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Abstract

Case summary A rescued stray cat with an unknown history was examined for non-ambulatory paraparesis in
the hindlimbs. Survey radiographs revealed typical findings of hypervitaminosis A, characterised by vertebral
exostoses and extensive osteophytes, mainly in the cervicothoracic spine. CT findings were consistent with the
radiographic findings, and CT-based volume rendering and virtual endoscopy into the vertebral canal were created
for three-dimensional visualisation of the lesion. MRI revealed a focal and mild dilation of the central canal of the
spinal cord. Although the clinical diagnosis of hypervitaminosis A is based on an unusual dietary history and
characteristic radiographic findings, the history of this cat was unknown and serum concentrations of vitamin A
were unremarkable, when measured >1 month after rescue. However, other possible differential diagnoses were
thought to be unlikely and clinical signs never worsened, and thus, hypervitaminosis A was presumed.

Relevance and novel information To our knowledge, this is the first report to present the CT and MRI characteristics
of a cat with suspected hypervitaminosis A.
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Case description
An adult spayed female domestic shorthair cat was
found crouching down in a yard of a private house. The
cat was rescued as it was non-ambulatory in the pelvic
limbs and had seemingly been abandoned. The cat was
taken to the local veterinary clinic. Therefore, its age and
history were unknown except that it had an operation
scar on its abdomen. Its body weight was 3.1kg.
Screening tests for feline immunodeficiency virus anti-
body and feline leukaemia virus antigen were negative.
Flea parasites were seen and the haircoat was matted
throughout the body. Pain was not obvious when palpat-
ing the body. Episodes of head and neck scratching were
elicited by palpating the upper cervical region (see Video
1 in the supplementary material), and resembled phan-
tom scratching commonly seen in canine syringomyelia.
It was sometimes accompanied by urination. The skin of
this region was unremarkable.

At the time of the rescue, complete blood count
(CBC) and serum chemistry indicated dehydration and

inflammation or infection. Under sedation, the haircoat
was cut short. The general condition of the cat improved
with nutrition support and a flea treatment using a topi-
cal formulation of selamectin (Revolution 6%; Zoetis
JP). Prior to advanced diagnostic imaging that was con-
ducted 1 month later, CBC and serum chemistry were
performed again and the results were unremarkable.
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Figure 1 Radiograph of the cervicothoracic spine. (a) Lateral radiograph of the cervicothoracic region of the cat. (b) Expanded
lateral radiograph targeting the affected region. (c) Ventrodorsal view of the cervicothoracic region of the cat

Neurological examination was performed before
advanced diagnostic imaging. Mentation was normal.
The cat had non-ambulatory paraparesis in the pelvic
limbs without urinary or faecal incontinence (see Video
2 in the supplementary material). Postural reaction of all
four limbs was decreased. Spinal reflexes were normal
in the thoracic limbs and hyper-reflexia was seen in the
pelvic limbs. Nociception was normal in all four limbs.
The perineal reflex was intact. Cranial nerve examin-
ations were unremarkable. Neuroanatomical localisation
revealed multifocal lesions, including in the C1-C5, C6—
T2 and T3-L3 segments of the spinal cord, and/or brain.

Skeletal survey radiography revealed vertebral exos-
toses and extensive osteophytes from the upper cervical
vertebra to the lower thoracic vertebra (C2-T10) (Figure 1).
Changes were more severe at the ventral aspect of the
spine, although changes were also found at the dorsal
aspect. Morphological asymmetry of the pelvis was also
found. No scoliosis or kyphosis was found, but dorsal
extension of the neck was observed. Ultrasonography of
the abdomen was performed and findings were unre-
markable except for the absence of ovaries.

Furthermore, CT and MRI were performed under gen-
eral anaesthesia to investigate the causes of the pelvic
limb paresis and episodes of head and neck scratching.

CT of the axial skeleton was conducted using a
16-slice scanner (Supria; Hitachi Medical Systems). CT
confirmed vertebral exostoses and extensive osteo-
phytes between C2 and T10 and at the L7-51 junction
with higher CT values (Figure 2a—c), as well as radio-
graphs. A pelvic fracture was also identified (Figure 2d),
although this was not considered to be the cause of the
pelvic limb paraparesis. CT-based three-dimensional
volume rendering (Figure 3) and virtual endoscopy (see
Video 3 in the supplementary material) were generated
using an imaging workstation (AZE Virtual Place; AZE).
CT-based virtual endoscopy revealed stenosis of the
vertebral canal of the cervical and the rostral thoracic
spine caused by hyperostosis along the spinal canal and
protruded calcified intervertebral discs that may have
been involved in hyperostosis (see Video 3 in the sup-
plementary material). No ovaries were seen with CT in
addition to ultrasonography.

MRI of the brain and spinal cord was performed with a
0.3-Tesla MRI scanner (AIRIS Vento; Hitachi Medical
Systems). Sagittal T2-weighted (T2W) and transverse T2ZW
imaging were obtained for brain MRI. Spinal MRI included
the spinal cord between C2 and T11 for the sagittal T2ZW
imaging, and between T2 and T7 for the transverse T2W,
Tl-weighted (T1W) and subsequent contrast-enhanced
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Figure 2 CT imaging of the cat. Sagittal plane of CT of the (a) cervical, (b) thoracic and (c) lumbar spine. Vertebral exostoses
and extensive osteophytes were seen in the cervical and thoracic spine. Spondylosis was also seen at the lumbosacral
junction. (d) Transverse CT image of the pelvis. A bone fracture was seen (indicated by the arrow)

T1W imaging. Intravenous administration of a gadolinium-
based MRI contrast agent, gadoteridol (0.15mmol/kg
[ProHance; Bracco Diagnostic]), was used for the contrast
enhancement.

Brain MRI showed normal findings. Spinal MRI of the
cervicothoracic region revealed a mild dilation of the central
canal of the spinal cord with T2 hyperintensity and T1
hypointensity without contrast enhancement at the T4-T5
region (Figure 4). In addition, multiple intervertebral disc
protrusions and decreased T2 signal intensities of interver-
tebral discs were observed in the cervical and thoracic spine.

Based on the radiographic findings, differential diagno-
ses included hypervitaminosis A, mucopolysaccharidosis
(MPS), diffuse idiopathic skeletal hyperostosis (DISH),
osteochondromatosis (also known as multiple cartilagi-
nous exostoses) and infectious spondylitis. However,
MPS, DISH, osteochondromatosis and infectious spondy-
litis were thought to be unlikely for the reasons described
in the discussion. Therefore, hypervitaminosis A was
considered the most likely diagnosis.

After CT and MRI examination, serum concentrations
of vitamin A from the affected cat, as well as two healthy

cats used as controls, were measured using high-
performance liquid chromatography by a commercial lab-
oratory (Sanritsu Zelkova). The serum vitamin A concen-
trations of the affected cat and two healthy cats were 1.04,
0.46 and 0.66 umol/1, respectively, all of which were unre-
markable. The reference interval (RI) for serum vitamin A
in cats was not available from the laboratory. The serum
vitamin A Rl in cats is reported to be 1.75-6.77umol /L' and
plasma vitamin A levels of cats receiving liver diets ranged
from 15.74 to 44.71 umol/l in a study by Seawright et al.2

The progression of clinical signs such as neurological
deficits and pain was not seen in 7 months of follow-up
after the rescue, at the time of manuscript submission.
Because non-ambulatory paraparesis in the pelvic limbs
remained, a wheelchair for cats was put on, which
assisted the cat with walking (see Video 2 in the supple-
mentary material).

For the treatment of episodes of head and neck
scratching that were elicited by palpating the upper cer-
vical region, pregabalin (2.5mg/kg PO q24h for 1 week
and q12h for 1 week [Lyrica; Pfizer]) was used; however,
the therapeutic effect was not obvious. Then, oclacitinib
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Figure 3 (a—c) CT three-dimensional volume rendering reconstruction of the cervical and the rostral thoracic spine of the
affected cat and (d—f) a cat with idiopathic epilepsy as a control. (a,d) Lateral, (b,e) dorsoventral and (c,f) ventrodorsal views
are shown. Drastic vertebral exostoses and extensive osteophytes were seen in the affected cat (a—c) vs the control cat (d—f).
Owing to the higher CT value of the affected spine, three-dimensional volume rendering with the same colour contrast from the

affected and unaffected cats was difficult to generate

(1.3mg/kg PO q12h [Apoquel; Zoetis JP]) was initiated
and clinical improvement was achieved (see Video 1 in
the supplementary material). After discontinuing the
drug, the sign recurred; thus, it was used as a mainte-
nance treatment for the episodes.

Discussion
To our knowledge, this is the first report to document the
CT and MRI findings of a cat with a typical radiographic

finding of hypervitaminosis A, in which the diagnosis
was presumptive owing to the unknown dietary history.
Hypervitaminosis A in cats has long been recognised in
veterinary medicine.3¢ The clinical diagnosis of hyper-
vitaminosis A is based almost entirely on an unusual
dietary history of feeding with vitamin A-rich diets, such
as raw liver, as well as characteristic radiographic find-
ings. The radiographic feature of feline hypervitamino-
sis A is frequently characterised by exostoses of the
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Figure 4 MRI of the cervicothoracic spinal cord. (a) Sagittal plane of T2-weighted imaging. T2-hyperintensity lesion was
identified at the T4-T5 region. Multiple intervertebral disc protrusions and decreased T2 signal intensities of intervertebral discs
were also seen. (b) Transverse plane of T2-weighted imaging. The image was obtained along the orange line indicated in (a).
(c) Transverse plane of T1-weighted imaging after contrast enhancement at the same level of (b). (b,c) On transverse planes, a
mild dilation of the central canal of the spinal cord with T2-hyperintensity and T1-hypointensity without contrast enhancement at

the T4-T5 region was identified

cervicothoracic vertebrae.®” Elevated serum levels of
vitamin A confirms the diagnosis. Clinical signs include
lameness and hyperaesthesia.> CT findings of this case
corresponded to radiographic findings. In addition to
radiographic and CT findings, MRI revealed a mild dila-
tion of the central canal of the spinal cord between T4
and T5 and decreased T2 signal intensities of interverte-
bral discs between the cervical and thoracic regions

(Figure 4). A mild dilation of the central canal of the spi-
nal cord was considered to have resulted from extensive
body formation of thoracic vertebrae (T4-T5) (Figure 2).
Furthermore, CT-based virtual endoscopy of the thoracic
spinal canal showed protruded calcified intervertebral
discs that may have been involved in hyperostosis, as
well as hyperostosis of the spinal canal (see Video 3 in
the supplementary material). These lesions were
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considered to be cause of the non-ambulatory paraparesis
in the pelvic limbs.

Potential differential diagnoses, other than hypervita-
minosis A, included MPS, DISH, osteochondromatosis
and infections of the spine. Abnormal brain MRI find-
ings of presumptive MPS in a cat have been reported,?
and resembled those recognised in human MPS, such as
white matter lesions and brain atrophy.® However, the
brain MRI of this cat was normal. No other abnormali-
ties reported in feline MPS, such as corneal clouding or
facial dysmorphia, were found in this cat.!” Furthermore,
the radiographic findings of this cat did not fulfil criteria
that are well known as the gold standard,!"'? which are
the striking characteristics of DISH, including the flow-
ing and contiguous ossification of the ventral longitudi-
nal ligament in at least four contiguous vertebral bodjies.
Infections of the spine, such as vertebral osteomyelitis'
or discospondylitis,'* were also considered; however, the
cat’s condition did not worsen in the absence of antibi-
otic treatment, despite the extensive lesions, and charac-
teristic imaging findings of infectious spondylitis such
as bony lysis were not detected. Furthermore, sessile or
pedunculated protuberances from bone surfaces radio-
graphically characterise osteochondromatosis, and the
lesions exhibit an aggressive natural behaviour.!> The
radiographic findings of this cat were not compatible
with those of osteochondromatosis. Therefore, other dif-
ferential diagnoses, apart from hypervitaminosis A, are
unlikely.

Incidentally, this cat had episodes of head and neck
scratching that were elicited by palpating the upper cer-
vical region. The cause and mechanism of this clinical
sign seen in this cat remained unknown. Although the
skin appeared normal, oclacitinib —a Janus kinase inhibi-
tor — showed clinical improvement.

In cats, clinical signs of vitamin A toxicosis have been
reported to occur 34 months after an experimental vita-
min A-rich diet.* Reportedly, radiographic manifestations
of new bone formation may be recognised, at the earliest,
10 weeks after the introduction of a vitamin A-rich diet,
and by week 20 exostoses are radiographically visible in
most experimental cats.* Therefore, it can occur easily
when a cat is fed a diet rich in vitamin A. Furthermore, in
one case report, the plasma concentration of vitamin A
was reportedly around normal (7.75umol /1) 3 weeks after
liver had been removed from a cat’s diet.® The serum vita-
min A concentration of this cat may have returned to nor-
mal levels before this cat was rescued and had clinical
examinations likewise. Besides, 2/3 affected cats were
reported to show an approximately normal level of
plasma vitamin A after removing liver from the diet for
3 years, although there are no longitudinal data.!
Furthermore, one report presumed that a very high turn-
over rate of vitamin A in cats given very high doses of
vitamin A may be associated with the more severe effects

of intoxication, and plasma levels of vitamin A may be
relatively low.2 Therefore, the decreased rate of circulating
vitamin A concentration may vary depending on the con-
dition. However, vitamin A concentration in the liver has
been documented to be markedly elevated in affected
cats'® and anecdotally reported to remain at an elevated
level 2 years after an affected cat had been fed with a diet
low in vitamin A.° In one report, a marked reduction of
vitamin A level in the liver was reported after 3 years
without the diet containing liver.!® Therefore, a surgical
biopsy of the liver to measure the concentration of vita-
min A might help the diagnosis.

The main limitation of this report is a lack of a dietary
history because this cat was a stray animal. Its ovaries
were not identified by CT or ultrasonography. The cat
also had an operation scar on its abdomen but lacked a
clipped ear, which, in city of Shizuoka where this cat was
found and rescued, signifies a neutered feral cat,'”® sug-
gesting this cat was not neutered by trap—neuter-return
and therefore this cat may have once been a household
pet. Pathological evaluation was not available as this cat
is alive and did not show worsened clinical signs.
Pathological evaluation of the liver,!” in addition to bone
lesions and /or measurement of vitamin A concentration
in the liver,®!® may support a diagnosis of hypervitami-
nosis A. However, other possible differential diagnoses
were unlikely and the radiographic findings indicated
the diagnosis of hypervitaminosis A.

Conclusions

Although hypervitaminosis A in cats has been well known
for along time and the use of radiographic findings to diag-
nose hypervitaminosis A in cats is well established, there is
no report on the CT and MRI findings of this disease. The
current report provides CT and MRI findings, as well as
CT-based three-dimensional volume rendering and virtual
endoscopy, to strengthen the diagnosis of a cat with pre-
sumptive hypervitaminosis A. CT findings were consistent
with radiographic findings. Of note, CT-based three-
dimensional volume rendering and virtual endoscopy pro-
vided clear visualisation of the affected spine. Furthermore,
MRI showed a focal and mild dilation of the central canal of
the spinal cord due to the spinal canal stenosis, which was
suspected to be caused by hypervitaminosis A. This report
may be valuable as a reference for this feline disorder.
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Supplementary material The following files are available
online:

Video 1: The cat had episodes of head and neck scratching that
were elicited by palpating the upper cervical region. This sign
was relieved after the administration of oclacitinib; however,
the cause and actual mechanism of this clincal sign remained
unknown

Video 2: The cat had non-ambulatory paraparesis in the pelvic
limbs at the time of presentation. Although progression of clini-
cal signs was not seen, the cat still had non-ambulatory parapa-
resis in the pelvic limbs over the 7 months of follow-up after the
rescue. A wheelchair allowed the cat more mobility

Video 3: CT virtual endoscopy of the thoracic spinal canal of the
affected cat, as well as a normal cat. Virtual endoscopy videos
were recorded from the first thoracic vertebra to the middle of
the thoracic spine
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