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Preface

What is truth? This fundamental concept has inspired me since childhood.
The quest for truth has been a continual motivation through a lifelong jour-
ney in search of answers to questions that others would not ask. Truth, at
times, can be humbling, unwelcome, and disconcerting to the unprepared
mind. Truth can be foul and offensive, surprising and spectacular, dirty and
horrific, but it remains truth nonetheless. Both liberating and incriminating,
it cannot be defiled or adulterated. Truth is what is. This is its simple elegant
beauty.

Forensic pathology is, at its core, a quest for the discovery of truth. The
recognition and development of the subdiscipline of veterinary forensic
pathology within the broader field of veterinary pathology seemed almost an
impossibility only a decade ago. Yet today there is more interest and demand
than ever for such expertise, and requests for forensic necropsy are increasing
at an unprecedented rate. Yet, despite the apparent need and the interest of a
small passionate segment of veterinary pathologists, there is a paucity of
training courses and reference materials in the field. This textbook is an ear-
nest effort to not only fill the void in reference materials but also pioneer a
new era in veterinary medicine and pathology—an era in which the truth can
be brought to light through science, and the voices of the victims may finally
speak through those who understand.

I am proud to be breaking new ground with the publication of the first
textbook solely dedicated to veterinary forensic pathology. With expertise
ranging from animal fighting and hoarding to ballistics, toxicology, thanatol-
ogy, entomology, and a variety of traumatic injuries, this group of contribut-
ing authors represents a veritable force in the quest for truth through the
investigation of animal crimes. These contributors are among the most tal-
ented and seasoned experts in the discipline, and I am honored and humbled
to have each of them as a part of this team.

While no single resource alone can transform a professional into a compe-
tent veterinary forensic pathologist, this textbook will assist the properly
trained veterinary pathologist, forensic veterinarian, or other veterinary pro-
fessional as they attempt to interpret the tangled web of clues left among the
dead. It is my sincere hope that this textbook will serve as a useful and practi-
cal reference for the forensic necropsy of the many unfortunate animal
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victims and that within its pages will be found some wisdom that will aid in
the investigation and resolution of animal crimes.

The truth remains to be told to us if we are only wise enough to know how
to listen.

Quid est veritas?

University Park, PA, USA Jason W. Brooks
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Drowning and Bodies Recovered

from Water

Beverly J. McEwen and Jodie A. Gerdin

1.1 Introduction
Determining the cause of death in animals recov-
ered from bodies of water, swimming pools, or
other water-containing vessels is challenging.
The key question is “Was the animal alive when
it entered the water?” [1]. Animals recovered
from water may had drowned, died from other
causes in water, died on land, and either have
fallen into water or have been disposed of in
water (Fig. 1.1). Animals that have drowned may
be translocated to other sites, including land, by
tides, currents, people, or other animals (Fig. 1.1).
Postmortem changes due to submersion, injuries,
or scavengers introduce artifacts and obscure
lesions. The diagnosis of drowning in animals
and people is usually one of exclusion, requiring
information from the crime scene, recovery
scene, the medical history, or reliable witness
accounts [2-5].

The definition and terminology associated
with drowning, as with other types of asphyxia,
are varied [6, 7]. Submersion signifies that the
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entire body is under water, whereas immersion
refers to the body being partly covered with
water, although the airway must be immersed for
drowning to occur [8]. Terminology prior to 2002
was confusing: “near-drowning” was used if the
person survived even temporarily and “drown-
ing” if it was fatal; both were then divided into
those cases in which aspiration of water was
present or absent [7]. The following adjectives
describing drowning outcomes are no longer
recommended: passive, silent, wet, dry, active,
secondary drowning [7, 8] or near-drowning [9].
In 2002, the definitions of drowning and its pos-
sible outcomes were decided by an international
group of experts: “Drowning is the process of
experiencing respiratory impairment from sub-
mersion/immersion in liquid” with outcomes of
“death, morbidity or no morbidity” [7]. The
revised terminology is used in at least one review
of canine drowning [10], and we recommend that
it be adopted by veterinarians [11].

An estimated 388,000 people drown annually,
and it is the third leading cause of accidental death
worldwide [12]. The frequency of drowning in
animals is unknown, although a website that tracks
animal abuse (pet-abuse.com) listed 205 drowning
cases out of 19,464 cases (1.05%) in its database
(October 20, 2016). The accuracy of this statistic is
not known as there is no mandatory reporting of
animal drowning or cruelty in most jurisdictions,
although databases such as the newly implemented
National Incident-Based Reporting System at the
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Animal suspected of drowning

Was the animal alive
when it entered the water?

Why did it not survive in the water?

Fell into the water
after death

Disposal after death

Fig. 1.1 Possible scenarios of bodies recovered from water

Federal Bureau of Investigation should provide
improved estimates [13].

The peer-reviewed veterinary literature on
accidental and non-accidental drowning in ani-
mals is scarce [1, 10, 14-17], although the topic
is covered briefly in several veterinary forensic
textbooks [18-20]. Reports of accidental drown-
ing in animals include situations involving elec-
trical shock, entrapment, entanglement, or
victims with pre-existent medical conditions
such as ataxia and epilepsy [14, 21]. Experiments
in which dogs or other animals were drowned to
determine  physiological and biochemical
responses to various volumes, temperatures, and
salinity of water or other liquids provide informa-
tion into the drowning process [22—35]. The lack
of consideration for the welfare of animals used
in these experiments, performed between
20-200 years ago, is disturbing. We recognize,
however, useful information can be gained from
these experiments and applied to veterinary
forensic pathology for the benefit of animals
today [1, 11]. The objective of this paper is to

Why did the animal not exit the

Died from
accidental or non-
accidental injury
while in water

Died due to natural
causes while in
water

water?

Survival

No morbidity

Disabled or
comatose

review the mechanisms, lesions, and diagnostic
issues associated with drowning in nonaquatic
companion animals.

The Process and Mechanism
of Drowning

1.2

The central mechanism of drowning is rapid and
persistent hypoxemia following the introduction
of liquid at the entrance of the airway [23, 25,
34, 36-38]. The drowning process (Fig. 1.2),
reviewed extensively in the medical literature
[2,3,5,7,8, 36, 37, 39, 40], is largely based on
experiments in dogs and incorporates behavioral
and biological responses to drowning [23, 29, 30,
34, 38, 41]. This has been categorized into the
five phases of drowning (Fig. 1.3) [42].

The drowning process is complex, involv-
ing sequential and overlapping cardiorespiratory
reflexes, electrolyte and blood gas abnormalities,
aspiration and swallowing of liquid, vomition, strug-
gling, involuntary movements, physical exhaustion,
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Airway is below water
(submersion or immersion)

Voluntary breath
holding

Right to left intrapulmonary
shunting

Oxygen depletion
Hypercapnia
Acidosis

Vagal induced laryngospasm due to
liquid in larynx

Swallowing of liquid

Active respiratory movements but no
air exchange due to laryngospam

Pulmonary hypertension

Surfactant washout

Pulmonary edema

Fig.1.2 The drowning process

and breathlessness or “air hunger” [43] eventually
culminating in death [44] (Fig. 1.2). Survival time is
inversely proportional to the volume of water rather
than the temperature or salinity [23, 38].

Upon immersion, there may be a few deep res-
pirations, although breath holding and vagal-
mediated laryngospasm usually occur upon
submersion [26,41] and arterial oxygen decreases
abruptly. As little as 2 mL of water contacting the
larynx or aspirated into the lung causes laryngo-
spasm in dogs, and aspiration of only 5 mL of
salt- or freshwater in dogs causes rapid and per-
sistent hypoxia without significant hypercarbia
[23, 30, 38]. Laryngospasm may last 1.5-2 min
during which arterial CO, increases [25] and aci-
dosis develops [21, 34, 36]. Bradycardia [23, 30,
45] occurs immediately following submersion
[26, 33] or after brief tachycardia [32, 34]. Blood
pressure immediately increases and then progres-
sively decreases [23, 32].

Gasps and aspirates liquid

Type l and Il
pneumocytes
damaged

Inflammation

Submerged, non-anesthetized dogs struggle
violently for 1.5 min [41, 42]. Thoracic inspira-
tory movements caused liquid to be swallowed,
but because the glottis is closed [9, 30, 45], ven-
tilation and gas exchange does not occur.
Aspiration will occur with continued submersion
whether the animal is conscious or not; if uncon-
sciousness occurs due to hypoxemia, the larynx
relaxes and water is aspirated [46]. If the animal
is conscious, water is aspirated and swallowed
due to deep inspiratory gasping that lasts up to
3.5 minutes [41, 47]. After 3 minutes, spasmodic
convulsions and seizures occur [32, 41], and
overdistension of the stomach with water causes
violent vomition [41]. Electroencephalograph
(EEG) activity varies with the duration of initial
apnea [45]: cardiac asystole or observed death
occurs usually within 5 min but occasionally up
to 10 min following submersion [25, 26, 32, 38,
41, 42, 47]. The initial hypoxemia in fresh- and
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Fig.1.3 The five phases
of drowning

Struggling

Escape attempts
Violent intentional movements
Breath holding

Deep respiratory movements

Swallowing
Immobile
Convulsions

Loss of corneal reflexes
Dilated pupils

Few respiratory movements
Muscle fasciculation of the head
Death
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saltwater drowning is intensified by pulmonary
edema and is exacerbated by exponential cate-
cholamine release, subsequent vasoconstriction,
cardiac arrhythmias [34], pulmonary hyperten-
sion, and right to left intrapulmonary shunting
[34, 37, 48].

Electrolyte and intravascular volumetric
changes in drowning depend on the salinity and/
or volume of water aspirated. The biochemical
effect of water salinity is primarily osmotic [23,
24, 28, 29] and not temperature related [34].
Distinguishing between saltwater and fresh-
water drowning is given little clinical signifi-
cance in people [9, 37], although some think
that it does impact the likelihood of successful
resuscitation and survival [34]. The location of
drowning, however, is critical to the forensic
investigation [49].

In dogs, aspirated freshwater enters the circu-
lation within 3 minutes [23, 46], and an estimated
10% of the body weight can be absorbed by the
lungs during freshwater immersion [34]. The
changes are transient due to redistribution of flu-
ids within the body [23, 25], and dilutional hypo-
natremia was not present in a case series of dogs
and cats resuscitated following submersion in
freshwater. However, hemodilution and electro-
lyte alterations may persist if the volume of water
aspirated is 22 mL/kg or greater [25, 28]. Volume-
dependent ventricular fibrillation is common,
occurring in many, but not all dogs drowned by
9.1 mL/kg but not by 4.5 mL/kg [23]. The ionic
charges responsible for the surface-tension prop-
erties of surfactant are altered by freshwater
which results in alveolar instability and pulmo-
nary atelectasis [23, 40]. Atelectatic alveoli are
perfused but not ventilated, resulting in right to

left intrapulmonary shunting [40], further exacer-
bating the hypoxemia.

Death due to saltwater aspiration requires half
the aspirated volume as for freshwater (Table 1.1)
[23, 26, 34, 38, 50, 51]. The aspirated hypertonic
water pulls fluid from the circulation into the
alveoli, leading to the damage of the basement
membrane, washout of surfactant, and reduced
lung compliance [52]. Ensuing pulmonary edema
decreases the ventilation-to-perfusion ratio, and
right to left intrapulmonary shunts develop [37].
Type I and II pneumocytes [53-55] and alveolar-
capillary endothelium [50, 53] are damaged by
both fresh- and saltwater. Neither hemolysis nor
ventricular fibrillation are features of experimen-
tal seawater drowning [28, 29].

Drowning ultimately results in progressive
cerebral hypoxia [37] and death. In people, irre-
versible injury occurs in the selective regions of
the brain within 4-10 min, and persistent coma
develops within a few minutes after that time
period [56, 57]. The precise outcome of hypoxic
injury due to drowning is difficult to predict even
if the individual is resuscitated [58].

Autonomic Conflict:

The Diving Response and Cold
Shock Responses in Cold
Water Immersion

1.2.1

People suddenly submersed in water 5 °C below
body temperature may become unconscious and
develop cardiac arrhythmia, possibly due to vagal
stimulation and/or catecholamine release [9, 34,
59-62]. The parasympathetic and sympathetic
responses following rapid submersion and breath

Table 1.1 Volumetric and electrolyte changes in saltwater compared to freshwater drowning [24-26, 28, 34, 38, 50, 51]

Variable Freshwater
Blood volume Hemodilution
Serum sodium Decreased
Serum chloride Decreased
Serum potassium Increased
Serum osmolality Decreased

Hemolysis

Experimental lethal volumes
of aspirated water

9.1 mL/kg

Occurs with aspiration of >2.3 mL/kg

Saltwater
Hemoconcentration
Increased

Increased

Increased

Increased

Not reported

4.5 mL/kg



B.J. McEwen and J.A. Gerdin

holding are the diving response and cold shock
response, respectively [61]. These responses are
often discussed as isolated physiologic reflexes
but in reality are concurrent reflex reactions that
produce a predictable, often opposing comple-
ment of physiological events (Table 1.2) [62, 63].
The diving response is postulated to be protective
if the animal is suddenly immersed in water by
inhibiting respiration and producing bradycardia;
however, it is frequently exacerbated by anxiety
and/or antagonized by the cold shock response.
The diving reflex response of apnea and bra-
dycardia, presumed present in all vertebrates [61,
62], is activated by the receptors of the face via
the ophthalmic and maxillary divisions of the tri-
geminal nerve, which cause reflex inhibition of
the medullary respiratory center [4]. Vagal recep-
tors in the pharynx and larynx produce similar
responses [61]. The response is enhanced as the
water temperature decreases [4]. Cold thermo-
receptors of the skin mediate the sympathetic-
associated cold shock response which causes
tachycardia, hyperventilation, peripheral vaso-
constriction, and hypertension [60, 61]. Both
responses can cause cardiac arrhythmias inde-
pendently or together by issuing conflicting,
simultaneous signals to the heart [61, 63, 66—68].
Within 2 min of submersion in cold water,
core body temperature decreases more rapidly
and deeply than with immersion [34], due to the
aspiration of larger quantities of water and con-
tact with the large surface area of the pulmonary
circulation. Primary hypothermia due to submer-
sion causing rectal temperatures to drop to 20 °C
or below [69] is fatal. The onset and duration of

Table 1.2 Diving and cold shock responses [4, 60—65]

Diving response
Autonomic system Parasympathetic

Activation

Cold receptors of the face via

cardiorespiratory and cerebral responses were
similar in dogs which were submerged in 0-1 °C
and had their tracheas clamped [47] to those sub-
merged in normothermic or cold water but
allowed to aspirate water [28-30, 41]. The abso-
lute and relative decreases in rectal and cerebral
temperatures were proportional to the submer-
sion time.

1.3  Morbidity

A case series of 25 dogs and 3 cats resuscitated
following submersion in freshwater concluded
that the prognosis for survival is good if respira-
tory tract failure and cardiac arrhythmias do not
develop [21]. Level of consciousness upon pre-
sentation, even coma, was not associated with
outcome [21]. Complications in animals that
survive drowning include reduced mentation or
neurological deficits [50], non-cardiogenic pul-
monary edema [70], septic pneumonia [15], and
acute respiratory distress syndrome [21].

1.4  Macroscopic
and Microscopic Lesions

of Drowning

Tables 1.3 and 1.4 list macroscopic and micro-
scopic lesions in drowned animals. In individual
cases, these lesions may or may not be present.
Emphysema aquosum, a term used in medical
forensic pathology describing overinflated,
waterlogged lungs and alveolar dilation, thinning

Cold shock response
Sympathetic
Integumentary cold thermoreceptors

maxillary and ophthalmic branches

of the trigeminal nerve
Vagal receptors in pharynx and

Similar response can be

initiated by larynx
Physiological responses Bradycardia
Apnea

Tachycardia
Hyperventilation
Vasoconstriction
Increased blood pressure
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Table 1.3 Macroscopic lesions of drowning documented
in animals [1, 11, 17, 18, 33, 39, 71, 73-75]
Lesion

Hair coat is wet, damp, or dry hair and is aggregated in
spikes or clumps

Froth emanating from nostrils or oral cavity

Froth in larynx or airways

Lungs distended and fail to collapse

Pulmonary congestion and edema

Pulmonary hemorrhages ranging in size from pinpoint
to locally extensive

Pulmonary emphysema
Right ventricular distension
Water and/or foreign material in stomach

Aspirated stomach contents or other foreign material in
upper or lower airway

Mucus at the base of the tongue or in larynx
Fluid in the frontal or paranasal sinuses

Traumatic lesions including dermal or subcutaneous
contusions and fractures with forced submersion

Table 1.4 Microscopic lesions of drowning documented
in animals [11, 18]

Lesion

Intra-alveolar hemorrhage

Flooding of alveoli with pale eosinophilic
proteinaceous fluid

Alveolar overdistension
Attenuation of alveolar septa

Aspirated stomach contents, bacteria or foreign
material in upper or lower airways

of alveolar septa, and compression of alveolar
capillaries histologically [4, 71], should be
avoided in veterinary pathology. Instead, lesions
should be appropriately and fully described for
clarity. The presence, severity, and type of pul-
monary macroscopic and microscopic lesions are
frequently not uniform and often vary within a
single histological section (Figs. 1.4 and 1.5).

In cases of suspected drowning, the appear-
ance of the fur should be recorded as wet or dry
or if the hair is dried in clumps or spikes, indicat-
ing recent wetness. Distended, heavy, edematous
lungs that fail to collapse and stable froth in the
upper airway including the mouth and nasal pas-
sages are characteristic of drowning (Fig. 1.6)
but not specific, as these may be due to other
causes [37, 71].

Fig. 1.4 Lung, canine, aspirated foreign material in
drowning. Abundant foreign material is present in an air-
way (Courtesy of Dr. M. Hazlett)

Fig.1.5 Lung, canine. Same lung as in Fig. 1.4, adjacent
to area with foreign body demonstrating only mild con-
gestion and hemorrhage (Courtesy of Dr. M. Hazlett)

A small to moderate amount of watery, colorless
to pale pink-brown tracheal foam is a fairly com-
mon postmortem artifact in a variety of species,
especially in the setting of barbiturate euthanasia,
and may be especially prominent in horses [72].
Stable froth in the tracheobronchial tree (Fig. 1.7),
larynx, and nostrils can only be produced by a live
animal [18] and may also arise with other causes
of pulmonary edema [37]. Blood-tinged froth is
produced by hemolysis of red blood cells within
the edema fluid [42]. A mare that initially sur-
vived drowning had stable red froth at the nares
and continued to expectorate this material by par-
oxysmal coughing for a few hours after treatment
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Fig.1.6 Lung, canine,
drowning. The lungs are
distended, edematous
with emphysema,
petechiae, random
atelectatic foci, and
subpleural hemorrhages
(Courtesy of Dr.

S. McDonough)

Fig.1.7 Trachea,
canine, drowning.
Abundant stable froth
and red-tinged fluid are
present in the trachea
(Courtesy of Dr.

S. McDonough)

was initiated [14]. Macroscopic or microscopic
foreign material deep within the tracheobron-
chial tree and lungs is compatible with aspiration
(Fig. 1.4) [18]. In people, the external foam and
stable airway froth may persist for several days,
even with the onset of putrefaction [37]. Both fea-
tures may disappear or be altered by the effects of
time, handling, storage, and freezing of the body
prior to the postmortem examination [11]. This is
another reason why investigators should provide,
and pathologists should request, photographs and
documentation of the animal at the recovery scene.

The amount of liquid penetrating the lungs
depends upon the respiratory efforts, laryngo-

spasm, and time of cardiac arrest [46]. Most peo-
ple die with typical pulmonary lesions of marked
edema and abundant tracheal froth (“wet drown-
ing”), whereas 2—-15% is classified as drowning
without discernible evidence of aspiration (“dry
drowning”) [46]. “Dry” lungs in human victims
attributed to sudden cardiac arrhythmias includ-
ing channelopathies [61, 76], cardiac arrest, or
laryngospasm following submersion [46]. “Dry
drowning” may represent not only one end of the
spectrum of drowning lesions but also deaths in
water due to natural causes and bodies that were
disposed of in water [9, 42, 46]. The significance
and pathophysiology of “dry drowning” is debated
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in medical forensic pathology [46], and as stated
previously, this term should be avoided. In dogs,
even low volumes of aspirated water caused
hypoxemia and decreased lung compliance [24,
38]. Lungs lacking evidence of aspiration are doc-
umented in experimental drownings of muskrat
and beavers that had a mucus plug in the trachea
[33]. In dogs, lack of significant fluid aspiration
was attributed to laryngospasm [41] or the failure
to gasp [30] although the latter seems unlikely.

Pleural effusion, subdural discoloration of the
petrous temporal bone due to congestion, or hem-
orrhage in the mastoid process and middle ear,
hemorrhage in the neck muscles, a contracted
spleen [3, 4, 37], subpleural intra-alveolar hem-
orrhages with blurred margins (Paltauf’s or
Rasskazov-Lukomskij spots) [77], and hemolytic
red staining of the aortic intima [78, 79] and left
heart [80] are additional findings in people that
may support a diagnosis of drowning. Subpleural
hemorrhages were present in lungs from a
drowned dog (Fig. 1.6).

Weights such as blocks, tires, or chains bound
to the animal indicate intentional submersion of
the body but do not indicate if the animal was
alive or dead at the time of submersion [11].
Lesions of blunt force trauma of the head, neck,
or limbs may be present in animals that were forc-
ibly immersed or submerged in water [18, 20, 81].

The appearance and approximate volume of
gastric contents should be documented, as swal-
lowing water is common during drowning [11,
30, 41]. Gastric mucosal lacerations due to over-
distension of the stomach with water are sporadi-
cally reported in human drowning victims [37].
Elevated liver enzymes in animals resuscitated
following submersion were attributed to hepatic
hypoxia and necrosis, but this cannot be con-
firmed as histopathological examination of the
liver has not been described [21] Hepatocellular
necrosis was confirmed in one dog that aspirated
water from a drainage ditch, but it cannot be
determined if this was due to the initial drowning
or sequelae such as heart failure [15]. Myocardial
lesions of contraction bands and rupture of inter-
calated discs in the cardiac myocytes of rats
drowned in either salt- or freshwater may be due
to excessive catecholamine release [82].

A thorough postmortem examination will aid
in determining if significant intercurrent diseases
are present [21], and a medical history of condi-
tions such as epilepsy will also be useful particu-
larly in determining why an animal was unable to
extricate itself from the drowning medium [11,
18]. Hyponatremic encephalopathy due to
excessive intake of freshwater (water intoxica-
tion) should also be considered as a contributing
or alternative cause of death, particularly in ani-
mals that play or train in freshwater [83].

1.5 Postmortem Changes

The postmortem submersion interval (PMSI) and
postmortem changes that occur while in water
and following retrieval may make examination
and determination of the cause of death even
more challenging [11]. Early changes are skin
maceration, lividity, rigor mortis, and algor mor-
tis, and late changes include initial putrefaction,
advanced putrefaction including adipocere for-
mation, and skeletonization [37, 84]. Adipocere
is a waxy material on bodies submersed in water
produced by degradation of adipose tissue by
endogenous and bacterial enzymes [85].
Postmortem changes in the water, as on land, are
time and temperature dependent [37]. The lower
temperatures of bodies of water usually retard
rigor mortis and accelerate body cooling [37, 84].
Decomposition while in water is slower than on
land; however, once a body is removed from the
water, it rapidly accelerates. The body initially
sinks and then rises to the surface once putrefac-
tive gases increase buoyancy [85]. If the water is
cold enough, putrefaction may not occur and the
body may never resurface. Depending on the
duration and conditions of submersion, hair may
slip from the skin, and the entire body may be
waterlogged [37]. Scavenging by aquatic animals
and trauma inflicted by natural and man-made
elements of the aquatic environment may create
postmortem lesions or may alter or destroy ante-
mortem lesions [37]. Water may dilute antemor-
tem hemorrhages, and projectile, sharp force or
blunt force injuries may be obscured or effaced
by maceration and hemolysis.
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Fig.1.8 Photograph of
the scene with a dead
dog at the edge of the
wet cement patio and a
plastic portable
swimming pool partially
filled with murky water
(Courtesy Dr.

N. Bradley-Siemens)

Fig.1.9 Dog from
Fig. 1.8 at the edge of
the patio. Note the wet
hair and the wet cement
patio (Courtesy Dr. N.
Bradley-Siemens)

1.6  Case Report of Drowning [81]

Law enforcement arrived at a premise following
a telephone call about a disturbance. Two dead
dogs were found in the backyard and other dogs
present appeared to be in good health. The dogs

!'Courtesy of Dr. Nancy Bradley-Siemens.

were seized and submitted for postmortem exam-
ination. The photographs from the scene showed
children’s plastic wading pool approximately two
thirds full of murky water, located on a wet
cement patio and a dead dog with wet hair at the
edge of the patio (Figs. 1.8 and 1.9). The dog was
a 2-year-old female pit bull that weighed 25 kg.
Radiographs revealed gaseous distension of the
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stomach and intestinal loops and a diffuse inter-
stitial pattern in the lungs. Multifocal to coales-
cent subcutaneous and intramuscular contusions
were present around the right eye and nasal bone.
The lungs were distended, diffusely and mark-
edly edematous with multifocal random subpleu-
ral petechiae and ecchymoses. Abundant red
froth present throughout the entire tracheal lumen
extended into the primary bronchi. The stomach
contained abundant fluid. Diffuse severe pulmo-
nary edema and periocular hemorrhage were
confirmed histologically.

Although the pulmonary lesions were sugges-
tive of drowning, this could not have been con-
firmed without the documentation at the scene:
the pool, the wet patio cement, and the wet dogs
were corroborative evidence that permitted the
investigators convict the perpetrator for animal
cruelty.

1.7  Ancillary Tests and Methods
Used in Determination
of Drowning

1.7.1 Lung Weights

The increased weight of lungs and pleural fluid
used to support the diagnosis of drowning in peo-
ple is unreliable as many variables influence the
result [8, 9, 46, 86]. Lung weights of 1000
[4]-1400 g [86] used to confirm drowning in peo-
ple are misleading as there is no agreement in the
medical literature regarding normal lung weights
[46]. Similarly, reference values for postmortem
lung weights are not available for most species
and breeds, and application of allometrically
determined lung weights [73, 74] requires further
validation if applied in a forensic context. A
drowning index of the weight ratio of the lungs
and pleural effusion to the spleen has been pro-
posed in people to be more accurate than absolute
lung weights [87], although it is affected by post-
mortem interval and has a relatively low sensitiv-
ity and specificity of 66% and 77.5%, respectively
[75]. It remains to be determined if this measure-
ment is applicable to or accurate in animals and
could be confounded by barbiturate euthanasia.

1.7.2 Diatoms

Perhaps no other ancillary test in the diagnosis of
drowning in people has received as much atten-
tion, scrutiny, and debate as the use of diatoms [2,
4,5, 37,46, 88-95]. Diatoms are unicellular algae
with a silica cell wall (frustule) that makes them
inert to acids, high temperatures, and enzymatic
digestion [96]. The use of diatoms as a diagnostic
test for drowning is based on the assumption that
the individual must be alive for them to be aspi-
rated, penetrate the alveolar-capillary membrane,
enter the circulation, and enter tissues including
marrow [15, 85]. If meticulous techniques are
used to retrieve diatoms from the marrow, their
presence in large numbers may corroborate a
diagnosis of drowning, and their unique charac-
teristics may identify the location and drowning
medium of the victim [93, 94]. The sensitivity of
the method is relatively low and depends upon the
time of year when the algae bloom [93]. The spec-
ificity may be high with the appropriate tech-
niques; however, the prospect of contamination
during the postmortem submersion interval and
sample preparation is high, resulting in false-pos-
itive results [84]. Because diatoms are found in
bodies not recovered from water and in living
people, the possibility that they enter the circula-
tion from ingested food must be considered [96].
Although diatoms were identified in the tracheal
wash of a dog that aspirated during a seizure in a
water-filled drainage ditch [15], application of the
diatom test to confirm drowning in animals
requires additional rigorous validation studies.

1.7.3 Electrolyte Tests

Differentiation between saltwater and freshwater
drownings using electrolyte levels in blood or vit-
reous humor has not been widely accepted. The
Gettler test comparing chloride levels in right and
left ventricular blood [4] has been shown to be
unreliable. Elevated vitreous humor sodium lev-
els in cases of saltwater drowning and decreased
levels in freshwater drowning proposed as a
marker of the drowning medium [49] may be
useful but requires further validation.
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1.8  Summary

Diagnosis of drowning is difficult in both human
and animals [11, 18, 20, 37,71, 97]. Additionally,
bodies recovered from water may or may not
have drowned [11, 18]. A thorough postmortem
examination is necessary to:

e Identify and document the presence and
absence of lesions that may corroborate or
rule out death due to drowning.

e Identify intercurrent disease that may have
influenced the animal’s behavior in or around
the water.

e Identify traumatic injuries consistent with
non-accidental injuries of forced submersion
or immersion.

While there are characteristic macroscopic
and microscopic lesions of drowning, none are
specific. Additional information from the crime
scene investigators, including witness accounts,
an accurate history, previous medical conditions
of the animal, and disposition of the body when
retrieved from the drowning medium are often
needed to provide the pathologist with the con-
text of the postmortem findings.
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Thermal/Electrical Injuries

Tabitha C. Viner

2.1 Burns

Burns to the skin are described by addressing the
depth and size, most often described as total body
surface area (TBSA) affected. In the human litera-
ture, size and depth of a burn are prognostic indica-
tors for survival or post-burn sequelae. The location
and shape of a burn or scald may also provide evi-
dence of intentional or unintentional injury.

The morphology of a burn varies depending on
the agent of heat and the duration of contact. An
open fire burning at 600 °C may produce burns
of different depths depending on how close and
how long an animal is exposed to it. Prolonged
contact at a distance from the flame may produce
pathologic changes similar to direct contact and
quick exposure. Similarly, water at a sub-boiling
temperature of 65 °C can produce deep burns if
exposure or submersion is prolonged.

Burns to the skin have been -classically
described as first, second, third, or fourth degree
based on gross characteristics and the depth of
affected tissue. However, because heat is not
evenly distributed across the skin surface, gross
manifestations of heat injury may range from
simple erythema to full-thickness necrosis of the
skin. Full gross and microscopic descriptions of
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the lesions seen in a thermal injury case can help
dispel any confusion that may arise with the use
of classical monikers.

The gross and microscopic appearance of the
different depths of burns is described by Tintinalli
et al. [1] and shown in Table 2.1. Superficial
burns affect only the upper epidermis. They
appear hyperemic and are sensitive to the touch.
The classic example of a superficial burn is sun-
burn, in which the skin appears pink and the ani-
mal exhibits withdrawal or avoidance when the
area is touched. Superficial partial-thickness
burns affect the epidermis and the dermal papilla,
while sparing deeper layers. The adnexa remain
intact and the skin is very painful. Blisters are the
hallmark of this depth of burn and the area
appears moist and red. Hot, water-based liquids
often cause superficial partial-thickness burns.

Deep partial-thickness burns extend into the
dermis, affecting adnexa, but spare the pannicu-
lus. These burns appear white or pale yellow.
Because the nerves in a deep partial-thickness
burn have been affected, the area is not painful to
the touch. Similarly, blood vessels in the area are
cauterized and the skin does not blanch when
pressed. These lesions may be caused by expo-
sure to hot objects, such as cigarettes and flames
or hot, oil-based liquids.

Full-thickness burns extend into the pannicu-
lus adiposus and carnosus. All adnexa in the area
become necrotic or are destroyed, depending on
the agent of the burn. These wounds may be
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Table 2.1 Burns of the skin may be classified by the level to which the thermal agent has an effect. Each classification
is associated with clinical, gross, and histological characteristics that may overlap or differ based on the portion of the

burn that is examined

Depth

Clinical presentation

Gross appearance

Histological
appearance

Causes

Superficial burn
Epithelium only

Painful to the touch

Smooth, erythematous
skin that blanches with
pressure

Capillary and
lymphatic ectasia with
cutaneous edema

Radiant heat (sun)

Superficial partial-
thickness burn

Upper dermis sparing
adnexa

Very painful to the
touch

Moist, erythematous
skin with blisters that
blanches with pressure

Separation of the
epithelium from the
dermis with
proteinaceous fluid or
cellular infiltrate
within the void.
Elongation of basilar
cell nuclei in intact
skin

Hot water scalds

Deep partial-
thickness burn

Deep dermis affecting
some parts of adnexa

Discolored area is
painless

Erythema with
central, static area of
white or yellow
discoloration (zone of
coagulation)
Coagulative necrosis
and smudging of
dermal collagen. Loss
of differential staining
and nuclear pyknosis

Hot water, oil, or
grease, steam, flame

Full-thickness burn

Panniculus
affecting the entire
depth of adnexa

Painless

Charred, leathery
skin may be black
or pale

Possible tissue loss
or metal deposition
(depending on
thermal agent)

Contact with fire,
hot metal, hot oil

blackened, leathery, or pale and are painless.
Common agents of full-thickness burns include
high-voltage electrocution; hot objects, such as
soldering irons; or prolonged contact with steam
or oil-based liquids.

Heat dissipates with distance from the injuri-
ous agent, and the gross and histologic alterations
in the skin reflect this temperature differential. In
1953, Jackson described three zones of tissue
alteration that result from a deep partial-thickness
or full-thickness burn [2]. At and directly sur-
rounding the point of contact with the hot object
or electrical current is the zone of coagulation. In
this area, the tissue is necrotic and damage is irre-
versible. In a live animal, the skin appears
blanched and the coloring is not responsive to
pressure. Surrounding the zone of coagulation is
the zone of stasis, which is characterized initially
by vasoconstriction and ischemia. Immediately
after the burn event, tissue in this zone remains
viable, though subject to the effects of inflamma-
tory mediators. Without local and systemic treat-
ment of the burn victim, tissue in the zone of
stasis may become necrotic. Between the zone of
stasis and unaffected tissue is the zone of hyper-
emia. Vessels in this area are dilated due to local

release of inflammatory mediators. Unless sub-
ject to additional insults—such as infection—tis-
sue in the zone of hyperemia remains viable and
heals with little to no scarring.

The estimation of the body area affected by
burns is well established in the human literature
by the “rule of 9 s.” In this schema, the arms each
represent 9% of a human’s surface area; the legs,
18%; the head, 9%; the trunk, 36%; and the geni-
talia, 1% of the total body area. Because of obvi-
ous physical differences between quadrupeds and
humans, this rule cannot be directly applied to
animals. Additionally, variations in conformation
between breeds make a single rule difficult to for-
mulate. A rough estimation of the surface area of
different body parts can be made based on a
generic dog schematic (Fig. 2.1). In this diagram,
the forelimbs represent 10% of the surface area;
the hind limbs, 15%; the head and neck, 25%;
and the trunk, 50%. Animal tails vary widely in
surface area and pelage character, and a descrip-
tion of the effects of thermal damage should be
included in the narrative on affected surface area.

The skin reacts to heat consistently, whether
the injurious agent is a flame, hot liquid, heating
pad, or electric current. The patterns of injury



2 Thermal/Electrical Injuries

19

Fig.2.1 Approximation
of body surface area
represented in a
schematic of a generic
dog. In this model, the
forelimbs collectively
represent 10% of the

body surface area; the
hind limbs, 15%; the
trunk, 50%; and the
head and neck, 25%.
Estimation of the body
surface area affected by
thermal or chemical
burns can inform
predictions for healing
and survival

vary depending on the electrothermal cause.
Despite the source, protein degeneration begins
to occur when the cell temperature reaches
approximately 45 °C [1]. Coagulation necrosis is
the norm. Additional histologic changes include
intraepidermal or epidermal-dermal separation
(blisters). Intraepidermal separation is much
more common in electrocution events than in
thermal burns [3]. The presence of concurrent
intraepidermal and subepidermal separation is
also more common in electrocuted skin than in
flame-damaged skin. Other electrothermal
changes in the skin include dermal smudging or
homogenization, darkening of the epidermal cell
nuclei, and elongation of the nuclei in the basal
and hair follicle epidermis.

In animals, the primary barrier to exogenous
heat or electricity is the hair or feathers. Often,
the effects of heat exposure are limited to this
barrier only. As keratin melts, it curls and
discolors brown or black [4]. Under a dissecting
microscope, there is an abrupt change between
the normal, straight hair or feather barb and the
curled and darkened outer portion of the hair or
barb. Higher temperatures cause the hair or
feather to char, turn to ash, and break off. It is not
unusual in high-heat burns to have a focal or dif-
fuse absence of plumage or pelage, with only fol-
licles remaining of the external covering.

2.2  Fire
The fires to which domestic animals are exposed
are most often present in an enclosed space, such
as a house or a room within a house. From a legal
perspective, it is important for the veterinary
forensic expert to establish whether the animal
was alive during the fire or dead prior to ignition
of the surroundings. In some house fire incidents,
it can be challenging to determine a cause of
death if the animal is partially or fully consumed
by the flames. However, even in cases in which
the entire body surface area has been charred,
internal organs often remain only mildly altered.
Radiographic, gross, and histologic examination
of burned remains still provides valuable infor-
mation on the condition of the animal at the time
of death and the cause of mortality.

Muscles that are exposed to the broad heat of
a fire react by contracting. In humans, this con-
traction of major muscle bundles results in a
“pugilistic pose” wherein the limbs assume a
crouching and defensive posture: the hands close,
the knees bend, and the elbows flex. Animals that
are burned may have an arched back and flexed
limbs, reflective of contraction of the most pow-
erful muscle bundles.

In a fire situation, the most dangerous elements
are inhaled gasses and particulates. Fire-related
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deaths are more often attributed to inhalation injury
than to physical burning of the skin. The products
of combustion are dictated by the objects that are
on fire. The smoke that is produced is inconsistent
from fire incident to fire incident and may include
particulates, aerosolized fluids and solids, super-
heated air, and gasses in varying quantities and
types. In addition to these harmful substances,
combustion uses up the oxygen in a confined space,
resulting in a low-oxygen environment. Irritants
that may be produced by the combustion of objects
include ammonia, sulfur dioxide, hydrogen chlo-
ride, and phosgene. These may have direct effects
on the airways, resulting in edema and inflamma-
tion. Asphyxiants displace oxygen both in the envi-
ronment and physiologically, making this class of
agent highly dangerous in an enclosed space situa-
tion. The most common fire-derived asphyxiants
are carbon monoxide (CO) and cyanide (CN).

Smoke may originate not only from the obvi-
ous flames of a fire but also from items that are
smoldering [5]. Smoldering occurs when an object
is exposed to heat sufficient to cause thermal
decomposition, but the relative oxygen concentra-
tion in the immediate surroundings is insufficient
to support flame. This high-heat decomposition, or
pyrolysis, still results in the release of particulates,
gasses, and superheated air that can be detrimental
to humans or other animals in the area.

Standard evaluation of fire survivors, especially
those showing signs of tachypnea, tachycardia,
and CNS depression, should include blood gas
analysis and CO-oximetry in addition to a thor-
ough history and physical evaluation. Chest radio-
graphs may initially be unremarkable, but edema,
inflammation, and cast formation may result in an
alveolar or interstitial pattern 2-36 h after the
event. Additional delayed effects of smoke inhala-
tion include cerebral edema due to prolonged
hypoxia, and stenosis and fibrosis of airways.
Similar to burn victims, infection may follow a fire
event resulting in bacterial pneumonia.

2.2.1 Pulmonary Irritants

Soot and other fire-related particulates are pro-
duced at the upper surface of the fire. In wildfires,

these particulates are carried up and away on the
wind. In an enclosed space, however, smoke fills
a room from top to bottom and may be present
below the surface of the flames. Soot on the
mucosal surfaces of the trachea, esophagus, or
stomach is a sign of vitality and respiration dur-
ing a fire [6]. The absence of soot in these areas,
however, does not definitively indicate that the
animal was dead at the time of the fire. Elevated
levels of CO and cyanide produced by a fire may
induce toxicity, unconsciousness, and death
before the animal is exposed to particulate matter
in the air. Conversely, when soot is detected in
the airways or upper GI tract, toxic or lethal lev-
els of carboxyhemoglobin (COHb) and CN are
almost always detected [7].

Grossly, soot and fire-related particulates
appear as a black coating on the mucosal surface
of the trachea. Swallowing during the fire results
in black, smudgy material in the esophagus and
stomach. In acute deaths, the material is extracel-
lular and associated with the surface mucus layer.
Particles that are smaller than 3 pm in size may
reach the alveoli [5].

In a fire situation, animals may be exposed to
superheated air. The temperature of this inhaled
air declines quickly distal to the larynx. Thus,
animals that survive exposure to a burning struc-
ture rarely have direct thermal injury caudal to
the vocal cords. Damage due to inhalation of
steam, however, may occur in the more distal
portions of the trachea [1]. Postmortem explora-
tion of whether an animal was alive during the
thermal event should include histologic sampling
of the trachea from at least three locations. Areas
immediately adjacent to the larynx may exhibit
loss of epithelial cilia, mucus production, and
deposition of soot particles at the surface. These
changes decrease and disappear in distal portions
of the trachea. Edema of the lower airways may
occur up to 24 h after inhaling superheated air.
Animals that survive for a period of time after
inhalation of hot gasses may develop acute respi-
ratory distress syndrome, and/or pseudomembra-
nous or purulent tracheobronchitis.

In some cases, delayed responses to the inha-
lation of superheated or smoke-laden air may
occur. A common pathologic response to smoke
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inhalation in humans is the development of tra-
cheobronchial polyps [8]. Histologically, these
polyps are composed of granulation tissue and
fibrosis with little inflammation. The presence of
polyps may induce a chronic, dry cough and per-
sist for up to 6 months. In animals, asthma or
chronic obstructive pulmonary disease may
develop weeks or months later. Additionally,
inhaled carcinogens produced by the combustion
of plastics may eventually cause neoplasia.

2.2.2 Carbon Monoxide

Carbon monoxide is naturally occurring and may
be present in the body at base levels around 1%.
Animals that live in the environment of a smoker
may have slightly elevated levels. Carbon mon-
oxide binds to hemoglobin with approximately
200 times greater affinity than oxygen.
Approximately 85% of systemic CO is bound to
hemoglobin,  forming  carboxyhemoglobin
(COHD). Circulating COHD is taken up by the
tissues in the same manner as oxyhemoglobin but
is incapable of providing resources for aerobic
respiration.

Normal atmospheric CO concentration in an
average home is generally 10 ppm or less.
Increased volume fraction of atmospheric carbon
monoxide may be a result of combustion of
carbon-based materials in an enclosed space.
Stoves that use wood, propane, or other petro-
leum products consume oxygen and produce
CO,. If the environment in which the stove is
located is not vented properly, oxygen within the
space becomes less available, and consumption
of CO, will produce CO. OSHA limits human
exposure to CO to 50 ppm, averaged over an 8-h
period. The peak exposure limit for some opera-
tions is 200 ppm.

Animals breathing in an environment with an
increased volume fraction of CO develop ele-
vated levels of COHb. The COHb competes
with oxygenated hemoglobin for uptake into
cells where it interferes with aerobic respiration
and production of ATP. The cells become
hypoxic and organs throughout the body are
affected [9]. Additionally, CO induces the

release of NO and guanylate cyclase [1] which
acts on the vasculature, causing vasodilation.
The combination of vasodilation and low blood
oxygen saturation results in ischemia-reperfu-
sion injury. This damage is most commonly
seen in cardiomyocytes and neurons, especially
those in the basal ganglia. In addition to neuro-
nal cell death, acute myocardial infarction and
rhabdomyolysis may be seen in animals that
survive the initial event.

Antemortem diagnosis of CO poisoning can
be done by measuring the amount of circulating
COHb. Blood gas analyzers with CO-oximetry
can accurately measure the amount of COHb,
as well as oxyhemoglobin and methemoglobin
saturation [1, 5]. Routine blood gas analysis
without CO-oximetry calculates the amount of
these compounds and does not directly measure
their levels. Thus, in cases of toxicity, some
measurements using this method may be artifi-
cially high. The relative amount of blood COHb
decreases when the animal is removed from the
smoke environment. Thus, measurements of
blood gasses upon admission to the clinic may
not reflect the peak levels that the animal expe-
rienced. Blood gas analysis is inaccurate for ani-
mals found dead at the scene. The most accurate
measurement modality for postmortem blood
samples is the gas chromatography-thermal con-
ductivity detector method (GC-TCD) described
by Lewis et al. [10].

Clinical signs of CO toxicity may be seen
when COHD rises above 10% [1]. Animals may
become dyspneic, cyanotic, and lethargic. Due to
decreased oxygen saturation of the blood, ani-
mals may be tachycardic. Acute fatality may
occur when blood levels of COHb are 50-80%.
There is no direct correlation between COHb lev-
els and the presence or intensity of clinical, gross,
or histologic signs, though levels above 10% are
considered to be indicative of toxicity. Other his-
torical factors, such as evidence of fire, closed
windows, and/or combustion materials, can help
point toward CO toxicity.

The blood and mucus membranes of animals
that have died of carbon monoxide poisoning are
unnaturally bright red. Aside from dilation and
congestion of vessels, histologic lesions of acute
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CO poisoning are not evident. In comparison to
pure hypoxic events, toxicity from CO poisoning
may have a delayed course. Animals that survive
an initial insult may exhibit morbidity and mor-
tality hours, days, or months after an event.
Animals that initially show improvement with
supportive care may reverse clinical course and
develop seizures or other CNS disturbance. The
pathophysiology of delayed CO poisoning is not
entirely clear, but changes of selective neuronal
necrosis are most commonly seen in the palli-
dum, substantia nigra, cerebellum, and hippo-
campus. Capillaries in these areas may exhibit
plump, reactive endothelial cell nuclei with occa-
sional lymphocytes in the Virchow-Robin spaces
[11]. Necrosis of the deep cerebral white matter
may also occur in delayed CO toxicity. Computed
tomography can also be helpful in delineating
symmetrical neuronal loss in the globus pallidus
and other basal ganglia [12].

2.2.3 Cyanide

Cyanide also inhibits oxidative phosphorylation
by binding to ferric ion cytochrome a;, part of
cytochrome oxidase in the mitochondria. Like CO,
cyanide toxicity causes a decrease in ATP produc-
tion and disrupts cellular aerobic respiration [1].

In a fire situation, hydrogen cyanide (HCN) is
produced through the combustion of nitrogenous
materials, such as wool, silk, mattresses, and
upholstery [7]. The effects of inhaled HCN are
immediate and may include dyspnea, seizures,
bradycardia, and loss of consciousness. Clinical
signs may be seen when concentrations of HCN
reach 200 ppm in the air.

Gross necropsy findings are inconsistent and
may include a bitter almond smell and cherry red
discoloration of the skin and mucus membranes.
Due to the rapid onset of death due to cyanide
inhalation, histologic effects are rare. There are
no delayed effects of cyanide inhalation as are
reported in CO toxicity.

Animals that survive a cyanide inhalation
event may have metabolic acidosis but normal
blood gas and CO-oximetry results. Normal lev-
els of COHD in the blood of animals exposed to

smoke or fire and exhibiting clinical signs of
hypoxia should alert the veterinarian to the pos-
sibility of cyanide inhalation. Concentrations of
cyanide in deceased animals can be measured in
the heart blood via modified microdiffusion and
photometry. Some toxicology labs have specific
packaging and sampling requirements for cya-
nide samples.

Because the production of HCN during a fire
depends on the material being burned, there is no
strong correlation between measured COHb and
HCN in fire- or smoke-inhalation victims [7].
HCN is more commonly detected in closed-space
fire events than in other types of fire situations.

2.3  ErythemaAbIgne

Chronic exposure to a heat source that is cooler
than the burn threshold (<45 °C) may result is an
erythematous and hyperpigmented condition
called erythema ab igne [13]. Heat sources may
include heating pads, heat lamps, space heaters,
or hot water bottles. Chronic heat source expo-
sure in animals may result in localized alopecia
and a reticulated or interlacing pattern of hyper-
pigmentation and erythema. Microscopically,
there may be keratinocyte atypia, thinning of the
epidermis, single-cell keratinocyte necrosis, and
adnexal atrophy [14].

2.4  Scalds

Scalds occur when the skin comes in contact with
hot liquids. Scalding is associated with partial-
thickness skin damage, and full-thickness burns
and charring do not occur. The hair coat of mam-
mals initially provides protection against the hot
liquids. However, once the liquid reaches the skin,
the hair acts as an insulator, holding the heat to the
surface and potentially increasing the injury.
Scalds may have an intentional or unintentional
etiology [15]. In humans, intentional scalds most
often occur when a child is held or suspended in a
body of hot water, such as a tub or sink. In these
cases, the scalds are of uniform skin depth and
degree and have well-defined margins between
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the affected and unaffected skin. Accidental
scalds happen when hot liquids are dropped or
pulled onto the body. In these cases the scald mar-
gins and depth of damage are irregular, due to
movement of the body at the painful stimulus and
cooling of the liquid as it pours over the skin. In
veterinary forensics, the pattern of intentional
scalds and scalds due to neglect may mimic acci-
dental human scalds as hot liquids may be poured
over or splashed onto an animal. Other indications
of neglect, such as matted hair and ill-fitting col-
lars, may exist in these cases to assist the forensic
veterinarian in their assessment of the case.

2.5 Radiation

Nonionizing radiation has low energy and does
not generally have an adverse impact on DNA or
other cellular components. Common sources of
nonionizing radiation include television sets, cell
phones, and radios. lonizing radiation is capable
of eliciting molecular change in the cell, which
may be harmful. Humans and other animals are
exposed to ionizing radiation every day in the
form of sunlight, natural decay of uranium and
thorium in the soil, and natural radioactive miner-
als in food.

The sun produces ultraviolet radiation of
wavelengths between 100 and 400 nm that is fur-
ther subdivided into UV-A (315-400 nm), UV-B
(280-315 nm), and UV-C rays (100-280 nm;
[16]). The Earth’s ozone layer filters out the
shorter UV-C rays and most of the UV-B rays
before they reach the surface [17]. The 5-10%
of UV-B rays that do pass through the ozone
layer to affect animals penetrate the skin super-
ficially, with very little reaching the dermis. As
the primary instigator of sunburn, these rays
may be directly absorbed by DNA, resulting in
molecular rearrangements, and also precipitate
inflammation by inducing cytokines and vaso-
active mediators. This inflammatory cascade
results in the visible sunburn or superficial burn.
Gross changes and the pain associated with
them peak between 24 and 48 h postirradiation.
Extended exposure to UV-B rays may result in
keratinocyte apoptosis. The epidermal response

to chronic exposure involves hyperkeratosis,
upregulation of epidermal melanin production,
and increased thickness of the epidermal layer
as protection against further UV damage.

UV-A rays can penetrate deeply into the der-
mis and incite reactive oxygen species (ROS),
which can then directly damage DNA. ROS may
oxidize guanine, resulting in its transformation
into 8-hydroxy-2'-deoxyguanosine, which pairs
with adenine. This changes a G/C pair into an
A/T pair. Cellular DNA repair mechanisms cor-
rect these defects in the vast majority of instances,
but missed maintenance of certain mutations may
result in carcinogenesis.

In contrast to nonionizing radiation, far ultra-
violet light, X-rays, gamma rays, and all particle
radiation from radioactive decay are regarded as
ionizing radiation. Ionizing radiation most nota-
bly causes hydrolysis of water, resulting in the
formation of reactive oxygen species which can
directly harm DNA and other macromolecules
[18]. The most common effect of ionizing radia-
tion is carcinogenesis resulting either from direct
neoplastic transformation of a cell or inactivation
of tumor suppressor molecules, such as p53 and
retinoblastoma. The most commonly reported
neoplasm related to non-sunlight, ionizing radia-
tion exposure is leukemia, though thyroid tumors
[19], hemangiosarcoma, osteosarcoma, and pul-
monary adenocarcinoma have also been docu-
mented [20].

Reactive oxygen and nitrogen species may
continue to be generated in an irradiated cell,
even after the ionizing event has ceased.
Additionally, the excessive generation of these
species can be passed to the cellular progeny
through cell division and to adjacent cells through
intercellular mechanisms of communication.

High doses of ionizing radiation—such as is
given in radiotherapy—and chronic exposure to
low-level radiation have been associated with
myocardial fibrosis and pericardial adhesions in
both humans and animals [21]. Narrowing of ves-
sels in the heart and brain may lead to congestive
heart failure and thrombotic or embolic central
nervous system infarction. There may also be an
effect on epithelial cells at the transitional zone
of the lens, resulting in posterior subcapsular
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cataracts and cortical cataracts. Nuclear cataracts
are not associated with ionizing radiation.

Mitochondrial DNA and proteins are also
affected by ionizing radiation. Resulting defects
in mitochondrial function can result in aberra-
tions of protein manufacture and transport and
accelerated cellular aging.

2.6 Sources of Thermal Injury

in Wildlife

Outside of a domestic situation, the dangers of
electrothermal injury do not necessarily decrease.
Wild animals are subject to wildfires, commer-
cial electricity and heat sources, and lightning.
The effects of industrial gas flares and the solar
industry are discussed below. Electrocution is
addressed later in this chapter.

2.6.1 Gas Flares

Landfill management and the production of
energy from fossil fuels often involve the dis-
posal of excess volatile gasses. These gasses are
often transmitted up a tall, chimney-like stack
and directly released or burned in the upper por-
tions of the stack. Gas flare stacks are at least 30’
tall and burning may be intermittent or constant.
Birds and insects may be attracted to the gas
flares because of the light emitted from them.
Birds may also be pursuing the attracted insects
as prey items.

Birds that fly in close proximity to the gas
flares may experience temperatures sufficient to
singe the feathers. The pattern of singeing is dif-
ferent from that of burns or electrocution in that
the feathers are diffusely affected. When birds fly
over a gas flare, all the feathers over the ventral
aspect of the body and inner aspects of the wings
are exposed to heat. The outer edges of the feather
barbs are affected first and will curl and darken
synchronously. Charring of the skin and burning
of the feather shafts are generally not seen
because birds do not fly into the flame itself for a
prolonged period of time. Damage to the feathers
may be sufficient to impair flight, and birds may

crash to the ground, sustaining additional blunt
force injuries.

2.6.2 Solar Energy Equipment

There are three different types of commercial
solar power-generating facilities: photovol-
taic, solar power tower, and parabolic trough.
Thermally, the most dangerous modality to
birds is the solar power tower. These facilities
utilize thousands of large mirrors to reflect the
sun’s rays, measured in solar flux units, onto
a centrally located tower. Within the tower is
a fluid that is heated by the concentrated rays
and, through vaporization and cooling cycles,
runs a generator. The concentration of the sun’s
rays around the top of the tower produces a very
high solar flux or solar intensity. This potential
energy turns into heat when it comes into con-
tact with an object.

The concentrated solar energy around the
tower also emits light, which attracts flying
insects, including monarch butterflies. The
insects, in turn, attract insectivorous birds, which
attract avian aerial predators. As the insects and
birds fly into the solar flux field, their bodies are
heated by the concentrated rays. Low-intensity
exposure results in diffuse feather singeing simi-
lar to that in gas flare exposure. In contrast to the
frank heat of a gas flare, however, solar energy is
absorbed differentially based on the color of the
surface being affected. Sun energy is absorbed
more by darker feathers or integument than by
light feathers or integument. Thus, in low-level
solar intensity exposure, dark bands on the feath-
ers may be singed or otherwise affected more
than lighter bands. Additionally, only the sur-
face of feather that is exposed to the solar flux
will become superheated. Areas of the vane that
are shaded by other feathers appear to be less
affected or unaffected by the solar flux (Fig. 2.2).

Exposure to high levels of solar flux may
cause severe singeing of the feathers or immedi-
ate combustion of the whole body. Birds may be
completely incinerated mid-flight leaving little to
nothing for the pathologist to examine.
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Fig. 2.2 Feather from a common raven (Corvus corax).
This raven flew into and was exposed to solar flux around
a solar power tower. In physical position on the wing of
the bird, only a strip of the feather adjacent to the shaft

2.7  Microwave Burns

Microwave ovens (or “microwaves”) produce
microwave radiation within the electromagnetic
spectrum. Units for residential use produce
microwaves of around 2.45 gigahertz and wave-
lengths of approximately 12 cm in length. They
heat food via a method known as dielectric heat-
ing. Water and other molecules present in food
have asymmetrical charges, meaning that one
side of the molecule is more positive than the
other side. Microwaves act to move these mole-
cules so that the charges are aligned in the same
direction. The shifting polarity of the waves then
causes the molecules to rotate 180° back and
forth. The movement and collisions required to
achieve alignment and rotation results in the pro-
duction of energy in the form of heat.

The effects of microwave radiation are limited
in depth due to the resistance of the object being
microwaved. The production of thermal energy is
lost as the microwaves travel deeper into the tis-
sue. Also, molecules that are more electrically
symmetrical (e.g., fats) or tightly packed (e.g.,
bone) are less able to be moved and aligned by
the microwaves, making heating less efficient.
The electrical asymmetry of water makes this
substance an efficient target for microwave
radiation.

In a microwave oven, microwaves are pro-
duced in a magnetron that is positioned focally at
a top corner of the unit. The microwaves are ini-
tially generated unidirectionally but then bounce

was exposed to the solar flux. Because other portions of
the feather were shaded by the adjacent flight feathers,
only the exposed strip became singed

off the walls of the chamber with continued gen-
eration. Eventually, the waves scatter and bounce
throughout the chamber, hitting food from many
directions.

Humans are generally indirectly injured by
microwaves, through scalds or burns from food
that has been heated in a microwave oven.
Animals, however, may be small enough to fit in
the chamber of a microwave and be exposed
directly to this radiation. Due to the interfaces
between the skin, panniculus adiposus, and mus-
cle, damage from microwaves is limited to the
superficial portions of the body. The area of the
body affected depends on the size of the animal,
the duration of exposure, and the power level
setting. Larger animals may prevent or limit the
bouncing of microwaves off the walls of the
chamber, absorbing the radiation before it con-
tacts the opposite wall of the chamber [22]. This
may result in focal or multifocal burns, rather
than diffuse damage to the skin.

Microwave radiation causes coagulative
necrosis of the skin and a leathery gross appear-
ance. As with direct thermal burns, the depth of
damage dictates the sensitivity of the lesions.
Penetration of the waves is often deep enough to
produce anesthesia in the affected tissue. Unlike
thermal burns, however, the transition from
normal to damaged tissue in a microwave burn
is often abrupt with little tapering of gross and
microscopic changes. Due to vascular thrombo-
sis and, perhaps, immunosuppression, inflam-
mation around the burn is delayed and mild.
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Reepithelialization is often slow, and sequelae to
the event, including septicemia and multiorgan
failure, may mirror those of thermal burns.

2.8 Post-Burn Sequelae

Sequelae to major burns may include multiple
organ failure, septicemia, insulin resistance, hyper-
glycemia, and fat and muscle wasting. In adult
humans, these conditions are more likely to occur
when over 40% of the TBSA has been burned.
Serious disorders may occur when over 60% of the
TBSA of children has been burned [23].

Immunosuppression in the post-burn period is
largely orchestrated by interactions between mac-
rophages and dendritic cells [24]. In the peracute
post-burn period, dendritic cells may mediate the
humoral immune response to the insult. Later
activity results in the stimulation of macrophages
throughout the system. Macrophages produce
both inducible nitric oxide synthase (iNOS) and
prostaglandins. Both PGE, and nitric oxide (NO)
suppress T cell proliferation, the effects of which
may be seen several days after the thermal injury.
Additionally, macrophages that, as a result of ther-
mal injury, have been stimulated into producing
NO and PGE, are resistant to the anti-inflammatory
effects of IL-10. Macrophages stimulated by non-
thermal injury are normally sensitive to the effects
of IL-10. This cytokine activity results in a period
of immunosuppression post-burn.

The activity of dendritic cells and NO is also
implicated in the breakdown of the barrier function
in the gut lining after thermal injury. NO causes
instability of the cell membranes of enterocytes
and endothelial cells. This disruption allows enteric
bacteria access to the circulation. Suppression of
the immune system then allows proliferation of
bacteria within the circulatory system.

Inflammatory mediators are mobilized imme-
diately after a burn injury. mRNAs are differen-
tially expressed in burn-damaged dermis to
coordinate these mediators, with some being
upregulated and some downregulated to promote
healing. Inflammatory mediators involved in
repair of burns include Notch-1 and Notch-2,
VEGF-A, TGF-beta, and COL1A2 [25].

Severe burns result in pathophysiologic altera-
tions that negatively impact the structure and
function of mitochondria [26]. Mitochondria-rich
muscle tissue acts as a reservoir for amino acids
and proteins that are required during the healing
phase. The combination of increased demand on
muscle tissue and the decreased capacity of the
energy-generating units results in muscle wasting
in the post-burn period, often lasting for over
9 months in humans.

Cardiac functioning and rhythm is altered after
severe burn events [27]. Beginning immediately
after the burn injury and lasting for up to 72 h, car-
diac function is severely depressed in what is referred
to as the “ebb phase.” Following this initial period,
the “flow phase” is characterized by increased
energy expenditure and heart rate which may last for
more than a year. This process is thought to be medi-
ated by beta-adrenergic receptors.

In studies of human burn victims, females had
poorer outcome than males [28]. This increased
risk of mortality was not associated with burn size
and is contrary to the better outcome exhibited by
human female victims of other types of trauma.
Similar studies have not been explored in animals.

2.9  Electrothermal Injury

Electrothermal injury may occur when an animal
completes a circuit with an object of sufficiently
high current and voltage. The movement of elec-
trical charges is dictated by the interactions
between current, resistance, and potential differ-
ence (Fig. 2.3). The flow of electricity (current)
between two points is measured in amperes (A).
The difference in electrical potential between
those two points is measured in volts (V).
Material between the two points has an inherent
resistance, measured in ohms, that affects the
flow of electricity. Ohm’s law states that the elec-
trical current is directly proportional to the differ-
ence in electrical potential between two points
and inversely proportional to the resistance
between the points. Substances with low resis-
tance, and thus amenable to current flow, include
water and steel. Rubber and wood offer greater
resistance and tolerate less flow of electricity. In
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Fig. 2.3 The relationship between electrical potential,
current, and resistance with regards to electrocution
injury. Electricity flows between two points—in this case
a ground wire and a power pole. The birds depicted have
an inherent resistance that affects both the current of elec-

real-world situations, animals that are wet or in
contact with moisture or metal provide relatively
little resistance to the flow of electricity. Dry skin
or contact with dry, nonmetallic substrate is more
protective against the full flow of current.

Electrical currents may be either alternating
(AC, cyclically flowing back and forth) or direct
(DC, unidirectional flow). Residential electricity
is AC, whereas electricity in batteries and light-
ning is direct. Regardless of whether the electric-
ity alternates or flows in one direction, the path
the current takes through the body follows the
route of least resistance and is usually the short-
est distance between the contact points.

Injuries resulting from contact with an elec-
trothermal source include physiologic distur-
bance of the cardiac rhythm, physical damage to
soft tissues (burns), and/or indirect, mechanical
injury as a result of a fall or muscle contraction.

2.9.1 Electrocution

Events involving contact with a source of elec-
tricity are classified as either high voltage

Electrical
Resistance =4 potential (volts)
(ohms) —

R Vv

Current (amperes)

tricity and the electrical potential between those two
points. The greater resistance provided by the dry bird on
the left limits the flow of electricity through the body,
whereas the wet bird in the right allows greater flow and,
thus, greater injury

(>1000 V) or low voltage (<1000 V). Domestic
animals may suffer electrical injury due to con-
tact with exposed live wires, Tasers, and jumper
cables or contact with water that is then exposed
to an electrical current. Wildlife, especially birds,
may be exposed to the higher voltage electricity
in power lines. Additionally, proximity to very
high-voltage sources may induce an electric arc
without physical contact with an electrical
source. The arc may contact an animal, resulting
in electrocution, or pass near an animal. Air sur-
rounding an electrical arc may reach tempera-
tures up to 20,000 °C and cause singeing of hair
or burned skin.

Exposure to high-voltage electrical conduc-
tors often results in severe electrical burns
because of the heat energy caused by contact
with the electricity source. The epidermal effects
of low-voltage exposure may be subtle or absent,
depending on the duration of exposure. Brief
exposure to a low electrical potential difference
may cause no visible soft tissue damage. Longer
exposure—as when an animal is trapped against
the electrical source—may result in mild to
severe burns.
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Muscles contract in response to the physio-
logic electrical currents passing through the
nerves. Exposure to rapid, exogenous current
induces tetanic or sustained contraction until the
source of electricity is removed. All muscles
within the path of the current are affected, but the
effect of contraction of larger muscles will be
stronger in relation to smaller muscle bundles.
Muscular contraction may be strong and fast
enough to cause fractures or joint dislocations. In
heavily muscled animals exposed to high-voltage
shocks even of very short duration, violent con-
traction may result in compartment syndrome.
This may also occur with prolonged exposure to
low-voltage current.

The nervous system provides the least resis-
tance to the flow of exogenous electricity. Thus,
the brain, spinal cord, and peripheral nerves are
acutely susceptible to electrothermal injury.
Neurons may undergo conformational change
that leads to increased cellular permeability, or
electroporation, which eventually results in cell
death [29]. Electrocution may cause a direct
effect on the eyesight through damage to the
optic nerve or occipital lobe of the brain. The cur-
rent also affects the intima and adventitia of
blood vessels through heat damage. This results
in increased vascular permeability and thrombo-
sis. Microscopic changes that may be evident in
survivors within hours of electrocution include
edema and local ischemic change. Eosinophilic
neuron cell bodies with pyknotic nuclei, indicat-
ing neuronal necrosis, may follow.

Circulatory damage due to electrocution may
also manifest in other areas of the body. Vascular
stasis, rhabdomyolysis, and ischemia may lead to
transient or severe disseminated intravascular
coagulation. These effects may be acute or
delayed.

Following the immediate effects of the elec-
trocution event, secondary effects of temporary
paralysis or autonomic disturbances may begin
within a few days. Late effects of electrocution
start to manifest 5 days after the event and include
brain stem dysfunction and movement disorders.
These delayed effects may be due to free radicals
released from damaged neurons, causing pro-
gressive demyelination [30].

In humans, the motor neuronal system is more
affected by electrocution injury than the sensory
system. This may be due to the relative physio-
logic emphasis placed on the motor system in
humans. Animals often have one or more highly
developed senses, depending on their evolution-
ary ecology. Thus, evaluation of a suspected or
confirmed electrocution victim should include
assessment of the potential effect of electrical
current and heat on the sensory neurons.

Skin burns may occur at the site of contact in
electrocutions with AC power or at entry and exit
points in DC or AC electrocution. Because elec-
trical energy is translated into heat energy at
points of contact with an animal, burns due to
electrocution can be described the same way as
burns due to direct thermal heat injury. The
effects of electrocution may be subtle, resulting
in little to no discernible burns to the skin. Minor
or focal damage to the hair or feathers of an elec-
trocution victim can be highlighted by viewing
the affected skin through a red filter while illumi-
nating the area with an alternate light source
(ALS) tuned to wavelengths between 530 and
560 nm [31]. Keratin that has been electrother-
mally damaged has photoluminescent properties
that make it glow bright orange-red when viewed
through a red filter under these wavelengths of
visible light. Glabrous skin that has been dam-
aged by heat or electricity may appear grossly to
be merely abraded, ashy, or scratched (Fig. 2.4).
These lesions, however, can be differentiated by

Fig.2.4 Left foot of a golden eagle (Aquila chrysaetos).
Ashy discoloration of the skin on the medial aspect of the
third digit is a result of electrothermal injury
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Fig.2.5 Inner aspect of
the left humerus of a
bald eagle (Haliaeetus
leucocephalus) that had
singed feathers over
both wings. The biceps
muscle (B) and scapular
head of the triceps
(SHT) muscle are
discolored brown due to
the electrical current that
passed through the soft
tissues of the wings

Fig.2.6 Right leg and tail of a common raven. The foot
has been amputated and cauterized by an electrical current
emanating from a power line

the use of an ALS as traumatically damaged skin
does not photoluminesce.

Electrocution from contact with power within
a home infrequently results in visible burns of the
skin. Gross and histologic changes may be seen
in prolonged contact with in-home electrical con-
tacts. More commonly, effects of this low-voltage
electrocution result in cellular disturbances that
may be witnessed behaviorally, grossly, and his-
tologically if an animal survives the initial insult.
Assessment of the scene and a careful history are
often needed to diagnose electrocution of an ani-
mal with little to no visibly discernible singeing
or burning.

Metal particles from electrical wires may be
transferred to the skin with which it has direct

contact [32]. Arcing of electricity may also
result in metal deposition. The metal is not gen-
erally detectable grossly or radiographically and
must be explored via histochemical analysis or
scanning electron microscopy of skin at the
point of contact. Iron, copper, or aluminum can
be detected on electrocuted skin via these
methods.

Wild birds may be exposed to lower-voltage
distribution power lines or higher-voltage trans-
mission lines [4]. High-voltage electrocution is
more likely to result in singeing of the plumage
and burns to the skin. Rapid vaporization of
water at the point of electrical contact can result
in separation of the skin from the underlying
muscle or bone. In these cases, the affected sub-
cutis and musculature appear coagulated, dry,
and discolored brown (Fig. 2.5). Muscle may
take on the appearance of cooked meat with tan
discoloration and separation of myofibers. With
very high-voltage events, thermal amputation
and cauterization of digits or limbs may occur
(Fig. 2.6). In low-voltage electrocution of wild
birds, subtle singeing of feathers and skin may
occur on the inner aspects of the wings distal to
the humeroulnar joints and on the feet and legs
distal to the stifles.

The special sense organs, the respiratory sys-
tem, and the GI tract may also suffer direct dam-
age due to an electrocution event [1]. Because of
the high water content in the eye, an electrical
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current may cause the retina to detach or may
cause direct damage to the cornea. Vascular dam-
age within the eye itself may result in intraocular
hemorrhage or thrombosis. Cataracts may
develop weeks to years after an animal receives
an electrical injury to the head or neck. Rupture
of the eardrums is a common sequel to electrocu-
tion in humans but is not well documented in
mammals. Hearing loss due to nerve and soft tis-
sue damage in the ears may manifest immedi-
ately after the electrocution event or may have
delayed development.

Electrical arcing may result in the production
of ozone, which can act as an irritant to mucus
membranes and the lungs [1]. Inhalation of ozone
may result in pulmonary edema and hemorrhage.
High-voltage electrical injury may cause rapid
vaporization of fluids due to heat energy pro-
duction. The expansion of gasses may result in
tears in the intestinal wall or intra-abdominal
hemorrhage.

Blunt force trauma may be secondary to
electrocution injury. Electrical arcs from power
lines may produce a blast force that propels an
animal into objects or to the ground. Also, birds
that are electrocuted on power poles may fall
to the ground. Mild bruising may be evident.
Hemopericardium is a common sequel to power
pole electrocution and may result from direct
electrical damage to the vasculature or decel-
eration injury upon hitting the ground. In decel-
eration injury, the heart base vessels are torn,
resulting in hemorrhage into the pericardial sac.

Animals that are partially or fully submerged
in water that becomes electrically excited may
be electrocuted. In these instances, burning of
the skin does not occur, but a line of demarca-
tion between the electrified water and the air
may be noted on the skin. Similar to scalds and
depending on the duration of exposure to the
electrified water, damage to the skin may be
superficial or deep.

Histologically, there may be separation of the
skin layers [3]. Intraepidermal separation of the
skin is much more common in electrocution
injury than in skin that has been exposed to a
flame or hot objects. The presence of concurrent

intraepidermal and subepidermal separation is
also more common in electrocuted skin than in
heat-damaged skin. Similar to heat-related burns,
there may also be elongation of basal cell nuclei
and smudging or coagulation necrosis of the der-
mal collagen.

2.9.2 Lightning Strike

Animals remaining outdoors during a thunder-
storm may be hit by a lightning flash. Flashes that
travel between the atmosphere and the ground are
termed “lightning strikes” [33]. The duration of a
strike is incredibly brief, lasting only around
300 ms. However, a flash of lightning may trans-
mit energy up to 10'° J at an electromagnetic fre-
quency of up to 10 MHz. This amount of energy
is capable of boiling water instantaneously. The
trunks of trees that are struck by lightning may
crack or explode due to the rapid boiling of the
internal sap and expansion of steam within a rigid
framework. Humans and other animals, being
soft bodied and more malleable, can better absorb
the effects of gas expansion. However, tears in
the soft tissues may result if the expanding gas
overwhelms the elastic capacity of the affected
tissue.

Direct lightning strike occurs when a shaft of
electrically charged air passes through an ani-
mal and contacts the ground. Animals may also
be struck by a sideflash, current that emanates
from a nearby object that was directly struck by
the flash. In contrast, a contact strike happens
when an animal is in direct contact with some-
thing, such as a metal wall or fencepost that is
directly hit by lightning. Additionally, lightning
may travel to the ground through a conductor
(e.g., tree, building) and travel through the
ground to an animal standing close by (ground
strike).

Lightning may travel over the surface of the
body instead of using the body as a direct con-
duit in its path to the ground [1]. This event is
termed a “flashover” and does not generally
result in soft tissue burns or cardiac arrhyth-
mias. Transformation of water on the surface of
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the body into steam may result in torn clothing.
Internal and external pressure differences may
also result in rupture of the tympanic membranes
or contusion of internal organs.

Clinically, lightning strike may result in
immediate cardiac asystole and respiratory arrest.
These conditions may result from depolarization
of the myocardium and transient paralysis of the
medullary respiratory center.

Physical evidence of the lightning strike may
be subtle on both the animal and the surrounding
ground. Rarely, arborizing or fernlike patterns
may be seen on the ground due to the movement
or charring of grass or substrate by the rapidly
traveling bolt of current. These patterns are
referred to as keraunographic markings when
seen on the earth. Similar markings may be seen
on glabrous human skin following lightning
strike and are referred to as Lichtenberg figures
[34]. Histologic alterations have not correlated
well with this visible manifestation and they are
not true burns. These patterns on the skin may
disappear within 12-24 h of the initial injury.
Similar findings have not been reported in ani-
mals, likely because fur or feathers obscure the
change.

Cases of individual or group electrocution due
to lightning strike have been documented in live-
stock and, rarely, in wildlife [31, 35, 36]. Herds
of cattle, swine, or caribou may be exposed to
inclement weather. Moisture on the pelage due to
precipitation decreases the resistance of the skin
to the electrical current. Additionally, the ten-
dency of animals to congregate under trees dur-
ing a storm also increases the chances of ground
strike, as current may initially strike the tree and
travel through the wet ground and up the legs of
the surrounding animals.

Occasionally, large flocks of birds, such as
snow geese, may fly through an electrostatic
field in the atmosphere, triggering a lightning
flash, similar to the effect of an aircraft [31].
The flash may originate at an extremity of the
flock (e.g., the lead bird) and pass through all
the birds within the group. Because of the
immediate, debilitating muscular and cardio-
pulmonary effects of the lightning flash, the

entire flock may fall to the ground. Gross
changes of electrothermal injury in these
events may be subtle and include slight discol-
oration and curling of feathers on the lateral
aspects of the neck and leading edges of the
patagia (Fig. 2.7). The eardrums may be rup-
tured. More common are signs of blunt force
impact with the ground and deceleration injury,
such as subcutaneous bruising, liver laceration,
and vascular tears.

External evidence of lightning strike in mam-
mals may include linear or patchy areas of
singed hair. These areas may be highlighted by
wetting the hair or using an alternate light
source to look for photoluminescent, singed
hairs as previously described in Section 2.9.1
(Fig. 2.8). Charring or burning of the skin due to
lightning strike is uncommon. Bloat may be
accelerated in lightning victims, appearing even
in freshly killed animals. The bloat may be
robust and explosive—care should be taken on
initial incision of the carcass to avoid rapid
release of gasses trapped in body cavities and
luminous organs.

Lightning strike may cause muscular contrac-
tion similar to that seen in anthropogenic electro-
cution. Food animals are bred to have robust
muscle mass and may be more susceptible to
fractures or dislocations as a result of lightning
strike. In one case report [36], lightning affected
a small herd of pigs; one died at the scene and
three presented with hind limb paralysis. In all
three survivors, strong and rapid contraction of
the hind limb musculature resulted in fractures of
the spine at the lumbosacral junction and transec-
tion of the spinal cord. Sagittal transection of the
spine in this case revealed the lesions, as external
signs of blunt force trauma or burns were not
present.

Histologic changes in lightning strike vic-
tims are present only when there is gross evi-
dence of tissue damage and are similar to those
in anthropogenic electrocution events. Animals
that survive the initial strike and die hours or
days later may have microscopically evident
inflammation or necrosis of the skin, skeletal
muscle, or heart.
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Fig.2.7 Inner aspect of
the right wing of a snow
goose (Chen
caerulescens). This was
one of many geese that
were found dead in a
muddy field after a
thunder storm and
determined to have been
struck by lightning. (a)
At room light, a patch of
apteria is lined by
feathers that are
discolored brown. (b)
When illuminated by
560 nm wavelength light
and viewed through a
red filter, the feathers
surrounding the area of
alopecia photoluminesce
bright orange

2.10 Chemical Burns

The skin and external covering (hair in mam-
mals) provide protection against exogenous
chemicals with which an animal may come into
contact. The hair coat may act as a barrier to
exogenous chemicals, preventing some amount
of the compound from reaching the skin.
However, once the chemical penetrates the pel-

age and contacts the skin, the hair coat may also
prolong the contact between the chemical and the
skin as flushing of the affected area to remove the
offending agent may be less efficient.

The most harmful chemical classes are strong
acids and bases. Pets may be exposed to battery
or hydrochloric acid in abuse situations. These
acids cause coagulation necrosis, and the depth
of skin damage is dictated by the pH of the com-
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Fig.2.8 Hair on the
flank of a gray wolf
(Canis lupus). This wolf
was found dead after a
thunderstorm and was
determined to have been
struck by lightning. (a)
The patch of hair is
curled but of normal
coloration. (b) The same
patch of hair is
examined using X-ray
florescence
spectroscopy. The
singed hair is brightly
florescent

pound and the duration of direct exposure. For
example, contact with sulfuric acid—with a pH
of 0.3-2.1—for as little as 1 min may cause full-
thickness necrosis of the skin [1]. The burn cre-
ated may be blanched or brown and leathery. Due
to nerve damage, the center of the lesion may be
non-painful.

Acids may also volatilize, affecting the respi-
ratory tract and mucus membranes in gas suspen-
sion. Some acidic compounds may produce a
systemic effect after absorption through the skin.

For example, chromic acid in contact with as lit-
tle as 1% of the body surface area may cause
renal and hepatic damage, coagulopathy, and
CNS disturbances [37]. Specific changes include
acute renal tubular and hepatocyte necrosis due
to the effect of the absorbed compound’s effect
on epithelial structures. In severe cases, there
may be intravascular hemolysis, which contrib-
utes to renal and hepatic failure.

Because of the ability of alkaline chemicals to
solubilize lipids, burns from basic chemicals
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tend to penetrate deeper into the skin. The result
is a liquefactive necrosis—in contrast to the
coagulative necrosis of acid burns—and the
gross appearance is soft and gelatinous. The vis-
ible effects of alkali burns may take several
hours to days to fully develop. Alkaline chemi-
cals that animals may come into contact with
include bleach, lye, and calcium oxide (lime).
Lye is directly corrosive and is found in many
household cleaning agents. Deep penetration of
the skin by lye may allow the passage of hydroxyl
ions and result in systemic effects. Calcium
oxide is a commonly used gardening compound
and combines with water to form calcium
hydroxide, which has a pH of 11.

Differentiation between chemical burns and
natural dermatopathology (e.g., atopy, lupus)
rests largely in the distribution of the lesions.
Many systemic hypersensitivity or autoimmune
disorders manifest as symmetrical hair loss or
inflammation around the eyes and nose, often
sparing the mucus membranes in these areas. A
chemical burn to the face would affect the skin,
corneas, and mucus membranes to an equal
degree. Also, the act of pouring or splashing a
chemical on an animal will usually produce a pat-
tern of injury that is asymmetrical and of varying
severity throughout the wound area.

Legal Note The findings and conclusions in this
chapter are those of the author and do not neces-
sarily represent the views of the US Fish and
Wildlife Service.
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Neglect

N.Bradley-Siemens, A.l. Brower, and R.Reisman

3.1 Introduction

More than 30% of reported animal abuse in the
United States involves some form of animal
neglect [1] (Fig. 3.1). Neglect may be uninten-
tional or deliberate (gross, willful, cruel, or mali-
cious) and takes a variety of forms such as
starvation, lack of basic physical care (e.g.,
grooming), unsanitary living conditions, aban-
donment, and failure to provide veterinary care.
More complicated cases related to small- and
large-scale hoarding often include a combination
of the forms listed. Neglect may lead to death due
to disease, starvation, and dehydration, and it
may present with a multitude of other health
problems related to living in unsanitary, crowded,
and otherwise unacceptable conditions. The vet-
erinary forensic pathologist must be familiar with
necropsy findings in these circumstances and be
able to connect them with relevant crime scene
information, including housing, environment,
and lack of veterinary care. This is accomplished
through review of material provided by law
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enforcement or humane investigators (reports,
photos, and videos) or direct assessment of a
scene before or after seizure, within the context
of necropsy findings [1].

3.2 Defining Neglect

3.2.1 Failure to Provide Adequate
Food, Water, Shelter
and Veterinary Care

The Humane Society of the United States defines
animal neglect as a condition in which an ani-
mal’s caregiver or owner does not provide food,
water, shelter, or veterinary care sufficient for the
animal’s survival. Medical problems associated
with neglect can, at first glance, seem less severe
than a single act of violent abuse. However, most
cases of neglect include prolonged suffering. The
cumulative discomfort, distress, and pain that a
neglected animal experiences when not provided
health care, proper nutrition, or shelter can be
extreme and may result in permanent injury or
death [2]. Simple neglect, the failure to provide
basic needs to an animal, may not always be con-
sidered a criminal act. Some cases can be
addressed by intervention from animal welfare
agencies by providing resources and education on
adequate animal care. Willful, cruel, or malicious
neglect is committed with the intention of harm-
ing an animal and is more commonly prosecuted.
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11.3%

U.S. Animal Abuse Classification (17282 total) -Graphed Aug 26, 2016
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Neglect/ Abandonment (5591)
Shooting (1956)

Beating (1209)

Throwing (436)

Burning - Fire or Fireworks (365)
Vehicular (307)

Kicking / Stomping (245)
Bestiality (229)

Theft (195)

Unlawful Trapping/Hunting (136)
] Drowning (118)
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1.2%
1.3%
1.4%
1.4%
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2.5%

Hoarding (2148)

Fighting (1506)

Mutilation/Torture (956)

Stabbing (432)

Unclassfied (315)

Poisoning (305)

Choking/ Strangulation/Suffocation (243)
Unlawful Trade/Smuggling (203)
Other (163)

Hanging (125)

Burning - Caustic Substance (99)

Fig. 3.1 US Animal Abuse Classifications. http://www.pet-abuse.com/pages/cruelty_database/statistics.php and the

AARDAS project
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While all 50 US states have misdemeanor and
felony-level animal cruelty laws to varying
degrees, court interpretation of these laws influ-
ences legal outcomes. For example, the New York
State Misdemeanor Animal Cruelty Law, the first
animal cruelty law established in the United States,
does not require veterinary care as written, but it
includes the word “‘sustenance” in the phrase ani-
mals must be provided with food, water, and suste-
nance. The term sustenance has been interpreted
during the application of the law to mean care of
the animal’s health needs, including veterinary
care. This example helps to illustrate the way in
which animal cruelty becomes a legal designation.
While the veterinary pathologist can play a key
role in building the case for animal cruelty, the
final determination is not made by the medical
professional but by the legal body examining it.

In the United States, animal cruelty laws differ
in every state, and laws and their applications
vary greatly across different countries. The five
freedoms for animal welfare were established in
the United Kingdom in 1965 and have served as
a guide in assessing the welfare and care of ani-
mals globally. They include freedom from hun-
ger or thirst; freedom from discomfort; freedom
from pain, injury, or disease; freedom to express
normal behavior; and freedom from fear or dis-
tress. In the same year that the five freedoms
were established, the United States signed into
law the Animal Welfare Act (AWA). The AWA is
the only federal US law regulating the treatment
of animals, and it provides the key legal reference
in cases of animal neglect. In the United States,
when criminal charges or sentencing is pursued
in an animal neglect case, legal decisions are
based on a “reasonable person” standard, in con-
sideration of the five freedoms, and under the
guidance of the Animal Welfare Act [3].

Forensic veterinary medicine, or legal medi-
cine, is veterinary medicine practiced in a legal
context. Veterinary clinicians and pathologists
who practice forensic veterinary medicine should
be familiar with the animal cruelty laws in their
regions and the language used. For instance, star-
vation, a cause of death familiar to veterinary
pathologists, is not a word used in animal cruelty
law. Rather, animal cruelty laws state that ani-
mals must be provided with adequate food. While

designating a cause of death is the responsibility
of the veterinary pathologist, ultimately, it is the
responsibility of law enforcement to determine the
specific circumstances that led to an animal’s com-
promised health, and it is up to the courts to deter-
mine if these circumstances constitute neglect.

The types of medical problems that are prose-
cuted as cases of individual animal criminal
neglect include long-term inadequate nutrition;
extreme lack of general physical care, such as
strangulating hair mats in long-haired dogs;
unsanitary living conditions that result in second-
ary disease such as severe dermatitis or pododer-
matitis; inappropriate restraint such as embedded
collars; exposure to environmental extremes
including both heat and cold; and “failure to
treat” any medical condition for which a reason-
able person would recognize that an animal needs
medical care. In all of these situations, it is neces-
sary to demonstrate that neglect resulted in tissue
injury and deviation from a state of comfort (dis-
comfort, distress, or pain). It is not uncommon
for criminal animal neglect to be associated with
human neglect involving a child, elder, or other
dependent in a household. Variable numbers of
animals may be affected, and the scale of animal
neglect can range from an individual animal to
large-scale hoarding and overwhelmed shelters,
sanctuaries, and puppy mills [4, 5].

3.3  Findings Compatible
with Neglect
3.3.1 Lack of Adequate Nutrition

Basic nutrition of domestic species is a stan-
dard part of veterinary education, and consid-
eration of nutritional requirements can help
veterinary pathologists interpret postmortem
findings in cases of starvation and dehydration.
Understanding the basic nutritional require-
ments in the species examined also helps define
the pathogenesis of lesions and increases the
likelihood that important components of medi-
cal histories and investigation data will be cor-
rectly interpreted. The Association of Shelter
Veterinarians has produced Guidelines for
Standards of Care in Animal Shelters that
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provides nutritional basics when housing and car-
ing for animals [3]. Included are the provisions
that fresh, clean, readily accessible water be avail-
able at all times (unless there is a medical reason
to withhold it); food should be fresh, palatable,
and free from contamination; food needs to be of
sufficient nutritional value to meet normal daily
requirements to attain normal development and
maintain normal body weight; and food should be
consistent with the nutritional requirements and
health status of the individual. The amount and
frequency of feeding vary depending on life stage,
species, size, activity level, health status of the
animal, and the diet chosen. When multiple ani-
mals are in an enclosure, monitoring is necessary
to ensure no one animal is excluded from food
or water sources, and food in animal enclosures
should be examined regularly to ensure that it is
free from debris and not spoiled [3].

Calorie requirements for dogs and cats are
provided in Table 3.1. At a minimum, healthy
dogs and cats over 6 months of age must be fed
once per day. Ideally, dogs should be feed twice
daily. Cats should have multiple small meals or a
minimum of twice per day feeding. Healthy pup-
pies and kittens must be fed small amounts of

Table 3.1 Daily maintenance energy requirements for
dogs and cats

Animal MER?® (kcal/day)
Healthy adult dogs

Intact 1.8 x RER
Neutered 1.6 x RER
Obese prone 1.4 x RER
Healthy puppies

<4 months old 3 x RER
>4 months old 2 x RER
Healthy adult cats

Intact 1.4 x RER
Neutered 1.2 x RER
Obese prone 1.0 x RER
Healthy Kittens 2.5 x RER®

Sanderson, Sherry Lynn. Nutritional Requirements and
Related Diseases of Small Animals. Merck Veterinary
Manual. Permission for Use Approved by Merck & co
Inc. Publishing: http://www.Merckvetmanual.Com/
AMER = maintenance energy requirement

PRER = resting energy requirement

“Kittens can alternatively be fed free choice

food frequently or have food constantly available
(free choice) all day to support higher metabolic
rates and prevent life-threatening fluctuations in
blood glucose levels (hypoglycemia). Any animal
that is debilitated, underweight, pregnant, or lac-
tating should receive more frequent feedings to
support increased metabolic needs [3].

Cats are true carnivores and have higher pro-
tein requirements than dogs. They do not possess
the ability to manufacture or synthesize some
essential nutrients, including taurine, arginine,
and vitamin A. All these nutrients are present in
prey they would naturally consume, and com-
mercial diets fed to cats must include these nutri-
ents as well.

Inadequate nutrition results in a compromise of
every body system and tissue. There are well-
established relationships between nutrition and
maintenance of immune status and between
reduced immunity and increased susceptibility to
infection and infestation. Cell-mediated immunity
may become impaired within 3-5 days of anorexia
[6]. Parasite infestation or bacterial infection can
catalyze further decline in animals who already
have marginal nutritional status. Further, infec-
tions and parasitic infestations may cause reduced
food intake, increased energy consumption, catab-
olism of muscle protein, and depletion of glycogen
and fat stores. Inadequate nutritional status, if per-
sistent and not corrected, may progress to protein-
calorie malnutrition. In a state of malnutrition,
cell-mediated immunity remains impaired, and
infections may recur or persist [7].

A dog that is visibly emaciated has lost a sub-
stantial amount of both body fat and muscle tis-
sue, resulting in a body weight that is at least
20-25% less than an ideal weight (Fig. 3.2 and
3.3). This loss of body tissue is evidenced by:

1. Visual and palpable prominence of skeletal
structures, including the ribs, vertebral spi-
nous processes, pelvic bones, and margins and
spine of the scapula

2. Loss of round shape of temporal muscles on
the sides of the head

3. Severe abdominal tuck and extreme hourglass
shape when looking at the dog from above
(Fig. 3.4) (Purina Body Condition Scale, [8, 9]).
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Figs.3.2and 3.3 Before and after images of a dog illus-
trating weight gain from a neglected condition to normal.
The dog’s entry weight was 27.3 # (Fig. 3.2), and the final

The ASPCA
Label Animal Hospital

weight was 55 # (Fig. 3.3), a 100% increase in overall
body weight. This dog also had severe multifocal, decubi-
tal ulcers, not an uncommon finding in an emaciated dog

424 E 92nd Street, New York, N.Y. 10128
(212) 876-7700

01

O3

FPuring Body Condition Scoring for Underweight Animals

Body condition is determined by both looking at the animal and feeling the animal

Emaciated

Ll

No palpable fat (post mortem; no significant subcutaneous or body cavity fat stores)

® Obvious loss of muscle mass includs I muscles, supraspi P epaual,
ghuteal and leg muscles

®  Prominence (visually and by palpation) of skeletal structures (ie. nbs, vertebral spines, pelvic bones,
spine of scapula and femur) due to loss of body fat and muscle

#®  Severe abdominal tuck and extreme hourglass shape

Very Underweight

Ll

No palpable fat (post mortem; no significant subcutaneous or body cavity fat stores)
Definite loss of muscle mass
Ribs, lumbar vertebrae and pelvic bones easily visible and’or palpable due to loss of body fat and muscle|

Promi bd 1 tuck. H shape to torso

Thin

Ll

. s

No palpable fat (post mertem; no significant subcutaneous or body cavity fat stores)

Minimal loss of muscle mass

Ribs easily palpated (may be visible) Tops of lumbar vertebrae visible. Pelvic bones becoming prominent
Obvious waist and abdeminal tuck

Underweight/Lean

Ll
Ll
L]

Waist visible from above. Abdominal tuck evident
Ribs easily palpable with minimal subcutaneous fat
Nomuscle loss

May be normal for lean breeds such as sighthounds

Ideal

®  Abdomen tucked slightly when viewed from the side
®  Waist visible from above, just behind the nbs

® Ribs palpable without excess subcutaneous fat

Copyght ® 2001The Amernican Socityfor the Prevention of Crueityto Animals, Inc. AIRights Reserved
Fiepeinted with the permission o {ASFCA, 424 E. 52nd St New York, NY DTS (28) 8787700,

Fig. 3.4 Purina Body Condition Scoring for Underweight Animals (ASPCA). Permission for use approved by Nestle

Purina Pet Care Center

ASPCA
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Pica, the ingestion or craving of nonfood
objects, is a common behavior exhibited by
starving animals. Items commonly ingested are
rocks, plastic, wood, and dirt, but nearly any
material may be found in the gastrointestinal
tract. These foreign items can cause internal
damage to the gastric mucosa or intestinal lining
resulting in ulcerations, hemorrhage, or perfora-
tion of gastrointestinal walls. Pica may also be a
symptom of extreme boredom seen with strict
confinement or restriction of movement. Ingested
foreign objects may be visible in feces at the
scene, and melena can be observed if upper
intestinal bleeding results from these nonfood
items [10]. Foreign items are commonly recov-
ered from the stomach and intestine at the time
of postmortem examination of emaciated ani-
mals (Figs. 3.5, 3.6, 3.7, 3.8 and 3.9).

Cannibalism is a behavior that may be initi-
ated or exacerbated by high-stress environments
such as overcrowding and unsanitary housing
conditions. It may be observed in mothers of pup-
pies and kittens and in environments in which
there is insufficient food, water, or shelter or in
which there are continuous perceived threats
(noise, smells, and large numbers of animals).
Hoarding environments often have a combination
of these factors. The type of cannibalism exhib-
ited by companion animals may only involve the
feet and lower extremities of the consumed ani-

Fig.3.6 Dry stomach
tissue removed from
MD’s body contains
many pieces of broken
glass

mal. This is not a normal predatory feeding pat-
tern and may indicate reluctance of an animal to
feed upon its own species. Other situations may
involve eating the whole body with the exception
of the head and tail. Bones of intact or disarticu-
lated remains may be found at the scene or in the
gastrointestinal content of deceased animals.
Animals may take a portion of the body to another
location, leaving bones scattered in a hoarding
scene at which animals are starving. If partially
consumed animal remains are discovered in an
enclosed structure without access to other ani-
mals from the external environment, it can be
reasonably concluded that the other animals
within the confined structure are consuming the

Fig. 3.5 Radiograph of a mummified dog (MD). The
radiopaque shadows are pieces of glass within the gastro-
intestinal tract
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Fig. 3.7 All of the glass
that was removed from
MD’s intestinal tract.
Pieces of a gasket were
also found, suggesting
that the dog ate a broken
mason jar. A
presumptive test for
blood tested positive
from a swab from the
dog’s lips. This is
consistent with the dog
cutting its lips as it ate
the broken glass

Fig.3.8 Pica. The
image shows dirt and
rocks eaten by a
deceased Rottweiler dog

18128
[ M) WPE-TTEO (212) e6l 4453

deceased animals; otherwise postmortem con-
sumption by traditional scavenger species should
be suspected [10]. Careful examination of
remains may be required to differentiate normal
postmortem decomposition from cannibalism or
predation. Evidence of tooth marks, puncture
wounds, and consumed remains in gastric con-
tent can be very helpful in making these distinc-
tions, but in their absence, a definitive conclusion
may not be possible.

3.3.2 Starvation and Dehydration

Starvation, also referred to as protein-calorie malnu-
trition, results from a diminished or absent intake of
protein and calories. The rate of starvation is influ-
enced by tissue demand, and the result is gradual
depletion of lean body mass (muscle) and adipose
tissue (Figs. 3.10, 3.11 and 3.12). While uncompli-
cated starvation causes a progressive decrease in
metabolic rate in an effort to conserve energy, stress,
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Fig. 3.9 Pica. The
image shows razor
blades, sharp pieces of
plastic, and packages of
ketchup found in a dog’s
stomach postmortem

Fig.3.10 Canine;
starvation and
dehydration. Ribs and
bony prominences over
the shoulders, rear legs,
and hips are evident, as
are overgrown nails

Fig.3.11 Canine;
starvation and
dehydration. In addition
to an emaciated body
condition, fecal and
urine soiling across the
rear leg is evident,
suggesting a period of
lateral recumbency

'BMAH 215889A
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Fig. 3.12 Canine; starvation and dehydration. Eyes
sunken deep in their orbits, temporal muscle wasting, and
reduction in size of the neck

Fig. 3.13 This dog had
decubital ulcers on his

head, extremities, back,
pelvis, and proximal tail

Fig.3.14 He also had
dry skin and a lusterless
hair coat

and trauma, other diseases may increase the meta-
bolic rate and hasten tissue depletion. The rate of
starvation and potential consequences should also
be considered in the context of an animal’s age and
reproductive status. Young and growing animals
and pregnant animals have increased nutritional
demands as compared to adults [6]. Starvation
results in weight loss and diminished growth capac-
ity of bone structures in young animals. Pregnant
animals enduring starvation may give birth to
unhealthy neonates and dead feti [6].

Gross evidence of starvation may include
changes in hair coat, which may appear thin,
dry, and dull or may be brittle (stiff). Hairs
may epilate easily. In addition, abnormal
accumulation of skin scale may be noted
(Figs. 3.13 and 3.14). Wound healing is also
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hindered by malnutrition, creating the poten-
tial to develop secondary bacterial and yeast
infections [6, 11].

Dehydration can occur concurrently in starv-
ing animals. Dehydration develops from depriva-
tion of water or the animal’s inability to drink.
Severe dehydration may cause life-threatening
electrolyte imbalances, and water deficits of
15-20% of an animal’s body weight can lead to
death [6].

3.3.3 Neglect Related
to Inappropriate Shelter
and Environment

An animal’s environment may hold the most
important information in a neglect case. There
may be multiple problems observed at a scene
where neglect has occurred. The most common
findings include overcrowding, short tie-outs,
and lack of shelter with overexposure to the ele-
ments. There may be insufficient amounts of
water or undrinkable water (Fig. 3.15), inappro-
priate food for the age and species of animal, or
food unfit for consumption. Environments may
be malodorous, with feces and urine covering
surfaces (Fig. 3.16). Additionally environments

Fig.3.15 Image
showing the sink as the
main source of water; it
was set to drip at slow
rate. The image also
shows large
accumulations of cat
hair surrounding the
faucet from attempts to
drink

may be disheveled and dirty or cluttered with
hazardous debris and objects (Figs. 3.17 and
3.18). Examination of an environment should
include noting signs of animal illness such as
vomit or diarrhea and evidence of flea or tick
infestation. An estimate should be constructed
for the duration of the existing conditions. This
can be evaluated based on the presence of dried
or moldy feces, debris covering pens or cage
doors, moldy food, and algae present in the water
sources. In the event the animal has been tied out-
side, there may be a path or indentation in the
ground and a lack of grass where the animal has
been tethered. There may be plant material over-
growing existing kennels or cages. In the case of
a deceased animal, entomological evidence
should be considered to assist with time of death
estimates [6, 11, 12].

3.3.4 Hypothermia
and Hyperthermia

Hypothermia results from exposure to low envi-
ronmental temperatures and occurs when the
body’s heat loss exceeds production. This is usu-
ally the result of inadequate shelter or lack of
acclimation. There may not be any definable
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Fig. 3.16 Hoarder
scene; over one inch of
feces is caked to the
floor in the hallway of
this condominium

Fig.3.17 Debris in the
home of a hoarder
preventing room access

lesions on an animal with uncomplicated hypo-
thermia [6], but physical evidence may include
areas of edema, hemorrhage, ischemia, and dry
tissue necrosis, referred to as frostbite. In domes-
tic animals, ears, digits, the scrotum, and tail tips
are most often affected. Areas of frostbite may
have a blue, swollen appearance early on, eventu-
ally tissues will appear dry and shrunken, and
ultimately the tissue may slough. Petechial hem-

orrhages related to frostbite are reported in lungs
but are nonspecific [6].

Hyperthermia leading to heat stroke is caused
by exposure to a hot environment where the ani-
mal’s physiologic mechanisms used to cool the
body become overwhelmed. The animal becomes
incapable of preventing its body temperature
from rising to a harmful or even fatal level. The
typical presentation of a heat stroke patient
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Fig. 3.18 Cats in the
same condominium
were discovered among
debris and other objects

includes vomiting, diarrhea, severely elevated
temperature (temperatures exceeding 103.5 F in
dogs), and collapse. Organ damage or failure
may occur and most commonly involves the liver,
kidney, brain, and circulatory system [7]. In ani-
mal abuse cases, hyperthermia usually occurs in
the summer months and results from leaving an
animal in a hot vehicle, in a structure, or in an
outside environment without protection from
high temperatures and direct sunlight.
Temperature is influenced by relative humidity.
When the humidity rises, the heat index will be
higher than the actual recorded temperature; thus,
it is important to record data on both temperature
and humidity at the scene [10].

Veterinarians may be asked to examine or nec-
ropsy a variety of animals affected by heat stroke,
including horses, cows, pigs, and cats, but dogs
are more commonly encountered in forensic
investigations than other species [7]. In dogs, the
majority of heat is removed through radiation and
conducted from the surface of the body into the
surrounding air. Remaining heat is dissipated by
evaporation from the tongue and upper respira-
tory tract while the dog is panting. The loss of
heat through evaporation is adversely affected by
increased humidity; thus, environments with ele-
vated temperatures and high relative humidity are

potentially more dangerous because they make it
more difficult for dogs to adequately keep their
body temperature within a normal physiologic
range [7].

There are factors that can predispose an ani-
mal to heat stroke. These include water depriva-

tion, obesity, exercise intolerance, lack of
acclimation to a hot environment, medications,
and some central nervous system diseases.
Brachycephalic dog breeds and those with upper
respiratory diseases are also more vulnerable,
and any animal with a prior history of heat stroke
should be considered at increased risk of repeated
events. Dehydration can worsen the effects of
heat stroke by causes conflicting demands within
the body. When the body is heat stressed, periph-
eral blood vessels must dilate to dissipate heat.
However, when an animal is dehydrated, the
body will vasoconstrict peripheral vasculature to
maintain blood volume. These antagonistic pro-
cesses can result in cerebral hypothermia [6].
Before a diagnosis of heat stroke is made,
other causes of death should be ruled out through
complete postmortem examination. The diagno-
sis of death caused by heat stroke is often then a
diagnosis of exclusion based largely on the crime
scene and other environmental information.
Pathologists should be aware that heat stroke can
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speed the onset of rigor mortis, but it can also
cause permanent rigidity of the body that can be
mistaken for rigor mortis. Rigor mortis is a tem-
porary rigidity occurring postmortem that is
related to loss of ATP and calcium ion changes.
In addition to rigor mortis, the muscular rigidity
caused by heat stroke may also result from the
coagulation, dehydration, and ultimately shorten-
ing of muscle proteins due to heat [6, 7].

All organs may be discolored deeply red or
brown from vascular congestion, and this may
involve the mucous membranes [7]. Heat stroke
may result in generalized autolysis of the tissue,
especially with the body cavities. Autolysis can
make additional diagnostic or histological testing
difficult. Gross examination may demonstrate
disseminated intravascular coagulation (DIC)
with petechiation across the skin, on the surface
of organs, and within body cavities. There may
also be cerebral edema and areas of intraparen-
chymal hemorrhage. Intestinal contents may be
bloody, and stomach ulcerations may be present.
The heart may display evidence of muscular isch-
emia, hemorrhage, and necrosis [6].

3.3.5 Inappropriate Restraint

A common presentation of this form of neglect
includes a dog tethered, alone or with other dogs,
in a yard or enclosure, often but not necessarily
having been abandoned. Embedded collars are a
common finding in these situations. In some
jurisdictions, embedded collars may be a felony
offense depending on the severity and duration of
injury. A collar usually becomes embedded over
time, as the animal grows. This process can result
in infection and disfigurement of the neck. As a
collar constricts the increasing size of the neck,
pressure necrosis of the skin and underlying tis-
sue may result. The constriction of the collar on
blood vessels may result in edema and swelling
of the head and neck regions. Animals with
embedded collars often suffer from starvation
and malnutrition (Figs. 3.19, 3.20 and 3.21). In
an extreme case, the author has observed vessel
laceration from infiltration of a collar that resulted
in exsanguination.

Fig. 3.19 An embedded collar wound with excessive
scar tissue formation. This wound was estimated to be a
minimum of 3 months old, based on the concept that it
takes 57 days for a granulation bed to form and scar tis-
sue accumulates at approximately 1.0 cm per month

Collars must be collected for evidence. When
necessary, removal should be done by cutting the
collar while avoiding the fastened or tied area.
These areas may preserve trace evidence such as
fingerprints that could be used to identify an
abuser. The circumference of the neck should be
measured in the area of the neck that is not swol-
len and compared with the length of the collar to
which it was fastened or secured. Maggots may
also be present in the infected wounds of an
embedded collar via myiasis. These insects can
help establish the duration of injury. Wounds
resulting from an embedded collar typically
begin to form granulation tissue in 5-7 days.
Granulation tissue grows at a rate of approxi-
mately 1.0 mm per day and slows as the lesion
ages to 1 roughly 1.0 cm per month (NY State
College of Veterinary Medicine Dept. of
Pathology).

3.3.6 Lack of Veterinary Treatment

Insufficient or absent veterinary care is a com-
mon occurrence in animal hoarding (Figs. 3.22,
3.23 and 3.24) and fighting situations and in
instances of economic hardship. Animals may
present in advanced states of disease, with treat-
able parasite infestations, untreated wounds,
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Figs. 3.20 and 3.21 The left side of the dog’s neck before and after it was shaved. The unique patterned skin wound
is consistent with an embedded chain

Fig. 3.22 Severe
matting of the neck and
head to front limbs right
side

1/3r08
HLE CR 21-08
BMAH 1996104

i :.”’é"én 21.08 I _
Fig. ;.23 Severe Bman 199610n (R
matting of the neck and

head to front limbs left —
side
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Fig.3.24 After shaving
and removal of mats

infections, or traumatic injuries. While it is not
uncommon for animals to become injured acci-
dentally, failure to treat such an injury may be
considered neglect when injuries are not
addressed and pain, distress, or even death results
from failure to seek medical attention.
Information related to when and how the injury
occurred, the immediate action taken, and later
actions taken if any can be crucial in determining
this form of neglect. The pathologist should be
given access to or provided with any interviews,
reports, and photography that may point out
inconsistencies in time sequences, clinical signs,
and treatments administered [7]. This is espe-
cially true in bone fracture cases. Acute bone
fractures will have evidence of fresh hemorrhage
around the fracture site and within surrounding
soft tissues. There may be clot formation within
the fractured fragments of the bone and fibrous
strands connecting the bone segments involved.
There will be an absence of bone repair. If a yel-
low, serum-like fluid around a fracture site or
within surrounding soft tissues is present, it may
suggest a hematoma of a longer post-traumatic
period. Any callus formation at the fracture site
grossly or radiographically can assist with assess-
ing duration of healing since the traumatic event.
Infection may become an underlying issue and
may assist in assessment and duration of any
treatment [7].

3.4 Neglect Cases Examined

3.4.1 Evaluation of the Scene or
Environment

Involvement in neglect cases from an investiga-
tory and testimonial standpoint is greatly
enhanced when the pathologist or forensic veteri-
narian can be present at the scene during the
investigation and subsequent seizure of animals
and animal remains. If this is not possible, review
of crime scene photographs, video, or any medi-
cal records generated as a result of the investiga-
tion may be crucial to forming or substantiating
conclusions generated in a necropsy. A scene
evaluation, summarized in Table 3.2, should
cover the following areas: ventilation, sanitation,
types of confinement and surfaces, access to and
quality of food and water, food storage, hus-
bandry, and veterinary care. Figures 3.25, 3.26,
3.27 and 3.28, taken from animal neglect crime
scenes, illustrate some common findings.

Ideally the following information should be
sought firsthand or gathered from the investiga-
tion team prior to conducting a postmortem
examination. General observations and environ-
mental findings should be documented in detail
and include the number of live and deceased ani-
mals found at the scene; the physical signs of dis-
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Table 3.2 Crime scene evaluation

' Crime Scene Components For

Assessment

' Access to Food and

' Husbandry

Fig.3.25 Forced entry
into the house of a
hoarder by police

ease in animals; the type of environment and
description of materials found in it; the type of
care, if any, that was being provided; and the
types of behaviors animals in the environment
were exhibiting. A veterinarian should evaluate
any medication found at the scene, noting what

' Shelter |

-~
N

!

'Medicaﬁons (Medical
Supplies)

Confinement |

was used to treat, how it was stored, and expira-
tion dates. Additional information may be
obtained from veterinarians listed on prescription
labels. The availability and how food is stored
should be documented. There may actually be
food present that is not being given to animals.
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Fig.3.26 Entryway
into home of the second
floor condominium

The overall cleanliness of the environment
(Fig. 3.29), including the presence of urine and
feces or rotting food, can contribute to para-
site infestations, gastrointestinal diseases, and
respiratory, skin, and eye irritation. Instruments
to measure levels of ammonia and hydrogen
sulfide present from urine and fecal contami-
nation can provide important data. Ammonia
can be detected by humans at 10 parts per mil-
lion (ppm) or less. The Occupational Safety
and Health Administration (OSHA) advises any
level exceeding 50 ppm is an extreme danger to
health and life (Fig. 3.30). Ammonia gas is water
soluble and will react with the moist membranes
of the eyes and respiratory tract. Ocular changes
may include epiphora, conjunctivitis, and corneal
ulceration. Respiratory effects may include clear
or purulent nasal discharge, bronchial constric-
tion, tachypnea, and hyperplasia of the alveolar
and bronchiolar epithelial tissues (Figs. 3.31 and
3.32) [10].

3.4.2 Postmortem Examination
Forensic veterinary pathologists are tasked with

linking historical and environmental evidence of
neglect with physical postmortem findings.

General Considerations for Necropsy in
Suspect Cases of Neglect (Table 3.3)

1. Rule out natural disease
(a) Metabolic or other pathologic causes of
fatal wasting
2. Inadequate or
support
(a) Gross or histologic changes that may be
associated with the following:
i. Inadequate food quantity
ii. Poor food quality
iii. Unbalanced diet
3. Secondary changes due to
deficiency
(a) Infections or delayed healing relatable to
impaired immune function
4. Dehydration and/or starvation
5. Secondary changes due to extreme environ-
mental conditions

inappropriate  nutritional

nutritional

3.4.2.1 Discriminating between

Natural Disease

and Malnutrition
Necropsy examinations in very emaciated ani-
mals may discover natural disease or physiologi-
cal causes that could account for advanced weight
loss. The forensic veterinarian or veterinary
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Figs. 3.27 and 3.28 Both sides of a mattress the cat owner slept on soaked in urine and feces. The owner simply

turned over for use

pathologist needs to assess the level of involve-
ment these factors played in the decline of the
animal’s body condition and document whether
adequate veterinary treatment was sought for
prolonged weight loss [7]. There is a variety of
underlying conditions that may lead to an emaci-
ated condition, including chronic infections,

heart disease, and cancer. Clinical histories may
be crucial in determining if the animal was
receiving treatment for an underlying condition
vs. if the condition was being neglected.

A gross external examination of the body
should include documentation of what would
have been apparent to the owner or caregiver, and
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Fig. 3.29 Feces
overflowing litter boxes
and no food or water
present in any kennels or
cages present at this
home

Fig. 3.30 Personal
protective equipment
(PPE) worn by
personnel due to high
levels of ammonia

it should include a clear indication of the body
condition of the animal. In cases of neglect, poor
body condition is generally due to a combination
of fat and muscle atrophy, with atrophy of muscle
beginning 24 h after the onset of starvation.
Atrophy of the back and thigh muscles may be
the first to be involved, but the process will even-
tually extend to all of the muscle groups in the

body. It should be noted that depletion of glyco-
gen deposits in muscle tissue of emaciated ani-
mals can interfere with the normal process of
rigor mortis, potentially influencing estimates of
the postmortem interval [7].

To relay body condition in a postmortem
report, many pathologists rely on a body condi-
tion scoring system such as the Purina Body
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Figs.3.31and 3.32 Severe ocular (Fig. 3.31), aural (Fig

of neglected cats

Condition Scale [8, 9], which has a 9-point clas-
sification scheme from emaciation to overweight
condition. The use of these systems reduces
ambiguity and simplifies arguments in criminal
prosecution, but the use of scoring systems is
somewhat controversial among pathologists. The
controversy comes from fact that standardized
systems are based on physical characteristics of
living, upright animals. There is no standard sys-
tem to evaluate the body condition of animals
postmortem. The appearance of features such as
bony prominences and muscle groups can vary
postmortem and in lateral recumbency, and
depending on the postmortem interval, changes
in color and the condition of the carcass can ren-

. 3.32), and dental disease (not shown) throughout the group

der the criteria used in these systems irrelevant.
Therefore, it is more reliable to clearly describe
the amount of subcutaneous and visceral adipose
found, and to give an impression of overall mus-
cle mass, than to indicate a numerical body con-
dition score in a postmortem report. In addition, a
standard set of photographic images should be
taken to accurately depict external features; typi-
cally this was done with four views: left side,
right side, dorsum, and ventrum. Photographic
documentation should then continue with post-
mortem dissection.

External examination of the body should be in
keeping with traditional necropsy techniques.
The following findings are not specific for but are
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commonly encountered in cases of neglect. Oral
examination may reveal significant dental dis-
ease, which may be associated with inappropriate
diet or malnutrition and may fit with failure to
seek veterinary care. The presence of parasites,
such as ear mites and ticks, and evidence of
mange or dermatophytosis and secondary pyo-
derma or other skin conditions are also common.
Dogs often have overgrown toenails that may be
embedded or split. Scars, wounds, or abscesses
from fighting due to overcrowding or inadequate
or minimal food sources may be present and
should be measured, described, and photo-
graphed. Hair loss, as previously described, may
be associated with poor nutrition but may also be
the consequence of stress-related self- or allog-
rooming. Severe matting of perineal and hind
limb hair often incorporates feces and/or urine,
which may result in skin scalding and infection

Infection/Impaired
Immune System

(Figs. 3.33, 3.34 and 3.35). Depending on loca-
tion, excessive matting can inhibit movement,
impair sight, or interfere with urination and def-
ecation [11, 12].

3.4.2.2 Necropsy Findings Associated
with Long-Term Inadequate
Nutrition and Dehydration
External findings consistent with starvation and
dehydration are common in cases of neglect and
include sunken eyes within their orbits and result-
ing protrusion of the third eyelid; dry, tacky oral
mucous membranes; extensive muscle wasting
and lack of palpable subcutaneous adipose; and
tight adherence of the skin to underlying tissues.
On internal examination, fat deposits within
the omentum and mesentery are usually the first
to be depleted and may be grossly reduced. As fat
continues to be utilized from under the skin, near
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Fig. 3.33 Severe
matting left hind limb
and tail effecting
ambulation

the heart (Fig. 3.36), around the kidneys, and
from bone marrow, it will become grossly appar-
ent in these tissues, often creating a gelatinous or
“serous” appearance. This gross change is due to
replacement fat droplets with proteinaceous fluid,
which in severe cases may reduce overall colloi-
dal pressure [7]. Atrophy due to starvation may
also be seen in the liver, skin, thyroid glands, and
testes.

The presence or absence of gastric and intesti-
nal content should always be noted and the con-
tent described. In cases of starvation, hemorrhage
in the form of ecchymoses or petechia in gastric
mucosa occurs when the stomach is empty for
prolonged periods. Gastric and duodenal ero-
sions and ulcers may also be present, and melena
may be identified anywhere from the stomach to
the colon (Figs. 3.37 and 3.38). Because of the
potential for criminal prosecution, it is important
to look at gastric erosions and ulcers grossly and
microscopically and rule out underlying causes
for these lesions. The argument could be made in
court that an animal had a medical cause for gas-
tric erosion or ulceration that then caused

5/2/07

HLE CR 1814.95

inappetence and weight loss. Gross and histo-
pathologic examination of gastric mucosa can
help to age the mucosal injury and allow com-
parison with the expected time for weight loss
found in a patient. In cases of starvation, ingesta
of poor or nonnutritive quality may also be found.
Animals may resort to ingestion of feces, rocks,
sand, and other materials in their environment
when they run out of food to eat [11].

In starvation some differences may be seen in
the gastrointestinal tracts of ruminants versus
companion animals. In a healthy ruminant, the
rumen can account for about 25% of live weight.
In an underweight animal, the rumen weight may
exceed 25% of live weight due to the loss of body
condition and consumption of poor-quality feed.
The presence of food in the rumen is used as evi-
dence that an animal was being fed; however, this
may not be true. Many severely malnourished
animals have large quantities of fibrous material
present in the rumen. This emphasizes the impor-
tance of collecting and analyzing rumen contents
in evaluating the nutritional value of ruminant
feed. Ruminant intestinal content is the result of



3 Neglect

518107
HLE CR 1814-07
BMAH 194604A

Indistinct
tarsal

bones $

Soft tissue
and bone

defect Yy

Figs.3.34and 3.35 Left hind limb from Fig. 3.33, after
hair removal, observes soft tissue and bone damage from
matting resulting in annular constriction

Fig. 3.36 Bovine heart, serous atrophy of fat

the slow and continuous digestion of fibrous
material in the rumen and may be variably pres-
ent in cases of starvation [7].

Companion animals (monogastrics) such as
dogs and cats do not store food in their stom-
achs for very long periods. Food will usually
pass to the intestinal tract within hours in dogs
and cats, and after several days of starvation,
the gastrointestinal tract may be entirely empty.
Gastric ulceration may result from diminished
blood flow to the lining of the stomach, espe-
cially in dogs, and can result in perforation of
the gastric wall. Additionally, these animals
will ingest indigestible materials due to the
extreme hunger they are experiencing. The
stomach can become severely distended with
this type of material. Large intestinal fecal
matter may be dry or sticky in the presence of
this foreign material. Dogs and cats that have
succumbed to starvation generally have less
malodorous gastrointestinal tract contents than
those of healthy animals [7].

Organs in the body will atrophy as emaciation
progresses. This will be most evident in the liver,
spleen, pancreas, thymus, and salivary glands.
Histologically, the hepatic cells may show atro-
phy. The lymph nodes of juvenile animals can be
enlarged and edematous. Bone marrow fat is one
of the last fat reserves used in the body, and loss
of this reserve is typically associated with pro-
found malnutrition and starvation. The gross
appearance of the marrow in these states is typi-
cally red and watery with grossly and histologi-
cally decreased fat content. Bone marrow fat can
be quantified using solvent extraction techniques
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Fig. 3.37 Gastric ulcers
in an emaciated dog

Fig. 3.38 A stomach
with melena due to
gastric erosions/ulcers
filled with debris. The
pain from the gastric
epithelial injury did not
prevent this dog from
eating

and compared against established normal ranges
to support postmortem findings in cases of star-
vation. Radiographs will assist with bone growth
analysis in long bones illustrating any growth
arrest lines [7].

3.4.3 Hoarding: A Special Case
of Neglect

Hoarding is an excellent example of the poten-
tially complex nature of animal neglect. These

cases routinely involve several of the forms of
neglect covered in this chapter, scene investiga-
tion, live animal and postmortem examinations,
and interagency collaboration. In addition, ani-
mal hoarders commit animal neglect by actions
that are routed in complex and often misunder-
stood human mental conditions [4].

Hoarding and saving behaviors can be symp-
toms in a number of complex neuropsychiatric
disorders. Compulsive hoarding is listed in the
Diagnostic and Statistical Manual of Mental
Disorders (DSM-5) under obsessive-compulsive
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disorder (OCD), but in 2013, it was recognized
by the American Psychiatric Association as a dis-
tinct form of mental illness, and it is generally
viewed as a related OCD spectrum disorder by
mental health experts [13]. Animal hoarding is
the compulsive urge to amass and control ani-
mals without regard to negative consequences to
the animals or the individual. Stereotypes include
the elderly neighborhood “crazy cat lady,” but the
syndrome is much broader and more complicated
than most realize. Mental health conditions and
personality disorders among animal hoarders
shape the form of neglect that animals experience
and create important barriers to meaningful inter-
vention. Further, animal hoarding has almost
100% recidivism, usually because aspects of
mental health in the hoarder are not addressed
[2]. While over 70% of animal hoarders are
women [2], animal hoarding spans most socio-
economic and demographic boundaries and can
involve any species of animal [2, 6]. The average
age of women who hoard is 52.6 years and is
48.7 years for men [6].

There are three types of animal hoarding clas-
sifications. There is the overwhelmed caregiver,
who is aware that there is a problem with the ani-
mal care he or she is providing. Hoarding in these
cases is often tied to a change in the person’s
health, financial state, or personal life and rela-
tionships. There is the rescue hoarder, who denies
any problems exist with the animal care that is
being provided. His or her obsession to save ani-

mals negates an inability to care for them. The
exploiter is the most extreme and least common
type of animal hoarder. This type of hoarder is
unwilling to recognize any problems or the legiti-
mate concerns of others for the animals in their
care. He or she has no empathy for animals or
people and disregards any harm caused [2, 5].

Animal hoarding is an extremely complex
form of neglect but is defined by the presence of
three key features: (1) clutter and disorganiza-
tion, (2) excessive acquisition of animals, and (3)
difficulty discarding or relinquishing animals
(Figs. 3.39, 3.40, 3.41 and 3.42). Most hoarding
situations begin as selfless acts of concern to save
animals. Eventually, compulsive caregiving
behavior is increased in an attempt to gratify
unfulfilled human needs, while the requirements
of the animals are disregarded or ignored [2].
Hoarding may take place in an individual’s home
or other facility (Figs. 3.43, 3.44, 3.45 and 3.46),
either of which may be illegitimately identified as
a rescue or animal sanctuary. Some may have
legal nonprofit status with a 501.c.3. In compari-
son to legitimate animal welfare organizations,
animal hoarders will not take appropriate action
when faced with declining conditions. In these
instances, they may not choose to stop taking in
animals, increase staffing, or increase overall
resources to resolve animal problems related to
health, housing, sanitation, and nutrition.

Due to the high incidence of recidivism among
animal hoarders, these individuals are usually

Figs. 3.39 and 3.40 Ice chest found in closet under debris (Fig. 3.39), full of individually wrapped cat remains
(Fig. 3.40); empty dry ice packaging was also present
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Fig. 3.41 Deceased cat,
from ice chest severely
decomposed in
wrapping material

Fig. 3.42 Severely decomposed kitten removed from
wrapping material

known to the animal welfare community in a
given area. In many instances, the local animal
control or humane society humane investigator
has a long-standing case log with individual

hoarders. If intervention or prosecution has been
sought, law enforcement will have information
about this person as well. These agencies can
provide prior veterinary medical records or nec-
ropsy reports and crime scene photographs.
These can help with establishing timelines for
injuries or diseases and chronicity of the overall
problem.

According to a 2006 presentation by
R.L. Lockwood on Hoarding: Psychology and
Punishment, typical animal hoarding behaviors
include:

* Reluctance to admit visitors to home.

e Will not divulge how many animals are pres-
ent in the dwelling.

e Continued acquisition of new animals even
with declining health of resident animals.

e Desire to provide care for animals who are
paralyzed or have contagious diseases.

e The number of staff/volunteers assisting the
caregiver, if any, is not sufficient for the num-
ber of animals present.

Hoarding warning signs that veterinarians
may experience include a client who brings in
multiple animals that may have only been seen
once. The animals are not seen for preventative
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Fig. 3.43 Former print shop. Entire floor filled with milk  caused the floor to rot. Cats were literally falling through
jugs and empty cat food bags and cans. The large quantity  the floor to the office space below
of urine and feces produced by approximately 100 cats

Fig. 3.44 One of over
100 cats living in
dilapidated print shop

care but are presented with extreme illness or rier, or the owner-caregiver [6]. In cases of hoard-
injury. The animal hoarder will often have mul- ing where scene investigation is required, law
tiple veterinarians within the community. There enforcement will typically work in conjunction
may be a foul odor from the animal, animal’s car- with humane officers to establish cause, serve
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Fig.3.46 Close-up of
barrel filled with
discarded deceased cats

warrants, and investigate properties. A fire
department hazmat team may be called to assess
an environment for human safety prior to the
investigation. It is ideal that a forensic veterinar-
ian or pathologist also be present at the scene
when the search warrant is served. In lieu of this,
all photos, videos, or scene sketches and notes
should be scrupulously reviewed by the forensic
veterinarian or veterinary pathologist. Many
hoarding cases will have multiple agencies assist-
ing with a scene investigation.

Postmortem examinations often reveal gross
and histologic evidence of infectious diseases that
are commonly covered in standard vaccination pro-
tocols. Viruses that are hardy in the environment
and readily transmitted through contact, fecal-oral
routes and/or carried on fomites do particularly
well in hoarding environments. In the case of feline
hoarding, pathologists should look for lesions con-
sistent with feline panleukopenia virus, FIP, FIV,
and FeLV and upper respiratory pathogens such as
herpesvirus. Pyogenic infections, such as those
caused by beta-hemolytic streptococcus and
Staphylococcus sp., are also associated with close,
unsanitary living conditions [14].
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Environmental Injuries

Doris M. Miller

4.1 Normal Physiology
of Thermoregulation under
Normal Conditions

in Animals

In animals the thermoregulatory center is the
anterior hypothalamus which regulates the core
body temperature depending on the environmen-
tal temperature. [1]. The body core consists of the
essential organs such as the brain, heart, lungs,
liver, and kidneys. Behavioral changes have been
observed with variations in hypothalamic tem-
perature in dogs [2]. Hypothalamic heating
caused the dogs to sprawl, while during hypotha-
lamic cooling they would curl up [2]. In a cold
environment, blood flow is directed away from
the skin and peripheries into the core. In a warm
environment, blood flow is increased to the skin.

4.2 Hypothermia

4.2.1 Definition

Hypothermia is a lowering of the animal’s core
body temperature below what is physiologically
acceptable for that species [1, 3, 4]. Hypothermia

D.M. Miller, D.V.M., Ph.D., D.A.C.V.P.

Anatomic Pathology—ADVL, University of Georgia,
College of Veterinary Medicine, Athens, Georgia
e-mail: miller@uga.edu

© Springer International Publishing AG 2018

J.W. Brooks (ed.), Veterinary Forensic Pathology, Volume 2,

https://doi.org/10.1007/978-3-319-67175-8_4

is a general body cooling while frostbite is a focal
or localized area of hypothermia.

4.2.2 Risk Factors

Critically ill, cachectic, debilitated, and injured ani-
mals have impaired thermoregulatory responses
and also may not be able to retain or seek heat [5, 6].

Hypothermia is also reported in certain poi-
sonings such as alcohol and acetaminophen
poisoning [7]. Postanesthetic hypothermia
(<36.4 °C) occurs in up to 32% of canine surgical
patients due to redistribution of heat from the
core to peripheral tissues [1, 8].

Neonates have underdeveloped thermoregula-
tory mechanisms [9-11]. Neonates have limited
response to epinephrine and norepinephrine and
thus are unable to adequately vasoconstrict at the
periphery or have protective vasodilation. While
they can sense cold temperatures and move toward
heat, they cannot piloerect their fur. Their increased
body surface area predisposes them to increased
heat loss. Hypothermic neonates (<94 °F or
34.4 °C) will have poor to weak suckling response,
hypomotile intestines, and tachycardia [9, 11].

4.2.3 Pathophysiology

While there is a variation in physiological responses
at specific temperatures among species and animals,
in general for dogs and cats, a rectal temperature of
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less than 28-31.1 °C (82—88 °F) results in the inabil-
ity to regain normal body temperature [3, 6].
Hypothermia in adult animals results in an endo-
crine response (catecholamines release) to increase
metabolism to improve thermogenesis, shivering,
and behavioral responses to escape cold [6, 11-13].
Shivering is caused by the resultant hypothalamic
stimulation of reflexes in the spinal cord that cause
muscle contractions which lead to an increase in
body temperature [3, 11, 12, 14]. There is piloerec-
tion resulting in the trapping of warm air near the
body, while vasoconstriction maintains warm blood
in the vital internal organs.

Hypothermia causes increased circulating cat-
echolamines with an increased respiratory rate,
decreased total body oxygen consumption, heart
rate, cardiac output, and electrolyte abnormalities
initially [5, 6, 13]. Depending on the severity of
the hypothermia, there is hypoglycemia and
potassium alteration, the latter due to intracellu-
lar shifting rather than a true loss [6]. Continued
or prolonged hypothermia leads to failure of the
thermoregulation system and progressive multi-
organ failure [6, 11, 15, 16]. Renal failure and
acute tubular necrosis secondary to depressed
renal blood flow, reduced glomerular filtration
rate, decreased blood pressure, and diuresis occur
[5, 17]. There is eventual respiratory depression,
lactic acidosis, and pulmonary atelectasis associ-
ated with or due to the compromised pulmonary
gas exchange and decreased tissue perfusion.
This leads to hypoxia, pulmonary edema, and
acute respiratory distress syndrome or pneumo-
nia. In dogs, hypothermia has been reported to
cause a delay in clot formation, prolonged QT
interval, and bradycardia. In the brain this can
cause symptoms ranging from depression to
coma [6]. As the core body temperature contin-
ues to drop, the gastrointestinal blood flow
decreases. Vasoconstriction in hypothermia
results in a decreased blood flow to tissues lead-
ing to tissue hypoxia and to diminished resistance
to infection associated with impaired oxidative
killing by neutrophils, decreased phagocytosis,
impaired chemotaxis, and depression of cyto-
kines and antibodies.

Frostbite is caused by the effect of freezing on
a part of the body of a live animal [3-5, 18]. The

extremities are the most susceptible, and gross
appearance of the tissue can vary from pale and
cold to dark bluish. Necrosis followed by slough-
ing may develop and take as long as 4-15 days
[4]. The degree or severity of frostbite is best
evaluated after initial treatment in the live animal,
but the outcome may not always be predicted
accurately due to the delayed vascular lesions
[19, 20]. Hypothermia causes a shunting (vaso-
constriction) of oxygen and blood away from the
peripheral tissues (ear tips, toes, feet, mammary
gland, tail) which can result in cell death, micro-
vascular thrombosis, intracellular and extracellu-
lar ice crystal formation, membrane damage, and
cell lysis in the live animal (Fig. 4.1) [3-5, 18].
This injury is due to the direct damage to the
keratinocytes and endothelial cells from the
hypothermia causing the formation of ice crystals
(intracellular and extracellular) and inadequate
blood supply to the area. Experimental studies
have shown that the earliest changes are hyper-
emia of superficial and deep dermal vessels, vac-
uolization of keratinocytes, individualization of
cells, and pyknosis seen within hours of injury.
Leukocyte emigration, microabscesses, and vas-
culitis were present within 24 h. However, medial
vascular degeneration and thrombosis often were
not evident until 1-2 weeks following frostbite
injury [19, 20].

4.2.4 Macroscopic Lesions

Macroscopic lesions associated with hypother-
mia are nonspecific and often depend on the
duration of the hypothermia prior to death. As
the core body temperature continues to drop, the
gastrointestinal blood flow decreases. This can
lead to erosions of the stomach and intestines.
Hemorrhagic pancreatitis has been reported due
to decreased perfusion. Continued hypothermia
causes decreased cardiac output, decreased
myocardial oxygen metabolism, and hypovole-
mia with resulting atrial and ventricular fibrilla-
tion [4-6].

Hypothermia-induced coagulation abnormali-
ties (reversible platelet sequestration, decreased
platelet aggregation, and prolonged bleeding times)
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Fig.4.1 Frostbite lesions in a cat, bird leg, and calf ear showing ischemic necrosis. Photographs courtesy of Dr. Ann
Cavender (a), Dr. Tabitha Viner (b) and Dr. Doris Miller (¢ and d)

are often missed in the clinical setting due to coag-
ulation tests conducted at normal (98.6 °F) tem-
peratures [6]. These disorders rapidly reverse once
normothermia is reestablished especially if the
duration of hypothermia is less than 6 h [15, 16].

4.2.,5 MicroscopicLesions

When hypothermia was induced in dogs, there
were histopathological changes in the liver, kid-
neys, and adrenal glands [21]. These changes
were reported to be depletion of hepatic glycogen
and increased lipid in the liver, adrenals, and
renal tubules, degenerative changes in the central
lobules of the liver, and miliary necrosis in the
myocardium [15, 16, 21]. These are nonspecific
and could not be related directly to the cause of
death during hypothermia by the researchers [16,
21]. Fisher et al. did not find any significant

changes in the heart, lungs, adrenals, kidneys,
and pancreas of 40 dogs in experimental hypo-
thermia of 2-24 h duration. [22] There was, how-
ever, focal pancreatitis in approximately 10% of
the dogs [22].

4.3 Hyperthermia

4.3.1 Definition and Types

Hyperthermia which is an elevation of the core
body temperature above normal can occur in
response to fever, environmental conditions (ele-
vated temperature and/or humidity), exercise,
pathologic conditions (tumors, eclampsia, sei-
zures, malignant hyperthermia), and drugs such
as caffeine (result of excessive muscular activ-
ity), amphetamines, and cocaine [1, 4, 7].
Heatstroke is a form of hyperthermia associated
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with a systemic inflammatory response that can
lead to multiorgan dysfunction. Heatstroke has
been said to be the oldest known disease [23].
Hyperthermia due to heatstroke is considered a
medical emergency (temperature > 106 °F or
41 °C) that occurs when the body cannot main-
tain its normal temperature through its regular
thermoregulatory system [3, 24]. Cases of heat-
stroke have been reported in animals being left in
parked cars, tied in the sun with no shade avail-
able, and not acclimated prior to exercise (exer-
tional heatstroke) [1, 4, 24-27].

4.3.2 Risk Factors

Risk factors identified for the development of
heatstroke are obesity (fat provides insulation
and is a poor thermal conductor), breed (brachio-
cephalic, golden retrievers, Labrador retrievers),
body weight, high environmental temperature
and humidity, lack of acclimation, lack of access
to potable water, confinement in a poorly venti-
lated space, hair coat thickness and color, cardio-
vascular or neurologic disease, advanced age,
dehydration, some medications, and previous
heatstroke or heat injury [24, 25, 28-31].

Fat is an effective insulator that can slow the
transfer of body heat which is protective in hypo-
thermia but can be problematic with hyperther-
mia [6]. In dehydrated cats, it has been shown
that there is a reduction in the evaporative
response (respiratory rate) to elevations in core
body temperature suggesting that dehydration
results in an increase in threshold hypothalamic
temperature for evaporation with a change in the
thermoregulatory system [32]. Dehydrated cam-
els, donkeys, steers, sheep, goats, dogs, and ante-
lope have elevated body temperatures with
decreased rates of water loss through sweating or
panting when compared with their hydrated
counterparts [28, 32, 33].

4.3.3 Pathophysiology

The physiologic response to heat stress has two
components—the acute-phase response and the

heat shock response [24, 25, 34]. The acute-phase
response involves the endothelial cells, leuko-
cytes, epithelial cells, and cytokine release in an
attempt to protect tissues [34].

The heat shock response is a rapid molecular
cytoprotective ~ mechanism  that  involves
production of heat shock proteins which have
also been detected in tissue injury, inflammation,
and bacterial infections [34].

During hyperthermia, blood shifts from the
mesenteric circulation to the muscles and skin to
facilitate heat dissipation and tissue oxygen
demands [24, 35, 36]. Within the intestines, there
is resulting hypoxia, intestinal ischemia, and
hyperpermeability, often resulting in bloody diar-
rhea [24, 35]. The resulting inflammatory cyto-
kine release, reactive oxygen, and nitrogen
generation by the injured tissue cause increased
intestinal permeability with release of endotoxins
into the bloodstream [24]. This is a mechanism
similar to that described with sepsis, and the gross
and microscopic lesions are similar [24, 35].

The most commonly observed serum bio-
chemistry abnormalities in hyperthermia are
increased creatinine kinase, alanine aminotrans-
ferase, aspartate aminotransferase, alkaline phos-
phatase, and neutrophilia with a left shift,
hypoglycemia with thrombocytopenia, and
nucleated red blood cells [24-26, 37].
Hyperthermia causes endothelial injury which
activates the coagulation and complement cas-
cades causing DIC and a systemic inflammatory
response syndrome [24, 29, 34]. The hepatic
injury due to hypoperfusion and microembolism
can potentiate the hemostatic abnormalities [26,
29, 38]. There is an increased prothrombin time
and activated partial thromboplastin time [38].
As a consequence of direct renal thermal tissue
damage and severe hemoconcentration, azotemia
and tubular necrosis are a frequent finding at nec-
ropsy. The pulmonary lesions of edema, alveolar
hemorrhages, and infarcts are due to the injury to
the pulmonary endothelium [24]. Most tissues of
the body except the brain, spinal cord, and nerves
can withstand temperatures up to 112 °F (44 °C)
for up to 1 h before irreversible damage occurs
[3]. It has been suggested, however, that the cause
of death in canine heatstroke is due to the
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hemodynamic deterioration, DIC, and pulmonary
changes rather than the CNS lesions [24, 35, 39].
This is due to the altered cardiovascular function
combined with coagulation abnormalities and
increased metabolic demand leading to multiorgan
failure which quickly leads to death [25, 31].

4.3.4 Clinical Signs
and Relationship to Mortality

The most common clinical signs associated with
heatstroke are tachypnea, collapse, bleeding
(petechial, hematochezia), shock, diarrhea, sei-
zures, and either hyper-, normo-, or hypothermia
on presentation [24-26, 29]. The body tempera-
ture can vary depending on the treatment and
length of time since treatment was initiated.
Cooling of the body continues after termination
of treatment and should be stopped before the
body reaches a normal range. This is due to the
return of peripheral blood to the body core and
the movement of the warmer core to the periph-
ery [6, 24, 40].

Negative indicators for survival after hyper-
thermia can include seizures, coma, coagulopathy
(prothrombin time > 18 s, partial thromboplastin
time > 30s), hypothermia, and more than 18
nucleated red blood cells per 100 white cells [25,
26, 29]. Excessive panting often leads to respira-
tory alkalosis. Development of acute renal failure
and metabolic acidosis develop [25].

4.3.5 Macroscopic Lesions

Descriptions of postmortem lesions in natural
and experimentally induced cases of hyperther-
mia have been reported [26, 29, 35, 37, 38].
Natural cases of heatstroke had multiorgan
lesions compatible with hyperthermia-induced
disseminated intravascular coagulation and a sys-
temic inflammatory response syndrome [26, 29,
34, 35, 37, 38]. All organs have a vascular con-
gestion, an increased onset of rigor mortis, and an
increased rate of postmortem changes due to the
increased body temperature in hyperthermia
(Fig. 4.2) [41].

4.3.6 MicroscopicLesions

Microscopic lesions in natural cases included
pulmonary edema, infarction, or hyperemia; mild
to severe multifocal to coalescing subendocar-
dial, myocardial, and epicardial hemorrhages;
severe, diffuse visceral, and parietal peritoneal
hemorrhages; hemorrhages in the serosal, mus-
cular, and submucosal layers of the gastrointesti-
nal tract; splenomegaly due to congestion; renal
congestion, mild to severe renal tubular degener-
ation and necrosis; and mild to severe brain
edema and hyperemia [34, 36, 42—44]. There also
was mild to moderate fibrinoid thrombosis of the
microvasculature adjacent to the hemorrhagic
areas in all affected tissues [35, 38]. Some of the
dogs had mild to severe necrosis of the mucosa of
the intestines [35, 40]. In another study in which
only six dogs were necropsied, the lesions were
acute renal tubular necrosis, renal infarcts, dif-
fuse serosal hemorrhages, skeletal muscle hem-
orrhages, gastrointestinal hemorrhage, icterus,
pancreatitis (one animal), and cerebral hemor-
rhages [29]. Metarubricytosis has been frequently
reported in cases of heatstroke [24, 35, 45]. The
mechanism of this release of nRBC (nucleated
red blood cells) has not been established posi-
tively. There may be a thermal injury to the bone
marrow, or it may be mediated by the cytokines
produced during the systemic inflammatory
response [29, 35, 45].

4.4 Challenges of Confirming
Hypothermia
and Hyperthermia

in Animals

As other conditions can give similar lesions as
those found in hypothermia and hyperthermia
(such as sepsis), the final diagnosis may be a
challenge in animals found dead with very little
history. There is no single diagnostic test or
pathognomonic lesion that can confirm injury
due to hyperthermia or hypothermia. The pathol-
ogist should be provided with detailed history
and information about the circumstances and
environment in which the animal was found.
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Fig.4.2 Necropsy lesions of canine dying from hyperthermia. Note lung hemorrhages, congested kidneys and hepatic
hemorrhages. Photographs courtesy of Dr. Corrie Brown (a—c) and Dr. Daniel Rissi (d)

Photographs of the scene may be beneficial.
Conditions under which the body was stored or
maintained prior to the presentation for the nec-
ropsy is essential. Ice crystals and their effects on
cellular morphology occur in carcasses frozen
after death. Frostbite can present with local tissue
changes similar to those observed in primary vas-
culitis, chemical burns, and systemic illness.
However, examination of other organs and sec-
tions of the skin in addition to the history and
location of the lesion on the animal’s body (ears,
tail, scrotum) can help to determine the etiology
as frostbite. In summary, necropsy findings are
often nonspecific, and correct sampling at the
scene, thorough postmortem examination, and
interdisciplinary cooperation of all professionals
involved are essential for a definitive diagnosis in
cases involving suspected hypothermia and
hyperthermia.
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Poisoning

Lisa A.Murphy and Rebecca Kagan

5.1 When to Suspect a Poisoning
Poisonings make up a small percentage of veteri-
nary cases. Based on the limited available data
for reported animal poisonings, the majority
(>99%) appear to be accidental rather than inten-
tional [1]. Dogs account for approximately 75%
of reported malicious poisonings and about 15%
involve cats [2]. The remaining 10% include
equine, food animal, exotic, and wildlife cases.
Sudden or unexpected death of one or more
previously healthy animals may warrant a suspi-
cion of poisoning, especially if no other obvious
causes of death such as trauma or disease can be
found. Susceptibility to most toxic substances is
not limited to a single animal type, so finding
more than one affected species could also indi-
cate a poisoning. Furthermore, finding one or
more ill or dead animals in proximity to a car-
cass, common food or water source, or other sus-
pect bait materials may indicate a potential source
of intoxication. While some toxicants can be
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inhaled or absorbed through skin or mucous
membranes, ingestion will be the most common
route of exposure.

5.2  Importance of History

Taking

Determination that an animal has died or devel-
oped illness due to poisoning requires pulling
together what can variably be either sparse or
vast quantities of information, including but not
limited to case histories, observed signs and
symptoms, medical records, clinical test results,
postmortem findings, and toxicologic analyses.
Key elements of a possible poisoning case may
be missing, incomplete, or difficult to verify, and
samples suitable for testing may be inadequately
preserved or otherwise not suitable or available
for analysis. Clinical signs in poisoning cases are
often nonspecific and may not have been observed
at all if the animal is simply found dead. Even
when a thorough necropsy can be performed,
poisoning cases may also lack specific gross or
histologic lesions. For these reasons, taking a
thorough history will be critical to identifying a
potential poisoning case and ideally discovering
the likely source of the toxicant. Elements of a
good history in a suspected poisoning case should
include questions about the exposure, the envi-
ronment, and the animal [1].
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5.2.1 Exposure History

Establishing a good exposure history can be criti-
cal in determining which poisons to test for.
Questions to ask include whether the owner,
caretaker, or other observer witnessed the animal
ingesting or otherwise coming into contact with
something unusual. If so, what can they tell you
about the object or substance’s size, shape, state
(solid or liquid), color, and location? How soon
afterward were problems first noted? If people or
other animals were observed in the same vicinity,
did any of them seem to be affected as well?

5.2.2 Environmental History

The goal of the environmental history is to iden-
tify the potential source(s) of a toxicant [3]. This
should ideally be done by visiting the site to
gather as much firsthand information as possible
and to facilitate the collection of a wide variety of
fresh sample types for analysis. In many cases the
environmental history may instead rely on inter-
views and information provided by others who
were at the scene instead, such as owners, care-
takers, investigators, or even members of the gen-
eral public who were present. Photographs and
diagrams in addition to written and oral eyewit-
ness accounts may be helpful for more fully
reconstructing the scene where the suspected poi-
soning may have occurred.

The extent and nature of an animal’s environ-
ment may vary widely, with numerous opportuni-
ties for a toxic exposure. Pet animals can be
confined to a residence or a fenced yard or roam
a larger immediate area within an urban, subur-
ban, or rural neighborhood. Dogs may regularly
walk the same route with their owners or rou-
tinely visit the same park. Horses and livestock
are generally kept in a fenced yard or pasture;
however, the size of this area may vary greatly
and include or abut many potential sources of
toxicants, such as wooded areas, streams or bod-
ies of water, housing developments, and public
roadways. Free-roaming wildlife may frequent a
variety of these environment types over the
course of a single day or season. Previously

reported sightings of the affected animal or group
may suggest additional locations that should be
examined.

Potentially toxic substances may be found in
plain sight or more often mixed into a variety of
edible items such as canned pet foods, grain, pel-
leted feeds, raw or cooked meat, and processed
human foods such as hot dogs. Other evidence of
intentional baiting can include carcasses and
completely or partially empty plates, cans, and
containers that otherwise seem out of place. The
environment should also be examined for the
presence of naturally occurring toxicants such as
poisonous plants, toxic mushrooms, and water
sources contaminated by harmful algal blooms.
Housing areas, locations where food is prepared
or stored, and water sources should all be
inspected in cases involving domestic animals or
captive wildlife.

5.2.3 Animal History

The minimum animal history should document
its signalment and any pertinent health history as
available [1]. Signalment includes species,
approximate age, reproductive status if known,
and breed if applicable. When multiple animals
are involved, additional data should include the
total number of animals in each species group or
age class, along with how many affected animals
died or recovered.

Medical information or husbandry records
should be reviewed when available. Special
attention should be given to previous vaccina-
tions, prior health problems, current medications,
animal movements, and other management
details and perhaps most importantly when the
animal either first became ill or last seemed nor-
mal. For any treatments administered, it should
be noted whether or not any response or clinical
improvement was observed. When there are indi-
cations that blood, serum, urine, gastrointestinal
contents, or other patient samples were collected,
especially prior to the administration of any treat-
ments, it should be determined if those samples
have been retained and appropriately preserved
for possible toxicologic analysis.



5 Poisoning

77

5.3 Sample Collection

and Storage

Toxicology testing can be expensive and very spe-
cific, so samples for testing are often collected and
held pending necropsy, histology, and ancillary
test results. Samples should be collected in indi-
vidual containers such as specimen cups, jars, or
sealable plastic bags and carefully labelled with
the case identifier, date, tissue type or source, and
other descriptive information, including the name
of the person collecting the sample [3]. When in
doubt, samples for toxicology testing should be
frozen in separate labelled containers. While for-
malin-fixed tissues for histology may be critical to
ruling out other possible causes of death, they are
rarely  useful for  toxicology  testing.
Recommendations about sample types and quanti-
ties to collect for veterinary toxicology testing
have been previously published by multiple
authors [1, 3-5]. Even though individual analyses
in the toxicology laboratory may involve gram or
microliter sample quantities, larger amounts
increase the number of tests that can be run and
ensure that testing can be repeated to confirm the
results of screening tests. It may also be necessary
to verify results obtained by one analyst or labora-
tory by having the testing performed by a second
individual or facility at the request of a defense
attorney. Tables 5.1, 5.2 and 5.3 provide a useful
summary of the types of samples that are valuable

Table 5.1 Environmental samples to collect for toxicol-
ogy testing

Special
Sample type Amount instructions
Feeds or 500 g Use glass jars or
baits paper or plastic
bags
Plants Entire plant or Press and dry or
representative branch freeze
plus photographs for
trees and large shrubs
Mushrooms  Whole mushroom Keep cool and
dry in a loosely
sealed paper bag
Water 1L Clean glass jar
Bedding 500 g Keep cool and
material dry in paper or
plastic bags

Table 5.2 Antemortem samples to collect for toxicology
testing

Sample type Amount Special instructions

Whole blood 5-10mL  Preserve with EDTA
or heparin and
refrigerate

Serum 5-10mL  Spin and remove
from clot then freeze
Use special tube for
zinc

Urine 50-100 mL Plastic screw-top
container

Milk 30 mL Refrigerate

Ingesta and feces At least Freeze

100 g

Injection or Variable Freeze

application sites

and biopsy

specimens

Hair 10g Tie mane or tail hair

to note origin

Table 5.3 Postmortem samples to collect for toxicology
testing

Sample type Amount  Special instructions

Ingesta At least Freeze
100 g

Liver 100 g Freeze

Kidney 100 g Freeze

Brain Y2 of brain Sagittal section, leaving the
midline in formalin for
histopathology

Fat 100 g Freeze

Ocular fluid 1 eye Freeze whole eye or
extracted fluid

Injection 100 g Freeze

site

The findings and opinions contained herein are those of
the author and do not necessarily reflect the views of the
US Fish and Wildlife Service

to collect when investigating a possible animal
poisoning. Sampling can be separated into the cat-
egories of environmental (Table 5.1), antemortem
(Table 5.2), and postmortem samples (Table 5.3).

5.3.1 Environmental Samples

Environmental samples that should be collected
include any available food sources (whether or
not they are consistent with the animal’s normal
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diet), water, soil, plants, mushrooms, bedding or
nesting material, and other items that animals
may have had access to (Table 5.1). Containers or
structures should be carefully inspected for the
presence of any potentially toxic contents. Food
or feed samples should not be pooled into the
same container unless they are from the same
common source. Dilution or masking of a poten-
tial toxicant may result in a failure to readily
detect it in a pooled sample, particularly if it is
present at low concentrations or sporadically dis-
tributed throughout the sampled material.

Plant and mushroom specimens require special
handling to avoid excessive deterioration before a
definitive species identification can be made.
Ideally entire specimens should be provided to an
expert botanist or mycologist rather than partial
samples or fragments collected from the environ-
ment or an animal’s gastrointestinal contents. Hay
should be carefully inspected for suspicious
weeds, seeds, or foreign material. For large trees
and shrubs, high-quality photographs can be help-
ful. Plants should be wrapped in newspaper or
pressed and dried. Mushrooms should be placed
in a loosely closed paper bag and kept cool. Dry
hay can be sealed into plastic bags.

Water samples should be collected from the
place where the water initially enters the location
in question; any pipes, tanks, or storage contain-
ers used to move it around the property; and the
sites where animals may actually drink, such as
bowls, troughs, or puddles [4]. All of these
different water sources could be subject to con-
tamination resulting in animal illness.

5.3.2 Antemortem Samples

A complete set of antemortem animal fluid sam-
ples should include whole blood, serum, and
urine (Table 5.2). Gastrointestinal contents are
extremely valuable, particularly in cases of acute
illness or death, and in live patients are typically
available in the form of either vomitus or stom-
ach contents obtained with a stomach tube during
a gastric lavage decontamination procedure. Milk
should be obtained from lactating animals as
some compounds can be excreted into milk, pos-

ing a risk for both offspring and humans who
may consume it. As with environmental samples,
pooling of bodily fluids and stomach contents
from multiple animals is not recommended.

5.3.3 Postmortem Samples

During the course of the necropsy, the patholo-
gist performs a gross examination in addition to
collecting representative tissue samples to be
placed into formalin for histopathology, sampled
for microbiology as appropriate, and refrigerated
or frozen into separate containers for toxicology
testing. A typical checklist of tissues to collect
includes liver, kidney, brain, fat, and ocular fluid
(Table 5.3). Collection of tissues from areas sug-
gestive of injection or topical application sites
should include a wide area of skin and underlying
tissues. Other unusual or suspicious sites or
lesions on the exterior of the animal or within the
body should also be documented and sampled.
Photographs and written reports from the gross
necropsy may help direct subsequent toxicology
testing, based on the presence or absence of visi-
ble lesions. If not collected before the animal’s
death, using a syringe to obtain urine from the
urinary bladder and blood from the heart should
be attempted.

5.3.4 Sample Storage

Samples for toxicologic analysis should ideally be
stored in individually labelled containers. Glass or
hard plastic containers (polypropylene or polysty-
rene) with screw caps are less likely to leach con-
taminants into samples than soft plastics or metals
[6, 7]; however, they are subject to cracking when
frozen [1]. Sealable soft plastic bags (e.g., Whirl-
Pak® bags) may be most practical unless toxico-
logic analysis is delayed, or volatile or potentially
plastic-degrading chemicals are being collected.
Care should be taken to avoid cross-contamina-
tion of samples and their containers.

Blood and other fluid samples should not be
stored and transported in syringes. In addition to
the risk of sample loss or injury from the needle
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during transport, rubber in the syringe plunger
can contaminate the sample with zinc. Zinc con-
tamination can be avoided by using commercially
available, rubber-free blood collection tubes and
supplies.

Dry samples such as hair, grains, pelleted
feeds, and hay can be sealed in a paper envelope
or bag [1] and kept at room temperature. For the
feed samples, breathable containers that do not
retain moisture will avoid mold growth after col-
lection that may make the later detection of
mycotoxins difficult to interpret.

5.4 Common Toxicants
in Domestic Pets and Wildlife
5.4.1 Anticholinesterase
Insecticides

5.4.1.1 Sources

Anticholinesterase insecticides include organo-
phosphates and carbamates, historically some of
the most extensively used insecticides in agricul-
ture, homes, and gardens and may be formulated
as sprays, powders, or granules [8]. While the
sale and use of some compounds in this class
have become more restricted over time, at least in
the United States, the wide distribution and
highly potent nature of these insecticides continue
to result in accidental and intentional animal poi-
sonings. Examples of organophosphates and car-
bamates commonly implicated in animal
poisoning cases by veterinary toxicology labora-
tories include aldicarb, methomyl, carbofuran,
and terbufos. These insecticides can be absorbed
through skin or inhaled; however, most exposures
result from ingestion [9], including cases of sec-
ondary poisoning from consuming intoxicated
prey species [10-12].

Because these poisons are highly toxic and
some may have the potential to persist for at least
some period of time, baited carcasses can kill
many animals; both those that feed directly on
the bait and those that feed on the dead scaven-
gers. Scene findings suggestive of organophos-
phate or carbamate poisoning include the finding
of multiple dead or clinically affected animals in

one area, dead insects on the carcasses, the pres-
ence of a scavenged carcass, and body position
indicating terminal convulsions. Formulations
may be visible as dark granules or white or col-
ored powder, but it also may be applied as a
liquid.

5.4.1.2 Mode of Action and Affected
Body Systems

Organophosphate and carbamate insecticides
inhibit acetylcholinesterase (AChE). AChE is
found in the brain and other nervous system tissues,
red blood cells, and muscle and has a high and spe-
cific affinity for the neurotransmitter acetylcholine
(ACh) [13]. When ACh is released by the nervous
system, it stimulates a voluntary muscle, gland,
pupil, blood vessel, or other smooth muscle. The
function of AChE is to hydrolyze ACh, terminat-
ing its stimulatory effect. Organophosphate and
carbamate insecticides inhibit AChE, resulting in
prolonged overstimulation of the nervous system
and skeletal muscles [8].

5.4.1.3 Expected Clinical Signs
and Lesions

The onset of clinical signs associated with carba-
mates or organophosphates can occur within
minutes or hours [13], meaning some animals
will be simply found dead, and even symptomatic
animals may die before veterinary care can be
obtained. The initial signs typically consist of
excessive salivation, accompanied by frequent
urination and defecation [8], followed by muscle
tremors and ataxia that may rapidly progress to
seizures. Primary respiratory failure usually
results from airway constriction; dysfunction of
the diaphragm and intercostal muscles may be
contributing factors [14]. Necropsy findings may
include evidence of a recently ingested meal.
Other, variable findings, may include pulmonary
edema, systemic congestion, excessive gastroin-
testinal and respiratory fluids, and diarrhea.

5.4.1.4 Diagnosis

Cholinesterase activity can be measured in blood,
brain, or retinal tissue to demonstrate exposure to
an anticholinesterase. If brain is to be analyzed, a
hemisection should be sampled, frozen, and tested
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as quickly as possible [15]. It should be noted that
cholinesterase levels can be falsely raised by
decomposition and falsely lowered by prolonged
freezing [16, 17]. It is important to utilize a labora-
tory that has established normal reference ranges
for animal species of interest [13]. Compatible
clinical signs, including acute death, and less than
25% of normal ChE activity support a diagnosis of
organophosphate or carbamate toxicosis [18].
Analysis of vomitus, gastrointestinal contents,
liver, and suspected source materials should all be
performed to identify a specific insecticide.

Ideally, collection and testing of both stomach
contents and brain is done. Detection of the toxin in
the stomach contents in conjunction with low cho-
linesterase levels in the brain confirms
cholinesterase-inhibiting poison as the cause of
death. For species in which reference ranges are not
established (which includes most wildlife), detec-
tion of poison in the stomach contents or on the skin
is often enough to determine the cause of death.

For cases in which the victims are heavily
scavenged, organophosphates and carbamates
may still be on the mucosa of the oral cavity,
esophagus, or stomach. If exposure was percuta-
neous, skin may be positive. Birds in particular
are sensitive enough to absorb a fatal dose from
just perching on a baited carcass. Dermal expo-
sure should be suspected if gastric contents are
negative but organophosphates or carbamates are
present in other sources (other birds or the envi-
ronment) and/or cholinesterase levels are low.
Skin from the plantar surfaces of the feet should
be tested as these are areas most likely to have
made contact with a contaminated surface.

Due to the potential for toxicity from cutane-
ous or inhaled exposure, one should always take
proper precautions when working with or trans-
porting these types of cases. Always use PPE and
work in a well-ventilated environment.

5.4.2 Rodenticides

5.4.2.1 Sources

Rodenticides designed to kill primarily rats and
mice have been produced in a variety of col-
ors and formulations, most typically in blocks

or bars [19]. Pellets, powders, grain mixtures,
and cracked corn [20] may also be vehicles for
rodenticides. Following actions taken by the
US Environmental Protection Agency (EPA)
in 2008 to protect nontarget species including
cats, dogs, and wildlife, consumer rodenticides
produced after June 2011 no longer contain the
second-generation anticoagulant rodenticides
brodifacoum, difethialone, difenacoum, and
bromadiolone. First-generation anticoagulants
(warfarin, chlorophacinone, and diphacinone)
are still permitted along with other nonan-
ticoagulant rodenticides available for over-
the-counter purchase such as bromethalin and
strychnine [21].

5.4.2.2 Anticoagulant Rodenticides
Anticoagulant rodenticides have a long history of
causing illness and death in nontarget cats, dogs,
and wildlife [22-25]. These compounds continue
to be regularly detected in animal poisoning
cases, even after the EPA’s 2008 changes to
restrict their use by consumers.

Mode of Action and Affected Body

Systems

Anticoagulant rodenticides inhibit vitamin K,
epoxide reductase, depleting active vitamin K,
and interrupting the liver’s production of clotting
factors II, VII, IX, and X [26, 27]. Animals are
usually clinically normal for the first 24—72 h fol-
lowing exposure, while existing clotting factors
still remain. Once clinical signs develop, hemor-
rhage can occur anywhere in the body.

Expected Clinical Signs and Lesions

The most common clinical signs of anticoagu-
lant rodenticide poisoning are lethargy, cough-
ing, dyspnea, and hemoptysis [27]. Hemorrhage
can occur in almost any location including the
brain, the gastrointestinal tract, and cavities such
as the chest, abdomen, and joints. The most fre-
quent postmortem findings are hemoperitoneum,
hemothorax, and pulmonary hemorrhage [22].
In the absence of severe trauma or other obvi-
ous causes of hemorrhage, these findings should
suggest possible anticoagulant rodenticide
poisoning.
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Diagnosis

Laboratory tests performed on blood to assess
abnormal clotting include PT (prothrombin
time), APTT (activated partial thromboplastin
time), ACT (activated clotting time), and PIVKA
(proteins induced by vitamin K antagonism).
Animals may also develop anemia, thrombocyto-
penia, and hypoproteinemia [28]. Specific antico-
agulant rodenticides can be detected in blood,
liver, gastrointestinal contents, and potential
source materials. Because there may be an
extended period of time between ingestion of the
toxin and death, analysis of liver rather than
ingesta is standard. Toxin concentration does not
necessarily correlate to the severity of clinical
signs due to high potency and long half-life of
these rodenticides.

Postmortem diagnosis requires both detection
of the rodenticide and hemorrhage. Anticoagulant
rodenticides can be present in wild birds (particu-
larly owls) that have no clinical signs and/or have
died due to an unrelated cause. Sublethal levels
of anticoagulant rodenticides have not been
linked to decreased fitness in raptors [23, 29].

5.4.2.3 Bromethalin

Mode of Action and Affected Body

Systems

Bromethalin and its active primary metabolite des-
methyl bromethalin uncouple oxidative phosphor-
ylation. Decreased ATP levels and impaired
sodium-potassium ion channel pumps cause fluid
shifts into the brain and spinal cord [30], eventually
leading to progressive, irreversible damage [31].

Expected Clinical Signs and Lesions

Experimental studies conducted in dogs pro-
duced two dose-dependent syndromes [32].
Sublethal doses in dogs resulted in the develop-
ment of hind limb ataxia and paresis over
24-86 h, often progressing to hind limb paraly-
sis. Higher doses caused severe muscle tremors
and seizures. Other findings included cerebral
edema and increased cerebrospinal fluid (CSF)
pressure. Cats are even more sensitive to bro-
methalin, though their seizures develop later and
are less severe than those observed in dogs [33].

Postmortem findings suggestive of brometh-
alin toxicosis include cerebral edema and white
matter spongiosis with myelin vacuolization in
the absence of inflammation [34-36].

Diagnosis

Bromethalin can be found in fat, liver, kidneys,
and the brain [35]. Despite evidence showing an
increasing trend in animal bromethalin exposures
[37], testing for this rodenticide and its active
metabolite, desmethyl bromethalin, is not widely
available at diagnostic laboratories. A diagnosis
of bromethalin toxicosis can be made based on
exposure to bromethalin-containing rodenticides,
compatible clinical and postmortem findings, and
by ruling out other possible causes of death.

5.4.2.4 Strychnine

Mode of Action and Affected Body

Systems

Following its rapid absorption, strychnine blocks
the inhibitory action of the neurotransmitter gly-
cine to motor neurons and interneurons [38, 39].
This results in mild to severe muscle spasms and
convulsions, often characterized by extreme
hyperextension of the body and limbs [21].

Expected Clinical Signs and Lesions
Severity of clinical signs varies with the exposure
dose and signs typically develop within
10-120 min of ingestion [21]. Musculoskeletal
signs develop gradually at first, often noticed as
spasms and stiffness of the face, neck, and limbs.
This is rapidly followed by generalized tonic-
extensor type convulsions, with animals exhibit-
ing an arched back and jaws clamped into a
“sardonic grin.” Increased sensitivity to sensory
stimulation such as loud noises, light, and touch
may also be present though are not completely
specific to strychnine toxicosis. Hyperthermia
may be present as a result of the muscle contrac-
tions and convulsions, and death most likely
occurs due to hypoxia associated with respiratory
paralysis.

Rhabdomyolysis and acute renal failure have
been reported in strychnine-intoxicated humans
[40]; however, similar findings have not been
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adequately described in animals. Rigor mortis
occurs rapidly after death and may persist for
days [20]. The postmortem examination may not
reveal many lesions beyond pinpoint hemor-
rhages in the lungs due to asphyxia.

Diagnosis

In cases with compatible clinical signs, suspect
bait material, stomach or crop contents, blood,
urine, liver, and kidney should all be collected for
strychnine analysis [20].

5.4.3 Avitrol

5.4.3.1 Sources

Most commonly known by its trade name,
Avitrol®, 4-aminopyridine (4-AP) is a highly
toxic, restricted use EPA-approved pesticide for
the control of various bird species. It is also
approved by the FDA for the treatment of human
multiple sclerosis patients [41]. Avitrol is sup-
plied as ready to use corn and grain products or
pellets that can be mixed into grain-based feeds.
The EPA registration of 4-AP powders was dis-
continued in 2007 [42].

5.4.3.2 Mode of Action and Affected
Body Systems

4-AP selectively blocks potassium channels, pro-
longing action potentials. Enhanced interneuro-
nal and neuromuscular synaptic transmission
results in both cholinergic (diaphoresis, altered
mentation, seizures) and dopamine-related (trem-
ors, involuntary twitching, and muscle contrac-
tions) effects [43]. Rapidly metabolized and
eliminated, relay toxicosis from the ingestion of
dead birds is not expected [44].

5.4.3.3 Expected Clinical Signs
and Lesions

As a target flock begins to feed on 4-AP-treated
bait, the acute neurological signs that develop in
the first few birds are meant to frighten and dis-
perse the rest of the flock. In a review of nontar-
get exposures to 4-AP [42], the most commonly
reported clinical signs in dogs were tremors,
hypersalivation, seizures, tachycardia, and ataxia.

Necropsy findings in birds may include signs of
trauma, due to the neurologic and flock responses
to the toxin.

5.4.3.4 Diagnosis

Diagnosis is based on evidence of potential expo-
sure to 4-AP-containing bait accompanied by
acute neurological signs. Gastrointestinal con-
tents can be tested for 4-AP; however, its rapid
absorption may limit the quantity present for
analysis. Detection in liver and kidney may also
be possible.

5.4.4 Starlicide

5.4.4.1 Sources

3-Chloro-4-methyl benzenamine hydrochloride,
also known as 3-chloro-4-methylaniline hydro-
chloride and DRC-1339, is another restricted use
EPA-registered avicide, commonly known as
Starlicide®. This product is supplied as ready to
use feed products, pellets that can be mixed into
grain-based feeds, and powders that can be
applied to roosts and other surfaces. Extensive
animal testing during the development of this
product demonstrated that pest bird species such
as blackbirds, corvids, rock doves, gulls, and
starlings were among the most susceptible [44].

5.4.4.2 Mode of Action and Affected
Body Systems

Following ingestion, Starlicide is rapidly hydro-
lyzed to what is believed to be the actual toxic
compound, 3-chloro-p-toluidine (CPT), and
within 2.5 h >98% of the oral dose can be detected
in feces [44]. Nephrotoxicity appears to be the
primary cause of death in birds and may be medi-
ated by renal deacetylase in sensitive species
[45]. In mammals and other birds, cardiac or
respiratory arrest may occur.

5.4.4.3 Expected Clinical Signs

and Lesions
CPT is believed to cause irreversible necrosis of
the proximal convoluted renal tubule [44]. CPT
may also have direct cytotoxic effects causing
hemoconcentration, plasma protein loss, and
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ascites [46]. Clinical signs in experimentally
poisoned starlings were first observed about
20-30 h after consumption; however, death can
occur as quickly as within 3 h depending on
the dose ingested [47]. Water consumption ini-
tially increases then decreases; birds become
fluffed and listless, then finally become coma-
tose, and die.

In starlings killed by Starlicide, characteristic
deposits of white, fat-like material can be found
within the body cavity and especially within the
pericardial region [47]. Other findings may
include hemorrhage and/or congestion within the
kidneys, liver, and brain.

5.4.4.4 Diagnosis
Starlicide may be detectable in gastrointestinal
contents and tissues, especially kidneys.

5.4.5 Pentobarbital

5.4.5.1 Sources

Improper disposal of animals euthanized with the
short-acting barbiturate pentobarbital has resulted
in relay toxicosis in many wild and domestic animal
species [48-51]. Pentobarbital residues have been
detected in compost piles greater than 1 year after
the placement of euthanized horse carcasses [52].

5.4.5.2 Mode of Action and Affected
Body Systems

Since pentobarbital is an anesthetic and anticon-
vulsant, significant and potentially life-
threatening central nervous system depression
can develop. The primary mechanism of action is
through binding to y-amino butyric acid (GABA)
and enhancing its inhibitory effects [53].

5.4.5.3 Expected Clinical Signs
and Lesions

Intoxicated animals display varying degrees of
lethargy and ataxia and may eventually become
comatose. Live or deceased animals may have
physical injuries as a result of falls and other
trauma due to their compromised state of alert-
ness and coordination; however, other specific
lesions may be absent at necropsy.

5.4.5.4 Diagnosis

Urine, stomach contents [54], suspect source
material, and liver can all be submitted for gas
chromatography—mass spectrometry (GC-MS)
analysis that may detect both pentobarbital and
phenytoin, another common ingredient in eutha-
nasia solutions [53].

5.4.6 Ethylene Glycol (Antifreeze)

5.4.6.1 Sources

Ethylene glycol is the main ingredient in most
antifreeze products, including those used in auto-
mobiles, and is also used as a solvent in the pro-
duction of paints and plastics [55]. Less toxic
antifreeze products such as propylene glycol are
also available; however, due to its wide use and
availability and well-known toxicity, ethylene
glycol exposures are commonly reported in ani-
mals [37, 56].

5.4.6.2 Mode of Action and Affected
Body Systems

Following ingestion and absorption from the gas-
trointestinal tract, ethylene glycol is primarily
metabolized in the liver by alcohol dehydrogenase
(ADH) [57, 58] to glycoaldehyde. Glycoaldehyde
is oxidized to glycolic acid and then to glyoxylic
acid [55]. Glyoxylic acid is primarily converted to
oxalic acid. Calcium binds to oxalic acid, forming
calcium oxalate crystals that can be detected in
urine. Ethylene glycol itself shares similar toxicity
characteristics with ethanol; however, the toxic
metabolites adversely affect the kidneys and other
body systems [59-61].

5.4.6.3 Expected Clinical Signs
and Lesions

Ethylene glycol can be a gastric irritant, produc-
ing nausea, vomiting, and abdominal cramping
[61] and also a central nervous system (CNS)
depressant [62]. Accumulation of glycolic acid
and other metabolites causes an often severe met-
abolic acidosis with systemic adverse effects
[63]. Acute renal failure is the most severe conse-
quence of ethylene glycol poisoning. While kid-
ney function may recover with time and treatment,
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many animals are euthanized once acute renal
failure develops [56, 64] due to the guarded prog-
nosis or financial constraints.

5.4.6.4 Diagnosis

The key features of hyperosmolality, metabolic
acidosis, acute renal failure, and calcium oxalate
crystalluria should raise the suspicion of ethylene
glycol toxicosis [65]. Ethylene glycol can be
directly measured in serum, urine, and kidney tis-
sue, and may be determined using commercial
test kits that can be used in a veterinary clinic
permitting the accurate diagnosis of ethylene gly-
col toxicity in dogs. Acute tubular necrosis with
calcium oxalate crystals will confirm ethylene
glycol intoxication at necropsy, except in cases of
rapid death due to metabolic acidosis.

5.4.7 Lead

5.4.7.1 Sources

Lead is ubiquitous in soil [66] and is also present
in solder, lead-based paints [67], and leaded gas-
oline. Other lead sources that may result in expo-
sures involving domestic animals and wildlife are
automotive batteries, industrial waste, fishing
sinkers, curtain weights, old putty and caulk,
linoleum, antique golf balls, and lead arsenate
pesticides [68—73]. Lead shot and bullets can be
ingested directly from the environment or in car-
casses [74-79]. Due to the frangible nature of
lead-core hunting ammunition, improperly dis-
posed gut piles continue to pose a significant dan-
ger to scavengers such as bald eagles, vultures,
and California condors [80, 81]. Even in areas
where lead shot is no longer used in hunting
waterfowl, it is still used for upland game ani-
mals [82]. Humans with retained intra-articular
bullets have developed clinical lead poisoning
[83-86]; however, elevated hepatic lead levels
have not been demonstrated in wildlife with
chronically embedded lead projectiles [87].

5.4.7.2 Mode of Action and Affected

Body Systems
Lead binds sulfhydryl groups, inhibiting hemo-
globin synthesis by inactivating enzymes such as

d-aminolevulinic acid dehydratase (ALAD) and
ferrochelatase and causing anemia [78]. Lead
also interferes with many calcium-dependent
processes, affecting multiple body systems and
cell types [88], including central and peripheral
neurotransmission [89].

5.4.7.3 Expected Clinical Signs
and Lesions

Lead toxicosis has been described in many ani-
mal types; however, manifestation of clinical signs
varies by species [90]. Dogs and cats commonly
display nonspecific behavior changes, anorexia,
lethargy, ataxia, vomiting, and diarrhea [91].
Psittacines variably develop anorexia, regurgita-
tion, depression, diarrhea, anemia, and seizures
[92]. Other birds such as waterfowl and raptors
become weak and depressed with muscle atrophy
and peripheral nerve dysfunction [93]. Raptors do
not develop the renal effects seen in mammals [78].

5.4.7.4 Diagnosis
Many veterinarians will institute treatment for
lead intoxication based on case history and clini-
cal signs alone [94]. Diagnosis should be con-
firmed by measuring a lead level in blood, liver,
or kidney; suspect gastrointestinal contents and
metallic objects can also be tested for the pres-
ence of lead. In-house analyzers can be used to
immediately determine blood lead levels [78].
Blood lead levels can additionally be used to
monitor response to treatment in lead-intoxicated
animal patients. Techniques developed to mea-
sure lead using dried blood spots on filter paper
may be especially helpful when patient size lim-
its blood draws to very small volumes [95].
Neither acute nor chronic lead intoxication is
associated with specific lesions. In avian species,
the finding of extremely thick and sludgy bile,
sometimes in conjunction with reduced nutri-
tional condition, should elevate suspicion for
lead toxicity. Metal may or may not still be pres-
ent in the gastrointestinal tract at the time of
death and may be visible on radiographs if pres-
ent. Laminar cerebral cortical necrosis may be
evident on histopathology [90]; however, this
finding should not be considered pathognomonic
for lead toxicosis. Lesions found in birds may
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include myocardial

necrosis, hepatocellular

necrosis, brain edema, and renal tubular necrosis
in waterfowl [93].

Legal Note The findings and conclusions in this
chapter are those of the author and do not neces-
sarily represent the views of the US Fish and
Wildlife Service.
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Anesthesia-Related Deaths

Josepha Delay

6.1 Introduction

Perianesthetic mortality contributes to a small but
important segment of the pathology caseload in
veterinary diagnostic laboratories. The death of
an animal while anesthetized or sedated is diffi-
cult for veterinarians and animal owners. In these
situations, the goal of the necropsy is to identify
and document preexistent disease conditions or
complications of the surgical, anesthetic, or diag-
nostic procedure that may have caused or con-
tributed to death. Anesthesia-related deaths are
often particularly challenging for pathologists, as
morphologic lesions indicative of the cause of
death (COD) may be absent in a substantial pro-
portion of cases [1, 2]. Lesions caused by resus-
citation efforts may be present, complicating
interpretation of the COD. Pathologists must also
recognize the potential for litigation in these
cases or for disciplinary action by the veterinary
licensing body, and thorough written and photo-
graphic documentation of the necropsy must be
undertaken to accommodate any future legal
action.
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6.2  Pathophysiology
of Anesthesia-Related

Deaths

General anesthesia is a complex physiologic state
in which centrally acting drugs alter the state of
consciousness. In doing so, numerous other
physiologic processes are also affected including
cardiovascular and respiratory  functions.
Anesthesia is a high-risk activity, although con-
tinuous improvements in drug safety and patient
monitoring have decreased the risk over time of
complication and death during anesthesia in
humans and animals [3-7]. Clinical reports have
identified rates of perianesthetic mortality in vet-
erinary species ranging from 0.11% to 1.5% in
dogs, 0.06-1.08% in cats, and 0.12-1.6% in
horses [3, 5, 6, 8—12]. In contrast, the mortality
rate due solely or in part to anesthesia in humans
in developed countries is 0.002% and 0.009%,
respectively [7]. Differences in the level of
patient monitoring during anesthesia in human
and veterinary medicine likely contribute to the
overall lower mortality rate in humans [13]. In
addition, the level of specialization among indi-
viduals involved in administration and monitor-
ing of anesthetized patients is generally higher in
human medicine compared to veterinary medi-
cine [13].

The common pathways contributing to peri-
anesthetic complication in all species involve
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respiratory, cardiovascular (including hypovole-
mia), and/or central nervous (CNS) systems, all
of which may culminate in cardiac arrest and
death [14]. Most cases of perianesthetic death in
dogs and cats involve lesions in the upper respira-
tory tract, lungs, or heart [1, 2]. Often multiple
factors are involved sequentially, and determin-
ing the primary event precipitating the crisis situ-
ation is not possible. A detailed clinical history
may provide insight regarding a specific incident
that initiated the sequence of events leading to
cardiac arrest, such as intravenous drug injection
triggering anaphylaxis, or postanesthetic upper
respiratory tract (URT) obstruction secondary to
perilaryngeal and pharyngeal trauma induced by
difficult endotracheal intubation. Necropsy con-
firmation of factors involved in perianesthetic
mortality is limited to those conditions producing
morphologic lesions that can be identified by
gross or histologic examination. As a result,
many conditions such as drug-induced central
depression of cardiovascular or respiratory cen-
ters, cardiac dysrhythmia, or acid-base or electro-
lyte abnormalities cannot be confirmed after
death. However, necropsy is valuable in identify-
ing lesions indicative of disease that may have
led to or resulted from these conditions, such as
cardiomyopathy or adrenocortical insufficiency,
and in excluding many other potential contribut-
ing factors in cases of anesthesia-associated
death.

A variety of disease conditions may contrib-
ute to the common pathways of perianesthetic
complication. For example, respiratory impedi-
ment may result from obstructive or infiltrative
disease of the upper respiratory tract, lung, or
pleura, or dysfunction of thoracic and intercos-
tal muscles and diaphragm. Cardiac dysfunction
could be caused by primary myocardial disease
such as cardiomyopathy or myocarditis, or meta-
bolic derangement or hypoxia impeding normal
myocardial function. Any of these conditions
may precipitate potentially fatal cardiac dysrhyth-
mias. Previously unidentified congenital cardiac
anomalies, such as subaortic stenosis, may also
contribute to cardiac failure. Hypovolemia is an
additional consideration as a cause of cardiovas-
cular failure and cardiac arrest, and may be due

to intraoperative or spontaneous hemorrhage,
or relative hypovolemia due to redistribution of
intravascular fluid volume and associated hypo-
tension, as may occur in anaphylaxis. Interference
with normal function of central nervous system
(CNS) respiratory and cardiovascular centers may
lead to respiratory and cardiac complications.
Contributing factors to this central effect include
preexistent inflammatory, infectious, ischemic, or
neoplastic conditions involving CNS, metabolic
disturbances, and effects of anesthetic drugs.

6.3 Necropsy Procedure

and Reporting

The majority of cases of anesthesia-related death
presented to diagnostic laboratories involve dogs
and cats, reflecting the frequency of general anes-
thesia in these species [1]. Objective identifica-
tion of necropsy lesions is vital to interpretation
of the COD. Examination should follow the indi-
vidual pathologist’s routine procedure but with
modification to include special attention to the
upper airways, lung, and heart. Special tech-
niques for evaluation of pneumothorax and
venous air embolism may be included, as later
described. The exam should also include evalua-
tion for potential or known complications of the
specific procedure for which the animal was
anesthetized or sedated.

The exam should begin with a thorough review
of the clinical history. Information provided to
pathologists in cases of anesthesia-related death
is often suboptimal [1], and every effort should
be made to obtain a complete history that includes
specific circumstances of the animal’s condition
prior to and during anesthesia [2]. Important
information to include in the history includes the
animal’s signalment; physical condition prior to
anesthesia, based on the American Society of
Anesthesia (ASA) guidelines [4]; the presence of
clinical disease at the time of anesthesia or seda-
tion, including duration of the condition and cur-
rent therapies; all clinical pathology and other
ancillary test results; the procedure for which the
animal was anesthetized or sedated; the method
of anesthesia or sedation, including drugs admin-
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istered; the timing (sedation/premedication,
maintenance, recovery) of onset of anesthetic
complication or death and the type of complica-
tion; if the animal was intubated at the time of
death; the timing of the onset of complications
with regard to injections, manipulations, or other
procedures; and whether cardiopulmonary resus-
citation (CPR) was attempted and what specific
procedures were carried out [2]. Knowledge of
these clinical details is important in directing the
necropsy but is also critical for accurate interpre-
tation of necropsy findings and in making con-
clusions regarding the COD. For example, in a
brachycephalic dog that died with an endotra-
cheal (ET) tube correctly in place during the
maintenance phase of inhalant anesthesia, upper
respiratory tract obstruction due to elongated soft
palate or other anatomic features may be excluded
as a contributing factor to death. If the timing of
death and intubation status were not provided in
the clinical history, the pathologist might errone-
ously conclude that elongated soft palate or other
anomaly led to URT obstruction and death. These
same anomalies may be of more importance if
the dog died during recovery from anesthetic,
after the ET tube was removed. The pathologist
must have knowledge of the procedure for which
the animal was anesthetized. The exam should
include evaluation for potential complications
specific to the procedure, such as careful evalua-
tion of ovarian and cervical pedicles for evidence
of hemorrhage in dogs and cats that die during
recovery from ovariohysterectomy. Awareness of
the presurgical ASA score for individual animals
and of any preexistent disease conditions will
provide a clinical context for interpretation of
necropsy findings. The ASA score categorizes
the animal’s preanesthetic health status based on
a set of predetermined criteria [4]. An increased
ASA score has been associated with an increase
in the risk of death during anesthesia in humans
and animals [3, 6, 7, 9, 10], and knowledge of the
presurgical status of individual animals and of
any preexistent disease conditions will provide a
clinical context for interpretation of necropsy
findings.

Documentation of animal identity prior to
beginning the exam should include external iden-

tification photographs and recording of micro-
chip number, tattoos, ear tags, and/or brands that
may be present. The condition of preservation of
the body and previous freezing or other storage
conditions should be noted, as these may influ-
ence the interpretation of necropsy findings.
Photographs should be used throughout the exam
to record all external and internal lesions. A scale
bar and case number label should be included in
all photos. Full-body radiographs may be consid-
ered, concentrating on thorax and taken prior to
the start of the necropsy, especially in cases in
which pneumothorax or venous air embolism is
suspected based on the clinical history. A com-
plete external examination should include
description and location of any skin incisions, the
presence of intravenous catheters, shaved sites in
skin, and the presence and location of any other
appliances such as an ET tube or electrocardio-
gram (ECGQG) electrodes, for corroboration with
clinical records. Any indication of external hem-
orrhage and its severity should be recorded and
the volume measured or estimated, when possi-
ble. Evidence of subcutaneous emphysema will
prompt investigation during the internal exam for
tracheal laceration or rupture. External nares
should be examined for discharge and for evi-
dence of stenosis or other obstructive lesion. As
in routine necropsies, body condition and hydra-
tion should be evaluated, as well as the color of
oral mucous membranes and sclera.

The internal exam includes evaluation of all
organ systems for evidence of acute or preexis-
tent disease but should focus particularly on
lesions involving the URT, lung, thorax, and
heart. Careful consideration of the sequence of
the exam is important, in order to preserve lesions
that may be transient or easily destroyed such as
body cavity hemorrhage or effusion, elongated
soft palate or other URT obstruction, pneumotho-
rax, ruptured pulmonary bullae, and air emboli.
Evaluation of upper airways should include
examination for submucosal edema supportive of
anaphylaxis or acute trauma, and of the orophar-
ynx, larynx, and trachea for potentially obstruc-
tive mucous plugs, vomitus, or foreign debris.
Particularly in brachycephalic breeds, the posi-
tion of the caudal edge of the soft palate with
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regard to the epiglottis should be assessed and
measured, and the presence of laryngeal saccule
eversion noted.

Prior to opening of the thoracic cavity, assess-
ment for pneumothorax may be done by incising
the diaphragm from the abdominal aspect and
observing for an inrush of air into the thorax with
collapse of the normal concavity of the dia-
phragm, indicative of normal negative intratho-
racic pressure. An alternative method for
assessment of pneumothorax involves careful
dissection and excision of a mid-thoracic inter-
costal muscle to the level of parietal pleura. In the
absence of pneumothorax, the lung should be vis-
ible directly subjacent to the parietal pleura [15].
The external aspect of the trachea and surround-
ing soft tissue may be examined in situ for evi-
dence of laceration, or peritracheal or mediastinal
emphysema. Evaluation of thoracic vena cava in
situ for the presence of luminal air bubbles may
support a diagnosis of venous air embolism, in
cases for which the clinical history is suggestive
of this condition. Interpretation of intravascular
gas bubbles must be made with caution in bodies
that are not well preserved, as gas accumulation
in blood may reflect putrefaction [15]. The pres-
ence of an air embolus in the right cardiac ven-
tricle may be assessed by filling the pericardial
sac with water prior to removal of the pluck from
the body, then incising the right ventricular wall,
and observing for escape of gas bubbles [15, 16].
An alternative technique following pluck removal
is to submerge the intact heart in water while
incising the right ventricle, while again monitor-
ing for gas bubbles [17].

In cases in which the pneumothorax is detected,
the lungs should be evaluated for ruptured bullae
following removal of the pluck from the body but
prior to incision of the trachea and lung dissec-
tion. To accomplish this, the lungs are submerged
in water, while the trachea is held above the sur-
face. Using a large-volume syringe, air is injected
into the tracheal lumen while occluding a more
proximal aspect of trachea, and the water is moni-
tored for the appearance of air bubbles indicative
of focal pleural rupture. These lesions in dogs
may result from spontaneous rupture of preexis-
tent idiopathic pulmonary blebs and bullae [18],

whereas ruptured bullae in cats are often associ-
ated with underlying pulmonary disease [19, 20].
After opening along the length of the larynx and
trachea, the mucosa is examined for evidence of
edema, hemorrhage, erosion or ulceration, and
laceration or rupture. Tracheal diameter and con-
tour are evaluated for lesions suggestive of tra-
cheal hypoplasia or tracheal collapse.

Examination of the heart includes gross evalu-
ation of relative and absolute chamber size and
ventricular wall thickness, valves, and myocar-
dium, as well as documentation of heart chamber
weights and calculation of heart weight: body
weight and ventricular weight ratios, with com-
parison to reference values [21]. Assessment for
the presence of congenital anomalies such as sep-
tal defects and subaortic stenosis should be
included in the exam.

Examination of all other organs is carried out
as in a routine necropsy, with particular attention
to structures involved in the surgical or diagnos-
tic procedure for which the animal was anesthe-
tized. Evaluation of the brain and skeletal muscle
should be included in all anesthesia-related
deaths. Detailed examination of the limbs and
spinal column is necessary for cases in which
these sites were targeted by the surgical or diag-
nostic procedures. Samples of all organs and
lesions should be collected for histologic exami-
nation as well as for microbiologic testing, if
warranted based on gross findings and clinical
history. As part of the histologic exam, the use of
a histochemical stain for iron such as Perl’s stain
is recommended in all cases to identify hemosid-
erophages in the lung, potentially indicative of
preexistent left-sided heart failure.

Toxicologic testing is not routinely included
in the necropsy of perianesthetic mortality cases,
and evaluation of blood or tissue concentrations
of anesthetic drugs is not usually available in vet-
erinary species [2]. Toxicologic assays may be
useful to confirm accidental administration of a
known drug, if this information is provided in the
clinical history. In these cases, heart blood and
urine should be collected during the exam and
used for subsequent evaluation.

The necropsy report includes objective find-
ings of the gross and histologic exams and sub-
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jective interpretation and comments that place
morphologic lesions in the context of the clinical
scenario described for the specific case. The
importance of obtaining a complete and accurate
clinical history becomes obvious when correlat-
ing lesions with clinical events. The pathologist
should address the confirmed or potential rela-
tionship of lesions identified to the known clini-
cal circumstances. Lesions may be considered
the sole COD (such as severe blood loss) or con-
tributing to the COD (such as endocardiosis).
Lesions may be identified that have no or ques-
tionable relationship to the COD but are impor-
tant to discuss on an individual or population
level, such as gastrointestinal parasitism. The
subjective section of the report offers an opinion
as to the COD and to factors leading to death. In
many cases, the COD may not be obvious based
on necropsy findings, and this should also be
communicated in the report.

In human medicine, conclusions in cases of
perianesthetic mortality may be divided into the
following categories: death caused by the disease
or injury for which the procedure was carried out,
death due to preexistent disease or condition
other than that for which the procedure was car-
ried out, death resulting from surgical complica-
tion, and death due to complication of the
administration of an anesthetic [22] (Table 6.1).
Consideration of this classification scheme pro-
vides a framework for interpreting the signifi-
cance of various lesions identified during the
necropsy. Investigation of human perianesthetic
death cases may include review by experts in
multiple disciplines including pathologists, anes-
thesiologists, and surgeons, but this approach is
not common in veterinary medicine. In some

Table 6.1 Categories of perianesthetic mortality®

1. Death caused by disease or injury for which the
procedure was carried out

2. Death caused by preexistent disease or condition other
than that for which the procedure was carried out

3. Death due to complication of the surgical or
diagnostic procedure

4. Death due to complication of the administration of
an anesthetic

*From Saukko and Knight [22]

situations, review of the case with a board-certi-
fied veterinary anesthesiologist may provide
insight into events potentially contributing to
death, in the context of necropsy findings. In
cases for which there is no necropsy evidence of
preexistent disease or surgical complication as
the cause of death, including the condition for
which a procedure under anesthesia was required,
death attributable to the administration of an
anesthetic should be considered. Potential con-
tributing factors include accidental overdose of
anesthetic drugs, misplacement or obstruction of
the ET tube, malfunction of the anesthetic appa-
ratus (for inhalant anesthetics), and suboptimal
monitoring of the animal and assessment of the
plane of anesthesia [22]. Mechanical irritation of
the respiratory tract during intubation or surgical
manipulation during the head, neck, and abdomi-
nal procedures may lead to stimulation of vagal
pathways [22-24]. Such neural reflexes occur
most commonly in patients under a light plane of
anesthesia and may lead to bradycardia, cardiac
dysrhythmia, hypotension, apnea, or cardiac
arrest. Although clinically significant, these fac-
tors do not produce morphologic lesions detect-
able at necropsy. Importantly, comment on the
anesthetic protocol or management or on clinical
aspects of the case is not the role of the veterinary
pathologist. The conclusion that a death is
directly caused by anesthesia requires significant
input from clinical specialists and is beyond the
purview of a typical necropsy report.

6.4 Necropsy Lesions

in Perianesthetic Death

A wide range of lesions may be identified by
gross and/or histologic examination in cases of
perianesthetic mortality. Recent studies of nec-
ropsy findings in perianesthetic deaths in veteri-
nary species determined that lesions were absent
in 43% of dogs and in 34-63% of cats [1, 2].
When present, lesions in both studies predomi-
nately involved the URT, lung, and heart. Lesions
involving the respiratory system included URT
obstruction due to various causes such as the
mucous plug, laryngeal edema, tracheal collapse
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syndrome, brachycephalic syndrome, or laryngo-
spasm; aspiration, interstitial, embolic, or para-
sitic (Aelurostrongylus abstrusus) pneumonia;
pneumothorax; or severe acute pulmonary hem-
orrhage or edema. Cardiac lesions included car-
diomyopathy; congenital anomaly; myocarditis,
myocardial fibrosis, or myocardial necrosis or
infarct. Significant lesions involving CNS or gas-
trointestinal (GI) systems were identified in rela-
tively fewer animals, as were neoplasia and
lesions indicative of systemic disease.
Resuscitation is attempted in many animals
that arrest during or after anesthesia. A range of
lesions have been attributed to these efforts in
both prospective and retrospective studies, includ-
ing pulmonary or multiorgan congestion or hem-
orrhage; pulmonary edema; pulmonary atelectasis
or emphysema; liver or diaphragm laceration;
hemothorax; and hemoperitoneum [1, 25].
Pneumothorax identified during the necropsy is
often attributed by pathologists to resuscitation
efforts [1]; however, results of a prospective clini-
cal study did not identify pneumothorax as a com-
plication of resuscitation in dogs and cats [25].
This suggests that detection of pneumothorax
during the necropsy should prompt careful inves-
tigation for conditions other than resuscitation
that could have led to development of the lesion.
Anaphylaxis may be a contributing factor to
death in some perianesthetic mortality cases. In
humans, anaphylaxis in the perioperative period
is most frequently associated with neuromuscular
blocking agents, antibiotics, and latex [26].
Anaphylaxis is less commonly attributed to anes-
thetic induction agents such as propofol and thio-
pental, nonsteroidal anti-inflammatory drugs,
contrast agents, opioids, antiseptics, and local
anesthetics [26]. In veterinary species, there are
fewer reports of anaphylaxis associated with
anesthetic drugs and procedures, although the
range of compounds potentially leading to ana-
phylactic reactions is similar and includes antibi-
otics, thiopental, narcotics, gadolinium-based
contrast agents, acepromazine, and vaccines [27,
28]. Anaphylaxis has not been documented in
association with inhalant anesthetics [26, 27].
Allergic (IgE-mediated or non-IgE-mediated)
and nonallergic mechanisms may contribute to

the clinical signs of anaphylaxis [29, 30].
Anaphylaxis may manifest clinically as a variety
of clinical signs including hypotension, broncho-
spasm, pharyngeal and laryngeal edema, gastro-
intestinal signs such as vomiting, and cutaneous
signs including urticaria, erythema, and pruritis
[28]. Species differences and the route of drug
exposure influence the clinical manifestation of
anaphylaxis in animals [31]. Cutaneous and gas-
trointestinal signs are prominent in dogs, and the
liver is considered the shock organ in this spe-
cies, leading to hepatic vein congestion and por-
tal hypertension [28, 31]. In cats, the lung is the
shock organ, and respiratory and gastrointestinal
signs are typical [28, 31]. In anesthetized ani-
mals, clinical signs most likely to be noted in
association with anaphylaxis include hypoten-
sion, tachycardia or bradycardia, respiratory dis-
tress, or fulminant cardiovascular collapse.
Postmortem evidence of laryngeal or pharyngeal
edema, and hepatic and gastrointestinal conges-
tion may support this diagnosis but are not
pathognomonic for anaphylaxis. Anaphylaxis
may be easily overlooked during the necropsy as
a cause of death, as gross lesions may be minimal
or nonexistent. In a retrospective study of clini-
cally confirmed fatal anaphylaxis in humans, no
morphologic lesions were identified in 41% of
deaths [32]. The clinical history may support a
diagnosis of anaphylaxis if there is a temporal
association between drug administration and
onset of respiratory or cardiovascular signs.
Postmortem serum tryptase analysis is used in
humans to support a diagnosis of anaphylaxis,
although elevated tryptase levels are not specific
for this condition and may occur with other
causes of death, and may vary with the anatomic
site sampled [33]. This test has not yet been opti-
mized for used in animals.

Conclusion

The goal of the necropsy in cases of anesthesia-
related death is to exclude preexistent disease
conditions, or complications of the surgical or
diagnostic procedure, as the COD or as con-
tributing factors to the COD. In most cases,
death caused solely by anesthesia does not
result in morphologic lesions that can be iden-
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tified during the necropsy, and this conclusion
requires the input of clinical specialists.
Necropsy in cases of perianesthetic mortality
should begin with a review of a complete,
detailed clinical history. The exam method
should concentrate on the URT, lungs, and
heart while also being thorough in inclusion of
other body systems. Pathologists must be cog-
nizant of potential complications inherent to
the surgical or diagnostic procedure for which
the animal was anesthetized. Special tech-
niques may be used to identify pneumothorax
or venous air embolism, especially if indicated
by the clinical history. No morphologic lesions
are detected in a substantial proportion of
anesthesia-associated death cases.
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Rachel Touroo and Robert Reisman

7.1 Dogfighting
The origins of modern dogfighting date back to
the mid-1800s in England [2]. Dogfighting sup-
planted bullbaiting which was outlawed in 1886
under the Humane Act [2]. Over the years, bull-
dogs were selectively bred to perform better in
the “pit,” producing the pit bull terrier.
Dogfighting can be divided into three main
categories: street fighting, hobbyist fighting,
and higher level, “professionals” [2, 3]. Street
fighters are typically individuals engaged in
impromptu matches. There are typically no
rules and the dogs are not typically fought in a
pit. These individuals may be involved in gang
activities and tend to have no regard for the
dogs. Whereas hobbyists may own one or more
dogs and tend to participate in several orga-
nized fights a year. They may make a small
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amount of money but are typically involved for
the entertainment value. Professionals are dog-
fighters who make a substantial income breed-
ing, selling, and fighting dogs as part of
organized dogfighting. They tend to maintain a
larger number of dogs or a larger “yard” than
hobbyists. Professionals are well connected and
may function on a national or even international
level [2, 3].

7.1.1 TheDogs

In the USA, higher level (professional and hob-
byist) fighting dogs are almost exclusively
American Pit bull Terriers [2]. These dogs are
known for their strength, courage, tenacity, intel-
ligence, and loyalty; characteristics which have
been exploited for the purposes of organized
fighting. Additionally, these dogs have been
selectively bred by dogfighters for strength in
relation to size, specific bite style, agility and ath-
leticism, aggression toward animals, lack of bite
inhibition, display of no warning of attack, and
gameness (the most desirable trait of a fighting
dog). Gameness refers to a dog’s willingness or
desire to fight and continue to fight despite injury,
pain, and fatigue [1, 2, 4-6]. Dogfighters at
higher levels (professionals and hobbyists), typi-
cally utilize smaller more agile pit bulls rather
than larger or bulkier pit bulls, which may guard
their yard or serve as a pet (Fig. 7.1).
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Fig. 7.1 On the leftis a
smaller more agile pit
bull-type dog, which is
commonly utilized by
professional or hobbyist
dogfighters as opposed
to the larger and bulkier
pit bull-type dog on the
right

7.1.2 Housing

In rural environments, fighting dogs typically live
their lives, from a few months of age at the end of
a heavy chain in isolation, just out of the reach of
neighboring dogs (done purposefully to increase
aggression) (Fig. 7.2). Additional weights may
be added to the dog’s chain or around its neck, in
an effort to increase muscle mass. These dogs
typically have minimal shelter and are commonly
not fed or watered daily, unless they are being
prepared for a fight. These dogs do not have the
opportunity to socialize with other animals or
people and are only let off the chain to train or
fight. At necropsy, alopecia and erythema of the
ventral aspect of the neck may be observed on
dogs that were previously tethered for prolonged
periods of time.

In urban environments, dogs are frequently
warehoused in crates stacked 3 high 24 h a day, in
darkened basement rooms (Fig. 7.3), only leav-
ing their crates to train or fight.

7.1.3 Training and Conditioning

Dogfighters at higher levels (professional and some
hobbyist) typically will test and train their dogs as
they develop, which is referred to as schooling [3].
Those not suitable for the pit will be culled.
Typically around a year of age, a dog will begin
being rolled [2, 3]. A roll should not cause severe
injury, rather it is a short controlled fight utilized to
weed out dogs that are unsuitable for fighting [1—
4]. Around 2 years of age or younger, a dog will be
subjected to a game test [2]. In a game test the dog
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Fig. 7.3 In urban environments, dogs are frequently warehoused in stacked cages
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is pitted against an older, more experienced, and
sometimes larger opponent. The fight is interrupted
at various points to observe how willing the dog is
to continue [2]. A game test may also consist of
rolling or fighting a dog until the point of complete
exhaustion and then pitting it against a fresh or
rested dog [3]. Dogfighters at lower levels (street
fighters and some hobbyists) may not follow these
protocols and may even take shortcuts. They may
roll or test dogs at a younger age or may not roll or
test dogs at all prior to a fight.

Dogfighters at higher levels (professional and
some hobbyist) condition their dogs prior to a con-
tracted fight, which also may be referred to as a
match. This conditioning process is called a keep
[1-7]. The keep is a rigorous diet and exercise pro-
gram, which typically occurs approximately 4-6
weeks prior to a fight [2, 3]. Keeps are highly indi-
vidualized and vary among dogfighters. The goals
of the keep are to get the dog to their conditioned
weight, as well as to increase the dogs’ strength
and endurance. The conditioned weight is the
dogs’ lowest possible weight without loss of mus-
cle mass. The conditioned weight may also be
referred to as the dogs pit weight or match weight
[3]. Typically the weight at which a dog will be
fought is agreed upon prior to the fight. Dogs in a
keep will appear thin to underweight yet well-
muscled. These dogs will typically be a three to
four out of nine on the Purina Body Condition
System. This is one reason the forensic veterinar-
ian or pathologist should assign the dog a body
condition score (BCS) at the time of necropsy.

A wide array of equipment and techniques are
used to increase a dog’s strength and endurance
during a keep. These may be present at the crime

Fig.7.4 Abraded paw
pads from treadmill
work

scene. Various treadmills are often utilized such
as slat mills, carpet mills, and converted or modi-
fied electric treadmills. Dogs are run for hours on
treadmills often abrading their paw pads
(Fig. 7.4). Therefore, the dogs’ feet should be
thoroughly examined for wear. However, paw
protectors or salves may be used in an attempt to
keep dogs’ paw pads from becoming abraded.
Additionally, the dogs may wear vests, to which
weights may be added in increasing increments.
Vests may result in axillary abrasions (Fig. 7.5).

Crime scene investigation may include swabs of
blood spatter on training/conditioning equipment
such as treadmills or a fighting pit. These samples
are analyzed for DNA and can be compared to an
individual dog(s)’ DNA in order to potentially place
the dog(s) on the treadmill or in a pit. Therefore,
DNA samples should be obtained during the foren-
sic necropsy. These can be buccal swabs, blood
sample, or tissue sample such as muscle.

A variety of other devices are used during the
keep to assist with the dog’s prefight condition-
ing. These may be present at the crime scene. A
Jjenny or cat-mill is a device that consists of a
rotating central shaft with a long spoke to which
the dog is attached [2, 3]. This is similar to a hot
walker for horses but smaller in size. Weights and
chains may be added to the jenny in order to
increase resistance and a small animal such as a
chicken may be hung in front of the dog in order
to entice it to run [2, 3]. Other equipment that is
commonly used includes spring poles or jump
poles and flirt poles. A spring pole or jump pole
will typically have a hide or other material
suspended from a heavy spring or flexible pole
[2]. This apparatus strengthens the dogs’ hind
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Fig.7.5 Abrasion in right axillary region. The surround-
ing purple discoloration is likely due to the application of
an antiseptic spray which was present at the scene

legs and jaws as it jumps up and hangs. Flirt poles
consist of a pole with a lure attached to it [2, 3].
These are essentially giant “cat toys.” The lure is
run along the ground to entice the dog to chase it,
increasing prey drive while providing exercise.
Conditioning may also include roadwork or
waterwork. Roadwork is where the dog is run
alongside of a car, ATV, bicycle, or other vehicle
[2]. Weights or drags may be attached to the dog
to increase resistance. Waterwork consists of
swimming dogs in various bodies of water, such
as swimming in pools, rivers, or lakes [2].
Fighting dogs are commonly given dietary
supplements and drugs [2, 3]. These may be
present at the crime scene. Dietary supplements
used during a keep commonly include, but are
not limited to, vitamin B12, creatine, vitamin K,
iron, liver extract, and amino acid supplements.

Dogs may also be given various drugs during the
keep, just prior to a fight, or following a fight [2,
3]. Commonly utilized drugs include, but are not
limited to, dexamethasone, anabolic steroids, epi-
nephrine, furosemide, methamphetamines, antibi-
otics, and nonsteroidal anti-inflammatory drugs.
The forensic veterinarian or pathologist should
collect samples for toxicological analysis if a dog
is thought to be in a keep or recently fought.

7.1.4 TheFight

Dogfighters at higher levels (professional and
some hobbyist) tend to fight their dogs in a pit,
which typically measures 14-20 feet square [2,
3]. The pit walls can be constructed out of a vari-
ety of materials but are more commonly plywood
walls and the floor is typically covered with carpet
to improve the dogs’ traction. A pit that has been
used will often have blood spatter on the carpet
and walls. Crime scene investigation should
include swabs of blood spatter on the pit walls and
carpet, or collection of pieces of these items.
These samples can be analyzed for DNA and
compared to the DNA of an individual dog(s) to
potentially place them in a fighting pit. Therefore,
again the forensic veterinarian or pathologist
should obtain DNA samples at the time of foren-
sic necropsy.

At opposite ends of the pit on the floor are two
diagonal lines. These lines are referred to as scratch
lines [2, 3]. Dogs are placed behind these lines and
released by their handlers, which is referred to as
scratching [3]. There are various rules by which a
dogfight maybe conducted. However, the most
commonly utilized are the 19 Cajun rules. Typically
males are only fought against other males and like-
wise, females are only fought against other females.
Just prior to a fight, the dogs are weighed and
washed, depending on the particular rules of the
fight. The dogs must make weight, similar to a wres-
tling match, as they are to be fought at a previously
agreed upon weight. Dogs are weighed by placing
them on a hanging scale by using their harness or
collar. The handlers then swap dogs and wash their
opponent’s dog under the supervision of the referee.
Dogs maybe washed with water, milk, vinegar and
baking soda, or other preparations. This is done in
an effort to remove any potentially poisonous or
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caustic substance that may have been applied to the
dogs’ coat in order to harm their opponent.

During a fight, a dog may get its lip caught on
its own canine tooth or its opponent’s canine
tooth. This is referred to as fanged [2, 3]. A pencil
or antler is commonly used to unfang a dog dur-
ing a fight typically resulting in a torn lip
(Fig. 7.14). If two dogs need to be separated dur-
ing a fight, a wedge-shaped stick, called a break
stick, is used to pry a dog’s mouth open [3]. It is
inserted in the mouth at the level of the premolars
and forcefully rotated. It is not uncommon to
observe slab fractures on the buccal aspect of the
premolars associated with the use of a break stick.
Canine teeth may become fractured during a fight
as dogs contact with each other with a great deal
of force often head on. The forensic veterinarian
or pathologist should thoroughly examine a dog’s
mouth and teeth during a forensic necropsy to
identify trauma to the lips and dental fractures.

Fights can last for several hours. A fight ends
when a handler concedes, a dog quits, or a dog
dies. Typically dogs are not fought to the death.
Losing a fight is often taken as a personal failure
and an embarrassment by the owner causing the
owner or a designated individual to kill the dog in
a brutal manner. Following a fight, dogfighters
may care for their dogs themselves or there may
be a lay individual to whom dogs are sent for care.
Dogfighters do not typically seek professional
veterinary care, for fear of being reported to law
enforcement. However, the authors have observed
on occasion that veterinary care maybe sought
out, especially if the dog is of high value.
Dogfighters tend to have medical supplies on
hand in order to provide care for dogs following a
fight. These may include intravenous fluids and
lines, suture, surgical staples, surgical glue or
simply super glue, antiseptics, and other items.
These items may be found at the crime scene. The
forensic veterinarian or pathologist should docu-
ment evidence of medical intervention, noting
specifically, if possible, if it appears to have been
done by a lay individual and not a veterinarian.

7.1.5 Wound Patterns

It was previously thought that the wound distribu-
tion from spontaneous dogfights mainly targeted

the scruff, shoulder, and hocks of the dog. A study
has demonstrated that this hypothesis may be inac-
curate. Intarapanich et al. designed a study looking
at the pattern of injuries associated with both spon-
taneous and organized dogfighting [7]. Spontaneous
dogfights were selected for the study that best sim-
ulated organized dogfighting. Only dogs that were
medium-sized, over 6 months of age, of the same
sex, and similar weight, who engaged in a sponta-
neous dogfight with one other dog, were utilized
and compared to a population of dogs seized by
law enforcement in conjunction with a dogfighting
criminal case [7]. This study found that the five
most commonly injured areas associated with
organized dogfighting, in decreasing order of fre-
quency, were the front legs, dorsal and lateral
aspects of the head, muzzle and oral mucosa, dor-
sal and lateral neck, and ventral neck and chest [7].
The most commonly injured areas associated with
the selected spontaneous dogfights, in decreasing
order of frequency, were the pinna followed by the
dorsal and lateral neck as well as the front legs [7].
Looking closely at the percentage of dogs in each
group that sustain injury, a clear difference was
appreciated, as dogs engaged in organized dog-
fighting were much more likely to present with
multiple injuries in these areas as opposed to those
engaged in spontaneous dogfights where there
were only single or limited injuries to these areas
[7]. Therefore, when prevalence was taken into
account along with the most commonly injured
areas, there was a distinct difference in the pattern
of injury between spontaneous and organized dog-
fighting [7]. The distinct distribution of organized
dogfighting injuries was further validated by Miller
et al., who found that scarring and wounds associ-
ated with organized dogfighting were primarily
concentrated on the front legs, dorsal and lateral
head, and muzzle and oral mucosa [8].

All wounds and scars and lack thereof should
be thoroughly documented and photographed by
the forensic veterinarian or pathologist at the time
of necropsy. A “scar chart” or wound and scar dia-
gram should be completed in order to demonstrate
the distribution of the scars and/or wounds (Fig. 7.6
and 7.7). Different colors (red for wounds, blue
for scars) should be utilized to differentiate scars
from wounds, in order to infer repetitive injuries.
Additionally, wounds may be in different stages
of healing. Histopathology can be used to make



7 Animal Fighting 103

Skin (Wounds and Scars), Hair coat

Veterinarian: E‘Piéfﬂqﬂ Date: 6/2 "[,,{-Z/
Law Enforcement Agency: NYPD Case #: 437-11
DogID #:75(?'(/‘1/ # | Distinguishing Marks/Comments:

Recent wounds = _
Scars - IR

Note: Ears removed from lateral views so that
wounds/scars under ears can be diagrammed.

WE ARE THEIR VOICE”

Fig. 7.6 This is the wound/scar chart for the dog on preceding page
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Fig. 7.7 Each white mark on the dog’s face represents a
bite wound injury. This dog has been bitten hundreds of
times. Bite wound scars are easier to see on a dark-coated
dog than a light-coated dog. This dog was part of a dog-
fighting case from the Bronx New York where 50 dogs
were kept in a small basement room. This dog’s wound
and scar diagram is depicted in Fig. 7.6

Fig. 7.8 Another dog from the Bronx dogfighting case.
This photograph compared to the photograph in Fig. 7.9
shows the benefit of shaving the dog to see the full extent
of wounds and scars

estimates of the age of particular lesions. It may also
be helpful to shave affected areas in order to better
visualize and photograph wounds (Fig. 7.8 and 7.9).

Alternative explanations are frequently offered
by owners who deny that the wounds and scars are

Fig. 7.9 Dog previously pictured in Fig. 7.8 after
shaving

dog bite wounds, but rather that they are the result
of some accidental injury such as the dog going
through a window or being tangled in barbwire.
The forensic veterinarian or pathologist conduct-
ing the necropsy must be confident in their recog-
nition of dog bite wounds. Griffin (2001) described

four classes of dog bite wounds [9].
Class 1 Partial-thickness laceration (without
penetration of the dermis)

Full-thickness laceration (with penetration of
the dermis)

Class 2

Class 3
Class 4

Full-thickness puncture wound

Full-thickness puncture or laceration with
avulsion of underlying tissues and dead space

In Munro and Munro (2008), dog bite wounds
are described as penetrating injuries with a mixture
of crushing and tearing [10]. Dog bite wounds often
result in a classic “hole and tear” pattern, with the
“hole” due to penetration of a canine tooth followed
by “tearing” produced by headshaking [11]. On the
surface relatively minor skin lesions, observed as
individual or paired circular impressions or punc-
ture wounds with or without bruising, may mask
severe underlying tissue damage to muscle, vas-
culature, and possibly internal organs (Fig. 7.10)
[10, 12]. Additionally, body walls may be breached
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Fig.7.10 This pit bull-type dog was known to have been killed by a housemate of similar breed and size

[10]. Since the superficial lesions may be diffi-
cult to detect, it is recommended that the body be
shaved and then skinned at the time of necropsy.
Furthermore, the distances between the impressions
or puncture wounds can be measured and com-
pared to that of known domestic canine intercanine
distances [13]. Underlying bone fractures may also
be present [10]. In the author’s experience, frac-
tures or puncture wounds may be observed more
commonly on the radius and ulna as well as the
skull (Fig. 7.11, 7.12 and 7.13). With this in mind,
full body radiographs should be taken prior to com-
mencing a forensic necropsy. Maceration may also
be warranted following a necropsy, in order to fur-
ther assess the skeleton for trauma.

As many fighting dogs tend to target the muzzle
and buccal mucosa, it is not uncommon to observe
thickening of the lips associated with the accumula-
tion of scar tissue. Occasionally a portion of the lip or
lips may be absent (Fig. 7.14). It is also not uncom-
mon to observe traumatically avulsed gingiva.

In the past, it was common to observe fighting
dogs with their ears cropped extremely short in
an effort to decease the surface area on the head,

thereby, providing an opponent with less to grab
onto and injure during a fight. However, this no
longer appears to be as common as it once was.

Typically not all dogs in a dogfighting yard
will have wounds and/or scars present. Some
dogs may simply just be too young to have yet
been rolled or fought. Others may have been
rolled once or twice and then utilized for breed-
ing purposes. Some may be maintained to act as
a guard dog or may serve as a pet. Younger dogs
or dogs that have just been rolled once or twice
tend to have very little scarring or few wounds
present. The wounds or scarring present on inex-
perienced or poor fighting dogs maybe be located
on the hind legs or ventral abdomen, demonstrat-
ing that they either submitted or turned their
back on their opponent. Additionally, it is com-
mon to find dogs at a dogfighting location with
scars but without current or severe wounds. That
does not mean that they were not badly injured
previously (Fig. 7.15 and 7.16).

Another common finding among fighting
dogs is infection with Babesia gibsoni a type of
Babeisosis that is endemic in the American Pit
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Fig.7.11 Bite wound
injuries that involved the
left radius bone. Photo
on the right is a close up
showing fractures
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7/15/15
NYPD 2015-073-06336
AAH 247147A

Fig.7.12 Parietal bone bite wound injuries on either side  at least weeks old and occurred at a time previous to the
of the sagittal crest. There is scar tissue formation. This  bite wound injuries that occurred during the fatal attack
indicates that these injuries have had time to heal and are

Fig. 7.13 This is the same dog as in previous photographs with skull bite wound injuries. Multiple bone punctures
from bite wounds in lower right radius bone. A small defect in the left lower radius bone is also present
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Fig. 7.14 This is a dog
from the Missouri 500
dogfighting case. The
dog has no lower lip and
is missing portion on the

upper lip

Fig.7.15 Photo of a
dog at the time shortly
after the bite wounds
occurred

bull population [14-16]. This protozoal, hemo-
parasitic disease can cause varying degrees of
hemolytic anemia, splenomegaly, thrombocyto-
penia, lymphadenomegaly, anorexia, lethargy,
fever, and vomiting [14]. Babesiosis can cause
severe, life-threatening disease in some dogs,
while others show few or no outward clinical
signs [14]. Babesiosis is common among fight-
ing pit bulls and seems to be more common
among pit bulls in general [14-16]. Babesiosis
gibsoni appears to be more commonly transmit-
ted via dog bites but may also be transmitted via
ticks, blood transfusions, and shared needles and

transmitted vertically from mothers to puppies
[14]. Forensic veterinarians or pathologists
should test for Babesia spp. at the time of
necropsy.

7.2  Cockfighting

Cockfighting has existed for thousands of years
and in many parts of the world. Dating back to
ancient times in India, China, Persia, and other
Eastern Countries [4, 17]. Cockfighting was
introduced to Greece around 524 to 460 B.C [17].


http://europepmc.org/abstract/MED/12910748/?whatizit_url=http://europepmc.org/search/?page=1&query="hemolytic anemia"
http://europepmc.org/abstract/MED/12910748/?whatizit_url=http://europepmc.org/search/?page=1&query="thrombocytopenia"
http://europepmc.org/abstract/MED/12910748/?whatizit_url=http://europepmc.org/search/?page=1&query="thrombocytopenia"
http://europepmc.org/abstract/MED/12910748/?whatizit_url_go_term=http://www.ebi.ac.uk/ego/GTerm?id=GO:0001660
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Fig.7.16 The same dog 3 weeks later. Medical treatment
was provided. It is common to find dogs at a dogfighting
location with scars but without current or severe wounds.
That does not mean that they were not badly injured
previously

7.2.1 TheBirds

There are many strains of game fowl utilized for
cockfighting around the world. Hybrid strains
related to Old English Game and sometimes
Oriental Game fowl, such as the American Game
(a breed not recognized by the American Poultry
Association), are most commonly utilized in
the USA.

Only roosters (male birds) are fought.
Typically mature roosters (cocks) are fought.
Cock refers to a male, 2 years of age or older,
that has completed its first molt, [3]. Occasionally
stags may be fought in what is referred to as a
stag derby. A stag is a young rooster, who has
not yet completed its first molt and is typically
18 months of age or younger [3]. Immature
roosters (cockerels), less than a year of age, are
not fought as they instinctively do not begin to
fight until reaching sexual maturity. Female
birds (hens) are also not fought but rather main-
tained for breeding purposes. Correspondingly,
cockfighting operations tend to have more males
than females present, as opposed to most breed-
ing operations.

Fig.7.17 Wing band

Fig. 7.18 Toe punch

Birds may be permanently or temporarily
identified. Forms of identification may include
leg bands, wing bands, toe punches, and removal
of interdigital webbing (Fig. 7.17,7.18 and 7.19).

7.2.2 Housing
Fighting roosters are typically either tethered out of

reach of one another with access to a shelter, such
as an A-frame or plastic barrel, or are individually
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Fig.7.19 Removal of webbing

housed in a variety of enclosures (Fig. 7.20).
Additionally, if being utilized for breeding pur-
poses a single male may be housed with one or
more hens in a larger enclosure or fly pen.

7.2.3 Preparation for a Fight:
Conditioning

Prior to a fight, most cocks and occasionally stags
undergo a conditioning process, referred to as a
keep. The keep is a rigorous diet and exercise pro-
gram usually occurring 2 to 4 weeks prior to a fight.
During the keep, roosters are frequently removed
from the yard and placed in a separate coop or stall,
called a keep stall, near the area where the training
will take place (Fig. 7.21). Fly pens may also be
utilized to exercise cocks during a keep (Fig.7.22).
A fly pen may also contain a swing or trapeze used
to build muscle strength and improve balance.

A variety of exercises such as running, flirt-
ing, flying, and leg pulls are used to condition
roosters during a keep. Running involves run-
ning a cock back and forth on a bench or wheel,
covered with carpet or other materials for trac-

tion, in an effort to build endurance [3]. Flirting
involves tossing the bird into the air from one
hand to the other continuously, causing the bird
to continually flap its wings [3]. A deviation of
this is referred to as forward flirts, where the bird
is tossed into the air with both hands in a forward
motion [3]. These exercises are done to enhance
wing strength and balance. The flying exercise
involves two cocks, one held on the ground,
while the other is held approximately 5 feet
away, off the ground and facing the other bird.
The bird on the ground is released and flies
toward the other bird. Before the birds come into
contact, the bird being held up is raised. This
process is repeated several times [3]. Leg pulls
are performed by holding the cock by its tail
feathers and body. The bird is moved toward a
flat padded surface, reaching out and grabbing
the surface, while the tail feathers are held creat-
ing resistance. The purpose of this exercise is to
strengthen the leg muscles [3].

Sparring matches may also be conducted dur-
ing or preceding the keep in order to determine
how the rooster is progressing with their training
and provide insight into the bird’s fighting style.
In order to prevent serious injuries, covers
referred to as “sparring muffs” are placed over
the cock’s natural spurs. Hand sparring is a varia-
tion of this where a cull cock or dummy is held
and used as a moving target. Stags will also be
sparred in order to determine which stags will be
culled and which will be tested further.

Roosters maybe put on a special diet during a
keep and may also be given supplements or drugs
during this period. Commonly utilized supple-
ments include but are not limited to vitamin and
mineral supplements, more commonly vitamin
B-12, vitamin C, vitamin K, and iron. Amino
acid supplements are also commonly utilized.
Drugs commonly utilized include but are not lim-
ited to antibiotics, caffeine, strychnine (nux vom-
ica), anabolic steroids, and methamphetamines.
Therefore, the forensic veterinarian or patholo-
gist should consider collecting samples for toxi-
cological analysis if a bird was thought to be in a
keep or recently fought.
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Fig.7.20 Roosters tethered to plastic barrels (a) and housed in individual wire enclosures (b)
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Fig.7.21 Keep stalls

7.2.4 Preparation for a Fight:
Alterations

Game cocks will typically have their comb, wat-
tles, and earlobes removed (Fig. 7.23 and 7.24).
This is done to prevent injury during the fight as
well as reduce the bird’s overall weight. Excessive
bleeding of the head may impair the bird’s sight,
putting it at a disadvantage in the pit. Similarly
birds are matched by weight; therefore, any

decease in weight without loss of muscle mass
may put the bird at an advantage in the pit.
Game cocks will also have one or both of their
natural spurs cut down to approximately 1 cm in
length (Fig. 7.25, 7.26 and 7.27). This is done so
that a gaff or knife can be attached to the bird’s
leg. If gaffs are being utilized both spurs will be
cut down prior to a fight. However, if knives are
being utilized, only one spur will be cut down. To
cut a spur to this length, the bone must be cut
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Fig.7.22 Fly pens

Fig. 7.24 Rooster with comb, wattles, and earlobes
removed

Watiles

(Fig. 7.27). These implements are attached to the
bird’s leg, anchored by the remaining portion of
the natural spur. Occasionally, this remaining
portion of the spur may be further altered to allow
Fig.7.23 Rooster with comb, wattles, and earlobes intact ~ for a specific implement to be attached. Therefore,
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Fig. 7.25 Natural,
unaltered mature spur

Fig.7.26 Undeveloped spur—Cockerel or stag

narrowing of the tip of the remaining spur may be
observed in correlation with the specific
implement being utilized (Fig. 7.28). Game cocks
may also be fought with their natural spurs,
which is referred to as naked heeled fighting. On
occasion, the natural spurs may even be sharp-
ened (Fig. 7.29).

Knives and gaffs (Fig. 7.30, 7.31 and 7.32)
are attached to a bird just prior to a fight, in a
process referred to as heeling. Commonly the
remaining spur is wrapped in moleskin, and the
gaff or knife is attached with leather straps and
wax string. If an acrylic gaff is being utilized,
wax and bandage tape may be used to attach the
gaff (Fig. 7.33).

Prior to a fight, roosters may also have cer-
tain feathers removed or trimmed, referred to

Fig.7.27 Spurs cut short for the use with a gaff. This removes bone as well
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Fig.7.28 Spur cut short with tip narrowed

Fig.7.30 Metal gaff

as trimming out. This is done with the intent to
decrease the bird’s weight as well as reduce the
likelihood of a bird overheating during a fight.
This may involve shortening the long tail feath-
ers and primary wing feathers and removal or
shortening of feathers on the body and thighs
(Fig. 7.34).

Fig. 7.31 Acrylic gaff

T

Fig.7.32 Knives

7.2.5 The  Fight

The cockfighting season usually runs from late
November through the beginning of July as birds
are not fought during molting, which occurs
between late July and mid-November. There are
four main types of cockfights: The Main, Battle
Royal, Welsh Main, and Derby. The Main con-
sists of two parties who agree to fight a number of
cocks, matched by weight, in an odd number of
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Fig. 7.33 Remaining spurs wrapped in bandage tape,
following a fight with acrylic gaffs

battles with the majority of victories deciding the
winner [3]. The Battle Royal involves a number
of birds fighting at the same time, with the winner
being the last bird standing [3]. The Welsh Main
is comprised of eight pairs of cocks with the win-
ners being fought repeatedly until there is one
bird remaining [3]. A Derby is one of the most
common type of fights in the USA. A Derby is a
large event, where a number of individuals pay an
entry fee to enter a number of birds [3]. The indi-
vidual winning the most fights is the winner, col-
lecting the purse comprised of the entry fees [3].
The purse may also be divided among those plac-
ing the highest [3].

Fig.7.34 Cock trimmed out
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Fig. 7.35 Containers utilized to transport birds to a fight

Birds are transported to fights in a variety of
containers, such as bags, single wooden carriers,
or wooden boxes with multiple compartments
(Fig. 7.35). Prior to a fight, birds are weighed and
matched against a bird of equal (within a few
ounces) weight. A game cock typically weighs
between 4 and 6 pounds. Birds are fought in a pit
which varies in shape from round to rectangular
to square and can be constructed out of a variety
of materials. The pit floor will vary as well, from
dirt to carpet to shavings.

The rules of a fight are complex and vary
from pit to pit. Before birds are fought, they are

examined by the referee who will determine if
the bird is eligible to fight. The fight is initiated
with billing. Billing is done with the intention
of provoking the birds. The handlers will
restrain their birds while allowing them to peck
at each other. The birds are then separated by a
distance and simultaneously released. A fight is
over when a bird either leaves the pit, dies, a
handler concedes, or a bird fails to attack. If a
fight has gone on for too long or if both birds
fail to attack, the fight may be moved to a drag
pit, which is a smaller pit in addition to the
main pit.
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7.2.6 Wound Patterns

Roosters that have been fought have wounds that
are primarily located on the head [18]. Injured
tissue can be edematous and contused, especially
periorbitally [18]. Wounds can also be present on
the lateral and ventral aspects of the body and the
legs (Fig. 7.36 and 7.37).

Wounds are due to either blunt trauma or
sharp trauma. Blunt force injury can be caused by
a bird’s beak, as it pecks and pulls. Such injuries
have been reported to create “hour-glass-like”
lesion [19]. Abrasions maybe caused by a bird’s
claws, natural spurs or acrylic gaffs (Figs. 7.37
and 7.38). Natural spurs and acrylic gaffs may
also cause puncture wounds. Sharp force injuries,
such as stab or incised wounds are caused by
gaffs or knives.

Fig.7.36 Fighting wounds on the head

Fig. 7.37 Abrasions on lateral aspect of the right thigh.
This bird was fought with acrylic gaffs

Fig.7.38 Abrasions on the left dorsolateral back/saddle.
This bird was fought with acrylic gaffs

Fig.7.39 Scarring and recent wounds on the head

Occasionally, if a bird survives a fight, healing
wounds or scarring maybe observed (Fig. 7.39).
This is dependent on the style of fighting as the
use of steel gaffs or knives increases the lethality
of the fight [4].

It is the author’s experience that birds main-
tained for fighting purposes are often infected
with a variety of respiratory diseases including
but not limited to mycoplasma, infectious laryn-
gotracheitis, infectious bronchitis virus, and the
pox virus. It may be necessary for the forensic
veterinarian or pathologist to test for such disease
processes at the time of necropsy.

Conclusions

Animal fighting, such as organized dogfight-
ing and cockfighting, represent intentional,
severe abuse of animals. Although, dogfight-
ing and cockfighting are illegal in all 50 states
and the federal Animal Welfare Act prohibits
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animal fighting ventures (section 2156), they
are still pervasive throughout the USA. It is
critical for forensic veterinarians and patholo-
gists to have a well-rounded understanding of
dogfighting and cockfighting in order to prop-
erly recognize, document, and interpret evi-
dence found at the scene as well as on the
animal.

It is not uncommon for animals involved in
animal fighting to die. Therefore the forensic
veterinarian or pathologist may be called upon
to perform a forensic necropsy in order to
determine and document injuries and cause of
death. They may also be required to provide
testimony at trial regarding whether or not the
pattern of injuries is consistent with or sugges-
tive of organized animal fighting and address
the non-animal medical evidence that may be
present on scene.
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Animal Sexual Abuse

Investigations

Adam W. Stern

8.1 Introduction

The legal definition of animal sexual abuse
(ASA) will vary between jurisdictions. For the
purpose of this chapter, we will consider all
forms of ASA as ASA is not limited to the pene-
tration of an animal by the human penis. Some
examples of ASA include fondling of an animal’s
genitalia, penetration of the vagina or anus of an
animal by a human penis, penetration of the
vagina or anus of an animal with a foreign object,
oral-genital contact (either human to animal or
animal to human), masturbation of an animal by
a human, and human masturbation and/or ejacu-
lation on an animal [1]. Other types of traumatic
injuries such as burns, incised wounds, or blunt
force trauma to the genitalia or injuries to the
nipples may also be encountered.

In some instances, injuries due to sexual
assault may be accompanied by other nonsexual
injuries such as blunt force trauma, sharp force
trauma, and asphyxia. These accompanying inju-
ries may be due to restraining the animal, may be
part of the assailant’s sexual repertoire, or may be
unrelated non-accidental injuries (Fig. 8.1). The
veterinarian may be asked to review a video
depicting the sexual acts performed on the animal.
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If such a video depicts an animal victim to be
minimally responsive or non-responsive during
these actions, this is suggestive that the animal
may have been restrained by other non-forceful
methods of restraint such as the use of sedatives/
tranquilizers or may have been behaviorally con-
ditioned to accept this behavior [1].

ASA is known in the scientific literature by
other terms such as bestiality and zoophilia.
These terms are used to describe the motives and
actions of the human perpetrator, whereas the use
of the term ASA is specific to the animal. ASA is
the preferred term in veterinary forensics. There
is a wide spectrum of injuries reported in animals
that have been sexually abused and in some
instances, animal victims of sexual abuse remain
physically unharmed; therefore, even animals
without physical injuries can still be the victim of
sexual abuse.

There are a small number of case reports
regarding ASA in the scientific literature. Due to
the small number of reports, the true incidence of
animal sexual abuse is not known. In a recent sur-
vey of risk factors for human penile cancer, a
total of 171 out of 492 individuals reported to
have had sex with animals [2]. Numerous animal
species have been reported to be sexually abused
including the dog, cat, horse, bovid, sheep, goat,
rabbit, and chicken [1-9]. The dog is the most
commonly reported victim of ASA [10], whereas
in the report by Zequi et al., sex with a mare was
most commonly reported [2].
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Fig. 8.1 Bruising of the
ventral abdomen from
possible restraint of the
dog during insertion of a
foreign body in the anus
(Photo courtesy of Dr.
Nancy Bradley,
Midwestern University)

8.2 The Sexual Assault

Examination

Similar to other cases of animal abuse, a detailed
history should be taken and reviewed prior to
beginning the forensic examination. Unlike
human sexual assault cases where law enforce-
ment will take a detailed history, cases histories
are often taken by the veterinarian. Additionally,
in cases of animal sexual assault, the victim is
unable to provide a verbal report of the event,
and the investigator must rely on the testimony
of human witnesses. After obtaining a detailed
history, a sexual assault examination should be
performed including an alternate light source
(ALS) examination, trace evidence collection,
radiological imaging studies, and a forensic
clinical examination or forensic necropsy.
Collection of trace evidence should be per-
formed whenever a sexual component is
suspected.

The sexual assault examination of the animal
should be detailed and thorough similar to other
forensic examinations as injuries and trace evi-
dence may be found anywhere on or in the ani-
mal’s body. Examination findings should be
recorded in the forensic report. Additional docu-
mentation including photographs and video
recordings may be warranted and recommended.
Examination findings including negative findings
may be used at a later date such as in the defense
of a suspected perpetrator.

The examining veterinarian and veterinary
technical staff should wear powder-free gloves
during the examination in order to avoid intro-
ducing contaminating materials. Additionally,
given that human material may be encountered
during the examination, the use of personal pro-
tective equipment such as safety eyewear, mask,
gloves, and lab coat are required as exposure to
sexually transmitted diseases and human blood-
borne pathogens are a potential risk.

Many of the steps taken during the forensic
necropsy in cases of ASA are similar to those
performed during the forensic clinical examina-
tion. Examination of the sexual abuse victim
should be begin with an alternate light source
(ALS) examination in order to identify trace evi-
dence such as human biological material. When
performing an ALS examination, it should be
performed in a systematic pattern covering the
entire body. The use of an ALS during the foren-
sic examination can enhance the contrast of bio-
logic evidence against the background or cause
the evidence to fluoresce. In order to clearly
observe the photoluminescence effect of biologic
substances, the examiner may need to wear
appropriate filters or goggles which will filter out
strong excitation wavelengths [11]. The accuracy
of the Wood’s lamp (a type of ALS) for identifi-
cation of semen is questionable and other types
of ALS have been reported to be more useful dur-
ing sexual assault examinations of humans [12,
13]. In veterinary medicine, a Wood’s lamp is the
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most commonly available ALS, and although
there are concerns regarding accuracy and sensi-
tivity, the use of a Wood’s lamp in the absence of
any other available ALS is recommended. The
author knows of a single case in which a Wood’s
lamp was successful in identifying human semen
on a dog. Regardless of the ALS utilized, identi-
fication of a positive stain should prompt further
laboratory analysis on the sample of interest.

Biological evidence may be found anywhere
on the animal, not only around the anus and
vagina. For example, semen may be found at
areas distant from the site of sexual contact
because an assailant may transfer evidence to a
distant site on the animal’s body by touching
themselves and subsequently touching the ani-
mal. Biologic evidence can be lost during normal
grooming behavior by the animal. If suspect bio-
logical evidence is identified on the fur, the sus-
pect material should be photographed and
collected by snipping fur with sterile scissors or
swabbing the sample. These samples should be
documented (including the use of chain of cus-
tody forms), labeled and turned over to the inves-
tigating law enforcement agency. The use of
sexual assault evidence collection kits for evi-
dence collection is recommended, and these kits
can be purchased from commercial sources or
may be obtained from a human hospital emer-
gency department. The general sexual assault
evidence collection procedure will be subse-
quently described.

After the collection of trace evidence samples,
full-body radiographs or a computerized tomog-
raphy scan (CT) can be performed. When review-
ing the radiographs or CT images, abnormalities
that might be encountered in ASA victims include
cavity gas accumulation, retained foreign bodies,
and fractures (such as base of the tail).

8.2.1 The Perianal Examination

Regardless of the sex of the animal victim, exam-
ination of the anus and perianal region for evi-
dence of trauma should be performed. A diagram
using the face of a clock should be used as a
frame of reference when describing any abnor-

malities to the anus. Points of reference for the
anus include the anal glands located at the 4
o’clock and 8 o’clock positions. The distance
between the identified lesion(s) and anus should
be measured.

Documented injuries to the anus, rectum, and
perianal region include insertion of foreign
objects, colonic perforation, stab wounds, bruis-
ing (Fig. 8.2), and anal tears. Anal dilation has
been reported in animal victims of sexually abuse
[8, 14, 15]. The anal dilation is the result of
trauma to the anal sphincter. Dilation of the anus
is commonly observed during the postmortem
examination in nonsexually abused animals, and
this should not be confused with anal dilation as
an antemortem finding. Rectal prolapse can occur
secondary to rectal and colonic injuries as a result
of anal penetration. In humans, radiating perianal
lacerations without rectal mucosa trauma rule out
the passage of hard fecal material and are sup-
portive of an object being pushed into the anus
from outside.

Fig. 8.2 Perianal bruising of a dog that was sexually
abused (Photo courtesy of Dr. Doris Miller, University of
Georgia)
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Table 8.1 Steps used to perform a vaginal and anal wash

1. Insert a vaginal speculum into the vagina or
anoscope into the anus
2. Infuse approximately 10-15 mL of sterile saline
using a disposable plastic pipette

. Aspirate the infuse fluid

. Reinfuse the fluid

. Re-aspirate the fluid

. Place the aspirated fluid into a clean glass tube

A L AW

In additional to gross examination of the anus
and perianal region, a rectal wash should be per-
formed (Table 8.1), and the fluid should be col-
lected from both male and female animals [1].
The sample of fluid collected can be submitted for
further analysis to a human forensic laboratory for
microscopic examination for the presence of sper-
matozoa and other forensic testing for seminal
fluid and spermicides [1, 7]. If the rectum con-
tains feces, a fecal sample should be collected and
can be analyzed for blood and gastrointestinal
parasites [7]. Fecal analysis and perianal exami-
nation are important to rule out or contextualize
the perineal trauma as the defense may suggest
self-trauma due to parasitism, the presence
of a rectal mass, impacted anal sacs, or anal
sacculitis.

8.2.2 The Vaginal Examination

A diagram using the face of a clock should be
used as a frame of reference when describing any
trauma to the vagina. As points of reference, the
dorsal-most aspect of the vagina would be at the
12 o’clock position, the ventral-most aspect of
the vagina would be at the 6 o’clock position.
Injuries of the female reproductive tract
directly related to sexual abuse include vaginal
prolapse, uterine and cervical tears, vaginal
stricture, scarring of the reproductive tract, uter-
ine hemorrhage, and the presence of foreign
bodies (intrauterine, intracervical, or vaginal).
Vaginitis has been reported in cases of repeated
sexual abuse [7]. Objects inserted in the vaginal
vault may be forced through the uterine stump
into the peritoneal cavity in animals that have
previously been spayed. Foreign objects have

been recovered from the female reproductive
tract including candles and sticks. In humans,
trauma to the vagina including abrasions and lac-
erations occur between the 3 o’clock and 9
o’clock positions resulting from digital and
attempted penile penetration. Similar lesions
have been observed in the dog.

In additional to gross examination of the
vagina, a vaginal wash should be performed and
the fluid should be collected as previously
described in Table 8.1 [1]. Testing performed is
similar to that for rectal washes.

8.2.3 The Penile and Scrotal
Examination

The penis and external genitalia of male victims
of sexual abuse should be examined. Examination
of the penis and genitalia may identify evidence
of traumatic injury in the form of hemorrhage
and/or abrasions. If oral sex is performed on the
male animal, it is theoretically possible that teeth
marks may be identified on the penis.

In male dogs that have been castrated using rub-
ber bands (band castration), the scrotum may be
swollen and painful or infarcted depending on the
time frame for placement of the band (Fig. 8.3).
The elastic band or other material (such as a string)
used to perform the procedure may be recovered
from the victim and should be collected as evi-
dence (Fig. 8.4). Injuries that may be observed in
cases of traumatic castrations (such as cutting of

Fig. 8.3 Dog at home castration with testicular
infarction
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Fig.8.4 Rubber band used to perform at home castration
in Fig. 8.3

the scrotum with a knife) can result in massive
hemorrhage [8].

Swabs of the penis should be obtained as
human DNA may be recovered from these sam-
ples. DNA recovery may be useful if oral sex was
performed on the animal or if the animal had
been used to penetrate a human.

8.2.4 The Negative Examination

In cases of examination of a potential victim of
animal sexual assault, the veterinarian has a num-
ber of roles including examination of the animal,
collection of evidence from the animal victim,
documentation of the injuries, and if the animal is
alive, treatment of the animal.

Regardless of whether or not there is evidence
of any significant findings, a complete sexual
assault examination including trace evidence col-
lection should be performed if a sexual compo-
nent is reported or suspected. In some cases, the
examination of a sexually abused animal will
result in “negative” findings, as some sexually
abused animals will have a lack of physical inju-
ries. It should be noted that the collection of evi-
dence can not only be useful to prosecute a
potential suspect; it can also be used to exonerate
a wrongly accused person. When presented with
a potential sexually abused animal, it is also
important to consider nonsexual causes for the
observed injuries/lesions. Some urogenital and

perianal lesions that may mimic lesions of ASA
include transmissible venereal tumors, perianal
fistulas, bite wounds, and vaginal tears from cop-
ulation with a larger animal.

8.3  Trace Evidence Collection

In many instances spermatozoa may not recov-
ered in cases of ASA. Reasons for lack of recov-
ery include the use of a condom by the perpetrator,
aspermia due to testicular disease, aspermia due
to vasectomy, lack of ejaculation by the perpetra-
tor, actions by a female perpetrator, or the use of
a foreign object [1].

As previously discussed, specimens should be
collected whenever ASA was suspected to have
occurred. Failure to collect appropriate samples
can severely hinder the possibility of prosecuting
the case in court. It is important to remember that
in some instances, sexual assault may have
occurred in the absence of physical injuries.
Sample collection should be performed for both
female and male victims.

Swabs should always be collected in pairs and
in duplicates. This duplicate sampling will pro-
vide for sufficient material to allow the defense to
send samples to another laboratory for testing if
necessary. After collection of swabs from any
part of the body, swabs should be placed in a
paper envelope where they can aerate and dry. Do
not store swabs within plastic containers or bags.
Swabs should be taken from standard locations
such as the oral cavity, anus, vagina, perianal
region, and penis. Swabs should also be taken
from any suspicious area that is identified during
the ALS examination.

If the animal is standing, vaginal swabs should
be taken before anal swabs in order to prevent con-
tamination of the vagina. Swabs can be rolled
across clean microscope slides to evaluate for
spermatozoa. If spermatozoa are observed, addi-
tional staining (Baecchi stain, Kernechtrot-
Picroindigocarmine stain) of the sample can be
performed to further characterize the spermatozoa
(Fig. 8.5). For example, spermatozoa of dog and
human have different morphology [16]. Currently,
the use of field test kits for compounds identified
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Fig. 8.5 (a) Human
spermatozoa
(Kernechtrot-
Picroindigocarmine
Stain). Note the dark
staining of the post-
acrosomal region (Photo
courtesy of Kevin Zeeb,
Illinois State Police). "‘
(b) Canine spermatozoa. =
Note the subtle pale ban

within the head of the

spermatozoa. (Photo

courtesy of Dr. Reena

Roy and Dr. Jason

Brooks, The

Pennsylvania State

University)

within human seminal fluid (such as semenogelin,
prostatic acid phosphatase) should not be per-
formed as they are not validated for use in animals.
Identification of semenogelin shows promise as it
has not been identified with canine seminal fluid
[17]. After collection of anal and vaginal swabs, a
rectal and vaginal wash can be performed as previ-
ously described. The wash samples can be saved in
clean glass or plastic tubes.

Conclusion

ASA is uncommonly encountered in everyday
practice; however, the forensic veterinarian
should be aware of the steps needed to per-
form a sexual assault examination on an ani-
mal and be aware of possible lesions that may
be encountered. Data collected from the
forensic examination including interpretation
of the injuries must be adequately documented
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Table 8.2 List of evaluation techniques to be used dur-
ing the sexual assault examination of an animal
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Ritualistic Animal Killing

Sean P.McDonough and Brian Holoyda

9.1 Introduction

Necropsy of mutilated, dismembered, or decapi-
tated remains presents the veterinary pathologist
with a unique challenge. First, such cases are often
attributed to “occult” or “satanic’” animal sacrifice,
but these terms have no standard definition, and
their use may obscure the true motivation of the
perpetrator [1-3]. Second, ritualistic animal
slaughter and sacrifice are legally protected com-
ponents of worship and daily life for practitioners
of many major and minor belief systems [4]. Third,
predation and postmortem scavenging can be mis-
taken for animal sacrifice [5]. Improper disposal of
viscera from legally taken game animals can also
raise concern. Hence, the veterinary pathologist
performing a necropsy on an animal with unusual
injuries must interpret the postmortem findings in
light of the circumstances surrounding the animal’s
death, have knowledge of practices around reli-
gious animal slaughter and animal sacrifice, and
have some insight into the psychological and
potential criminal motives for these acts.
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The lack of standardized definitions of ritual-
istic animal sacrifice and slaughter has hindered
the evaluation of these cases. A ritual is a series
of actions performed in a prescribed order.
Rituals may involve the systematic use of sym-
bols, rites, emblems, insignia, or sacred objects.
Most religions incorporate rituals in the process
of worship and other activities, such that ritualis-
tic animal killing may represent a sacrifice to a
deity or some other component of one’s belief
system. Alternatively, some animal killing that
occurs in a ritualistic manner, such as various
forms of patterned animal mutilation, may occur
for nonreligious purposes, such as teenage
“prankster” behavior, sadistic animal cruelty, and
childhood animal abuse by conduct disordered
youth, among many others [6, 7]. To further com-
plicate matters, members of organizations that
engage in unconventional practices, such as cults,
may abuse or kill animals for reasons that some
may view as religious, and others may view as
criminal. Not surprisingly, then, the outcome of
these evaluations commonly depends on the per-
spective of the person investigating the crime
scene and the necropsy results.

9.2 TheRight to Practice
Religious Animal Slaughter

and Animal Sacrifice

One must distinguish between criminal ritualistic
animal killings and constitutionally protected
religious practices. In the United States, religious
slaughter and religious animal sacrifice are
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protected by the First Amendment’s guarantee of
the free exercise of religion. In the case of Church
of Lukumi Babalu Aye v. City of Hialeah (1993),
the Supreme Court was unable to distinguish ani-
mal sacrifice from legally permissible secular
animal killing. The court ruled that laws banning
ritualistic animal slaughter and/or sacrifice are
unconstitutional if the goal is the suppression of
religion. However, laws regulating animal hus-
bandry, zoning, humane killing, and the sanitary
disposal of carcasses are constitutional, even if
the laws make a religious practice difficult or
even impossible as long are they are “neutral”
and of “general applicability.”

The situation regarding religious animal kill-
ing is more complex in Europe. Article 9 of
the European Convention on Human Rights pro-
vides for a right to freedom of thought, con-
science, and religion, which includes the freedom
to practice religion subject only to restrictions
that are “in accordance with law” and “necessary
in a democratic society”” The European
Union directive, “European Convention for the
Protection of Animals for Slaughter,” generally
requires stunning before slaughter but allows
member states to permit exemptions for religious
slaughter: “Each Contracting Party may autho-
rize derogations from the provisions concerning
prior stunning in the following cases: slaughter-
ing in accordance with religious rituals....”
Denmark has banned all religious slaughter with-
out stunning since 2014. To critics that complain
the ban infringes on religious freedom, Dan
Jorgensen, Denmark’s Food and Agriculture
minister, observed that “nothing stops people
buying ritually-slaughtered meat from abroad.”

9.3  Religious Animal Slaughter

for Consumption

Religious laws of several major religions around
the world dictate the appropriate methods by
which animals may be slaughtered for consump-
tion. Various forms of religious animal slaughter
are widely practiced. When evaluating an animal
subjected to religious slaughter, three basic issues
regarding humaneness need to be assessed:

(1) stressfulness of the restraint method, (2) pain
perception during the procedure, and (3) the time
to unconsciousness (latency of insensibility).
Abusive abattoir workers will cause suffering
regardless of the method of slaughter employed
[8]. Abusive practices include rough handling,
constant prodding, slamming gates on animals,
overcrowding, striking animals with sticks or
whips, kicking, dragging “downer” animals, or
picking animals up by the ears or tail. Failure to
maintain clean pens and chutes and the presence
of sharp protrusions are additional causes of
injury and emotional distress of animals at
slaughter.

Kashrut is a set of Jewish dietary laws that
delineate what can (kosher) and cannot (treif) be
eaten by an observant Jew [9]. The animals must
be alive, healthy, treated humanely, and killed
without pain or emotional distress. Shechitah
(ritual slaughter) is performed by the shochet, a
pious man well-trained in Jewish law. Preslaughter
stunning is not allowed. The shochet makes a
quick, deep stroke across the neck with a chalaf
to sever the trachea, esophagus, jugular veins,
and carotid arteries. The animal dies due to
exsanguination. The chalaf must be razor sharp
and free of nicks and must be at least twice the
width of the animal’s neck. The cut must be made
without hesitation or delay. The incision must not
close back over the knife during the cut (“hala-
gramah” or digging) in order to reduce the ani-
mal’s reaction to the cut. Sheep lose consciousness
within 2—-15 s after the carotid arteries are cut.
The time to insensibility in cattle is more
variable.

Dhabihah in Islamic law prescribes the method
of religious slaughter of permissible (halal) ani-
mals as opposed to forbidden (haram) animals
that may not be slaughtered. The slaughter can be
done by any mentally competent adult Muslim.
Some Muslims will use the meat slaughtered by
Jews or Christians, since the latter are “people of
the Book,” though some Islamic jurists do not
consider Christians who follow Pauline
Christianity to be “people of the Book.” Women
can perform the slaughter if necessary. The per-
son performing the slaughter must say
“Bismillah” or more commonly “Bismillah Allah
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Akbar” (“in the name of God, God is great”) sep-
arately for each animal slaughtered. Saying the
name of Allah at the time of slaughter is meant to
be an act of piousness affirming that life is sacred
and to be valued. Similar to Jewish shechitah, a
swift, deep incision using a very sharp knife is
used to cut the trachea, esophagus, jugular veins,
and carotid arteries, but leaves the spinal cord
intact. Death is by exsanguination.

Since Muslims who perform animal slaughter
do not typically receive the same level of special-
ized training in slaughter techniques as compared
to Jewish shochtim, Temple Grandin has strongly
recommended that Muslim clerics mandate pre-
slaughter stunning. The permissibility of pre-
slaughter stunning for halal is debated. In some
jurisdictions, stunning is permitted if it is possi-
ble to revive the animal afterwards. At one point
it was estimated that 88% of halal animals in
Great Britain were stunned prior to slaughter.
More recently, the proportion of animals slaugh-
tered in the United Kingdom for halal without
pre-stunning has risen because of a campaign by
Muslims promoting traditional slaughter and the
mistaken belief that stunning kills the animal
[10]. For the stunning to ensure the halal status of
the slaughter, the stunning equipment must be
under the control of a Muslim supervisor or
slaughter man at all times, the stunning can nei-
ther kill nor cause permanent injury to the ani-
mal, and the equipment must not be used to stun
pigs.

In Hinduism, the Jhatka method of ritual
slaughter requires that the animal be killed
instantly with a single decapitating blow with an
axe or sword. Animals that make noise are seen
as a bad omen and indicates that the animal is
suffering [11].

9.4  Religious Animal Sacrifice

Although no rituals for the slaughter or sacrifice
of animals are broadly accepted or used by
Christian religions, such practices are held sacred
and widely practiced by some other major reli-
gions of the world including Judaism, Islam, and
others. Ancient Jewish tradition only permitted

animal sacrifices in the temple in Jerusalem
(Deut. 12:13-14). Because the temple was
destroyed by the Roman army in 70 CE, Jews do
not currently practice animal sacrifice. Jews now
obtain forgiveness through repentance, prayer,
and tzedakah (charity or other good deeds).
Orthodox Jewish teaching states that when the
messiah comes, animal sacrifice will resume
because God will provide a place for the
practice.

The Hajj is an annual pilgrimage to Mecca
required of all Muslims at least once in their life-
time if they are physically and financially capable
of making the journey [12]. After performing
Ramy al-Jamarat (symbolic stoning of the devil),
the fifth in a numbered series of obligations for
the pilgrim is to slaughter a camel, cow, or sheep
of appropriate age in commemoration of the story
of Ibrahim (Abraham) and Ishmael (the older
brother of Isaac). Pilgrims do not need to sacri-
fice the animal themselves, and many buy a sacri-
fice voucher that allows the sacrifice to be made
in their name without having to be physically
present. The abattoirs process the meat and work
with the government of the Kingdom of Saudi
Arabia and nongovernmental organizations to
send the meat as charity to poor people around
the world. Similar sacrifices are performed
worldwide during the 3-day feast of Eid al-Adha.
The sacrifice is meant to be a submission to Allah
as opposed to a means of atoning for one’s sins,
as in Judaism.

Although most Hindus do not participate, ani-
mal sacrifice is practiced in all parts of India.
Most sacrifice is performed to pacify local deities
or to celebrate the birth of a child. During the fes-
tivals of Navaratri dedicated to the nine forms of
Shakti (Mother Goddess), goats, chickens, and
sometimes male water buffalos are sacrificed. In
some areas, a priest recites the Gayatri Mantra in
the ear of the animal to release it from the cycle
of life and death. The Ashvamedha ritual in the
Rigveda describes the sacrifice of a horse, but
this practice no longer seems to be followed [11].

The teachings of Buddha decry animal cruelty
in all forms because the destruction of any living
creature represents a disturbance of the Universal
Order. Thus, Buddhists do not practice animal
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sacrifice. Although some Buddhist sects oppose
eating meat, other sects have varying opinions.
Buddhist monks are forbidden from eating meat
from certain animals (elephants, horses, dogs,
snakes, lions, tigers, panthers, bears, and hyenas)
and may not eat the meat of an animal that was
killed specifically for them [13].

Syncretic belief systems combine two or more
different cultural and spiritual beliefs into a new
faith. Several million people in the United States
practice the Afro-Caribbean syncretic faiths of
Voodoo, Santeria, Hoodoo, Palo Mayombe,
Candomble, and Shango [14].

Voodoo is the best known Afro-Caribbean
syncretic faith because of widespread but highly
inaccurate and racist depictions in film. Voodoo
emerged among Haitian slaves and is practiced
by as many as 60 million people worldwide.
Voodoo first came to the United States in 1803
when the prohibition against importing slaves
from the West Indies was lifted. Voodoo eventu-
ally evolved into Hoodoo, which has substituted
many of the religious aspects of Voodoo with
more cultural and medical features. Houngans
(male priests) and mambos (female priests) limit
their practices to white magic, whereas bokors
practice black magic or evil sorcery. The Haitian
form of Voodoo has many deities, known collec-
tively as Loa. Rituals are held to invoke a particu-
lar god who best fits the need of the moment.
Rada spirits are revered for their wisdom and
benevolence, while Petro spirits are known for
their power. Each Loa has its own attributes, form
of worship and symbolic drawings (veves). A
veve is most often drawn during ceremonies to
worship a particular spirit. Animal sacrifice
occurs most often at large ceremonies since the
houngan or mambo is responsible for providing a
sacred meal to the participants.

Santeria is probably the most widely practiced
Afro-Caribbean syncretic religion, but accurate
figures are lacking. Santeria combines the cul-
tural and spiritual beliefs of the Yoruba tribe from
Nigeria with the religious practices of
Catholicism. The gods and goddesses of Santeria,
orishas, are the repositories of ashe (divine
power) that can solve problems, vanquish ene-
mies, and acquire love and money. An offering

(ebbo) is made to an orisha so that they will give
their ashe. Ebbo can be an offering of fruits, flow-
ers, candles, or a favorite food. Santeria rituals
also require the use of sacrificial birds and other
animals. The blood of roosters and goats is the
most common sacrificial offering. Birds (pigeons,
canaries, hens) are used in rubbing rituals where
negative feelings caused by evil are passed into
the birds. Ancestor worship is central to the prac-
tice of Santeria. The dead must be fed periodi-
cally, just as the orishas are given offerings.

Palo Mayombe practitioners use magical ritu-
als to manipulate, captivate, and/or control
another person, most often for the practitioners’
malevolent purposes. Palo Mayombe, derived
from the Spanish word “palo” meaning “wooden
stick” or “branch,” refers to the pieces of wood
practitioners use in their magic spells. While the
rituals of Santeria usually focus on positive
actions designed to improve one’s personal posi-
tion or please an orisha, Palo Mayombe centers
its rituals on inflicting misfortune or even death
upon an enemy by invoking the evil spirit of a
specific patron who resides in the nganga, the
sacred cauldron used during most rituals. Items
typically found in the nganga include a human
skull, bones, graveyard dust, crossroads dust,
branches, herbs, insects, animal and bird car-
casses, coins, spices, and blood. When the spirit
of the nganga carries out its owner’s wishes, he or
she gives it blood as an expression of grati-
tude. Rituals may include leaving animal car-
casses (decapitated roosters, dead goats, etc.) at
the entrance of a business or home. Palo
Mayombe rituals require the use of human bones,
which entails the theft of human remains.
Animals sacrificed for Palo include domesticated
pets such as dogs and other larger animals.

Many neo-pagan groups attempt to recreate
ancient European pre-Christian religions (e.g.,
druids). These groups have a reverence for nature
(animism and pantheism), belief in polytheism
and the practice of white magic. Many neo-pagan
religions practice Wicca, a form of witchcraft.
Neo-pagan principles do not entail illegal activi-
ties and, significantly, “witches,” as they refer to
themselves, do not engage in animal sacrifice or
other blood rituals.
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9.5 “Occult” and “Satanic”

Animal Sacrifice

Derived from the Latin word occultus, meaning
concealed, occult refers to beliefs, practices, or
phenomena that are supernatural, mystical, or
magical. Occult practices are typically kept secret
and communicated only to the initiated.
Adherents to these unconventional ideologies do
not publicize their beliefs and rites because of the
social stigma associated with “occult” practices.
Cults, extremist offshoots of major religions, and
satanic societies are examples of minor religions
that are often classified as “occult” religions.

The line between mainstream religions and
the “occult” is blurry. The distinction between
“major” and “minor” religions is also unclear.
The ease with which organizations can establish
themselves as religions in the eyes of the law
further confuses definitional issues [15]. State
and federal case law involving such organiza-
tions’ beliefs and practices that have led to indi-
viduals’ physical, psychological, or financial
ruin demonstrate differential treatment in vary-
ing settings [16]. Regardless, such organizations
have long been associated with ritualistic ani-
mal cruelty and Kkilling and therefore deserve
mention here.

Many people believe that occult and satanic
animal sacrifice is widespread in the United
States. This belief reached a peak during the
“satanic panic” of the 1980s. It was during this
time that allegations of ‘“‘satanic ritual abuse
(SRA)” began to appear. Numerous social
changes and conditions, such as a growing
national fear of cults and other minor religious
organizations, the development of the child pro-
tection field, and recognition of the psychological
sequelae of trauma, fostered an environment in
which claims of SRA found support among psy-
chotherapists, police investigators, and children’s
advocates, among others [17]. One component of
many SRA claims was the ritualistic abuse or
killing of animals, including children and others
being forced to abuse and kill animals against
their will. For example, in the Faith Chapel
Church ritual abuse case, a mentally handicapped
abuser was alleged to have killed a giraffe, rabbit,

and elephant and consumed their blood in front
of a group of abducted children. Additionally, he
was accused of forcing children to eat their own
excrement and of sexually assaulting them. In
this case there was no forensic evidence that sup-
ported the SRA claims [18].

During the satanic panic, self-styled experts
on “occult crime” wrote books and published
videos that were touted as “training” materials
for law enforcement officials. One such text [19]
described how it is “relatively common for law
enforcement officers to find dead animal car-
casses at outdoor ritual sites and in abandoned
buildings” (pp. 103) and related different patterns
of animal Kkilling associated with various
delineated groups of Satanists, including “clan-
destine Satanists,” “self-styled Satanists,” and
“independent Satanists.” Dubois went on to offer
a profile of the typical self-styled Satanist, whom
he asserted committed the vast majority of satanic
animal sacrifice, as a white male, 12-17 years
old, and coming from a middle-class family. He
further claimed that these perpetrators have a
sense of inferiority, vulnerability, and loneliness
despite their claims of superiority. Without any
description of actual cases or citations from offi-
cial criminal records or empirical literature to
support their claims, however, these sensational-
ist materials are more likely a phenomenon of the
satanic panic than a useful source for understand-
ing ritualistic animal killing.

Anton LaVey, the founder of a branch of
Satanism, authored the Satanic Bible in 1969.
The text is a collection of essays, observations,
and rituals and is meant to describe core princi-
ples of Satanism. LaVey’s followers consider it to
be an authoritative, scriptural text. In the chapter
entitled “On the Choice of a Human Sacrifice,”
LaVey writes the following regarding animal
sacrifice:

Under no circumstances would a Satanist sacrifice

any animal or baby! ... The purest form of carnal

existence reposes in the bodies of animals and
human children who have not grown old enough to
deny themselves their natural desires ... The

Satanist does not hate himself, nor the gods he

might choose, and has no desire to destroy himself

or anything for which he stands! It is for this reason
he could never willfully harm an animal or child.
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According to this one “official” text of
Satanism, then, the ritualistic harming and killing
of animals are not condoned among at least some
sects of Satanists [20].

The incidence of “occult” or “satanic” ritual-
istic animal killing remains uncertain. Some
cases bearing odd or bizarre details may suggest
an occult, ritualistic intent behind the killing. For
example, in a graveyard in Ephraim, Utah in
2003 eight decapitated cat heads were aligned
atop a grave and surrounded by severed paws and
legs arranged in a pentagram. Grocery bags filled
with dried blood were suspended from an arch
over another grave [21]. Whether or not such
cases represent true occult ritualistic practices or
violent pranks, however, cannot be determined

without apprehending and evaluating the
offender(s).
9.6 Criminal Ritualistic Animal

Killing

Ritualistic animal slaughter and ritualistic animal
sacrifice, as previously described, are culturally
condoned aspects of many major and minor
world religious traditions. Governments have
responded differently to such practices through-
out time and in the context of varying social cli-
mates. For example, the Nazi government banned
shechitah early during the Third Reich, presum-
ably as a component of general anti-Semitic reli-
gious suppression. Alternatively, in Church of the
Lukumi Babalu Aye, Inc. v. Hialeah (1993), the
United States Supreme Court found a local
Floridian ordinance that prohibited the unneces-
sary killing of “an animal in a public or private
ritual or ceremony not for the primary purpose of
food consumption” to be unconstitutional.

Legal standards regulating the treatment of
animals and the behavior of religious organiza-
tions continue to evolve through case and statu-
tory law. This makes it difficult to know whether
or not a group’s animal-related activities would
be considered criminal or not in a given context.
It is therefore a challenge to differentiate between
individuals who engage in legally sanctioned ani-
mal sacrifice and slaughter and those who ille-

gally abuse or kill animals in a ritualistic
manner.

9.7  Perpetrators of Ritualistic

Animal Abuse and Killing

Given inconsistent and evolving legal standards,
the lack of scientific research on ritualistic animal
abuse and killing, and popular misconceptions
about organizations purported to support such
behavior, it is not surprising that little is known
about the characteristics and motivations of those
engaged in ritualistic animal abuse and killing. In
addition, there is a dearth of research and knowl-
edge about these individuals. Searches in aca-
demic databases including PubMed, PsychINFO,
and Ovid using terms including “ritualistic animal
abuse,” “satanic animal abuse,” “ritualistic animal
killing,” “satanic animal killing,” “ritualistic ani-
mal sacrifice,” and “‘satanic animal sacrifice” yield
no scientific articles on the topic. It is perhaps
most useful, then, to describe specific cases in
which ritualistic animal abuse and killing have
occurred or been purported to occur.

Case 1

Michael Ryan led a cult that lived on a farm in
rural Nebraska in the mid-1980s [22]. The orga-
nization operated under a belief system based on
Anglo-Saxon supremacy, the unconstitutionality
of income taxes, and a predicted forthcoming
Battle of Armageddon. Over time, Ryan became
progressively more paranoid, warning his follow-
ers that “Yahweh” had instructed him to build a
base camp at a farm outside the town of Rulo,
where they would stockpile weapons and machin-
ery in preparation for the upcoming battle. He
told his followers that they would not be safe
unless they complied with requests for items
needed at the base camp. Over a period of a few
years, Ryan obtained over 75 thousand rounds of
ammunition and dozens of weapons.

Like most cult leaders, Ryan consolidated his
control over his cult members’ day-to-day lives.
He married multiple followers, including a
mother and her daughter. At one point he
announced that one of his wives had become the
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queen of Israel. During a religious meeting, one
cult member, James Thimm, expressed doubts
regarding the existence of Yahweh and of Ryan’s
reported abilities. Another member, 5-year-old
Luke Stice, also expressed doubts about Yahweh’s
existence. In response, Ryan demoted James
Thimm, Luke Stice, and Luke’s father Rick Stice
to the status of “slaves” who were in charge of
guard duty, washing dishes, and caring for the
compound’s animals. He forced Luke and his
father to orally copulate each other, and killed
Luke by slamming his head against a cabinet.
After Luke’s death, Ryan made Rick Stice copu-
late with a goat three times. After Stice escaped
from the compound, Ryan made Thimm have sex
with a goat, as well. Ryan told Thimm that he had
not done a good enough job with the goat and
required him to be “probed.” He subjected Thimm
to torture including having a shovel handle
inserted up his rectum, shooting off his fingers,
and ultimately killing him by stomping on his
chest (State v. Ryan, 1989). Once the farm and
the murders were discovered, Ryan was prose-
cuted and sentenced to death.

This case demonstrates the sexual abuse of an
animal in the setting of a cult. The sexual abuse
of an animal was forced upon two followers as
punishment for their expressions of doubt of their
charismatic leader’s proclamations. Though the
sexual abuse did not occur expressly in the set-
ting of a “ritual,” it could be considered ritualistic
as it was a component of the cult’s methods of
maintaining order and adherence to cult doctrine.
The use of animal sexual abuse as a form of pun-
ishment suggests that the focus was on the dis-
comfort and disgust of the person being punished,
as opposed to the infliction of pain and suffering
on the animal.

Case 2

In 2013 a 2-month-old foal was found dead on
Yennadon Down, a popular family picnic spot in
Dartmoor National Park in southwestern
England. Early media reports described the foal
in gruesome detail, noting that its genitals and
right ear had been cut off, and its tongue and eyes
were cut out. In addition, it was reportedly sur-
rounded by a circle of scorch marks, which led

initial investigators into identifying the horse’s
death as a “ritual” conducted by “devil worship-
pers.” [23] Local villagers from Yelverton insisted
that the foal was killed as the result of cult behav-
ior due to the southwest’s “long association with
Satanic groups.” A local animal welfare officer
described the positioning of the dead animal as
“sinister” and noted, “We have not jumped to any
conclusions but it certainly seems that it could
have been ritualistic.”

Investigations into the cause of the foal’s death
revealed that the animal had died from natural
causes. Forensic analysis revealed that the pattern
of tissue removal was consistent with normal
predation by birds and other scavengers [24].
Clearly, the description of Satanic, pagan, or cult
involvement in this animal’s death was a sensa-
tionalist media strategy to attract readership.
Notably, however, local villagers and the local
animal welfare officer were swept into the media
hype. This case demonstrates the fascination that
“occult” behavior, whether it be attributed to
Satanists, cults, or other groups, holds in the pop-
ular imagination. In addition, it offers a caution-
ary tale about how the natural death and
dismemberment of an animal can become
national news when it is alleged to be the result of
an occult ritual.

Case 3

Pazuzu Algarad was a self-identified worshipper
of “evil Gods” who lived in Clemmons, North
Carolina. Originally named John Lawson, news
reports variously claim that Algarad or his mother
changed his name to Pazuzu after the mythologi-
cal king of demons of the wind, supposedly from
the book The Exorcist [25]. Algarad’s body and
face were covered in tattoos including “666,”
“Lucifer,” “Villain,” “Pazuzu,” a black Nazi sign,
and a black dragon, among many others. He also
had his teeth filed into spikes and his tongue split
down the middle [26]. At age 36 Algarad was
charged with first-degree murder and accessory
after the fact to first-degree murder after he and
his 24-year-old girlfriend, Amber Nicole Burch,
were accused of fatally shooting and burying
Joshua Wetzler and Tommy Welch in their back-
yard in 2009. Algarad had reportedly boasted to a
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former girlfriend about the skeletal remains in his
backyard and having consumed parts of his vic-
tims before burying them, as well as about having
previously picked up, killed, and eaten two pros-
titutes [27].

After his arrest, officials condemned Algarad’s
house, which was noted to be covered in graffiti
and filth. A report documented that the house
contained “decayed animal parts and remains,”
“animal cages with carcasses,” “broken glass and
sharp instruments everywhere,” and a “dried
blood-like substance” on the walls [28].
Acquaintances claimed that Algarad had previ-
ously boasted about getting high from eating the
“still-beating heart” of sacrificial animals. While
in custody, Algarad told psychiatrists that he
practiced a “Sumerian religion” that required him
to conduct a monthly sacrifice of a small animal
during a specified time that he called the “black
moon.” Algarad’s mother reportedly expressed
concern that Algarad might kill himself if he was
not released from custody to engage in his ritual-
istic animal killing. He ultimately died in prison
after sustaining blood loss from a deep wound he
cut into his left arm [29].

The case of Pazuzu Algarad demonstrates the
types of ritualistic animal abuse and killing that
self-styled “devil worshipers” may perform.
Though information on Algarad’s behavior is
limited to brief, sensational news reports, his
reported “black moon” sacrifices and the pres-
ence of the animal parts and full carcasses in his
house suggest that animals played a role in his
“spiritual” activities. Algarad’s acquaintances
described him as a drug-abusing, hypersexual
individual. His criminal history and reported
statements are certainly suggestive of someone
with severe, underlying personality dysfunction.
There are no reports that others participated in
the gruesome, “ritualistic” killing and eating of
animal and human remains, suggesting that
Algarad’s religious activities were limited to him
and perhaps his significant other. Algarad’s own
report of his “Sumerian religion” is dubious, and,
had he not been arrested for first-degree murder,
it is quite likely that his animal abuse and sacri-
fice would not have been protected under the law.

This series of cases demonstrates the vari-
ous settings in which ritualistic animal abuse
and sacrifice can occur, specifically as part of
an individual’s self-identified spiritual prac-
tices or within religious sects. In addition, it
delineates two different motivations for the
behavior, including as a form of ritualized pun-
ishment and as a means of worshiping “evil
gods.” Case 2 demonstrates the widespread
sensationalistic media hype that even natural
animal deaths can receive when there is some-
one willing to accuse a cult or Satanic group
for the death. As mentioned previously, little is
known about individuals and groups that
engage in ritualistic animal abuse and sacrifice,
and there is little discussion of these behaviors
in the scientific literature. With further study of
this topic, however, the motivations for engag-
ing in ritualistic animal abuse and sacrifice will
become clearer.

9.8 The Necropsy

No peer reviewed case series or even single
case reports detailing the forensic pathology
findings in cases of ritualistic animal abuse can
be found in the literature. A further complica-
tion is the need to distinguish constitutionally
protected ritualistic animal slaughter and ani-
mal sacrifice from illegal activity. In addition to
determining the cause, manner, and mechanism
of death, the pathologist should document evi-
dence of pain and suffering, since animal cru-
elty is not a constitutionally protected religious
practice.

The pathologist can only offer a valid opinion
on the manner of death when all the evidence is
evaluated in light of the necropsy findings. The
scene in which the body is found is important in
all forensic death investigations but takes on
added importance when suspected ritualistic
abuse is being investigated. The symbolic objects
found at the crime scene or accompany the body
can indicate which belief system is practiced.
Other relevant information includes who offered
the sacrifice, what was offered, where and when
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the sacrifice was offered, to whom the sacrifice
was offered, and the reason for the sacrifice.
Some practitioners use animals of opportunity
(e.g., stray cats or neighborhood pets), while oth-
ers maintain an inventory of animals. The hus-
bandry and nutrition of this livestock should be
determined, since housing livestock in an urban
setting may violate zoning restrictions and sacri-
ficial animals must receive adequate food, water,
and shelter. Answers to these questions are not
only relevant to the current death investigation
but are necessary in order to develop a typology
that can contribute to solving and preventing ritu-
alistic animal abuse.

The use of blood in ritualistic crimes is com-
mon. The physical pattern of blood stains (i.e.,
blood stain analysis) is not as important as the
symbolic meaning of blood. The level of experi-
ence of the perpetrator can be deduced by the
cleanliness of the crime scene and the victim.
Highly experienced practitioners can exsangui-
nate an animal without spilling blood at the scene
or soiling the carcass. A “dabbler” will not have
the same level of proficiency.

Humane animal sacrifice is usually per-
formed by quickly slitting the animal’s throat,
but birds are typically sacrificed by disarticulat-
ing the neck. In these cases there will be no
other injuries. The carcass will usually be
drained of blood, since blood is an essential fea-
ture in most animal sacrifice. Headless birds
may be discarded in doorways and on the steps
of courthouses and government buildings as part
of a spell to protect the believer from being con-
victed. Although animal sacrifice is protected
by the First Amendment to the Constitution,
disposing of the carcass in a public space is a
violation of health codes and is not legally
sanctioned.

Mutilation of the carcass is common and
includes cutting out eyes, tongue, genitalia, or
heart. Field dressing wild game typically
involves removing the viscera and hide, which
can be mistaken for mutilation by those not
familiar ~ with  wild game  processing.
Dismemberment, decapitation, and skinning can
represent a religious ritual in the context of a

specific belief system. Disturbingly, in some tra-
ditions, prolonged pain is thought to release
more life energy that can be used by the perpe-
trator to achieve specific goals. Evidence of a
vital reaction should be sought to determine if
the injuries were inflicted while the animal was
still alive. Vital reaction can include hemorrhage
along incisions and traces of blood spattering
from severed arteries. Pallor to the mucous
membranes and muscles may indicate external
blood loss. In cases of decapitation, blood aspi-
ration would indicate antemortem removal of the
head.

Care should be taken to rule out postmortem
depredation. Broad soft tissue defects with irreg-
ular, partially curved wound margins and tooth
punctures indicate scavenging. Parallel skin
scratches may represent claw marks. Gnaw marks
on bones, best viewed on macerated specimens,
support postmortem scavenging.

Evidence of a struggle should be sought. If the
animal scratched or bit the perpetrator, it may
have epidermal cells or blood under the claws or
around the teeth. Evidence that the animal was
bound should be sought. Ligature marks from
cords, ropes, or tape may be present around the
extremities. The mouth may have been taped shut
by the perpetrator to prevent the animal from
biting.

Conclusions

An abundance of opinion surrounds the ritu-
alistic abuse and killing of animals, but vir-
tually no objective evidence is available. In
the United States, animal sacrifice for reli-
gious purposes is protected by the First
Amendment to the Constitution. Evidence of
pain and suffering must be meticulously
documented since animal cruelty is illegal,
even if that means the religious rite cannot
be performed according to the tenets of a
particular belief system. The pathologist
must interpret the necropsy findings in light
of the evidence from the scene and have
some knowledge of religious practices and
the psychology of perpetrators of ritualistic
animal abuse.
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Writing the Necropsy Report

Gregory J. Davis and Sean P.McDonough

10

10.1 Importance of the Necropsy
Report

As important as the necropsy may be to an under-
standing of the cause of death and circumstances
surrounding death, the report will be irrelevant if
it does not address the needs of the court. The
findings and opinions of the forensic veterinary
pathologist must be communicated in a clear and
understandable fashion. The report should be
given utmost care and receive as close attention
as any physical procedure in the necropsy room.

The necropsy report should accurately record
factual information discovered during the nec-
ropsy itself while also synthesizing information
gleaned by the investigation of death. In addition,
a cause of death opinion should be included,
incorporating information from the investigation
as well as necropsy gross and microscopic find-
ings. While some traditional pathologists believe
that the report should only contain objective ana-
tomic findings (and in some jurisdictions, the
report may be limited to same), such limited
reports may do a disservice to the numerous con-
stituents reading the report as they attempt to
understand the circumstances surrounding death,
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especially in potentially criminal deaths in which
the pathologist’s conclusions may be critical to
investigative officials, attorneys, and courts. By
including historical and investigative informa-
tion, the pathologist may justify his or her even-
tual cause of death findings in those cases with
minimal to nonexistent anatomic findings (e.g.,
in some asphyxia and toxicological cases).

The necropsy report is a permanent record of
the pathologist’s findings and plays a critical role
in medicolegal proceedings in which every word
may be scrutinized in a deposition or court
months to years afterward, when all memory of
the examination will have faded from the pathol-
ogist’s mind. Therefore, the medicolegal docu-
ment should be as useful as possible in answering
questions regarding the cause of death.

10.2 Content and Format
of the Forensic Necropsy
Report

The necropsy report should contain separate sec-

tions in logical order for organization and refer-
ence, including but not necessarily limited to:
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e Demographic information of the decedent
with date and time of necropsy and a list of
those in attendance and their role

*  Who authorized the necropsy

* External physical examination, including but
not limited to:

— Demographic data (species, age, breed,
gender, coat color, weight, and body condi-
tion score)

— Unique identifying characteristics such as
tattoos, brands, congenital and acquired
deformities, microchips, etc.

— Evidence of postmortem changes such as
livor mortis, rigor mortis, discoloration,
and decomposition

— Evidence of medical/surgical therapy,
keeping in mind that some therapies, if not
known from the medical record, may arti-
factually appear to be injury (e.g., a chest
tube insertion site after removal of the
tube)

— Evidence of injury

— Internal examination, including but not
limited to:

Cardiovascular system
Respiratory system
Gastrointestinal system
Genitourinary system
Reticuloendothelial system
Endocrine system
Musculoskeletal system
Central nervous system

e Microscopic examination

e Toxicological findings

e Ancillary studies (e.g., radiography, DNA)

e Summary of findings

e Statement regarding cause,
mechanism of death

* Disposition of remains

manner, and

Templates can be useful for collecting nec-
ropsy information as well as providing a uniform
report format. A word of caution: do not over-
rely on the template. Any irrelevant information
that is not depleted from the template will create
confusion and potentially impugn the perceptions
of the quality of the examiner. A sample format
used at Cornell University is provided in

Appendix 1 as one example of an acceptable tem-
plate format. Sample body diagrams for a dog
and cat are shown in Appendix 2 and Appendix 3
respectively.

After the descriptions noted above, a short
paragraph listing all pertinent positive and perti-
nent negative findings and their relation to the
pathologist’s opinion as to the cause of death may
be included. In many cases, the cause of death
may be obvious (e.g., a gunshot wound of the
head), but in many cases, the findings are nebu-
lous or multiple, and when appropriate, a differ-
ential diagnosis should be discussed with a
possible ranking of the probability of differing
causes of death. One should offer such opinions
as coherently as possible, citing references if nec-
essary, all the while refraining from pure specula-
tion. Unfortunately, popular television shows
portray the forensic pathologist as omniscient,
and some pathologists may be tempted to “give
the public what it wants” by speculating and
coming to conclusions based on minimal data. As
Saukko and Knight state:

What is really required is as full an interpretation

as possible, without venturing into the undesirable

fields of unwarranted speculation or “Sherlock

Holmes” style of over interpretation, which was

the bane of forensic pathology in former years and

is still practiced too much even today, to the detri-
ment of the good reputation of the specialty.

10.3 Pitfalls of Report Writing

Some advocate the issuance of a “Preliminary
Anatomic Diagnosis” within a day or two of the
necropsy, allowing interested parties to be
informed of initial thoughts regarding the pos-
sible cause of death. Of course, such impres-
sions can radically change as the microscopic
sections become available, the toxicology report
is finalized, or as other investigative evidence is
received. Whether one adheres to this practice
or waits until all necessary information is
collected before a report is issued, the descrip-
tive facts must be written, dictated, or tran-
scribed during or immediately after the necropsy.
The necropsy must not be relegated to the
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prosector’s memory, as circumstances, new
cases, and other events will cause the fresh rec-
ollection of findings to quickly fade. The use of
pre-printed body sketches and notes may help
(and should be kept clean, as they or copies
thereof may be entered into evidence), but it is
imperative to not let the report linger more than
a few hours before it is committed to paper or
digital media. Some pathologists choose to
incorporate photographs into the body of the
report; others prefer to keep the photographs
separate. Such decisions are left to individual
discretion and/or office custom.

Clear wording free of unnecessary jargon is
important, as many lay persons, including but not
limited to law enforcement officials, attorneys,
and judges, may rely upon the report. If the pro-
sector is not affiliated with an institution that has
a standard operating procedure for the necropsy
technique, one should reference the technique
used. This presupposes the prosector adheres to
the procedure referenced. One should avoid
describing standard necropsy procedures such as
“serial parallel incisions are made in the liver” or
“the left kidney is incised along the long axis.”
Unique procedures, such as layer-by-layer mus-
culoskeletal dissection, may be pertinent to
describe. Superfluous wording adding nothing
pertinent to the necropsy report should be
avoided, especially such common redundancies
as “there is,” “is located,” “measures,” and “is
noted.” Avoid unnecessary redundancies such as
“red in color” or “soft in consistency.” For exam-
ple, in lieu of the painful sentence, “Inspection of
the right lower leg shows that there is a firm in
consistency mass that measures 4 x 3 X 2 cm in
dimension and is red in color,” one might more
succinctly state, “a firm, red, 4 x 3 X 2 cm mass is
on the right lower leg.”

A few words of caution are in order. Many
times, individuals will ask the forensic patholo-
gist if they may attend the necropsy. The patholo-
gist should note the presence of any person at
necropsy and be ready to justify their presence to
an attorney or court. Many such requests are
legitimate, such as for educational purposes by
students or postgraduates or for medicolegal pur-
poses by law enforcement officials. The

pathologist should be careful not to allow per-
sons to attend for curiosity reasons alone.

It is important to proofread one’s necropsy
report or have a colleague do so. The final report
should be free of all substantive errors and all
typographic, spelling, punctuation, and other
clerical errors must be corrected. Cross-
examining attorneys, in exercising their due dili-
gence, will critically study every word of the
report and call the pathologist to account for
errors large and small. One only has to hear once
the question: “Doctor, if you can’t be counted
upon to spell correctly or tell your patient’s left
from right, how can the court trust that your
observations and interpretations are correct?”
before the importance of proofreading becomes
manifest. As such, there are no meaningless or
minor mistakes in a necropsy report.

And finally, the forensic necropsy is per-
formed for the well-being of the public, as soci-
ety, public health, and the law demand answers
and explanations of the cause and circumstances
of unusual, suspicious, or violent animal deaths.
Animal cruelty is not only a moral concern but
also a crime that may indicate other forms of
interpersonal violence that threaten public health.
The necropsy report should reflect in readable
form the quest for such answers.

10.4 The Cause, Manner,
and Mechanism of Death

10.4.1 The Cause of Death (COD)

The cause of death (COD) is usually the principal
question to be answered by the necropsy exam.
The primary, proximate, or underlying COD is
the etiologically specific disease or injury that
initiated the train of events leading to death.
Importantly, cardiopulmonary arrest is never the
COD, since heart and lung failure is the final,
common pathway in all deaths regardless of
cause. In some cases, there is also an immediate
COD, the last, final etiologically specific disease
or injury resulting from the primary COD. The
immediate cause of death in animals is often
euthanasia necessitated by the severity of the



142

G.J. Davis and S.P. McDonough

injury an animal received. The method of eutha-
nasia must meet local, national, and/or species-
specific standards, such as the American
Veterinary Medical Association (AVMA) guide-
lines on euthanasia. Distinguishing between
approved methods of euthanasia and the unlawful
killing of animals, no matter how purportedly
painless or rapid, can be critical in cases of
alleged animal abuse. The defendant may claim
that they were simply “euthanizing” an animal.
Courts unfamiliar with standards may accept this
argument, and so the difference should be high-
lighted in the written report.

Whether an animal survived, died, or was
euthanized as a result of abuse or neglect is often
irrelevant in the eyes of the law. What is relevant
is whether abuse or neglect was committed, not
the outcome of events. A clear statement as to the
primary COD with euthanasia listed as the imme-
diate COD necessitated by the primary COD will
aid the court in their deliberations.

In criminal cases “to a reasonable degree of
medical certainty” is required of the expert to
offer an opinion, even though there is no precise
definition of what the phrase means. In civil
actions, “to a reasonable degree of medical prob-
ability” is the standard, i.e., more likely than not.
Some have argued that the degree of certainty in
the cause of death should be stated. The follow-
ing categories of certainty have been offered:

e Undetermined: less than 50% certainty

e Reasonable medical certainty (or investigative
probability): 50-70% certainty

e Clear and convincing medical certainty (or
investigative probability): 70-90% certainty

* Beyond any reasonable doubt: 99% certainty

* Beyond any doubt: 100% certainty

For the time being, “to a reasonable degree of

medical certainty” is the generally accepted stan-
dard and should be used in the report.

10.4.2 The Mechanism of Death

In contrast to the COD, the mechanism of death
is the altered physiology and/or biochemistry set

in motion by a COD. Mechanisms of death are,
by definition, etiologically nonspecific and
include pathophysiologic events that precede car-
diopulmonary failure and/or loss of brain activity
(e.g., septicemia, disseminated intravascular
coagulopathy, brainstem trauma). Although it is
not necessary to discuss the mechanism of death
in the final report, elucidating it will help clarify
one’s understanding of a case. In some instances,
the COD may be known with certainty but the
mechanism unknown (e.g., starvation).

10.4.3 The Manner of Death

All human deaths are placed into one of five cat-
egories: accident, homicide, suicide, natural, or
undetermined. The manner of human death is a
classification scheme that exists almost exclu-
sively for epidemiological purposes, and the
compiled data are used to track trends and guide
public health recommendations. Application of
this scheme varies by jurisdiction and is governed
more by precedent than statute. Drunken driving
deaths in most states are classified as accidents,
butin others they are called homicides. Regardless
of the manner of death ascribed by the patholo-
gist, the District Attorney has absolute discretion
on whether or not to take a case to a grand jury or
to prosecute the accused. The pathologist’s opin-
ion that a human death is a suicide does not
preclude the district attorney from filing murder
charges.

The Federal Bureau of Investigation’s National
Incident-Based Reporting System now collects
data on animal cruelty including gross neglect,
torture, organized abuse, and sexual abuse. Thus,
some consideration should be given to ascribing
a manner of death for the purposes of increasing
the value of databases that attempt to track cases
of animal abuse and neglect.

Significant differences between human and
veterinary medicine necessitate adaptation of the
concept of manner of death. Suicide and homi-
cide are not applicable to animal deaths. One
scheme suggests classifying animal deaths as (1)
accidental injury, (2) non-accidental injury, (3)
natural, or (4) undetermined. Brownlie and
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Munro suggest the manner of animal death be
described as natural or unnatural and the unnatu-
ral category subdivided (e.g., blunt force trauma,
starvation due to exogenous causes, incised
wound, etc.) The court may expect a manner of
death, but the ambiguities surrounding the issue
should be carefully explained when proffering a
manner of death.

10.5 The Opinion

The opinion as to the cause, manner, and mecha-
nism of death is the most important part of the
report. In criminal cases, the opinion will be used
by prosecutors, defense attorneys, the judge and
jury, news media, and other interested parties in
an attempt to determine if a crime was committed
and, if so, ascertain an appropriate punishment.
The opinion may also be used in civil actions.
Because the audience for the necropsy report will
likely have little medical or scientific training,
the opinion should be written in lay language as
much as possible. If technical terms are used,
they should be briefly explained. In complex
cases, it may be useful to provide a glossary that
explains medical terms.

The veterinary forensic pathologist, like all
experts that provide evidence in legal matters,
must bear in mind that their overriding duty is
to the court. The pathologist is not an advocate,
and their role is to neither convict a guilty
party nor is it to save an innocent person. Thus,
the report should state the facts or assumptions
used to reach an opinion and avoid bias. A
common mistake is to extract negative infor-
mation from the record without putting it into
context. Facts that do not support the opinion
should be acknowledged and research provided
that shows why these facts do not alter the
opinion. No expert should comment on issues
that fall outside their area of expertise. Due to
the nature of their training, veterinary patholo-
gists are not qualified to comment on the qual-
ity of surgical or medical care an animal may
have received. Clinicians who perform foren-
sic necropsies are advised to adhere to the
same standard.

The duty of the pathologist is to distinguish
between natural disease on the one hand and
accidental trauma versus non-accidental abuse or
neglect on the other. It is impossible to know with
certainty the intention of someone who caused an
injury to an animal. Thus, avoid terms that specu-
late on the mindset of the person of interest such
as “intentional” or “deliberate.”

The organization of the opinion will vary
depending on judgment and personal preferences.
We advocate a structured opinion that starts with
the identity of the deceased animal including the
name (if known), species, breed, age, and sex.
Next, briefly summarize the circumstances sur-
rounding the death investigation. For example,
“Mitzi, a S-year-old female spayed Dachshund,
was found dead in an abandoned, locked apart-
ment with no food or water.” All evidence reviewed
in arriving at the opinion should then be listed.
This evidence may include crime scene photo-
graphs, police reports, witness statements, state-
ments made by the person of interest, and the
medical record. Circumstances at the scene (e.g.,
ambient temperature, availability of shelter, loca-
tion and amount of food and water, other animals,
urine and fecal soiling, and the presence of hazard-
ous debris) may be crucial to interpreting changes
noted at necropsy and establishing a pathophysio-
logically valid and likely COD. Human forensic
pathologists routinely determine a COD based on
evidence from the scene when the autopsy does
not reveal one but rules out other competing, pos-
sible CODs. It is for these reasons, and the fre-
quency of autopsies without significant findings,
that the police investigation and crime scene anal-
ysis are often as important as the necropsy.

Some animal cruelty investigators mistakenly
withhold information with the illogical justifica-
tion that they “do not want to prejudice the
pathologist.” If all the evidence is not evaluated,
the cross-examining attorney is likely to ask
“Doctor, if you are unaware of all the circum-
stances in this case, how can you possibly arrive
at a valid conclusion?” One should insist on
being provided all relevant information before
issuing a final opinion. Sometimes the necropsy
is performed during an active investigation, and
not all the evidence will be available. In these
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cases, it is prudent to indicate the opinion is based
on the evidence available at the time of writing
and could be modified if new facts come to light.

The next section of the opinion should discuss
the necropsy findings. If multiple injuries are
present, attempt to organize them in chronologi-
cal order. For example, “Approximately 40% of
the skin over the back is scarred and hairless,
which corresponds to the incident of scalding
reported by the owner to have occurred 3 months
ago. At postmortem, six, partially healed, broken
ribs are found, compatible with the report of the
veterinarian who treated the dog 3 weeks ago for
the sudden onset of chest pain. At necropsy, the
abdomen is filled with blood that came from a
ruptured liver due to blunt force trauma. The lack
of a cellular reaction indicates the liver fracture is
recent (less than 8 hours old).”

A concise discussion of the mechanism of
death may follow the summary of the necropsy
findings. This section must be well researched
but should not be encumbered with excessive
detail. We find it useful to include references
from both standard textbooks as well as current
peer-reviewed scientific literature. If only current
literature is cited, the cross-examining attorney
may ask why you ignored time-honored classics
in the field. If only standard reference texts are
consulted, that very same attorney will want to
know why your opinion rests on books that are
out of date in lieu of cutting edge research!

The final section should address any areas of
uncertainty. It is often not possible to establish a
precise time since death. The exact order of inju-
ries may not be clear since they occurred in rapid
succession. Several competing causes of death
may be present that preclude ascribing death to a
single cause. The degree of pain and suffering are
often difficult to establish as is the amount of
force needed to inflict an injury. Finally, if the
relevance of a specific finding is uncertain, state
so explicitly. It is a rare case indeed that is free of
any confounding issues.

Appendix 1: Cornell University
Forensic Necropsy Report Form

Date:
Time:
Location:

The necropsy was authorized by

Indicate the name of the individual or agency
that authorized the necropsy. The authorizing
agent is the only one who receives a copy of the
results. All other requests for copies of the report
should only be honored if accompanied by a
subpoena.

The purpose of the examination is to establish,
if possible, the cause of death.

The purpose of the examination is modified
based on questions that the submitting agency
would like answered. For example, the degree of
pain and suffering, chronicity of wounds, etc.

The standard Cornell University method of
necropsy is performed, with the body in left lat-
eral recumbency and the organs removed en
masse, including the pluck, gastrointestinal tract,
genitourinary system, eyes, and brain.

For small animals, reference Necropsy Guide
for Dogs, Cats, and Small Animals, First Edition.
Edited by Sean P. McDonough and Teresa
Southard. John Wiley & Sons, Inc, 2017.

For large animals, reference The Necropsy
Book, Fourth Edition. Edited by John M. King,
Lois Roth-Johnson, David C. Dodd and Marion
E. Newson. Charles Louis Davis, DVM
Foundation, 2005.

Those in attendance and their role

Pathologist-in-charge:
Assistant:
Observer/representative:

Gross Description:
1. Presentation

(a) How the body was protected (e.g., plastic
bag) and stored prior to necropsy (e.g.,
refrigerated, frozen, etc.):

(b) Carcass weight:

(c) Items accompanying the body (blankets,
food bowls, toys):
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2. Postmortem changes
(a) Postmortem  interval
estimated):
(b) Rigor mortis
(¢) Livor mortis:
(d) Degree of corneal clouding and collapse:
(e) Discolorations:
(f) Drying of the tongue:
(g) Other (skin slippage, loss of hair, insects,
etc.):
3. External exam
The body is documented with at least five pic-
tures: dorsum, ventrum, left side, right side,
and face

(indicate  if

(a) Identifying features

i. Species:

ii. Breed:

iii. Sex:

iv. Coat color:

v. Age (indicate if estimated):
vi. Special markings/tattoos:
vii. Scanned for microchip (Y/N)

(If a microchip is found, record the ID number
and save as evidence)

(b) Body condition score (indicate scale) or gen-
eral condition:

(c) Items on the body (collars, harnesses, etc.):

(d) Evidence of medical intervention (intrave-
nous catheters, bandages, etc.):

(e) Hair coat
i. General quality:

ii. Abnormalities/lesions (alopecia, ectopar-
asites, etc.):

(f) External exam findings by body region (note
WNL if within normal limits or NE if not
examined):

i. Head and neck:
ii. Thorax:
iii. Abdomen:
iv. Thoracic limbs, including nails/hooves:
v. Pelvic limbs, including nails/hooves:
vi. Genitalia, perineum, and tail:

4. Internal exam (note WNL if within normal
limits or NE if not examined):

(a) Integument (including mammary
glands):
(b) Head
i. Subcuticular surface of scalp:
ii. Skull:

iii. Brain and meninges:
iv. Nasal cavity/nasal sinuses:
v. Atlanto-occipital junction:
vi. Pinnae:
vii. External ear canal:
viii. Middle and inner ears:
(c) Neck and pharynx
i. Oral cavity (teeth and gums, hard and
soft palate):
ii. Tongue:
iii. Pharynx:
iv. Larynx,
trachea:
v. Neck vessels and strap muscles:
(d) Thoracic wall and pleural space:
(e) Abdominal wall and peritoneal space:
(f) Vertebral column and spinal cord:
(g) Cardiovascular system:
(h) Respiratory system:
(i) Digestive system:
(j) Hepatobiliary system and pancreas:
(k) Reticuloendothelial system:
() Urogenital system:
(m) Endocrine system:
(n) Musculoskeletal system:
i. Joints opened:
(o) Additional dissection (Placenta, etc.):
5. Evidence of trauma:
Since projectiles often pass through multiple
organs and body regions, it is best to describe
them in a single, coherent manner rather than
separating the projectile path across multiple
sections of the report. In the event of multiple
wounds, each should be numbered and
referred to by number in the report. Diagrams
showing the location of entrance and exit
wounds are also useful.

hyoid apparatus, and
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Ancillary Procedures and Laboratory
Tests:

Histologic Description:
1. Block Listing
2. List slide number and tissues.

Significant changes were found in the follow-
ing tissues:

Pathologic Diagnoses
Cause of Death:

To a reasonable degree of medical certainty, the
primary cause of death is .....

List the primary (proximate/underlying) cause
of death first, and then list the immediate cause of
death (e.g., euthanasia). The primary (underly-
ing, proximate) cause of death is the etiologically
specific first, earliest injury or disease that set in
motion the sequence of events that led to death (if
not for X, the animal would still be alive).
Cardiopulmonary arrest is NEVER the under-
lying cause of death (heart and lungs fail in all
animals that die). The immediate cause of death
is the last, final, etiologically specific injury or
disease, different from but the consequence of
the underlying cause of death. This includes
euthanasia.

Opinion
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Appendix 2
CONDITION OF SKIN, HAIRCOAT, AND NAILS
Date Investigating Agency
Case# Officer Veterinarian
Animal ID Breed Color Male___ Female_
Physical Care Scale: Haircoat and Nails (1) (2) (3) (4) (5)
Record skin lesions or wounds. Describe on diagram or comments section.

COMMENTS:

Physical Care Scale

{1) Adequate - clean, hair can be easily brushed or combed; nails ok

(2) Lapsad - haircoat may be somewhat dirty or have a faw mats presant that are easily removad;
remainder of coat can be easily brushed or combed; nails need a trim

(8) Borderline — numerous mats but can still be groomed without a total clip down; no significant fecal or
urine soiling; nails overgrown which may alter gait

{4) Poor — substantial matting of haircoat; large sections of hair matted together, occasional foreign
material embadded in mats; much of the hair will need to be clipped; fecal and urine soiling of hind end
and legs; long nails that interfers with normal gait

{5) Terrible - haircoat is single mat that prevents normal movement and interferes with vision; soiling of
hind end and legs with frapped urine and feces,; complete clipdown required; nails extremely overgrown
into circles and may be penetrating pads causing pain and infection; nails interfering with normal gait
{www.tufts.edu/vet/hoarding/pubs/tace pdf)

Used with permission by Dr. Melinda Merck
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Appendix 3
CONDITION OF SKIN, HAIRCOAT, AND NAILS
Date_ Investigating Agency
Cased# Officer Veterinarian
Animal 1D Breed Color Male_ Female
Physical Care Scale: Haircoat and Nails (1) (2) (3) (4) (5)
Record skin lesions or wounds. Describe on diagram or comments section.

COMMENTS:

Physical Care Scale

(1) Adequate — clean, hair can be easily brushed or combed; nails ok

(2) Lapsed - haircoat may be somewhat dirty or have a few mats present that are easily removed,
remainder of coat can be easily brushed or combed; nails need a trim

(3) Borderline — numerous mats but can still be groomed without a total dlip down; no significant fecal or
urine soiling; nails overgrown which may alter gait

(4) Poor — substantial matting of haircoat; large sections of hair matted together; occasional foreign
material embedded in mats; much of the hair will need to be dipped; fecal and urine soiling of hind end
and legs; long nails that interfere with normal gait

(5) Terrible — haircoat is single mat that prevents normal movement and interferes with vision; soiling of
hind end and legs with trapped urine and feces; complete clipdown required; nails extremely overgrown
into circles and may be penetrating pads causing pain and infection; nails interfering with normal gait
(www.lufts.edu/vet’hoarding/pubs/tacc.pdf)

Used with permission by Dr. Melinda Merck
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Lerah K.Sutton, Jason H.Byrd, and Jason W. Brooks

11.1 Introduction

Veterinary forensic science is a growing field
within the forensic sciences that applies princi-
ples of both veterinary medicine and forensic
science to investigate crimes against animals
including cruelty, neglect, and death. As with
any criminal investigation, it is paramount to
know as much information about the victim as
possible. In a an investigation with a human vic-
tim, the investigators seek to establish the “bio-
logical profile” wherein age, sex, ancestry/race,
stature, unique pathology, and any trauma pres-
ent are determined via osteological analysis
when only skeletal remains are present. The
same aspects of a biological profile are desired
in an animal investigation with the main differ-
ence being species and breed instead of ancestry/
race. In veterinary practice, age is traditionally
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estimated by visual examination of the dentition,
assessing for completeness of dental eruption
and extent of tooth wear. The technique, how-
ever, is known to be imprecise and its greatest
utility limited to the first several months of life,
prior to the eruption of the full adult dentition. In
human forensic science, the main technique for
age determination in the biological profile is by
physeal and ossification center appearance and
closure rates. This is useful in humans from birth
to approximately 24-26 years and is well docu-
mented in radiographic atlases which show the
progressive development of various bones as
individuals age [1]. Similar radiographic atlases
have been published documenting the normal
growth and development rates of canines and
felines according to anatomical region that can
be used, with some modification, to assess age
[2-9]. The anatomical processes of bone devel-
opment proceeds in the same ways in humans
and animals; therefore, the same techniques for
determination of various aspects of the biologi-
cal profile can be ascertained using common
research protocols.
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It is fundamental to the analysis of bone for
forensic investigation, specifically age determi-
nation, to first understand bone growth and devel-
opment, and the components of bone that are
responsible for bone growth. Anatomically
speaking, there are four major areas of bone
development: the epiphysis, the growth plate, the
metaphysis, and the diaphysis. The diaphysis is
the shaft portion of long bones which develops in
utero and contains the primary ossification cen-
ter. The epiphysis is the portion on the distal and
proximal ends which contains the secondary
ossification center. The portion of bone between
the epiphysis and the diaphysis and the metaphy-
sis is considered to be the growing end of the
bone. The growth plate (also sometimes called
the epiphyseal plate) is the radiolucent (not
opaque in radiographs) linear portion between
the epiphysis and the metaphysis that is respon-
sible for growth along the long axis of the bone.
These features are the same in the long bones of
both animals and humans [10].

Ossification occurs in both the diaphysis and
the epiphysis and continues until only a small
amount of cartilage is left which forms a thin
line—the epiphyseal plate—which separates the
two parts. This process continues until the osteo-
blasts no longer multiply, and as a result the
epiphyseal plate becomes ossified meaning the
epiphysis and diaphysis fuse, at which time
growth ceases. This occurs throughout the human
skeleton in a known order, and, by comparison of
the “normal” published standards to an unknown
specimen, skeletal age can be determined [1].

The idea of what is “normal” in both animals
and humans is an important aspect to the applica-
tion of studies of this nature in forensic casework
and clinical work. There are a number of factors
that can affect bone growth and cause abnormal
radiographic findings. Clinically, an understand-
ing of what is normal is necessary to identify dis-
orders that affect growth and the orthopedic
system as a whole, including mobility, joint pain,
etc. Many factors including genetics, nutrition,
activity, disease, and trauma can affect the devel-
opment rates of the skeleton causing deviation
from the norm. In a veterinary context, differ-
ences between breeds must be considered,

whereas in a forensic context, trauma plays a
more important role than other factors since it
can be an indicator of animal cruelty.

11.2 Methods for Age
Determination

In the veterinary community, age of specimens
has been traditionally assessed using dentition,
rather than physeal closure, since it is assessed
rather easily. A chart indicating the typical erup-
tion times of teeth in canines and felines is shown
in Table 11.1. The difficulty with utilizing denti-
tion, particularly in a forensic context, is that
there is a good deal of variation in the eruption
times depending on breed, nutrition, and the
quality of dental care an animal has received.
Often, neglected animals are not given proper
diets or proper veterinary care; thus, their teeth
are in poor condition. The teeth may be missing,
decayed, or have stunted growth as a result of
substandard diet and improper care. Because
dental eruption time are useful only until all teeth
have erupted, age estimation after the appearance
of the full adult dentition is problematic. In this
case, practitioners attempt to estimate age based
on wear patterns of incisor, premolar, and molar
teeth. Such wear, however, is highly variable and
subject to diet, nutritional status, and other fac-
tors. It is therefore prudent to utilize a secondary
method to estimate age, if age estimation based
on dentition is not possible or if it is insufficient
for the age determination desired (i.e., specifi-
cally age beyond 6 months) [8]. Age estimation
from physeal and ossification center appearance
and closure rates provide another method which
can be utilized in both clinical and forensic cases.

This research addressed age determination in
domestic small animals (i.e., cats and dogs)
through assessment of rates of physeal and ossifi-
cation center appearance and closure rates across
all breeds of canines and felines. The main
method used for accumulating the data was an
extensive review of the published literature on
physeal and ossification center formation and
closure rates for cats and dogs. The primary
source utilized in this study was the Atlas of
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Table 11.1 Typical dental eruption times for canines and
felines (Modified with permission from Atlas of Normal
Radiographic Anatomy and Anatomic Variants in the Dog
and Cat by Thrall and Robertson 2011)

Site Canine Feline
Scapula
* Body Birth Birth
* Supraglenoid tubercle ~ 6-7 weeks 7-9 weeks
Humerus
* Proximal epiphysis 1-2 weeks 1-2 weeks
(head and tubercles)
¢ Diaphysis Birth Birth
e Condyle 2-3 weeks 2-4 weeks
¢ Medial epicondyle 6-8 weeks 6-8 weeks
Radius
* Proximal epiphysis 3-5 weeks 2-4 weeks
 Diaphysis Birth Birth
* Distal epiphysis 2-4 weeks 2—4 weeks
Ulna
¢ QOlecranon tubercle 6-8 weeks 4-5 weeks
¢ Diaphysis Birth Birth
* Anconeal process 6-8 weeks
« Distal epiphysis 5-6 weeks 3-4 weeks
Carpus
¢ Radial carpal (three 3-6 weeks 3-8 weeks
centers)
¢ Other carpal bones 2 weeks 3-8 weeks
¢ Accessory 2 weeks 3-8 weeks
carpal—diaphysis
e Accessory 6-7 weeks 3-8 weeks
carpal—epiphysis
* Sesamoid bone in 4 months
abductor pollicis longus
Metacarpus/metatarsus
* Diaphysis of 1-5 Birth Birth
* Proximal epiphysis of ~ 5-7 weeks
MC1
« Distal epiphysis of 3—4 weeks 3 weeks
MC2-5
¢ Palmar sesamoid bones 2 months 2-2.5
months
¢ Dorsal sesamoid bones 4 months
Phalanges (fore and hind)
e P1—Diaphysis of digits Birth Birth
1-5
e P1—Proximal epiphysis 5-7 weeks 3-4 weeks
digit 1
e P1—Distal epiphysis 4-6 weeks 3-4 weeks
digits 2-5
e P2—Diaphysis of digits Birth Birth
2-5

(continued)

Table 11.1 (continued)

Site Canine Feline

e P2—Proximal epiphysis 4-6 weeks 4 weeks
of digits 2-5

¢ P3 (one ossification

center)

Birth Birth

Normal Radiographic Anatomy and Anatomic
Variants in the Dog and Cat [8]. This study uti-
lized 12 of the major publications in veterinary
clinical radiology published regarding physeal
and ossification center appearance and closure
rates, 5 of which were independently assessed for
this study in addition to 2 others not utilized by
the primary source for a total of 7 sources utilized
for the compilation of data found in Tables 11.1,
11.2, 11.3, 11.4, 11.5, 11.6, 11.7, 11.8 and 11.9
[8]. All of the published literature was based
upon “normal” subjects—that is, subjects who
had undergone lifelong assessment by research-
ers to ensure that no medical conditions (genetic
or otherwise), trauma, activity or inactivity, or
dietary conditions would affect the progression
of typical bone growth for study purposes.

Additionally, this study validated the com-
piled published literature data based on an inde-
pendent evaluation of radiographs obtained from
the University of Florida College of Veterinary
Medicine: Department of Diagnostic Imaging.
For this study, only “normal” subjects were
assessed for validation. Criteria for a “normal”
subject in the validation portion of this study
included: known age documented with the great-
est degree of accuracy known by the owner, no
known medical conditions (genetic or otherwise)
that affect bone growth and development, and no
trauma to the area of assessment. Several of the
radiographs viewed for the validation portion of
this study had trauma present since they were
taken as part of a veterinary exam at the University
of Florida’s Small Animal Hospital. “No trauma
to the area of assessment” does not mean that
there was no soft tissue trauma present; it is rather
intended to mean that the radiograph was utilized
if it showed other anatomical regions suitable for
analysis that were unaffected by identified local-
ized trauma.
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Table 11.2 Approximate ages at which physeal and ossi-
fication centers appear for canines and felines (Modified
with permission from Atlas of Normal Radiographic
Anatomy and Anatomic Variants in the Dog and Cat by

Thrall and Robertson 2011)

Pelvis
e Ilium/ischium/pubis
* Acetabular bone
e Iliac crest
e Ischial tuberosity
e Ischial arch
Femur
¢ Greater trochanter

¢ Lesser trochanter

e Head
* Diaphysis
* Distal epiphysis

Stifle sesamoid bones
* Patella

 Fabellae

* Popliteal sesamoid
Tibia

« Tibial tuberosity

* Proximal epiphysis

* Diaphysis

* Distal epiphysis

* Medial malleolus
Fibula

* Proximal epiphysis

 Diaphysis
* Distal epiphysis

Tarsus
e Talus

¢ Calcaneus—tuber
calcanei

Calcaneus—diaphysis
Central tarsal bone

First and second tarsal
bones

Third tarsal bone

Fourth tarsal bone

Birth

2-3 months
4-5 months
3—4 months
6 months

7-9 weeks

7-9 weeks

1-2 weeks
Birth
3—4 weeks

6-9 weeks

3 months
3—4 months

7-8 weeks
2-4 weeks
Birth

2-4 weeks
3 months

8—10 weeks

Birth
4-7 weeks

Birth

6 weeks

Birth
3 weeks

4 weeks

3 weeks

2 weeks

Birth

5-6
weeks
6-7
weeks

2 weeks
Birth
12
weeks

8-9
weeks
10 weeks

6-7
weeks

2 weeks
Birth

2 weeks

6-7
weeks
Birth

34
weeks

Birth
4 weeks

Birth

4-7
weeks

4-7
weeks

4-7
weeks

4-7
weeks

Table 11.3 Approximate age when physeal and ossifica-
tion center closure occurs for canines and felines
(Modified with permission from Atlas of Normal
Radiographic Anatomy and Anatomic Variants in the Dog
and Cat by Thrall and Robertson 2011)

Site
Scapula
* Supraglenoid tubercle

Humerus
¢ Proximal

* Medial epicondyle
» Condyle to shaft

* Condyle (lateral and
medial parts)

Radius
e Proximal

e Distal

Ulna
* Anconeal process
 Olecranon tuberosity

e Distal

Metacarpus/metatarsus
* MC1 proximal

e MC2-5 distal

Phalanges (fore and hind)
* P1 and P2 proximal
Pelvis
* Acetabular bone
* Ischiatic tuberosity

* Iliac crest

* Pubic symphysis
Femur

* Head, capital physis

* Greater trochanter

e Lesser trochanter

* Distal physis

Tibia

Canine

4—7 months

10-15
months

6-8 months
6—8 months

6-10 weeks

7-10
months
10-12
months

< 5 months
7-10
months
9-12
months

6—7 months

6—7 months

6—7 months

3-5 months
10-12
months
24-36
months

4-5 months

8-11
months
9-12
months
9-12
months
9-12
months

Feline

354
months

18-24
months

354
months

3.5 months

5-7 months

14-22
months

9-13
months

14-25
months

4.5-5
months
4.5-5
months

7-11
months
13-19
months

(continued)
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Table 11.3 (continued)

Site Canine Feline
e Tibial tuberosity 10-12 9-10
months months
* Tibial plateau 9-10 12-19
months months
« Distal physis 12-15 10-12
months months
¢ Medial malleolus 3-5 months
Fibula
¢ Proximal 10-12 13-18
months months
¢ Distal (lateral 12-13 10-14
malleolus) months months
Tarsus
¢ Calcaneus tuberosity ~ 6—7 months

Table 11.4 Approximate age at which physeal and ossi-
fication centers appear in the spine for canines (Modified
with permission from Atlas of Normal Radiographic
Anatomy and Anatomic Variants in the Dog and Cat by
Thrall and Robertson 2011)

Site Canine
Atlas (three centers of ossification)

¢ Neural arch (bilateral) Birth

¢ Intercentrum Birth
Axis (seven centers of ossification)

e Centrum of proatlas 6 weeks

e Centrum 1 Birth

¢ Intercentrum 2 3 weeks

e Centrum 2 Birth

* Neural arch (bilateral) Birth

e Caudal epiphysis 2 weeks
Cervical, thoracic, lumbar, sacral vertebrae

e Paired neural arches and centrum Birth

¢ Cranial and caudal epiphyses 2 weeks

Validation of the available data occurred
through a sampling procedure of applicable (i.e.,
normal) radiographs from the 50 most recent dogs
and the 50 most recent cats between May and
December 2012 admitted to the University of
Florida Small Animal Hospital. The studies uti-
lized for data compilation were based on various
breeds of dogs and cats; thus, the validation por-
tion of this study was not breed specific. Within
the studies utilized, many did not list the specific
breeds that were assessed; however, two did—bea-
gles and greyhounds—so an effort was made to
include these breeds within the validation study.

Table 11.5 Approximate age when physeal and ossifica-
tion center closure occurs in the spine for canines
(Modified with permission from Atlas of Normal
Radiographic Anatomy and Anatomic Variants in the Dog
and Cat by Thrall and Robertson 2011)

Site Canine
Atlas (three centers of ossification)
¢ Arches fuse 3—4 months
 Intercentrum 3—4 months

Axis

e Centrum of proatlas + C1 100-110 days

¢ Intercentrum 2, centrum 1, and 3.3-5 months
centrum 2

¢ Neural arches (bilateral) 30 days

e Caudal physis 7-12 months
Cervical, thoracic, lumbar

* Cranial physis 7-10 months

¢ Caudal physis 8—12 months
Sacrum

 Cranial and caudal physes 7-12 months
Caudal

 Cranial and caudal physes 7-12 months

Table 11.6 Approximate age when fusion of skull bones
occurs for canines and felines (Modified with permission
from Atlas of Normal Radiographic Anatomy and
Anatomic Variants in the Dog and Cat by Thrall and
Robertson 2011)

Site Canine and Feline
Occipital

* Basilar part 2.5-5 months

¢ Squamous part 3—4 months

e Interparietal part Before birth
Sphenoid

* Body/wings of presphenoid Before birth

* Body/wings of basisphenoid 3—4 years

* Basisphenoid and presphenoid 1-2 years

* Sphenobasilar suture 8-10 months
Parietal

e Interparietal suture 2-3 years
Frontal

¢ Interfrontal suture 3—4 years
Temporal

¢ Petrosquamos suture 2-3 years

Mandible

¢ Intermandibular symphysis Never or very late

The subjects for validation were identified
using the University of Florida, College of
Veterinary Medicine’s Radiology Information
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System (RIS), and their radiographs were viewed
using the Picture Archiving and Communication
Systems (PACS). All subjects were searched by
accession number only. Once the record was
identified as suitable through RIS, the accession
number was brought up in PACS to view the

radiograph. For radiographic assessment pur-
poses, the primary source was used as a guide for
interpretation of appropriate stages of physeal
and ossification center appearance and closure;
diagrams contained within it were used as an ini-
tial guide for the ways in which specific bones

Table 11.7 Approximate ages of physeal and ossification center appearance (black) and closure (light gray) rates for

canines (Overlap indicated in dark gray)

Scapula B |1w | 2w 3w |4w |[5w |6w | 7w [ 8w |2m [3m [4m |5m [6m | 7m | 8m | 9m [10m|11m[12m| 1yr | 2yr | 3yr |4yr
o Body
o  Supraglenoid
tubercle
Humerus B [1w|2w 3w | 4w 5w | 6w | 7w | 8w |2m |3m [4m |5m |6m | 7m | 8m | 9m [10m|11m|12m| 1yr | 2yr | 3yr 4yr

o Proximal epiphysis
(head and tubercles)

o Diaphysis

o Condyle
(medial and lateral)
o Medial epicondyle
Radius

6m | 7m | 8m | 9m [10m|11m{12m| 1yr | 2yr | 3yr |4yr

o Proximal epiphysis

o Diaphysis

o Distal epiphysis

o Olecranon tubercle
o Diaphysis
o Anconeal process

o Distal epiphysis

6m | 7m | 8m | 9m [10m(11m{12m| 1yr | 2yr | 3yr |4yr

Carpus

6m | 7m | 8m | 9m [10m(11m[12m| 1yr | 2yr | 3yr (4yr

o Radial carpal
(3 centers)

o Other carpal bones

o Accessory carpal —
diaphysis

o Accessory carpal —
epiphysis

o Sesamoid bone in
abductor pollicis
longus

Metacarpus/metatarsus

1w | 2w | 3w | 4w | 5w | 6w | 7w | 8w

2m |3m (4m |5m (6m |7m | 8m | 9m [10m(11m[12m| 1yr | 2yr | 3yr [4yr

o Diaphysis of 1-5

o Proximal epiphysis
of MC1

o Distal epiphysis of
MC2-5

o Palmar sesamoid
bones

o Dorsal sesamoid
bones

Phalanges (fore and hind)

1w [ 2w | 3w | 4w | 5w | 6w | 7w | 8w

2m |3m [4m |5m [6m |7m | 8m | 9m [10m(11m|12m| 1yr | 2yr | 3yr [4yr

o P1 - Diaphysis of
digits 1-5

o P1-Proximal
epiphysis digit 1

o P1-Distal
epiphysis digits 2-5

o P2 - Diaphysis of
digits 2-5

o P2 - Proximal
epiphysis of digits
2-5

o P8 (one ossification
center)
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Pelvis [ B |1w 6w

4m |5m |6m [ 7m | 8m | 9m [10m{11m{12m| 1yr | 2yr | 3yr |4yr

llium/ischium/pubis

Acetabular bone

lliac crest

Ischial tuberosity

o|0|O0|O |0

Ischial arch

Femur 6w

Greater trochanter
Lesser trochanter
Head

4m |5m |6m [ 7m | 8m | 9m [10m{11m{12m| 1yr | 2yr | 3yr |4yr

[eBieRieN{e]

Diaphysis

o Distal epiphysis

Stifle sesamoid bones 5w | 6w 8w

o Patella 6-9
o Fabellae

2m|3m [4m [5m |6m |7m | 8m | 9m [10m|11m[12m| 1yr | 2yr | 3yr |4yr

o Popliteal sesamoid

Tibia 6w

3m |[4m | 5m [6m | 7m | 8m | 9m [10m(11m|12m| 1yr | 2yr | 3yr |4yr

o Tibial tuberosity

o Proximal epiphysis

o Diaphysis

o Distal epiphysis

12-15m

o Medial malleolus

Fibula

o Proximal epiphysis

o Diaphysis

10m[11m(12m| 1yr | 2yr | 3yr |4yr

o Distal epiphysis

12-13m

Tarsus

10m[11m(12m| 1yr | 2yr | 3yr |4yr

o Talus

o Calcaneus —
tuber calcanei

o Calcaneus —
diaphysis

Central tarsal bone

o

o First and second
tarsal bones

Third tarsal bone

o

o Fourth tarsal bone

within each anatomical region grow and ossify as
animals age [8]. Examples of these diagrams are
shown in Figs. 11.1 and 11.2.

11.3 Data Tables for Clinical
and Forensic Use

Through the compilation of data from the pub-
lished literature, initial data tables (Tables 11.2,
11.3, 11.4, 11.5, and 11.6) outlining the times at
which physeal and ossification center appearance
and closures occur were created. The anatomical
regions outlined in these tables were modified
with permission from the tables found in the pri-
mary source [8]. These primary tables were then
validated using the methods detailed above, and
once all data had been corroborated through both

the published literature and the University of
Florida radiographs, final tables (Tables 11.7,
11.8, and 11.9) were created with a specific focus
on forensic application and use. These final tables
were arranged with a horizontal time axis rang-
ing in weeks from birth through 8 weeks, months
through 12 months, and years through 4 years
and a vertical axis of anatomic regions of the
body. Within these tables according to the hori-
zontal and vertical axis system, boxes for time
periods for each anatomic body region were cre-
ated which could be filled in with different colors
(black for appearance and light gray for closure)
of the physes and ossification centers. The mas-
ter’s thesis published by Chapman was the first
study of its kind addressing age determination
from epiphyseal closure rates in a veterinary con-
text which organized the information by anatomi-
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cal region with the intended use by clinical
radiologists and other veterinary practitioners
[2]. Tt was this format that became the model fol-
lowed by all other subsequent studies of this
nature. By arranging the data in both a chrono-
logical and anatomical way in this study, it allows
clinical and forensic application of the data.

Preliminary review of the data produced initial
tables show in the appendix labeled Tables 11.2,
11.3, 11.4, 11.5, and 11.6. Table 11.2 indicates
the approximate ages at which physeal and ossi-
fication centers appear for both dogs and cats.
Table 11.3 indicates the approximate ages at
which physeal and ossification centers close for

Table 11.8 Approximate ages of physeal and ossification center appearance (black) and closure (light gray) rates for

felines

Scapula 3w 5w (6w (7w |8w

5m |6m (7m | 8m [ 9m [10m{11m(12m| 1yr | 2yr | 3yr |4yr

o Body
o Supraglenoid

B |[1w
tubercle

Humerus B

1w 6w (7w

7-9 weeks

6m (7m [ 8m |9m [10m(11m[12m| 1yr | 2yr | 3yr |4yr

o Proximal epiphysis
(head and tubercles)

18-24m

o Diaphysis

[o]

o Medial epicondyle
Radius

9m [10m(11m(12m| 1yr | 2yr | 3yr |4yr

o Proximal epiphysis

o Diaphysis

o Distal epiphysis

14-22m

Ulna

9m [10m(11m(12m| 1yr | 2yr | 3yr |4yr

Olecranon tubercle

9-13m

Diaphysis

o |0 |0

Anconeal process

o Distal epiphysis

14-25m

Carpus

o Radial carpal
(3 centers)

o Other carpal bones

o Accessory carpal —
diaphysis

o Accessory carpal —
epiphysis

o Sesamoid bone in
abductor pollicis
longus

9m (10m|11m{12m| 1yr | 2yr | 3yr |4yr

Metacarpus/metatarsus

6m 10m(11m 12m 1yr| 2yr| 3yr|4yr

o Diaphysis of 1-5

o Proximal epiphysis
of MC1

4.5-5m

o Distal epiphysis of
MC2-5

4.5-5m

o Palmar sesamoid
bones

o Dorsal sesamoid
bones

Phalanges (fore and hind) 2w |3w (4w |5w |6w (7w |8w

2m |3m [4m |5m |6m |7m | 8m| 9m 10m 11m(12m 1yr| 2yr 4yr

o P1-Diaphysis of
digits 1-5

o P1-Proximal
epiphysis digit 1

o P1-Distal
epiphysis digits 2-5

o P2 - Diaphysis of
digits 2-5

o P2-Proximal
epiphysis of digits
2-5

o P3(one
ossification center)
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Pelvis | B |1w

4m |5m (6m [7m | 8m | 9m [10m{11m|12m| 1yr | 2yr | 3yr |4yr

llium/ischium/pubis i

Acetabular bone

lliac crest

Ischial tuberosity

o0 |O|O |0

Ischial arch

Femur B

4m |5m (6m [7m | 8m | 9m [10m{11m|12m| 1yr | 2yr | 3yr |4yr

Greater trochanter

o

13-19m

Lesser trochanter

Head

o |0 |o

Diaphysis

o Distal epiphysis

Stifle sesamoid bones B 3w |4w (5w |6w |7w (8w

o Patella

o Fabellae

8-9wks

2m |3m (4m [5m |6m |7m | 8m | 9m |10m|11m(12m| 1yr| 2yr | 3yr (4yr

o Popliteal sesamoid

Tibia B [1w

4m (5m |6m |7m | 8m | 9m [10m{11m[12m| 1yr | 2yr | 3yr |4yr

o Tibial tuberosity

o Proximal epiphysis

12-16m

o Diaphysis

o Distal epiphysis

o Medial malleolus

Fibula B 8w

3m [4m |5m [6m [7m | 8m [ 9m |[10m|{11m(12m| 1yr | 2yr | 3yr

o Proximal epiphysis

13-18m

o Diaphysis

o Distal epiphysis

10-14m

Tarsus B 8w

3m |4m (5m |6m |7m | 8m | 9m [10m[11m|12m| 1yr | 2yr | 3yr |4yr

o Talus

o Calcaneus — tuber
calcanei

o Calcaneus —
diaphysis

o Central tarsal bone

o First and second
tarsal bones

o Third tarsal bone

o Fourth tarsal bone

both dogs and cats. Both of these tables are
arranged by anatomic body region on the vertical
axis with the bones of the forelimb first followed
by bones of the hind limb. They are listed with
anatomical region headings according to the
major bone within which the physes and ossifica-
tion centers are present (e.g., scapula, humerus,
pelvis, femur, etc.), and underneath those head-
ings are listed the specific physes and ossification
centers. Tables 11.4 and 11.5 show the approxi-
mate ages at which physeal and ossification cen-
ter appearance and closure occur, respectively,
for appearance and closure. These two tables
only contain data for canines as there was not
available data on the spinal appearance and
fusion rates for felines. Table 11.6 shows a list of

approximate ages at which the skull bones fuse
for dogs and cats. There are not separate columns
for dog and cat since these times are approxi-
mately the same for both species.

The validation of Tables 11.2, 11.3,11.4,11.5,
and 11.6 using the methodology detailed above
showed that the data were consistent and accurate
across all literature reviewed. The validation was
not breed specific so there was some of variation
within the time frames indicated within these
tables. Larger dogs, in particular, were at the lon-
ger end of the time range. “Giant breeds” such as
Great Danes, Mastiffs, or Saint Bernards were
sometimes beyond the published ranges for
appearance and closure. This is supported by
published literature that indicates giant-breed
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Table 11.9 Approximate ages of physeal and ossification center appearance (black) and closure (light gray) rates in

the spine for canines

Atlas (three centers of
ossification)

2m |3m |4m |5m |6m | 7m | 8m | 9m [10m(11m[12m| 1yr| 2yr| 3yr|4yr

o Neural arch
(bilateral)

o Intercentrum

Axis (seven centers of

2m |3m |4m [5m [6m |7m | 8m | 9m [10m|11m(12m| 1yr| 2yr| 3yr|4yr

ossification)
o Centrum of ~3.5m
proatlas .
o Centrum 1 3.3-5m
o Intercentrum 2 - 3.3-56m
o Centrum 2 3.3-5m
o Neural arch
(bilateral)

o Caudal epiphysis

Cervical, thoracic, lumbar | B | 1w

B [1w|2w [3w | 4w | 5w | 6w | 7w | 8w
B |[1w|2w 3w |4w | 5w | 6w | 7w | 8w
2w

3w | 4w | 5w | 6w | 7w | 8w

2m |3m | 4m |5m |6m | 7m | 8m | 9m [10m|11m[12m| 1yr| 2yr| 3yr|4yr

o Paired neural
arches and centrum

o Cranial epiphysis

o Caudal epiphysis

Sacrum and caudal

-

2m |3m |4m | 5m | 6m | 7m 8m‘9m|10m|11m|12m yr| 2yr| 3yr|4yr

o Cranial and
caudal physes

B 2w 3w | 4w | 5w | 6w | 7w | 8w

.

Fig.11.1 Diagram of canine manus, dorsopalmar view (reproduced with permission from Atlas of Normal Radiographic
Anatomy and Anatomic Variants in the Dog and Cat by Thrall and Robertson 2011)

dogs experience delays of closure of some of
their long bones by periods of up to 3—6 months
beyond typical published data. It is generally
accepted that closure occurs earlier in smaller
animals which was seen in the validation portion
of this study where smaller animals were at the
earlier range of times of closure [10].

The validated data in the initial tables were
used to create a new set of tables (Tables 11.7,
11.8, and 11.9) that are presented and arranged
differently from previously published literature.
Table 11.7 shows the approximate age ranges at
which physeal and ossification centers appear
and close for canines. Table 11.8 shows the
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Fig.11.2 Diagram of feline manus, dorsomedial plantarolateral oblique view (reproduced with permission from Atlas
of Normal Radiographic Anatomy and Anatomic Variants in the Dog and Cat by Thrall and Robertson 2011)

approximate age ranges at which physeal and
ossification centers appear and close for felines.
Table 11.9 shows the approximate age ranges at
which physeal and ossification centers appear
and close in the spine for canines. The final
tables created for this study are arranged with
two axes which can be used together or inde-
pendently for estimating the approximate age at
which physeal and ossification center appear-
ance and fusion occurs. The vertical axis is
arranged the same way as the initial tables with
headings indicating the major bone and sub-
headings indicating the physes and ossification.
The most significant difference in these new
tables is the horizontal axis which represents a
timeline. This horizontal axis begins at birth
and extends weekly up through 8 weeks. After 8
weeks it changes to monthlong increments rang-
ing from 2 months through 12 months. At 12
months it switches to yearlong increments from
1 year through 4 years. After 4 years the axis
ends as no normal physeal or ossification center
closure occurs beyond that time. Utilizing these
axes together creates a grid system within the
table that has been filled in different colors rep-
resenting appearance and closure of the physes
and ossification centers. A black box indicates
the time frame for appearance of the physis or
ossification center, and a light gray box indi-
cates the time frame for closure of the physis or
ossification center. Extended boxes in either
color represent an extended range of appearance

or closure possibilities within the timeframe
indicated on the horizontal axis. Dark gray
boxes indicate an overlap between possible
times of appearance and possible times of clo-
sure for certain physes and ossification centers.
This overlap is uncommon. When the time
frames indicated in the literature did not directly
line up with the time indicated on the horizontal
axis, the whole box for the next incremental
time marker was filled. But, the specific time
within that window was indicated in text within
the box.

Some of the colored boxes in the final tables
may appear in slight opposition to the text in the
initial tables. This is due to differences in data
that was used to compile these tables. Times were
marked in days, weeks, months, or some combi-
nation of each. It became apparent in the valida-
tion portion, and supported by the literature, that
as animals get older the variation in the ranges for
appearance and closure (closure more so than
appearance) of physes and ossification centers
become greater [2]. There was not any indication
in the published literature or in the validation
study that sex of the animal makes a difference in
appearance or closure times. There was notice-
able variation between individuals of the same
breed in both the published literature and in the
validation study and a greater amount of varia-
tion between individuals of different breeds. In
the validation this could be explained by the
uncertainty about the accuracy of the age reported
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by the owners of the animals as well as how diet
or other factors (e.g., health or activity) may have
affected the animal. As a result of this uncertainty
in the data, the ranges were extended slightly on
either end to accommodate potential differences
between time units of all studies, variations
between breed, and interpretation of those units
of time.

Factors for Consideration
in Forensic Application

11.4

There was a stark lack of literature data for felines
as compared to canines. There were no published
or otherwise available data on the appearance and
closure rates of physes and ossification centers in
the spine for felines and very little data about the
pelvis. This can be remedied with future research.
Despite assessing a significant number of felines
in the validation study, those specimens could not
be used to fill in the gaps in the data from the
published literature as the specimens used for
validation were not “research subjects.” That is,
the exact age of the specimens was unknown; the
full medical history (including genetic condi-
tions) was unknown; and the diet, activity, and
other factors that could potentially affect the
bone growth rates measured in this study were
also unknown. In order for this data to be useful,
the specimens must be monitored from a known
birth date and radiographed at known and marked
intervals throughout their growth. The specimens
available at the time of this study were unsuitable
for this task.

Another factor that affected the data compiled
within this study was the data in the published
literature. Of all studies utilized that specified the
number and type of specimens used, there was
not a consistent number used between studies;
many were not statistically significant on their
own and referenced “dogs of unknown breed”
rather than offering more specific information.
Future research  should include breed
information.

The common method of using dentition for age
determination in animals was considered for
forensic use. As illustrated in Table 11.1, dental
eruption times are only useful up through approxi-
mately 67 months of age in animals. Additionally,
there are a number of outside factors that affect
dentition. These include wear and tear on the teeth
from improper diet/nutrition or improper hygiene
and care of an animal’s dental health. This can
result in missing, decayed, or damaged teeth,
which could preclude the applicability and useful-
ness of age determination via dentition. This is
particularly significant in forensic cases as ani-
mals that are neglected often have poor diets and
are malnourished, which results in poor dentition.
That is not to say that age determination via phy-
seal and ossification center appearance and clo-
sure rates are without potential pitfalls. This
method can be affected by nutritional, hormonal,
genetic, and traumatic factors that could make age
estimation difficult. Two advantages this method
provides over dental age are its usefulness beyond
6 months of age as well as the numerous options
for areas of study throughout the body. If one of
the forelimbs has been traumatically injured, the
other forelimb is still available for study, whereas
in dentition, if the teeth are adversely affected as a
result of diet, it is often a large number of teeth. It
is important to understand the physiology of bone
growth and how it can be affected by outside fac-
tors such as nutrition and internal factors such as
hormonal imbalances and hereditary disorders
[11]. A thorough understanding of these can
enhance the ability and usefulness of age determi-
nation through physeal and ossification center
appearance and closure rates.

Another important aspect to consider is the
effect of trauma on bone growth. Younger ani-
mals in particular are more susceptible to trauma
that could potentially have lifelong effects
because the bone still in its growing phase is
softer and more prone to injury, even from minor
trauma [11]. When bone trauma occurs during
the growth phase, it can potentially lead to growth
deformities that cause persistent symptoms of
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bone dysfunction. This is significant because
more than half of dogs with reported long bone
fractures sustained the initial trauma that caused
the fracture when they were less than 1 year old.
Of those, nearly a third had trauma to the growth
plate, and nearly 10% of the original 50% experi-
enced resulting growth deformities [12].

Often, animals with bone trauma in a forensic
investigation are of unknown age. They undergo
a series of “serial radiographs”—that is, they are
x-rayed at 1 month intervals for a 2-3 month
period in an effort to document healing trauma.
Using these sets of radiographs with the final
tables contained in this study (Tables 11.7, 11.8,
and 11.9), the physes and ossification centers
present in each radiograph could be documented
in the charts at each stage of examination, and
over the course of the 2-3-month follow-up, the
changes in bone growth and development could
be documented and recorded. With the current
format of the chart showing anatomical regions
(visible in the serial radiographs) plotted against
a timeline (the data that is desired for the ani-
mal), the forensic investigator could use the
available information radiographically to more
effectively estimate the age of the animal with
the given ranges in the chart. The reverse could
be accomplished clinically with an animal of
known age who is being assessed for deviations
from the norm in growth patterns.

Acknowledgments Funded by the American Society for
the Prevention of Cruelty to Animals through the
UF-ASPCA Graduate Fellowship Program.

Appendix

Canines Felines

Deciduous Permanent Deciduous Permanent

(weeks) (months)  (weeks) (months)
Incisors 3-4 3-5 2-3 34
Canines 3 4-6 34 4-5
Premolars 4-12 4-6 3-6 4-6
Molars n/a 5-7 n/a 4-5
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ancillary procedures and laboratory tests, 145-146
gross description, 144145
Cyanide (CN), 20, 22

D
Deep partial-thickness burns, 17, 18
Diatoms, 11
Direct lightning strike, 30
Disseminated intravascular coagulation (DIC), 49
Dogfighting
agile pit bulls, 97, 98
American Pit bull Terriers, 97
bulkier pit bulls, 97, 98
bullbaiting, 97

conditioning
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keep, 100
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fight, 101-102
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crime scene investigation, 100
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rolled, 98
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Babesia gibsoni infection, 105, 108

bone fractures, 105-107

Bronx dogfighting case, 104

classes, dog bite, 104

commonly injured areas, 102

crushing and tearing, 104
histopathology, 102

“hole and tear” pattern, 104

lips, 105, 108
scar chart, 102—104
scars, 105, 109

spontaneous vs. organized

dogfighting, 102
superficial lesions, 105

DRC-1339, 82
Drowning
accidental and non-accidental, 2

ancillary tests and methods
diatoms, 11
electrolyte tests, 11
lung weights, 11
case report, 10—11
definition and terminology, 1
diagnosis of, 1
frequency, 1

macroscopic and microscopic lesions

blood-tinged froth, 7
blunt force trauma, 9
dry drowning, 8

Emphysema aquosum, 6, 7
gastric mucosal lacerations, 9
hyponatremic encephalopathy, 9

lung, canine, 7, 8
myocardial lesions, 9
pleural effusion, 9

subpleural hemorrhages, 9

trachea, canine, 7, 8
morbidity, 6
near-drowning, 1
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postmortem examination, 12 Erythema ab igne, 22

process and mechanism Ethylene glycol (Antifreeze), 8384
alveolar-capillary endothelium, 5 European Convention for the Protection of
autonomic conflict, 5-6 Animals for Slaughter, 130

hemodilution and electrolyte
alterations, 5

hypoxemia, 2, 3 F

phases, 2, 4 Fly pens, 110, 113

process and mechanism, 2-3, 5 Frostbite, 68

pulmonary edema, 5 Full-thickness burns, 17-18

saltwater aspiration, 5
saltwater vs. freshwater drowning, 5

tachycardia, 3 G
thoracic inspiratory movements, 3 Glycoaldehyde, 83
Type I and II pneumocytes, 5 Glyoxylic acid, 83

vagal-mediated laryngospasm, 3
water salinity, 5

submersion, 1 H
Hoarding
behaviors, 62
E classifications, 61
Electrocution compulsive hoarding, 60
blunt force trauma, 30 discarding/relinquishing
cataracts, 30 animals, 61, 62
circulatory damage, 28 features, 61
electricity arcing, 27, 29, 30 feline hoarding, 64
glabrous skin, 28 in individual’s home, 61, 63, 64
gross and histologic changes, 29 infectious diseases, 64
hearing loss, 30 mental health conditions, 61
hemopericardium, 30 OCD, 60-61
high-voltage exposure, 27, 29 personality disorders, 61
intraepidermal separation, 30 pyogenic infections, 64
keratin damage, 28 recidivism, 61
low-voltage exposure, 27, 29 and saving behaviors, 60
microscopic changes, 28 stereotypes, 61
muscular contraction, 28 vaccination protocols, 64
neurons, 28 warning signs, 62
skin burns, 28 Humane animal sacrifice, 137
subepidermal separation, 30 Hyperthermia
temporary paralysis, 28 environmental injuries
vascular damage, 30 confirmation challenges, 71-72
Electrolyte tests, 11 definition, 69
Endotracheal (ET) tube, 91 macroscopic lesions, 71, 72
Environmental injuries microscopic lesions, 71
hyperthermia mortality, 71
confirmation challenges, 71-72 pathophysiology, 70-71
definition, 69 risk factors, 70
macroscopic lesions, 71, 72 types, 69-70
microscopic lesions, 71 neglect, 47-49
mortality, 71 Hypoglycemia, 68
pathophysiology, 70-71 Hypothermia
risk factors, 70 environmental injuries
types, 69-70 confirmation challenges, 71-72
hypothermia definition, 67
confirmation challenges, 71-72 macroscopic lesions, 68—69
definition, 67 microscopic lesions, 69
macroscopic lesions, 68—69 pathophysiology, 67-69
microscopic lesions, 69 risk factors, 67
pathophysiology, 67-69 neglect, 46-48

risk factors, 67 Hypovolemia, 90
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Keraunographic markings, 31
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Lead, poisoning, 84—85
Lichtenberg figures, 31
Ligature marks, 137
Lightning strikes, 30-33
Lung weights, 11

M

Manner of death, 142—143
Mechanism of death, 142
Mutilation, 137
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Necropsy report
COD, 141-142
content and format, 139-140
Cornell University Forensic Necropsy Report Form,
144
ancillary procedures and laboratory tests,
145-146
gross description, 144-145
factual information, 139
findings, 139
historical and investigative information, 139
manner of death, 142-143
mechanism of death, 142
medicolegal proceedings, 139
objective anatomic findings, 139
opinions, 139, 143144
pitfalls, 140-141
skin, haircoat, and nails condition, 147, 148
Neglect
crime scene evaluation, 51, 52
entryway into home, 51, 53
forced entry into house, 51, 52
mattress soaked in urine and feces, 51, 54
medication, 52
ocular changes, 53, 56
overall cleanliness, 53, 55
PPE, 53, 55
respiratory effects, 53
defining, 37, 39
dehydration, 46, 48
hoarding
behaviors, 62
classifications, 61
compulsive hoarding, 60
discarding/relinquishing animals, 61, 62
features, 61
feline hoarding, 64
in individual’s home, 61, 63, 64
infectious diseases, 64
mental health conditions, 61

OCD, 60-61

personality disorders, 61

pyogenic infections, 64

recidivism, 61

and saving behaviors, 60

stereotypes, 61

vaccination protocols, 64

warning signs, 62
hyperthermia, 4749
hypothermia, 4648
inadequate nutrition

bacterial infection, 40

body tissue loss, 40, 41

calorie requirements, dogs and cats, 40

cannibalism, 42, 43

cell-mediated immunity, 40

foreign items, 42-44

lesion pathogenesis, 39

parasite infestation, 40

pica, 42-44

predation, 43

protein-calorie malnutrition, 40

Purina Body Condition Scoring, 40, 41

water, 40
inappropriate restraint, 49, 50
inappropriate shelter and environment, 4648
insufficient veterinary treatment, 49-51
postmortem examination

historical and environmental evidence, 53

long-term inadequate nutrition and dehydration,

57-60

natural disease and malnutrition, 53-59

necropsy flowchart, 53, 57
starvation

canine, 43-45

decubital ulcers, 45

dry skin, 45

gross evidence, 45

rate of, 43, 45

secondary bacterial and yeast infections, 46
US animal abuse classifications, 37, 38

Neo-pagan principles, 132
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Obsessive-compulsive disorder (OCD), 60-61

Occupational Safety and Health Administration (OSHA),
53

Organophosphate insecticides, 79
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Palo Mayombe, 132
Pentobarbital, 83
Personal protective equipment (PPE), 53, 55
Petro spirits, 132
Poisoning
animal history, 76
clinical signs, 75
environmental history, 76
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exposure history, 76
sample collection
postmortem samples, 77, 78
toxicology testing, 77
sample collection and storage
antemortem samples, 77, 78
environmental samples, 77-78
sample storage, 78—79
susceptibility, 75
suspicion, 75
toxicants
anticholinesterase insecticides, 79—80
Avitrol, 82
ethylene glycol, 83-84
lead, 84-85
pentobarbital, 83
rodenticides, 80—82
Starlicide, 82-83
Purina Body Condition Scoring, 40, 41

R
Rada spirits, 132
Rigor mortis, 49
Ritualistic animal killing
legal standards, 134
necropsy, 129, 136-137
perpetrators, 134—136
predation and postmortem scavenging, 129
religions incorporate rituals, 129
ritualistic animal sacrifice, 129
for consumption, 130-131
“occult”/“satanic”’ animal sacrifice,
129, 133-134
right to practice, 129-130
ritualistic animal slaughter, 129-130
Rodenticides
anticoagulant rodenticides, 80-81
bromethalin, 81
sources, 80
strychnine, 8§1-821
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Santeria, 132

Satanic ritual abuse (SRA), 133
Scratching, 101

Scratch lines, 101

Starlicide®, 82-83

Strychnine, 81-821

Superficial burns, 17, 18

Superficial partial-thickness burns, 17, 18
Syncretic belief systems, 132
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Thermal/electrical injuries
burns
body surface area, 18, 19
classification, 17-18
coagulation necrosis, 19
intentional/unintentional injury, 17
intraepidermal separation, 19
morphology, 17
“rule of 95,7 18
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chemical burns, 32-34
electrothermal injury

electrical potential, current, and resistance, 26, 27

electrocution, 27-30
lightning strike, 30-33
residential electricity, 27
erythema ab igne, 22
fire
asphyxiants, 20
carbon monoxide, 21-22
cyanide, 22
inhalation injury, 20
pugilistic pose, 19
pulmonary irritants, 20-21

radiographic, gross, and histologic examination,

19

smoke, 20

smoldering, 20
microwave burns, 25-26
post-burn sequelae, 26
radiation, 23-24
scalds, 22-23
sources in wildlife

commercial electricity and heat sources, 24

electrocution, 24
gas flares, 24
lightning, 24
solar energy equipment, 24, 25
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Thermoregulation, 67
Total body surface area (TBSA), 17
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