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Case Report

Cerebrovascular Accident (Stroke) in Captive,
Group-Housed, Female Chimpanzees

Sherrie M Jean,"” Todd M Preuss,** Prachi Sharma,® Daniel C Anderson,’ James M Provenzale,>?
Elizabeth Strobert,' Stephen R Ross,’ and Fawn C Stroud’

Over a 5-y period, 3 chimpanzees at our institution experienced cerebrovascular accidents (strokes). In light of the increasing
population of aged captive chimpanzees and lack of literature documenting the prevalence and effectiveness of various treatments
for stroke in chimpanzees, we performed a retrospective review of the medical records and necropsy reports from our institution. A
survey was sent to other facilities housing chimpanzees that participate in the Chimpanzee Species Survival Plan to inquire about
their experience with diagnosing and treating stroke. This case report describes the presentation, clinical signs, and diagnosis of
stroke in 3 recent cases and in historical cases at our institution. Predisposing factors, diagnosis, and treatment options of cerebral
vascular accident in the captive chimpanzee population are discussed also.

Abbreviation: CVA, cerebrovascular accident.

Cerebrovascular accident (CVA; stroke) is a disturbance in
brain function due to insufficient or complete loss of blood sup-
ply to an area of the brain. The lesion and clinical signs depend on
the severity and location of the blockage. The 2 main categories
of stroke—ischemic and hemorrhagic—both result in a loss of
blood flow to an associated area of the brain. Ischemic strokes
are due to either insufficient or direct loss of blood flow to the
affected area of the brain from either temporary or permanent
arterial occlusion of vessels supplying that area. Hemorrhagic
strokes occur from rupture of a blood vessel and subsequent leak-
age of blood intracranially or into the subarachnoid space which
results in clotting and decreased blood flow within that vessel
and compression of the brain.®*161? Loss of blood supply to a
part of the brain, which can occur with ischemic or hemorrhagic
stroke, initiates an ischemic cascade. The ischemic cascade is the
result of secondary lack of oxygen and glucose; this lack conse-
quently changes the intracellular metabolism from aerobic to an-
aerobic. This process ultimately leads to cell death and resultant
disruption of cell membranes, thereby releasing toxins into the
surrounding area and leading to increased cell death. This process
results in a centrifugal progression of irreversible tissue damage
and cell death.!™

Brain tissue ceases to function when deprived of oxygen for
more than 60 to 90 s, and irreversible tissue necrosis and brain
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damage can occur after a few hours. Ischemic strokes can result
in varying degrees of damage to the tissue; consequently, clinical
signs depend upon the amount of collateral circulation supplying
the affected region of the brain. Part of the tissue may die imme-
diately, whereas other parts may be injured only temporarily and
ultimately recover.? Clinical signs that are typical of stroke victims
consist of abnormal sensations, hemiparesis (that is, paralysis in
one arm or leg or on one side of the body), aphasia, ataxia, and
urinary incontinence. Severe strokes can result in stupor or coma.
The defect in the brain usually is manifested as clinical signs on
the opposite side of the body, depending on the part of brain that
is affected.®” Diagnosis typically is based initially on clinical signs
and confirmed with imaging techniques such as CT and MRI, or
the lesion is noted at necropsy.*'¢

Whereas strokes are common in humans, only one report to
date has discussed and documented spontaneous stroke in a
chimpanzee.® In 2004, a 29-y-old male chimpanzee at a zoo experi-
enced an ischemic stroke that most likely was due to occlusion of
the middle cerebral artery.*® The area of the brain supplied by the
middle cerebral artery is the area most often affected in ischemic
stroke in humans.?'* Although stroke has not been thoroughly
researched in chimpanzees, studies in other species of nonhuman
primates suggest that the predisposing factors and pathology are
similar to those in humans.>!#2

This case report describes the presentation, clinical signs, and
diagnosis of CVA that occurred in 3 chimpanzees over a 5-y pe-
riod at our institution and in an additional 3 animals identified
during a retrospective review of the health records from the last
30 y. We also discuss predisposing factors, diagnosis, treatment
options, and statistics of CVA in the captive chimpanzee popula-
tion.
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Case History

Within a 5-y period, 3 female chimpanzees died of CVA. The
first was a 41-y-old, 61-kg female common chimpanzee (Pan trog-
lodytes) that was socially housed at the Yerkes National Primate
Research Center (Atlanta, GA); the chimpanzee was noticed on
routine observation to be acutely lethargic, reluctant to move, and
unstable on her feet. Further observations revealed right-sided
hemiparesis, drooping of the right lower lip, and abrasions of the
right buccal mucosa. The only significant abnormalities noted in
her clinical history were obesity and a nonprogressing grade II
systolic heart murmur. On physical examination, her tempera-
ture, pulse, respiratory rate, CBC, serum chemistry, blood and
fecal cultures, and thoracic and abdominal radiographs were all
within normal limits. An MRI performed the same day revealed
a severe and extensive ischemic lesion in the left hemisphere, in-
volving the temporal, parietal, and occipital lobes and suggesting
occlusion of the left middle cerebral artery.”? A detailed account
of the microscopic neuropathologic findings in this case has been
published elsewhere.?? Clinical signs observed in combination
with the lesion seen on MRI were consistent with ischemic CVA.
Due to the severity of clinical signs and the size of the lesion ob-
served on MRI, her prognosis for recovery was poor to grave.
Therefore the chimpanzee was euthanized that day, and a necrop-
sy was performed. Grossly, a large cavitation in the left cerebrum
extended from the frontal temporal area to the occipital lobe.
Histologically, the large focus of cavitation in the cerebrum had
extensive necrosis intermixed with hemorrhage and occasional
infiltrates of gitter cells.

A second female chimpanzee (age, 34 y; weight, 69 kg) was ob-
served to have fallen from a climbing structure; in the days after
the fall, she was anorexic and abnormally lethargic. She appeared
ataxic and occasionally stumbled. The abnormalities seemed to
be more prominent on her left side. On physical examination, the
chimpanzee was only mildly responsive to stimulation and was
reluctant to move. This animal had a documented 7-y history of
lameness due to progressive arthritis. At the time of examina-
tion there was no evidence of trauma or swelling in the legs or
arms. She was placed on pain medication (acetaminophen and
oxycodone) prophylactically in the event that the pain was as-
sociated with arthritis despite the absence of trauma or swelling,
but her condition did not improve. The lack of response to treat-
ment, severity of the clinical signs, and unilateral presentation of
the ataxia led us to believe that she most likely had had a stroke.
An MRI was performed 4 d after the initial presentation, and a
CVA in the pons and medulla was noted (Figure 1). Due to a poor
prognosis for rehabilitation or recovery, she was euthanized.

Grossly, extensive subarachnoid hemorrhage around the brain
stem (Figure 2 A) and multifocal hemorrhage in the pons (Figure
2 B) were present. Microscopic findings in the pons parenchyma
included a focal extensive infarct (Figure 2 C) and multifocal
hemorrhage around small blood vessels (Figure 2 D). Due to the
subarachnoid hemorrhage, aneurysm was considered as a differ-
ential diagnosis. No gross or histologic evidence of aneurysm was
observed, but because the brain could not be serially sectioned
at necropsy or after fixation, a ruptured aneurysm could not be
ruled out. Instead, the final diagnosis was determined to be hem-
orrhagic CVA.

The third animal was a 40-y-old, 51-kg female chimpanzee
that was splenectomized at the age of 17 y and tested positive
for hepatitis C at the age of 21 y. At 24 y, she was inoculated with
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malaria (Plasmodium ovale) and was treated a month later with
chloroquine phosphate. The most recent test for hepatitis C was
performed when she was 37 y old and was positive. At 5 mo past
her 40th birthday, she was noticed to be acutely lethargic and had
a thick mucoid nasal discharge. Physical examination revealed
a mild cough, a slight head tilt to the right, and bilateral nystag-
mus during recovery. She began to receive antibiotics to treat for
possible respiratory infection. Three days after the initial presen-
tation, she was noticed to have generalized ataxia and paresis,
right-sided facial paralysis, and a head tilt to the right and was
unable to chew or swallow. MRI performed under general anes-
thesia showed an extensive infarct involving the right side of the
pons, right middle cerebellar peduncle, and inferior aspect of the
right cerebellar hemisphere; these findings were consistent with
infarction of the territory subserved by the right posterior inferior
cerebellar artery. Due to the dense clinical deficit, prognosis for
recovery or rehabilitation was poor, and the animal was eutha-
nized. The time from presentation to euthanasia was 1 wk.

Lesions primarily involved the superior pons and an extensive,
adjacent anterolateral portion of the cerebellar hemisphere. Brain
sectioning revealed a superficial (0.5 cm x 0.25 cm) focus of necro-
sis with hemorrhage in the brainstem, another focus of necrosis
(diameter, 0.5 cm) on the right side of the cerebellum (Figures
3 and 4), and a distinct region of necrosis in the superior pons.
Smaller, hemorrhagic foci were present in the medulla and pons,
inferior and superior to the large zone of necrosis in the pons.
The location of the lesions was consistent with the clinical signs
noted before euthanasia. Other findings included severe focally
extensive purulent bronchopneumonia, chronic multifocal lym-
phoplasmacytic interstitial pneumonia with vasculitis, multifocal
myocardial fibrosis with mineralization, aortic mineralization,
and atherosclerosis within the aortic arch.

A retrospective analysis of chimpanzee necropsies at the Yerkes
Primate Center since 1966 revealed 3 other female chimpanzees
with strokes. Advanced diagnostic imaging (CT and MRI) was
either not available or not performed at the time of presentation
for these animals. Diagnosis was made based on a combination
of clinical signs, gross necropsy examination, and histopathologic
evaluation.

This first historical case (animal 4) was a 33-y-old, 57-kg, female
chimpanzee that died in 1977 with a clinical history consistent
with CVA. The animal was noted to have lost most of the func-
tion in her left arm and leg. She was alert, responsive, and in good
body condition at the time of diagnosis. Over the course of 1 mo,
her condition did not improve and, in light of her poor prognosis,
she was euthanized. Necropsy revealed calcification of the basilar
artery and severe atherosclerotic lesions in the epicardium, myo-
cardium, aorta, basilar artery, and vertebral vessels at the base of
the brain. On the basis of the clinical signs and necropsy findings,
ischemic CVA was suspected.

The second historical case (animal 5) was a 55-y-old, 40.8-kg,
female chimpanzee that died in 1996. She was noticed to have
right-sided hemiparesis. Clinical evaluation revealed that she
most likely had experienced a stroke, but because her clinical
signs were mild and did not impair her activity, she initially re-
mained in her group. Three months later, she appeared to have
experienced another CVA that resulted in worsening of her clini-
cal signs. In light of side effects and the prominent clinical signs,
the prognosis for her recovery and return to the group was poor,
and she was euthanized. Necropsy examination of the brain
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Figure 1. The brain region involved in stroke in chimpanzee 2, demonstrated through matching axial MRI sections, arranged from inferior (Inf) to supe-
rior (Sup), generated by using T1-weighted, T2-weighted, and FLAIR sequences. In all 3 imaging modalities, a lesion is evident in the right hemisphere
that extends from the medulla rostrally through the pons. Images are shown in the radiologic convention, with the animal’s left side on the reader’s
right. Cb, cerebellum; P, pons; T, temporal lobe. Bar is divided into 1-cm increments.

revealed an ischemic CVA evidenced by a subacute infarction in
the left base of the pons. Moderate atherosclerosis involving the
posterior cerebral, basilar, and vertebral arteries as well as the
vessels in the basal ganglia also was present. The lesions observed
at necropsy were consistent with the clinical signs observed prior
to euthanasia.

Animal 6 was a 48-y-old, 53-kg, female chimpanzee that was
found to be semicomatose one morning (1971). Nystagmus was
present in both eyes, the right pupil was fixed and dilated, and it
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appeared as though the animal could not open the corresponding
eyelid. The right side of her face was slightly distorted, with fre-
quent twitching. Her condition progressively declined through-
out the day, and she suffered a cardiac arrest 12 h after initial
presentation. Findings at necropsy indicated hemorrhagic CVA.
Notable findings were congested cerebral vessels and extensive
superficial hemorrhage over the brain stem; a massive blood clot
in the ventricles; and numerous prominent yellow-white streaks
and plaques in the intima of the aortic arch, consistent with
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Figure 2. Necropsy photos of chimpanzee 2. (A) Basal view of the brain, showing extensive subarachnoid hemorrhage (arrow) below the pons and
midbrain. (B) An example of multifocal hemorrhage in the pons (arrow). Bar, 1 cm. (C) Focal extensive infarction in the pons parenchyma (boundaries
are denoted by arrows). (D) High-magnification view of the periphery of the infarct in the pons parenchyma also showing an example of the hemor-
rhage around small blood vessels (arrow). Hematoxylin and eosin stain; magnification: 20x (C), 200x (D).
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Figure 3. The brain region involved in stroke in chimpanzee 3 demonstrated through matching axial MRI sections, arranged inferior (Inf) to superior
(Sup), generated by using T1-weighted, T2-weighted, and FLAIR sequences. The middle row of images shows the center of the affected region; the
upper and lower rows show the stroke near its inferior and superior limits. The small arrows indicate the lesion, which in this case involves the right
cerebellar hemisphere and adjacent part of the brainstem. Images are shown in the radiologic convention, with the animal’s left side on the reader’s
right. Cb, cerebellum; P, pons; T, temporal lobe. Bar is divided into 1-cm increments.

atherosclerosis. Histologic evaluation revealed markedly thick-
ened walls, primarily due to fibrous thickening of the intima, in
all vessels examined. The brain was edematous, and most blood
vessels in the brain were thickened, with a few containing small
calcified areas.

Discussion
Although we cannot predict a change in the incidence of stroke
in our colony or in the general population of captive chimpanzees,
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we do know that successful recovery from stroke depends on
early diagnosis and treatment. Early diagnosis, treatment, and
rehabilitation after middle cerebral artery infarction in a chimpan-
zee at a zoo® led to successful return of full gross motor function,
with prolonged anticoagulation therapy with aspirin and a 45-d
tapered course of prednisone. However, the lesions in 5 of the 6
chimpanzees we present here were too severe to be treated by
pursuing a long-term treatment. The remaining chimpanzee’s
first stroke was mild enough that she was able to remain in the
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Figure 4. Necropsy photos of chimpanzee 3. (A) Superior and (B) inferior views of the cerebellum and brainstem. (A) The right cerebellar hemisphere is
pale compared with the left hemisphere. (B) The basilar artery has yellowish discoloration (arrows). (C through F) A series of sections taken orthogonal
to the axis of the brainstem. A lesion is clearly visible in the pons in E (arrow). Bar, 1 cm.

group for 3 mo, but the total damage sustained after the second
CVA did not allow for the same outcome.

To assess whether cases of stroke in chimpanzees are under-
reported, we sent a survey to 43 persons representing 38 zoos (all
of which participate in the Chimpanzee Species Survival Plan), 4
research facilities, and one sanctuary. We received 27 responses,
and 6 facilities reported 5 additional cases of stroke in captive
chimpanzees, including that described in the previous report.®
Among the 6 additional cases (which occurred between 1971 and
2010), 5 involved female chimps, all animals were 25 to 40 y old,
and all had accompanying clinical signs that led to diagnosis of
stroke. CT and MRI were performed on 3 of 6 these animals, and
results were consistent with the lesions observed at necropsy. The
other 3 animals did not undergo advanced imaging analysis, but
their lesions were confirmed at necropsy. Four of the 6 chimpan-
zees died or were euthanized as a result of the stroke or of compli-

cations resulting from the stroke. The remaining 2 animals were
rehabilitated and returned to their social groups.

The clinical signs of stroke depend on the location and severity
of the lesion.’ Clinical signs can worsen during the first 2 to 3 d af-
ter the event, due to swelling from edema in the brain. Increased
intracranial pressure can cause further functional impairment
even if the original lesion does not enlarge. Symptoms lessen in
a few days as the fluid is resorbed and pressure decreases.’ The
most commonly reported clinical signs in humans include unilat-
eral muscle weakness, unilateral drooping of the face, incoordina-
tion, difficulty swallowing, numbness or tingling, and changes
in mood or personality.” Diagnosis of numbness and tingling is
difficult in chimpanzees, but the other clinical signs observed in
them have been consistent with those reported in humans.

Studies have shown that some of the predisposing factors for
stroke in humans are advanced age, hypertension, atrial fibrillation,
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increased blood lipids, diabetes mellitus, blood disorders, and
other heart-related problems.” Although the chimpanzees we de-
scribe here did not have atrial fibrillation, diabetes, or any blood
disorders, they were all overweight, and chimpanzees 1 and 5 had
histories of grade II and I systolic heart murmurs, respectively.
Female chimpanzees appear to be predisposed to stroke, in that
the cases we present here and those elicited through the survey
were predominantly female. We do not have an explanation for
this observation, but it warrants further research. Chimpanzees
in captivity have been reported to live a maximum life span of 59
y for female chimps and 45 y for male chimps, with median life
expectancies of 25.5 and 17 y, respectively.>** According to these
data, the CVA cases reported here occurred in middle-aged to
older animals.

Hypercholesterolemia, diabetes, obesity, hypertension, and
sedentary lifestyle are all risk factors for atherosclerosis.”® Most
of the animals we described were considered to be overweight
to varying degrees. All of the 6 chimpanzees from our institu-
tion had some atherosclerosis, although it was determined to
be clinically insignificant and not a factor in the etiology of the
CVA. Serum cholesterol levels in these animals were compared
with previously published serum cholesterol reference ranges.'*'>
Both sources were relatively consistent, documenting mean blood
cholesterol levels of approximately 190 to 300 mg/dL for female
chimpanzees older than 20 y** and of 175 to 315 mg/dL for female
chimpanzees 30 to 60 y old.”? Three of the 6 female chimps from
our institution had cholesterol levels of 250 mg/dL or greater
during the year preceding the CVA; these levels fall within the
reference range for normal. One female chimpanzee yielded a
cholesterol level of 429 mg/dL shortly before her CVA. Because
blood cholesterol levels were not measured throughout the lives
of the chimpanzees, we cannot draw any conclusions or corre-
lations regarding whether persistently elevated or high normal
cholesterol levels were related to stroke in these animals.

In humans, one of the most common etiologies of intracranial
hemorrhage (and subsequently hemorrhagic stroke) is chronic
hypertension, which results in degenerative changes in the vessel
wall and eventual rupture and hemorrhage.? Hypertension-asso-
ciated intracranial hemorrhage often occurs in the basal ganglia,
thalamus, pons, and cerebellum and results from the rupture of
arterioles that originate from the larger vessels of the proximal
circle of Willis.” Because numerical values for blood pressure were
not recorded consistently in the medical records of the chimpan-
zees at our institution, we were unable to make any evaluations
or correlations regarding the role of hypertension in the develop-
ment of stroke in these animals.

Diagnosis of CVA in humans usually is based on symptoms
and the results of physical examination, imaging, and blood tests.
Most ischemic strokes begin suddenly, develop rapidly, and cause
death of brain tissue within minutes to hours; symptoms present
acutely and are often most severe a few minutes after onset.®’
Animals suspected of having a stroke should receive a physical
exam with a thorough neurologic exam. If the animal is stable,
other tests are useful in diagnosing stroke, identifying its etiology,
and ruling out other causes. Echocardiography can identify ab-
normal heart rhythms, which can predispose a patient to stroke,
and is advantageous in visualizing thrombi, pumping or struc-
tural abnormalities, and valve disorders, all of which also can
predispose to stroke. Diagnostic blood work can identify anemia,
polycythemia, blood clotting disorders, vasculitis, infections, and
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hypercholesterolemia.” An angiogram of the cerebral vasculature
can be performed to identify an aneurysm or arteriovenous mal-
formation, which may increase the risk of hemorrhagic stroke.!®
The most advantageous of the diagnostic tests that can be done in
suspected cases of stroke are advanced diagnostic imaging such
as CT or MRL CT helps to distinguish ischemic stroke from other
pathologies, such as hemorrhagic stroke, brain tumor, intracranial
abscess, and other structural abnormalities.”'? MRI is particu-
larly useful because it can detect ischemic strokes within minutes
of their start.”'”** These tests should be performed as soon as pos-
sible to have the most benefit in managing the animal’s outcome
and rehabilitation.

The treatment of stroke is most beneficial if therapy is started as
soon as possible after a CVA is diagnosed.>**'° The course of ther-
apy depends on the type of stroke. It is imperative that the type of
stroke—ischemic compared with hemorrhagic—is diagnosed pri-
or to initiating therapy. Antiplatelet and anticoagulant drugs are
used in the treatment of ischemic strokes but are contraindicated
and could be deadly if administered to a patient suffering from
a hemorrhagic stroke. Short-term therapy for ischemic strokes is
aimed at noninvasive or invasive recanalization of the blocked
vessel.” Thrombolytic drugs are used to dissolve the clot or un-
block the artery. Antiplatelet medications (for example, aspirin,
heparin, warfarin) can be beneficial in discouraging further clot
formation.’ In addition, direct surgical removal of the thrombus
can restore circulation to the area affected.” Angioplasty and vas-
cular stenting have been used in humans but have not yet been
described in chimpanzees.

Immediate therapy for hemorrhagic stroke is aimed at identify-
ing the damaged vessel, stopping the hemorrhage, and potentially
removing the clotted blood from the area. Once the hemorrhage
is controlled, the tissue still needs time to reabsorb the fluid and
cells; meanwhile, edema and swelling of the brain can cause pa-
tients to worsen clinically even though the lesion remains the
same in size. The pressure from those processes can cause ad-
ditional damage and varying additional clinical signs, depend-
ing on the area of the brain compressed even though the original
insult has resolved. Long-term therapy is focused on rehabilita-
tion of motor function to the areas of the body that are deficient
because of damage to the corresponding area of the brain. Some
lesions are so severe that brain function to that area is lost perma-
nently. Other lesions are less severe, and the patient may regain
partial or complete function over time as the swelling decreases
and the brain heals and repairs itself.

Rehabilitation has only been documented once in a chimpan-
zee, with a favorable outcome.® Respondents to our survey re-
ported that 5 of the 6 chimpanzees were treated; the remaining
animal was not treated because it did not regain consciousness
after anesthesia for examination. Three of the 6 animals were
treated with thrombolytics but ultimately were euthanized be-
cause of the severity of their lesions. One of the 6 animals received
fluids, antibiotics, oral aspirin, and twice-weekly physical therapy
for months. The animal’s clinical signs improved markedly over
6 to 8 mo and continued to improve slightly for an additional 4
to 6 mo. The animal regained some function of the affected arm
and was able to compensate for the handicap when returned to its
group. The final animal (previously reported®) was treated with
aspirin to inhibit clot formation and with prednisone to decrease
swelling and inflammation. Although successful treatment was
achieved in only 2 animals in this review, as in humans the key
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to successful treatment is early diagnosis and treatment. In light
of the aging population of captive chimpanzees, the potential
increased risk of CVA in this age group compared with humans,
and the severity of the outcome of a CVA, veterinarians should
recognize, diagnose, and institute treatment as early as possible
to increase the likelihood of a successful outcome.
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