatum, and cutaneous stria (1). Affected individuals
tend to be tall and thin with an arm span-to-height ratio greater than 1.05. There
may be a history of recurrent joint dislocations. Additional findings that may be
demonstrated clinically or at autopsy include dolichocephaly (long, narrow
skull), hypoplastic or retrognathic mandible, flattened cheek bones, dural ecta-
sia, mitral valve prolapse, and dilatation of the ascending aorta. In addition, there
are a number of ocular abnormalities that may have been detected clinically
including ectopia lentis (lens subluxation), microspherophakia, hypoplasia of
dilator pupillae muscles, blue sclera, glaucoma, and retinal detachment (1,5).
Specific features must be present before the clinical diagnosis of Marfan syn-
drome can be made and have been defined in the “Ghent” diagnostic criteria (2).

The differential diagnosis includes a wide variety of conditions, such as
homocystinuria and Stickler syndrome. Homocystinuria, an inherited disorder
of amino acid metabolism, has an autosomal dominant 