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1. > 1 Fall pro Tag
2. 1 Fall pro Tag
3. ~ 1 Fall pro Woche
4. ~ 1 Fall alle 2 Wochen
5. ~ 1 Fall pro Woche

Wieviele epileptische Katzen sehen Sie?
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Definition von Krampfanfällen

Was ist ein epileptischer
Anfall?

Normale Gehirnaktivität

Krampfanfall
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Exzitation versus Inhibition

Dr. Holger A. Volk, CPD, Oct. 2008
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Exzitation versus Inhibition
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Exzitation versus Inhibition

Dr. Holger A. Volk, 2010
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2.

Therapy – Mode of action
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Neurobehavioural 
comorbidities

Epilepsy 
characteristics
• Seizure severity
• Seizure 

frequency

Underlying 
cause

Epilepsy 
treatment
• Seizure control
• Side-effects

Brain 
development 

and ageing

Nutrition

Quality of life
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Evidenz?

12



15.05.23

7

?

13

?

14



15.05.23

8

Clinical characteristics of episodic disorders 

1. Syncope
2. Neuromuscular weakness
3. Feline Oestrus Behaviour
4. Paroxysmal Behaviour changes
5. Vestibular attack
6. Feline hyperaesthesia syndrome
7. Feline cognitive dysfunction
8. Epileptic seizure
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Table 1 Veterinary terminology and its most common amendments over time
Early terminology Terminology currently in use Suggested veterinary terminology 2015

EPILEPTIC SEIZURES

An epileptic seizure with clinical signs indicating activity which
starts in a localised area in the brain

Petit Mal Partial/focal seizure Focal epileptic seizurea

Aura - Simple partial/focal seizure
(consciousness unimpaireda)-Will present with focal motor, autonomic or behavioural signs

alone or in combination - Complex partial/focal seizure
(consciousness impaireda)

An epileptic seizure with clinical signs indicating activity
involving both cerebral hemispheres from the start.
-In dogs and cats the seizure presents predominantly as immediate
‘convulsions’ and loss of consciousness. Salivation, urination
and/or defecation often also occur during convulsions.
May also (but rare) present as atonic or myoclonic seizures

Grand Mal (always implicating convulsions) Primary generalized seizure Generalized epileptic seizure

An epileptic seizure which starts in a localized area in the
brain and spreads subsequently to involve both hemispheres.
-In dogs and cats the seizure starts with localized motor,
autonomic and/or behavioural signs rapidly followed by
convulsions. Salivation, urination and/or defecation often
also occur during convulsions.

Partial seizure with secondary generalization
(secondary generalized seizure)

Focal seizure with secondary
generalization

Focal epileptic seizure evolving to become
generalized

EPILEPSY

Epilepsy classified by aetiology Primary Epilepsy Idiopathic Epilepsy Idiopathic Epilepsy
- Epilepsy where no structural cerebral
pathology is suspected

- Epilepsy where no structural cerebral
pathology is suspected. A genetic
component may be involved

1. Proven genetic background
2. Suspected genetic background
3. Unknown cause and no indication of
structural epilepsy

Epilepsy classified by aetiology Secondary or Acquired epilepsy Symptomatic Epilepsy Structural epilepsy
- Epilepsy caused by identified
cerebral pathology

- Epilepsy caused by identified
cerebral pathology

- Epilepsy caused by identified
cerebral pathology

Epilepsy classified by aetiology Cryptogenic Probably or possibly symptomatic
epilepsy

Unknown cause

- Meaning hidden - A suspected symptomatic cause, which
however remains obscure

aRegarding our ability to evaluate if consciousness is unimpaired or impaired during focal seizures (former termed simple and complex focal seizures). We recommend that it is not attempted to interpret signs
occurring during focal seizures where dogs may appear e.g. confused, unable to recognize the owner or not responding to commands as impaired consciousness, as this cannot objectively be investigated in animals
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CORRESPONDENCE Open Access

International veterinary epilepsy task force
consensus report on epilepsy definition,
classification and terminology in
companion animals
Mette Berendt1*, Robyn G. Farquhar2, Paul J. J. Mandigers3, Akos Pakozdy4, Sofie F. M. Bhatti5, Luisa De Risio6,
Andrea Fischer7, Sam Long8, Kaspar Matiasek9, Karen Muñana10, Edward E. Patterson11, Jacques Penderis12,
Simon Platt13, Michael Podell14, Heidrun Potschka15, Martí Batlle Pumarola16, Clare Rusbridge17,18,
Veronika M. Stein19, Andrea Tipold19 and Holger A. Volk20

Abstract

Dogs with epilepsy are among the commonest neurological patients in veterinary practice and therefore have
historically attracted much attention with regard to definitions, clinical approach and management. A number of
classification proposals for canine epilepsy have been published during the years reflecting always in parts the
current proposals coming from the human epilepsy organisation the International League Against Epilepsy (ILAE).
It has however not been possible to gain agreed consensus, “a common language”, for the classification and
terminology used between veterinary and human neurologists and neuroscientists, practitioners, neuropharmacologists
and neuropathologists. This has led to an unfortunate situation where different veterinary publications and textbook
chapters on epilepsy merely reflect individual author preferences with respect to terminology, which can be confusing
to the readers and influence the definition and diagnosis of epilepsy in first line practice and research studies.
In this document the International Veterinary Epilepsy Task Force (IVETF) discusses current understanding of canine
epilepsy and presents our 2015 proposal for terminology and classification of epilepsy and epileptic seizures. We
propose a classification system which reflects new thoughts from the human ILAE but also roots in former well
accepted terminology. We think that this classification system can be used by all stakeholders.

Keywords: Epilepsy, Seizures, Dog, Classification, Semiology

Background
Epilepsy is a complex brain disease where sudden and
abnormal activity in neuronal networks causes the
prominent clinical sign of seizures characterised by
motor, autonomic and/or behavioural features. Epileptic
seizures are episodic and brief (in most cases less than
2–3 min). Epilepsy can rise from a plethora of causes. A
few rare cases are purely genetic (e.g. channelopathies),
some are developmental and have complex genetic and
epigenetic influences (e.g. neuronal migration disorders)
and some are caused by injury to the brain (e.g. trauma,
infectious, inflammatory, vascular or neoplastic disease).

In a significant number of cases, the cause is not clear. Al-
though the mechanisms behind companion animal epi-
lepsy are largely uncovered, it is clear that epilepsy in
some purebred dogs is a direct result of a genetic defect,
where seizures are the core clinical sign of disease. This
has been described for the Lagotto Romagnolo, Belgian
shepherd and Boerboels [1–4]. A high epilepsy prevalence
in a specific breed or the accumulation of epileptic indi-
viduals within specific dog families are strong indicators of
inherited epilepsy, but often it is unknown if genetic de-
fects are the sole cause of the epilepsy or if the epilepsy
might arise from multifactorial causal influences including
environmental, developmental, provoking and genetic fac-
tors, and similar issues apply to human cases [5].
The true prevalence of epilepsy in dogs is unknown

and has been estimated to be 0.6–0.75 % in the general

* Correspondence: mbe@sund.ku.dk
1Department of Veterinary Clinical and Animal Sciences, Faculty of Health and
Medical Sciences, University of Copenhagen, Frederiksberg C, Denmark
Full list of author information is available at the end of the article

© 2015 Berendt et al. This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly credited. The Creative Commons Public Domain Dedication waiver (http://
creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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Intracranial structural symmetrical lesions
Predictors for a symmetrical structural lesions are the age of seizure onset and an abnormal symmetrical neurologic examination.

Intracranial structural asymmetrical 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

Variable
Maximum Odds 

ratio
SE 95% CI t Value P-Value

Seizure onset >6years 17.81 ± 0.28 9.80-32.39 10.21 <0.0001
Cluster seizure 2.44 ± 0.26 1.41-4.21 3.45 0.003
Asymmetrical seizure 3.23 ± 0.39 1.41-7.36 3.01 0.008
Neuro exam abnormal symmetrical 9.50 ± 0.31 4.94-18.28 7.30 <0.0001

Neuro exam abnormal asymmetrical 27.97
±

0.35 13.38-58.50 9.57
<0.0001

Variable
Maximum Odds 

ratio
SE 95% CI t Value P-Value

Age of seizure onset 1.06 ± 0.02 1.01-1.10 2.69 0.008
Neuro exam abnormal symmetrical 6.06 ± 0.64 1.71-21.44 2.81 0.05

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
Maximum Odds 

ratio
SE 95% CI t Value P-Value

Seizure onset <6years 13.55 ± 0.28 7.47-24.58 9.75 <0.0001
Single seizure 1.92 ± 0.27 1.06-3.39 2.44 0.035
Symmetrical seizure 2.30 ± 0.38 1.00-5.31 2.22 0.051
Neuro exam normal 15.4 ± 0.25 8.72 -27.02 10.8 <0.0001
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Alter

19

Statistical Modelling

• Katzen, die älter sind als 7 Jahre -> 5fach mehr wahrscheinlich
-> Strukturelle Epilepsie. 

• Abnormale neurologisch Untersuchung -> 3fach mehr
wahrscheinlich -> Strukturelle Epilepsie. 

20



15.05.23

11

Lesion

Location

System

Problem

Diagnostic	Tests

Treatment	Plan

DIAGNOSIS

Presenting	Complaint

History	&	Physical	Exam	&	NEURO	EXAM

Define	&	Refine	PROBLEM

Differential	Diagnoses
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Diseases to be considered in cats presenting with seizures 

Category  Subcategory  Possible aetiologies  
Interictal neurological deficits possible? 
Progressive? Symmetrical/Asymmetrical 

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  
 
 
 
 
Infectious 

 VGKC-associated limbic encephalitis 
 
Meningoencephalitis of unknown 
aetiology 
 
Toxoplasma gondii 
Feline immunodeficiency virus 
Feline infectious peritonitis 
Rabies 
Fungal infections 

 - / can have behaviour changes 
 
Yes & Progressive & Asymmetrical 
 
 
Yes & Progressive & Asymmetrical 
 

  Traumatic  Trauma  Yes & Static/Improving & Asymmetrical 

22
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Ancillary tests 

 

Diagnostics to be considered for cats presenting with seizures.  

Extracranial Work-up Intracranial  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, 

FeLV/FIV, FCoV (also consider 

Albumin:Globulin ratio, 1- α-acid 

glycoprotein, haematology for diagnosis of 

FIP) 

• Thyroxine  

• Advanced Imaging 

• MRI (CT less ideal) 

• Cerebrospinal fluid analysis 

• Nucleated cell count 

• Protein concentration 

• PCR (Toxoplasma gondii, FCoV) 

• EEG 
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Median age of 1 year 
Multiple daily episodes of tail chasing and self-trauma 
Vocalisation during the episodes and rippling of lumbar skin 
Gabapentin effective in 6/7 cases

25
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Welches Medikament?

1. Phenobarbital
2. Imepitoin
3. Kaliumbromide
4. Levetiracetam
5. Gabapentin
6. Zonisamide

27

2.

Therapy – Mode of action
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Safety and Efficacy
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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* 

Levetiracetam  10-20 mg/kg q 8-12 hrs  ?  
Inappetance, sedation, 
hypersalivation 

 Considered 2nd line* 

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 

*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 zweimal täglich?
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• 40–50% -> Anfallsfrei

• 20–30% gut kontrolliert

• 20-30% schlecht kontrolliert

Journal of Feline Medicine and Surgery
15(4) 267 –273
© ISFM and AAFP 2012
Reprints and permissions: 
sagepub.co.uk/journalsPermissions.nav
DOI: 10.1177/1098612X12464627
jfms.com

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 recur-
rent 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 ther-
apy. 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 evalu-
ated 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 fol-
low-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 com-
plete 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 diagno-
sis by either AP or ML, and no abnormalities were identi-
fied on physical and neurological examination.8 Cats 

Treatment and long-term  
follow-up of cats with suspected 
primary epilepsy

Akos Pakozdy1, Ali Asghar Sarchahi2, Michael Leschnik1, 
Alexander G Tichy3, Peter Halasz4 and Johann G Thalhammer1

Abstract
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.
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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 anti-
bodies 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 dis-
order.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 reso-
nance 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

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, mydri-
asis, and vocalization. Such episodes lasted usually for a
few seconds to 1 minute (see supplemental video). Fre-
quent postictal signs included behavioral changes and
aggression. Brain MRIs showed bilateral hippocampal T1
hypo- and isointensity and T2 hyperintensity. Initial resis-
tance to antiepileptic treatment was observed. The histo-
pathologic changes were found mainly in the
hippocampus and included degeneration and inflamma-
tion. We suggested that a primary immune-mediated pro-
cess 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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Abbreviations:

CASPR2 contactin-associated protein-like 2

CPS complex partial seizures

EEG electroencephalography

FEPSO feline CPS with orofacial involvement

GAD glutamate decarboxylase

LE limbic encephalitis

LGI1 leucine-rich glioma inactivated 1

MRI magnetic resonance imaging

VGKC voltage-gated potassium channel

Brief Communication
J Vet Intern Med 2013;27:212–214
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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 chan-
nels, which extends presynaptic depolarization and leads
to increased calcium influx. Consequently, neurotrans-
mitter 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 metallo-
protease) protein family member, the transmembrane
protein ADAM23, and this interaction affects neurite
outgrowth.11,12

LGI1 also is located postsynaptically and co-immu-
noprecipitates 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 star-
gazin, which is a transmembrane regulatory subunit of
a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
receptor (AMPAR),14 a non-NMDA (N-methyl-D-
aspartate) type glutamate receptor (Fig 1). Incubation
of hippocampal slices with LGI1 leads to an increase in
the synaptic AMPA/NMDA ratio, which can be
explained by the fact that stargazin and PSD95 both

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 syn-
aptic transmission in the hippocampus is severely
decreased when LGI1 is lacking.12

Binding of LGI1 to ADAM22 and ADAM23 is med-
iated 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 pre-
mature 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 neurotransmis-
sion.12 LGI1 also can weakly bind to ADAM11,17

which is an essential protein for proper neuronal func-
tion.

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
found in ADLTE and truncates the C-terminal EPTP
domain) in mice arrests normal postnatal change in
postsynaptic NMDA receptor (NMDAR) NR2 subunit
composition, which is an important feature of synapse
maturation. Furthermore, this mutant arrests normal
postnatal down-regulation of presynaptic release proba-
bility, inhibits dendritic pruning and increases spine
density leading to an enhanced excitatory transmis-
sion.18

The proteins LGI2, LGI3, and LGI4 all are neuro-
nally secreted and act on ADAM family members as
does LGI1.5 Although LGI2 acts on the same receptors
as LGI1, LGI2 expression levels are only high in the
immediate postnatal period until halfway through neu-
ral pruning.19 In contrast, LGI1 is highly expressed dur-
ing and after the later pruning phase. Thus, although
both LGI1 and LGI2 seem to have similar roles in syn-
aptic development, they act at different time points of
postnatal nervous system development.

LGI3 is located near neuronal plasma membranes in
the brain and colocalizes with endocytosis-associated
proteins (eg, transferrin), exocytosis-associated proteins
(eg, syntaxin-1) and lipid raft markers, such as flotillin-
1, which forms scaffolds for membrane microdomains
involved in trafficking. LGI3 colocalizes with b-amyloid
in astrocytes, is up-regulated by b-amyloid and pro-
motes additional uptake of b-amyloid. In addition to its
role in endocytosis and exocytosis, LGI3 is involved in
neuronal differentiation and neuritogenesis.20 Outside of
the brain, LGI3 also is expressed in adipose tissue
and in pre-adipocytes and regulates adipogenesis
through ADAM23.21 In human keratinocytes, LGI3,

Fig 1. Role of LGI1 in synaptic transmission. LGI1 pulls the pre-
synaptic membrane containing VGKC complexes and postsynaptic
membrane together by simultaneous binding to presynaptic
ADAM23 and postsynaptic ADAM22. NR1 promotes binding of
LGI1 to ADAM22. ADAM22 indirectly interacts with AMPA
receptors via PSD-95 and stargazin.
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LGI Proteins and Epilepsy in Human and Animals

A. Pakozdy, M. Patzl, L. Zimmermann, T.S. Jokinen, U. Glantschnigg, A. Kelemen, and D. Hasegawa

Leucine-rich glioma-inactivated (LGI) protein was first thought to have a suppressor effect in the formation of some can-
cers. Developments in physiology and medicine made it possible to characterize the function of the LGI protein family and
its crucial role in different conditions more precisely. These proteins play an important role in synaptic transmission, and dys-
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 in Lagotto
Romagnolo (LR) dogs. Cats with familial spontaneous temporal lobe epilepsy have been reported, and the etiology might be
associated 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
disorders.

Key words: Autoimmune; Epilepsy; Genetic; LGI.

As a result of microbiological and genetic develop-
ments in recent decades, the etiology of different

neurological disorders has become more clear. This pro-
gress also has improved our understanding of the various
forms of epilepsy. The majority of congenital epilepsies
are caused by mutations in genes that encode ion chan-
nels.1 The first epilepsy of humans not caused by an ion
subunit-coding mutation, but with a confirmed genetic
background, was autosomal dominant lateral temporal
lobe epilepsy (ADLTE).2 The condition is caused by a
mutation in a gene that codes a neuroprotein called
LGI1. Leucine-rich glioma-inactivated protein (LGI1)
was so named because it has a suppressor effect on glio-
blastomas.3 There are 4 different proteins in the LGI
family, and LGI1 was the first identified and best investi-
gated. Today, more than 30 different mutations are
reported with some differences within the epileptic pheno-
type.4 The proteins LGI2, 3, and 4 also play roles in the
central and peripheral nervous system.5

The aim of our review was to summarize research on
LGI proteins because these proteins have become rele-
vant in veterinary medicine in recent years mainly in
the field of epilepsy.

LGI Function

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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Abbreviations:

ADLTE autosomal dominant lateral temporal lobe epilepsy

ADAM a disintegrin and metalloprotease

AED antiepileptic drugs

AMPA a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid

BFJE benign familial juvenile epilepsy

BS Belgian Shepherd

CASPR2 contactin-associated protein 2

CNS central nervous system

EEG electroencephalography

EL mouse epilepsy-like mouse

EPTP epitempin

FBDS faciobrachial dystonic seizures

FEPSO feline complex partial seizure with orofacial

involvement

FLAIR fluid attenuated inversion recovery

FS febrile seizures

FMTLE familial mesial temporal lobe epilepsy

FSEC familial spontaneous epileptic cats

FTLE familial temporal lobe epilepsy

GAD glutamic acid decarboxylase

HS hippocampal sclerosis

IE idiopathic epilepsy

ISH in situ hybridization

LE limbic encephalitis

LGI leucine-rich glioma-inactivated

LR Lagotto Romagnolo

LRR leucine-rich repeats

MRI magnetic resonance imaging

NMDA N-methyl-D-aspartate

PET positron emission tomography

PNS peripheral nervous system

PSD postsynaptic density protein

SNP single nucleotide polymorphism

VGKC voltage-gated potassium channel
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• focal limbic seizure with secondary generalization. 
• generalized seizures were induced by vestibular stimulation
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Case Report

Seizure-Like Episodes in 3 Cats with Intermittent High-Grade
Atrioventricular Dysfunction

V.A. Penning, D.J. Connolly, I. Gajanayake, L.A. McMahon, V. Luis Fuentes, K.E. Chandler,
and H.A. Volk

Reliance 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 ex-
aminations 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 high-
grade AV dysfunction that mimicked epilepsy in 3 cats.

Case 1

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 epi-
sodes 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 neurol-
ocalization was prosencephalon.
A CBC was normal. Serum biochemistry abnormali-

ties consisted of hypoproteinemia 54.6 g/L (reference
range, 61–81 g/L) and mild hypoglobulinemia 21.1 g/L
(reference range, 25–46 g/L). Total T4 concentration was
not measured. Systolic blood pressure measured by
Doppler sphygmomanometry was 190mmHg and an
ECG showed normal sinus rhythm with a heart rate of
200 beats/min (bpm). Results of magnetic resonance
(MR)a imaging of the brain and analysis of cerebrospi-
nal fluid (CSF) from the cisterna magna were
unremarkable. The CSF white blood cell (WBC) count
was 3 cells/mL (normal,o5 cells/mL) and protein concen-
tration was 0.17 g/L (normal,o0.2 g/L). Treatment with
phenobarbitoneb was initiated with 5mg/kg IV boluses
every 5 hours up to a total of 20mg/kg in 24 hours. The

maintenance dosage of phenobarbitone was 2mg/kg
PO q12h.

The cat was presented again 24 hours later for vomit-
ing, diarrhea, and vacant episodes during which it would
lift its left thoracic limb and collapse. Physical and neu-
rologic examinations were unremarkable between the
episodes. Phenobarbitone was increased to 3mg/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 bra-
dycardic with an irregular rhythm and heart rate of
120 bpm, and had a grade II/VI left apical systolic mur-
mur. An ECG was consistent with sinus bradycardia and
an echocardiogramc showed a slight increase in left ven-
tricular diastolic diameter and additional moderator
bands within the left ventricle. No structural cause for
the murmur was found. A 24-hour ECG (Holter moni-
tord) documented periods of high-grade AV block
without any ventricular escape activity for up to 19 sec-
onds 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.

Case 2

A 12-year-old female spayed domestic shorthaired cat
was presented for collapsing episodes with increasing fre-
quency with up to 20 occurring during the 48 hours
before presentation. The episodes were described by the
owner to be preceded by a period of sneezing; the cat
would then shake its head and fall into lateral recum-
bency before returning to normal in o60 seconds.
Clinical examination revealed mild otitis externa in the
left ear but was otherwise unremarkable. On neurologic
examination, there was decreased facial sensation on the
left side and tactile placing deficits in the left thoracic
limb. The lesion was localized to the right prosencepha-
lon. The episodes of collapse continued while the cat was
hospitalized although these episodes were different from
those previously described. During the episodes the cat
vocalized, had increased muscle tone, fell into lateral re-
cumbency, had facial automatisms consisting of lip
chewing and hypersalivation, exhibited running automa-
tisms, then stood up and seemed to be disorientated for a
few seconds before returning to normal (Fig 2).

CBC, serum biochemistry, and urine analysis results
were unremarkable. Feline immunodeficiency virus
and feline leukemia virus tests were negative by immuno-
chromatography. Total thyroxine (T4) concentration
was normal: 33 nmol/L (reference range, 19–65 nmol/L).
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pacemakerg was implanted via a celiotomy-transdia-
phragmatic approach using an epicardial lead with the
pulse generator placed in the abdomen. The pacemaker
was programmed in VVI mode (ventricular demand pac-
ing) with the rate set at 120 bpm. The cat was weaned off
phenobarbitone and leviteracetam. At a 15-week re-ex-
amination, the cat had suffered no additional seizure-like
episodes.

Case 3

A 14-year-old female Birman cat was presented for
collapsing episodes that lasted 60 seconds. During the
episodes, the cat had increased respiratory effort, became
paretic, collapsed into lateral recumbency and urinated.
It also had a 2-month history of bradycardia that was
preceded by a 2-year history of a cardiac rhythm distur-

Fig 3. An electroencephalogram of ‘‘Case 2’’ just before the seizure-like episode before movement obscured the trace.
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