8/13/19

Disclosures
è FINANCIAL

DISCLOSURE:

• N/A
è UNLABELED/ UNAPPROVED USES DISCLOSURE:
• I will discuss results of clinical trials in which antiepileptic drugs were used which are
either not licensed for the specie or are only licensed in certain countries. Please
check local authorities before use.

Department of Small Animal Diseases

Approach to the patient with epileptic seizures,
when and what to expect
Prof. Holger A. Volk DipECVN, PhD, PGCAP, FHEA, MRCVS
Head of Department, Tierärztliche Hochschule Hannover
RCVS & EBVS ® European Specialist in Veterinary Neurology
Past-President of the European College of Veterinary Neurology
Treasurer of the European Board of Veterinary Specialisation
Honorary Senior Lecturer -UCL Institute of Neurology
Honorary Professor of Veterinary Neurology and Neurosurgery -Royal Veterinary College

International Veterinary Epilepsy Task Force

The journey - Our path

Berendt M; Bhatti SFM; De Risio L; Farquhar RG; Fernández-Flores F; Fischer
A, Hasegawa D; Hülsmeyer VI; Jokinen-Pääkkönen T; Jovanovik E; Löscher W,
Lohi H; Long S; Mandigers PJJ; Matiasek K; Milne M; Muñana K; Packer, RMA;
Pakozdy A; Patterson EE; Penderis J; Platt S; Podell M; Potschka H; Pumarola
MB; Rosati M; Rusbridge C; Saito M; Stein VM; Tipold A; Volk H; Wagner E.

Define the problem
Define the system
Define the location
Define the lesion

IVETF – www.ivetf.org

1.
2.
3.
4.

The tools
Your Brain

History

Is it a seizure?
Neurological
examination

1

8/13/19

Clinical charateristics of episodic disorders

?
1.
2.
3.
4.
5.
6.
7.

Syncope
Neuromuscular weakness
Feline Oestrus Behaviour
Paroxysmal Behaviour changes
Vestibular attack
Orofacial Pain Syndrome
Seizure
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Clinical charateristics of episodic disorders
Table 1: Clinical characteristics of paroxysmal disorders

Clinical status between episodes
Precipitating event or trigger
Pre-event changes
Event description
Level of consciousness
Autonomic signs
Muscle tone
Lateralising signs
Duration
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Post-episodic changes

Discriminator

Cardiac syncope

Inter-episodes

-

- / show signs of
weakness, cat rests
more commonly

- / more
affectionate

-

-

- / sensitive to
touch

Exercise,
excitement

Exercise, excitement

Male cats

Behavioural triggers
(e.g. noise)

-

- / touch

- / flashing lights / from sleep

-

-

-

-

-

-

pre-ictal behaviour changes
(prodrome [hours to days] and/or
aura [minutes] such as starring,
vocalisations, freezing, attention
seeking, fear

Description

Brief, sudden
collapse and
recovery

Elevated scapulae, low
head carriage, stiff,
stilted gait prior to
collapse

Rolling,
vocalisations,
search behaviour,
lordosis

e.g. pacing,
vocalisations, licking,
chasing imaginary
objects

Head tilt,
nystagmus,
collapse/fall
towards side of
head tilt

Automutilation,
acute oral
discomfort,
‘twitching of skin’

Depending on seizure focus, focal or
generalized tonic-clonic movements
most common, orofacial automatisms
(“chewing gum seizure”)

Level of
consciousness

Unconscious

-

-

-

- / impaired
(disorientated)

-

Heart rate
/rhythm
changes possible

-

-

-

-

-

Hypersalivation, Defaecation,
Urination

Flaccid

- to flaccid

-

-

Unilateral decrease
in extensor muscle
tone

-

Tonic (hypertonicity)/ Tonic-clonic
alternating movement (convulsions)

‘Trigger’

Pre-episode

Neuromuscular
weakness

Feline oestrus
behaviour

Paroxysmal behaviour
changes (compulsive
disorder)

Vestibular attack

Orofacial pain/
hyperaesthesia
syndrome

Seizure

- (idiopathic epilepsy) /
Abormal neurological exam
(Structural epilepsy, reactive seizures)

Episode

Autonomic signs

Muscle tone
Lateralising signs
Duration

Post-episodic
changes

Impaired /unconscious

-

-

-

-

Yes

-

Asymmetrical seizures
(structural epilepsy)

Seconds

Minutes to hours

Minutes to hours

Minutes to hours

Seconds to hours

Minutes

Seconds to minutes /
status epilepticus (>10 minutes)

-

-

-

-

-

-

Subtle signs of
vestibular disease
might persist

Further comments

Yes, such as behaviour changes, ,
ravenous appetite, blindness, gait
abnormalities, disorientation
Head/facial muscles often involved

“-“=normal, none or not shown

Epilepsy

diseases confirmed by diagnostic imaging, cerebrospinal
fluid examination, DNA testing or post mortem findings
(see consensus on Diagnostic approach to epilepsy in
dogs [49]). Lafora disease progressive myoclonic epilepsy
would be classified under structural epilepsy as the gene
defect results in a storage disease which alters the brain
structurally and where the epileptic seizures associated
with the structural changes in the brain are one of the
multiple clinical and neurological signs associated with
the primary storage disease [50].
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Cryptogenic
Probably
or possibly
Unknown
causecompanion animal epithough the mechanisms
behind
Epilepsy is a complex brain disease where sudden and though the mechanisms behind companion animal epi-Epilepsy classified by aetiology
Epilepsy
is a complex brain disease where
sudden
and symptomatic
population can be found in Hülsmeyer et al.
[26].
seizure phenomena may in animals result in a short
epilepsy
abnormal activity in neuronal networks causes the lepsy are largely uncovered, it is clear that epilepsy in
abnormal activity in neuronal networks
causes the lepsy are largely uncovered, it is clear that epilepsy in
Please note that the epilepsy status within prominent
breeds may
lastingcharacterised
episodic by
change
behaviour
suchresult
as e.g.
some in
purebred
dogs is a direct
of a genetic defect,
dogs is a direct result of a genetic defect,
clinical sign of seizures
prominent
clinical sign of seizures characterised
by some purebred
- Meaning hidden
- A suspected symptomatic
cause, which
however
remains obscure
where seizures are the core clinical sign of disease. This
motor, autonomic and/or behavioural features. Epileptic where seizures are the core clinical sign of disease. This
motor, autonomic and/or behavioural features.
Epileptic
fluctuate over time and furthermore be influenced
by
anxiousness, restlessnesss, unexplainable fear
seizures are episodic and brief (in most cases less than has been described for the Lagotto Romagnolo, BelgianaRegarding our ability to evaluate if consciousness is unimpaired or impaired
seizures
are episodic and brief (in most cases less than has been described for the Lagotto Romagnolo, Belgian
during focal seizures (former termed simple and complex focal seizures). We recommend that it is not attempted to interpret signs
differences between countries (e.g. due to preferences
reactions
abnormal
attention
seeking/‘clinging’
and Boerboels
[1 –4]. A high epilepsytoprevalenceoccurring during focal seizures where dogs may appear e.g. confused, unable
shepherd andasBoerboels
[1 –4]. A high
epilepsy prevalence
2 –3 min). Epilepsy can rise from
a plethora ofor
causes.
A shepherd
2 –3to min).
Epilepsy
canorrise
from a plethora
of causes.
A consciousness,
recognize
the owner
not responding
to commands
as impaired
this cannot objectively
be investigated
in animals
rare cases are purely genetic (e.g. channelopathies), in a specific breed or the accumulation of epileptic indifew rare cases are purely genetic (e.g. channelopathies), in a specific breed or the accumulation of epileptic indiwith respect to currently popular breeding few
lines).
the
owner.
some are developmental and have complex genetic and viduals within specific dog families are strong indicators of
some are developmental and have complex genetic and viduals within specific dog families are strong indicators of
Idiopathic epilepsy (epilepsy of unknownepigenetic influences (e.g. neuronal migration disorders) inherited epilepsy, but often it is unknown if genetic deepigenetic influences (e.g. neuronal migration disorders) inherited epilepsy, but often it is unknown if genetic deand some are caused by injury to the brain (e.g. trauma, fects are the sole cause of the epilepsy or if the epilepsy
and some are caused by injury to the brain (e.g. trauma, fects are the sole cause of the epilepsy or if the epilepsy
cause)—epilepsy in which the nature of the
Generalized epileptic seizures
infectious, inflammatory, vascular or neoplastic disease). might arise from multifactorial causal influences including
infectious, inflammatory, vascular or neoplastic disease). might arise from multifactorial causal influences including
underlying cause is as yet unknown and with no
Generalized epileptic seizures
are characteried
by bilateral
environmental,
developmental, provoking
and genetic facenvironmental, developmental, provoking and genetic fac* Correspondence: mbe@sund.ku.dk
* Correspondence: mbe@sund.ku.dk
tors,
and similar
issues
apply to human
cases
[5].
tors, and similar issues apply to human cases [5].
indication of structural epilepsy.
involvement
(both
sides
of
body
and
therefore
both
cereDepartment of Veterinary Clinical and Animal Sciences, Faculty of Health and
Department of Veterinary Clinical and Animal Sciences, Faculty of Health and
The true prevalence of epilepsy in dogs is unknown
The true prevalence of epilepsy in dogs is unknown
Medical Sciences, University of Copenhagen, Frederiksberg C, Denmark
Medical Sciences, University of Copenhagen, Frederiksberg C, Denmark
bral athemispheres
Generalized
seizures
and has
been estimated epileptic
to be 0.6 –0.75
% in the general
and has been estimated to be 0.6 –0.75 % in the general
Full list of author information is available
the end of the article involved).
Full list of author information is available at the end of the article
se see consensus on Diagnostic approach to epilepsy in may© occur
alone
or
evolve
from
a
focal
epileptic
seizure
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predominantly present as tonic, clonic or tonic-clonic
epileptic seizures. As a rule the animal will lose
ctural epilepsy
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Classification
Table 1 Veterinary terminology and its most common amendments over time
Historically veterinary medicine has operated with variEarly terminology
Terminology currently in use
Suggested veterinary terminology 2015
ous terminology/synonyms for epilepsy types defined
EPILEPTIC SEIZURES
epsy by aetiology and phenotypic manifestations which are
diseases confirmed by diagnostic imaging, cerebrospinal
themselves defined by the distribution of abnormal
An epileptic seizure with clinical signs indicating activity which Petit Mal
Partial/focal seizure
Focal epileptic seizurea
epsy is
defined
as aindisease
ofThe
thedevelopment
brain characterized
fluid examination,
DNA (seizure
testingtype
or post mortem findings
starts in a localised area in the brain
electrical
activity
the brain.
of ILAE Classification
by seizure semiology
Aura
- Simple partial/focal seizure
-Will present with focal motor, autonomic or behavioural signs
(consciousness unimpaireda)
an enduring
predisposition
generate
epileptic
(see consensus on Diagnostic approach to epilepsy in
classifications
and changes into
veterinary
epilepsy
termino-sei- classification)
alone or in combination
Complex
partial/focal
seizure
logy
throughoutistime
are detailed
in Table
1 and 2.as having Focaldogs
epileptic
seizures
es. This
definition
usually
practically
applied
[49]).
Lafora disease progressive myoclonic epilepsy
(consciousness impaireda)
epileptic
are under
characterized
by lateralized
east two unprovoked epileptic seizures >24 h apart [48]. Focalwould
be seizures
classified
structural
epilepsy as the gene
An epileptic seizure with clinical signs indicating activity
Grand Mal (always implicating convulsions) Primary generalized seizure
Generalized epileptic seizure
Epilepsy types defined by aetiology
and/or regional signs (motor, autonomic or behavioural
involving both cerebral hemispheres from the start.
defect
results
in a storage
disease
Idiopathic epilepsy
signs,
alone or
in combination).
The ictal
onset iswhich
consist-alters the brain
-In dogs and cats the seizure presents predominantly as immediate
ssification
andseizure
where
epileptic
seizures
associated
from one epileptic
to the
another.
They may
be
Idiopathic epilepsy (idiopathic defined as a disease in ent structurally
‘convulsions’ and loss of consciousness. Salivation, urination
or more widely
distributed.
epi-are one of the
its own
right, per medicine
se) should be
seen
as the overarching
and/or defecation often also occur during convulsions.
torically
veterinary
has
operated
with vari- discretely
with localised
the structural
changes
in theFocal
brain
May also (but rare) present as atonic or myoclonic seizures
seizures may
originate
in subcortical
structures,
withassociated with
and bridging term, which for
can be
sub-classified
intodefined
three leptic
clinical
and
neurological
signs
terminology/synonyms
epilepsy
types
Berendt et
al. BMC Veterinary multiple
Research (2015) 11:182
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preferential propagation patterns that can involve the
sub-groups reflecting the advancements in the field:
10.1186/s12917-015-0461-2
DOI 10.1186/s12917-015-0461-2
the primary
storage
disease
[50].
aetiology and phenotypic manifestationsDOI which
are contralateral
An epileptic seizure which starts in a localized area in the
Partial seizure with secondary generalization Focal seizure with secondary
Focal epileptic seizure evolving to become
hemisphere. With focal epileptic seizures, the
brain and spreads subsequently to involve both hemispheres. (secondary generalized seizure)
generalization
generalized
mselves1. defined
by the(genetic
distribution
abnormal abnormal electrical activity arises in a localized group of
Idiopathic epilepsy
epilepsy)—aof
causative
-In dogs and cats the seizure starts with localized motor,
or network by
within
one hemisphere.
The
clinical type
gene for
has been
trical activity
in epilepsy
the brain.
Theidentified/confirmed
development of ILAE neurons
Classification
seizure
semiology
(seizure
autonomic and/or behavioural signs rapidly followed by
C
O
R
R
E
S
P
O
N
D
E
N
C
E
Open
Access
C
O
R
R
E
S
P
O
N
D
E
N
C
E
Open Access
signs
reflect
the
functions
of
the
area
or
areas
involved.
genetic
background
Table
1 Veterinary
anddefecation
its most common
amendments over time
convulsions.
Salivation,terminology
urination and/or
often
sifications and changes in veterinary epilepsy termino- classification)
also occur during convulsions.
Focal epileptic seizures can present as:
2. Idiopathic epilepsy (suspected genetic epilepsy)—a
Early terminology
Terminology currently in use
Suggested veterinary terminology 2015
y throughout
time are detailed in Table 1 and 2.
Focal epileptic seizures
genetic influence supported by a high breed
EPILEPTIC SEIZURES
epilepticfocal
seizures
are characterized
by lateralized
prevalence (>2 %), genealogical analysis and/or
! Focal
Motor (episodic
motor phenomena
e.g. facial
EPILEPSY
An epileptic seizure with clinical signs indicating activity which Petit Mal
Partial/focal seizure
Focal epileptic seizurea
familial
accumulation
of epileptic individuals*,**.
twitches, regional
repeated jerking
movements,
epsy types
defined
by aetiology
and/or
signshead
(motor,
autonomic or behavioural
Epilepsy
byarea
aetiology
Primary Epilepsy
Idiopathic Epilepsy
Idiopathic Epilepsy
starts
in classified
a localised
in the brain
Aura
- Simple partial/focal seizure
*
rhythmic
blinking,
twitching
of facial musculature
Shorvon stated in 2014 [5]: “It seems very likely that
a cerebral
- Epilepsy where no structural cerebral
- (consciousness
Epilepsy where unimpaired
no structural
1. Proven genetic background
pathic epilepsy
signs,
alone
or in
combination).
The ictaloronset is consist-Will present with focal motor, autonomic or behavioural signs
)
pathology is suspected
pathology is suspected. A genetic
repeated rhythmic jerks of one extremity)
the genetic influences in idiopathic epilepsies
2. Suspected genetic background
alone
or
in
combination
Complex
partial/focal
seizure
from one epileptic seizure to another. They may be
opathic epilepsy
(idiopathic defined as a disease in ! ent
component may be involved
3. Unknown cause and no indication of
probably are complex involving multiple genes and
Autonomic (with parasympathetic and epigastric
(consciousness impaireda)
discretely
more
widely distributed.
Focal epiown right,interactions
per se) should
be seen
as the
structural epilepsy
between genes
(epistatic)
and overarching
between
componentslocalised
e.g. dilatedor
pupils,
hypersalivation
or
An epileptic seizure with clinical signs indicating activity
Grand Mal (always implicating convulsions) Primary generalized seizure
Generalized epileptic seizure
seizures
originate
in subcortical
bridging genes
term,andwhich
can be sub-classified
into
three
the environment
(epigenetic)”. Mette
vomiting)
1*
2
3
4
1*
3
5
Epilepsy
by aetiology
Secondary
or Acquired
epilepsy
Symptomatic
Epilepsy
Structural
epilepsy
involvingclassified
both cerebral
hemispheres from the start.
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, Robynleptic
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, Paul J. may
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Berendt
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A list of breeds
a high epilepsyin
incidence
orFischer7, Sam!Long
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activityE. which
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that incan
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advancements
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Patterson
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focal
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20 symptomatic
Epilepsy
classified
by
aetiology
Cryptogenic
Probably
or
possibly
Unknown
cause
population can be found in Hülsmeyer et al.
[26].
seizure
phenomena
may
in
animals
result
in
a
short
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May also (but rare) present as atonic or myoclonic seizures
abnormal
electrical
arises
ine.g.
a localized group of
Idiopathic
epilepsy
(genetic
epilepsy)—a
epilepsy
Please
note that
the epilepsy
status within causative
breeds may
lasting episodic
change inactivity
behaviour
such as
- Meaning hidden
- A suspected symptomatic cause, which
neurons
orrestlessnesss,
network within
one hemisphere.
The clinical
gene for fluctuate
epilepsy
has
been
identified/confirmed
over
time
and furthermore
be influenced
by
anxiousness,
unexplainable
fear
Abstract
Abstract
however
remains
obscure
An epileptic seizure which starts in a localized area in the
Partial
seizure with secondary generalization Focal
seizure
with secondary
Focal epileptic seizure evolving to become
differences between countries (e.g. due to preferences
reactions
or abnormal
attentionof
seeking/‘clinging’
to
signs
reflect
the
functions
the
area
or
areas
involved.
genetic background
generalized are
seizure)
generalization
generalized and therefore have
abrain and spreads subsequently to involve both hemispheres. (secondary
Dogs with epilepsy are among the commonest neurological patients in veterinary practice and therefore have
commonest
in veterinary
Regarding our ability to evaluate if consciousness is unimpaired or impairedDogs
duringwith
focal epilepsy
seizures (formeramong
termed the
simple
and complexneurological
focal seizures).patients
We recommend
that it is practice
not attempted to interpret signs
with respect to currently popular breeding lines).
theattention
owner. with regard to definitions, clinical approach and management. A number of
-In dogs and cats the seizure starts with localized motor,
historically attracted much
regard to
definitions,
clinical approach
andobjectively
management.
A number
of
Focal
epileptic seizures can present as:
Idiopathic
epilepsy (suspected genetic epilepsy)—a
occurring during focal seizures where dogs may appear e.g. confused, unablehistorically
to recognizeattracted
the ownermuch
or not attention
responding with
to commands
as impaired
consciousness,
as this cannot
be investigated
in animals
autonomic and/or behavioural signs rapidly followed by
3. Idiopathic epilepsy (epilepsy of unknown classification proposals for canine epilepsy have been published during the years reflecting always in parts the
classification proposals for canine epilepsy have been published during the years reflecting always in parts the
genetic influence
supported
high of
breed
convulsions. Salivation, urination and/or defecation often
current proposals Generalized
coming from the
humanseizures
epilepsy organisation the International League Against Epilepsy (ILAE).
current proposals coming from the human epilepsy organisation the International League Against Epilepsy (ILAE).
cause)—epilepsy
in whichby
theanature
the
epileptic
also occur during convulsions.
It hasno
however notGeneralized
been possible
to gain(episodic
agreed
consensus,
“a motor
common language”,
for the classification
It has however not been possible to gain agreed consensus, “a common language”, for the classification and
prevalence
(>2 %),cause
genealogical
analysis
! Motor
focal
phenomena
e.g. facialand
underlying
is as yet unknown
and and/or
with
epileptic
seizures
are
characteried
by bilateral
terminology
veterinary
andsides
humanofneurologists
and
neuroscientists,
practitioners, neuropharmacologists
terminology used between veterinary and human neurologists and neuroscientists, practitioners, neuropharmacologists
*,**
indication of structural
epilepsy. individuals
involvement
(both
body and
therefore
both
cerefamilial accumulation
of epileptic
. used between
twitches,
repeated
jerking
head
movements,
and neuropathologists. This has led to an unfortunate situation where different veterinary publications and textbook
and neuropathologists. This has led to an unfortunate situation where different veterinary publications and textbook
EPILEPSY
*
bral
hemispheres
involved).
Generalized
epilepsy
merely
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individual
author
preferences
withepileptic
respectoftoseizures
terminology,
which can be confusing
chapters on epilepsy merely reflect individual author preferences with respect to terminology, which can be confusing
rhythmic
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by epileptic seizures consciousness
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In a significant
of cases,
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compared to the general
humans can represent
psychicnumber
and/or
sensory
seizures excluded).
anomalous/developmental,
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Epilepsy is defined as a disease of the brain characterized
by an enduring predisposition to generate epileptic seizures. This definition is usually practically applied as having
ndt et al.
BMCtwo
Veterinary
Research
(2015)
11:182
at least
unprovoked
epileptic
seizures
>24 h apart [48].
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Intracranial structural asym m etrical lesions
Predictors for structural asymmetrical lesions include age of seizure onset >6years, the occurrence of cluster seizures,
asymmetrical seizure episodes, a symmetrically abnormal interictal neurological examination and an asymmetrically abnormal
interictal neurological examination

Seizure onset >6years
Cluster seizure
Asymmetrical seizure
Neuro exam abnormal symmetrical

Maximum Odds
ratio
17.81
2.44
V
3.23
B
L
9.50

Neuro exam abnormal asymmetrical

27.97

Variable

±
±
±
±
±

SE

95% CI

t Value

P-Value

0.28
0.26
0.39
0.31

9.80-32.39
1.41-4.21
1.41-7.36
4.94-18.28

10.21
3.45
3.01
7.30

0.35

13.38-58.50

9.57

<0.0001
0.003
0.008
<0.0001
<0.0001

Journal of Feline Medicine and Surgery (2010) 12, 910e916
doi:10.1016/j.jfms.2010.07.001

Clinical comparison of primary versus secondary
epilepsy in 125 cats
Ákos Pákozdy DVM, DECVN1*, Michael Leschnik DVM1, Ali Asghar Sarchahi
Alexander G Tichy DSC3 , Johann G Thalhammer DVM1

Intracranial structural sym m etrical lesions
Predictors for a symmetrical structural lesions are the age of seizure onset and an abnormal symmetrical neurologic examination.
Variable
Age of seizure onset
Neuro exam abnormal symmetrical

Maximum Odds
ratio
1.06
6.06

±
±

SE

95% CI

t Value

P-Value

0.02
0.64

1.01-1.10
1.71-21.44

2.69
2.81

0.008
0.05

• Structural epilepsy more likely
1

Clinic for Internal Medicine and
Infectious Diseases, University of
Veterinary Medicine, Neurology
Service, Veterinärplatz 1, A-1210
Vienna, Austria
2
Department of Veterinary Clinical
Studies, School of Veterinary
Medicine, Shiraz University, Iran
3
Institute of Physics and
Biostatistics, University of
Veterinary Medicine, Vienna,
Austria

Seizure onset <6years
Single seizure
Symmetrical seizure
Neuro exam normal

Maximum Odds
ratio
13.55
1.92
2.30
15.4

SE
±
±
±
±

0.28
0.27
0.38
0.25

95% CI
7.47-24.58
1.06-3.39
1.00-5.31
8.72 -27.02

t Value
9.75
2.44
2.22
10.8

In the present study 125 cats with recurrent seizures were analysed. The main
goal was to investigate the aetiology and compare primary epilepsy (PE) with

secondary epilepsy (SE) regarding signalment, history, ictal pattern, clinical and
• older cats (>7years)
neurological findings. Seizure aetiology was classified as PE in 47 (38%) and SE
in 78 (62%) cats. SE was caused mainly by intracranial neoplasia (16),
hippocampal necrosis (14), toxicosis (eight), and encephalitis (seven). A
• Status epilepticus
significant difference between PE and SE was found in: age, body weight,
duration of seizure, occurrence of status epilepticus and neurological deficits.
• Neurological deficits.
Status epilepticus, altered interictal neurological status and seizure onset over

Intracranial functional lesions
Predictors for functional intracranial lesions are: age of seizure <6years, occurrence of a single and symmetrical seizure episode
and normal interictal neurological examination Combined, these factors can predict the presence on a functional intracranial
lesion with a sensitivity of 82.1% and a specificity of 83.9%.
Variable

2
DVM, PhD ,

P-Value

Date accepted: 4 July 2010

<0.0001
0.035
0.051
<0.0001

the age of 7 years indicated SE more frequently than PE. If the seizures occurred
during resting conditions and rapid running occurred the aetiology was more
likely to be PE than SE.

! 2010 ISFM and AAFP. Published by Elsevier Ltd. All rights reserved.

E

pilepsy is a condition characterised by recurrent seizures.1 It can be categorised as symptomatic (or secondary), probable symptomatic
(cryptogenic) or idiopathic based on aetiology.2
Epilepsy is classified as idiopathic or primary epilepsy
(PE) when no underlying cause can be identified and
genetic mechanisms are presumed.3 A recent paper
used the nomenclature PE and secondary epilepsy
(SE) for feline seizure disease.4 Although PE has
been described in many dog breeds and a genetic
background has been suggested,5e17 no genetic origin
has been established in cats.
Despite a few references dealing with PE and SE in
dogs,18e20 there is only one recent study on the aetiology and classification of feline epilepsy based on large
number of cases.21 Furthermore controversial data
were published about PE. Some studies suggested
that PE is rare in cats,23,24 although other studies reported a considerably higher rate of PE in cats.22,25,26
In the present study 125 cases of secondary and PE
in cats were analysed. The main aim was to find ictal
signs that could help differentiate between PE and SE.
The second goal was to compare PE with SE with respect to age, body weight, gender, breed, and clinical
and neurological findings in big case material. And
third, as there is much more known regarding the
*Corresponding author. Tel: þ43-1-25077-5101; Fax: þ43-1-250775101. E-mail: akos.pakozdy@vetmeduni.ac.at
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aetiology and diagnosis of canine epilepsy, we looked
for differences between dogs and cats regarding PE
and SE.

Materials and methods
A total of 235 cats with a history of recurrent seizures
were reviewed at the author’s clinic, between January
2003 and November 2008. The lack of accurate
examination or incomplete follow-up information resulted in exclusion of 110 cases. Every patient (125) included in this study underwent a thorough physical
and neurological examination. The following main
ancillary diagnostic tests were used in the work-up:
routine serum biochemistry and haematology (123),
cerebrospinal fluid (CSF) analysis (65), brain
computed tomography (CT; CT Pace High Speed, Fa
General Electric, Vienna, Austria) (15), magnetic resonance imaging (MRI; MR unit 0.23 Tesla, Outlook,
Gold Performance, Philips Medizinische Systeme,
Vienna, Austria) (19) and pathohistological examination (49). PE was considered when the results of
work-up were normal, or the work-up was not complete but more than 1 year had passed since the onset
of seizures without any interictal neurological deficits.
Cats with PE did not have any evidence of neurological disease other than seizures at any time during
their lives. All cats with PE were re-evaluated at least

! 2010 ISFM and AAFP. Published by Elsevier Ltd. All rights reserved.
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Statistical Modelling
• Statistical modelling of discrete parameters can differentiate
between idiopathic (IE) and structural epilepsy (SE)
• Pedigree cats compared to non-pedigree cats are at a five and
a half times increased odds of SE.
• Cats older than 7 years at seizure onset are four times more
likely to have SE than IE.
• Cats with abnormal neurological examinations are three
times more likely to have SE than IE.
• Ictal vocalisation increases the likelihood of SE, but ictal
salivation decreases the likelihood of SE

Problem
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History & Physical Exam & NEURO EXAM

System

Define & Refine PROBLEM

Location

Differential Diagnoses
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Transient vestibular
attacks

These can look very similar
to seizures. Usually they are
accompanied with the cardinal
signs of vestibular disease,
such as head tilt, nystagmus
and ataxia. Most of the
patients will have no altered
consciousness during an
episode. Transient vestibular
attacks can be challenging to
diagnose and generally do not
respond to standard antiepileptic drug treatment.

Movement disorders

Movement disorders are
becoming more frequently
recognised in animals. Most
of the movement disorders
are elicited or aggravate
with stress, rarely occur out

of rest or sleep, are episodic
and involve an increase in
muscle tone (dystonia), do not
affect consciousness and are
usually shorter than a seizure
(Chandler and Volk, 2008).
Movement disorders can be
stereotypical, remain static
or resolve over time, and only
affect certain body parts;
for example, idiopathic head
tremors in Doberman pinschers
and English bulldogs (Guevar
et al, 2014, Wolf et al, 2011).
Genetic profiling has helped
to characterise and diagnose
these often breed specific
disorders further (for example,
episodic falling in the cavalier
King Charles spaniel – episodes
of tetany, hypertonicity, “deerstalking” (Forman et al, 2012,
Gill et al, 2012).

If one is presented with a
pure breed dog that does
not respond as well to antiepileptic drugs, a search of the
relevant internet databases
should be considered. Some
disorders, which were formerly
considered by some as focal
seizure disorders, are now
thought to be more likely
movement disorders; for
example, Canine Epileptoide
Cramping Syndrome or
“Spikes Disease” in border
terriers - characterised by
episodic occurring of mild
tremors, dystonia and
difficulties walking - has more
similarities to a paroxysmal
dyskinesia reported in
people (paroxysmal dystonic
choreoathetosis) than to
seizures (Black et al, 2013).

These disorders can be
differentiated from focal
motor seizures by a clear
observation of the character
of the episodes, absence of
identifiable preceding aura
(sensory seizure activity
usually lasting a couple of
minutes just prior to the
motor seizure activity),
absence of autonomic signs
(such as hypersalivation)
and no generalisation of
motor activity (for example,
generalised tonic or tonicclonic seizure) or impairment
of consciousness. The most
useful question to ask an
owner when judging if an
animal does not have an
impaired consciousness is can
the animal look in their eyes
during an event.
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Figure 1. Clinical reasoning in canine epilepsy. Epilepsy can be caused by a plethora of diseases. Following a step-by-step approach can
help you to tackle even the most challenging clinical presentation.

Abnormal
Normal

Seizures

Diseases to be considered in cats presenting with seizures
Interictal neurological deficits possible?
Progressive? Symmetrical/Asymmetrical

Category

Subcategory

Possible aetiologies

Idiopathic

Genetic?

- / Gene defect
(susceptibility/causative)

-

Structural

Degenerative

Hippocampal necrosis*
Storage diseases

Yes & Progressive & Symmetrical

Anomalous

Hydrocephalus
Lissencephaly

Yes & Progressive & Symmetrical
Yes & Progressive & Asymmetrical

Neoplastic

Primary (e.g. Meningioma, glioma
[rare], lymphoma [rare])
Secondary/metastatic (e.g. lymphoma)

Yes & Progressive & Asymmetrical

Inflammatory

VGKC-associated limbic encephalitis

- / can have behaviour changes

Meningoencephalitis of unknown
aetiology

Yes & Progressive & Asymmetrical

Toxoplasma gondii
Feline immunodeficiency virus
Feline infectious peritonitis
Rabies
Fungal infections

Yes & Progressive & Asymmetrical

Trauma

Yes & Static/Improving & Asymmetrical

Infectious

Traumatic

Generalised onset seizure/
Seizure affects both sides symmetrically
Symmetrical interictal neurological deficits

Focal onset seizure/
Seizure affects one side more than the other?
Asymmetrical interictal neurological deficits

Extracranial causes
Significant blood and/or
urine changes

Intracranial causes
Blood panel and urinalysis unremarkable

Reactive seizures, e.g.:
- Portosystemic shunt
- Hypoglycaemia
- Intoxication
- Iconic imbalances

MRI*
CSF analysis

Abnormal

Symptomatic Epilepsy/
Structural intracranial causes, e.g.:
- Neoplasia
- Inflammation/Infection

Structural Epilepsy

Normal

Cryptogenic Epilepsy
(Focal lesion suspected,
but not identified)

Generalised onset seizure
No interictal neurological deficits

Normal

Idiopathic epilepsy/
Functional intracranial causes

Suspected structural
*If the dog does not adequately respond to antiepileptic medication OR the dog’s
Epilepsy
clinical examination and clinical pathology is unremarkable and the dog is <6 months

Volk
Veterinary Practice Today 2015
or >6 years a brain MRI and CSF analysis should
be considered
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Ancillary tests

?

Diagnostics to be considered for cats presenting with seizures.
Extracranial Work-up
• Complete Blood Cell count
• Serum biochemistry
• Urinalysis
• Dynamic bile acids testing/Ammonia
• Depending on age and clinical presentation
• Blood pressure and/or ECG
• Serology/PCR for Toxoplasma gondii,

Intracranial Work-up
• Advanced Imaging
• MRI (CT less ideal)
• Cerebrospinal fluid analysis
• Nucleated cell count
• Protein concentration
• PCR (Toxoplasma gondii, FCoV)
• EEG

FeLV/FIV, FCoV (also consider
Albumin:Globulin ratio, 1- α-acid
glycoprotein, haematology for diagnosis of
FIP)
• Thyroxine

Clinical charateristics of episodic disorders

Clinical charateristics of episodic disorders
1.

1.
2.
3.
4.
5.
6.
7.

Syncope
Neuromuscular weakness
Feline Oestrus Behaviour
Paroxysmal Behaviour changes
Vestibular attack
Orofacial Pain Syndrome
Seizure

2.
3.
4.
5.
6.
7.
8.
9.
10.

Clinical status between episodes
Precipitating event or trigger
Pre-event changes
Event description
Level of consciousness
Autonomic signs
Muscle tone
Lateralising signs
Duration
Post-episodic changes
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Epilepsy

Epilepsy is defined as a disease of the brain characterized
by an enduring predisposition to generate epileptic seizures. This definition is usually practically applied as having
ndt et al.
BMCtwo
Veterinary
Research
(2015)
11:182
at least
unprovoked
epileptic
seizures
>24 h apart [48].

diseases confirmed by diagnostic imaging, cerebrospinal
fluid examination, DNA testing or post mortem findings
(see consensus on Diagnostic approach to epilepsy in
dogs [49]). Lafora disease progressive myoclonic epilepsy
would be classified under structural epilepsy as the gene
defect results in a storage disease which alters the brain
structurally and where the epileptic seizures associated
with the structural changes in the brain are one of the
multiple clinical and neurological signs associated with
the primary storage disease [50].
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Classification
Historically veterinary medicine has operated with various terminology/synonyms for epilepsy types defined
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Epilepsy is defined as a disease of the brain characterized
by an enduring predisposition to generate epileptic seizures. This definition is usually practically applied as having
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diseases confirmed by diagnostic imaging, cerebrospinal
fluid examination, DNA testing or post mortem findings
(see consensus on Diagnostic approach to epilepsy in
dogs [49]). Lafora disease progressive myoclonic epilepsy
would be classified under structural epilepsy as the gene
defect results in a storage disease which alters the brain
structurally and where the epileptic seizures associated
with the structural changes in the brain are one of the
multiple clinical and neurological signs associated with
the primary storage disease [50].
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Summary of the antiepileptic drugs available to treat epilepsy in cats.
Antiepileptic drug

Initial dose

Therapeutic range

Potential adverse effects

Comments

Phenobarbital

2-3 mg/kg q 12-24 hrs

10-30 mg/dl

Sedation, ataxia,
hepatotoxicity, blood
dyscrasias, skin eruptions

Currently considered 1st line
antiepileptic drug in the UK

Diazepam

5-10 mg q 8-12 hrs

500-700 ng/ml (nordiazepam)

Acute hepatic necrosis,
sedation

Currently not recommended
for chronic treatment, should
only be used for acute seizures*
Considered 2

Levetiracetam

10-20 mg/kg q 8-12 hrs

?

Inappetance, sedation,
hypersalivation

Zonisamide

5-10 mg/kg q 12-24 hrs

?

Sedation, vomiting, diarrhoea,
hepatotoxicity

Gabapentin

5-10 mg/kg q 8-12 hrs

?

Sedation, ataxia

No clinical studies published

Pregabalin

2 mg/kg q 12 hrs

?

Sedation, ataxia

No clinical studies published

Topiramate

12.5-25 mg q 8-12 hrs

?

Sedation, inappetence, weight
loss

No clinical studies published

nd

line*

*authors opinion; Please consider the cascade regulation when prescribing antiepileptic drugs. Imepitoin might be an alternative drug to be considered in the future as we
continue to increase our knowledge about the efficacy and safety of imepitoin in cats.

Imepitoin….20-30mg/kg twice daily….. similar than in dogs?
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• About 40–50% of cases became seizure-free
Abstract
• 20–30% were considered good-to-moderately
controlled
• About 30% were poorly controlled depending on the
year of treatment considered.
We report an evaluation of the treatment and outcome of cats with suspected primary epilepsy. Phenobarbital
therapy was used alone or in combination with other anti-epileptic drugs. Outcome after treatment was evaluated
mainly on the basis of number of seizures per year and categorised into four groups: seizure-free, good control
(1–5 seizures per year), moderate control (6–10 seizures per year) and poor control (more than 10 seizures per
year). About 40–50% of cases became seizure-free, 20–30% were considered good-to-moderately controlled and
about 30% were poorly controlled depending on the year of treatment considered. The duration of seizure events
after treatment decreased in 26/36 cats and was unchanged in eight cats. The subjective severity of seizure also
decreased in 25 cats and was unchanged in nine cats. Twenty-six cats had a good quality of life, nine cats an
impaired quality of life and one cat a bad quality of life. Despite being free of seizures for years, cessation of
treatment may lead to recurrence of seizures in most cats.
Accepted: 20 September 2012

Introduction
Very little is known about the outcome of long-term
treatment of seizures in feline primary epilepsy (PE).
Phenobarbital is the first choice drug for cats with recurrent seizures.1 Other anti-epileptic drugs (AED), such as
potassium bromide,2 levetiracetam3 and gabapentin4 can
be used for feline epileptic patients; however, there are
no published data regarding chronic gabapentin therapy. The use of potassium bromide has been associated
with adverse respiratory effects and oral diazepam with
fatal hepatotoxicosis.2,5 No long-term study has evaluated the efficacy of phenobarbital and its outcome in
feline PE, and only expert recommendations exist.1,6,7
The aim of our study was to evaluate the long-term follow-up of cats with suspected primary epilepsy (SPE),
mainly on the basis of number of seizures per year.

Materials and methods

?

The medical records of cats with recurrent seizures
between 2001 and 2009 were reviewed retrospectively for
the following criteria: SPE with follow-up information
for at least 1 year after the start of therapy and anti-epileptic
therapy. SPE was considered when the results of complete work-up [clinical and neurological examination,
haematology, biochemistry, cerebrospinal fluid (CSF)
analysis, intracranial magnetic resonance imaging (MRI)]

were normal, or the work-up was not complete but more
than 1 year had passed since the onset of seizures without
any interictal neurological deficits. Apart from seizures,
cats with SPE did not have any evidence of neurological
disease at any time during or before the study period. All
cats with SPE were re-evaluated 12 months after diagnosis by either AP or ML, and no abnormalities were identified on physical and neurological examination.8 Cats
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Clinical charateristics of episodic disorders

Clinical charateristics of episodic disorders
1.

1.
2.
3.
4.
5.
6.
7.

Syncope
Neuromuscular weakness
Feline Oestrus Behaviour
Paroxysmal Behaviour changes
Vestibular attack
Orofacial Pain Syndrome
Seizure

Berendt et al. BMC Veterinary Research (2015) 11:182

2.
3.
4.
5.
6.
7.
8.
9.
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Epilepsy

Epilepsy is defined as a disease of the brain characterized
by an enduring predisposition to generate epileptic seizures. This definition is usually practically applied as having
ndt et al.
BMCtwo
Veterinary
Research
(2015)
11:182
at least
unprovoked
epileptic
seizures
>24 h apart [48].

diseases confirmed by diagnostic imaging, cerebrospinal
fluid examination, DNA testing or post mortem findings
(see consensus on Diagnostic approach to epilepsy in
dogs [49]). Lafora disease progressive myoclonic epilepsy
would be classified under structural epilepsy as the gene
defect results in a storage disease which alters the brain
structurally and where the epileptic seizures associated
with the structural changes in the brain are one of the
multiple clinical and neurological signs associated with
the primary storage disease [50].

10.

Clinical status between episodes
Precipitating event or trigger
Pre-event changes
Event description
Level of consciousness
Autonomic signs
Muscle tone
Lateralising signs
Duration
Post-episodic changes
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Suspected Limbic Encephalitis and Seizure in Cats Associated
with Voltage-Gated Potassium Channel (VGKC) Complex Antibody
A. Pakozdy, P. Halasz, A. Klang, J. Bauer, M. Leschnik, A. Tichy, J.G. Thalhammer,
B. Lang, and A. Vincent
Background: Treatment-resistant complex partial seizures (CPS) with orofacial involvement recently were reported in
cats in association with hippocampal pathology. The features had some similarity to those described in humans with limbic
encephalitis and voltage-gated potassium channel (VGKC) complex antibody.
Hypothesis/Objectives: The purpose of this pilot study was to evaluate cats with CPS and orofacial involvement for the
presence of VGKC-complex antibody.
Animals: Client-owned cats with acute orofacial CPS and control cats were investigated.
Methods: Prospective study. Serum was collected from 14 cats in the acute stage of the disease and compared with 19
controls. VGKC-complex antibodies were determined by routine immunoprecipitation and by binding to leucine-rich
glioma inactivated 1 (LGI1) and contactin-associated protein-like 2 (CASPR2), the 2 main targets of VGKC-complex antibodies in humans.
Results: Five of the 14 aﬀected cats, but none of the 19 controls, had VGKC-complex antibody concentrations above
the cut-oﬀ concentration (>100 pmol/L) based on control samples and similar to those found in humans. Antibodies in 4
cats were directed against LGI1, and none were directed against CASPR2. Follow-up sera were available for 5 cats in
remission and all antibody concentrations were within the reference range.
Conclusion and Clinical Importance: Our study suggests that an autoimmune limbic encephalitis exists in cats and that
VGKC-complex/LGI1 antibodies may play a role in this disorder, as they are thought to in humans.
Key words: Autoimmune limbic epilepsy; Feline.

L

imbic encephalitis (LE) associated with serum
antibodies
against
voltage-gated potassium
channel complexes (VGKC-complexes) is a relative
newly recognized acute epileptic condition in humans
that usually occurs in the absence of a neoplastic disorder.1–3 The antibodies are directed against diﬀerent
proteins of VGKC-complexes, principally leucine-rich
glioma inactivated 1 (LGI1) and contactin-associated
protein-like 2 (CASPR2).4,5 The clinical presentation
frequently is acute and includes confusion and cluster
seizures involving the facial muscles. Magnetic resonance imaging (MRI) frequently shows high signal
intensity in the hippocampal region. Seizures often
respond poorly to antiepileptic drugs, but well to
immunotherapy.1,4–6
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Abbreviations:
CASPR2
CPS
EEG
FEPSO
GAD
LE
LGI1
MRI
VGKC

contactin-associated protein-like 2
complex partial seizures
electroencephalography
feline CPS with orofacial involvement
glutamate decarboxylase
limbic encephalitis
leucine-rich glioma inactivated 1
magnetic resonance imaging
voltage-gated potassium channel

We recently reported an acute seizure disorder with
orofacial involvement in cats (feline CPS with orofacial
automatism, FEPSO).7 The clinical presentation included
distinctive complex partial cluster seizures, consisting of
facial twitching, salivation, motionless staring (motor
arrest), lip smacking, chewing, licking, swallowing, mydriasis, and vocalization. Such episodes lasted usually for a
few seconds to 1 minute (see supplemental video). Frequent postictal signs included behavioral changes and
aggression. Brain MRIs showed bilateral hippocampal T1
hypo- and isointensity and T2 hyperintensity. Initial resistance to antiepileptic treatment was observed. The histopathologic changes were found mainly in the
hippocampus and included degeneration and inflammation. We suggested that a primary immune-mediated process may cause limbic encephalitis and that hippocampal
neuronal loss may be secondary to inflammation, as also
described in humans with LE.6 The main aim of this study
was to determine whether aﬀected cats had increased
serum VGKC-complex antibody concentration during the
acute stage of the disease, whether the antibodies bound
LGI1/CASPR2, and to compare results with follow-up
and control samples.
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channel) and prevents Kv channel inactivation mediated
by the b-subunit of the channel.8 Certain LGI1 mutants
(typically nonsecreted mutants) fail to prevent channel
inactivation,9,10 resulting in more rapidly closing channels, which extends presynaptic depolarization and leads
to increased calcium influx. Consequently, neurotransmitter release is increased excessively, which may induce
focal seizures. However, because the b-subunit acts
from the intracellular side, it is not clear how secreted
LG1 can modulate the Kv channel.
In the brain, LGI1 also interacts at the presynaptic
membrane with an ADAM (a disintegrin and metalloprotease) protein family member, the transmembrane
protein ADAM23, and this interaction aﬀects neurite
outgrowth.11,12
LGI1 also is located postsynaptically and co-immunoprecipitates with the postsynaptic scaﬀolding protein
PSD-95 (postsynaptic density protein).13 LGI1 does not
interact with PSD-95 directly, but with the extracellular
domain of the transmembrane protein ADAM22.
ADAM22 binds to PSD-95.13 PSD-95 can bind to stargazin, which is a transmembrane regulatory subunit of
a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
receptor (AMPAR),14 a non-NMDA (N-methyl-Daspartate) type glutamate receptor (Fig 1). Incubation
Review
of hippocampal slices with LGI1 leads to an increase in
J Vet Intern Med 2015;29:997–1005
the synaptic AMPA/NMDA ratio, which can be
explained
by the
fact
that stargazin
and PSD95
both
LGI
Proteins
and
Epilepsy
in Human
and Animals

control the number of AMPARs at the synapses, and
both interact indirectly with LGI1 via ADAM22. The
glycosylphophatidylinositol-anchored Nogo receptor 1
(NgR1), whose ligand Nogo inhibits axon outgrowth,
also functions as a receptor for LGI1 and mediates
LGI1-ADAM22 binding.11 The AMPAR-mediated synaptic transmission in the hippocampus is severely
decreased when LGI1 is lacking.12
Binding of LGI1 to ADAM22 and ADAM23 is mediated by the EPTP domain of LGI1. ADAM22 or
ADAM23 knockout mice have a strong phenotypical
overlap with LGI1 knockout mice,12,15,16 a phenotype
that is characterized by spontaneous epilepsy and premature death. Interestingly, LGI1 leads to co-assembly
of ADAM22 and ADAM23. These results suggest that
LGI1 simultaneously binds presynaptic ADAM23 and
postsynaptic ADAM22, pulling both the presynaptic
membrane (containing voltage-gated potassium channel
[VGKC] complexes) and the postsynaptic membrane
(containing AMPA receptor scaﬀolds) together, thus
stabilizing the synapse and increasing neurotransmission.12 LGI1 also can weakly bind to ADAM11,17
which is an essential protein for proper neuronal function.
In addition to its roles in synaptic transmission,
LGI1 also has been proposed to regulate neuronal
development. A role for LGI1 has been proposed in the
maturation of glutamatergic synapses.18 Expression of
mutant LGI1 (carrying the mutation 835delC, which is
A. Pakozdy, M. Patzl, L. Zimmermann, T.S. Jokinen, U. Glantschnigg, A. Kelemen, and D.found
Hasegawa
in ADLTE and truncates the C-terminal EPTP
in mice arrests normal postnatal change in
Leucine-rich glioma-inactivated (LGI) protein was first thought to have a suppressor eﬀect in the formation of domain)
some cancers. Developments in physiology and medicine made it possible to characterize the function of the LGI protein family
and
postsynaptic
NMDA receptor (NMDAR) NR2 subunit
its crucial role in diﬀerent conditions more precisely. These proteins play an important role in synaptic transmission, and dyscomposition,
which is an important feature of synapse
function may cause hyperexcitability. Genetic mutation of LGI1was confirmed to be the cause of autosomal dominant
lateral
temporal lobe epilepsy in humans. The LGI2 mutation was identified in benign familial juvenile epilepsy inmaturation.
Lagotto
Furthermore, this mutant arrests normal
Romagnolo (LR) dogs. Cats with familial spontaneous temporal lobe epilepsy have been reported, and the etiology might be
postnatal
down-regulation of presynaptic release probaassociated with LGI protein family dysfunction. In addition, an autoimmune reaction against LGI1 was detected in
humans
and cats with limbic encephalitis. These advances prompted a review of LGI protein function and its role in diﬀerent
seizure
bility, inhibits dendritic pruning and increases spine
disorders.
density
leading
to an enhanced excitatory transmisKey words: Autoimmune; Epilepsy; Genetic; LGI.
sion.18
The proteins LGI2, LGI3, and LGI4 all are neuros a result of microbiological and genetic developnally secreted and act on ADAM family members as
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LGI1 is a neuronally secreted protein that contains 3
leucine-rich repeats (LRR) in the N-terminal region3
and epitempin (EPTP) repeats in the carboxyl half of
the protein6 as protein–protein interaction domains.
Epitempin repeats were only found in the LGI1 gene.7
The protein LGI1 is multifunctional. It binds to the
presynaptic voltage-gated potassium channel Kv1.1 (Kv
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Syncope
Neuromuscular weakness
Feline Oestrus Behaviour
Paroxysmal Behaviour changes
Vestibular attack
Orofacial Pain Syndrome
Seizure
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eliance on history and description of episodes of
collapse to differentiate seizures from syncope can
be misleading. Syncope can have features of seizures or
can be the cause of seizures. Clinical and neurologic examinations can also be misleading. High-grade
atrioventricular (AV) block can be intermittent in cats
and interictal neurologic examination can be normal in
patients with epilepsy. In this report we describe highgrade AV dysfunction that mimicked epilepsy in 3 cats.

Case 1

maintenance dosage of phenobarbitone was 2 mg/kg
PO q12h.
The cat was presented again 24 hours later for vomiting, diarrhea, and vacant episodes during which it would
lift its left thoracic limb and collapse. Physical and neurologic examinations were unremarkable between the
episodes. Phenobarbitone was increased to 3 mg/kg PO
q12h. No additional episodes of vomiting or diarrhea
were observed.
The episodes continued over 3 weeks and the cat was
re-examined. On physical examination the cat was bradycardic with an irregular rhythm and heart rate of
120 bpm, and had a grade II/VI left apical systolic murmur. An ECG was consistent with sinus bradycardia and
an echocardiogramc showed a slight increase in left ventricular diastolic diameter and additional moderator
bands within the left ventricle. No structural cause for
the murmur was found. A 24-hour ECG (Holter monitord) documented periods of high-grade AV block
without any ventricular escape activity for up to 19 seconds preceding an apparent seizure-like episode (Fig 1).
Phenobarbitone was discontinued and Terbutalinee was
prescribed. However, the owner elected not to start the
terbutaline and the cat was euthanized.

A 12-year-old male neutered domestic shorthaired cat
was evaluated after 12 seizure-like episodes in a 24-hour
period. During the episodes, the cat assumed a crouched
posture, developed tonicity in all 4 limbs, fell into lateral
recumbency, had head tremors, experienced impaired
consciousness and did not respond to visual stimuli. The
episodes lasted between 10 and 20 seconds. For 1 year
before presentation, the cat had experienced other episodes in which it swayed from side to side and had
spontaneous nystagmus, the direction and nature of
which was not recorded. Between the episodes, general
physical examination and neurologic examinations
were unremarkable. Based on the history, the neurolCase 2
ocalization was prosencephalon.
Fig 3. An electroencephalogram of ‘‘Case 2’’ just before the seizure-like episode before movement obscured the trace.
A 12-year-old female spayed domestic shorthaired cat
A CBC was normal. Serum biochemistry abnormaliwas presented for collapsing episodes with increasing freties consisted of hypoproteinemia
54.6viag/L
(reference
pacemaker was implanted
a celiotomy-transdiaCase 3
quency with up to 20 occurring during the 48 hours
approach using an epicardial 21.1
lead with
the
range, 61–81 g/L) and phragmatic
mild hypoglobulinemia
g/L
A 14-year-old female Birman cat was presented for
pulse generator placed in the abdomen. The pacemaker
before
presentation.
The episodes
were described by the
(reference range, 25–46was
g/L).
Totalin T4
concentration
was
collapsing
episodes
that lasted 60 seconds.
During the
programmed
VVI mode
(ventricular demand
pacepisodes,
the cat
increased
respiratoryby
effort,
ing) with the rate set at 120 bpm. The cat was weaned off
owner
tohadbe
preceded
abecame
period of sneezing; the cat
not measured. Systolic
blood and
pressure
measured
by paretic,
collapsed into lateral recumbency and urinated.
phenobarbitone
leviteracetam.
At a 15-week re-exthen shake
headthat
and
It would
also had a 2-month
history of its
bradycardia
was fall into lateral recumamination, the was
cat had suffered
no additional
seizure-like
Doppler sphygmomanometry
190 mmHg
and
an preceded
by a 2-year history of a cardiac rhythm disturepisodes.
bency
before returning to normal in o60 seconds.
ECG showed normal sinus rhythm with a heart rate of
Clinical examination revealed mild otitis externa in the
200 beats/min (bpm). Results of magnetic resonance
left ear but was otherwise unremarkable. On neurologic
(MR)a imaging of the brain and analysis of cerebrospiexamination, there was decreased facial sensation on the
nal fluid (CSF) from the cisterna magna were
left side and tactile placing deficits in the left thoracic
unremarkable. The CSF white blood cell (WBC) count
limb. The lesion was localized to the right prosencephawas 3 cells/mL (normal, o5 cells/mL) and protein concenlon. The episodes of collapse continued while the cat was
tration was 0.17 g/L (normal, o0.2 g/L). Treatment with
hospitalized although these episodes were different from
phenobarbitoneb was initiated with 5 mg/kg IV boluses
those previously described. During the episodes the cat
every 5 hours up to a total of 20 mg/kg in 24 hours. The
vocalized, had increased muscle tone, fell into lateral recumbency, had facial automatisms consisting of lip
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