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Abstract: A 13-mo-old intact male African lion (Panthera leo) presented with a 3-mo history of lethargy, ventral
flexion of the neck, abnormal vocalization, and ataxia. Hemogram and serum biochemistries were within normal limits
except for the presence of hypokalemia (2.7 mEq/L) and hypochloridemia (108 mEq/L). When no improvement was
noted with oral potassium gluconate supplementation, a computed tomography scan of the brain and skull was per-
formed, and no abnormalities were noted. However, magnetic resonance imaging detected occipital bone thickening,
crowding of the caudal cranial fossa with cerebellar compression and herniation, and cervical syringohydromyelia,
which was consistent with a Chiari I–like malformation. Foramen magnum decompression was performed to relieve
the compression of the cerebellum. The animal recovered well with subsequent resolution of clinical signs. Hypovi-
taminosis A has been proposed previously as the underlying etiology for this malformation in lions with similar clinical
presentations. This lion’s serum and liver vitamin A concentrations were low (100 ng/ml and 25.31 �g/g, respectively)
compared to concentrations reported for domestic carnivores and support hypovitaminosis A as the underlying cause
of this animal’s Chiari I–like malformation.
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INTRODUCTION

Proliferation of cranial bones with resulting com-
pression of the brain has been reported in young
African lions (Panthera leo), with hypovitaminosis
A proposed as the underlying etiology.1,2,5,15,20 Clin-
ical signs, related to compression and herniation of
the cerebellum through the foramen magnum sec-
ondary to occipital bone proliferation, have com-
monly included incoordination, ataxia, opisthoto-
nus, and head tilt.1,2,5,15,18 Death can occur within a
few months, although affected animals have often
been euthanized as a result of progressive neuro-
logic deterioration.

Diagnosis is typically made at necropsy by iden-
tifying thickening of the skull with secondary com-
pression of the cerebellum, with or without herni-
ation. Postmortem analysis of liver tissue for vita-
min A concentrations has also been performed. Af-
fected lions have been found to have lower hepatic
vitamin A concentrations when their values are
compared to that obtained from a wild lion.1,2,15 In
a prior publication, magnetic resonance imaging
(MRI) was used to diagnose this syndrome, al-
though serum or liver vitamin A concentrations
were not determined.8 To the authors’ knowledge,
this is the first report of successful surgical repair
of a Chiari-like defect in a large felid.
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CASE REPORT

A 13-mo-old captive-born, intact male African
lion, weighing approximately 150 kg, presented
with a history of lethargy, ventral flexion of the
neck, abnormal vocalization, and ataxia. The lion
was owned by a large felid sanctuary and had been
obtained 3 mo prior to presentation. The lion had
exhibited the above-described clinical signs since
its arrival at the sanctuary. For the prior 3 mo, the
lion had been fed beef on the bone along with a
daily multivitamin supplement (Oasis� FT; Appe-
ron, Inc., Marshalltown, Iowa 50158, USA). The
lion’s previous medical history was not available.

Examination prior to anesthesia found the lion to
be alert, with mild ventral flexion of the neck. Gen-
eralized ataxia of the head, trunk, and limbs was
characterized by lateral swaying. A limited cranial
nerve exam was normal, with no head tilt or nys-
tagmus and normal facial sensation. Spinal cord re-
flexes were not tested, but no obvious spasticity,
hypotonia, or muscle atrophy was observed. The
neuroanatomic diagnosis was a lesion of the brain-
stem or cerebellum.

The lion was immobilized with ketamine hydro-
chloride (Ketaset�; Fort Dodge Animal Health, Fort
Dodge, Iowa 50501, USA; 2.5 mg/kg intramuscu-
larly [i.m.]), medetomidine (Domitor�; Pfizer Ani-
mal Health, Exton, Pennsylvania 19341, USA; 25
�g/kg i.m.), and midazolam (Hospira, Inc., Lake
Forest, Illinois 60045, USA; 0.1 mg/kg i.m.) ad-
ministered by hand injection, with which the lion
was amenable. Following endotracheal intubation,
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anesthesia was maintained with isoflurane (IsoFlo�;
Abbott Laboratories, North Chicago, Illinois 60064,
USA) in 100% oxygen. A similar protocol was used
for all subsequent anesthetic episodes. Physical ex-
amination findings were normal. A complete blood
count was within normal limits, and the only ab-
normalities found on a plasma biochemistry panel
were hypokalemia (2.7 mEq/L) and hypochloride-
mia (108 mEq/L).11 Serology for Toxoplasma gon-
dii, Ehrlichia canis, Lyme disease, and Rocky
Mountain spotted fever antibodies and enzyme-
linked immunosorbent assay (ELISA) for feline
leukemia virus antigen and feline immunodeficien-
cy virus antibodies were negative. A computed to-
mography (CT) scan was performed of the brain
and skull and no abnormalities were noted.

Two male lions of similar age were seen previ-
ously at the sanctuary with the same clinical signs
as the lion in the present report. Idiopathic hypo-
kalemia was diagnosed in both lions, and clinical
signs resolved after potassium supplementation (J.
Schumacher, unpubl. data). As a result of the mea-
sured hypokalemia, the animal in this report was
started on potassium gluconate (RenaKare�; Neo-
gen Corporation, Lexington, Kentucky 40511,
USA; 1 mEq/kg by mouth [p.o.] once daily [s.i.d.]).
No clinical improvement was noted after 2 mo of
treatment.

At a recheck examination 2.5 mo after initial pre-
sentation, persistent hypokalemia (2.7 mEq/L) and
hypochloridemia (112 mEq/L) were found.11 Uri-
nalysis was unremarkable and urine culture was
negative. Serum was negative for Blastomyces an-
tibodies (agar gel immunodiffusion test), Histo-
plasma antibodies (agar gel immunodiffusion),
Cryptococcus antigen (enzyme immunoassay), and
West Nile virus antibodies (ELISA). A lumbar ce-
rebrospinal fluid (CSF) tap was performed and
analysis revealed an increased protein level (55 mg/
dl) based on in-house reference values for the do-
mestic cat (reference range 5–50 mg/dl for a lumbar
sample; The University of Tennessee’s VTH, Clin-
ical Pathology Service) and a mixed-cell pleocy-
tosis, interpreted as nonspecific findings associated
with inflammation. The total red blood cell count
was 3/�l and the total nucleated cell count was 14/
�l. No growth occurred on bacterial cultures of the
CSF. Differentials for a mixed-cell pleocytosis in-
clude infectious causes (viral, bacterial, or fungal)
or acute injury (vascular incident, trauma, disk ex-
trusion).

For further evaluation the lion was transported to
a referral center for evaluation of the brain and cer-
vical spinal cord using MRI. Sagittal images of the
brain showed thickening of the occipital bone and

crowding of the caudal cranial fossa, resulting in
attenuation of subarachnoid space and compression
of the cerebellum. A portion of the cerebellum was
displaced caudally through the foramen magnum
(Fig. 1). T2-weighted images of the cervical spine
showed an increased signal in the dorsal aspect of
the cervical spinal segments, consistent with syr-
ingohydromyelia (Fig. 2). Based on these findings,
the lion was determined to have caudal occipital
malformation with cerebellar crowding and osseous
impingement at the foramen magnum, with con-
current cervical syringohydromyelia secondary to
disruption of CSF flow. These findings resemble a
Chiari I–type malformation and have been associ-
ated with hypovitaminosis A in lions.1,2,8,15,20

As a result of the severity of the neurologic def-
icits and compression of the cerebellum, surgical
decompression of the caudal fossa was elected
through foramen magnum decompression. Follow-
ing anesthetic induction and stabilization, the lion
was positioned in ventral recumbency with the at-
lanto–occipital articulation flexed as much as pos-
sible. A dorsal midline incision was made extend-
ing from the external occipital protuberance to the
middle of the second cervical vertebra. The super-
ficial dorsal cervical musculature and biventer cer-
vicis muscles were separated on the midline, ex-
posing the rectus capitis dorsalis muscles. The cau-
dal aspects of the rectus capitis dorsalis muscles
were removed from the cranial half of the second
cervical vertebra with a combination of sharp dis-
section and periosteal elevation, and the muscle
bellies were split on the midline. The cranial as-
pects of the rectus capitis dorsalis muscles were
then sharply incised from the nuchal crest, exposing
the caudal portion of the occiput and the arch of
the atlas. Hemorrhage was controlled with bipolar
electrocautery.

A high-speed air drill and Kerrison rongeurs
were used to remove a portion of the occiput and
the dorsal aspect of the first cervical vertebra. The
occiput was markedly thickened (approximately 2.5
cm thick), with no clear distinction between cortical
and cancellous bone. Bone wax was used for he-
mostasis. The lateral limits of the craniectomy and
laminectomy were the atlanto–occipital joints and
the lateral vertebral foramina of the atlas, respec-
tively. The craniectomy extended rostrally to a
point approximately halfway between the external
occipital protuberance and the dorsal aspect of the
foramen magnum and caudally to the foramen mag-
num. The laminectomy extended caudally to in-
volve approximately two thirds of the length of the
arch of the atlas.

The dura-arachnoid was incised in a ‘‘Y’’-shaped
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Figure 1. Sagittal T2-weighted magnetic resonance (MR) image of an African lion with a Chiari I–like malfor-
mation showing thickening of the occiput and crowding of the caudal cranial fossa, resulting in attenuation of the
subarachnoid space and compression of the cerebellum. Herniation of the caudal portion of the cerebellum (arrowhead)
has occurred through the foramen magnum into the vertebral canal. A hyperintense area is observed (asterisk) in the
cervical portion of the spinal cord.

Figure 2. T2-weighted magnetic resonance (MR) images of the cervical spine of an African lion with a Chiari I–
like malformation. A. Transverse image at the level of C3 (indicated by line in sagittal image) showing the hyperintense
area associated with the dorsal aspect of the spinal cord (arrow). B. Sagittal image showing hyperintensity in the dorsal
portion of the spinal cord. These findings are consistent with syringohydromyelia.
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Figure 3. Intraoperative image. The patient’s nose is to the right of the image. The cerebellum is visible between
the borders of the occipital craniectomy (arrowheads). OP � occipital protuberance.

fashion. The cerebellum appeared swollen, with the
caudal aspect of the cerebellum extending to the
mid-portion of the atlas (Fig. 3). The obex was ex-
plored and several arachnoid adhesions were in-
cised with microscissors until CSF flowed freely
from the fourth ventricle. Absorbable gelatin
sponge was placed over the craniectomy and lam-
inectomy and the surgical site was closed routinely.

Intraoperatively, the lion received constant-rate
infusion of Normosol-R (Abbott Laboratories; 10
ml/kg/hr), cefazolin (Sandoz, Inc., Broomfield, Col-
orado 80020, USA; 3 g intravenously [i.v.] every
120 min, for a total of two doses), and 20% man-
nitol solution (Hospira, Inc.; 750 ml i.v. over 1.5
hr).

In an attempt to investigate the probability of hy-
povitaminosis A as the underlying cause for this
animal’s condition, serum and an ultrasound-guided
liver biopsy were obtained the day of surgery and
submitted to Michigan State University’s Diagnos-
tic Center for Population and Animal Health (MSU
Diagnostic Center) for analysis of vitamin A con-

centrations. The serum vitamin A concentration
was 100 ng/ml and hepatic vitamin A concentration
was 25.31 �g retinol/g wet liver tissue (equivalent
to 90.4 �g/g dry tissue, based on the conversion
wet weight � dry weight � 0.28) (MSU Diagnostic
Center, Nutrition Service). No reference ranges for
serum or liver vitamin A have been established for
lions; however, in most mammals, adequate serum
vitamin A concentrations range between 200 and
500 ng/ml, with carnivores typically having values
at the high end of that range (T. H. Herdt, MSU
Diagnostic Center, pers. comm.). Adequate hepatic
vitamin A concentrations for most carnivores range
between 300 and 1,000 �g/g dry tissue (T. H.
Herdt, MSU Diagnostic Center, pers. comm.). A
single liver biopsy from a wild lion revealed a he-
patic vitamin A concentration of 6,075 �g/g dry
weight.2

Postoperatively the lion was administered oral
tramadol (Caraco Pharmaceutical Laboratories,
Ltd., Detroit, Michigan 48202, USA; 1 mg/kg three
times per day for 7 days), amoxicillin (Amoxi-
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tabs�; Pfizer Animal Health; 15 mg/kg two times
per day for 14 days), and vitamin A (Vitamin A
Natural 25,000 IU capsules; Carlson Division of
J.R. Carlson Laboratories, Inc., Arlington Heights,
Illinois 60004, USA; 300,000 IU [5,000 IU/kg] p.o.
s.i.d. until full adult size is reached). The animal
developed moderate swelling over the incision that
resolved over several weeks. The first few days af-
ter surgery the animal worsened clinically, becom-
ing more depressed and ataxic; however, by post-
operative week 1 the lion began to slowly improve.
Within 4 wk, all clinical signs had resolved, and
they have not returned as of 11 mo postsurgery.

DISCUSSION

Thickening of the bones of the skull with sec-
ondary cerebellar herniation has previously been
described in captive lions and is speculated to be
secondary to hypovitaminosis A.1,2,5,15,20 Lesions al-
most identical to those reported here have been ex-
perimentally induced in dogs by feeding a vitamin
A–deficient diet,14 and similar lesions have been
seen in calves,3 pigs,4 quail,10 and chickens.9 No re-
ports have been published on similar findings in
any other felid species. Domestic cats experimen-
tally fed vitamin A–deficient diets develop squa-
mous metaplasia with no apparent bony changes.7

It is unclear why this syndrome has been report-
ed in lions only and not in other felid species. The
difference between the signs of hypovitaminosis A
in domestic cats and lions may be due to differenc-
es in growth rate and size; however, this would not
explain why these signs have not been seen in other
large felids, such as tigers. Innate species differ-
ences in absorption or vitamin A requirements may
be different, but neither of these possibilities has
been investigated.

Both liver and serum vitamin A concentrations
in this animal were low when compared to those
found in domestic carnivores. Previous reports of
lions with this clinical syndrome have reported liver
vitamin A concentrations ranging from undetect-
able levels to 48 �g/g.1,2,15 No reference values have
been established for serum or liver vitamin A con-
centrations in healthy captive or wild lions. A sin-
gle liver biopsy from a wild lion revealed a hepatic
vitamin A concentration of 6,075 �g/g dry weight,
substantially higher than that associated with the
lion in this report.2 The authors have submitted se-
rum samples from three other clinically healthy,
adult lions (an adult male and an adult female from
the same institution as the individual in this report,
and an adult male from a nearby zoological gar-
den), and all animals have also had low serum vi-
tamin A concentrations (30 ng/ml, 115 ng/ml, and

143 ng/ml, respectively) when compared to domes-
tic carnivores. None of these lions has shown any
clinical signs typically associated with bony prolif-
eration of the occipital bone, so the true signifi-
cance of low serum vitamin A in a lion is unknown.
Liver samples were not obtained for analysis in any
of these individuals.

It has been suggested that the bony changes re-
sult from low vitamin A stores during growth and
may not be seen when hypovitaminosis A occurs
later in life,15 as appears to be the case in dogs.14 A
dam that is deficient in vitamin A will have vitamin
A–deficient milk, which may predispose her young
to this clinical syndrome.15 Previous reports of hy-
povitaminosis A and similar bony lesions in lions
have all been observed in young (�1.5-yr-old) an-
imals.1,2,5,15,20 The development of hypovitaminosis
A in adulthood, and not during growth, may explain
why the three adult lions sampled by the authors
had low serum vitamin A concentrations and yet
showed no clinical signs. Unfortunately, past serum
samples from these lions were not available for
analysis. Another possibility is that lions normally
have lower serum vitamin A concentrations when
compared to other carnivores; however, the ex-
tremely high liver concentration from the wild lion
does not support this theory. While the serum and
liver concentrations in the lion in the current report
are suggestive of hypovitaminosis A, reference in-
tervals for lions need to be established to confirm
the diagnosis.

A congenital anomaly as the underlying etiolo-
gy—an anomaly which perhaps progressed as the
animal grew—cannot be entirely discounted. A fa-
milial relationship associated with this syndrome in
lions has been observed with multiple cubs from
the same parents being affected.1,5,8 It is unclear,
however, if this is due to genetics or due to off-
spring receiving low concentrations of vitamin A
in the milk of dams who are deficient in vitamin A.

Initially, the clinical signs seen in this lion were
thought to be a result of idiopathic hypokalemia, as
has been seen in other young male lions (J. Schu-
macher, unpubl. data). Similar neurologic findings
are seen in domestic cats with hypokalemia, with
muscle weakness and ventroflexion of the neck be-
ing the most common signs.12 Hypokalemia in do-
mestic cats can result from dietary, metabolic, or
idiopathic causes. Regardless of the cause, treat-
ment involves supplementing with potassium, with
resolution of clinical signs occurring within several
days to weeks.12 The lion in this report did not re-
spond to potassium supplementation, so other caus-
es for the clinical signs were investigated. The sig-
nificance of the hypokalemia is unknown; however,
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the authors could not find any reports of hypoka-
lemia being associated with bony changes of the
skull in other species.

In the present case, MRI was used to identify the
bony changes and cerebellar compression. Com-
parison of the CT scan images and the MR images
revealed thickening of the occipital bone on the CT
scan; however, the brain and spinal cord changes
cannot be appreciated. In this case, MRI was the
superior imaging modality for detection of the
Chiari I–like malformation and is recommended
over CT in the diagnosis of this malformation in
lions.

This defect in lions shares some features with
Chiari Type I malformation in human patients. In
the 1890s, the pathologist Hans Chiari described
four unrelated types of brainstem malformation.
Chiari Type I is characterized by displacement of a
portion of the cerebellum through the foramen
magnum into the vertebral canal. The cause is un-
clear, although it may be the result of mesodermal
defects that create a small caudal fossa, resulting in
crowding of the cerebellum and brainstem. This
displacement can interfere with the normal flow of
CSF, resulting in accumulation of fluid in the spinal
cord (syringomyelia) or in the brain (hydrocepha-
lus).19 However, there are several important differ-
ences between Chiari Type I malformation in hu-
man patients and the defect in lions, namely, the
bony proliferation found in lions is absent in the
human condition, and no evidence exists that hy-
povitaminosis A is a cause in people.

The three main goals of surgery for Chiari I mal-
formation are 1) decompression of the caudal as-
pect of the cerebellum; 2) enlargement of the total
volume of the caudal fossa; and 3) reestablishment
of CSF flow.13 The surgery performed on the lion
in this report was similar to that performed in hu-
man patients and in dogs with caudal occipital mal-
formation syndrome (Chiari-like malformation).6,16

In dogs with Chiari Type I malformations, surgical
decompression is a safe procedure when performed
by an experienced neurosurgeon.6,16 Clinical signs
improve in about 80% of patients; however, some
dogs experience recurrence several years after sur-
gery.6,16 While unilateral neck scratching and pain
are commonly reported clinical signs in dogs, these
were not appreciated in this lion.16 The decision to
recommend surgery in this lion was based on sev-
eral factors, including the severity of the neurologic
deficits; the degree of cerebellar compression iden-
tified on imaging; the uncertainty regarding wheth-
er the large amount of excess bone would regress
with vitamin A supplementation alone; and the ex-
perience with the syndrome in dogs. Controlled

studies would be necessary to determine the best
treatment for this condition in lions, but based on
this single patient, surgery may afford prompt and
at least short-term improvement in affected ani-
mals.

After this animal’s surgery, oral vitamin A sup-
plementation was initiated. It has been demonstrat-
ed that cats require preformed vitamin A in the diet,
as they cannot convert �-carotene to retinol.17 If
skeletal muscle is fed without offering offal, an ex-
ternal source of vitamin A is necessary. The mul-
tivitamin supplement the animal had received since
arrival at the sanctuary contained synthetic vitamin
A (minimum guaranteed analysis 262,000 IU/lb);
however, dietary history prior to that is unknown,
and clinical signs were evident upon being obtained
by the sanctuary. While many institutions supple-
ment with a multivitamin/mineral supplement, the
exact requirements for vitamins and minerals in ex-
otic felids are unknown. While vitamin A deficien-
cy appears to be the likely cause of the clinical
syndrome seen in this lion, reference intervals for
normal liver and serum vitamin A concentrations
in lions need to be established to confirm the di-
agnosis, as well as to determine the need for vita-
min A supplementation in non–offal fed captive li-
ons.
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