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Diagnosis of suspected hypovitaminosis A using magnetic resonance
imaging in African lions (Panthera leo)

M P Hartleya*, R M Kirbergerb, M Haagensonc and L Sweersb

INTRODUCTION
Hypovitaminosis A occurs occasionally in

captive lions (Panthera leo) where it is
associated with exclusive feeding of lean
red meat2,6. Clinical signs include incoor-
dination, ‘star-gazing’, ataxia, apparent
blindness, circling and nystagmus pro-
gressing to convulsions. Death may result
approximately 2 months after the onset of
clinical signs2. The clinical signs are
caused by severe thickening of the cranial
bones with consequential compression of
the brain and eventual prolapse of the cere-
bellum through the foramen magnum2,6.
Cervical vertebrae may also be thickened
resulting in compression of the cranial
cervical spinal cord6. Diagnosis of hypo-
vitaminosis A has traditionally been made
by analysis of circulating blood levels,
which is usually prohibitively expensive;
or by liver biopsy, which carries a risk of
haemorrhage. The use of imaging tech-
niques to diagnose hypovitaminosis A
have not been described to date. This pa-
per describes the value of magnetic reso-
nance imaging (MRI) as a diagnostic tool.

MATERIALS AND METHODS
Four clinically affected lion cubs (Cubs

A, B, C and D), 3 white and 1 brown, aged
between 6 and 9 months and weighing
20–46 kg were investigated over a period
of 18 months. Cubs A and B were female
litter mates and Cub C was a male with
the same father but with a different
mother, all from the Johannesburg
Zoological Gardens. Cub D was a male
from a farm in the Eastern Cape. All cubs
were fed beef, horse or kangaroo meat on
the bone but no offal. The clinical signs
were noted, after which cubs A–C were
anaesthetised by dart with 1 mg (0.05 mg/
kg) medetomidine (Domitor, Novartis
Animal Health) and 100 mg (5 mg/kg)
ketamine (Ketamine Dry Powder, Kyron
Laboratories). This was followed by a
physical examination and a limited neu-
rological examination. Blood was col-
lected from the cephalic vein for routine
haematology and biochemistry analysis.
Serum was tested for canine distemper
virus IgG and IgM antibodies as well as
for feline leukaemia virus, feline immu-
nodeficiency virus, feline corona virus,
feline calici virus and feline panleuko-
paenia virus antibodies. A cerebrospinal
fluid sample (CSF) was taken from Cub A
for cytological evaluation.

Three days later each cub was again
anaesthetised using the same protocol
and MRI was performed with a Phillips

Gyroscan T10 1.5 Tesla unit (Phillips
Medical Systems). Sagittal, transverse
and dorsal slices of the brain and upper
cervical region were made using T1-
and T2-weighted spin echo and fluid
attenuating inversion recovery (FLAIR)
sequences. Multiple 3–5 mm slices with
0.3–2 mm slice intervals were obtained.
Cubs B and C also had specific transverse
images made of the cochlear and vestibu-
lar apparatus. Additional T1-weighted
images were made after intravenous ad-
ministration of gadoteric acid paramag-
netic contrast agent at 0.1 mmol/kg (Dota-
rem, AXIM). Six months following initial
presentation, Cub A had a repeat MRI ex-
amination using the same protocol.

Cub D was clinically evaluated and then
anaesthetised with midazolam (Hexal,
Pharma SA) at 0.3 mg/kg and 70 mg
ketamine (Ketamine Dry Powder, Kyron
Laboratories) intramuscularly, followed
by a propofol (Propofol 1 % Fresenius,
Fresenius Kabi) infusion. Blood was
collected for routine haematology and
biochemistry analysis, including bile acids.
Serum was tested for feline leukaemia
virus, feline immunodeficiency virus and
feline corona virus antibodies. Under the
same anaesthesia MRI was performed
with a General Electric Sigma 1.5 Tesla
unit (General Electric Company). Similar
slices and sequences to Cubs A–C were
made in sagittal and transverse planes,
including images of the inner ear.
Gadodiamide paramagnetic contrast
agent (Omniscan, Amersham Health)
was given intravenously at 0.1 mmol/kg
followed by sagittal and transverse
T1-weighted images.

An unrelated 9-month-old apparently
healthy lion (Cub E), which was not
showing any of the clinical signs de-
scribed, underwent a similar MRI exami-
nation using the same anaesthetic and
imaging protocols as cubs A–C to act as a
control.

Direct measurements were made on the
laser printed MRI films using a vernier
calliper and distances corrected for by
using the cm scale present on each film.
Measurements were made on the T1- and
T2-weighted images by 2 authors (RK and
LS) and averaged. The best images were
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ABSTRACT
Vitamin A deficiency is described in captive lions. Ante mortem diagnosis can either be made
by serum analysis or liver biopsy, both of which may be problematic. This study utilised
magnetic resonance imaging to identify vitamin A deficiency in lions with relatively mild
clinical signs, which could otherwise be attributed to numerous other neurological
conditions. Magnetic resonance imaging is a non-invasive, reliable diagnostic tool to
demonstrate pathology typically associated with this condition. To accommodate varying
lion ages and sizes, a number of cranium and brain measurements were compared with that
of the maximum diameter of the occular vitreous humor. Occular ratios of the tentorium
cerebelli osseum and occipital bone were most reliable in diagnosing the thickened osseous
structures characteristic of hypovitaminosis A. The ratio of maximum:minimum
dorsoventral diameter of the C1 spinal cord was also of value.
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selected to make the measurements
except for the spinal cord measurements,
which were only made on T2-weighted
images because the hyperintense CSF
signal provided good contrast. The follow-
ing measurements were made on various
sagittal images: 1) the thickest part of the
tentorium cerebelli osseum to the left and
right of the midline; 2) the thickness of the
parietal bone 10 mm caudal to the caudo-
ventral aspect of the frontoparietal suture
on midline images (Fig. 1); 3) the maxi-
mum thickness of the caudal basisphe-
noid bone on midline images (Fig. 1); 4)
the horizontal thickness of the occipital
bone 10 mm from its ventral extremity on
midline images (Fig. 1); 5) the minimum
and 6) maximum dorsoventral spinal cord
diameters from cranial C1 to mid C2 on
midline images (Fig. 1); 7) the maximum
diameter of the vitreous humor of the eye
caudal to the lens.

The following measurements were
made on transverse images: 1) the thick-
est part of the tentorium cerebelli osseum to
the left and right of the midline (Fig. 2); 2)
the maximum midline thickness of the
caudal basisphenoid bone; 3) the maxi-
mum dorsoventral distance of the cere-
bellum and associated brainstem added
to the maximum latero-lateral diameter of
the cerebellum at the level where the
typanic bullae were at their largest; 4) the
dorsoventral diameter of the lateral ven-
tricles (left and right) 10 mm from the
midline at the level of the interthalamic
adhesion or hypophysis (Fig. 3) and 5) the
midline cerebrum dorsoventral diameter
including the falx cerebri (Fig. 3).

Owing to limited numbers, statistical
analysis could not be performed. The
maximum vitreous humor diameter was
used to act as a reference measurement
for comparative ratios of various structures
to accommodate the different ages and
weights of the cubs. Additionally the
maximum and minimum dorsoventral
cervical spinal cord diameters were com-
pared as well as the height of the lateral
ventricles versus the midline cerebrum
height. All the ratios for the 4 affected
cubs (excluding Cub A follow up) were
averaged and compared to the normal
cub to look for trends.

RESULTS
Cub A presented with a mild left-sided

head tilt and intermittent circling behav-
iour. The cub was treated with clavulanate
amoxycillin (Synulox 250, Pfizer Animal
Health) and meloxicam (Metacam Oral
Suspension, Boehringer Ingelheim).
Clinical signs progressed over the next
3 days, with additional nystagmus and
‘star-gazing’ developing, after which MRI
was performed. Cubs B & C had less
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Fig. 1: Sagittal midline T2 weighted brain image of normal Cub E. Measurement are indi-
cated for the parietal bone (long white arrows), basisphenoid bone (short white arrows),
occipital bone (white arrow heads) and spinal cord (black arrow heads). Ignore white double
arrowhead on left of image.

Fig. 2: Transverse T2 weighted brain image of normal Cub E at the level of the tentorium
cerebelli osseum. Arrows indicate the thickest part of the bone to the left and right of the
midline.

Fig. 3: Transverse T2 weighted brain image of normal Cub E at the level of the 3rd
ventricle/interthalamic adhesion area. White arrows indicate the dorsoventral diameter of
the lateral ventricles. Black arrowheads indicate the midline cerebrum dorsoventral diame-
ter. Lateral ventricle:cerebral ratio was 0.10. Ignore white double arrowhead on left of
image.



severe clinical signs with the one develop-
ing a mild head tilt and the other an
intermittent circling behaviour. Cub D
presented initially with an unsteady gait.
This progressed over the next 2 months to
a moderate head tilt and circling to the left
with apparent blindness. There were no
abnormal findings detectable in the blood
or CSF.

Abnormal MRI findings in Cubs A–D
included varying degrees of lateral ven-
tricle dilation (Fig. 4) with poor visibility
of the septum pellucidum in Cub A. The
cortical and cerebellar sulci were gener-
ally effaced with poor CSF signal. The 3rd
and 4th ventricles were compressed to
varying degrees. The caudal fossae
appeared small with the cerebellum
being compressed from dorsally and cau-
dally by a prominent tentorium cerebelli
osseum and occipital bone respectively
(Figs 5–7). Mild herniation of the cerebel-
lum through the foramen magnum was
seen in all cases (Figs 5, 6). The dens and
lamina of C1 were prominent causing
marked cord compression as well as oblit-
eration of the cisterna magna CSF signal
(Figs 5, 6). The middle and inner ear were
normal in Cubs B–D. An incidental cyst-
like lesion was visible in the left olfactory
lobe in Cub A. Paramagnetic contrast
administration did not result in any addi-
tional abnormalities being detected.

The various structures measured and
their ratios are presented in Table 1. The
parietal and caudal basisphenoid bones
showed the least change but the affected
cubs still had increased ratios compared
to the vitreous humor on sagittal images
indicating thickening of these bones com-
pared to the control cub. The mean occipi-
tal bone ratios were 60% greater than the
control cub indicating marked thickening
(Figs 5, 6). The tentorium cerebelli osseum
showed the most pronounced changes
with mean thickness ratios being 115–
168 % greater on the various imaging
planes in affected cubs compared with
the normal cub (Figs 5–7). The sum of cer-
ebellar measurements had varying out-
comes. The ventricles showed moderate
enlargement with the average ventricular
to cerebral ratio being nearly double that
of the normal cub (Fig. 4). The minimum
to maximum dorsoventral cervical spinal
cord diameter ratios showed that in
affected cubs the cord was compressed up
to 40 % by enlarged surrounding osseous
structures (Figs 5, 6).

The MRI of the normal cub showed nor-
mal conformation of the tentorium cerebelli
osseum and associated bony structures of
the cranial vault with no compression of
the cerebellum and cranial spinal cord.
The various measurements are given in
Table 1.

The follow up MRI examination of
Cub A 6 months later, after complete
clinical recovery, showed the ventricular
system still to be dilated but to a lesser

extent than previously. The 3rd and 4th
ventricles were no longer compressed.
The tentorium cerebelli osseum was reduced
in thickness (Table 1) with concomitant
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Fig. 5: Sagittal midline T2 weighted brain image of affected Cub B. Note the compression
and malformation of the cerebellum by the thickened tentorium cerebelli osseum and
occipital bones. Note the partial herniation of the uvula vermis of the cerebellum through
the foramen magnum (black arrows). There is mild distension of the third ventricle and
prominent communication between the lateral ventricles. The spinal cord is compressed
by a grossly enlarged lamina of C1. The 4th ventricle is also focally dilated. Ignore white
double arrowhead on left of image.

Fig. 6: Sagittal midline T2 weighted brain image of affected Cub D. Note the compression
and malformation of the cerebellum by the thickened tentorium cerebelli osseum and occi-
pital bones. There is partial herniation of the uvula vermis of the cerebellum through the
foramen magnum, prominent communication between the lateral ventricles and the spinal
cord is compressed ventrally by the dens.

Fig. 4:Transverse T1 weighted brain image of affected Cub A at the level of the interthalamic
adhesion. Note the enlarged lateral ventricles. Lateral ventricle:cerebral ratio was 0.25.
Ignore white double arrowhead on left of image.



reduction in cerebellar compression.
Most of the ratios showed an improve-
ment.

After the diagnosis of suspected hypo-
vitaminosis A was made using MRI, all
the affected zoo cubs, their littermates
and an unrelated litter consisting of 2 cubs
which had begun to show mild head tilt
and circling behaviour (total 7 cubs) were
started on a course of Vitamin A (Vitamin
A and E, Kyron Laboratories) treatment. A
dose of 2000 IU/kg was administered by
remote injection technique weekly for 4
weeks and then every 2 weeks for a
further 4 doses. All cubs started showing
some improvement within 2 weeks and
all clinical signs had resolved after
3 months. Nutrition of the cubs was
reviewed and whole carcass feeding, offal
and commercial carnivore food was
added to the diet. No further cases of
hypovitaminosis A were diagnosed in the
zoo following this dietary modification in
the following 18 months up to the time of
writing this article. Cub D was treated
similarly and at the time of going to press
was improving clinically.

DISCUSSION
Wild carnivores consume the majority

of a carcass, including viscera, intestines
and bones. In captivity animals are often
fed a diet consisting solely of lean red
meat. This predisposes the animals to
various vitamin and mineral deficiencies,
as these micronutrients are not found in
muscle. Pure meat diets may result in
nutritional secondary hyperparathyroi-
dism or hypovitaminosis A.

Nutritional secondary hyperparathy-
roidism has been reported in lion4,8 and
tiger cubs7. This condition is caused by di-
ets low in calcium and high in phospho-
rous, with accompanying deficiency in
Vitamin D and typically results in poorly

mineralised bones with the osteopenia
resulting in secondary fractures and
double cortical lines.

Hypovitaminosis A has been reported
in lions on a number of occasions1,2,6, but
has not been reported in other large felids
or the domestic cat. Domestic kittens
experimentally fed a diet deficient in
vitamin A failed to develop the clinical
signs or lesions described in lions, but did
develop obvious squamous metaplasia of
the epithelia of the conjunctiva, trachea,
salivary ducts and uterus3. Similar clinical
signs to these lions were seen in domestic
puppies with experimentally induced
Vitamin A deficiency5.

The cases described in this study did not
have the diagnosis confirmed by blood or
liver analyses, but the distinctive bony
changes with the resultant compression
of associated intracranial structures seen
on MRI correlated very well with the
described macroscopical pathological
findings2. Additionally, the clinical signs
and rapid response to treatment further
supported the diagnosis. Magnetic reso-
nance imaging clearly demonstrated the
pathology typically associated with this
condition. Measurement errors could
have occurred as result of measurements
being made manually on the small laser
printed images. Accuracy will be enhanced
if measurements are made directly on the
computer screen at the time of the exami-
nation. The maximum diameter of struc-
tures may also have been slightly under
measured due to slice intervals of up to
2 mm. Utilising the maximum diameter
of the unaffected vitreous humor as a
normal value to calculate ratios to accom-
modate the effect that varying ages and
sizes may have had on measurements
appears to have worked well. However,
enlargement of the osseous orbit cannot
be ruled out in the affected lions which

could have resulted in a smaller vitreous
humor. In the 4 affected cubs the
tentorium cerebelli osseum and associated
cranial bones were markedly thickened,
with some more than 100 % thicker than
those measured in the normal cub (Ta-
ble 1). The recovered cub also had a
marked improvement in the various ra-
tios. The various measurements and ra-
tios presented must, however, be
interpreted with some caution as only a
single cub acted as a control.

Compression of the intracranial struc-
tures by the thickened cranial bones
resulted in loss of sulci visibility and
compression of the 3rd and 4th ventricles.
The latter resulted in mild to moderate
secondary hydrocephalus of the lateral
ventricles in all 4 cubs. The prominent
dens caused cord compression, which
may have contributed to the clinical signs.
Vascular lesions are thought to play a
major role in the pathogenesis of the con-
dition, with the increased intracranial
pressure leading to occlusion of blood
flow and haemorrhage with secondary
perivascular infiltration by mononuclear
cells2. The vascular changes may also con-
tribute to the clinical signs.

Hypovitaminosis A, causing the syn-
drome described here, has only been
reported in lions under 1 year of age
and usually between 5 and 9 months. It is
during this period that the animals are
undergoing rapid growth such that the
skeletal changes are most severe and
malformations occur. The changes in the
bones are believed to be due to abnormal
periosteal metabolism, resulting in an
increased bone production2. This is thought
to be due to failure of differentiation of
the mesenchymal cell from osteoblast to
osteoclast2. Mandibular thickening has
also been described2, but was not specifi-
cally evaluated in this study.

Hypovitaminosis A in adult animals
causes reproductive infertility, congenital
defects in offspring and respiratory disease,
which is most likely due to squamous
metaplasia of columnar and cuboidal
epithelial tissues2.

In all previous reports, vitamin A
deficiency was diagnosed on post mortem
examination, with confirmation by vita-
min A analysis of liver tissue. Magnetic
resonance imaging, although more expen-
sive and requiring anaesthesia, clearly
illustrates in a non-invasive manner the
distinctive pathology seen in hypovita-
minosis A. The authors recommend T1-
and T2-weighted spin echo sequences be
made in sagittal (from eye to C2) and
transverse (olfactory lobe to C2) planes
and making the following measurements
as described: vitreous humor diameter,
tentorium cerebelli osseum, occipital bone
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Fig. 7: Transverse T1 weighted brain image of affected Cub A at the level of the tentorium
cerebelli osseum which are markedly thickened (white arrows). Ignore white double arrow-
head on left of image.
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and cervical spinal cord. Abnormal values
and ratios are highly suggestive for the
diagnosis and allows for early treatment
of the condition which to date has resulted
in recovery of the patients.
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Book review — Boekresensie

Textbook of veterinary homeopathy

By J Saxton and P Gregory

2005. Beaconsfield Publishers, Beaconsfield, Bucks, UK, 312 pp., paperback. Price £27.00, ISBN 0 906584 574.

John Saxton qualified from the Royal
Veterinary College, London, in 1964,
began his career in mixed practice and
subsequently set up his own companion
animal practice. He now combines com-
plementary veterinary referral practice
with teaching. He is President and Veteri-
nary Fellow of the British Faculty of
Homeopathy and an Examiner for the
Faculty. He is a past President of the
British Association of Homeopathic
Veterinary Surgeons and a recognised
Teacher and Examiner for the International
Association for Veterinary Homeopathy.

Peter Gregory qualified from the Bristol
University School of Veterinary Science in
1972 and worked in a mixed practice in
the UK before spending seven years in
mixed practice on the coast of North
Queensland. He now works in a holistic
veterinary referral practice centre in East
Sussex. He is a Veterinary Fellow and
Examiner of the Faculty of Homeopathy
and President of the British Association of
Homeopathic Veterinary Surgeons. He is
also a Recognised Teacher for the Interna-

tional Association for Veterinary Home-
opathy.

This book is intended as an introduction
to homeopathic medicine for veterinarians
who would like to introduce this type of
therapeutics into their practice. It is
divided into two sections. The first deals
with the history and development of
homeopathy and the philosophy and
underlying principles of homeopathy.
There is a valuable chapter on research in
the field of veterinary homeopathy,
which includes a discussion of the various
scientific techniques used to evaluate the
efficacy of conventional drugs and their
usefulness in evaluating the effect of
homeopathic remedies. This chapter is
well supported with reference material and
provides a welcome source of accessible
data for both those interested in using
homeopathy in practice and sceptics
looking for information about homeopa-
thy. The authors have provided brief
descriptions of how and from what
sources homeopathic remedies are made
and have discussed in depth the method

of homeopathic case taking. The concept
of ‘obstacles to cure’, theory of miasms,
bowel nosodes and the homeopathic
approach to vaccination are also covered.

The second section deals with the
practice of homeopathy and starts with a
chapter on communication with colleagues
and clients, ethical considerations and
a warning about using a ‘cookbook’
approach to homeopathy. Surgery and
first aid remedies are mentioned and
body systems matched with commonly
used remedies and their major prescribing
symptoms follow. The section concludes
with chapters on a homeopathic approach
to behavioral problems, the geriatric
patient, and neoplasia.

I found this book to be well organised
with concise and helpful information
which will be of use to any veterinarian
considering incorporating homeopathy
into his/her practice.

S E Hayes
Secretary

Complementary Veterinary Medicine Group
Cape Town

E-mail: drsehayes@hotmail.com
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