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Complete recovery of right forebrain signs from presumptive cerebrovascular 
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     BSTRACT

In this case report, an eight-year-old Warmblood gelding is described with a presumptive vas-
cular event resulting in severe head turn and circling to the right. The horse recovered complete-
ly from the clinical signs. Pathologies that cause asymmetrical forebrain signs in horses could be 
excluded. Magnetic resonance imaging revealed a flow difference in the venous sinuses that was 
presumably caused by cerebral venous sinus thrombosis. The horse was treated with predniso-
lone, antibiotics, vitamin E and B1 and acetylsalicylic acid. He was represented one month after 
the initial clinical signs and was clinically and neurologically normal. The horse subsequently 
returned to his previous level of jumping. 

SAMENVATTING

In deze casuïstiek wordt een achtjarige warmbloedruin beschreven met een vermoedelijke vascu-
laire aandoening die resulteerde in ernstige “head turn” en compulsief cirkelen naar rechts. Het paard 
herstelde en de klinische symptomen verdwenen volledig. Aandoeningen die asymmetrische symp-
tomen van de voorhersenen bij paarden veroorzaken, werden uitgesloten. Onderzoek door middel van 
magnetische resonantie toonde een verschil in bloedvloei in de veneuze sinussen, wat vermoedelijk 
veroorzaakt werd door een cerebrale veneuze sinustrombose. Het paard werd behandeld met predniso-
lone, antibiotica, vitamine E en B1 en acetylsalicylzuur. Een maand na de eerste klinische symptomen 
was het paard klinisch en neurologisch normaal. Het paard keerde vervolgens terug naar zijn vorige 
niveau in de jumping.

A

INTRODUCTION

Asymmetrical forebrain pathology can be associ-
ated with head and neck turn with or without head 
tilt, circling, changes in behavior or consciousness, 
seizures, visual problems and facial sensation abnor-
malities. Acute onset of these forebrain signs is regu-
larly seen in small animal neurology (Bagley et al., 
1999; Erlen et al., 2018). The most common causes in 

dogs are epilepsy, auto-immune inflammation, cere-
brovascular disease and neoplasia. Compared to small 
animals, the literature regarding forebrain pathology 
in horses is limited. Differential diagnosis of forebrain 
pathology also includes trauma, inflammatory (infec-
tious or noninfectious), metabolic or toxic disease 
(Divers, 2006; Hillock et al., 2006). Cerebrovascu-
lar disease is defined as any abnormality of the brain 
resulting from a pathological process compromising 
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its blood supply (Kalimo et al., 2002). Pathological 
processes that may result in cerebrovascular disease 
include vascular occlusion by a thrombus or embolus 
(ischemic stroke), lesion or altered permeability of the 
blood vessel wall (hemorrhagic stroke) and increased 
viscosity or other changes in the quality of the blood 
(Adams and Victor, 1997). Cerebrovascular accident 
(CVA) or stroke, defined as a sudden onset of non-
convulsive and nonprogressive focal brain signs se-
condary to cerebrovascular disease, is the most com-
mon clinical presentation of cerebrovascular disease 
in human patients (Sacco, 1994). CVA is character-
ized clinically by a peracute or acute onset of focal, 
asymmetrical and nonprogressive brain dysfunction 
(Thomas, 1996). In humans, strokes are common and 
about 80% are ischemic (Béjot et al., 2016). In small 
animals, strokes are reported to be uncommon but 
when present, the majority of them appear to be ische-
mic. The overall prevalence is unknown (Wessman et 
al., 2009; Gonçalves et al., 2011). There is no repor-
ted prevalence regarding horses. In small animals, the 
diagnosis is usually based on anamnesis, clinical exa-
mination, advanced medical imaging and cerebro-
spinal fluid analysis to rule out inflammatory disease 
(Garosi, 2010; Yenigün et al., 2015). Imaging stud-
ies of the brain (computed tomography, conventional 
and functional magnetic resonance imaging (MRI)) 
are necessary to reinforce the suspicion or confirm 
the stroke, define the vascular territory involved, de-
termine the extent of the lesion and distinguish be-
tween ischemic and hemorrhagic stroke. They are 
also necessary to rule out other causes, such as neo-
plasia, trauma and encephalitis. Once a stroke is con-
firmed, diagnostic tests focus on identifying an un-
derlying cause (Garosi, 2010). In humans, the cause 
of the stroke remains undetermined in up to 40% of 
the cases; these cases are called cryptogenic (Sacco, 
1994). The prognosis depends on the neuroanatomi-
cal location, initial severity of the neurological deficit, 
the initial response to supportive care and the sever-
ity of any underlying cause (Garosi and McConnell, 
2005; Garosi, 2010). Most dogs with ischemic stroke 
tend to recover within several weeks with only sup-
portive care (Garosi and McConnell, 2005; Kang et 
al., 2007). In this case report, an eight-year-old Warm-
blood gelding is presented with a presumptive vas-
cular event resulting in severe head turn and circling 
to the right; the horse recovered completely from the 
clinical signs.

CASE HISTORY

An eight-year-old Warmblood sport horse gelding 
was presented at the Large Animal Internal Medicine 
Department of Ghent University because of neurolo-
gical signs since two days. At home, the horse showed 
a head turn to the right, compulsive circling to the 
right and the gait was considered slightly imbalanced. 
The horse had been treated with a single dose of 0.1 

mg/kg bwt dexamethasone (Rapidexon® 2 mg/ml, 
Eurovet Animal Health BV, the Netherlands) intrave-
nously (IV) on the first day of the symptoms by the 
referring veterinarian. Two days later, the horse was 
referred to the clinic as the clinical signs did not im-
prove. The horse had no previous medical history, had 
not been travelling abroad and had not been in contact 
with travelling horses.

CLINICAL FINDINGS

Physical examination

The gelding was bright, alert and responsive. 
Heart rate (44 beats/min), respiratory rate (12 breaths/
min) and temperature (37.8°C) were normal. Also 
heart and lung auscultation were normal. The mucous 
membranes were pink, the capillary refill time was 
less than two seconds and the pulse quality was good. 
No petechiae were observed and there were no swol-
len lymph nodes. The body condition score was 6/9. 
There were no external signs of trauma. The horse 
presented a clear head turn to the right. 

Neurological examination

Evaluation of intracranial disease through the men-
tal status and attitude in the quiet stable environment 
revealed an alert and responsive horse with appro- 
priate response to stimuli. There was an obvious se-
vere head turn, also called lateral ‘deviation’, to the 
right with compulsive circling to the same side (Fi-
gure 1). There was no head tilt. On examination of the 

Figure 1. Eight-year-old sport horse with right head 
turn and continuous compulsive circling to the right.
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cranial nerves to detect any brainstem or peripheral 
nerve disease, the menace response, palpebral and 
pupillary light reflexes on the right side appeared to 
be slightly decreased. No myosis or mydriasis and no 
ptosis were observed. The face was symmetric. There 
was no nystagmus present. Tongue tone and swallow-
ing were normal. The evaluation of spinal reflexes and 
muscle evaluation were also unremarkable. There was 
a normal panniculus response, tail tone and anal tone. 
There was no abnormal sweating and no muscle atro-
phy. No ataxia or paresis were noted at rest and during 
dynamic evaluation, which made cerebellar, vestibu-
lar or spinal involvement unlikely. Blindfolding was 
not included in the examination. Coordination during 
lunging exercise at walk, trot and gallop was nor-
mal. However, the horse kept leaning on the outside 
of the circle when lunged on the left hand side and 
kept coming to the inside of the circle when lunged 
on the right-hand side. After the neurologic exami-
nation, neuroanatomic localization of the lesion was 
presumed to be of cerebral origin and ancillary tests 
were performed.

DIAGNOSIS

Laboratory findings

Hematology and serum biochemistry were per-
formed on presentation and the results were all within 
the reference range. Serum western blot did not detect 
antibodies against Sarcocystis neurona, a causative 
agent of equine protozoal myeloencephalitis (EPM), 
and western blot analysis for Borrelia burgdorferi an-
tibodies was negative. 

Computed tomography scan and cerebrospinal 
fluid 

Computed tomography (CT) of the head was per-
formed under general anesthesia on the second day 
after presentation (fourth day after the onset of clini-
cal signs) using a four-slice helical CT device (Light-
speed Qx/i, General Electric Medical Systems, Mil-
waukee, WI) with images in soft tissue and bone al-
gorithm with and without IV iodinated contrast agent 

(Ultravist 300 mg Iodine/mL; 400 ml/500kg bwt). 
Contrast agent was injected at the speed of 5 ml/s in 
both jugular veins using a power injector, and images 
were acquired 60 seconds after injection. The results 
of the CT examination were unremarkable both with 
and without contrast.

Immediately following the CT examination, cere-
brospinal fluid (CSF) was collected from the atlanto-
occipital space using a 3.5 inch 19-gauge spinal needle 
(Spinocan®, B. Braun, Germany). The procedure was 
smooth and a non-contaminated sample was obtained. 
The CSF was clear and colorless. Total cell count ana-
lysis (ProCyte DxTM, Idexx Laboratories), performed 
within thirty minutes of sample collection, revealed no 
leukocytes. No cells were observed after cytocentrifu-
gation of the sample. Total protein, glucose, aspartate 
transaminase (AST), lactate and creatine kinase (CK) 
were within normal range. The sample was sent to an 
external laboratory and no immunoreactivity was de-
tected for Sarcocystis neurona. The results of the fluid 
analysis are reported in Table 1. 

Figure 2. Transverse T2W image of the brain: a hyper-
intense right petrous venous sinus (white arrow) and 
isointense left petrous venous sinus (bold black arrow) 
are present.

Table 1. Results of the CSF analysis (Mayhew et al., 1997; Aleman, 2018). 

Parameter Result Reference

Color Translucid Translucid
White blood cells count 0 cell/µL 0-6 cells/µL
Cytology  No cell observed No cells
Total protein <5 mg/dL < 100 mg/dL
Glucose 30 mg/dL 40-80 mg/dL
AST 14 IU/L 0-50 IU/L
Lactate 2 mmol/L < 2 mmol/L
CK <10 IU/L 0-8 IU/L
Sarcocystis neurona (Western Blot) Neg Neg

AST: aspartate transaminase; CK: creatine kinase; Neg: negative
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Magnetic resonance imaging (MRI)

One week after the start of the clinical signs, mag-
netic resonance imaging (MRI) of the brain was per-
formed using a low-field 0.25 Tesla MR scanner (Vet-
MR Grande, Esaote, Genova, Italy). The sequences 
included transverse plane T1- and T2-weighted (T1W, 
T2W), FAST fluid attenuated inversion recovery 
(FLAIR) and short tau inversion recovery (STIR) se-
quences and sagittal plane T2-weighted and 3D hy-
brid contrast enhancement (HYCE) sequences. MRI 
changes showed an asymmetry in the signal (T2W, 
FLAIR and STIR hyperintense right and isointense 
left compared to the temporal muscles, and T1W 
isointense on both sides) of the ventral petrous ve-
nous sinus (Figure 2). Contrast agent was used as for 
standard brain imaging and no vascular (angiography) 
protocol was used. Contrast agent was manually in-
jected unilaterally in the jugular vein (Clariscan 0.5 
mmol/ml; 30 ml/500kg bwt). Images were acquired 
immediately after injection. Post contrast, a filling de-
fect was present in the left venous sinus. Based on the 
MRI, there was suspicion of a cerebral venous sinus 
thrombosis.

TREATMENT

The horse stayed at the clinic for five days and 
treatment was initiated with antibiotics (trime-
thoprim-sulfadiazine; 30 mg/kg bwt, per os twice a 
day), prednisolone (1 mg/kg bwt per os once a day) 
and vitamin E (7000 IU per os once a day) and B1 (5g 
per os once a day). During this period, the compulsive 
turning to the right gradually disappeared. The head 
turn improved but remained present. After discharge, 
oral prednisolone (1 mg/kg bwt once a day for two 
weeks followed by 0.5 mg/kg bwt once a day for one 
week) and trimethoprim-sulfadiazine were continued 
for three and two weeks, respectively. The horse was 
also daily orally supplemented with vitamin E and vi-
tamin B1 for four weeks. Acetylsalicylic acid (10 mg/
kg bwt, per os once a day) was given for three weeks.

OUTCOME

The horse was represented one month after the ini-
tial clinical signs and was clinically and neurologi-
cally normal. The horse subsequently returned to his 
previous level of jumping. 

DISCUSSION

In this case report, an eight-year-old warmblood 
sport horse is presented with acute nonprogressive, 
asymmetrical neurological signs. The head turn and 
compulsive circling without ataxia were indicative for 

an asymmetrical forebrain lesion (Jose-Cunilleras and 
Piercy, 2007; Furr and Reed, 2015). Although animals 
suffering from intracranial disease can have an altered 
mental status, this was not observed in the present 
case (Furr and Reed, 2015). Compulsive circling may 
also be observed in vestibular disease and is usually 
accompanied by a head tilt and/or nystagmus (John-
son and Kellam, 2001; Furr and Reed, 2015), which 
was not found in the horse of the present case. The 
most common cause of vestibular disease is temporo-
hyoid osteoarthropathy.

 Other less frequently encountered causes include 
trauma, EPM, polyneuritis equi, otitis media-interna 
and neoplasia (Johnson and Kellam, 2001). Differen-
tial diagnosis of forebrain pathology includes trauma, 
inflammatory (infectious or noninfectious), metabolic 
or toxic disease (Divers, 2006; Hillock et al., 2006). 
In the present case, a traumatic event, inflammation 
or neoplastic processes were ruled out based on the 
results of the ancillary tests. CSF analysis didn’t re-
veal any indication for an inflammatory or infectious 
process. EPM is a disease affecting the central ner-
vous system due to the protozoa Sarcocystis neurona. 
The clinical signs may vary from an acute to insidious 
onset of neurological signs involving the brain, brain-
stem, spinal cord or a combination of these locations. 
Most commonly, signs are asymmetrical and include 
ataxia and/or muscle atrophy, but the clinical signs are 
variable and can simulate other equine neurological 
diseases (Furr et al., 2002). It is commonly described 
in North, Central and South America where the de-
finitive host (opossum) is present (Furr and Howe, 
2015), but some suspected cases in Europe have been 
reported too (Pitel et al., 2002). Although this horse 
had not travelled abroad and had not been in contact 
with travelling horses, EPM was tested because of the 
asymmetrical clinical signs; however, the results were 
negative. Antemortem diagnosis is usually presump-
tive and the definitive diagnosis is made postmortem 
by microscopic identification, immunohistochemis-
try, culture or polymerase chain reaction (Johnson et 
al., 2010). Different commercial tests exist (surface 
antigen 1 ELISA, Western blot and indirect fluores-
cent antibody) (Duarte et al., 2003; Johnson et al., 
2010). Western blot was used in the present case but 
it has variable sensitivity and specificity on serum and 
CSF (Daft et al., 2002; Johnson et al., 2010). As both 
serum and CSF samples were negative and because 
the horse hadn’t travelled abroad, EPM was highly 
unlikely.

 Neuroborreliosis (NB) is a syndrome attributed to 
Borrelia burgdorferi infection, a spirochete transmit-
ted by Ixodes ticks. Clinical signs can be vague and 
variable. They include muscle atrophy or weight loss, 
cranial nerve deficits, ataxia, change in behavior and 
dysphagia (Divers et al., 2018). Antemortem diagno-
sis of NB is challenging due to variable clinical pre-
sentation and lack of a gold standard test (Johnstone et 
al., 2016). In the present case, serum antibodies were 
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absent, which means that it is unlikely that this horse 
had ever been in contact with B. burgdorferi. Further 
examination of the CSF was not performed. However, 
it is important to report that negative serology can oc-
cur in acutely infected horses, immune-compromised 
horses or when the infection is localized to the eye or 
central nervous system (Johnstone et al., 2016; Div-
ers et al., 2018). Nevertheless, looking at the evolu-
tion and the positive outcome of this case, NB was 
unlikely. 

This horse didn’t present any signs of progressive 
symmetrical paresis or ataxia, so spinal ataxia and 
EHV-1 were ruled out based on the clinical findings 
(Wilson, 1997; van Maanen, 2002). Borna disease and 
other equine neuropathogenic viruses, i.e. West Nile 
virus, Eastern equine encephalitis, Western equine en-
cephalitis, etc. causing encephalitis or myeloencepha-
litis, are also possible differential diagnoses. Based 
on the asymmetrical clinical findings, no history of 
hyperthermia and on the absence of an altered men-
tation, these infectious diseases seemed unlikely and 
were not tested in this case. CSF analysis is often help-
ful in diagnosing encephalitis as there can be changes 
in protein and leucocytes concentration (Lecollinet et 
al., 2020). CSF analysis was performed in this case 
but was found to be normal. 

On the CT-scan, no abnormalities were noted that 
could explain the symptoms. Different timing and 
contrast injection protocols (IV or intra-arterial; bila- 
teral or unilateral) may influence the image interpreta-
tion (Nelson et al., 2017). While it is really sensitive 
to detect acute hemorrhage, early CT signs of ische-
mia can be subtle and difficult to detect (Hoggard et 
al., 2002; Garosi, 2010). With higher resolution and 
optimal contrast administration, CT images could 
probably have shown a filling defect (Nelson et al., 
2017). Indeed, CT-perfusion or CT-angiography con-
trast protocols would have been more sensitive met-
hods to detect a stroke (Arnold et al., 2020). 

MRI is the most sensitive imaging modality for 
diagnosing ischemic stroke. Changes can be detected 
within 12 to 24 hours after the onset of clinical signs 
(Garosi and McConnell, 2005). In the present case, 
no ischemic changes were seen on MRI. Only a low 
field MRI and 4-mm slices were available, so subtle 
lesions could have been missed. High-field MRI is a 
superior technique for imaging of subtle lesions but 
was not available. Considering the inferior anatomi-
cal resolution of low-field MRI, diffusion-weighted 
imaging or apparent diffusion coefficient mapping 
would have increased the detection of ischemic in-
farcts (Arnold et al., 2020). Both MRI and CT were 
initially performed to exclude any obvious intracra-
nial pathology and no vascular protocol was applied. 
Also, brain imaging in horses can be challenging. In a 
study reviewing equine head MRIs, no changes were 
noted in 70% of horses presenting neurological symp-
toms (Manso-Diaz et al., 2015). 

The flow difference between the venous sinuses 

might be an incidental finding. The flow difference 
could also be a flow artefact (time of flight artefact) 
or occur after a cerebral venous sinus thrombosis 
(CVST). In humans, CVST mostly presents as head-
aches, visual deficits and seizures but clinical symp-
toms are very variable (Yenigün et al., 2015). CVST 
has never been described in horses. Because in the 
present case, typical pathologies potentially giving 
right side forebrain signs could be excluded through 
ancillary testing, and because of the clinical evolution 
and positive outcome, a cerebrovascular event was 
plausible. However, definitive diagnosis of a cerebro-
vascular event (hemorrhagic or ischemic) should be 
made based on advanced medical imaging. CT-scan 
has the benefit of rapid image acquisition and is use-
ful to detect hemorrhage. If available, high field MRI 
with a vascular protocol should be performed. T2W 
and FLAIR images are particularly useful in imag-
ing an ischemic stroke, and diffusion-weighted im-
aging can improve the sensitivity and specificity of 
stroke diagnosis (Garosi, 2010; Arnold et al., 2020). 
Little data is available regarding cerebrovascular dis-
ease in horses. In all forms of stroke in humans and 
dogs, a clinical characteristic is the abruptness with 
which the neurological deficits develop in contrast 
to metabolic, inflammatory or neoplastic conditions 
that tend to have a more subtle onset and where the 
disease progression can be more gradual (Garosi and 
McConnell, 2005). Another clinical feature of stroke 
is that the neurological deficits stop progressing and 
then regress after a short period of time, except in fa-
tal strokes in humans (Garosi and McConnell, 2015). 

In dogs, the general goal of treatment is to pro-
vide supportive care, maintain adequate tissue oxy-
genation and manage possible complications (Garosi, 
2010). In the present case, prednisolone was started 
at initial presentation before ancillary testing was 
performed and it was continued as the horse kept im-
proving clinically. The use of glucocorticosteroids is 
controversial  and there is no evidence of beneficial 
effects in the treatment of stroke in dogs or in humans 
(Sandercok and Soane 2001; Platt et al., 2005). Anti-
biotic treatment was also started at initial presentation 
and continued after discharge but in retrospect, treat-
ment should probably have been terminated when the 
diagnosis was made. Vitamin B1 is thought to have 
a supporting role on the regeneration of the nervous 
system; however, evidence-based information for its 
efficacy is lacking. Vitamin E was administrated as 
an additional supportive treatment for its antioxidant 
properties (Finno and Valberg, 2012). Acetylsalicylic 
acid was started on the owner’s initiative as it is used 
prophylactically in human patients who have exhibi-
ted a cardiovascular or cerebrovascular event (Hacke 
et al., 2003). To the authors’ knowledge, in veterinary 
medicine, no controlled studies have assessed this 
treatment in case of cardiovascular or cerebrovascular 
pathology.  

In a study inducing an ischemic stroke in dogs, 
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clinical signs spontaneously regressed within four 
weeks without therapy (Kang et al., 2007). The prog-
nosis in dogs with ischemic stroke has been described 
as fair to good depending on the presence or absence 
of an underlying condition (Garosi et al., 2005; Ga-
rosi and McConnell, 2005; Wessmann et al., 2009). 
In contrast, forebrain pathologies like brain tumors or 
abscesses, epilepsy, neuroborreliosis and metabolic 
encephalopathy, also described in equine medicine, 
may have a more reserved prognosis (Granstrom et 
al., 1992; Fenger et al., 1997; Ruas et al., 1997; Cor-
nelis et al., 2001; Müller et al., 2011; Spoormakers 
et al., 2003; Audigie et al., 2004; Imai et al., 2011; 
Lacombe et al., 2011; Johnstone et al., 2016; Broux 
et al., 2019). In the horse of the present case however, 
the outcome was excellent.

CONCLUSION

In the horse of the present case, the clinical signs 
of an asymmetrical forebrain lesion were presumably 
caused by an ischemic vascular event. First, the clini-
cal presentation corresponded to what is observed in 
strokes. Medical imaging didn’t reveal any signs of 
trauma like parenchymal bleeding or skull fracture, 
and most common cerebral pathologies that give rise 
to asymmetrical forebrain symptoms could be ruled 
out. Finally, a reduced flow was found in the venous 
sinus, which can be an indication for a cerebrovascu-
lar event. Despite the marked neurological signs at the 
onset, full recovery was observed. 
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