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Ischaemic myelopathy (IM) is a consequence of spinal 
cord vasculature occlusion and resultant ischaemic 
necrosis of the territory supplied.1 IM has characteristic 
clinical and magnetic resonance imaging (MRI) features, 
yet histopathology is required for a definitive diagno-
sis.2–4 Fibrocartilaginous embolic myelopathy (FCEM) is 
the most common cause of IM in dogs and cats,3,5 
although other causes include embolisation of thrombi, 
parasitic or septic emboli, vasculopathy and hypercoag-
ulable states.4,6 A retrospective study on histologically 
confirmed feline spinal cord diseases identified 11 cases 
of thrombosis or vasculopathy of unknown cause.7 The 
aim of this study is to report a novel subtype of feline 
cervical IM resulting from ischaemia of the ventral spi-
nal artery (VSA) with defining clinical and MRI features. 
The clinical outcome of three cats included in this study 
has been reported elsewhere.5

Materials and methods
The medical databases of two UK veterinary referral hos-
pitals were examined to identify cats presumptively 
diagnosed with IM. Inclusion criteria comprised a 

peracute (<6 h) to acute (7–24 h) onset of myelopathy 
with neurolocalisation to the C1–T2 spinal cord seg-
ments, MRI of the cervical spine performed (consisting of 
T2-weighted [T2W] sagittal and transverse images) with 
findings compatible with an IM in the vascular territory 
of the VSA, comprehensive medical records, and a mini-
mum of 6 months’ follow-up information. MRI findings 
compatible with IM in the vascular territory of the VSA 
included an intramedullary, ventrally located, symmetri-
cal, well-demarcated, elliptical, hyperintense lesion on 
T2W and fluid-attenuated inversion recovery transverse 
images (Figure 1) with no contrast enhancement. Cases 
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that had a history of trauma, or that had MRI evidence of 
intervertebral disc disease ventral to the intramedullary 
spinal cord lesion (loss of annulus fibrosus integrity or 
decreased nucleus pulposus volume) were excluded. 
Magnetic resonance (MR) images were acquired using a 
0.4 Tesla MRI scanner (Hitachi Aperto) or 1.5 Tesla MRI 
scanner (Sigma echospeed superconducting magnet; 
General Electric Medical Systems). All MR images were 
examined by board-certified radiologists.

Information recovered from the medical records 
included age at onset, sex, breed, clinical signs, neurolo-
calisation, presence or absence of cervical ventroflexion, 
results of any ancillary diagnostic tests performed, con-
current medical conditions and cerebrospinal fluid (CSF) 
analysis results. Cats were allocated a neurological grade 
based upon neurological examination findings at the 
time of presentation of 1 (normal), 2 (ambulatory tetra-
paresis), 3 (non-ambulatory tetraparesis) and 4 (tetraple-
gic with nociception present). Long-term follow-up 
information was acquired from the patients’ records, 
and from either the owners or referring veterinary sur-
geons via a telephone questionnaire. A recurrence of 
thromboembolic disease (either an IM or cerebrovascu-
lar accident) was suspected based on a peracute/acute 
onset of non-progressive clinical signs with rapid 
improvement.

Results
Eight cats were included (Table 1) with a mean age at 
time of presentation of 14 years and 2 months (median 

14 years; range 12 years 11 months to 16 years). Four cats 
were male neutered and four were female neutered. 
Breeds comprised the domestic shorthair (n = 4), domes-
tic longhair (n = 2) and Persian (n = 2).

Clinical and MRI findings
Neurological grade at time of presentation ranged from 
2 (ambulatory tetraparesis) to 4 (tetraplegic with nocice-
ption present) (Table 1), with six cats (75%) scored as 3 
(non-ambulatory tetraparesis). Six cats displayed 
marked cervical ventroflexion.

In all eight cats, MRI of the cervical spinal cord 
revealed the aforementioned lesion at the level of the C2 
or C3 vertebra (Figure 1). Clinical and MRI neurolocali-
sations correlated in all but one case (Table 1; cat 2).

Ancillary diagnostic tests performed included haematol-
ogy (n = 7), serum biochemistry (n = 8), serum total T4 con-
centration (n = 6), serial Doppler blood pressure measurements 
(n = 8), urinalysis (n = 4), thoracic radiographs (n = 8), abdom-
inal ultrasound (n = 7), cardiac ultrasound (n = 3) and CSF 
analysis (n = 8). Six cats were diagnosed as hypertensive (sys-
tolic blood pressure >180 mmHG),8 two with hypertrophic 
cardiomyopathy (HCM) and two with chronic kidney dis-
ease (CKD). CSF analysis detected increased total protein 
concentrations (>0.3 g/l) in three cats, one of which also had 
an increased nucleated cell count (Table 1; cat 1).

Outcome
All cats received supportive care (eg, hand-feeding  
and intravenous crystalloid fluid administration for 

Figure 1 T2-weighted sagittal and transverse images of the cervical spinal cord of cats 1 (a,b) and 2 (c,d). A ventral 
hyperintense lesion is seen at the level of C2 on the sagittal images (a,c). An analogous ventral hyperintense elliptical lesion  
is seen in the transverse images (b,d) corresponding to the territory of the ventral spinal artery at C2



Simpson et al 1003

Ta
b

le
 1

 S
ig

na
lm

en
t a

nd
 o

ut
co

m
e 

of
 e

ig
ht

 c
at

s 
w

ith
 C

2 
or

 C
3 

is
ch

ae
m

ic
 m

ye
lo

pa
th

y 
de

te
ct

ed
 o

n 
m

ag
ne

tic
 re

so
na

nc
e 

im
ag

in
g 

(M
R

I)

C
at

A
ge

Se
x

B
re

ed
N

eu
ro

lo
gi

ca
l 

gr
ad

e
N

eu
ro

 
lo

ca
lis

at
io

n
C

er
vi

ca
l 

se
gm

en
t 

af
fe

ct
ed

  
on

 M
R

I

C
er

vi
ca

l 
ve

nt
ro

fle
xi

on
C

SF
C

on
cu

rr
en

t 
m

ed
ic

al
 

co
nd

iti
on

s

Ti
m

e 
to

 
am

bu
la

tio
n 

(d
ay

s)

O
ut

co
m

e 
(m

on
th

s 
af

te
r 

pr
es

en
ta

tio
n)

C
ur

re
nt

 
m

ed
ic

at
io

ns

1
14

 y
M

N
D

LH
3

C
1–

C
5

C
2

Ye
s

TP
 1

.0
9 

g/
l  

(N
 <

0.
3)

N
C

C
 1

3/
µl

  
(N

 <
5)

Eo
si

no
ph

ili
c 

pl
eo

cy
to

si
s 

(6
0%

)

H
yp

er
te

ns
io

n
C

K
D

5
N

Q
ol

 (1
2)

C
lo

pi
do

gr
el

 
(1

8.
75

 m
g 

q2
4h

)

2
13

 y
M

N
Pe

rs
ia

n
4

C
1–

T2
C

2
Ye

s
W

N
L

H
yp

er
te

ns
io

n
7

N
Q

oL
 (1

8)
C

lo
pi

do
gr

el
 

(1
8.

75
 m

g 
q2

4h
)

3
15

 y
 7

 m
o

FN
D

SH
2

C
1–

C
5

C
2

N
o

W
N

L
H

yp
er

te
ns

io
n

N
/A

N
Q

oL
 (1

7)
A

m
lo

di
pi

ne
 

(1
.2

5 
m

g 
q2

4h
)

4
15

 y
FN

D
SH

3
C

1–
C

5
C

2
Ye

s
C

on
ta

m
in

at
ed

H
C

M
 a

nd
 

m
itr

al
 v

al
ve

 
de

ge
ne

ra
tio

n

5
N

Q
oL

 (7
)

N
on

e

5
12

 y
 1

1 
m

o
FN

D
SH

3
C

1–
C

5
C

3
Ye

s
W

N
L

H
yp

er
te

ns
io

n
H

C
M

4
LT

F 
af

te
r  

39
 m

o
N

on
e 

at
 ti

m
e 

of
 d

is
ch

ar
ge

6
13

 y
M

N
D

LH
3

C
1–

C
5

C
3

Ye
s

TP
 0

.3
8g

/l
H

yp
er

te
ns

io
n

14
N

Q
oL

 (1
8)

 
th

en
 fu

rth
er

 
su

sp
ec

te
d 

in
fa

rc
ts

 e
ve

ry
 

3 
m

on
th

s.
 

Eu
th

an
as

ed
 

(3
0)

 a
fte

r 
on

e 
of

 th
es

e

N
/A

7
16

 y
M

N
D

SH
3

C
1–

C
5

C
3

N
o

W
N

L
H

yp
er

te
ns

io
n

3
N

Q
oL

 (1
0)

A
m

lo
di

pi
ne

 
(0

.1
25

 m
g 

 
q2

4h
) 

B
en

az
ep

ril
 (2

.5
 

m
g 

q2
4h

)
8

14
 y

 6
 m

o
FN

Pe
rs

ia
n

3
C

1–
C

5
C

3
Ye

s
TP

 0
.8

5 
g/

l
C

K
D

2
N

Q
oL

 (2
); 

eu
th

an
as

ed
 

(4
) a

fte
r 

fu
rth

er
 

su
sp

ec
te

d 
in

fa
rc

t

N
/A

C
SF

 =
 c

er
eb

ro
sp

in
al

 fl
ui

d;
 y

 =
 y

ea
rs

; m
o 

=
 m

on
th

s;
 M

N
 =

 m
al

e 
ne

ut
er

ed
; F

N
 =

 fe
m

al
e 

ne
ut

er
ed

; D
LH

 =
 d

om
es

tic
 lo

ng
ha

ir;
 D

SH
 =

 d
om

es
tic

 s
ho

rt
ha

ir;
 T

P 
=

 to
ta

l p
ro

te
in

; N
C

C
 =

 n
uc

le
at

ed
 c

el
l c

ou
nt

; 
W

N
L 

=
 w

ith
in

 n
or

m
al

 li
m

its
; C

K
D

 =
 c

hr
on

ic
 k

id
ne

y 
di

se
as

e;
 H

C
M

 =
 h

yp
er

tro
ph

ic
 c

ar
di

om
yo

pa
th

y;
 N

Q
oL

 =
 n

or
m

al
 q

ua
lit

y 
of

 li
fe

; L
TF

 =
 lo

st
 to

 fo
llo

w
-u

p;
 N

/A
 =

 n
ot

 a
pp

lic
ab

le



1004 Journal of Feline Medicine and Surgery 16(12)

rehydration and maintenance therapy until eating nor-
mally) and physiotherapy (performed by qualified vet-
erinary nurses and/or physiotherapists consisting of 
kneading massage, passive range of movement exer-
cises, and strengthening and functional coordination 
exercises) during hospitalisation, although this treat-
ment varied between cases and hospitals. For the seven 
cats that were non-ambulatory upon presentation, the 
mean time to ambulatory was 5.7 days (median 5 days; 
range 2–14 days). Two cats were prescribed prophylactic 
anti-platelet clopidogrel (18.75 mg orally once daily) 
therapy on discharge, and two cats were treated for 
hypertension with amlodipine (1.25 mg orally once 
daily). One of these was additionally prescribed 
benazepril (2.5 mg orally once daily) owing to continued 
hypertension at re-examination 5 days later.

Long-term follow-up data were available for all eight 
cats with a mean time to follow-up of 1 year and 6 months 
(median 1 year and 2 months; range 4 months to 3 years 
and 3 months). All cats returned to normal or nearly nor-
mal neurological function over the proceeding few months 
after discharge, with residual deficits reported to be mild 
ataxia (Table 1; cats 1, 3, 4) and tetraparesis (case 7). Five 
cats had no reported recurrence of clinical signs, with a 
median time to follow-up of 1 year and 6 months (range 7 
months to 3 years and 3 months). One of these (cat 5) was 
lost to follow-up after 3 years and 3 months.

Three cats had a chronic relapsing disease course. Cat 6 
returned to a normal quality of life with no neurological 
deficits 2 weeks after onset of the first event. Eighteen 
months later the cat was afflicted with an acute onset of 
non-progressive vestibulocerebellar signs, which were 
never investigated by a neurologist, and made a full 
recovery within 3 days. Recurrence of vestibulocerebellar 
signs followed by a similarly rapid recovery period was 
reported to occur approximately every 3 months. Thirty 
months after the first event the cat was euthanased at the 
owner’s request owing to a severe peracute onset of vesti-
bulocerebellar signs. Cat 7 had an acute onset of right-
sided forebrain signs 32 days after the first event. The cat 
had been prescribed amlodipine after the first event, and 
adjunctive benazepril treatment was prescribed after 
detection of continued hypertension on investigation of 
the second event. The cat was ambulatory 2 days after this 
second event with return to normal quality of life 25 days 
later. Cat 8 returned to normal neurological function after 
the first event and was subsequently prescribed antibiot-
ics for a chronic urinary tract infection. Four months after 
the first event it suffered an acute onset of tetraplegia and 
was euthanased on presentation at the owner’s request 
without further investigation or treatment.

Discussion
We report eight cases of IM in older cats with character-
istic findings of an acute onset of C1–C5 myelopathy, 

low head carriage in the majority of cases, the presence 
of concurrent medical conditions, and the potential for a 
chronic and relapsing disease course. This presentation 
appears distinct from FCEM, which usually causes a sin-
gle event in cats with no concurrent medical conditions, 
and has been reported in cats as young as 6 months of 
age.5

All eight cats presented with an acute onset of non-
progressive signs. Neurological severity ranged from 
ambulatory tetraparesis (grade 2) to tetraplegia (grade 4) 
consistent with previous IM reports.5 Six out of eight cats 
exhibited marked ventroflexion of the neck. This has 
been reported in association with neuromuscular weak-
ness and severe grey matter lesions of the brain or cervi-
cal spinal cord.9–11 The cervical ventroflexion reported 
here was suspected to be due to the cervical grey matter 
involvement and is distinct from these other causes in 
that it presented acutely. We hypothesise that this pos-
ture is most likely observed owing to paresis of the cervi-
cal dorsal epaxial muscles. The strength of these muscles 
is likely more important than in dogs in maintaining an 
erect position of the head owing to the anatomical 
absence of the nuchal ligament in cats.

The symmetry of clinical signs was atypical from the 
majority of histologically confirmed FCEM cases.2,4,12–14 
Increased CSF protein concentrations detected in three 
cats, and increased NCC detected in one cat, was in 
agreement with previous reports of feline IM cases.12,14 
CSF pleocytosis in all previous feline cases was neutro-
philic; however, in some canine cases this has been 
reported as mixed.5,15 Conversely, eosinophilic pleocyto-
sis has never been reported in IM, although it has been 
described in canine cerebrocortical infarction.16 
Following discharge, all cats exhibited a gradual return 
to normal neurological function, albeit some with persis-
tent mild neurological deficits. Two recent studies simi-
larly reported a preponderantly favourable prognosis 
for feline IM cases.5,17 The recurrence of original neuro-
logical signs in one cat, and subsequent occurrence of 
suspected intracranial central nervous system infarcts in 
two other cats has, however, never been reported in 
feline IM cases.

Feline IM may affect any spinal cord segment.5,13 MRI 
findings correlated with clinical neurolocalisation in 7/8 
cats. Neurolocalisation to C6–T2 was made in one cat 
based on reduced thoracic limb flexor withdrawal 
reflexes, yet MRI revealed an intramedullary lesion at 
C2. Withdrawal reflex testing has, however, been 
reported as an unreliable neurolocalisation method in 
dogs and this is likely also the case in cats.18 All cats dis-
played a characteristic elliptical lesion on MRI affecting 
the ventral spinal cord over the C2 or C3 vertebral bod-
ies confined to the vascular territory of the VSA. One 
feline IM retrospective study reported analogous lesions 
in all six cases localising to the C1–C5 segments.5 Four of 
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these were diagnosed with concurrent medical condi-
tions and one had a history of trauma.5 Three of these 
cases met our inclusion criteria and were thus included 
in our study (Table 1; cats 3, 5 and 6). The feline VSA is 
narrowest at C2, which provides a conceivable explana-
tion for this apparent predisposition to embolisation at 
C2.19 Anatomical variation of the VSA between cats pro-
vides a plausible reason for MRI lesion detection at the 
level of the C3 vertebral body in some cases. In humans, 
the pattern of cervical radicular arteries in the cervical 
region has led to the suggestion that a minor watershed 
zone exists at C4.20 A watershed zone refers to an area 
that receives dual blood supply from two or more arter-
ies. These zones are particularly susceptible to ischaemia 
as they are supplied by the most distal branches of their 
arteries and hence the least likely to receive sufficient 
blood flow. Therefore, a similar phenomenon cannot be 
excluded in cats, although this has not been 
investigated.

In cats, potential risk factors predisposing to throm-
bosis or embolisation include CKD, hypertension,  
cardiomyopathy and hyperthyroidism.4,5 Concurrent 
medical conditions, including CKD, hypertension HCM, 
were diagnosed in all of our cats. A study investigating 
canine cerebrovascular accidents (CVA) identified con-
current medical conditions in over 50% of cases. 
Furthermore, these dogs had a significantly increased 
risk of developing subsequent infarcts.21 In humans, ver-
tebral strain has been reported in conjunction with cervi-
cal anterior spinal artery thrombosis and myelomalacia.22 
Feline IM may likewise be associated with triggering 
movements or trauma.5 Cerebral amyloid angiopathy, a 
common cause of CVA in humans, has been reported in 
geriatric cats.23,24 Detection of congophilic β-amyloid 
protein at post-mortem examination would be interest-
ing, but has not been investigated in our study owing to 
the excellent improvement in the majority of cases and to 
the inability to obtain permission from the owners to 
perform post-mortem examination in the two cats 
euthanased.

Thromboembolic disease resulting in IM is suspected, 
but cannot be confirmed. The high incidence of concur-
rent medical conditions in older cats suggests a patho-
genesis that differs from feline FCEM. Repeat MRI was 
not performed in those cats that had recurrence of neuro-
logical signs on ethical grounds, yet the presence of con-
current medical conditions predisposing to 
thromboembolism is supported by the occurrence of 
recurrent thromboembolic events alongside the acute 
onset of non-progressive clinical signs with rapid 
improvement, as shown in cats 6 and 7. Further limita-
tions of this multicentre retrospective study were the dis-
parity of management protocols (eg, varying 
management of hypertension and concurrent disease) 
and small number of cases. Lifelong prophylactic 

antiplatelet therapy was prescribed to two cats, yet no 
controlled veterinary studies have evaluated this proph-
ylaxis.25 Future studies may provide additional informa-
tion regarding long-term prognostic factors in feline IM 
cases with concurrent medical conditions.

Conclusions
We present eight cases of feline cervical IM emphasising 
the apparent predisposition of the VSA at C2 or C3 to 
embolic occlusion. All cats were older than 12 years with 
concurrent medical conditions. Novel features included 
an acute onset of cervical ventroflexion and a chronic 
relapsing course in 3/8 cases. Initial prognosis for return 
to function appears favourable regardless of neurologi-
cal grade, yet concurrent medical conditions may predis-
pose to secondary ischaemic events. MRI had a 
characteristic appearance distinct from previous reports 
of FCEM and IM. Our findings highlight the importance 
of ancillary diagnostic testing in older cats presenting 
with clinical and MRI signs suggestive of IM, particu-
larly when involvement of the VSA is suspected.5
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