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High-field MRI findings in
epileptic dogs with a normal
inter-ictal neurological
examination

Stephanie Phillipps* and Rita Goncalves

Small Animal Teaching Hospital, Institute of Infection, Veterinary and Ecological Sciences, University
of Liverpool, Neston, United Kingdom

Introduction: Epilepsy is one of the most common chronic neurological
conditions affecting dogs. Previous research exploring the likelihood of a
structural cause of epilepsy specifically in dogs with a normal inter-ictal
examination is limited to a small population of dogs using low-field MRI. The
aims of this study were to establish high-field (1.0T and 1.5T) MRI findings in
dogs presenting with epileptic seizures and a normal inter-ictal examination.

Methods: Medical records were retrospectively searched for dogs presenting
with at least two epileptic seizure events more than 24 h apart. To be included
in the study, patients had to have a normal neurological examination, high-field
MRI of the brain and have had metabolic and toxic causes excluded.

Results: Four hundred and twelve dogs were eligible for inclusion. Crossbreeds
were most commonly affected (n =63, 15.3%) followed by Border collies
(n =39, 9.5%) and Labrador retrievers (n = 26, 6.3%). Seventy-six dogs (18.5%)
had abnormalities detected on MRI, 60 (78.9%) of which were considered to
be incidental. Overall, 16 dogs (3.9%) had a structural cause of their epileptic
seizures including neoplasia (n =13, 81.3%), anomalous (n =2, 12.5%) and
meningoencephalitis of unknown origin (MUO) (n = 1, 6.3%). When split into age
group at first epileptic seizure structural lesions were documented in 0/66 dogs
aged <l year, 4/256 (1.6%) dogs aged >1year <6 years (three neoplastic and
one anomalous), 3/51 (5.9%) aged >6 years <8 years (two neoplastic and one
MUO), and 9/39 (23.1%) dogs aged >8 years (eight neoplastic, one anomalous).
Multivariate analysis identified two risk factors for structural disease: increasing
age at first epileptic seizure (p < 0.001, OR =4.390, Cl| 2.338-8.072) and a
history of status epilepticus (p = 0.049, OR = 4.389, CI 1.010-19.078).

Discussion: Structural lesions are an uncommon cause of epilepsy at any age in
dogs with a normal inter-ictal examination.
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Introduction

The worldwide lifetime prevalence of active epilepsy (defined as ongoing seizures or
seizures requiring ongoing treatment) in humans is estimated to be 0.76%, with around 50
million people worldwide affected (1). In dogs, the incidence of at least one epileptic seizure
event is estimated to be 0.82% (2), with epilepsy of unknown origin diagnosed in approximately
0.62% of dogs attending UK primary care practices (3). With an estimated 11 million dogs
owned in the UK alone (4), this equates to over 90,000 dogs experiencing a single epileptic
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seizure in a one-year period and 68,000 diagnosed with epilepsy of
unknown origin. Unsurprisingly then, epileptic seizure disorders are
the most common presenting neurological complaint in dogs (5), and
will be encountered regularly by most small animal clinicians.

Epileptic seizures may be secondary to a number of different disease
processes, including metabolic or toxic aetiologies (termed ‘reactive
seizures’), structural, and idiopathic (genetic, suspected genetic and
unknown) causes (6). Current recommendations made by the
International Veterinary Epilepsy Task Force (IVETF) are that dogs
aged below 6 months or above 6 years of age at the onset of their first
epileptic seizure should have magnetic resonance imaging (MRI) of the
brain performed (6). The presence of an abnormal inter-ictal
neurological examination has been demonstrated to be strongly
associated with an increased risk of structural disease as the cause of
epileptic seizures in dogs (7), however IVETF imaging recommendations
relating to age are regardless of the outcome of the inter-ictal
neurological examination. These guidelines were based on previous
studies which suggested statistically significant increase in risk of a
structural lesion outside of these age limits (8). As the growing body of
research into canine epilepsy continues to expand however, the scientific
rigor on which these recommendations were made has been called into
question. Some of the studies cited in reaching this age cut off did not
differentiate between dogs with normal or abnormal inter-ictal
neurological examinations (8, 9) or did not require reliable neurological
examinations to have been performed in all patients at all (10). Other
studies also included neurologically abnormal dogs in the ‘neurologically
normal’ population, such as mentation changes and cervical
hyperaesthesia (11) or post-ictal changes and abnormalities likely
attributed to anti-seizure drugs (ASDs) (12) included as neurologically
normal. Although the overall reported incidence of structural disease
in some of the papers used in the recommendations is high (10, 13), if
dogs with abnormal neurological examinations are excluded then
structural disease varies from 5.3% (14) to 31% (13) rather than the 26
and 59% reported in the IVETF guidelines (6). Additionally, many of
these studies used small patient populations, which are even smaller
when only neurologically normal animals are included.

More recently, a large study of 900 dogs undergoing MRI at multiple
institutions to investigate the cause of recurrent seizure disorders found
statistically significant association between the diagnosis of idiopathic
epilepsy and the patient age group 6 months to 6 years (15). Again,
patients did not have to be neurologically normal in between epileptic
seizures in order to be included in the study and 70.9% of dogs aged
over 6 years had structural lesions found on MRI, but only 3.4% of dogs
less than 6 months of age. With the increasing availability of high-field
MRY, it has been postulated that more subtle lesions may be found due
to the improved spatial and image resolution compared to low-field
scans (16). Additionally, earlier lesions may be discovered, particularly
given how the IVETF recommendations may affect which animals are
recommended to have an MRI scan performed.

Recommendations by the IVETF are also to perform MRI scans
in all patients that experience cluster seizures or status epilepticus (6).
Previously reported prevalence of cluster seizures in a population of

Abbreviations: ASD, Antiseizure drug; CSF, Cerebrospinal fluid; ECVN, European
College of Veterinary Neurologists; IVETF, International veterinary epilepsy task
force; MRI, Magnetic resonance imaging; RBC, Red blood cell; TNCC, Total

nucleated cell count
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407 dogs diagnosed with idiopathic epilepsy presenting to a referral
institution is 41% and status epilepticus in 10% (17). In a recent study
investigating risk factors relating to outcome of patients with cluster
seizures or status epilepticus, 41/93 (44.1%) were diagnosed with
idiopathic epilepsy (18) and 50/124 (40.3%) in another focussing on
status epilepticus alone (19). These findings are fairly consistent with
previous literature documenting idiopathic epilepsy as the cause of
40.3% of cluster seizures and between 13.2-37.5% of status epilepticus
(7, 20). None of these studies assessed risk in only patients with a
normal neurological examination that were yet to be diagnosed with
the cause of their epileptic seizures, and so it remains unknown
whether the presence of cluster seizures or status epilepticus increases
the risk of structural disease in this patient population.

Performing a brain MRI results in significant financial cost for pet
owners and also requires general anaesthesia or profound sedation,
which are not risk-free procedures (21). Additionally, there may
be limited access to this imaging modality depending on geographic
location as reported in human medicine (22). With the cost of living
crisis and the increasing demand from pet owners that veterinarians
offer rational diagnostic tests which are specific to that patient, rather
than recommending so called ‘gold standard’ workup in every case,
there is a need for up-to-date, accurate information on the diagnostic
utility of brain MRI in epileptic patients with a normal
neurological examination.

The aims of this study were therefore to (1) report the high-field
MRI findings in a large group of epileptic dogs with a normal inter-
ictal neurological examination, (2) establish the prevalence of
structural disease within this patient population and any association
with signalment or seizure type.

Materials and methods

Study design was retrospective. Digital medical records from
the University of Liverpool Small Animal Teaching Hospital were
searched for dogs presenting for investigation of epileptic seizures
between December 2008 and May 2024. Inclusion criteria required
that medical records were complete for review (clinical history,
treatment while hospitalized, signalment), that dogs had
experienced more than one seizure event (>24h apart), had
undergone a complete neurological examination by a diplomate of
the European College of Veterinary Neurology (ECVN) and/or
ECVN resident, as well as MRI of the brain and having had
metabolic and toxic causes of seizures excluded through clinical
history taking and routine bloodwork (haematology, biochemistry,
bile acid stimulation test as had been deemed necessary by the
clinician responsible for the case). Dogs were excluded if a full
neurological examination could not be performed, if there were any
abnormalities found on neurological examination (including
bilaterally symmetrical signs that may have been attributable to
post-ictal changes or side effects of commonly prescribed ASDs), if
it was unclear from the history whether epileptic seizures or other
paroxysmal events were responsible for the clinical signs, if the
clinical history provided by the owner was consistent with
neurological abnormalities other than epileptic seizure activity and
if medical data or MRI were not available for review. The study was
approved by the University of Liverpool Veterinary Research Ethics
Committee (reference number VREC752).
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Information on signalment, clinical history, neurological
examination findings, clinicopathological findings, MRI findings,
treatment administered, outcome and follow-up information were
collected from the records. Follow-up information was recorded at
re-examinations. Breeds were recorded both individually and
purebreds were also grouped by skull conformation type. For statistical
analysis, breeds with more than 10 animals represented were analysed
separately and all other dogs (including crossbreeds) were grouped as
‘other’ Dogs were grouped by age at the time of their MRI as follows:
<6 months, >6 months <1 year, >1 year <6 years, >6 years <8 years
and > 8 years. The same age grouping was also performed for age at
onset of seizures. Based on the owner’s, referring veterinarian’s
description or hospital records, seizure types were grouped into
generalized epileptic seizures only, focal epileptic seizures only, or
both generalised and focal epileptic seizures. Any cases which
experienced focal epileptic seizures with secondary genersalisation
were included in the latter group. Video records were utilised where
available by the attending veterinarian to characterise epileptic seizure
type. Presence of cluster seizures (>1 seizure in a 24 h period) and
status epilepticus (a single event lasting >5 min or two events without
regaining full consciousness in between) were also recorded.
Cerebrospinal fluid (CSF) analysis was evaluated where available but
was not a prerequisite for inclusion in the study.

Magnetic resonance images were acquired from December 2008
to July 2015 with a 1.0T MRI scanner (Magnetom 1.0T; Siemens,
Forchheim, Germany) and from August 2015 to May 2024 with a 1.5T
scanner (Ingenia 1.5TCX; Philips Medical Systems, Eindhoven, the
Netherlands). As the 1.0T scanner is a super conducting magnet all
images were considered high field (23). Sequences performed included
a minimum of T2-weighted images (T2W) (in transverse and sagittal
planes at least), fluid attenuation inversion recovery (FLAIR) and pre-
and post-contrast (intravenous injection of 0.1 mmol/kg of
gadopentetate dimeglubine) T1-weighted images (TIW) in the
transverse plane. Images were reviewed by a board-certified diagnostic
imager and a board certified and/or a residency trained neurologist.
A diagnosis of peri-ictal change was made based on the presence of
symmetrical T2W/FLAIR hyperintensity of the
hippocampus, piriform lobes +/— cingulate gyri (24). Cerebrospinal

bilaterally

fluid collection was performed under the same general anaesthesia
and analysis comprised a red blood cell (RBC) count and total
nucleated cell concentration (TNCC), protein concentration
measurement and a cytological examination with a differential cell
count. Normal CSF TNCC was defined as less than 5 cells/pl and
normal CSF total protein as less than 0.45 g/L (25).

Descriptive statistics were performed using Excel (Microsoft
Corportation, Redmond, Washington, USA 2020).

Statistical analysis was performed using the software SPSS 27.0
(SPSS Inc., Chicago, Illinois, USA). Continuous data were assessed for
normality using the Shapiro-Wilk test. For normally distributed data,
the range and mean values are presented and in abnormally distributed
sets, the range, median value and interquartile range (IQR) are
provided. Excel data was then imported into SPSS for
statistical analysis.

Binary logistic regression modelling was utilised to evaluate the
univariable associations between risk factors (age group at first
epileptic seizure, length of time between epileptic seizure onset and
MR, breed, sex, neuter status, generalised vs. focal seizures, presence

of cluster seizures and status epilepticus) and structural abnormalities
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on MRI. Before multivariable analysis, all variables were assessed for
correlation using Spearmans rank correlation coefficients. If
Spearman’s rank correlation coefficient was >0.8, the most statistically
significant or biologically plausible variable was selected. Independent
variables demonstrating liberal association (p < 0.2) were taken
forward for multivariate modelling in which statistical significance
was set at p < 0.05.

Results

Four hundred and sixteen dogs met the inclusion criteria. Four
dogs were excluded from analysis because the results of their MRI
could not definitively be categorised as either causative of epileptic
seizures or an incidental finding (two dogs with chronic lacunar
infarcts, one dog with a small meningeal nodule which was stable at
follow-up MRI 7 months later and one dog with leukoaraiosis). Four
hundred and twelve dogs were therefore included in the study.
Crossbreeds were most commonly affected (63/412, 15.3%), and the
Border collie (39/412, 9.5%), Labrador retriever (26/4132, 6.3%) and
Cavalier King Charles spaniels (19/412, 4.6%) were the most
commonly reported purebreds (Table 1). Ninety-eight dogs (23.8.0%)
were brachycephalic, 214 (51.9%) were mesocephalic and 39 (9.5%)
were dolichocephalic. One hundred and thirty-one (31.8%) dogs were
female (85/131, 64.9% neutered) and 281 (68.2%) were male (175/281,
62.3% neutered).

Median age at diagnosis was 51 months (IQR 25-76 months,
range 2-187). Age group split at diagnosis was <6 months 15 dogs
(3.6%), >6 months <1y 26 dogs (6.3%), >1 year <6 years 254 dogs
(61.7%), >6 years <8 years 66 dogs (16.0%), > 8 years 51 dogs (12.4%).

The median age at first epileptic seizure was 40 months (IQR
19-70, range 1-187). Age group split at first epileptic seizure was
<6 months 25 dogs (6.1%), >6 months <1y 41 dogs (10.0%), >1 year
<6 years 256 dogs (62.1%), >6 years <8 years 51 dogs (12.4%),
>8 years 39 dogs (9.5%).

Two hundred and thirty-six (57.3%) of dogs had MRI performed
with the 1.5T magnet and 176 (42.7%) with the 1T magnet. Seventy-six

TABLE 1 Most frequent breeds of dog with epilepsy and a normal inter-
ictal neurological examination.

Breed Number (%) No (%) with
structural disease

Crossbreed 63 (15.3) 2(3.2)
Border collie 39 (9.5) 0(0)
Labrador retriever 26 (6.3) 0(0)
Cavalier King Charles spaniel 19 (4.6) 0(0)
Staffordshire bull terrier 18 (4.4) 4(22.2)
Cocker spaniel 14 (3.4) 0(0)
French bulldog 14 (3.4) 1(7.1)

Pug 13 (3.2) 0(0)
Border terrier 12 (2.9) 4(33.3)
English springer spaniel 12 (2.9) 0(0)
Chihuahua 11 (2.7) 0(0)
Other purebreed 171 (41.5) 6(3.5)
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(18.4%) of the 412 dogs had abnormalities detected on MRI, 60
(78.9%) of which were considered to be incidental. Incidental findings
included Chiari-like malformation (1 =30, 50%), otitis (n = 20,
33.3%) (15 otitis media, five otitis externa), syringohydromyelia
(n =13, 21.7%) dilation of the ventricular system (n = 6, 10%), peri-
ictal change (n=5, 8.3%), mild cortical atrophy (n=4, 6.7%),
atlantoaxial band (n = 3, 5%), absent septum pellucidum (n = 3, 5%)
mild supracollicular fluid accumulation (n = 2, 3.3%) and one each
(1.7%) of: caudal calvarial malformation, ear mass (not affecting the
para aural tissues), vascular malformation in the fourth ventricle
(extra-parenchymal and not resulting in hydrocephalus), dental
disease, atlantoaxial band, pterygoid muscle lesion and temporal
muscle lesion.

Sixteen (3.8%) dogs had clinically significant structural changes on
MRI: 13 (81.3%) were suspected neoplastic (nine suspected gliomas,
two meningiomas, one suspected histiocytic sarcoma and one calvarial
mass), two (12.5%) anomalous conditions (one cortical dysplasia and
the other porencephaly) and one (6.3%) inflammatory disease
(meningoencephalitis of unknown origin). Breeds affected by structural
lesions included four Staffordshire bull terriers (all gliomas), four
Border terriers (all gliomas), two crossbreeds (one suspected histiocytic
sarcoma, one porencephaly), one Old English sheepdog (cortical
dysplasia), one French bulldog (MUO), one Soft coated Wheaten terrier
(suspected meningioma), one Boxer (glioma), one Miniature Poodle
(meningioma) and one English bulldog (glioma) (Table 1).

When split into age at diagnosis groups, the distribution of
structural causes of epileptic seizures was as follows: 0/15 (0%) dogs
<6 months, 0/26 (0%) dogs =6 months <1y, 4/254 (1.6%) dogs >1 year
<6 years (three neoplastic and one anomalous), 3/66 dogs (4.5%)
>6 years <8 years (two neoplastic and one inflammatory), and 19/51
(17.6%) dogs >8 years (eight neoplastic and one anomalous).

When split into age at first epileptic seizure groups, the
distribution of structural causes of epileptic seizures was as follows:
0/25 (0%) dogs <6 months, 0/41 (0%) dogs =6 months <1y, 4/256
(1.6%) dogs >1 year <6 years (three neoplastic and one anomalous),
3/51 (5.9%) dogs >6 years <8 years (one inflammatory and two
neoplastic), 9/39 (23.1%) dogs >8 years (eight neoplastic and one
anomalous) (Table 2).

Overall, the median time between the onset of epileptic seizures and
the time of diagnosis was 2.5 months (range 0.1-86 months, IQR
1-7 months), but in the structural group it was 1 month (range
0.1-20 months, IQR 0.2-1.6 months). The majority of patients with a
structural cause of epileptic seizures had been experiencing epileptic
seizures for 2 months or less (13/16, 87.5%), however two patients
diagnosed with intracranial neoplasia had experienced epileptic seizures

TABLE 2 Diagnosis of structural disease in dogs with epilepsy and a
normal inter-ictal neurological examination.

Age at First No. (%) with Disease type
Seizure structural disease

<6 months 0/25 (0)

>6 months <1 year 0/41 (0)

>1 year <6 years 4/256 (1.6%) 3 neoplasia, 1 anomalous

>6 years <8 years 3/51 (5.9%) 2 neoplasia, 1

inflammatory

>8 years 9/39 (23.1%) 8 neoplasia, 1 anomalous
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for a longer duration—one for 6 months and one for 20 months. The
patient with the history of epileptic seizures of over 1 year experienced a
single epileptic seizure 20 months prior to diagnosis, but no further
epileptic seizures until the 3 months prior to diagnosis.

Two hundred and eighty-three (68.7%) dogs had generalised
epileptic seizures only, 68 (16.5%) had focal epileptic seizures only and
61 (14.8%) dogs had both generalised and focal epileptic seizures
recorded. One hundred and seventy-four (42.1%) dogs had a history
of cluster seizures, including 164/396 (41.4%) dogs with no structural
cause of epileptic seizures and 10/16 (62.5%) dogs with structural
disease. Thirty-three dogs had experienced status epilepticus including
30/396 (7.6%) dogs with no structural cause of their epileptic seizures
and 4/16 (25%) dogs with structural disease.

Cerebrospinal fluid was sampled in 274 (66.5%) dogs and was
abnormal in 20 (7.3%) of sampled dogs, though blood contamination
significant to preclude meaningful analysis was present in seven (35%) of
these cases, leaving 13 animals with abnormal CSF results. Blood
contamination was attributed as the cause of abnormal CSF findings in
2/13 (15.4%) of these dogs (RBC 2920 with a TNCC of 8 cells/pl in one
dog with a glioma and RBC 9280 with a TNCC of 7 in a dog diagnosed
with idiopathic epilepsy). In the remaining 11 dogs, TNCC was increased
in nine (81.8%) cases (median 8 cells/pl, range 6-18 cells/pl). The highest
count of 18 cells/pl was found in a dog with peri-ictal changes on MRI. All
11 of these dogs with an elevated TNCC were ultimately diagnosed with
idiopathic epilepsy, received no immunosuppressive medications and had
no neurological abnormalities at follow up. Abnormal protein
concentration was reported in four (30.8%) of the dogs with abnormal
CSF results (median 0.5 g/L, range 0.46-0.58 g/L). The dog with the
highest total protein result of 0.58 g/L was diagnosed with idiopathic
Chiari-like
syringohydromyelia. One dogs with elevated total protein was diagnosed

epilepsy and  concurrent malformation  and
with a structural cause of their epilepsy (porencephaly).

The Spearmans rank correlation coefficient between age at
diagnosis and age at first epileptic seizure was 0.847 so only age at first
epileptic seizure was included in the logistic regression model. On
univariable analysis, breed, age at first epileptic seizure, the presence
of cluster seizures and the presence of status epilepticus were
associated with a diagnosis of structural disease. Only two variables
remained significant at the multivariate level: age at first epileptic
seizure was associated with a diagnosis of structural disease, with risk
increasing as age group increased (p < 0.001, OR = 4.390, CI 2.388-
8.072); history of status epilepticus was also associated with an
increased risk of a diagnosis of structural disease (p =0.049,
OR =4.389, CI 1.010-19.078).

Discussion

From a total of 412 dogs that underwent an MRI of the brain to
investigate causes of epilepsy with a normal inter-ictal neurological
examination, 16 (3.9%) had a structural cause of their epileptic
seizures. This is considerably less than that previously reported in the
literature of 11.8-31% (11-13). Patients with structural disease tended
to be older, with no animals under the age of one having a structural
cause of their epileptic seizures, consistent with those findings of Bush
etal. (11). There were only 66 patients less than 1 year old at the time
of the onset of their epileptic seizures in the current study, which may
explain the low numbers, however in a previous study looking
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specifically at the cause of epileptic seizures in 136 dogs under 1 year
of age, of those with a normal neurological examination, only 6/114
(5.3%) had a structural cause of their epileptic seizures (14). Juvenile
epilepsy has previously been thought to be more likely secondary to
structural disease (6) including congenital brain malformations (14).
Our findings in conjunction with previously published works however
indicate that young patients with a normal inter-ictal neurological
examination are most commonly diagnosed with idiopathic epilepsy,
with other causes very uncommon. MRI is reccommended early in the
course of epilepsy in young children, as imaging changes secondary
to ongoing epileptic seizure activity may complicate the diagnosis of
lesions that may respond well to surgical management (22). In
veterinary medicine, although surgical management of epilepsy has
been described (26), this is currently rarely offered, and therefore
performing MRI in these cases, unlike in human medicine, is mainly
to exclude structural causes rather than for surgical assessment and
planning and the human recommendations are therefore
not applicable.

The proportion of patients with structural disease increased from
1 year of age, with patients over 8 years of age at the onset of their
epileptic seizures having the highest proportion of structural disease
(n =16, 23.1%). This finding is consistent with previously published
work indicating that older animals with a normal inter-ictal
neurological examination are at increased risk of structural disease
compared with younger animals (12, 13). Within our patient
population however, the risk of structural disease in dogs over 6 years
of age was 13.3% (12/90) which is lower than the previously reported
26.7% in dogs aged over six (12) and 31% in dogs aged seven or older
(13). This likely reflects the more rigorous exclusion of dogs with
inter-ictal abnormalities in the current study which is unique in the
methodology compared to these previous works.

Full neurological examination cannot exclude significant
structural disease, particularly in so-called ‘silent’ areas of the brain
such as the olfactory region and piriform lobes (27). The most
common structural lesion in this patient population was neoplasia,
affecting 13/16 (81.3%) of patients with structural disease. Slowly
progressive disease processes such as slow-growing neoplasms may
be particularly challenging to detect clinically given the brains
remarkable adaptation to slow change (28). These disease processes
are more likely to affect the middle-aged to older canine population
(29), which reflects the recommendations that animals over a certain
age may benefit from advanced imaging to exclude structural lesions.
It is important to appreciate however that 30/39 of dogs (76.9%) aged
over 8 years old at the time of their first epileptic seizure in this study
were diagnosed with epilepsy of unknown cause. In human medicine,
the risk of developing epilepsy is bimodally distributed, with children
aged <1 year of age having the highest risk, normalising to adult values
by the age of 10 and then increasing again at around 60 years of age,
with the highest risk >85 years (30). Our results suggest that geriatric
onset epilepsy is also common in dogs, and that new onset epileptic
seizures in an older pet should not be met with fear of a guarded
prognosis in animals that are neurologically normal. Although it is
sensible to discuss the merits of MRI given the relative risk of clinically
silent structural lesions in older dogs, most of these patients will have
anormal scan. Neurological disorders are among the top three causes
of death in dogs in the UK (31), and this may be unwittingly biased by
clinicians unduly considering neoplasia as the only likely cause of
clinical signs, with its associated guarded prognosis. Our hope is that
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this study aids understanding of the importance of a full neurological
examination and thorough history taking when considering most
likely differential diagnoses in these patients, and that this will result
in logical and rational decision making regarding further workup
and treatment.

Of the 12 Border terriers included in our population, four (33.3%)
had structural lesions and of the 18 Staffordshire bull terriers, four
(22.2%) has structural lesions, with all lesions suspected to
be neoplastic (gliomas). These breeds were also in the top three most
common breeds with intra-axial neoplasia as a cause of their seizures
in the study examining causes of epileptic seizures in 900 dogs,
alongside boxers (15). A previous study recommended that all Boxer
dogs that experience epileptic seizures should undergo an MRI of the
brain due to a high prevalence of structural disease as the cause of
epileptic seizures in this hospital population (32). There is incomplete
information on the number of patients with a normal neurological
examination in this study, but a high proportion (at least 44/74 dogs)
had an abnormal examination. There were only six Boxers in our
population, one (16.7%) with a structural lesion. Although care must
be taken not to give undue significance to these results given the lack
of significant association between breed and structural disease, the
relatively higher percentage of dogs with structural abnormalities
within these breeds may be worthy of further exploration with a
larger study.

Occurrence of status epilepticus was associated with an increased
risk of a structural lesions in our patient population. Although status
epilepticus can be secondary to any cause of epileptic seizures (18-20,
33), aregion of abnormal parenchyma may logically prevent intrinsic
inhibitory neural networks from preventing further seizure
propagation. Additionally, neoplasia may lead to upregulation of
P-glycoprotein with resultant decreased concentrations of ASDs
reaching their therapeutic targets in the brain, exacerbating status
epilepticus (33). It is possible that diagnostic yield of performing brain
MRI for the investigation of epileptic seizures in patients with a
normal inter-ictal examination may therefore be greater in patients
that are older at the onset of their epileptic seizures and have
experienced status epilepticus.

Incidental findings on MRI were relatively common, with 60/412
patients (14.6%) having abnormalities not expected to cause epileptic
seizures reported. MRI is a highly sensitive diagnostic imaging
technique, capable of lesion detection with high sensitivity (34).
Despite the use of high-field MRI in the current study, the proportion
of dogs diagnosed with a structural lesion was less than that in the
comparative low-field study. This likely reflects the rigorous exclusion
of neurologically abnormal animals in the current study design,
however the improved resolution of 1 and 1.5T images compared to
the previous 0.3T study might also result in increased confidence in
determining incidental from causative findings (35). It is possible
however that smaller anatomical variations such as cortical dysplasia
and early changes such as focal hippocampal sclerosis may be better
visualised with 3T images or super high-field MRI (34), particularly
given the small volume of the canine brain compared to humans.

Limitations of the current study include the retrospective nature
which prevented individual case follow-up. Disease that was
microscopic at the time of diagnosis could therefore not be completely
excluded, for example paraneoplastic causes. Although MRI protocol
was consistent throughout the study period at our institution, many
patients did not undergo CSF collection and analysis. Cerebrospinal

frontiersin.org


https://doi.org/10.3389/fvets.2024.1507861
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Phillipps and Goncalves

fluid sampling has been reported to be very safe in dogs (36), however
the diagnostic utility in dogs with a normal inter-ictal examination is
low (37, 38). Additionally, CSF abnormalities may be secondary to
epileptic seizures themselves, rather than a marker of underlying
aetiology (39). Although inflammatory disease cannot be completely
excluded in the patients without CSF analysis, the authors propose that
the diagnosis would be unlikely to be changed in these patients given
the low value of this test in dogs with normal neurological examinations
cited in other works. Finally, the diagnosis of epileptic seizure activity
largely relied on owners descriptions of events. Electroencephalography
(EEG) was not performed in any cases and although video footage was
also reviewed where possible, cases of other types of paroxysmal event
such as paroxysmal dyskinesia cannot be excluded (40). The study
period spanned over nearly two decades and paroxysmal dyskinesia in
particular is becoming more frequently recognised in veterinary
neurology across many breeds of dog (41, 42). As paroxysmal dyskinesia
episodes are rarely associated with structural disease, this may falsely
lower the percentage of animals with no structural lesions on MRI if
these cases are included. As our understanding of these conditions
deepens, better testing to increase confidence in episode type (epileptic
seizures vs. other) might help this diagnostic conundrum. Currently
although frequently reported to be feasible in practice (43), few centres
routinely offer EEG as part of the epileptic seizure workup.

Conclusion

This study found that the most common cause of epileptic seizures
in dogs with a normal inter-ictal neurological examination is epilepsy
of unknown cause/idiopathic epilepsy, regardless of the age of onset
of epileptic seizures. Although a normal neurological examination
cannot completely exclude significant structural disease, most animals
presenting with epileptic seizures and a normal inter-ictal examination
will have a normal MRI scan. The age at diagnosis was associated with
a significant increase in risk of a structural lesion in the over 8 years
group, as did the presence of status epilepticus. It may be pertinent
therefore to consider risk on a patient-patient basis when
recommending an MRI scan in these cases.
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