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Clinical, imaging and histopathological =
characterization of a series of three cats
with cerebellar cortical degeneration

Céline Giron', Pierre Hélie?, Joane Parent', Mathieu Boutin' and Guillaume St-Jean?”

Background Neurological inherited disorders are rare in domestic animals. Cerebellar cortical degeneration remains
amongst the most common of these disorders. The condition is defined as the premature loss of fully differentiated
cerebellar components due to genetic or metabolic defects. It has been studied in dogs and cats, and various genetic
defects and diagnostic tests (including magnetic resonance imaging (MRI)) have been refined in these species. Cases
in cats remain rare and mostly individual, and few diagnostic criteria, other than post-mortem exam, have been
evaluated in reports with multiple cases. Here, we report three feline cases of cerebellar cortical degeneration with
detailed clinical, diagnostic imaging and post-mortem findings.

Case presentation The three cases were directly (siblings, case #1 and #2) or indirectly related (same farm, case

#3) and showed early-onset of the disease, with clinical signs including cerebellar ataxia and tremors. Brain MRI was
highly suggestive of cerebellar cortical degeneration on all three cases. The relative cerebrospinal fluid (CSF) space,
relative cerebellum size, brainstem: cerebellum area ratio, and cerebellum: total brain area ratio, were measured and
compared to a control group of cats and reference cut-offs for dogs in the literature. For the relative cerebellum size
and cerebellum: total brain area ratio, all affected cases had a lower value than the control group. For the relative CSF
space and brainstem: cerebellum area ratio, the more affected cases (#2 and #3) had higher values than the control
group, while the least affected case (#3) had values within the ranges of the control group, but a progression was
visible over time. Post-mortem examination confirmed the diagnosis of cerebellar cortical degeneration, with marked
to complete loss of Purkinje cells and associated granular layer depletion and proliferation of Bergmann glia. One case
also had Wallerian-like degeneration in the spinal cord, suggestive of spinocerebellar degeneration.

Conclusion Our report further supports a potential genetic component for the disease in cats. For the MRI
examination, the relative cerebellum size and cerebellum: total brain area ratio seem promising, but further studies
are needed to establish specific feline cut-offs. Post-mortem evaluation of the cerebellum remains the gold standard
for the final diagnosis.
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Background

Inherited neurological disorders are rare in domestic
animals, especially in cats [1]. Most described inherited
diseases in cats belong to the large family of storage dis-
eases, including gangliosidosis [2], neuronal ceroid lipo-
fuscinosis [3], etc. Diseases affecting the development of
the cerebellum, although relatively frequent in cats, are
infrequently inherited disorders. For example, cerebel-
lar hypoplasia, one of the most common neurological
disease in cats, is a well described condition in neonatal
and young kittens infected in utero or postnatally with
feline panleukopenia virus (parvovirus) [4]. Aside from
developmental cerebellar conditions, diseases affecting
primarily the cerebellum are rare in cats. In infectious
conditions such as in toxoplasmosis and feline infectious
peritonitis, the resulting meningoencephalitis may affect
the cerebellum, but the involvement is rather diffuse [5,
6]. However, there are some reports of potentially inher-
ited cerebellar cortical degeneration [7, 8].

Cerebellar cortical degeneration, often referred as cer-
ebellar cortical abiotrophy, is considered among the most
common neurodegenerative disease in domestic animals
[9]. It is defined as the premature degeneration of fully
differentiated cerebellar cells, most frequently the Pur-
kinje cells, due to genetic or metabolic defects [10]. The
condition has been described in a wide range of domes-
tic animals [11], including dogs [12—18], horses [19-23],
goats [24], sheep [25], rabbits [26], cows [27] and cats [7,
8, 28-31]. Although the genetic etiology and diagnostic
venues have been extensively investigated in dogs and
horses [32, 33], few diagnostic criteria, other than post-
mortem, have been evaluated in the rare series of feline
cases.

For this report, we present a series of three feline cases
of cerebellar cortical degeneration with detailed clini-
cal, diagnostic imaging and post-mortem findings, with
comparative analysis of criteria reported in other species
(dogs and horses). We also further support the precedent
reports suggesting a potential genetic etiology of the dis-
ease, as two of the cases were direct siblings, whereas
the third was born on the same farm (‘barn cats’) within
a few years’ gap. This raises the question of a potential
genetically inheritable defect present in this farm’s feline
population.

Case presentation

Clinical presentation

CASE #1

A domestic shorthair cat, intact female, was presented
to the neurology department of the Centre Hospitalier
Universitaire Vétérinaire of the Université de Montréal
(CHUYV) at 7 months of age for evaluation of abnormal
gait following the examination of a littermate (Case #2)
with similar symptoms. At time of adoption, she had
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always lived outdoors. The owner thus could not tell
when the clinical signs had appeared. When adopted,
the cat was in good body condition, except for a severe
Toxocara infection. In addition, the cat had lost the tips
of its ears due to cold weather exposure. She was FIV/
FeLV seronegative. On neurological examination, there
was cerebellar ataxia involving all limbs. The cat was
visual. The menace response was absent on the left and
reduced on the right. In addition, the physiological nys-
tagmus was slower on the right. During the induction of
the physiological nystagmus, the animal took an abnor-
mal posture, curling on itself, suspected to be a vestibu-
lar posture. Moreover, the induced horizontal nystagmus
persisted transiently following circling the cat from right
to left.

At 9 months of age, magnetic resonance imaging (MRI)
of the brain was performed and the animal was neutered.
On re-evaluation at 10 months, the cat was clinically
stable and ambulatory with cerebellar ataxia and occa-
sional fine intention tremors. The menace responses were
bilaterally absent. There was exaggerated head and neck
extension when physiological nystagmus was assessed.

At 15 months of age, the owner reported deterioration
in the cat’s neurological condition. There was worsening
of the cerebellar ataxia with frequent stumbling and fall-
ing. The animal was sitting on his pelvic limbs and had a
hunched posture. The menace responses were decreased
to absent bilaterally. A nystagmus persisted following
head movements.

At 16 months of age, brain MRI was repeated with
owner’s permission, and the cat was euthanized following
the procedure. A complete necropsy was performed.

CASE #2

A domestic shorthair cat, male neutered, was presented
to the CHUV at 6.5 months of age. Since his adoption
at 6 weeks of age from a farm, it presented an abnor-
mal gait and tremors. Two out of five kittens from the
same litter (including case #1) were similarly affected.
When presented to a veterinarian at 2.5 months of age,
mild cerebellar signs were suspected. At presentation to
the CHUYV, the owner reported the intention tremors to
be stable, but the gait abnormalities had worsened. On
examination, there was cerebellar ataxia with hyperme-
tria and spasticity in all limbs. The hopping reactions
were delayed with exaggerated responses. The menace
responses were absent bilaterally.

Two months later, the owner mentioned that the neu-
rological condition had worsened; the cat fell more often
and did not jump on furniture anymore. The tremors
were unchanged. The owner reported that back discom-
fort may be present and felt that its tail was not normal.
On neurological examination, there was moderate to
severe cerebellar ataxia characterized by hypermetria and
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spasticity in all limbs. Intention tremors were also pres-
ent. The cat was visual. There was an absence of menace
responses bilaterally.

Re-evaluated 1.5 years later (2 years old), the owner
described his gait as stable. The cat fell as much as before
and remained unable to climb on furniture. Also, he
seemed to move more slowly. For the past few weeks, the
cat had been defecating outside of his litter box, about
two feet away from it. He had had two episodes of rhini-
tis in the past year treated with antibiotics. At that time,
he was still living with two cats, and interacted well. On
neurological examination, the cat meowed loudly when
held. There were severe cerebellar ataxia and presence of
intention tremors. There was a lack of menace responses
bilaterally. The physiological nystagmus was absent. Head
and neck carriage was abnormal with spastic ventro-
flexion. Hopping was decreased in the thoracic limbs and
absent in the pelvic limbs. Muscle tone was increased in
all limbs.

At 3 years of age, the cat was presented to the emer-
gency department for dysuria. A diagnosis of feline uro-
logic syndrome was made. Over the following 24 h, there
was urethral blockage necessitating more invasive pro-
cedures. Considering the patient’s neurological status,
euthanasia was elected. With owner’s permission, brain
MRI was made prior to euthanasia and necropsy was
granted for educational purpose.

CASE #3

A domestic shorthair cat, male neutered, was presented
to the CHUYV at 18 months of age. He was presented for
euthanasia due to suspected cerebellar ataxia.

The cat had been adopted at 2 months of age from the
same farm where cases #1 and #2 originated. At time of
adoption, the animal was already walking diagonally, but
had no obvious tremors. Gradually, he started show-
ing loss of balance. The clinical signs became more pro-
nounced around 4 months of age. Tremors were more
marked, and the cat started to fall when jumping on
furniture. He was presented to a first veterinarian who
performed blood work with no abnormalities. The cat’s
clinical signs continued to worsen. At about 6 months of
age, he was evaluated by a neurologist. The cat walked
only for short distances. He walked along the walls. He
presented moderate, relatively symmetrical cerebellar
ataxia with a vestibular component more marked on the
right. Intention tremors involving the entire body were
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observed. No menace response was present on the right.
Brain MRI was proposed but declined. Empirical treat-
ment with antibiotic (clindamycin) and corticosteroidwas
initiated to exclude an inflammatory cause (infectious
and non-infectious). Treatment was stopped after two
weeks due to lack of response.

The gait continued to worsen. The cat’s quality of life
was markedly impaired as the tremors were continuous,
especially at feeding time.

The cat had been neutered and had received his basic
vaccines and deworming. He was FIV/FELV seronega-
tive. He was a strictly indoor cat and lived with another
cat. The cat had no recent health problems.

Given the severity of the clinical signs, and the lack of
response to treatment, euthanasia was decided upon.
Post-mortem brain MRI was performed with owner’s
permission. A necropsy followed.

Summary of the three cases

Although the severity of the clinical signs varied among
the cats, the clinical signs were characteristic of cerebel-
lar involvement in all three cats. The mental status was
appropriate, the gait was hypermetric, the tremors were
intentional, the decreased to absent menace responses
related to the cerebellum (the cats were visual and had
palpebral reflexes) and the abnormalities in the nys-
tagmus were associated to the vestibular part of the
cerebellum.

At time of examination of the first cat, cerebellar cor-
tical degeneration was suspected. The progression of the
clinical signs in these cats ruled out in utero or perinatal
infection with feline panleukopenia virus. Neuronal stor-
age diseases were ruled out as the deterioration of the
clinical signs remained associated to the cerebellum. Cats
with neuroaxonal dystrophy have abnormal coat color
and the lesions involve the brainstem as well as the cer-
ebellum [34].

Due to the similar conclusion of all three cases, the
MRI and pathology observations are presented grouped
in the future sections.

A summary of the different clinical findings for the
three cases can be found in Table 1.

MRl interpretation

Images of the brain of all cases were acquired with a 1.5
Tesla magnet (GE Signa EchoSpeed HDx; GE Healthcare,
Chicago, Illinois, USA) using a knee coil. All cases had

Table 1 Summary of neurological presentation of each cat. NR=not reported

Cerebellar Tremors Tonus Menace response Physiological
Ataxia Nystagmus
Case #1 ++ + NR Decreased (bilateral) Present
Case #2 e ++ Absent (bilateral) Absent
Case #3 ++ ++ NR Absent (right) NR
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Fig. 1 Mid-sagittal T2w FSE MRI images of the brain of three cats diag-
nosed with cerebellar cortical degeneration. (A) Case #1 at time of diagno-
sis, (B) Case #2, (C) Case #3 and D) unaffected feline brain for comparison.
In the three cases, there is increased conspicuity of CSF space between
cerebellar folia (arrows) of varying severity, considered subjectively mod-
erate to marked in B) and C), and mild in A). There is also a mild distension
of the fourth ventricle in B) and (C) (asterix)

Fig.2 Mid-sagittal T2w FSE MRl images of the brain of case #1. (A) At time
of imaging diagnosis with (B) close-up on the cerebellum. (C) Follow up
8 months later with (D) close-up on the cerebellum. There is moderate
progression over time of the increased conspicuity of CSF space between
cerebellar folia within both examinations (white arrows). The cerebellum
has mildly decreased size and a mild progressive distension of the fourth
ventricle is also noted at follow-up (asterix)

at minimum the following sequences: transverse, sagit-
tal and dorsal T2-weighted (T2w) fast spin echo (FSE),
and transverse TI-weighted (T1lw) FSE or Tlw fluid
attenuated inversion recovery (FLAIR). Cases #1 and #2
had also T2w FLAIR and T2w single shot fast spin echo
(SSESE) images. Transverse and dorsal or sagittal T1lw
FLAIR images were acquired following IV injection of
gadobenate dimeglumine (Multihance 529 mg/mL ¢
Bracco Imaging Canada, Anjou, Quebec), at 0.1 mmol/kg
for cases #1 and #2.

All cases presented cerebellar abnormalities, with a
subjectively decreased cerebellar size with apparent
increased cerebrospinal fluid (CSF) space between the
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cerebellar folia. These changes were associated with a
variably enlarged fourth ventricle. These changes are
illustrated in Fig. 1 (A-C), and compared with an unaf-
fected feline patient (D), presented for non-cerebellar
clinical signs. The MRI findings were more marked at
presentation in cases #2 and #3 as compared to case #1
as illustrated in Fig. 1. Case #1 had two brain MRI exami-
nations in an 8 month-period, as presented in Fig. 2. At
his follow-up examination, there was a subjective pro-
gression of the increased CSF space between the cerebel-
lar folia, consistent with progressive cerebellar cortical
degeneration. No other MRI abnormalities were noted
on the brain of the three cats. For cases #1 and #2, no
evidence of abnormal enhancement was noted on the
T1w post contrast images. For all three cases, the pri-
mary differential diagnosis was cerebellar cortical degen-
eration. Another less likely differential diagnosis for all
three cases was a congenital disease such as cerebellar
hypoplasia, possibly associated to an in utero or perinatal
infection such as feline panleukopenia virus (parvovirus).
It was considered unlikely due to the progressive nature
of the neurological signs during adulthood. A lysosomal
storage disease was considered unlikely considering the
imaging changes.

Four objective measures described by Henke et al. [33]
in American Staffordshire Terrier dogs and by Thames
et al. [32] in a group of different canine breeds to diag-
nose cerebellar cortical degeneration were measured in
the three affected cats. These measures were obtained
on mid-sagittal T2w FSE images, as shown in Fig. 3. The
relative CSF space surrounding the cerebellum [33] was
calculated as: (area of the cerebellum plus CSF — area of
the cerebellum) x 100/ area of the cerebellum plus CSF
(Fig. 3A). The relative cerebellar size [33] was calculated
as: area of the cerebellum x 100/area of the entire brain
(Fig. 3A). The cerebellum: total brain ratio [32] was cal-
culated as: cerebellum area / (forebrain area+brainstem
area+cerebellum area). Finally, the cross-sectional brain-
stem: cerebellum ratio [32] was calculated as: area of the
brainstem / area of the cerebellum (Fig. 3B). For compar-
ison, these measures were also done in a control group
of ten adult cats (median age 8.4 years (IQR 2.1-10.3)).
These control cases were selected from the most recent
normal cat brain MRIs free of intracranial lesions at the
CHUV. These measures are presented in Table 2, along
with the established cut-offs in dogs diagnosed with cer-
ebellar cortical degeneration.

For the relative CSF space, cases #2 and #3 had a higher
relative space than the established cut-off of 12,8% in
dogs and the median value of 12% measured in the group
of normal cats. The results for cases #2 and #3 were sug-
gestive of cerebellar cortical degeneration. For case #1,
the least affected cat, the relative CSF space was under or
within normal values of our control group and under the
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Fig. 3 Mid-sagittal T2w FSE MRI image of an unaffected cat illustrating
the methodology of MRI measurements. The measurements used were
described by Henke et al. [33] and Thames et al. [32] in dogs. (A) Three
regions of interest (ROI) depicting the entire brain (white line), cerebellum
(blue line) and the cerebellum plus cerebrospinal fluid (CSF) (yellow line).
The relative cerebellar size was calculated as follows: area of the cerebel-
lum x 100/area of the entire brain. The relative CSF space was calculated
as follows: (area of the cerebellum plus CSF — area of the cerebellum) x
100/ area of the cerebellum plus CSF. (B) Three ROI depicting the forebrain
(orange line), the brainstem (green line), and the cerebellum (blue line).
The brainstem: cerebellum area ratio was calculated as follows: area of the
brainstem / area of the cerebellum. The cerebellum: total brain area ratio
was calculated as follows: cerebellum area / (forebrain area+ brainstem
area + cerebellum area)

canine cut-off, but a progression of the relative CSF space
was present between both MRI examinations.

For the relative cerebellar size and the cerebellum: total
brain area ratio, all affected feline patients had a smaller
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result than the control group, but a higher result than the
cut-offs used in dogs.

Finally, for the brainstem: cerebellum area ratio, cases
#2 and #3 had a higher ratio than the control group. For
the least affected cat (case #1), the ratio was within the
values of our control group. All affected feline patients
and our control group had a smaller ratio than the cut-off
used in dogs.

Gross and histopathological evaluation

Gross examination of the brain in all three cases revealed
varying degrees of reduction of cerebellar size as evi-
denced by the increased space between the brain and
cerebellum (transverse cerebral fissure). The fissure was
particularly prominent in case #3 (Fig. 4A, B, C). In all
cases, the brain and spinal cord were collected and fixed
in 10% neutral buffered formalin. Selected samples were
paraffin-embedded and cut into 3 pm-thick sections
for histopathological evaluation. Immunohistochemi-
cal analysis was also performed using anti-GFAP (dilu-
tion 1/500, PU020-UO, Biogenex, California, US) on
slides pretreated with a standard peroxidase kit (Vecta-
stain elite ABC, PK6100, Vector laboratories, Newark,
US), revealed with AEC standard kit (AEC substrate kit,
SK-4200, Vector laboratories, Newark, US) and counter-
stained with hematoxylin.

At 25X magnification, the cerebellar sulci were wid-
ened, and the cellularity of the granular layer was vari-
ably decreased (Fig. 4D, E, F). The most prominent and
consistent feature was marked to complete loss of Pur-
kinje cells, resulting in numerous empty spaces compat-
ible with empty baskets, along with variable vacuolation
of the Purkinje cell layer (Fig. 4G, H, I). Concurrently,
there was moderate to marked proliferation of Bergmann
glia, with prominent processes radiating into the molec-
ular layer (Fig. 5A, B). Occasional vacuolation, includ-
ing digestion chambers, were observed in the cerebellar
white matter. The histopathological changes were, in all
cases, consistent with cerebellar cortical degeneration.

Intriguingly, in case #1, there were also degenera-
tive lesions in the spinal cord. There was bilateral and

Table 2 Comparison between published cut-offs in dogs, control cats and cats with cerebellar cortical degeneration

Cut-off for cerebellar Case 1 Case 1 Case 2 Case 3 Control
cortical degeneration in 1st MRI 2nd MRI cat group
dogs [32, 33] median
(Q1-Q3)
Relative CSF space [33] >12,8% 8% 11,8% 20% 19% 12%
(9.75-12.5)
Relative cerebellum size <13,3% 19,3% 18,1% 17,7% 16,5% 20%
(20-21.25)
Cerebellum: total brain area <13,62% 19,5% 19% 18,9% 17% 20.5%
ratio [32] (20-21.25)
Brainstem: cerebellum area >89% 71% 69% 78% 83% 70%
ratio [32] (66.75-76.25)
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Fig. 4 Gross and histopathological analyses of the brain/cerebellum of
three cats diagnosed with cerebellar cortical degeneration. Case #1 (A, D,
G), case #2 (B, E, H) and case #3 (C, F, I). On gross examination (A, B, C),
there is decreased cerebellar size at different degree of severity between
cases. The transverse cerebral fissure is prominent in case #3 (white arrow,
Q). At low magnification (D, E, F), histopathology revealed more promi-
nent cerebellar sulci (black arrow, D) in all cases, along with marked pallor
of cortical gray matter due to variable degrees of thinning of the granu-
lar layer. Bar =2 mm. High magnification (G, H, 1) shows complete loss
of Purkinje cells with vacuolation and numerous empty spaces filled with
eosinophilic granular material corresponding to Purkinje cell debris (black
arrow, H). In the most severe case (I), the granular layer is thin, poorly cel-
lular and pale (*). Bar =200 um

Silae v 2 98

Fig. 5 Additional histological observations. (A, B) Immunohistochemi-
cal analysis using anti-GFAP marker shows an increased proliferation of
Bergmann glia (orange) in a cerebellum section of case #2, compared to
a less severely affected region of the same cat (internal control) (B). (C, D)
Wallerian-like degeneration noted in the dorsal spinal cord white matter
of case #1 (C), axonal spheroids and debris, digestion chambers and empty
vacuoles, visible at high magnification (D). Bars=100 um
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symmetrical Wallerian-like degeneration of varying
severity noted in all segments of the spinal cord (Fig. 4C,
D). The lesions were more marked in and often limited to
the lateral and ventral funiculi, especially the ascending
spinocerebellar and other descending tracts. Addition-
ally, chromatolysis was noted in some neurons of the dor-
sal root ganglia.

Discussion and conclusions

In this case series, we described three presumably related
cases of cerebellar cortical degeneration in cats and
explored, for the first time, the application of MRI objec-
tive ratios as described in dogs, to facilitate the diagnos-
tic of the disease in cats. We have shown that the relative
CSF space, the relative size of the cerebellum, and the
cerebellum: total brain area ratio show relevant results
worth considering in future analyses. Our results fur-
ther confirm post-mortem examination as the gold stan-
dard for the final diagnosis of the condition. The relation
between our cases (siblings in two cases) further sup-
ports the possibility of a hereditary component in the
disease. However, the presence of spinal degeneration in
case #1 (not noted in cases #2 and #3) may highlight the
complexity of the pathogenesis for the different forms of
cerebellar cortical degeneration.

The definition of cerebellar ataxia and clinical presentation
Cerebellar ataxia is defined as a subset of clinical ataxia
involving inadequate function of the cerebellum, whether
inherited or acquired. Cerebellar cortical degeneration is
a cause of cerebellar ataxia and is defined as premature
degeneration of fully differentiated cerebellar cells, most
frequently primarily affecting Purkinje cells. There are,
however, evidence of rare cases affecting primarily the
granular layer both in humans [35] and animals [9]. The
predominant clinical signs include difficulties in balance
and gait, inability to coordinate muscle movements, and a
possible lack of menace response [9]. The clinical presen-
tation of all three cases (Table 1) showed various degree
of compatible signs, without development of other intra-
cranial nor extracranial neurological clinical signs.

The classification of cerebellar cortical degeneration

Cerebellar cortical degeneration can be categorized
into early-onset (first few weeks of age), mid-onset
(first few months of age) or late-onset (adults) based
on the patient’s age when the clinical signs appeared
[9]. In all three feline cases presented herein, the clini-
cal signs appeared in the first few weeks of life, classify-
ing the degeneration as early-onset. This is in contrast
with the available literature, where late-onset cases are
more prevalent in dogs and cats, whereas early-onset
are more common in horses [11]. Of particular interest
is case #1 in which the progression of clinical signs was



Giron et al. BMC Veterinary Research (2024) 20:263

slower. This case also presented axonal degeneration at
all levels of the spinal cord. This later change is occasion-
ally noted in combined conditions, such as in progres-
sive spinocerebellar degeneration [9]. This occurrence is
more frequently observed in dogs, typically showing a
mid- to late-onset progression of the disease compared
to our cases [36]. Interestingly, only one reported case in
cats had similar lesions and, like ours, presented an early-
onset of the disease [8].

Cerebellar ataxia as a genetic disorder; evidence from
other species and cats

In humans, it is well established that various forms of
cerebellar ataxia result from inherited disorders, and sev-
eral years of investigations were required to characterize
the different diseases and genes implicated [37]. While
less extensively studied, there is evidence that these con-
ditions are strongly suspected to be inherited in animals
(often as autosomal recessive diseases). Notably, inher-
ited cerebellar cortical degeneration is well-documented
in Arabian horses, where a single nucleotide polymor-
phism variation in the MUTHY gene has been linked to
the disease [19]. Subsequent experiments have delved
into comprehending the different genetic alterations in
this species [21].

Genetic targets have also been identified in dogs.
However, there is a wide range of variations within the
affected genes identified for each breed, complicating the
identification of a definitive diagnostic method to prevent
the transmission of the disease, although elimination of
the disease in certain breeds can be successful due to its
recessive nature [36]. Moreover, is it described that each
type of affected genes variably influences the clinical pre-
sentation of the disease. For instance, genes associated
with cerebellar cortical degeneration in dogs, including
SPTBN2 [38], SEL1L [39], RAB24 [40], SNX14 [41], were
shown to regulate the integrity of the cytoskeleton, pro-
tein degradation, autophagy and/or neuronal excitability
[10]. On the other side, genes implicated in spinocerebel-
lar degeneration, such as KCNJ10 [42] and SCN8A [43],
play important roles in cation trafficking and mitochon-
drial function [10]. The pathogenesis of the different
diseases may be directly related to these specific roles,
hypothesizing that Purkinje cells might be more sensitive
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to alterations in cytoskeletal integrity and excitability,
whereas the spinal cord would be more sensitive to the
regulation of intracellular calcium, and therefore conduc-
tivity. In cats, substantial evidence suggests an inherited
pathogenesis of the disease, although the identification
of specific gene(s) remains elusive [7, 8]. Furthermore,
the fact that both confirmed sibling cases (cases #1 and
#2) had distinct histopathological findings, with case #1
presenting spinocerebellar degeneration concomitant to
the cerebellar cortical degeneration, raises the question
whether the disease may be a combination of multiple
genes, or one gene with potentially large impact on both
the cerebellum and spinal cord. Various techniques were
considered to identify potential genes of interest in our
cases. However, the associated fees for such techniques
and the absence of parental material to ensure an optimal
evaluation and comparison of the results prevented the
execution of this plan.

Usefulness of MRI ratios as a diagnostic ante-mortem tool,
correlation between cats and dogs?

Magnetic resonance imaging stands as an indispens-
able ante-mortem tool for assessing cerebellar ataxia in
humans [44]. Morphometric analyses and cut-offs have
been proposed for certain dog breeds, most notably the
American Staffordshire Terriers, and horses, specifi-
cally the Arabian horse, to aid in diagnosing the condi-
tion (Table 3) [32, 33, 45]. To our knowledge, no MRI
morphometric analyses has been described in cats to
date. Thus, we tried to establish normal values in a con-
trol group of cats without intracranial lesion. Consider-
ing the low sample of affected feline patients, no cut-off
calculation was attempted in this report. Nevertheless,
our results are interesting and show the likely usefulness
of these objective measures in future cases. Indeed, all
affected cases had a relative cerebellum size and a cere-
bellum: total brain area ratio below the values established
in our control group, suggesting a decrease cerebellar
size in affected cases. For the relative CSF space and the
brainstem: cerebellum area ratio, only the most subjec-
tively affected cases (cases #2 and #3) had higher values
than the control group. Nevertheless, even though the
least affected case (case #1) had values within our control
group, an evolution of these measures was noted between

Table 3 Measures for cerebellar cortical degeneration in other species. N/A : not applicable

Cut-offs for dogs (multiple breeds)

Cut-offs for Arabian horses

Relative CSF space >12,8% [33]

(sensitivity 93%, specificity 100%)

Relative cerebellum size <13,3% [33]

(sensitivity 93%, specificity 94%)

Cerebellum: total brain area ratio <13,62[32]

>11% [45]

(sensitivity 100%, specificity 93,3%)
< 18,9% [45]

(sensitivity 60%, specificity 93,3%)
N/A

(sensitivity 96%, specificity 94%)

Brainstem: cerebellum area ratio >89% [32]

N/A

(sensitivity 100%, specificity 100%)
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Table 4 Magnetic resonance imaging morphometric analysis in normal dogs (literature) and cats (control group) Cl : confidence

interval. SD : standard deviation. N/A : not applicable

Control group of cats
Median (Q1-Q3)

Control group of cats
Mean (SD; range)

Normal dogs
Median (95% Cl) [33]

Normal dogs
Mean (SD; range) [32]

Relative CSF space 12% 11.5% 9.2% N/A
(9.75-12.5) (2.7,88-14.2) (7.1-11.0%)
Relative cerebellum size 20% 20.3% 14.9% N/A
(20-21.25) (1.2,19.1-21.5) (14.6-15.6%)
Cerebellum: total brain area ratio 20.5% 20.5% N/A 15.53%
(20-21.25) (1.8;18.7-22.3) (1.58;12.38-19.21)
Brainstem: cerebellum area ratio 70% 70.8% N/A 71.35%
(66.75-76.25) (5.1, 65.7-75.9) (7.11,56.78-85.22)

both MRI examinations, suggesting a progression of the
disease over time. This highlights the significance of MRI
analyses in suspected cases. This underscores the notion
that relying solely on a value at a single time point may
prove insufficient, and if needed a follow-up examination
can be useful.

It is important to note that for the relative cerebellum
size and the cerebellum: total brain area ratio, and for
the brainstem: cerebellum area ratio, the values of the
affected cats and the control group are higher and lower,
respectively, than the cut-off established in dogs for diag-
nosing cerebellar cortical degeneration, suggesting differ-
ent morphologies between these two species. This was
expected and confirmed comparing measurements with
previous literature describing morphometric analyses in
normal dogs, as shown in Table 4. Overall, cats seem to
have a proportionally bigger cerebellum than dogs. This
reinforces the need for species-specific cut-offs, and that
a direct translation of the canine cut-offs cannot be used.

Post-mortem examination as a gold standard

Pathological changes are remarkably similar in almost all
cases of cerebellar cortical degeneration. Primarily, Pur-
kinje cells are affected, undergoing progressive degenera-
tion and loss, while other cerebellar layers are secondarily
affected, leading to phenomena such as shrinkage of
granular layer and proliferation of Bergmann glia. Other
frequently observed features include vacuolization, chro-
matolysis and axon degeneration within the cerebellar
white matter [11]. It is important to note that the loss of
Purkinje cell is not exclusive to cerebellar cortical degen-
eration and may be secondary to various diseases (infec-
tious or not). In humans, multiple sclerosis is an example
of such a condition. The disease is known to cause an
immune-mediated demyelination of axons, which can
have an impact on neuronal integrity. In the cerebellum,
the local demyelination can cause variable loss of Pur-
kinje cells, resulting in clinical cerebellar ataxia [46]. In
animals, infection by viruses, such as bornaviruses [47],
pestiviruses [48] and parvoviruses [4] have also been
associated with Purkinje cell degeneration. In cats, par-
vovirus infection is of particular interest. The virus has a

tropism for highly dividing cells and can affect the pre-
cursor cells of the cerebellar external granular layer in
utero and during the perinatal period. This often results
in a specific decrease in cells from the inner granular
layer, usually sparring the Purkinje cells [4]. Although
the different histopathological changes observed in these
cases can be similar to cerebellar cortical degeneration,
the preferred term for the resulting condition is cerebel-
lar hypoplasia, as the damage caused by the virus pre-
vents the full development of the cerebellum rather than
affecting the fully differentiated cells. On a clinical stand-
point, animals affected by hypoplasia often show clinical
signs at birth, in opposition to the post-natal develop-
ment of clinical signs for cerebellar cortical degeneration.
Interestingly, some evidence suggests a possible parvovi-
ral infection of fully differentiated neurons in young and
adult cats with concomitant nervous signs, although the
cases depicting this phenomenon remain scarce [49]. In
our three cases, the clinical history was not compatible
with infectious disease, and post-mortem evaluation did
not show any histopathological evidences of infectious or
inflammatory disease, and cerebellar cortical degenera-
tion was diagnosed based on the combination of histo-
pathological changes and clinical data.

In conclusion, our report supports a potential genetic
component for cerebellar cortical degeneration in cats.
Despite subjective cerebellar abnormalities on MRI
examination, some MRI objective measures used for the
diagnosis of this disease in other species hold promise in
cats. Moreover, MRI morphometric analysis is different
in dogs and cats, emphasizing the need to define feline
specific cut-offs. Post-mortem evaluation of the cerebel-
lum in combination with post-natal onset of clinical signs
remain the gold standard for the final diagnosis.
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