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Abstract

Case summary A 2-year-old neutered female Scottish Fold cat was presented with an 8-week history of progressive
back pain, paraparesis and decrease of postural reactions in both pelvic limbs. MRI showed spinal cord compression
from both ventral sides, which originated from the T4 vertebral body and pedicle. The lesion compressing the
spinal cord had a bone-like density on CT, and endoscopic surgery was performed to excise it. Histopathological
examination of the resected tissue showed no evidence of malignancy and the lesion was diagnosed as vertebral
hypertrophy. After surgery, the neurological status of the cat gradually improved. The cat was ambulant at the
follow-up evaluation 2 weeks after surgery. Six months later, hindlimb paresis had improved considerably, and no
recurrence was observed on CT.

Relevance and novel information This is the first description of thoracic vertebral canal stenosis due to hypertrophy
of a single vertebra in a young cat. Excision of the hypertrophic vertebra by endoscopic surgery is less invasive

than open surgery and may give a good prognosis.
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Introduction

Non-lymphoid neoplasia and intervertebral disc disease
(IVDD) are the top two causes of spinal disease in cats,
and thoracic vertebral canal stenosis (TVCS) is the sev-
enth most common.! Non-lymphoid neoplasia often
occurs in older cats, whereas IVDD tends to occur in
middle-aged cats; however, the age range of TVCS is
unknown.! TVCS is a narrowing of the vertebral canal
that results in the compression of the T3-L3 segments of
the spinal cord or nerve roots. TVCS causes neurological
abnormalities in the hindlimbs such as ataxia, paraparesis
and pain. Vertebral canal stenosis is classified into three
causes: malformation; active bone growth throughout the
growth period; and age-related changes, including hyper-
trophied ligaments, intervertebral disc herniation and
degenerative articular changes.? In cats, reports of TVCS
are limited. In retrospective research on TVCS in cats, all
cats were over 5 years and the median age was 9 years.?
TVCS secondary to articular process hypertrophy in
two cats and diffuse idiopathic skeletal hyperostosis

(DISH) in one cat have been reported.*® The age of the cats
in these studies was =9 years. TVCS in young cats has not
been reported.

Endoscopic spinal surgery is a minimally invasive
surgical technique for spinal surgery in humans. In fully
endoscopic spinal surgery, an endoscope is inserted into
the muscles and instruments are inserted into the
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endoscope. Under endoscopic surgery, spinal surgery
can be performed with a smaller incision, which results
in less muscle damage and blood loss, earlier return to
daily life and better visualisation during the operation
than conventional open surgery.® Most previous reports
on endoscopic spinal surgery were limited to the exci-
sion of degenerated and herniated intervertebral discs;
however, its indications have widened to include spinal
stenosis in humans.”

Herein, we describe the clinical presentation, imaging
characteristics, minimally invasive surgical technique
with an endoscope and outcome of TVCS due to hyper-
trophy of a single vertebra in a young cat.

Case description

A 2-year-old female neutered Scottish Fold cat was pre-
sented with progressive gait abnormalities of both
hindlimbs. The cat had begun to exhibit mild ataxia of
the pelvic limbs and back pain as the first clinical signs a
week before presentation to the primary veterinarian.
The primary veterinarian prescribed robenacoxib for
pain management; however, no improvement was seen
after a week. Gabapentin (4mg/kg q24h) and mono
ammonium glycyrrhizinate (5mg/kg q24) were pre-
scribed by the referring veterinarian in place of robena-
coxib; however, the ataxia of the hindlimbs progressed to
paresis in the following week. One month after clinical
onset, MRI showed vertebral canal stenosis at the level of
T4. Prednisolone (0.5mg/kg q24h) was prescribed, and
the paresis and back pain were slightly improved.

The cat was referred to the Animal Medical Center of
Gifu University for further evaluation and treatment of
TVCS 2 months after clinical onset. At the time of presen-
tation to the Animal Medical Center of Gifu University,
vital parameters and physical examination findings
were within normal limits. Neurological examination
revealed ambulatory paraparesis, decreased postural
responses in both hindlimbs and normal segmental spi-
nal reflexes (see Video 1 in the supplementary material).
The cat was able to urinate without any problems and
exhibited no back pain. These findings indicated that the
lesion was located at the T3-L3 spinal cord segment.
Haematology and plasma biochemistry revealed mild
changes, including elevated total protein (8.2g/dl range
5.7-7.8) and albumin (4.4 g/dl; range 2.3-3.5). Serological
tests for feline immunodeficiency virus and feline leu-
kaemia virus were negative. Thoracic and abdominal
radiographs showed no abnormality.

For further examination of the vertebral column, MRI
(Achieva 3.0T; Philips) and CT (Alexion Advance; Canon
Medical Systems) were performed. On MRI, the vertebral
body of T4 appeared hypointense on sagittal T2-weighted
images (T2WI), compared with other vertebral bodies
(Figure 1a). The spinal cord at the level of T4 was compressed
from the ventral sides on transverse T2WI (Figure 1b).

The periphery of the lesion was contrast enhanced after
administration of gadodiamide hydrate (Figure 1c). CT
showed that this compression was from both ventral sides,
and it originated from the vertebral body and pedicle of
the T4 vertebra (Figure 1d—f).

On day 13, hemilaminectomy was performed to remove
the compressive lesion of the right side of T34 (see Video 2
in the supplementary material). The laminectomy was per-
formed as a fully endoscopic spinal surgery using an endo-
scope (Surgi-Max Endoscope; Elliquence) with a 30° angle
of vision, an outer diameter of 7.0mm and a length of
130mm. The working tube had an outer diameter of 8.0mm,
a length of 125mm and a flat opening. The light source, irri-
gation system, camera control unit and camera head were
supplied by Karl Storz Endoscopy Japan. After premedica-
tion with atropine sulfate hydrate (5ug/kg IV), midazolam
(0.2mg/kg IV) and ketamine hydrochloride (2mg/kg IV),
anesthesia was induced with alfaxalone (1mg/kg IV) and
maintained with sevoflurane (1.5-2.3%) in oxygen. Fentanyl
citrate (10-20pg/kg/h) and ketamine hydrochloride
(0.8-1.6mg/kg/h) were administered for intraoperative
analgesia. Perioperative antibiotic therapy consisted of cefa-
zolin sodium (20mg/kg IV). The cat was positioned in ven-
tral recumbency and the forelimbs were retracted cranially.

A parasagittal skin incision was made over the T4 verte-
bral region. Under fluoroscopic guidance, a dilation sleeve
was inserted in the muscle layer after which the endoscopic
working tube was placed over the right vertebral arch of
T4. Using a radiofrequency system (Elliquence Trigger Flex
Radiofrequency System; Elliquence), the muscles attached
to the articular process of T3-T4, vertebral arch and the
base of the spinous process of T4 were removed to com-
pletely expose the bony surface of T3-T4 to which the lami-
nectomy was performed. A hemilaminectomy of T3-T4
and removal of hypertrophied portions of the pedicle and
vertebral body of T4 were performed with a motorised
burr (Primado2; Nakanishi) and Kerrison rongeurs, in
order to decompress the spinal cord (Figure 2a). A portion
of bone hypertrophy was removed by forceps and submit-
ted for histopathological examination.

After surgery, the cat was administered fentanyl citrate
(2ug/kg/h) and ketamine hydrochloride (0.16mg/kg/h)
as a postoperative analgesic. Postoperative CT revealed
that the area of the hemilaminectomy was adequate and
the spinal cord was decompressed (Figure 2b,c). The cat
recovered uneventfully and was discharged 2 days after
surgery. After discharge, oral administration of cefalexin
(25mg/kg ql2h) and prednisolone (0.3mg/kg q24h) was
continued for 2 weeks.

Histopathological examination revealed irregular tra-
beculae suggesting hyperostosis of the removed bony
tissue; however, there was no evidence of malignancy or
inflammatory reaction (Figure 3). Between the trabeculae,
the connective tissue was oedematously separated and
multiple small angiogenic sites were observed.
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Figure 1 MRI and CT findings of vertebral hypertrophy in T4. (a) T2-weighted (T2W) sagittal MRI showing the vertebral body
of T4 as hypointense vs other vertebral bodies. (b) T2W transverse MRI showing compression of the spinal cord from the
ventral sides. (c) T1-weighted post-contrast transverse image showing the periphery of the structure compressing the spinal
cord enhanced with contrast medium. (d) Reconstructed sagittal CT. (e) Transverse CT. (f) Dorsal CT revealed compression
from both ventral sides that originated from the vertebral body and pedicle of T4. Lesions are indicated by arrows (a—d) and

asterisks (e,f). Cra = cranial; Cau = caudal; R=right; L = left

Figure 2 (a) Intraoperative endoscopic image. After hemilaminectomy, the spinal cord compressed by the hypertrophied
pedicle and vertebral body was observed. The bony structure was removed by a motorised burr and Kerrison rongeurs. (b)
Reconstructed three-dimensional image of the postoperative CT shows the extent of the hemilaminectomy of T3-T4.

(c) Postoperative transverse CT of T4. Dor = dorsal; Cau = caudal; Cra = cranial; Ven = ventral; R =right; L = left

Follow-up examination was conducted 2 weeks after
surgery. Mild proprioceptive ataxia was observed and
postural responses in both pelvic limbs were normal (see
Video 1 in the supplementary material). Three months
after surgery, the cat was neurologically normal without
any signs of ataxia, discomfort or pain. CT revealed no
evidence of bony regrowth or spinal cord compression
(Figure 4a). The latest recheck was performed 6 months
after surgery, at which point the cat had no neurological
abnormalities. CT at this point revealed a somewhat
sclerotic vertebral body of T4, but recurrence of vertebral
canal stenosis was not observed (Figure 4b).

Discussion

In a previous report, inflammatory, infectious and neo-
plastic diseases were the most common diseases of the spi-
nal cord in cats.® In a more recent study, non-lymphoid
neoplasia and IVDD were the most common causes of spi-
nal diseases, and TVCS was the seventh most common.! In
a case series of TVCS in cats, all cats included in the report
were middle-aged or older;® hence, TVCS is considered
one of the differential diagnoses of middle-aged or older
cats presenting with a chronic, progressive, possibly pain-
ful T3-L3 myelopathy. Contrary to previous reports, the
cat in the present report developed neurological signs
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Figure 3 Histological presentation stained with haematoxylin and eosin. (a) The excised bony structure had irregular
trabeculae suggesting hyperostosis without evidence of malignancy or inflammatory reaction. Between the trabeculae,
connective tissues were oedematously separated and multiple small angiogenic sites were observed. (b) Enlarged image
of the trabeculae. (c) Enlarged image of the connective tissues between the trabeculae

Figure 4 Postoperative follow-up transverse CT images.
(a) CT 3 months after surgery shows no noticeable bone
regrowth or recurrence of spinal cord compression.

(b) CT 6 months after surgery revealed the somewhat
sclerotic vertebral body of T4. R=right; L = left

caused by TVCS at a young age; thus, TVCS should be
included in the differential diagnoses of young cats with
progressive, painful T3-L3 myelopathy.

Previous studies reported TVCS owing to vertebral
degeneration or vertebral hypertrophy in cats with DISH
(n=1) and TVCS secondary to articular process hyper-
trophy (n=2).#> Generally, DISH accompanies calcifica-
tion and ossification of the ventrolateral aspect of at least
four consecutive vertebral bodies.” In one report, new
bone formation extended from T5 to S1 in a 9-year-old cat
diagnosed with TVCS caused by DISH.? In the present
study, the imaging features, which consisted of deformed
vertebrae that were being restricted to T4, and the age of
onset (2 years old) did not support a diagnosis of DISH.
In two cats with TVCS due to articular process hyper
trophy, the lesions were at the level of T3-T4 and T11-T12
at 13 years old and 9 years old, respectively:* In the pre-
sent study, a single lesion originated from the vertebral
body and pedicle of the T4 vertebra. As the cat had been
kept indoors, it was unlikely that the spinal deformity
resulted from trauma. In addition, the age of our cat dif-
fered from the past reports of DISH and TVCS; thus, the
cat was diagnosed with a different condition from previ-
ously reported cases.

Scottish Fold cats have folded ears that arise from an
autosomal dominant gene mutation.!? This mutation
causes osteochondrodysplasia and affects bone struc-
tures, leading to progressive skeletal deformations at the
distal limbs, tail and, in some cases, vertebrae.!! The exact
cause of osteochondrodysplasia in Scottish Fold cats is
unknown; however, the TRPV4 gene has been associated
with this condition.!? This condition follows an autoso-
mal dominant inheritance with incomplete penetrance,
and cats with homozygous fold-eared genes are severely
affected by this disease, whereas cats with heterozygous
genes tend to develop mild clinical signs.!® Although our
case did not receive mutational analysis, abnormality of
the vertebrae may be associated with the osteochondro-
dysplasia seen in this breed.

Histopathological characteristics of osteochondro-
dysplasia in cats are defective endochondral ossification
in the epiphyseal cartilage and disorganised cartilage
columns in the epiphyseal cartilage that cause the carti-
lage to thicken irregularly.!’ In the present case, there
were no observable chondrocytes in the excised bone
tissue; therefore, whether the vertebral hypertrophy was
associated with osteochondrodysplasia was unknown.
Although endoscopic removal of the hypertrophied
bone structure in a minimally invasive fashion led to
rapid and complete recovery of the clinical signs, a
definitive diagnosis of osteochondrodysplasia by endo-
scopic surgery was not made as a limited amount of
tissue was obtained during the surgery.

There have been no reports of endoscopic surgery for
vertebral canal stenosis in cats. Previously, spinal endo-
scopic surgery was applied only to herniated discs in
humans, and vertebral canal stenosis was a contraindi-
cation for spinal endoscopy.’”'* Recently, endoscopic
surgery has been applied to vertebral canal stenosis in
humans.!> The advantage of spinal endoscopy is that it
is less invasive because it requires less muscle detach-
ment and less postoperative pain than conventional
open surgery.'® Randomised studies in humans found
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that endoscopic surgery minimised skin incisions, mus-
cular retraction and bone removal, leading to an early
return to daily life.1”"1° The present case took only 2 days
from surgery to discharge and recovered quickly. Full
endoscopic surgery is minimally invasive and effective
for the surgical treatment of vertebral canal stenosis in
cats.

Conclusions

This is the first report to present a young Scottish Fold
cat with vertebral hypertrophy resulting in TVCS. This
case report describes clinical findings, imaging features,
histopathological findings, surgical treatment and
follow-up of this rare case. In addition, the removal of
the hypertrophic vertebral arch by full endoscopic sur-
gery is also described for the first time in a cat.
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Video 1: Video of the cat’s gait before and after surgery.

Video 2: Intraoperative endoscopic video.
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