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How to square a circle?

Epileptic seizures
Principles

Definition of seizures
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Principles
1. Principles
1. The Queen Principle: Hypersynchronous activity
1. Principle 2

IVETF definitions
Seizure
• The term can be used for any sudden, short lasting and transient
event. It does not imply that the event is epileptic.
Epileptic seizure
• Manifestation(s) of excessive synchronous, usually self-limiting
epileptic activity of neurons in the brain. This results in a transient
occurrence of signs which may be characterized by short episodes
with convulsions or focal motor, autonomic or behavioural features and
due to abnormal excessive and/or synchronous epileptic neuronal
activity in the brain.
Reactive seizure
• A reactive seizure is a seizure occurring as a natural response from
the normal brain to a transient disturbance in function (metabolic or
toxic in nature)—which is reversible when the cause or disturbance is
rectified. A provoked seizure can be considered as being synonymous
with a reactive seizure.
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Excitation versus Inhibition
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Principles
1. Principles
1. The Queen Principle: Hypersynchronous activity
1. The Yin Yan principle: Inhibition vs. Excitation
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Basic mechanisms
• Cortical pyramidal neurons are mainly excited by
thalamocortical afferents
• Major pathways are indirect via interneurons
– Interneuron can be inhibitory or excitatory (feedforward inhibition
and excitation)
– Interneurons are mainly inhibitory
– Many inhibitory interneurons have collaterals causing
• Lateral inhibition
(in adjacent cortical zones causing “inhibitory surround”)
• Feedback inhibition
(inhibition of the original pyramidal neuron, which activated the
inhibitory neuron)

D r. H o lg e r A . V o lk , 2 0 1 0

Feedback, feedforward and lateral inhibition

Feedback, feedforward and lateral inhibition

Antiepileptic Drug Therapy
Michael
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Successful treatment of seizure disorders in small animals
requires proper patient assessment, understanding the principles
of antiepileptic drug (AED) therapy, designing a strategy for
pharmacotherapy, and plans for emergency treatment. Several
levels of assessment are needed in managing an epileptic patient
to include the diagnosis, effectiveness of therapy, and
health-related quality of life assessments. Three levels of
diagnosis are important in determining the appropriate AED
therapy: 1) confirmation that an epileptic seizure has occurred,
and if so, the seizure type(s) manifested; 2) diagnosis of the
seizure etiology; and 3) determination of an epileptic syndrome.
Monotherapy is the initial goal of treating any cat or dog with
epilepsy to reduce possible drug-drug interactions and adverse
effects. Unfortunately, many of the AEDs useful in people cannot
be prescribed to small animals either due to inappropriate
pharmacokinetics (too rapid of an elimination), and potenhal
hepatotoxicity. Thus, the most commonly used AEDs m veterinary
medicine are from the same mechanistic category, that of
enhancing inhibition of the brain. Antiepileptic drugs can be
classified into three broad mechanistic categories: 1)
enhancement of inhibitory processes via facilitated action of
gamma amino-butyric acid (GABA); 2) reduction of excitatory
transmission; and 3) modulation of membrane cation
conductance. Pharmacotherapy strategies should be designed
based on the decision when to start treatment, choice of the
appropriate AED, and proper AED monitoring and adjustment.
Information is presented for the current AEDs of choice,
phenobarbital and bromide. Additional guidelines are provided for
administration of newer AEDs, felbamate and gabapentm. All
owners should be aware that emergency therapy may be
necessary if recurrent or severe seizures occur in their pet. A
rapid, reliable protocol is presented for the emergency
management of se~zuring cats and dogs in the hospital and at
home. Home treatment with per rectal administration of diazepam
m the dog has proven to be an effective means of reducing seizure
frequency and owner anxiety. Treating each animal as an
individual, applying the philosophy that seizure prevention is
better than intervention, and consulting specialists to help
formulate or revise treatment plans will lead to improved success
in treating seizure disorders in the cat and dog.
Copyright © 1998 by W.B. Saunders Company

problem arises, a proper diagnosis is made to confirm the
condition, and therapy is imtiated to treat the underlying
disease and/or signs of the disease. Important differences arise,
however, when approaching antiepileptic drug (AED) therapy
in the cat and dog. First, a specific underlying etiology is often
not identified. The clinician commonly makes a therapeutic
decision based on second-hand historical accounts alone.
Treatment is initiated when the animal is typically in a normal
physical state, with little ability to predict frequency of future
seizure recurrence. Complicating this issue, there is a limited
range of effective AEDs from which to choose. Even after
initiation of therapy, the odds of complete cessation of seizure
activity in the patient are stacked against the clinician. Finally,
all therapeutic modalities carry some risk of altering the
behavior and/or physiology of the patient. Thus, it is not
surprising that AED therapy in small ammal medicine remains
a frustrating problem for all clinicians that treat epileptic
animals.
This article is designed to help clinicians understand the
variables for consideration prior to antiepileptic drug (AED)
commencement by presenting some of the fundamental factors
relevant to AED initiation and maintenance, followed by
specific guidelines of currently known information to treat
seizure disorders in the cat and dog. An outline of recommended general strategies that will be discussed in this chapter
is provided in Table 1. The goal of this approach is to provide a
basis for future flexibility of treatment as newer drug therapies
are introduced to veterinarians.

GABAA receptor

2.

he treatment of seizure disorders in small animals is

T similar in many respects to the treatment of various other

ailments in veterinary medicine: an antecedent historical
From the College of Veterinary Medicine, Ohio State University, Columbus, OH.
Address repnnt requests to Michael Podell MSc, DVM, Diplomate
ACVIM (Neurology), Director, Comparative Neurology Service, Associate
Professor, Department of Vetennary Clinical Sciences, College of Veterinary Medicine, Member of the Comprehensive Cancer Center, The James
Hospital, College of Medicine, The Ohio State UnlversW, 601 Tharp
Street, Columbus, OH 43210.
Copyright © 1998 by W.B. Saunders Company
1071-0949/98/1303-000858 00/0

Antiepileptic Drug Therapy
Michael

Podell

Assessment of the Patient
Several levels of assessment are needed in managing an
epileptic patient including the diagnostic, effectiveness of
therapy, and health-related quality-of-hfe assessments. Three
levels of diagnosis are important in determining the appropriate AED therapy. 1 First, ascertain that an epileptic seizure has
occurred, and if so, the seizure type(s) manifested. This
information is critical to prevent unnecessary treatment of
nonepileptic animals, and to choose the most effective AED for
that seizure type (see following). A complete descnpnon of
seizure types can be found in the article by Phihp A. March,
"Seizures: Classification, Etiologies, and Pathophysiology."
The second level of diagnosis is the seizure etiology. Primary
epileptic seizures (PES) are diagnosed if no underlying cause
for the seizure can be identified. While this term is often
reserved for inherited epilepsy in people, I prefer to include all
idiopathic epileptic seizures in this category, as the genetic
component of epilepsy is difficult to ascertain in many animals. 6 Secondary epileptic seizures (SES) are the direct result
of structural cerebral pathology. An animal is categorized as
having epilepsy if recurrent PES or SES are diagnosed, indicating the presence of a chronic brain disorder. Reactive epileptic
seizures (RES) are a reaction of the normal brain to transient
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Cellular Mechanisms of
Seizure Generation
Excitation (too much)
• Ionic—inward Na+, Ca++ currents
• Neurotransmitter—glutamate, aspartate

Inhibition (too little)
• Ionic—inward CI-, outward K+ currents
• Neurotransmitter—GABA
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problem arises, a proper diagnosis is made to confirm the
condition, and therapy is imtiated to treat the underlying
disease and/or signs of the disease. Important differences arise,
however, when approaching antiepileptic drug (AED) therapy
in the cat and dog. First, a specific underlying etiology is often
not identified. The clinician commonly makes a therapeutic
decision based on second-hand historical accounts alone.
Treatment is initiated when the animal is typically in a normal
physical state, with little ability to predict frequency of future
seizure recurrence. Complicating this issue, there is a limited
range of effective AEDs from which to choose. Even after
initiation of therapy, the odds of complete cessation of seizure
activity in the patient are stacked against the clinician. Finally,
all therapeutic modalities carry some risk of altering the
behavior and/or physiology of the patient. Thus, it is not
surprising that AED therapy in small ammal medicine remains
a frustrating problem for all clinicians that treat epileptic
animals.
This article is designed to help clinicians understand the
variables for consideration prior to antiepileptic drug (AED)
commencement by presenting some of the fundamental factors
relevant to AED initiation and maintenance, followed by
specific guidelines of currently known information to treat
seizure disorders in the cat and dog. An outline of recommended general strategies that will be discussed in this chapter
is provided in Table 1. The goal of this approach is to provide a
basis for future flexibility of treatment as newer drug therapies
are introduced to veterinarians.

Assessment of the Patient
Several levels of assessment are needed in managing an
epileptic patient including the diagnostic, effectiveness of
therapy, and health-related quality-of-hfe assessments. Three
levels of diagnosis are important in determining the appropriate AED therapy. 1 First, ascertain that an epileptic seizure has
occurred, and if so, the seizure type(s) manifested. This
information is critical to prevent unnecessary treatment of
nonepileptic animals, and to choose the most effective AED for
that seizure type (see following). A complete descnpnon of
seizure types can be found in the article by Phihp A. March,
"Seizures: Classification, Etiologies, and Pathophysiology."
The second level of diagnosis is the seizure etiology. Primary
epileptic seizures (PES) are diagnosed if no underlying cause
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Firing pattern in the epileptic focus
•

Group I (highly epileptic) neurons fire exclusively
in bursts
•
•
•

•

Bursts not easily modified
interburst interval can be modified - denervated cells still
some synaptic input.
Group I cells = pyramidal neurons.

Group II (weakly epileptic) neurons exhibit variable
burst firing - intermixed with normal unit firing.
•

Firing patterns of these cells can be modified by synaptic
inputs.
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Fig. I. M ultidrug transporters (M DTs) limit drug penetration through the blood–brain
barrier (BBB) into the extracellular space, neurons and other target cells in the brain.
U nlike endothelial cells in m ost tissues, endothelial cells of capillaries in the brain are
joined by tight junctions and lack intercellular pores and pinocytotic vesicles.
Processes fro m pericapillary astrocytes (‘glial endfeet’) terminate on capillaries and
contribute to the function of the BBB. (a) The BBB passively excludes strongly ionized
(polar), hydrophilic drugs, but nonpolar, highly lipid-soluble drugs [w hich includes
m ost antiepileptic or anticonvulsant drugs (A EDs)] penetrate easily into the brain by
sim ple diffusion (dashed arro ws). The penetration of m any lipophilic drugs into brain
parenchy m a is limited by the action of ATP-dependent M DTs located in the apical
(lu minar) cell m e m brane of capillary endothelial cells of the BBB. These form an
active defence m echanism by acting as active efflux pu m ps that transfer drugs back
into blood after they have entered endothelial cells. (b) In epileptogenic brain tissue,
overexperession of M DTs such as P-glycoprotein and m e m bers of the m ultidrugresistance-associated protein fa mily is likely to result in reduced drug penetration
into brain parenchy m a. The concentration of M DTs also increases in processes fro m
glial endfeet that extend onto capillaries (not illustrated), w hich suggests that
overexpression of M DTs in glia represents a ‘second barrier’ that limits drug
penetration and results in sim ultaneous resistance to a variety of unrelated
lipophilic A EDs.

generation of pharm acoresistance in epileptic patients. If this is
the case, either syste mic or local ad ministration of inhibitors of
these drug transporters or novel A EDs that are not substrates for
transporters could prove useful in pharm acoresistant epilepsy.
Inhibitors of PGP and, m ore recently, MRPs are being evaluated
clinically for either the reversal or prevention of intrinsic and
acquired m ultidrug resistance in hu m an cancer [q] and might soon
be available for clinical trials in epilepsy.
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Canine intracranial neoplasia: clinical
risk factors for development of epileptic
seizures
M. Schwartz, C. R. Lamb, D. C. Brodbelt and H. A. Volk
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OBJECTIVE: To identify clinical risk factors for seizures in dogs with intracranial neoplasia.
METHOD: A cross-sectional retrospective study of 68 dogs with histopathologically confirmed primary
or secondary intracranial neoplasia, complete clinical history and magnetic resonance imaging of the
netic resonance images of the brain were re-evaluated. Prevalence of findings was compared between
dogs with and without seizures.
RESULTS: Forty-two dogs had tumour-related seizures, the remaining 26 were seizure-free. Tumour types

included meningioma (23 dogs with and 5 without seizures), glioma (9 dogs with and 6 without seizures), choroid plexus tumour (2 dogs without seizures), neuroblastoma (1 dog with seizures) and
metastatic/invasive tumours including lymphoma (9 dogs with and 13 without seizures). On the basis
of multi-variable logistic regression analysis, risk factors for seizures associated with intracranial neoplasia were magnetic resonance imaging findings consistent with the presence of neoplastic tissue
in frontal lobe [odds ratio (OR) 9·61; 95% confidence interval (CI) 2·59 to 35·61], marked gadolinium
enhancement (OR 10·41; 95% CI 2·07 to 52·30) and magnetic resonance imaging findings of subfalcine and/or subtentorial herniation (OR 3·88; 95% CI 1·10 to 13·71).
CLINICAL SIGNIFICANCE: Dogs with primary or secondary intracranial neoplasia are at risk of seizures, particularly those with tumours that affect the frontal lobe, enhance markedly with gadolinium, or cause
subfalcine and/or subtentorial herniation.
Journal of Small Animal Practice (2011) 52, 632–637
DOI: 10.1111/j.1748-5827.2011.01131.x
Accepted: 03 August 2011; Published online: 29 September 2011

INTRODUCTION
Epileptic seizures are a well-recognised manifestation of intracranial neoplasia in dogs (Palmer and others 1974, Foster and others
1988, Smith and others 1989, Bagley and others 1999, Bateman
and Parent 1999, Platt and Haag 2002, Snyder and others 2006).
Not all dogs with brain tumours will develop seizures, hence certain factors must exist that promote epileptogenesis; however, the
pathogenesis of tumour-associated seizures is poorly understood
(Beaumont and Whittle 2000, Schaller and Rüegg 2003, van
Breemen and others 2007, Shamji and others 2009).
The vast majority of intracranial tumours originate from nonneuronal cells that lack intrinsic epileptogenic properties with
632

the capability to generate action potentials; therefore, in most
instances, seizure development must depend on the tumour’s
effects on the adjacent neuronal tissue. Various pathophysiological mechanisms for brain tumour-associated epileptogenesis
have been proposed, mainly relating to the peri-tumoural area.
Proposed epileptogenic factors include: local cerebral ischaemia;
morphological changes causing isolation and denervation of
cerebral cortical areas; neuronal, axonal and synaptic plasticity;
perturbation in balance of neurotransmitters and their respective
receptors; ionic changes and alterations in pH; triggering of a
peri-tumoural immune response and modified intercellular communication of surrounding glial cells (Beaumont and Whittle
2000, Schaller and Rüegg 2003). Generation of seizure activity
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Epileptogenesis and Companion Animals
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mechanisms that link genotype with phenotype are
largely unknown [33]. Genetic factors might also
explain why some individuals develop epilepsy after
acquired insults whereas others do not [33].
Mapping
mutations responsible
Neurobehavioural
changes for rare forms of
familial epilepsies has identified several genes,
mutation of which results in epilepsy in humans
[33–35]. Each encodes either a voltage- or ligandgated ion channel, which underlines the important
role of channelopathies in some types of idiopathic
epilepsy. However, most idiopathic epilepsies are
caused by inheritance of two or more mutant genes
[2]. Genetic animal models, including both
spontaneous mutants and genetically engineered
transgenic mice, have contributed significantly
to our understanding of the mechanisms of epilepsy
by allowing dissection of the genetic, biochemical
and pathophysiological factors that predispose to
Fig. 1. Steps in the develop m ent and progression of epilepsy and
pharm acological interventions. The term epileptogenesis includes
processes that take place before the first seizure occurs to render the
epileptic brain susceptible to spontaneous recurrent seizures and
processes that intensify seizures and m ake the m m ore refractory to
therapy (progression). In addition to the pharm acological interventions
illustrated in the figure, pharm acological potentiation of endogenous
anti-ictal processes (w hich serve to terminate a seizure) could form a
strategy for the treatm ent of seizures.

Epileptogenesis is the process by which a normal brain develops into an epileptic brain. There are
3 distinct phases of epileptogenesis—the latent period before seizures occur, the occurrence of recurrent
seizures, and in about 30% of patients, the development of refractory epilepsy. Understanding the basic
epileptic circuit abnormalities associated with recurrent seizures via aberrations in glutamate, gammaaminobutyric acid, and ligand- and voltage-gated ion channel activity can help the small-animal
practitioner understand the mechanism of action of the antiepileptic drugs currently used for dogs and
cats for new-onset and refractory epilepsy. Understanding the latest research results and theories about
the pathophysiology of the latent period of epileptogenesis, where recurrent seizures have not yet
developed, would help the practitioner understand possible target areas for future treatments to treat
epilepsy by preventing it rather than just symptomatically preventing recurrent seizures. The current
areas of focus of research on the latent period include neurodegeneration, neurogenesis, axonal
sprouting, glial cell activation, invasion of inﬂammatory cells, angiogenesis, and subclinical alteration
of ligand- and receptor-gated ion channels.
& 2013 Elsevier Inc. All rights reserved.
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Fig. I. M ultidrug transporters (M DTs) limit drug penetration through the blood–brain
barrier (BBB) into the extracellular space, neurons and other target cells in the brain.
U nlike endothelial cells in m ost tissues, endothelial cells of capillaries in the brain are
joined by tight junctions and lack intercellular pores and pinocytotic vesicles.
Processes fro m pericapillary astrocytes (‘glial endfeet’) terminate on capillaries and
contribute to the function of the BBB. (a) The BBB passively excludes strongly ionized
(polar), hydrophilic drugs, but nonpolar, highly lipid-soluble drugs [w hich includes
m ost antiepileptic or anticonvulsant drugs (A EDs)] penetrate easily into the brain by
sim ple diffusion (dashed arro ws). The penetration of m any lipophilic drugs into brain
parenchy m a is limited by the action of ATP-dependent M DTs located in the apical
(lu minar) cell m e m brane of capillary endothelial cells of the BBB. These form an
active defence m echanism by acting as active efflux pu m ps that transfer drugs back
into blood after they have entered endothelial cells. (b) In epileptogenic brain tissue,
overexperession of M DTs such as P-glycoprotein and m e m bers of the m ultidrugresistance-associated protein fa mily is likely to result in reduced drug penetration
into brain parenchy m a. The concentration of M DTs also increases in processes fro m
glial endfeet that extend onto capillaries (not illustrated), w hich suggests that
overexpression of M DTs in glia represents a ‘second barrier’ that limits drug
penetration and results in sim ultaneous resistance to a variety of unrelated
lipophilic A EDs.

generation of pharm acoresistance in epileptic patients. If this is
the case, either syste mic or local ad ministration of inhibitors of
these drug transporters or novel A EDs that are not substrates for
transporters could prove useful in pharm acoresistant epilepsy.
Inhibitors of PGP and, m ore recently, MRPs are being evaluated
clinically for either the reversal or prevention of intrinsic and
acquired m ultidrug resistance in hu m an cancer [q] and might soon
be available for clinical trials in epilepsy.
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mechanisms that link genotype with phenotype are
largely unknown [33]. Genetic factors might also
explain why some individuals develop epilepsy after
acquired insults whereas others do not [33].
Mapping mutations responsible for rare forms of
familial epilepsies has identified several genes,
mutation of which results in epilepsy in humans
[33–35]. Each encodes either a voltage- or ligandgated ion channel, which underlines the important
role of channelopathies in some types of idiopathic
epilepsy. However, most idiopathic epilepsies are
caused by inheritance of two or more mutant genes
[2]. Genetic animal models, including both
spontaneous mutants and genetically engineered
transgenic mice, have contributed significantly
to our understanding of the mechanisms of epilepsy
by allowing dissection of the genetic, biochemical
and pathophysiological factors that predispose to
Fig. 1. Steps in the develop m ent and progression of epilepsy and
pharm acological interventions. The term epileptogenesis includes
processes that take place before the first seizure occurs to render the
epileptic brain susceptible to spontaneous recurrent seizures and
processes that intensify seizures and m ake the m m ore refractory to
therapy (progression). In addition to the pharm acological interventions
illustrated in the figure, pharm acological potentiation of endogenous
anti-ictal processes (w hich serve to terminate a seizure) could form a
strategy for the treatm ent of seizures.

– Brain insult (e.g. trauma, ischaemia, status
epilepticus,…)
– Modulating factors age, genetics and the
functional and structural plasticity of the brain
– Brain repair after injury leads to cell loss,
axonal spreading, circuit reorganization, and
altered glial function.

Introduction
Seizures are the most common clinical disorder in veterinary
neurology.1 Epilepsy is deﬁned as a disorder with chronic recurring seizures more than 24 hours apart without a clear precipitating cause.2 The causes of epilepsy are classiﬁed as symptomatic
(secondary), reactive, or idiopathic (primary). The prevalence of
epilepsy is 0.4%-1.0% in people3 and 0.5%-5.0% in dogs.4,5 Idiopathic epilepsy (IE), also known as primary epilepsy, is characterized by chronic reoccurring seizures with no underlying
structural brain lesion or other neurologic signs.6 IE is therefore,
by deﬁnition, of unknown cause and presumed to be genetically
inﬂuenced in humans and dogs.4 About 60%-70% of dogs with
chronic seizures have IE. IE is far less prevalent in cats7; and
secondary intracranial causes are more common in the cat than in
the dog.8 Secondary epilepsy has identiﬁable brain pathology, and
in companion animals, the causes include neoplastic, inﬂammatory, infectious, traumatic, vascular, and other disease processes.6
Although it was thought in the past that dogs with IE have
generalized seizures, it is becoming increasingly apparent that
many dogs with IE have focal-onset epilepsy with secondary
generalization.5,6 About 30% of human and canine epileptic
patients have refractory epilepsy in which they still have frequent
seizures despite being on therapeutic levels of 2 or more AEDs. It is
likely that multiple and overlapping etiologies are at cause for
genetic (idiopathic) and acquired causes of epilepsy.9
Seizures are caused by focal or generalized paroxysmal changes
in neurologic function triggered by abnormal or synchronized
electrical activity or both.10 Seizures are by their nature neurologic
network events that require re-entrant activation of populations of
neurons and therefore they are a neurologic circuit phenomenon.10 It is therefore important for the veterinary practitioner
to have a basic understanding of neurotransmitters and neurologic
circuits.

Most neurons in the brain are excitatory and utilize glutamate
as the excitatory neurotransmitter, with the N-methyl-D-aspartate
(NMDA) receptor being the most common glutamate receptor.2
Gamma-aminobutyric acid (GABA) is the major inhibitory neurotransmitter and normally recurrent excitatory activation is minimized
by intact inhibitory GABAergic feedback.1 The pathophysiology
of epilepsy is often suggested to be an imbalance between excitation and inhibition.5 Glutamate and GABA exert their effects via
ligand-gated ion channels involving sodium, calcium, potassium,
and chloride, and the balance of excitatory vs. inhibitory neurotransmission is also signiﬁcantly affected by voltage-gated ion
channels.
Currently available therapies for epilepsy include the following:
(1) antiepileptic drugs (AEDs); (2) surgical removal of a seizure
focus in people when it can be safely done; (3) ketogenic diet
mainly for children; and (4) neuromodulation with implanted
medical devices.
First-line therapy for epilepsy in people and companion animals is with AEDs. Despite the name—AED, current treatments for
seizures are aimed at suppression of seizures and therefore are
mainly symptomatic and do not address the underlying pathophysiology of the cause(s) of epilepsy. Traditionally, epileptogenesis has often been strictly deﬁned as the time from an acute
brain injury or other predisposition (such as genetic) through the
time to development of recurrent seizures.11 For the purpose of
this review, a recently proposed, more-encompassing deﬁnition
will be used, which includes the latent period of development of
epilepsy as well as the progression after it is established.3 This
review is not a comprehensive review of all theories and data
related to epileptogenesis, rather the objective of this review is to
highlight the most relevant information regarding epileptogenesis
that affects the current treatment of companion animal epilepsy
and also that which has promise for new therapies in the near
future.

1527-3369/$ - see front matter & 2013 Topics in Companion Animal Medicine. Published by Elsevier Inc.
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Basic mechanisms
• Brain insult -> brain ‘repair’ -> epileptogenesis ->
– Microseizures and formation of abnormal circuits.
– Neurodegeneration, neurogenesis, axonal sprouting, glial cell activation,
invasion of inflammatory cells (inflammatory factors IL1b, TNF, IL6 ->
acute excitability), angiogenesis and alteration of ligand- and receptorgated ion channels.

• Not caused by brain injury – idiopathic (genetic) epilepsy
– Dysfunctions of mutated voltage- or ligand-gated ion channels
• E.g. in people -> genetic mutations causing epilepsy in sodium,
calcium, chloride, and potassium channels, and acetylcholine and
GABA
• Monogenic mutations only account for 1% of epilepsies in people are
monogenic
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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
protein6 ADAM23, and this interaction aﬀects neurite
1,2
3
4
4,5
outgrowth.11,12
LGI1 also is located postsynaptically and co-immu7,8
9
10
11,12
11
noprecipitates with the 1,2
postsynaptic scaﬀolding protein
PSD-95 (postsynaptic density protein).13 LGI1 does not
but with the extracellular
13
13
6,7
13,14 interact with PSD-95 directly,
1,2
domain of the transmembrane protein ADAM22.
ADAM22 binds to PSD-95.13 PSD-95 can bind to stargazin, which
is a transmembrane
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LGI2 Truncation Causes a Remitting Focal Epilepsy in
Dogs
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Abstract
locus to a 1.7 Mb region of homozygosity in chromosome 3 where we identified a protein-truncating mutation in the Lgi2
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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
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 probability, inhibits dendritic pruning and increases spine
density leading to an enhanced excitatory transmission.18
The proteins LGI2, LGI3, and LGI4 all are neuronally 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 neural pruning.19 In contrast, LGI1 is highly expressed during and after the later pruning phase. Thus, although
both LGI1 and LGI2 seem to have similar roles in synaptic 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 flotillin1, which forms scaﬀolds for membrane microdomains
involved in traﬃcking. LGI3 colocalizes with b-amyloid
in astrocytes, is up-regulated by b-amyloid and promotes 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,

(p = 6.28610211, OR = 7.4). ADAM23 interacts with known epilepsy proteins LGI1 and LGI2. However, our data suggests that
the ADAM23 variant is a polymorphism and we have initiated a targeted re-sequencing study across the locus to identify the
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causative mutation. It would establish the affected breed as a novel therapeutic model, help to develop a DNA test for
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breeding purposes and introduce a novel candidate gene for human idiopathic epilepsies.
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– Excitatory axonal “sprouting”
– Loss of “breaking” (inhibitory) neurons
– Loss of excitatory neurons “driving” inhibitory neurons
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Background: The Belgian Malinois dog breed (MAL) is frequently used in law enforcement and military
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phenobarbital (PB) resistance, which occurs with high frequency in idiopathic epileptic Border Collies (BCs).
Results:
In an American sample of 280 dogs comprising 26 breeds, most breeds are predominantly homozygous
Animals: Two hundred and thirty-six client-owned BCs from Switzerland and Germany including 25 with idiopathic
for the DAT-VNTR two-tandem-repeat allele (2/2). The one-tandem-repeat allele is over-represented in American
epilepsy, of which 13 were resistant to PB treatment.
MALMethods:
(AM-MAL)
(n = 144),and
both
as heterozygotes
(1/2)study.
and homozygotes
(1/1). All
AM-MAL with
reported
seizures
Prospective
retrospective
case-control
Data were collected
retrospectively
regarding
disease
status,
(n
= 5) weredrug
1/1 (AED)
genotype.
For AM-MAL
with at least one
allele (1/1
or 1/2 mutation
genotype,
= ABCB1
121), owners
antiepileptic
therapy,
and drug responsiveness.
The “1”
frequency
of a known
in n
the
gene (4reported
base-pair
higher
attention,
frequency
of episodic
and increased
frequency
of exons
loss ofand flanking
deletionlevels
in theof
ABCB1
gene increased
[c.296_299del])
was determined
in aggression,
all BCs. Additionally,
the ABCB1
coding
responsiveness
to environmental
In behavior
observations,
Belgian
Military
Working
Dogswere
(MWD)
with 1/1
sequences were completely
sequencedstimuli.
to search
for additional
variation in
41 BCs.
Association
analyses
performed
in 2
case-control
studies:displayed
idiopathicfewer
epileptic
and control
BCs andand
PB-responsive
and resistant
idiopathic
epileptic
BCs.posture and
or
1/2 genotypes
distracted
behaviors
more stress-related
behaviors
such
as lower
Results:yawning.
One of 236
BCs (0.4%)
was heterozygous
for thewith
mutation
in the genotype
ABCB1 gene
A total to
of 23 variincreased
Handlers’
treatment
of MWD varied
DAT-VNTR
as (c.296_299del).
did dogs’ responses
ations werebehavior.
identifiedFor
in the
4 in exons
and1)19lower
in introns.
Theafter
G-allele
theaversive
c.-6-180T
4 G variation
in intron 1
handlers’
1/1ABCB1
or 1/2gene:
genotype
MWD,
posture
the of
first
stimulus
given by
was significantly
more frequent
epileptic
BCs resistant
to PB treatment
than in epileptic
BCs
responsive
to PB
treatment (Praw
handlers
was associated
withinpoorer
obedience
performance;
2) increased
aversive
stimuli
during
protection
5 .0025). were associated with decreased performance; 3) more aversive stimuli during obedience were associated
exercises
Conclusions and Clinical Importance: A variation in intron 1 of the ABCB1 gene is associated with drug responsiveness in
with more aversive stimuli during protection; and 4) handlers used more aversive stimuli in protection compared
BCs. This might indicate that regulatory mutations affecting the expression level of ABCB1 could exist, which may influence the
with
obedience exercises.
reaction of a dog to AEDs.
Conclusions:
copyEpilepsy;
allele of MDR1;
DAT-VNTR
is associated with owner-reported
seizures,
loss of responsiveness
Key words: The
Drugsingle
resistance;
Permeability-glycoprotein;
Single nucleotide
polymorphisms.
to environmental stimuli, episodic aggression, and hyper-vigilance in MAL. Behavioral changes are associated with
differential treatment by handlers. Findings should be considered preliminary until replicated in a larger sample.

Keywords: Dog, Belgian Malinois, Dopamine transporter, Behavior, Seizure
pilepsy is the most common neurologic disorder in
Abbreviations:
dogs and in humans.1 In most cases, seizure control
neurotransmitter
involved
both in locomotor activity
Background
AED
antiepileptic
drug
requires
long-term antiepileptic treatment, which often is
and reward processing [2],
Aggression
and idiopathic
epilepsy
are longstanding
issues [1],
BBB goal-oriented
bloodbehavior
brain barrier
successful
in suppressing
seizure
frequency
and severity.
for many
dog owners.
In dogs
some treated
cases common
etiological and
BC seizure activity
Border[3,4].
Collie
However,
among
epileptic
with standard
considered a serious threat to public
factors may
underlie
One
such potential
factor
bpDog aggression
baseispair
antiepileptic
drugs
(AED)both.
such as
phenobarbital
(PB)
or
[5]. However,
working
(such
may be
modifications
in dopaminergic
function.
c.296_299del
4 base among
pair deletion
in thedogs
ABCB1
geneas law enpotassium
bromide
(KBr), 25–30%
are resistant
to treat-In health
andcentral
sport nervous
protection
dogs (such as Schutzhund
central nervous
systems,
is a key forcement)
CNS
system
mentmammalian
despite adequate
doses and
serumdopamine
concentrations
IE French Ring),
idiopathic
epilepsy
or
aggression
may be classified as desired
of AEDs.2,3 This finding is similar to that in humans where
* Correspondence: llit@ucdavis.edu
KBr
potassium
bromide
(controlled
display
of aggressive
behaviors by the dog
1
one-third
of epilepsy
do notofrespond
adequately
to
Department
of Animalpatients
Science, University
California Davis,
One Shields
MAF definedminor
allele frequency
4–6
within
situational
parameters) or undesired
AEDs.
Recently,
a new definition of drug-resistant epiAve, Davis,
CA 95616, USA
PB
phenobarbital
(aggressive
behaviors
outside of those defined or desired
of authorwas
information
is available
at theInternational
end of the article League
lepsyFull
in list
humans
proposed
by the
PCR
polymerase chain reaction
Against Epilepsy as failure of adequate
trials
of 2 AEDs
to Ltd. This
© 2013 Lit
et al.; licensee
BioMed Central
is an Open Access permeability-glycoprotein
article distributed under the terms of the Creative
P-gp
AttributionAEDs
License (http://creativecommons.org/licenses/by/2.0),
which permits unrestricted use, distribution, and
Alternative
such
achieve sustained seizure control.7Commons
SNPwork is properly cited.
single nucleotide polymorphism
reproduction in any medium, provided the original
as levetiracetam, zonisamide, and gabapentine are only
3 0 -UTR
3 0 -untranslated region
effective to a limited degree in managing PB- and KBrresistant canine epilepsy.8,9
Pharmacokinetic theory proposes increased drug mecandidate in this respect is the permeability-glycoprotein
tabolism or altered expression of drug targets or drug
(P-gp), a transmembrane protein encoded by the ABCB1
transporter proteins in the blood-brain barrier (BBB) as
gene, also called multidrug resistance 1 gene (MDR1).
possible mechanisms in resistance to AEDs.6,7 A prime
The ABCB1 gene in dogs is located on chromosome 14
and includes 28 exons.10,11 The protein, which functions
From the Department of Clinical Veterinary Medicine, Division of
Clinical Neurology (Alves, Jaggy), and Institute of Genetics (Leeb,
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Table 1
The seventeen categories of brain lesions causing symptomatic epilepsy listed by Dandy [7].
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S.

Congenital malformation and maldevelopment, either general or focal
Tumors
Abscesses
Tubercles
Gummata
Aneurysms
Syphilis with or without demonstrable gummata or vascular occlusions
Areas of cerebral degeneration and calciﬁcation
Depressed fractures
Hamartomata
Foreign bodies
Injuries from trauma at birth or subsequently (focal or general)
Connective tissue formation after trauma
Atrophy of the brain after trauma
Thrombosis
and embolism
Shorvon
/ Epilepsy
& Behavior 32 (2014) 1–8
Cerebral arteriosclerosis
Sequelae of obscure inﬂammatory processes including encephalitis

factors [20]. The term acute provoked seizure can be used for the latter
category of seizures, as has been anyway in use for over 100 years.
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Synchronization and desynchronization in epilepsy:
controversies and hypotheses
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Abstract Epilepsy has been historically seen as a functional brain disorder associated with
excessive synchronization of large neuronal populations leading to a hypersynchronous state.
Recent evidence showed that epileptiform phenomena, particularly seizures, result from complex
interactions between neuronal networks characterized by heterogeneity of neuronal firing and
dynamical evolution of synchronization. Desynchronization is often observed preceding seizures
or during their early stages; in contrast, high levels of synchronization observed towards the
end of seizures may facilitate termination. In this review we discuss cellular and network
mechanisms responsible for such complex changes in synchronization. Recent work has identified
cell-type-specific inhibitory and excitatory interactions, the dichotomy between neuronal firing
and the non-local measurement of local field potentials distant to that firing, and the reflection
of the neuronal dark matter problem in non-firing neurons active in seizures. These recent
advances have challenged long-established views and are leading to a more rigorous and realistic
understanding of the pathophysiology of epilepsy.
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It can be seen from the above that the concept of ‘symptomatic’ epilepsy is complex. In future work, the following points might be
considered:
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“Melancholics ordinarily become epileptics, and
epileptics melancholics: what determines the
preference is the direction the malady takes; if
it bears upon the body, epilepsy, if upon the
intelligence, melancholy”.
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a b s t r a c t
The genetic bases of common, nonmendelian epilepsy have been difﬁcult to elucidate. In this article, we argue
for a new approach to genetic inquiry in epilepsy. In the latter part of the 19th century, epilepsy was universally
Epilepsy & Behavior 32 (2014) 1–8
acknowledged to be part of a wider “neurological trait” that included other neuropsychiatric conditions. In
recent years, studies of comorbidity have shown clear links between epilepsy and various neuropsychiatric
disorders
including
psychosis
andat
depression,
and genetic studies of copy number variants (CNVs) have shown
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available
ScienceDirect
that in some cases, the same CNV underpins neuropsychiatric illness and epilepsy. Functional annotation
analysis of the sets of genes impacted by epilepsy CNVs shows enrichment for genes involved with neural
development, with gene ontological (GO) categories including “neurological system process” (P = 0.006),
“synaptic transmission” (P = 0.009), and “learning or memory” (P = 0.01). These data support the view that
epilepsy and some neuropsychiatric conditions share pathogenic neurodevelopmental pathways, and that
included
disorders. Yet, most current genetic
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research in epilepsy has restricted samples to speciﬁc types of epilepsy categorized according to the clinical
classiﬁcation schemes on the basis of seizure type, anatomical location, or epilepsy syndrome. These schemes
are, to an extent, arbitrary and do not necessarily align with biological reality. We propose an alternative
approach that makes no phenotypic assumptions beyond including epilepsy in the neurodevelopmental
spectrum. A “‘value-free” strategy of reverse phenotyping may be worth exploring, starting with genetic
association and looking backward at the phenotype. Finally, it should be noted that there are societal
implications to associating epilepsy with other neuropsychiatric disorders, and it is vital to ensure research in
this area does not result in increased stigma for patients with epilepsy.
© 2011 Elsevier Inc. All rights reserved.
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The concept of symptomatic epilepsy and the complexities of assigning
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unjustly neglected in recent times. The analogy of gunpowder and the
attention to the inherent complexities inherent in assigning causation
match was often used (for instance, by Sieveking [1]), even before
in epilepsy.
Jackson's famous deﬁnition of the epileptic seizure as a ‘discharge’.
Spratling [2], the doyen of American epileptologists, even attempted
to explain the contributions of the exciting and predisposing causes
1. Historical perspective
mathematically, writing that: if it took 100 points to induce a seizure
in an individual, a predisposition could contribute 60 points and an
The modern history of symptomatic epilepsy can be divided conveexciting cause 40 points, whereas if the predisposition contributed
niently into three periods.
only 40 points, it would require an exciting cause to have 60 points in
order to reach the ‘seizure point’. This concept is also the basis of the
‘seizure threshold’ widely referred to today.
1.1. 1860–1910
1.1.2. The introduction of the term ‘symptomatic epilepsy’
Many concepts of etiology of epilepsy were formulated between
The ﬁrst use of the term ‘symptomatic epilepsy’ that I ﬁnd was by
about 1860 and 1910, and several are worthy of special mention for
John Russell Reynolds in 1861 [3], who classiﬁed epilepsy into 4 categotheir insights which are relevant to us today.
ries (idiopathic, eccentric (syn: sympathetic), diathetic, and symptomatic). Symptomatic epilepsy was deﬁned as epilepsy in which
convulsions are due to “more or less contiguous structural disease of the
⁎ Fax: +44 207 6762155.
E-mail address: s.shorvon@ucl.ac.uk.
brain. Thus, an intracranial tumour, a chronic inﬂammatory condition of

Melancholics become epileptics
1525-5050/$ – see front matter © 2013 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.yebeh.2013.12.025

Co-morbid anxiety in dogs with idiopathic epilepsy?
•

Aubrey Lewis
First Professor of Psychiatry at the
Institute of Psychiatry, London (1934)

•

•

Behaviour before and after the onset of epilepsy

At least one behaviour had changed since the onset of IE in 71%
of all dogs studied
Dogs with IE that DID NOT receive any anti-epileptic drugs showed
behavioural changes including increased:
• Fear/anxiety
• Defensive aggression
• Abnormal perception

“Melancholics ordinarily become epileptics
and epileptics melancholics”

Not merely treatment side effects

Shihab NK, Bowen J, Volk HA (2011) Behavioral changes in dogs associated with the development of
idiopathic epilepsy, 21, 2: 160-167
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Cognition - trainability
Results indicated that dogs with IE and dogs aged >12 years old had significantly
lower trainability
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Behavioral Abnormalities in Lagotto Romagnolo Dogs with a History
of Benign Familial Juvenile Epilepsy: A Long-Term Follow-Up Study
T.S. Jokinen, K. Tiira, L. Mets€ahonkala, E.H. Sepp€al€a, A. Hielm-Bj€
orkman, H. Lohi, and O. LaitinenVapaavuori
Background: Lagotto Romagnolo (LR) dogs with benign juvenile epilepsy syndrome often experience spontaneous remission of seizures. The long-term outcome in these dogs currently is unknown. In humans, behavioral and psychiatric comorbidities have been reported in pediatric and adult-onset epilepsies.
Hypothesis/Objectives: The objectives of this study were to investigate possible neurobehavioral comorbidities in LR with
a history of benign familial juvenile epilepsy (BFJE) and to assess the occurrence of seizures after the remission of seizures in
puppyhood.
Animals: A total of 25 LR with a history of BFJE and 91 control dogs of the same breed.
Methods: Owners of the LR dogs in the BFJE and control groups completed an online questionnaire about each dog’s
activity, impulsivity, and inattention. Principal component analysis (PCA) served to extract behavioral factors from the data.
We then compared the scores of these factors between the 2 groups in a retrospective case–control study. We also interviewed
all dog owners in the BFJE group by telephone to inquire specifically about possible seizures or other neurological problems
after remission of seizures as a puppy.
Results: Lagotto Romagnolo dogs with BFJE showed significantly higher scores on the factors Inattention and Excitability/Impulsivity than did the control group (P = .003; P = .021, respectively). Only 1 of the 25 BFJE LR exhibited seizures
after remission of epilepsy in puppyhood.
Conclusions and Clinical Importance: Although the long-term seizure outcome in BFJE LR seems to be good, the dogs
exhibit behavioral abnormalities resembling attention deficit hyperactivity disorder (ADHD) in humans, thus suggesting
neurobehavioral comorbidities with epilepsy.
Key words: Comorbidity; Epilepsy; Excitability; Impulsivity.

P

sychiatric, cognitive, and social neurobehavioral
comorbidities have been identified in human
patients with epilepsy. The etiology of these comorbidities is multifactorial.1,2 The term comorbidity refers to a
more than coincidental presence of 2 disorders in the
same patient, but does not judge the causal relationship
of the 2 conditions.3 Childhood epilepsies are common
in human medicine, and the majority of these patients
will become seizure-free by adulthood.4 However,
reports have confirmed an increased incidence of behavioral disorders of various kinds in children with epilepsy.5 Younger age at seizure onset is reportedly
associated with a higher risk for comorbidities,2,3 even
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Dogs with more exposure to training activities and those trained using only rewardbased methods had significantly higher trainability.
Within the sub-population of dogs with IE, those treated with polytherapy (2-3
AEDs), zonisamide and/or potassium bromide exhibited lower trainability.

Abbreviations:
ANOVA
ADHD
ADLTE
BCECTS
BFJE
IE
LR
PCA

analysis of variance
attention deficit hyperactivity disorder
autosomal dominant lateral temporal lobe epilepsy
benign childhood epilepsy with centrotemporal spikes
benign familial juvenile epilepsy
idiopathic epilepsy
Lagotto Romagnolo
principal component analysis

in benign childhood epilepsy syndromes.6–13 The longterm outcome of these comorbidities, however, remains
largely unknown.14–16
Psychiatric comorbidities that have a higher prevalence in patients with epilepsy include mood disorders,
anxiety disorders, attention deficit hyperactivity disorder
(ADHD), and other psychiatric disorders.3 Attention
deficit hyperactivity disorder is 1 of the most common
comorbidities of epilepsy, and children with epilepsy are
at much higher risk for ADHD, with a prevalence of
20–40% as opposed to 5% in the general pediatric population.5,16–21
Regardless of whether childhood epilepsies are common in children, only 1 well-defined juvenile epilepsy
syndrome has been reported in dogs.22 Benign familial
juvenile epilepsy (BFJE) in Lagotto Romagnolo dogs is
characterized by focal-onset seizures that start at the
age of 5–9 weeks and spontaneously remit by the age of
13 weeks.22 A recent study identified a nonsense
mutation in the LGI2 gene as a cause of BFJE.23 The
long-term outcome of seizures or other neurological
problems in BFJE, however, remains unknown. Little is

Cognition – canine cognitive dysfunction
Online cross-sectional study: 4051
dogs, 286 dogs with epilepsy

• Dogs with IE performed significantly
worse than controls on the working
spatial memory task (P=0.028)

Four factors significantly
associated with a diagnosis of
CCD (above the diagnostic cut-off
of CCDR ≥50
(i) Epilepsy diagnosis: dogs
with epilepsy at higher risk;
(ii) Age: older dogs at higher risk;
(iii) Weight: lighter dogs (kg) at
higher risk;
(iv) Training history: dogs with
more exposure to training
activities were at lower risk.

Cognition – Spatial memory impaired

Interaction between epilepsy
and age

The ultimate Dish – Status Epilepticus
“Status epilepticus is the maximal expression of

epilepsy with a high morbidity and mortality”

Risk factors for status epilepticus (SE)
Canine status epilepticus

27/2/03
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Canine status epilepticus:
a retrospective study of 50 cases
The medical records of 50 dogs that exhibited generalised
convulsive tonic-clonic (GCTC) status epilepticus (SE) were
reviewed and compared with the records of 50 dogs that exhibited
non-SE GCTC seizures. The mean age, bodyweight and gender of
the patients in both groups were not significantly different. Dogs in
the non-SE group were two times more likely to be an idiopathic
epileptic than to have secondary epileptic seizures. The SE group
was more likely to have abnormalities on cerebrospinal fluid
analysis, but not more likely to have abnormalities detected on
computed tomography, when compared with the non-SE group.
SE was 1·57 times more likely if the cause for the seizures was
secondary or reactive epilepsy rather than idiopathic or primary
epilepsy. In conclusion, dogs that exhibit SE should be thoroughly
investigated for secondary causes.
S. R. PLATT

AND

M. HAAG*

INTRODUCTION
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43, 151–153
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Status epilepticus (SE), a condition characterised by abnormally prolonged seizure
activity, continues to be commonly
encountered in veterinary practice. It
affects dogs and cats of any signalment and
is associated with a variety of underlying
diseases (Platt and McDonnell 2000). The
prevalence of SE in veterinary medicine
has not been evaluated; however, the
prevalence of dogs with either SE or cluster
seizures has been estimated to be 0·44 per
cent of the total hospital admissions
(Bateman and Parent 1999).
SE can be defined as continuous seizure
activity lasting longer than 30 minutes, or
the occurrence of two or more seizures
without full recovery of consciousness
during the interictal period (Lowenstein
and Alldredge 1998). The former definition can be impractical, as emergency
treatment measures should be taken well
within the 30-minute time frame. Almost
any type of seizure may become prolonged
or repetitive and thereby constitute a
potentially greater threat to the patient
than a single ictus. A more practical

• VOL 43 • APRIL 2002

definition of SE is that of a continuous
series of two or more discrete seizures
lasting at least five minutes, between
which there is incomplete recovery of
consciousness (Lowenstein and Alldredge
1998, Podell 1996). Immediate treatment
is necessary because SE can cause permanent neurological sequelae or even death.
Therefore, the management of SE requires
a prompt, comprehensive and dynamic
approach and should be individualised,
depending on the animal’s clinical status
(Cascino 1996, Platt and McDonnell
2000).
Many cases of SE occur in patients with
known chronic seizure disorders, although
the true incidence of this has not been evaluated in veterinary medicine. Other commonly associated disease processes
associated with SE are tumours, central
nervous system infections, trauma, metabolic disorders, such as electrolyte disturbances, and vascular events (Platt and
McDonnell 2000). If no underlying cause
for the seizure can be identified, then the
epileptic seizures are defined as primary
epileptic seizures (PES) (idiopathic or cryptogenic). If the epileptic seizures are a result
of structural cerebral abnormalities, then
they are defined as secondary epileptic
seizures (SES). If the epileptic seizures are a
reaction of the normal brain to transient
systemic insult or physiological stress, they
are defined as reactive epileptic seizures
(RES) (Podell and others 1995).
The aim of this retrospective study was
to investigate the differences between the
clinicopathological characteristics of dogs
that exhibited generalised convulsive
tonic-clonic status epilepticus (GCTC-SE)
and dogs that exhibited single or ‘discrete’
episodes of GCTC seizures (non-SE).

• 64% structural epilepsy
• 28% idiopathic epilepsy

MATERIALS AND METHODS
The medical records of 50 dogs that had
been admitted to the University of
Georgia, Veterinary Medical Teaching
Hospital (UGA-VMTH) with GCTC-SE
were evaluated. The definition of SE that
151
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Risk factors for SE

Risk factors for development of status epilepticus
in dogs with idiopathic epilepsy and effects
of status epilepticus on outcome and survival
time: 32 cases (1990–1996)

J Vet Intern Med 2009;23:970–976

Objective—To identify risk factors for episodes of
status epilepticus (SE) in dogs with idiopathic epilepsy and determine how SE affects long-term outcome
and survival time.
Design—Retrospective study.
Animals—32 dogs with idiopathic epilepsy.
Procedure—Information on signalment, seizure
onset, initiation of treatment, anticonvulsants administered, number of episodes of SE, overall seizure
control, and long-term outcome was obtained from
medical records and through telephone interviews.
Differences between dogs that did and did not have
episodes of SE were evaluated statistically.
Results—19 (59%) dogs had 1 or more episodes of
SE. Body weight was the only variable significantly
different between dogs that did and did not have
episodes of SE. Thirteen dogs (9 that did not have
episodes of SE and 4 that did) were still alive at the
time of the study and were ≥ 10 years old. Six of the
19 (32%) dogs that had episodes of SE died of causes directly attributed to the seizure disorder. Mean life
spans of dogs that did and did not have episodes of
SE were 8.3 and 11.3 years, respectively. Survival
time was significantly different between groups.
Conclusions and Clinical Relevance—Results suggest that a substantial percentage of dogs with idiopathic epilepsy will have episodes of SE. Dogs with
greater body weights were more likely to have
episodes of SE, and early appropriate seizure treatment did not appear to decrease the risk that dogs
would have episodes. Most dogs with idiopathic
epilepsy had an expected life span, but survival time
was shorter for dogs that had episodes of SE. (J Am
Vet Med Assoc 2001;219:618–623)

S

eizures are an important medical problem in dogs
and have been reported to account for 2 to 3% of
admissions to referral veterinary hospitals.1,2 Idiopathic
or primary epilepsy, defined as recurring seizures for
which an underlying cause is not identified, has been
diagnosed in almost half of all dogs with seizure disorders.3,4 However, despite this high prevalence of idiopathic epilepsy in dogs, few published reports document the course of the disease during the lifetimes of
affected dogs.
A certain percentage of dogs with idiopathic
From the Department of Clinical Sciences, College of Veterinary
Medicine, North Carolina State University, Raleigh, NC 27606.
Address correspondence to Dr. Muñana.
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epilepsy will have 1 or more episodes of status epilepticus (SE). Status epilepticus refers to repeated seizure
activity without an intermission; the term has been
more specifically defined to denote either continuous
seizure activity lasting at least 5 minutes or 2 or more
seizures with incomplete recovery between seizures.5
Untreated seizure activity can lead to irreversible neuronal injury in addition to such complications as
hyperthermia, hypoxia, acidosis, hypotension, renal
failure, disseminated intravascular coagulation, and
cardiopulmonary failure and, as such, is considered a
medical emergency.5,6 It is not known why certain individuals with seizure disorders develop SE; however,
pathophysiologic studies suggest that recurrent uncontrolled seizures on their own can predispose individuals to future episodes of SE and poor long-term seizure
control.7
Relatively little is known about SE in dogs. A
recent retrospective study8 reported signalment, clinical findings, treatment, and outcome for dogs admitted
to a referral hospital because of SE or cluster seizures,
but long-term follow-up information was not provided,
and little information is available on dogs with idiopathic epilepsy that have episodes of SE during the
course of their disease. The purpose of the study
reported here, therefore, was to identify risk factors for
episodes of SE in dogs with idiopathic epilepsy and
determine how SE effects long-term outcome and survival time.
Criteria for Selection of Cases
Medical records of dogs referred to the North
Carolina State University Veterinary Teaching Hospital
between 1990 and 1996 in which idiopathic epilepsy
was diagnosed were reviewed. Dogs were included in
the study only if they had been born before 1990 (to
ensure that dogs would be at least 10 years old if still
alive at the time of the study), were < 6 years old at the
time of the onset of seizures, and did not have any evidence of neurologic disease other than seizures at any
time during their lives. In addition, owners of dogs
included in the study had to be available to provide follow-up information.

R. Zimmermann, V.-I. Hu¨lsmeyer, C. Sauter-Louis, and A. Fischer
Background: A special form of epileptic seizures (ES) is the life-threatening condition of status epilepticus (SE), which
requires immediate and specific treatment based on a correct diagnosis of the underlying disease condition.
Hypothesis/Objectives: The objectives of this retrospective study were to determine prevalence of ES and SE in dogs
presenting at a veterinary teaching hospital, to identify the etiology and relative risk (RR) for SE in general and at the onset of
seizures. Furthermore the outcome for dogs suffering from SE was to be evaluated.
Animals: Three hundred and ninety-four dogs that were admitted to a veterinary teaching hospital (January 1, 2002 to
March 31, 2008) with ES.
Methods: All medical records of dogs with ES were identified by screening the clinical documentation system and evaluated
for inclusion in this retrospective study.
Results: Dogs with reactive seizures caused by poisoning had a significantly higher risk of developing SE (P o .001; RR 5
2.74), particularly as 1st manifestation of a seizure disorder (P 5 .001; RR 5 1.97). After SE, dogs with symptomatic epilepsy
had a significantly lower probability of survival than dogs with idiopathic epilepsy (P o .001) and reactive ESs (P 5 .005).
Conclusion and Clinical Importance: In dogs showing SE as the 1st manifestation of a seizure disorder, intoxication should
always be considered and appropriate investigations undertaken. Dogs with SE owing to toxicosis have more favorable outcomes than dogs with symptomatic epilepsy (P o .001).
Key words: Dogs; Epilepsy; Etiology; Seizures.

• 59% of idiopathic epilepsy
had SE in this study
• SE shortened survival by
~3 years
• 1 in 3 seizures -> reason
for death

pilepsy is the most common neurological disorder
in human medicine, affecting 50 million people
worldwide, especially in developing countries.1 Seizure
disorders are also the most common neurological
disease in dogs.2
Epileptic seizures (ES) are commonly divided into 3
groups based on the underlying disease condition: idiopathic and symptomatic epilepsy and reactive ES. The
term idiopathic or primary epilepsy is used when no underlying cause can be identified and a familial predisposition is presumed.3,4 If ES are the result of structural
disease of the brain, they are by definition characterized
as symptomatic or secondary epilepsy.5 Reactive ES are
the healthy brain’s reaction to a temporary systemic disorder.2 The underlying causes of reactive ES are endogenous metabolic diseases or exogenous poisonings.6
A special form of ES is the condition of status epilepticus (SE) that has been studied comparatively little in
dogs to date.7 SE is characterized by prolonged seizure
activity. Dogs of any sex, breed, and age can be affected
and this condition can occur as a result of a number of
underlying causes.7–9 SE occurs in dogs with known
chronic seizure disorders, but there is a lack of exact data
about the incidence.8 Apart from chronic seizure disor-

E

Procedures
The following information was collected from the
medical records: breed, sex, body weight, age at the
onset of seizures, and diagnostic tests used to arrive at
the diagnosis of idiopathic epilepsy. Body weight
recorded was weight at the time of diagnosis of idio-
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Status Epilepticus and Epileptic Seizures in Dogs
R. Zimmermann, V.-I. Hu¨lsmeyer, C. Sauter-Louis, and A. Fischer

Status Epilepticus in Dogs
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Background: A special form of epileptic seizures (ES) is the life-threatening condition of status epilepticus (SE), which
requires immediate and specific treatment based on a correct diagnosis of the underlying disease condition.
Table 1. Etiology of seizures in dogs with status epilepHypothesis/Objectives: The objectives of this retrospective study were to determine prevalence of ES and SE in dogs
ticus teaching
(SE; nhospital,
5 88)
and without
epilepticus
presenting at a veterinary
to identify
the etiologystatus
and relative
risk (RR) for(nSE;
SE in general and at the onset of
seizures. Furthermore
the147).
outcome for dogs suffering from SE was to be evaluated.
n5
Animals: Three hundred and ninety-four dogs that were admitted to a veterinary teaching hospital (January 1, 2002 to
March 31, 2008) with
ES.
Etiological
Classification SE (%) nSE (%) SE1 (%) SEc (%)
Methods: All medical records of dogs with ES were identified by screening the clinical documentation system and evaluated
for inclusion in thisPrimary
retrospective
study.
epilepsy
37.5
54.4
23.5
56.8
Results: Dogs with
reactive seizures
caused by poisoning
higher
developing SE (P o .001; RR 5
Symptomatic
epilepsy
39.8 had a significantly
37.4
45.1 risk of32.4
2.74), particularly as 1st manifestation of a seizure disorder (P 5 .001; RR 5 1.97). After SE, dogs with symptomatic epilepsy
Encephalitis
14.8
13.6
13.7
16.2
had a significantly lower probability of survival than dogs with idiopathic epilepsy (P o .001) and reactive ESs (P 5 .005).
Cerebral
tumorIn dogs showing
23.9
15.0
29.4of a seizure
16.2disorder, intoxication should
Conclusion and Clinical
Importance:
SE as the 1st
manifestation
1.2
8.8 with SE owing
2.0 to toxicosis
0.0 have more favorable outalways be considered Other
and appropriate investigations undertaken.
Dogs
comes than dogs with
symptomatic
epilepsy
(P o .001).22.7
Reactive
epileptic
seizures
8.2
31.4
10.8
Key words: Dogs; Metabolic
Epilepsy; Etiology;
Seizures.
disorder
8.0
7.5
5.9
10.8

Poisoning

14.8

0.7

25.5
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Abbreviations:
CNS
CSF
ES
HR
MRI
NMDA
nSE
RR
SE
SE1
SEc

central nervous system
cerebrospinal fluid
epileptic seizures
hazards ratio
magnetic resonance imaging
N-methyl-D-aspartate
non status epilepticus
relative risk
status epilepticus
status epilepticus as 1st seizure
status epilepticus in course of a seizure disorder

ders, SE can be associated with inflammation of the
central nervous system (CNS), brain tumors, metabolictoxic disorders, trauma, and vascular events.10 Finally
underlying disease conditions of SE are the same as in
ES.
There is a failure of mechanisms that usually terminate
seizure activity in SE.10 It is estimated that neuronal
death in prolonged seizure activity of SE is mostly caused
by excitotoxicity related to glutamate10,11 and extracellular calcium (Ca21) that enters through the N-methyl-Daspartate (NMDA) glutamate receptor.12,13 Furthermore,
untreated seizure activity may lead to complications such
as hyperthermia, hyperglycemia, hypoglycemia, hypoxia,
acidosis, renal failure, disseminated intravascular coagulation, or cardiopulmonary collapse. Therefore, SE is
classified as a life-threatening condition and is considered
to be a medical emergency requiring immediate treatment.10,14 Therapy for SE should be determined on an
individual basis based on the dog’s clinical status.10
In the past, SE was often defined as a seizure activity
lasting longer than 20–30 minutes. This timeframe is the
result of estimation of the duration of seizure activity
necessary to cause neuronal damage.15,16 It is necessary
in practice to start therapy when seizures have lasted for
o20 minutes.14 Therefore, today SE is defined as contin-

0.0

The etiologies of seizures for dogs with SE as 1st manifestation
pilepsy is the most
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Fig 3. Survival probability after SE of dogs according to the etio(SE1;
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SE in course
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patients can have a high survival rate. Clinicians should also keep uncommon intoxications in mind.

und eine bisher unauffällige Krankheitsgeschichte die Verdachtsdiagnose unterstützen. Bei adäquater Behandlung haben solche Patienten
eine hohe Überlebensrate. Auch eher seltene Vergiftungen sollten differenzialdiagnostisch berücksichtigt werden.

Correspondence to
PD Dr. Andrea Fischer
Medizinische Kleintierklinik
Abteilung für Neurologie
Ludwig-Maximilians-Universität München
Veterinärstraße 13
80539 München
E-Mail: andrea.fischer@med.vetmed.uni-muenchen.de

Status epilepticus durch akute Intoxikationen beim Hund
Tierärztl Prax 2010; 38 (K): 285–294
Received: July 17, 2009
Accepted after revision: June 9, 2010

Introduction
As in humans, seizure disorders are a common presentation of
neurological disease in dogs (1, 33). Usually, epileptic seizures (ES)

* Parts of these data were presented at the “16. Jahrestagung der Fachgruppe
„Innere Medizin und Klinische Labordiagnostik“ der DVG“, 02 Feb.–03 Feb.
2008, Gießen, Germany, at the „17. Jahrestagung der Fachgruppe „Innere
Medizin und Klinische Labordiagnostik“ der DVG“, 31 Jan.–01 Feb. 2009,
Berlin, Germany and at the „55. Jahreskongress der Deutschen Gesellschaft
für Kleintiermedizin“, 12 Nov.–15 Nov. 2009, Berlin, Germany.

are categorised as idiopathic, symptomatic or reactive ES. When no
underlying cause of the seizure disorder can be found and a genetic
predisposition is presumed in dogs younger than 5 years with a
normal interictal neurological examination, the term idiopathic
epilepsy is used (3, 27). If a structural disease of the brain causes
ES, the term symptomatic or secondary epilepsy is used. The third
etiological group, reactive ES, originates from the response of a
healthy brain to a transient systemic disorder (endogenous metabolic diseases or exogenous poisonings) (2, 33).
Status epilepticus (SE) represents sustained seizure activity.
This life-threatening condition needs urgent and adequate treatTierärztliche Praxis Kleintiere 5/2010
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Zusammenfassung

Objectives: The purpose of this study was to describe the type of toxin
ingested, clinical presentation and outcome of dogs with status epilepticus (SE) due to acute poisoning presented to a large referral veterinary hospital. Materials and methods: Retrospective case series. Medical records of all dogs suffering from SE were reviewed (Jan 1, 2002 to
April 30, 2009). Results: Fourteen dogs with SE due to acute intoxication were identified. Toxicological analyses (qualitative analysis with
gas chromatography/mass spectrometry; n = 11) detected poisonings
with carbofuran, crimidine, paraoxone, metaldehyde, strychnine and
diazinon. In the other three cases the uptake of a known poison was observed (zink phosphide, metaldehyde). None of the dogs showed evidence of neurological disease up to the day of presentation. The dogs
were hospitalised for 2–10 days (median 5 days). The survival rate was
85.7%. None of the dogs experienced any more seizures after discharge
(median observation period 2.6 years). Conclusion and clinical relevance: Ancillary to the acute clinical presentation, preliminary reports
(possible uptake of poisonous material) and an inconspicuous medical
history may suggest a tentative diagnosis. Managed adequately, these
patients can have a high survival rate. Clinicians should also keep uncommon intoxications in mind.

Gegenstand und Ziel: Die vorliegende Arbeit evaluiert Toxintyp, klinisches Bild und Krankheitsverlauf von Hunden mit Status epilepticus
(SE) aufgrund einer akuten Vergiftung, die an einer großen Überweisungsklinik vorgestellt wurden. Material und Methoden: Retrospektive Fallserie. Die medizinischen Akten aller Hunde mit SE wurden ausgewertet (1. Januar 2002 bis 30. April 2009). Ergebnisse: Es wurden
14 Hunde mit SE aufgrund einer akuten Vergiftung identifiziert. Die toxikologischen Analysen (qualitative Analyse mit Massenspektrometrie
und Gaschromatographie; n = 11) ergaben Vergiftungen mit Carbofuran, Crimidin, Paraoxon, Metaldehyd, Strychnin und Diazinon. In den
anderen drei Fällen wurde die Aufnahme eines bekannten Gifts beobachtet (Zinkphosphid, Metaldehyd). Alle Hunde waren bis zum Tag der
Präsentation neurologisch unauffällig. Die Zeit des stationären Aufenthalts lag zwischen 2 und 10 Tagen (Median 5 Tage). Die Überlebensrate betrug 85,7%. Keiner der überlebenden Hunde entwickelte nach
Entlassung nochmals einen Anfall (medianer Beobachtungszeitraum
2,6 Jahre). Schlussfolgerung und klinische Relevanz: Neben dem
akuten klinischen Bild können der Vorbericht (mögliche Giftaufnahme)
und eine bisher unauffällige Krankheitsgeschichte die Verdachtsdiagnose unterstützen. Bei adäquater Behandlung haben solche Patienten
eine hohe Überlebensrate. Auch eher seltene Vergiftungen sollten differenzialdiagnostisch berücksichtigt werden.
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• No more seizures (long term follow up)?

Introduction
As in humans, seizure disorders are a common presentation of
neurological disease in dogs (1, 33). Usually, epileptic seizures (ES)

* Parts of these data were presented at the “16. Jahrestagung der Fachgruppe
„Innere Medizin und Klinische Labordiagnostik“ der DVG“, 02 Feb.–03 Feb.
2008, Gießen, Germany, at the „17. Jahrestagung der Fachgruppe „Innere
Medizin und Klinische Labordiagnostik“ der DVG“, 31 Jan.–01 Feb. 2009,
Berlin, Germany and at the „55. Jahreskongress der Deutschen Gesellschaft
für Kleintiermedizin“, 12 Nov.–15 Nov. 2009, Berlin, Germany.

are categorised as idiopathic, symptomatic or reactive ES. When no
underlying cause of the seizure disorder can be found and a genetic
predisposition is presumed in dogs younger than 5 years with a
normal interictal neurological examination, the term idiopathic
epilepsy is used (3, 27). If a structural disease of the brain causes
ES, the term symptomatic or secondary epilepsy is used. The third
etiological group, reactive ES, originates from the response of a
healthy brain to a transient systemic disorder (endogenous metabolic diseases or exogenous poisonings) (2, 33).
Status epilepticus (SE) represents sustained seizure activity.
This life-threatening condition needs urgent and adequate treatTierärztliche Praxis Kleintiere 5/2010
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Intoxication causes seizures, but can it
cause epilepsy?
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1. Yes

Effect of prolonged status epilepticus as
a result of intoxication on epileptogenesis in
a UK canine population

2. No

P. Jull, L. D. Risio, C. Horton, H. A. Volk
The aim of the present study was to investigate if prolonged status epilepticus (SE),
secondary to a chemoconvulsant, can induce spontaneous recurrent seizures in dogs. Clinical
records at two UK referral hospitals were searched for dogs that presented in SE secondary
to intoxication. Dogs were only included in the study if there was clear historical evidence
of intoxication and a prolonged SE. Clinical and follow-up information was retrieved and
verified by using a combination of clinical records from the two hospitals and the referring
veterinarian and by contacting the owners using a telephone questionnaire. Twenty dogs
met the inclusion criteria: 17 presented for metaldehyde toxicity, one for moxidectin toxicity,
one for theobromine toxicity and one for mycotoxin toxicity. Of these 20 dogs, three dogs
had an SE duration between 0.5 and one hour, four dogs between one and 12 hours, 10 dogs
between 12 and 24 hours and three dogs greater then 24 hours. Median follow-up time for
the 20 dogs was 757 days (range 66 to 1663 days). No dog had any further seizures after its
SE. The present study supports the view that dogs with a prolonged SE following intoxication
with the aforementioned toxins might not need long-term treatment with antiepileptic
drugs after the SE has been controlled.

3. Sometimes
4. Whatever

SEIZURE disorders are a common neurological disease in dogs (Oliver
1980, Podell and others 1995). The prevalence of seizures in dogs presenting at two veterinary teaching hospitals has been reported as 0.44
(Bateman and Parent 1999) or 2.6 per cent (Zimmermann and others 2009). A seizure is the clinical manifestation of abnormal electrical activity in the brain. Status epilepticus (SE) is a specific form
of a seizure event that is defined by prolonged self-sustained seizure
activity. In human medicine, SE is defined clinically as a condition in
which seizure activity persists for more than five minutes (Lowenstein
and others 1999). In veterinary medicine, studies have defined SE as
a continuous seizure activity that lasts for more than five minutes,
or as two or more discrete seizures between which there is incomplete recovery of consciousness (Saito and others 2001, Platt and Haag
2002, Zimmermann and others 2009). This is a clinically important
definition of SE because seizures are not likely to cease spontaneously
without medical intervention, following five minutes of seizure activity (Lowenstein and others 1999). In experimental rodent models of
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epilepsy, it has been shown that seizures that persist for greater than
30 minutes can consistently induce brain pathology, which then result
in epileptogenesis (Cavalheiro and others 1991, Stafstrom and others
1992). Epileptogenesis is a process caused by affected/injured neurons
that have survived an acute insult and progress to form hyperexcitable, epileptic neuronal networks (Aroniadou-Anderjaska and others
2008). Epilepsy is defined as a chronic neurological disorder characterised by two or more spontaneous recurrent seizures (SRS) (AroniadouAnderjaska and others 2008) and, although there is no universal agreement in the veterinary literature on the minimum number of seizures
or period of time, a useful clinical definition is two or more seizures
over a month or more (Thomas 2010).
Acute seizures can be caused by intoxication. In animals, seizure
activity can often occur secondary to intoxication with chemoconvulsants such as metaldehyde, moxidectin, theobromine and mycotoxin
(Drolet and others 1984, Boysen and others 2002, Yas-Natan and others 2007, Crandell and Weinberg 2009, Daniel and others 2009). Little
data currently exist on the epileptogenesis potential of these toxins. In
rodent models of epilepsy, the use of chemoconvulsant agents, such as
kainic acid and pilocarpine, is commonly used to induce an SE. An SE
of greater than 30 minutes is usually sufficient to induce epileptogenesis resulting in SRS after a latency period of one month (Cavalheiro
and others 1991, Stafstrom and others 1992). Similarly in human
beings, prolonged febrile seizures in childhood have been associated
with the development of epilepsy later in life (Wallace and others
2001). Interestingly, a previous observational study of dogs with SE
showed that none of the 14 dogs, which had SE following intoxication, developed SRS (Zimmermann and others 2009). The duration
of SE of the 14 dogs, however, was not determined in the study. The
duration of SE is thought to be critical in rodent models to induce epileptogenesis and consequently the development of SRS.
The authors hypothesised that dogs that present in SE secondary to an intoxication will develop SRS in the future if the SE was
longer than 30 minutes. Subsequently, the aim of the present study
October 1, 2011 | Veterinary Record
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Two pathophysiological processes

Current Definition: “SE is a condition
resulting either from the failure of the
mechanisms responsible for seizure
termination or from the initiation of
mechanisms which lead to abnormally
prolonged seizures (after time point t1).
It is a condition that can have long-term
consequences (after time point t2),
including neuronal death, neuronal
injury, and alteration of neuronal
networks, depending on the type and
duration of seizures.”
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Successful treatment of seizure disorders in small animals
requires proper patient assessment, understanding the principles
of antiepileptic drug (AED) therapy, designing a strategy for
pharmacotherapy, and plans for emergency treatment. Several
levels of assessment are needed in managing an epileptic patient
to include the diagnosis, effectiveness of therapy, and
health-related quality of life assessments. Three levels of
diagnosis are important in determining the appropriate AED
therapy: 1) confirmation that an epileptic seizure has occurred,
and if so, the seizure type(s) manifested; 2) diagnosis of the
seizure etiology; and 3) determination of an epileptic syndrome.
Monotherapy is the initial goal of treating any cat or dog with
epilepsy to reduce possible drug-drug interactions and adverse
effects. Unfortunately, many of the AEDs useful in people cannot
be prescribed to small animals either due to inappropriate
pharmacokinetics (too rapid of an elimination), and potenhal
hepatotoxicity. Thus, the most commonly used AEDs m veterinary
medicine are from the same mechanistic category, that of
enhancing inhibition of the brain. Antiepileptic drugs can be
classified into three broad mechanistic categories: 1)
enhancement of inhibitory processes via facilitated action of
gamma amino-butyric acid (GABA); 2) reduction of excitatory
transmission; and 3) modulation of membrane cation
conductance. Pharmacotherapy strategies should be designed
based on the decision when to start treatment, choice of the
appropriate AED, and proper AED monitoring and adjustment.
Information is presented for the current AEDs of choice,
phenobarbital and bromide. Additional guidelines are provided for
administration of newer AEDs, felbamate and gabapentm. All
owners should be aware that emergency therapy may be
necessary if recurrent or severe seizures occur in their pet. A
rapid, reliable protocol is presented for the emergency
management of se~zuring cats and dogs in the hospital and at
home. Home treatment with per rectal administration of diazepam
m the dog has proven to be an effective means of reducing seizure
frequency and owner anxiety. Treating each animal as an
individual, applying the philosophy that seizure prevention is
better than intervention, and consulting specialists to help
formulate or revise treatment plans will lead to improved success
in treating seizure disorders in the cat and dog.
Copyright © 1998 by W.B. Saunders Company

problem arises, a proper diagnosis is made to confirm the
condition, and therapy is imtiated to treat the underlying
disease and/or signs of the disease. Important differences arise,
however, when approaching antiepileptic drug (AED) therapy
in the cat and dog. First, a specific underlying etiology is often
not identified. The clinician commonly makes a therapeutic
decision based on second-hand historical accounts alone.
Treatment is initiated when the animal is typically in a normal
physical state, with little ability to predict frequency of future
seizure recurrence. Complicating this issue, there is a limited
range of effective AEDs from which to choose. Even after
initiation of therapy, the odds of complete cessation of seizure
activity in the patient are stacked against the clinician. Finally,
all therapeutic modalities carry some risk of altering the
behavior and/or physiology of the patient. Thus, it is not
surprising that AED therapy in small ammal medicine remains
a frustrating problem for all clinicians that treat epileptic
animals.
This article is designed to help clinicians understand the
variables for consideration prior to antiepileptic drug (AED)
commencement by presenting some of the fundamental factors
relevant to AED initiation and maintenance, followed by
specific guidelines of currently known information to treat
seizure disorders in the cat and dog. An outline of recommended general strategies that will be discussed in this chapter
is provided in Table 1. The goal of this approach is to provide a
basis for future flexibility of treatment as newer drug therapies
are introduced to veterinarians.

GABAA receptor

2.

he treatment of seizure disorders in small animals is

T similar in many respects to the treatment of various other

ailments in veterinary medicine: an antecedent historical
From the College of Veterinary Medicine, Ohio State University, Columbus, OH.
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Professor, Department of Vetennary Clinical Sciences, College of Veterinary Medicine, Member of the Comprehensive Cancer Center, The James
Hospital, College of Medicine, The Ohio State UnlversW, 601 Tharp
Street, Columbus, OH 43210.
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Assessment of the Patient
Several levels of assessment are needed in managing an
epileptic patient including the diagnostic, effectiveness of
therapy, and health-related quality-of-hfe assessments. Three
levels of diagnosis are important in determining the appropriate AED therapy. 1 First, ascertain that an epileptic seizure has
occurred, and if so, the seizure type(s) manifested. This
information is critical to prevent unnecessary treatment of
nonepileptic animals, and to choose the most effective AED for
that seizure type (see following). A complete descnpnon of
seizure types can be found in the article by Phihp A. March,
"Seizures: Classification, Etiologies, and Pathophysiology."
The second level of diagnosis is the seizure etiology. Primary
epileptic seizures (PES) are diagnosed if no underlying cause
for the seizure can be identified. While this term is often
reserved for inherited epilepsy in people, I prefer to include all
idiopathic epileptic seizures in this category, as the genetic
component of epilepsy is difficult to ascertain in many animals. 6 Secondary epileptic seizures (SES) are the direct result
of structural cerebral pathology. An animal is categorized as
having epilepsy if recurrent PES or SES are diagnosed, indicating the presence of a chronic brain disorder. Reactive epileptic
seizures (RES) are a reaction of the normal brain to transient

Clinical Techniques in Small Animal Practice, Vol 13, No 3 (August), 1998 pp 185-192

Successful treatment of seizure disorders in small animals
requires proper patient assessment, understanding the principles
of antiepileptic drug (AED) therapy, designing a strategy for
pharmacotherapy, and plans for emergency treatment. Several
levels of assessment are needed in managing an epileptic patient
to include the diagnosis, effectiveness of therapy, and
health-related quality of life assessments. Three levels of
diagnosis are important in determining the appropriate AED
therapy: 1) confirmation that an epileptic seizure has occurred,
and if so, the seizure type(s) manifested; 2) diagnosis of the
seizure etiology; and 3) determination of an epileptic syndrome.
Monotherapy is the initial goal of treating any cat or dog with
epilepsy to reduce possible drug-drug interactions and adverse
effects. Unfortunately, many of the AEDs useful in people cannot
be prescribed to small animals either due to inappropriate
pharmacokinetics (too rapid of an elimination), and potenhal
hepatotoxicity. Thus, the most commonly used AEDs m veterinary
medicine are from the same mechanistic category, that of
enhancing inhibition of the brain. Antiepileptic drugs can be
classified into three broad mechanistic categories: 1)
enhancement of inhibitory processes via facilitated action of
gamma amino-butyric acid (GABA); 2) reduction of excitatory
transmission; and 3) modulation of membrane cation
conductance. Pharmacotherapy strategies should be designed
based on the decision when to start treatment, choice of the
appropriate AED, and proper AED monitoring and adjustment.
Information is presented for the current AEDs of choice,
phenobarbital and bromide. Additional guidelines are provided for
administration of newer AEDs, felbamate and gabapentm. All
owners should be aware that emergency therapy may be
necessary if recurrent or severe seizures occur in their pet. A
rapid, reliable protocol is presented for the emergency
management of se~zuring cats and dogs in the hospital and at
home. Home treatment with per rectal administration of diazepam
m the dog has proven to be an effective means of reducing seizure
frequency and owner anxiety. Treating each animal as an
individual, applying the philosophy that seizure prevention is
better than intervention, and consulting specialists to help
formulate or revise treatment plans will lead to improved success
in treating seizure disorders in the cat and dog.
Copyright © 1998 by W.B. Saunders Company
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problem arises, a proper diagnosis is made to confirm the
condition, and therapy is imtiated to treat the underlying
disease and/or signs of the disease. Important differences arise,
however, when approaching antiepileptic drug (AED) therapy
in the cat and dog. First, a specific underlying etiology is often
not identified. The clinician commonly makes a therapeutic
decision based on second-hand historical accounts alone.
Treatment is initiated when the animal is typically in a normal
physical state, with little ability to predict frequency of future
seizure recurrence. Complicating this issue, there is a limited
range of effective AEDs from which to choose. Even after
initiation of therapy, the odds of complete cessation of seizure
activity in the patient are stacked against the clinician. Finally,
all therapeutic modalities carry some risk of altering the
behavior and/or physiology of the patient. Thus, it is not
surprising that AED therapy in small ammal medicine remains
a frustrating problem for all clinicians that treat epileptic
animals.
This article is designed to help clinicians understand the
variables for consideration prior to antiepileptic drug (AED)
commencement by presenting some of the fundamental factors
relevant to AED initiation and maintenance, followed by
specific guidelines of currently known information to treat
seizure disorders in the cat and dog. An outline of recommended general strategies that will be discussed in this chapter
is provided in Table 1. The goal of this approach is to provide a
basis for future flexibility of treatment as newer drug therapies
are introduced to veterinarians.

Assessment of the Patient
Several levels of assessment are needed in managing an
epileptic patient including the diagnostic, effectiveness of
therapy, and health-related quality-of-hfe assessments. Three
levels of diagnosis are important in determining the appropriate AED therapy. 1 First, ascertain that an epileptic seizure has
occurred, and if so, the seizure type(s) manifested. This
information is critical to prevent unnecessary treatment of
nonepileptic animals, and to choose the most effective AED for
that seizure type (see following). A complete descnpnon of
seizure types can be found in the article by Phihp A. March,
"Seizures: Classification, Etiologies, and Pathophysiology."
The second level of diagnosis is the seizure etiology. Primary
epileptic seizures (PES) are diagnosed if no underlying cause
for the seizure can be identified. While this term is often
reserved for inherited epilepsy in people, I prefer to include all
idiopathic epileptic seizures in this category, as the genetic
component of epilepsy is difficult to ascertain in many animals. 6 Secondary epileptic seizures (SES) are the direct result
of structural cerebral pathology. An animal is categorized as
having epilepsy if recurrent PES or SES are diagnosed, indicating the presence of a chronic brain disorder. Reactive epileptic
seizures (RES) are a reaction of the normal brain to transient
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30 minutes

•
•
•
•
•
•
•

Arterial hypertension
Increased cerebral blood flow
Hypoxaemia
Hypercarbaemia
Hyperglycaemia
Lactic acidosis
(changes in pharmacokinetics)

> 30 minutes

•
•
•
•

Continuous muscle contraction
Hyperthermia
Acidosis
Myolysis

↓ Heart rate
↓ Respiratory rate
↓ Blood pressure

– Myoglobinuria, hyperkalaemia

• Renal Failure
• Hypoglycaemia
• Energy depletion
• Hypotension

Hypoxia
Hypotension

• Cardiac Arrhythmias
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Temporal summary

Control for secondary
brain damage
Monitor!
• HR
• BP
• O2
• Electrolytes /
Fluid balance
• Body Temperature

Minimise Brain Injury
• Treat Hypotension
– Volume expansion
– Fluid balance

• Treat Hypoxemia
– O2 Supplementation

Minimise Hyperthermia
Minimise Renal Impairment
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