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Introduction
Epilepsy is one of the most common neurological disorders in canines and felines. Epilepsy is an episodic illness caused by
repeated excessive and hypersynchronous abnormal electrical activity of neurons in the brain. Epilepsy is more than
convulsions. A broad variety of clinical phenomena may reflect epileptic seizure activity e.g., behavioural or gastrointestinal
signs. Therefore, the recognition of epilepsy implies knowledge of the phenomenology representing different types of
seizures. Observations of suspected seizure activity, seizure symptomatology reported by the owner and video documentation
of seizures are essential when trying to establish a diagnosis of epilepsy. Electroencephalography, brain imaging and
cerebrospinal fluid (CSF) examination among others, may disclose underlying pathological processes causing epilepsy.
Animals with epilepsy are time consuming patients. A continued evaluation of the owners’ compliance with given
instructions concerning actual seizure frequency, antiepileptic treatment, measurement of antiepileptic drug levels,
monitoring of potential adverse effects and additional owner counseling is required to manage these patients successfully.
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History
The word epilepsy originates from the Greek word epilepsia meaning to be taken, seized or attacked. This condition has been
recognized in Man since antiquity. The Greek physician and philosopher Hippokrates (460 - 377 B.C.) believed that the
cause of epileptic seizures should be found in the brain. The Greek physician Galén (130 - 210 A.D.) viewed epileptic
seizures as a symptom of intracranial dysfunction or systemic disease, caused by an accumulation of mucous in the arterial
system. During the Middle Ages epilepsy was thought to be associated with supernatural forces, because of the vigorous
symptomatology, especially of convulsions. Humans suffering from epilepsy have been thought to be insane, or possessed by
demons in the 16th and 17th centuries. As a consequence, treatment of epilepsy included exorcism and bloodletting, and a
variety of substances e.g,. brew of mistletoe, blood from a decapitated man and a pulverized cranium were given to aid the

sick person.
In the 19th century the gap between ignorance and understanding of epilepsy began to close. The physician Calmeil in 1824
made the first attempt to classify epileptic seizures according to their symptomatology. The neurologist John Hughlings
Jackson proposed that a classification of epilepsy should be based upon anatomical localization, physiological imbalance and
the pathological process [1]. He made a distinction between partial and generalized seizures based upon clinical observations.
Electroencephalography (EEG), introduced in 1929 by the German psychiatrist Hans Berger, added immensely to the
understanding of epileptogenesis [2].
The influence of human epileptology in veterinary medicine is hard to overlook. Much of what is reported on epilepsy in
animals is based upon the study of seizures in Man. An early paper of canine epilepsy is found in "Archiv fur
Wissenschaftliche und Praktische Tierheilkunde" [3]. The authors compare the symptomatology of epileptic seizures in Man
and dog. The textbook "Die Nervekrankheiten unsere Hunde" [4] uses the terms genuine, essential or idiopathic epilepsy and
symptomatic epilepsy as they were used in human epilepsy terminology at that time. In veterinary medicine - EEG was
introduced as a laboratory test in the early sixties [5-7]. Terrell A Holliday has contributed greatly to the understanding of
canine epilepsy by introducing and refining this investigation in veterinary epileptology [8-10]. However, EEG has never
become a routine investigation in the diagnostic management of canine and feline epilepsy patients. Only a limited number of
studies have been published on this subject [11-15].
Definition of Epilepsy
Epilepsy is defined as a condition characterized by recurrent seizures (two or more) - a clinical manifestation presumed to
result from an abnormal and excessive discharge of a set of neurons in the brain. The clinical manifestation consists of a
sudden and transitory abnormal phenomenon which may include alterations of consciousness, motor, sensory, autonomic or
psychic events, perceived by the patient or an observer [16]. Thus, epileptic seizures are a sign of cerebral dysfunction. Three
main characteristics of epileptic seizures are: the loss of control (in various degrees), the episodic (paroxystic) nature of the
attacks (they start suddenly and they terminate suddenly), and the repetitive clinical pattern (attacks are identical from
episode to episode).
Epidemiology
Epilepsy is the most common neurological disorder in canines. The prevalence of epilepsy in the canine population has been
estimated to vary from 0.5% to 5.0% [17-20]. In cats the prevalence of epilepsy has been estimated at 0.5% [20].
No studies exist in a randomly selected cohort, however, of the lifetime prevalence in the general canine or feline population.
Investigations of canine epilepsy are often carried out in hospital-referral based or otherwise pre-selected populations [13,2123]. This is of no concern as long as descriptive studies are performed, i.e., studies focusing on description of seizures,
treatment and prognosis of the population investigated [24]. However, when investigating the prevalence and clinical pattern
(distribution of seizure types) of epilepsy, a study based upon random sampling is crucial in order to avoid selection bias. A
prospective two-phase cross-sectional study of epilepsy, reporting a prevalence of 3.1%, has been conducted in Danish
pedigree Labrador Retrievers, a reference population constituting 29,602 individuals [25].
A slight predilection for epilepsy in males has been documented in several studies [18,25-29]. The distribution of idiopathic
epilepsy and symptomatic epilepsy has been reported to be 44% and 46% respectively in 50 dogs in an American study (10%
experienced non-epileptic seizures) [28]. A Danish study reported a distribution of idiopathic epilepsy, symptomatic epilepsy
and cryptogenic epilepsy of 25%, 16% and 45% respectively in a population of 63 dogs (14% could not be classified) [29].
Environmental conditions may provoke seizures in humans and animals suffering from epilepsy. Flashing lights, high sounds,
sleep deprivation, stress etc., are known triggers of seizure activity in susceptible individuals.
No relationship between seasons, holidays, days of the week or astrology and seizure frequency has been demonstrated in
dogs [23,27,28].
Epilepsy is not necessarily a life long condition. Epilepsy has the potential to be self-limiting. In humans, epilepsy is now
regarded as a condition that, for the majority of patients will remit spontaneously or by drug induction [30,31]. The results of
a study on Labrador Retrievers suggest that remission of epilepsy also occurs in dogs [25]. In a hospital based population,
30 - 40% of epileptic animals have been reported to achieve seizure freedom on antiepileptic treatment. Seizure reduction
was obtained in about 50% [20]. In a study of 30 cats with seizure disorders outcome was documented on the basis of
survival and seizure frequency at follow-up (3 - 21 month). In this study 17 cats had a good outcome: eleven seizure free and
6 with a low seizure frequency [32].
Epidemiological research on epilepsy is an excellent tool for studying the characteristics of epilepsy. It provides important
information on the natural history of the condition, and thus is useful in the diagnostic and prognostic work with epileptic
patients.

The lack of standardized definitions or a defined methodology especially with regard to patient selection bias, diagnostic
accuracy and seizure classification in the veterinary literature makes it difficult to compare results among- studies. Different
investigators have not used the same definitions of epilepsy and epileptic seizures, along with different case ascertainment
methods and classification models, a phenomenon also known from epidemiological studies of epilepsy in humans
[16,33,34].
Pathophysiology
The susceptibility for generating an epileptic seizure varies between individuals. Some may have a lower threshold for
epileptic seizures and are therefore more likely to develop this condition. If provoked sufficiently any brain can elicit a
seizure. Therefore, an animal may experience a single seizure as a sign of transient cerebral overload. Only if seizures
become recurrent and are not provoked by systemic disease, is the animal diagnosed with epilepsy.
Seizure phenomenology varies from patient to patient and more than one seizure type can occur within the same patient. No
relationship exists between the clinical signs expressed and the underlying etiology.
Irrespective of the fact that epilepsy can be caused by a variety of intracranial structural, cellular or molecular conditions and
manifests itself in different ways, the epileptic seizure always reflect abnormal hypersynchronous electrical activity of
neurons, caused by an imbalance between excitation and inhibition in the brain. The main representative of excitation in the
brain is the excitatory postsynaptic potential (EPSP) whereas that of inhibition is the inhibitory postsynaptic potential (IPSP)
[35]. The neuronal membrane potential is regulated by an accurate balance between EPSPs and IPSPs. If this balance is
compromised, an epileptic seizure can be generated.
More than 100 neurotransmitters or neuromodulators have been shown to play a role in the process of neuronal excitation.
Excitatory amino acids, especially L-glutamate, act at more than half the neuronal synapses in the brain, hereby playing a
major role in the spread of seizure activity [36]. There is an increased release of glutamate in the brain associated with
epileptic activity.
Gamma-aminobutyric acid (GABA) is the major inhibitory neurotransmitter of the CNS. GABAergic inhibition can be presynaptic (release of GABA from the GABAergic nerve terminal into presynaptic nerve terminals causing a reduction of
neuro-transmitter release) or postsynaptic (caused by the interaction of GABA with specific postsynaptic receptors). GABA
released from GABAergic nerve terminals binds to two distinct types of GABA receptors GABA-A and GABA-B receptors
to produce neuronal inhibition [37] GABA is catabolized postsynaptically by GABA-transaminase. Dysfunction of the
GABA-system can be caused by defects of synaptic GABA release, or of the postsynaptic GABA receptor. Low GABA and
high glutamate values have been demonstrated in the cerebrospinal fluid of epileptic dogs [38].
Under normal conditions the excitatory post-synaptic potentials are followed immediately by GABAergic inhibition.
Neuronal hypersynchronization occurs if excitatory mechanisms dominate, either initiated by increased excitation or
decreased inhibition. As the abnormal neuronal hypersynchronous activity continues, more and more neurons will be
activated (high frequency depolarization/repolarization), generating the epileptic seizure. The abnormal hypersynhcronization
gives rise to the characteristic abnormalities that can be registered in the electroencephalogram. The physiologic basis of
neuronal excitability has been reviewed in detail by March [39].The existence of excitatory connections between pyramidal
neurons generating epileptic bursts throgh a positive-feedback mechanism in epileptogenic areas and the fact that neurons in
some epilepsy prone regions, (e.g. the structures of the limbic system in the temporal lobe, especially the hippocampal CA3
region), possess the capability to generate "intrinsic bursts", dependent on voltage dependent calcium currents or persistent
sodium currents has been identified as key features of epileptogenic circuits [174].
Sex hormones influence the regulation of GABAergic transmission in the CNS. Animal models have shown that the infusion
of estrogens, lower the threshold for experimentally provoked seizures, and that this effect of estrogen is intensified if a
cortical lesion is already present. Progesterone has been shown to possess an inhibitory effect on spontaneous and
experimentally provoked seizures [40,41]. Progesterone probably works through a direct activation of the GABA complex to
enhance the effect of GABA. Additionally, progesterone possesses the capability of inhibiting glutamatergic activity. The
convulsant/anticonvulsant effects of estrogens and progesterones, respectively, are demonstrated in women with catamenial
epilepsy (seizure clustering around the time of menses). There is an increase in seizure frequency, immediately preceding the
menstrual period, which correlates to a decrease in progesterone level, and an additional increase in seizure frequency
immediately preceding the time of ovulation, correlating with a high estrogen level with no simultaneous increase in
progesterone. At the end of ovulation, simultaneously with an increase in the progesterone level, the seizure frequency
decreases [42,43]. The relationship between sex hormones and epileptic seizures has not been investigated in natural
occurring epilepsy in dogs and cats, but these mechanisms might exist in bitches/mares experiencing clusters of seizures
associated with hormonal fluctuations.

Genetics
Epilepsy can occur in any canine and feline breed as well as in mixed breeds. A familial predisposition for epilepsy in dogs
has been reported for many breeds, e.g., Beagle, Keeshound, Belgian Tervueren, Golden Retriever, Labrador Retriever, Vizla
and Shetland sheepdog [15,18,21,22,25,26,44-46,163,164]. The hypothesis of a polygenic, recessive mode of inheritance has
been suggested in the Bernese mountain dog and in Labrador Retrievers [21,47]. It has been suggested that a single locus
with a large effect on the incidence of seizures may be segregation in the Belgian Tervueren dog [48]. In Vizslas an
autosomal recessive trait has been suggested [164].
Classification of Epilepsy and Epileptic Seizures
Do We Need Classification? - "The Diagnosis of epilepsy is essentially clinical, based on a bonafide history of epileptic
seizures. The clinical manifestation consists of a sudden and transitory abnormal phenomenon which may include alterations
of consciousness, motor, sensory, autonomic or psychic events, perceived by the patient or an observer. Diagnosis should be
confirmed by a health professional with expertise in epilepsy, using available medical history, seizure description, and
neurological examination. If available, EEG records and other diagnostic tools should also be used, but lack of these
instruments should not preclude the diagnosis of epilepsy [16]". As stated by the commission, the clinical signs of epileptic
seizures represent the most important criteria for establishing a diagnosis of epilepsy. Not only in veterinary medicine do we
deal with the problem that we are dependent on an observer (the pet owner) when identifying signs of seizure activity. A
substantial number of human patients as well are not able to recall what happened during a seizure.
Classification based upon seizure phenomenology does more than just serve the purpose of standardizing terminology and
thereby making the comparability of data and collaborative research possible. Classifying clinical signs also ensures that
many important diagnostic and prognostic clues otherwise lost, will be identified.
Since antiquity, the attempt to classify symptoms has been intended to identify a specific disease, or syndrome. The first
known mention of epilepsy is at about 500 - 700 B.C. Stone tablets found in Babylon contain detailed observations of
epileptic seizure types, provoking factors and postictal symptoms [49].
Veterinary epilepsy nomenclature has borrowed extensively from its human counterpart, but unfortunately has not actually
agreed to standardize terminology. As a consequence, the literature on this subject is often confusing with regard to
definitions and interpretations. Classification of epilepsy and epileptic seizures in humans has been established by The
Commission on Classification and Terminology of the International League Against Epilepsy (ILAE) [50,51]. The
classification is based upon localisation of the seizure focus, the degree of alteration of consciousness, and possible
abnormalities recorded in the EEG. Classification of epileptic seizures in dogs, based upon the guidelines of the ILAE, with
an emphasis on seizure phenomenology, has been advocated by Schwartz-Porsche and by Berendt and Gram and Licht and
co-workers [20,29,165].
Classification of Epilepsy
The classification of epilepsy is based upon the underlying etiology. Classification of the epilepsies deals with three
categories, idiopathic epilepsy, symptomatic epilepsy and cryptogenic epilepsy.
The term idiopathic epilepsy refers to epilepsy of unknown cause (there is no structural cerebral pathology), with a possible
familial predisposition. Idiopathic epilepsy is encountered predominantly as primary generalized seizures. However,
idiopathic (benign) partial epilepsies of childhood (epilepsy with partial seizures, absence of clinical or neuroimaging
evidence of brain damage, characteristic interictal EEG focal sharp waves with variable location, a possible family history of
idiopathic epilepsy, onset of seizures between 18 months and 13 years and spontaneous remission of epilepsy during
childhood or adolescence) are well described in children and account for about 10 - 15% of epilepsy cases in this age group
[52]. Among those is rolandic epilepsy (centrotemporal or midtemporal sharp waves) and epilepsy with frontal or occipital
EEG changes [51,52]. Recently, a number of new idiopathic partial epilepsy syndromes with simple inheritance have been
described in humans (e.g., familial partial (temporal lobe) epilepsy) [53]. Familial frontal lobe idiopathic epilepsy has been
described in the Shetland Sheepdog [15]. In these dogs, the course of the disease was not benign. A substantial number of
cases progressed to status epilepticus. Animals suffering from idiopathic epilepsy will interictally appear normal clinically
and neurologically.
Symptomatic epilepsy is defined as epilepsy caused by a known/identified disorder of the CNS (focal structural cerebral
pathology is disclosed) and presenting as partial seizures with or without secondary generalization. Neuropathology causing
symptomatic epilepsy can be gross lesions resulting from congenital or active CNS disease, e.g., congenital malformations,
storage disease, inflammatory/infectious disease, space occupying lesions, scar tissue and hemorrhage or minor pathologies
such as hippocampal sclerosis, and microstructural changes of the cortex cerebri e.g., cortical neuronal loss and focal

neuronal migration disorders [54-62,175-179]. Cerebral neuronal migration disorders e.g., heterotopias or dysplasias (the
majority giving rise to no other neurological signs than seizures) have been shown to represent the underlying etiology of a
substantial number of partial epilepsies in humans [63-67]. Heterotopic cell clusters have also been shown to appear in the
epileptic dog [68]. Degenerative lesions of the CNS e.g., hippocampus, the piriform lobe, motor cortex, frontal cortex and
cingulated cortex and cerebellum have been described, post-mortem, in cats and dogs with epilepsy [15,69-71]. Reversible
magnetic resonance imaging (MRI) lesions of the temporal lobe have been demonstrated in humans and in dogs following
seizures [72].
The term Cryptogenic epilepsy (i.e., of hidden origin) is used as a designation for epilepsy with a suspected symptomatic
cause which, however, remains obscure. As in symptomatic epilepsy, cryptogenic epilepsy is characterized by partial
seizures. Animals suffering from symptomatic or cryptogenic epilepsy may or may not exhibit focal abnormalities
interictally.
In the veterinary literature it is common to refer to epilepsy as "idiopathic epilepsy". According to the suggested
classification, the term idiopathic should be reserved for those cases of epilepsy, predominantly presenting with primary
generalized seizures, and in which a symptomatic origin is neither detected nor suspected [166].
Classification of Epileptic Seizures
The clinical manifestation of an epileptic seizure reflects the field of activity in the brain areas generating the seizure and the
amount and distribution of abnormal electrical activity. Epileptic seizures can be expressed as motor signs, sensory
sensations, psychic experiences or autonomic disturbances [50]. Consciousness may be unimpaired, impaired or totally lost.
More than one dysfunction may be present and often the clinical signs will progress within the single seizure.
The distinguishing characteristic of epilepsy is a consistent seizure phenomenology reflecting abnormal function of the entire
brain or of specific (focal) cerebral areas involved in the epileptic activity. Thus the major characteristic of epilepsy is a
phenomenology that occurs repeatedly in an identical manner, every time the individual animal experiences a seizure.
Epileptic seizures are divided into two main categories: Primary generalized seizures and partial seizures. Partial seizures
are subdivided into simple and complex partial seizures. Partial seizures can spread to become partial seizures with
secondary generalization. Regardless of the kind of seizures the animal experiences, the ictal event is brief (few seconds to
few minutes). Interactions between thalamic nuclei and the neocortex working through thalamocortical and corticothalamic
projections are involved in the generation of primary and secondary generalized seizures.
Primary Generalized Seizures - Primary generalized seizures are those in which the first clinical changes indicate initial
involvement of both cerebral hemispheres (Fig. 1). This is reflected in the ictal EEG by a sudden and simultaneous loss of the
normal electroencephalographic background activity in both hemispheres, being replaced by epileptiform discharges,
representing hypersynchronous neuronal activity. There is a sudden loss of consciousness combined with a sudden onset of
convulsions, without any premonitory symptoms. In the ILAE classification, primary generalized seizures are subdivided into
convulsive and non-convulsive seizures and include clonic, tonic, tonic-clonic convulsions, myoclonic and atonic seizures
and, in humans, absences expressed solely as repeated episodes of a few seconds’ duration with impaired consciousness [50].
Absences have not been documented in dogs or cats.

Figure 1. The abnormal impulses originate from centrencephalon and the cerebral cortex. From: Gram L
and Dam M. Tæt pà epilepsi. Munksgaard, København, 1993. Illustrator: Lotte Clevin (with
permission). - To view this image in full size go to the IVIS website at www.ivis.org . -

In the past, convulsions and absences have been referred to as "grand mal" and "petit mal" respectively. This terminology is
no longer used in human epileptology and should not be used in veterinary medicine, since it is non-informative.
Partial Seizures
Partial seizures originate from groups of neurons localized in a specific area of the cerebral cortex (the epileptic focus) and
the clinical signs reflect the functions of the area involved (Fig. 2). EEG changes indicate initial activation of neuronal
networks of the area in question.

Figure 2. The abnormal impulses originate from a specific area of the cerebral cortex and do not spread.
From: Gram L and Dam M. Tæt pà epilepsi. Munksgaard, København, 1993. Illustrator: Lotte Clevin
(with permission). - To view this image in full size go to the IVIS website at www.ivis.org . -

Simple and Complex Partial Seizures - In humans partial seizures are classified as simple if consciousness is unimpaired, and
complex if consciousness is impaired. Consciousness refers to "the degree of awareness and/or responsiveness of the patient
to externally applied stimuli. Responsiveness refers to the ability of the patient to carry out simple commands or willed
movement and awareness refers to the patient’s contact with events during the period in question and its’ recall" [50].
The term aura should be used as the synonym for a simple partial seizure. In humans, by tradition, the term aura has been
used to denote the symptomatology of the simple partial seizure acting as a signal/warning sign of a forthcoming seizure
development into either a complex partial seizure or into secondary generalization (convulsions). In the past, signs described
as aura have, in a substantial number of cases of epilepsy described in the veterinary literature, not been recognized as a part
of the ictus (namely the partial onset in a partial seizure with secondary generalization), or as the ictus itself (as in partial
seizures alone), but have been believed to represent a preictal event. As a consequence, these epileptic seizures have
erroneously been classified as primary generalized seizures (the type of seizures predominantly characterizing idiopathic
epilepsy).
In animals, signs of confusion or difficulties in recognizing the owner may be interpreted as signs of impaired consciousness.
Recognizing diminished consciousness, in dogs and cats, however, can be difficult, and the patients cannot report what they
are actually experiencing during a seizure. Whether it is possible from the clinical signs alone (as described by the owner
and/or documented by video) - without EEG registration - to discriminate between simple and complex partial seizures in
animals, is debatable.
In older terminology, complex partial seizures have been referred to as limbic seizures, psychomotor seizures and temporal
lobe seizures.
Partial Seizures with Secondary Generalization - Partial seizures with secondary generalization appear to be the seizure type
most commonly observed in dogs [9,23,25,28,29,165]. This is also true in the population of human adults suffering from
epilepsy [73].
Secondary generalization of a partial seizure occurs when the seizure activity does not remain focal, but projects rapidly to
subcortical structures (mainly thalamic nuclei) to involve other areas of the brain or the entire brain (Fig. 3).

Figure 3. Partial seizure with secondary generalization. From: Gram L and Dam M. Tæt pà epilepsi.
Munksgaard, København, 1993. Illustrator: Lotte Clevin (with permission). - To view this image in full
size go to the IVIS website at www.ivis.org . -

In partial seizures with secondary generalization, the clinical signs are initially characterized by the function of the
anatomical site of the seizure focus, rapidly (within seconds to minutes) followed by loss of consciousness and convulsions
as seizure activity spreads from the focus to involve the entire brain. In many patients, the onset of the partial seizure is very
subtle and is followed by rapid secondary generalization, which can make it difficult to detect the partial onset. Therefore pet
owners may not report the signs of a partial seizure onset unless questioned specifically about events preceding convulsions.
Partial seizures with secondarily generalised tonic-clonic seizures with the animal retaining consciousness may occur in a
very limited number of individuals. This has been described in humans [74].
Clinical Signs in Partial Seizures - The partial seizure itself may appear as motor signs, autonomic signs or paroxysms of
behavioral signs (involving the limbic system). Localized motor activity e.g., tonic seizures of one leg or facial twitching and
autonomic signs such as pupil dilatation, salivation or vomiting are fairly easy to recognize in dogs and cats whereas
abnormal behavior as a sign of epilepsy represent a diagnostic (and differential diagnostic) challenge [75]. In humans,
symptoms originating from the somatosensory or special sensory cortex may present, for example, as "pins and needles"
sensations, numbness or visual, auditory or olfactory hallucinations/sensations (e.g., flashing light, crude auditory sensations
and unpleasant odors). Psychic symptoms (most commonly occurring with impairment of consciousness: complex partial

seizures) may present as e.g., structured hallucinations, depression or rage. The most common symptoms are intense fear or
terror, which may lead to running away [76]. Even though we can only hypothesize that a distortion of perception appears in
animals, it seems reasonable to believe that it may be such events that give rise to the signs reported as aura, complex partial
seizures, psycomotor seizures, temporal lobe seizures or even preictal phase [13,23,29,77-81]. Paroxysms of behavioral signs
associated with epilepsy are frequently interpreted as anxiety or fear. The fact that these signs, in the majority of cases, are
followed by convulsions is strong evidence that they represent partial seizure activity followed by secondary generalization.
They should therefore not be regarded as preictal events.
A variety of signs of partial seizures have been reported in humans and in dogs [9,29,76,79-85].
Prodromes - A prodrome is a long-term indication of a forthcoming seizure. Prodromes are long-lasting (hours or days)
changes of disposition in humans in the form of anxiety, irritability, withdrawal and other emotional aberrations. In dogs, the
most common prodromal signs described are restlessness [29]. Owners of such dogs recognize that a seizure is about to occur
within hours or days. In canine patients, up to 11% have been reported to suffer from prodromes lasting from 30 minutes to
24 hours [29]. The nature and origin of prodromes are very poorly understood.
The clinical signs of aura (the partial seizure onset of a partial seizure with secondary generalization) in animals should not
be confused with the signs of prodromes, since prodromes by definition are long-lasting (hours to days) events, whereas the
time frame in which the aura acts consists of a few seconds to a few minutes. When asking pet owners about prodromal signs,
one should very carefully explain to the owner that the signs in question are long-lasting as opposed to signs of partial
seizures (which may be followed intoimmediatelly by convulsions (secondary generalization).
Prodromes are considered preictal events, not related to abnormal electrical activity in the EEG. It may be, however, that
prodromes actually represent prolonged auras (aura continua) or non-convulsive (partial) status epilepticus. In recent years it
has been possible to document EEG related ictal partial seizure activity in a number of patients experiencing prodromes
(Alving J. Personal communication. Chief Neurologist, Dianalund Epilepsy Hospital, Denmark, 2002.) EEG evidence of nonconvulsive status has also been documented in dogs [14].
Postictal Signs - The epileptic seizure may or may not be followed by a period of abnormal behavior caused by cerebral
exhaustion. During this period, the post ictal phase, the animal may appear bewildered, disturbed, ataxic, tired,
hungry/thirsty, blind or aggressive. The postictal phase may last from seconds to hours or even days. One should be aware
that in many cases the pet owner does not distinguish ictal signs from postictal signs. As a consequence he/she may report
that seizures last for a longer period of time than the few minutes’ duration of the average epileptic seizure.
Classification of Epilepsy - Future Perspectives - In recent years a revision of the ILAE classification system from 1981 and
1989 has been discussed [50,51]. A semiological seizure classification based exclusively on ictal semiology, either as
reported by the patient, by an observer or as analyzed directly by video monitoring has been proposed [86,87]. In this
classification system, EEG or other test results do not influence the classification. A new ILAE classification will include
more criteria for classification than descriptive terminology for ictal phenomena, e.g., classification of seizures based upon
known or presumed pathophysiological and anatomic substrates [88].
It is of great interest for veterinary neurology to follow the development of a revised human epilepsy classification closely.
This data can be of value for future endeavors to expand the classification of canine and feline epilepsy.
Diagnostic Evaluation
Differential Diagnosis - The diagnoses of epilepsy in canines and felines are essentially clinical, based upon the owners’
observations of seizure activity and seizure phenomenology, video documentation of seizures and diagnostic work-up aimed
at distinguishing epileptic seizures from non-epileptic episodes mimicking epilepsy [13,20,23,29,89-92,165].
One should be aware that when pet owners use terms such as epilepsy, seizures, fits, attacks or convulsions they may indicate
various clinical phenomena not at all associated with these terms. It is therefore crucial to investigate closely what kind of
event the pet owner actually has witnessed.
The primary question, when presented with a canine or feline patient experiencing episodes leading to a suspicion of
epilepsy, is whether these are of epileptic nature or not. Many systemic disorders of organic, metabolic, endocrine, toxic or
behavioural origin can appear clinically as imitators of epilepsy. However, these diseases will normally be detected provided
a thorough diagnostic work-up is done.
Special interest should be given to a number of paroxysmal disorders, which may easily be confused with epilepsy. Among
those, narcolepsy, cataplexy and syncope may represent a diagnostic problem as they involve signs that are very common in
epilepsy.
Narcolepsy is characterized by disturbance of consciousness accompanied by sudden falling (atonia). The duration of sleep is
usually short (a few minutes to 20 minutes). Cataplexy is a short, sudden reduction or loss of muscle tone. Signs may vary

from weakness or head drop to sudden fall to the ground. Attacks last from seconds to a few minutes. Consciousness is fully
retained during the episodes. Syncope is an episodic interruption of consciousness due to a diminished blood flow to the brain
(the animal "faints"). The causes of syncope may vary greatly, but the clinical signs are rather uniform. The temporary
complete arrest of cerebral perfusion causes the animal to collapse and pupils to dilate, followed by convulsive movements.
Most commonly, these movements differ from tonic-clonic convulsions by only taking the form of tonic extension of the
trunk, clenching of the jaw, or mild clonic jerks of the limbs or trunk and twitching of the face.
Among the most common are vasovagal syncopes (provoked by conditions which favour peripheral vasodilatation such as
excitement, fear or pain), cardiac syncopes (often caused by a sudden reduction in cardiac output due to dysrythmia) and
tussive syncopes (caused by respiratory conditions e.g., laryngitis or chronic bronchitis, where an increase in intrathoracic
pressure interferes with the venous return to the heart).
Diagnostic Work-up - When working with suspected epilepsy patients, the initial clinical work-up should, as a minimum,
include a detailed description of the events witnessed by the pet owner, a full physical and neurological examination,
hematology and serum biochemistry, urine analysis and survey radiographs of the thorax and the abdomen (to exclude
primary neoplasms with the potential to metastazise to the brain). In some cases the diagnosis of epilepsy can be excluded
based upon the history or the laboratory test results alone. If no extra cranial causes can be identified, the diagnosis of
epilepsy is highly possible.
The next question to ask is what kind of seizures the patient does experience (classification). This is best investigated by
analysing seizure episodes and seizure phenomenology. A standardized questionnaire should be used when collecting and
recording detailed information on the events reported by the pet owner [75]. The questionnaire should be given orally. The
patient history should focus on the previous medical history, including clues of a possible birth trauma and information
regarding earlier occurrence of head trauma or febrile disorders affecting the brain. The history should also include age at
first seizure, seizure frequency, and a detailed description of seizure development and seizure phenomenology. Since
veterinarians, are dependent on second hand information, it is crucial to secure an accurate and detailed report from the
owner. The subjective nature of the owner's interpretation is minimized by the use of a standardized questionnaire focussing
on ictal events. The questionnaire ensures that details that might otherwise be missed are recorded and help to distinguish
ictal from postical events. If the episodes witnessed by the pet owner include convulsions, in the majority of cases the owner
will naturally focus on this very dramatic event. However, if questioned thoroughly regarding circumstances preceding
convulsions, the owner may describe signs identifying the seizure as partial with secondary generalization.
Since veterinarians rarely have the opportunity to observe seizures in the canine and feline epilepsy patient, home video or
video recording during hospitalisation, represent an excellent supplement to the descriptions of seizures given by the owners.
"EEG records and other diagnostic tools should also be used, if available, but lack of these instruments should not preclude
the diagnosis of epilepsy. EEG contributes, but does not always confirm a diagnosis of epilepsy: An abnormal EEG must not
be considered as a requisite for inclusion since it could be normal (or indicate non-specific abnormalities) in epileptic
subjects" [16]. The source of the EEG is electrical potentials generated by cortical neurons. If EEG registration takes place
sufficiently close to the populations of abnormal firing neurons, they will produce characteristic pathological changes in the
EEG. The disadvantage of surface EEG registration is that only activity from surface areas that are anatomically accessible
are recorded. Therefore, an abnormal electroencephalogram can support the diagnosis of epilepsy whereas a normal
electroencephalogram does not exclude this diagnosis. EEG is helpful in discriminating between partial and generalized
epileptic discharges. Also the EEG may identify a suspected seizure focus [8,10,14,15,180] . Intracranial EEG (electrodes
implanted on the dura mater) has proved effective in detecting the epileptic focus in a Shetland Sheepdog [167].
To answer the question of the possible cause of seizures, the following diagnostic methods can be chosen with the specific
aim of uncovering seizure etiology: CNS pathology pointing towards a diagnosis of symptomatic/cryptogenic epilepsy may
be disclosed by neurological deficits detected at the neurological examination. When dealing with partial seizures (with or
without secondary generalization) one should always consider the possibility of identifying cerebral pathology. In the
diagnostic work-up of human epilepsy patients, prolonged video-EEG studies and imaging of the brain (CT/MRI) have
become a routine investigation in patients with clinical evidence of a partial seizure onset (suspected
symptomatic/cryptogenic epilepsy). Computed tomography (CT) and magnetic resonance imaging (MRI) has proven very
helpful in the diagnostic management of epilepsy in animals [58,59,72,168].
Cerebrospinal fluid examination should be examined in cases pointing to an active cerebral disorder since CNS pathology
may be reflected in the cerebrospinal fluid [57,168].

Diagnostic Work-up in Patients Suspected of Epilepsy - Protocol
- Detailed history (including previous medical history)
- Detailed description of events experienced (questionnaire) + home video
- Clinical examination
z
z

Assess cardiovascular function (if abnormal findings order EKG and ultrasound)
Assess respiratory system (if abnormal findings order endocoscopy)

- Hematology and serum biochemistry
- Urine analysis
- Survey radiographs of thorax and abdomen
- Neurological examination
z

If neurological signs localized to the brain: CSF, brain scan

- EEG
Disorders causing signs commonly confused with epilepsy
- Cardiovascular disorders (including syncope)
- Respiratory disorders (laryngeal/tracheal/bronchial dysfunction), including syncope
- Narcolepsy
- Cataplexy
- Anemia
- Organic disease (e.g., hepatic/renal dysfunction)
- Hyperthyroidism (cat)
- Hypoglycemia (e.g., insulinoma)
- Electrolyte unbalances
- Neuromuscular disease (e.g., myasthenia gravis)
- Intoxication
- Abnormal behavior
Signs of Prodromes
Any warnings of forthcomming seizures i.e., long-lasting changes (30 minutes - several days) in behaviour before seizures
emerge
Ictal events (short <2 - 3 minutes episodes)
Duration of signs
Signs of Primary Generalized Seizures
Does the animal experience convulsions
Is consciousness lost from the onset of the seizure
Are convulsions present from the onset of seizure
Are convulsions tonic, clonic or initially tonic followed by a clonic phase
Does the animal experience atonic episodes
Signs of Partial Seizures
Episodic localised motor signs
Paroxysms of behavioural signs: Short (<2 - 3 minutes) stereotyped episodes of change in the dogs behaviour e.g.,
restlessness, anxiety, attention seeking, hyperactivity, "hallucinations" such as catching or watching imaginary objects,
unprovoked aggression, signs of fear, manic behaviour, abnormal vocalising.
Episodic autonomic signs e.g., salivation, vomiting, pupillary dilatation

Partial Seizures with or without Secondary Generalization
If any signs of partial seizure activity - do these signs occur isolated or are they followed by convulsions
Duration of signs
Postictal Signs
Duration of the postictal phase
Description of behaviour during the postictal phase (does the dog appear e.g., disoriented, "blind", hyperactive, exhausted or
aggressive)
Long-term Therapy of Epilepsy
General Therapeutic Considerations - The overall consideration is if or when to start therapy in patients with epilepsy. It is
commonly stated that early treatment of epileptic seizures significantly increases the success rate with respect to seizure
control - an assumption "borrowed" from human medicine. In humans, this assumption has now been contradicted by the
results of large population-based cohort surveys, showing that long term outcome is not influenced negatively by the number
of seizures experienced prior to institution of treatment [93,94].
The decision of when to start antiepileptic treatment depends on a wide range of factors. Patients that are especially at risk of
developing new seizures, e.g., patients with status epilepticus as the first indication of epilepsy or animals with symptomatic
epilepsy caused by active CNS disease, should be treated early. In animals experiencing cluster seizures and prolonged
seizures, early treatment is also recommendable due to the increased risk of neuronal damage. The pet owners' attitude
toward treatment and the question of owner compliance must be taken into consideration. Some owners will tolerate a limited
number of seizures a year, while others will accept nothing less than seizure freedom. Some owners may find it hard to
accept that epilepsy treatment involves long-term, maybe life-long, treatment and as a consequence may even consider
euthanasia as an alternative to treatment. Finally, when antiepileptic treatment is first instituted, the disadvantages of the
potential adverse effects of the antiepileptic drug(s) must be counterbalanced against the goal of obtaining seizure freedom.
Antiepileptic Drugs - Ideally, the antiepileptic drug for long-term treatment has a long elimination half-life (needs only
dosing once or twice a day), is well tolerated, possesses no adverse effects and is inexpensive. To date, no anticonvulsants
have proven to fulfill all these criteria.
Several attempts have been made to apply the broad variety of human antiepileptic drugs in animals. In people, the new
anticonvulsants licensed for use as monotherapy or polytherapy are generally well tolerated [95]. It is therefore tempting to
assume that they would be effective in canines and felines also. These drugs include carbamazepine, oxacarpazepine,
valproic acid, gabapentin, feldbamate, vigabatrin and nimodipine among others. Their pharmacokinetic properties
particularly the elimination half-life, toxicity, adverse effects, and to some extend the cost of a potential treatment [96-103]
make them generally not applicable in animals. This section shall therefore address only phenobarbital, potassium bromide,
primidone, phenytoin and benzodiazepines.
Phenobarbital - Although an "old" drug in veterinary medicine, phenobarbital still holds the position as a first drug of choice.
This is a safe anticonvulsant with a high efficacy and a long elimination half-life (dogs: 42 - 89 hours, Beagle 32 +/- 4.6
hours. Cats: 34 - 43 hours), that is generally well tolerated by dogs and cats [104-107].
Several antiepileptic drugs, including barbiturates and benzodiazepines, enhance GABA action at its primary site, the GABAbenzodiazepine chloride-channel complex [108]. Phenobarbital thereby inhibits spreading of seizure activity and elevates
seizure treshold.
Phenobarbital is lipid soluble, easily absorbed (maximal plasma concentrations are reached 4 - 8 hours after oral
administration) and crosses biological membranes readily. Pharmacokinetic studies have found a bioavailability of 86 - 96%
[105]. Protein binding is about 45% [109]. Phenobarbital is for the most part metabolized in the liver. Approximately one
third is excreted unchanged renally [96]. The drug possesses strong liver enzyme inducing properties. Elevated liver
enzymes, due to enzyme induction, are therefore to be expected [110]. In phenobarbital- treated patients the only reliable
measurement of hepatic status is a liver function test (bile acids monitored fasting and postprandial).
Adverse effects include sedation, ataxia, polyphagia, polydypsia, incontinence and hyperactivity. Most animals will develop
tolerance to the medication causing the unwanted side effects to disappear within the first weeks of treatment. Hyperactivity
is mostly associated with low serum phenobarbital values and can in many cases be eliminated by increasing the drug dosage.
The recommended oral dosage of phenobarbital in dogs and cats is 3 - 5 mg/kg/day (one daily dosage or divided and
administered twice a day). The ability to metabolize phenobarbital varies greatly between individuals, and the given drug
dosage shall, therefore, never be taken as an expression of the effectiveness of the drug [111]. Instead, serum concentration of
phenobarbital must be measured, and the drug dosage must be adjusted according to the actual amount of drug in the serum
and clinical observations of seizure frequency. Because of the long half-life, it takes about two weeks for steady state to occur

(the time when phenobarbital can first be monitored). Timing of blood collection is not important. It has been shown that
there is no therapeutically relevant change in serum phenobarbital concentrations throughout a daily dosing interval [112].
The therapeutic serum concentration (the level within which the drug is expected to be therapeutically active and where
toxicity should not be expected) is 15 - 45 µg/ml/65 - 150 µmol/l [113]. Confusingly enough, patients might be seizure free
despite serum values ranging beneath the lower therapeutic serum concentration. In this case, the dosage of phenobarbital
should only be adjusted if seizure freedom is lost. The serum phenobarbital concentration should always be measured if
seizures reoccur (in patients that have achieved seizure freedom), if a known constant (low) seizure frequency suddenly
begins to increase and whenever drug dosages are changed.
If using polytherapy with phenobarbital and potassium bromide, the phenobarbital dosage can in some cases successfully be
decreased when potassium bromide has reached steady state.
Bromide (potassium bromide/sodium bromide) - Bromide, the first human anticonvulsant (introduced around 1850), was
reintroduced for the treatment of refractory epilepsy in children in the nineteen-eighties, and has been used as an add-on drug
in refractory canine epilepsy for the last two decades [114]. Most data on bromide in veterinary medicine has been on
potassium bromide. The only indication for using sodium bromide is in patients with compromised renal function or adrenal
insufficiency. About 25% of phenobarbital resistant canine epilepsy patients become seizure free on polytherapy with
phenobarbital and bromide [115,116]. Bromide can also be used as a first drug of choice, e.g., in patients with hepatic
dysfunction. There is only limited knowledge (data) of bromide (and its potential adverse effects) in cats. It is therefore
recommended that this drug, until further data on cats are available, be used only in the treatment of canine epilepsy [169].
The anticonvulsant action of bromide is not really known. The drug is believed to act through hyperpolarization of
postsynaptic membranes [117]. Bromide salts (potassium bromide/sodium bromide) are rapidly absorbed after oral
administration. They are unbound to plasma proteins and can therefore diffuse freely across membranes. Bromide has a very
long elimination half-life (about 28 days). Steady state will therefore occur about four months after therapy has been
instituted. Excretion occurs through the kidneys and is dependent on concomitant chloride intake. Attention should therefore
be given to the dietary influence of the excretion of bromides. A high dietary chloride content shortens the elimination halflife causing decreased therapetic serum bromide concentrations and thereby loss of therapeutic efficacy [118].
The recommended oral dosage for bromide is 20 - 40 (60) mg/kg /day (one daily dosage). The therapeutic range of bromide
in dogs is 100 - 200 mg/dl when potassium bromide is used as an add-on drug and 250 - 300 mg/dl when used as
monotherapy [102].
Mild adverse effects are similar to the ones described for phenobarbital. Signs of bromide toxicosis include ataxia,
depression, stupor, anisocoria, muscle pain, dermatological signs such as rash and nodular pustular skin lesions, and
gastrointestinal signs such as anorexia, vomiting and constipation [119,120].
Primidone - Primidone is oxidized to phenylethylmalonic acid (PEMA) and phenobarbital. More than 85% of the
anticonvulsant effect can be attributed to phenobarbital [104]. The drug is well tolerated by both dogs and cats [121]. Hepatotoxicity has occurred in dogs after long-term treatment with primidone [122,123]. Primidone is also a more expensive drug
than phenobarbital. Phenobarbital should therefore be preferred to primidone.
Phenytoin (diphenylhydantoin) - Phenytoin is a potent and effective anticonvulsant. Due to its pharmacokinetics, however,
this drug is not a useful drug in dogs and cats [124]. In dogs, the lack of efficacy arises mainly from problems to maintain
effective plasmaconcentrations despite of multiple daily dosing [96]. A slow release formula may solve this problem in the
future. It is important to know that in cats the drug is eliminated very slowly. As a result, there is an increased risk of
accumulation of the drug to toxic levels even at low dosages [125]. Phenytoin may be used for status epilepticus in dogs
(2.0 - 5.0 mg/kg given as a slow IV injection).
Benzodiazepines - Benzodiazepines, although excellent anticonvulsants, has no use in long-term treatment of canine
epilepsy, due to a short elimination half-life and a rapid (5 - 7 days) development of tolerance to their anticonvulsant effect.
In the past, diazepam has been used as a first drug of choice in cats. Severe hepatotoxicity has, however, been associated with
this drug in cats, thereby making long-term treatment with diazepam controversial in this species [126]. Thus the primary
indication for benzodiazepines is in the management of acute epileptic seizures and status epilepticus. Benzodiazepines are
further discussed in the section on Status Epilepticus.
In conclusion, when taking the pros and the cons of the above drugs into consideration, we are mainly left with only two
drugs for long-term treatment of dogs, namely phenobarbital and bromide and one for cats, namely phenobarbital.

Complications Associated with Long-term Phenobarbital (primidone) and Potassium Bromide Treatment - Both
phenobarbital and primidone can cause hepatotoxicity [113,122,123]. Chronic phenobarbital therapy has the potential to
influence thyroxine and thyroid-stimulating hormone. Phenobarbital has been shown to decrease the concentration of T4
without causing clinical signs of hypothyroidism - TSH tests responses were normal [127,128]. Other studies have shown
decreased T4 values and increased TSH values without clinical evidence of hypothyroidism associated with phenobarbital
therapy [110,129]. Potassium bromide does not seem to influence thyroid function [170]. In the study of Gieger and coworkers serum ALP, ALT, cholesterol, serum albumin and GGT were also monitored. No changes were found for serum
albumin and GGT whereas ALP, ALT and cholesterol values were significantly increased. Chauvet and co-workers [130]
found that ALP and ALT values increased whereas serum albumin and cholesterol decreased over time [130]. In another
study of effects of phenobarbital on serum biochemical tests in dogs it was concluded that phenobarbital causes variable
increases in ALP, while bilirubin, cholesterol, albumin and TP concentrations remained normal [131]. A rise in liver enzymes
associated with phenobarbital administration has also been demonstrated by other authors [181]. Hojo and co-workers report
that long term treatment with phenobarbital significantly induced hepatic CYPs and plasma AGP (hepatic cytochrome P450
and alpha 1-acid glucoprotein) in dogs [171].
Neutropenia and thrombocytopenia can occur with phenobarbital and primidone treatment. A drug-induced agranulocytosis
of an immunologic origin (as suggested in humans) may be the underlying cause of the damage to the hematopoiesis, but the
precise mechanism is not known [132].
An increased risk for epilepsy patients of developing fatal acute pancreatitis has been shown in a case control study of 70
dogs [133]. The risk of developing pancreatitis is higher in dogs receiving polytherapy with phenobarbital and potassium
bromide than in dogs receiving phenobarbital as monotherapy [134]. Superficial necrolytic dermatitis has been reported in
dogs receiving long-term phenobarbital administration [182].
Therapeutic Failure - Therapeutic failure may occur because therapy is initially not successful; therapy is successful initially
but then becomes less effective or ineffective; or because therapy is only partly successful (seizure frequency and/or seizure
severity is reduced but seizure freedom is not achieved).
Common reasons for therapeutic failure
z

z
z
z
z
z
z
z
z

Dealing with a potentially "difficult" patient (cluster seizures, prolonged seizures).
Incorrect diagnosis (it is not epilepsy)
Incorrect choice of antiepileptic drug
Incorrect dosage of the antiepileptic drug
Failure to monitor drug levels
Owner non-compliance
Presence of epilepsy plus newly developed systemic disease (liver/kidney)
Patient has gained weight (drug dosage needs to be adjusted)
The animal has developed a tolerance to the drug (phenobarbital/benzodiazepines)
Monotherapy is insufficient

Withdrawal of Antiepileptic Drugs - Withdrawing antiepileptic drugs may be considered, if an animal has been seizure free
for more that one year.
In humans, epilepsy in remission due to treatment (drug induced remission) is defined as "a prevalent case of epilepsy with
no seizures for > 5 years and receiving antiepileptic drugs at the time of ascertainment" [16]. Withdrawal of antiepileptic
drugs may be considered in human adults who have been seizure free with medication for 5 years. Due to the shorter lifetime
of dogs and cats, a time frame of one year of seizure freedom seems reasonable [25]. When considering withdrawal of
anticonvulsant medication one must gradually decrease the drug dosage over a longer period of time. A period of 6 - 12
months has been recommended [20].
Before making this choice the potential risk for seizure reoccurrence should be balanced against the advantage of decreasing
the risk of the long-term adverse effects that may be experienced with antiepileptic drugs.
Instructions to the Owners - Dogs with epilepsy are very time consuming patients due to the need for close patient
monitoring. When dealing with medical treatment of epilepsy it is critical that the owner is instructed very carefully. Patients
should be reevaluated yearly and more frequently (+ additional telephone contact 2 - 3 times a year) if seizure frequency
increases, if seizure freedom is lost, if signs of systemic disease appear or whenever the owner needs advice.
The owner should be instructed to keep a seizure diary (seizure calendar) to bring along to re-examinations as this insures
that important information regarding seizure frequency is not lost. The veterinarian should remember to record dates for
prescriptions of drugs and to record the amounts of medicine prescribed.

It is crucial to give the owner a realistic idea of what to expect in terms of side effects and therapeutic success. The owner
may thus respond more positively to the question of a possible lifelong antiepileptic treatment and to the fact that seizure
freedom in a percentage of cases cannot be achieved. Important information to be given to the owner is that the initial period
of treatment can be difficult, with respect to side effects; NEVER to withdraw drugs or change drug dosages without
consulting the veterinarian (since this entails a substantial risk of seizure reoccurrence and possible status epilepticus); to
always contact the veterinarian in case of unexpected side effects, and always to bring the animal to the veterinarian if signs
of status epilepticus occur.
Non-medical Treatment for Epilepsy
Epilepsy Surgery - In humans, surgical management of intractable partial epilepsies has become an efficacious and safe
alternative in patients with partial onset seizures (medical therapy resistant or experiencing intolerable side effects). This
procedure, however, requires that the epileptic focus be identified - using intracranial EEG, MRI and SPECT scan among
others. There are only a few papers on surgical treatment for seizures (not including surgical management of space occupying
lesions) in canine epilepsy [135,136]. Computed tomography- guided stereotactic procedures have been used for brain biopsy
in dogs. Perhaps similar procedures might be applicable in animals with an identifiable epileptic focus in the future [137].
Vagal Nerve Stimulation - Animal and human studies have shown that vagal nerve stimulation in some cases can prevent or
reduce seizures [138,139]. This non-pharmacological treatment may be considered for treatment of medically intractable
partial seizures in humans. The exact mechanism of action of vagal nerve stimulation remains unknown. The vagal effects on
the EEG, are probably mediated by the NTS (nucleus of the solitary tract) parabrachial-thalamic pathway [140]. Vagal nerve
stimulation by digital ocular compression has been investigated as a treatment modality for aborting epileptic seizures in a
study of seven dogs. The results of this study suggest that vagal nerve stimulation may be beneficial in some canine epilepsy
patients [141]. This has been supported by the results of a study by Munana and co-workers [172].
Ketogenic Diet - The ketogenic diet (a high fat, moderate protein, low carbohydrate diet), utilized as an alternative treatment
in some children epilepsies, has been proposed as a therapeutic alternative in the management of canine epilepsy. The
anticonvulsant effect is exercised through inducing ketosis and acidosis - similar to what is observed in starvation. In a study
of Puchowicz and co-workers the level of ketosis achieved in dogs given the ketogenic diet was lower than the level
measured in children whose seizures were controlled by the ketogenic diet [142].
Status Epilepticus (SE)
Status Epilepticus (SE) is a life threatening condition that requires immediate treatment. Small animals with convulsive SE
are frequently admitted to the emergency clinic and this condition is one of the most dramatic acute disorders encountered in
small animals [143,144]. Signs of CNS damage after SE can persist for weeks, months or be permanent.
In 1993, SE was defined by the Epilepsy Foundation of America’s Working Group on Status Epilepticus as "more than 30
minutes of continuous seizure activity or two or more sequential seizures without full recovery of consciousness between
seizures" [145]. A revised operational definition defines convulsive SE as "generalized convulsive status in adults and older
children (>5 years old) refers to > 5 min of continuous seizures or two or more discrete seizures between which there is
incomplete recovery of consciousness [146]. To apply this definition of SE seems more practical, given that the "normal"
tonic-clonic seizure terminates within 5 minutes. The effects of long-lasting seizure activity such as neuronal injury and the
risk of dying from the complications of SE may be prevented by early treatment [147-149].
Clusters of seizures (serial seizures), in which there are two or more seizures within a period of minutes to many hours (and
where the patient regains consciousness between seizures), should not be confused with status epilepticus. On the other hand
clusters of seizures may still represent a potential emergency situation. In cases of continuous serial seizures the patient
should therefore be treated as an SE patient.
Classification of SE - Status Epilepticus (SE) can be classified as non-convulsive SE (partial status: limited to partial seizure
activity) and convulsive SE.
Non-convulsive SE (simple or complex partial SE) will only be touched on briefly here. This form of SE is scarcely
documented in animals as it requires acute EEG monitoring and/or clinical recognition of impaired consciousness. Partial SE
has been documented to occur in dogs [14,143].
In cases where partial seizure signs continue or where signs interpreted as postictal are intensive and long-lasting (days), one
should consider the possibility that the animal may be in a partial SE.

Convulsive Status Epilepticus Why Does Convulsive SE Happen? Animals presenting in SE can be divided into two groups: Patients with known epilepsy
and patients for whom SE is the first epileptic event.
In animals presenting with SE as the first epileptic event, SE is often precipitated by cerebral trauma, an intracranial space
occupying process, inflammatory CNS disease, intoxication, or acute metabolic disturbance. In animals with an established
diagnoses of epilepsy, SE can occur at any time due to the disease itself, but provoking factors such as non-compliance,
change in drug regimen, drug toxicity, infections (fever), organ dysfunction, hepatic enzyme induction and weight gain,
among others, should also be taken into consideration.
In 58% of human SE patients, SE represents the first indication of epilepsy. Patients at high risk include individuals suffering
from symptomatic epilepsy (focal cerebral pathology/partial seizures with or without secondary generalization), intractable
epilepsy and frontal lobe epilepsy [150]. This has been shown to be true for the canine also [173]. Prevalence for SE or
cluster seizures as a percentage of total hospital admissions of dogs over a period of five years has been reported to be 0.44%
[143].
The Pathophysiology of Convulsive SE - The pathophysiology of convulsive SE is closely associated with the duration of the
prolonged seizure activity [151,152]. A distinction of SE into early SE (the first 30 minutes) and late SE can be made, based
upon the severity of the physiologic and neurophysiologic changes increasing the more prolonged the status becomes [147149,151,153].
In early SE, the compensatory phase (0 - 30 minutes), the brain manages to compensate for the increased metabolic demand
for oxygen and glucose by increasing blood flow greatly. Cardiac output, cardiac rate and blood pressure rise and an increase
in circulating catecholamines occurs, resulting in a hypersympathetic autonomic reaction causing hyperpyrexia, bronchial
secretion, salivation and vomiting. Additionally, excessive muscle activity contributes to the dramatic rise in temperature
often associated with SE [147]. Lactic acidosis from excess anaerobic metabolism develops from the onset of status, due to
increased neuronal and muscular activity, accelerated glycolysis, tissue hypoxia, respiratory depression and catecholamine
release. Other metabolic disturbances are hypoglycemia, hypo and hyperkalemia and hyponatremia.
During the decompensatory phase (after 30 - 60 minutes of continuous seizure activity) the system fails to meet the
continuous high metabolic demand of the epileptic brain. When cerebral autoregulation breaks down, cerebral blood flow
becomes dependent on systemic blood pressure, resulting in hypotension, decreased cerebral blood flow, decreased
metabolism and thus ischemia and neuronal death.
During the decompensatory phase, systemic and cerebral hypoxia, pulmonary hypertension and edema and cardiac
arrhythmia are likely to develop. Cardiac arrhythmias in SE are a result of direct seizure-associated autonomic activation,
catecholamine release, hypoglycemia, acidosis and electrolyte disturbances. In late SE, the cumulative hypoxic damage will
affect most organ systems with an increasing danger of multiorgan failure. The increase in intracranial pressure will
eventually lead to cerebral edema.
Management of Convulsive SE - Animals with SE are high-risk patients! Treating them as intensive care patients and
following a standardized protocol therefore greatly increases their survivability. Overall, the importance of having a protocol
cannot be stressed enough. One may prefer one anticonvulsant to another, e.g., different benzodiazepines, but what is most
important is that the veterinarian is familiar with the drug, that the drug is available in the clinic, and that the complications of
SE are addressed.
The patient should, first of all, be stabilized. The airway should be secured, oxygen supplied and an intravenous line (large
vein - large catheter) should be established. Anticonvulsants should be administered early (within 5 minutes) and
aggressively (blood for monitoring serum levels of phenobarbital should be drawn before administering drugs). Monitor
clinical and neurological status, blood pressure, ECG, temperature, blood gasses, pH, blood hematology and biochemistry.
Treat complications. Decrease temperature in cases with hyperthermia. In animals with hypoglycemia, glucose should be
administered intravenously. The lactic acidosis will reverse with effective control of respiration and motor seizure activity
(only on rare occasions is treatment with bicarbonate necessary).
As soon as the patient is stabilized the etiology of the status should be established and investigated, since acute CNS disease
calls for therapy aimed at the primary lesion. History should, at a minimum, include information regarding any signs of
disease prior to status, previous medical problems, and drugs or toxin exposure.
Anticonvulsive Drugs in SE - The ideal antiepileptic drug in status epilepticus is available for intravenous administration, fast
working (highly lipid soluble - fast penetration to the CNS), does not possess sedative side effects, does not interfere with
cardiovascular or respiratory functioning and can be used for long-term treatment. Unfortunately such a drug does not exist.
Benzodiazepines are the drugs that come closest to the properties mentioned above. Diazepam, clonazepam or lorazepam are
the initial drugs of choice due to their rapid onset of action and their effectiveness. Diazepam is metabolized in the liver to

desmethyl diazepam, temazepam and oxacepam. All metabolites are pharmacologically active. Diazepam is highly lipid
soluble, and highly protein-bound (94 - 96%). The elimination half-life is about 2 - 4 hours in the dog and 15 - 20 hours in
the cat. [154,155], Diazepam penetrates to the CNS faster than lorazepam (within 1 minute after IV injection) due to the
higher lipid solubility. The disadvantage of diazepam is that due to this property, the concentration (and effectiveness) of
diazepam also decreases more rapidly. Lorazepam is actively retained in the brain and has a longer duration of protection.
The unwanted side effects of both drugs are sedation and respiratory depression. Lorazepam produces prolonged period of
sedation as compared to diazepam. There is only limited experience with lorazepam [156]. Diazepam can be administered IV,
intranasally or rectally [28, 158]. Diazepam is administered as a bolus IV (0.5 - 1 mg/kg) or rectal (1 - 2 mg/kg) and can be
repeated once after 5 - 10 minutes.
Continuous benzodiazepine administration in prolonged SE should be avoided. Due to the prolonged seizure activity itself
influencing cerebral mechanisms, functional changes occur in GABA-A receptors causing a diminished response of
diazepam during prolonged SE [159]. Additionally the risk of side effects increases dramatically with continuous
administration due to distribution/redistribution of the drug to/from the lipid compartment. The initial treatment with
benzodiazepines should therefore, be followed by a fixed dose of phenobarbital (IV bolus 5 - 10 mg/kg) to secure a longlasting neuronal protection. Phenobarbital is a very effective anticonvulsant. The disadvantage of the drug is that it penetrates
slowly to the CNS (15 - 20 minutes after IV injection). It is therefore not recommendable as a first drug of choice in SE.
Phenobarbital naïve patients can be started on a loading dose: Total mg IV = (kg body weight) x (0.8 L/kg) x 20 (this would
equal 16 mg/kg) given gradually. The initial treatment with phenobarbital is followed by phenobarbital infusion (constant
rate of 2 - 6 mg/dog/hour). Chronic treatment with phenobarbital has shown to reduce the effect of diazepam, presumably due
to an increased hepatic clearance [160].
Barbiturates possess the same side effects as benzodiazepines. Adding barbiturates to the above, therefore, increases the risk
of serious side effects such as cardiac and respiratory depression.
In cases of refractory SE, the animal must be anesthetized with pentobarbital (barbiturate induced coma). Propofol may also
be used to induce anesthesia in refractory SE. Propofol, however, has proven to possess both convulsant and anticonvulsant
qualities [161,162].
Steroid therapy is recommended if brain edema is suspected, dexamethasone 0.25 mg/kg (can be repeated 1 - 3 times a day
for up to 3 days). In cases of infectious CNS disease the treatment with steroids must be based on an individual assessment of
the pros and cons. Once the animal has been seizure-free for 8 - 12 hours, emergency antiepileptic drug treatment can be
weaned off slowly.
Therapeutic Failure in SE - In cases of therapeutic failure, the clinical, paraclinical and medical parameters should be
reassessed. Common errors leading to therapeutic failure are: The dosage of antiepileptic drugs is not sufficient, continuous
injections with diazepam in late SE, failure to identify the underlying cause or failure to identify the complications of the SE
itself.
Instructions to Owners - Any successfully treated episode of SE should be followed by steps to prevent SE from happening
again. When recovering from SE, continued oral treatment with antiepileptic drug(s) should always be considered
(monotherapy or polytherapy in known epilepsy patients already treated with one drug). The owners of animals at risk of
recurring SE can be supplied with diazepam for intranasal or rectal administration at home.
Patients with Status Epilepticus are intensive care patients !

Status Epilepticus - Protocol
Time
Table

Clinic
z
z
z
z

0-5
minutes

z
z
z

z

5 - 15
minutes

z

z

History
Clinical examination
Neurological examination
Observe seizure activity
Supply oxygen
IV-line (large catheter)
Hematology, serum biochemistry and
blood gasses
ECG, pulsoxymetry
Identify etiology
If hypoglycemia: 50% glucose (central
vein)
May treat acidosis

Medical Treatment

z

z
z

z

15 - 30
minutes

z

Intensive care patient monitoring
z

z
z

30 - 60
minutes

z
z
z

z

Continuous patient monitoring
Intubate
Ventilate (O2)
Regulate blood pressure
Observe/treat cerebral edema
(methylprednisolone/mannitol)
Continuous treatment of complications

(Diazepam 1 mg/kg IV /rectal bolus)

Diazepam 1 mg/kg IV
Can be repeated once after 5 min.
If Diazepam stops seizures:
Administer phenobarbital (5 - 10 mg/kg (up to 20
mg/kg) as a bolus (100 mg/min)) - to prevent
recurrence of seizures
If seizures continue:
Administer phenobarbital (5 - 10 mg/kg (up to 20
mg/kg) as a bolus (100 mg/min)) - to stop seizures

If SE continues after IV phenobarbital: lnduce coma with general
anesthesia:
z
z
z

z

Pentobarbital (2 - 8 mg/kg IV as a bolus)
Propofol (4 mg/kg)
Methylprednisolone (30 mg/kg/ IV as a bolus –
continous treatment with 15 mg/kg every 2. hour
for 24 hours)
Mannitol (1g/kg)

Remember to always consider long-term treatment with anticonvulsive drugs
Closing Remarks
Epilepsy is a most challenging disease with respect to diagnostic approach and therapeutic management. Most animals can
live a normal life with antiepileptic drugs. It is important to always remember that, being the family of an epileptic animal
will, in many cases, represent an emotional stress factor and that owner counselling - is likely to be inevitable, to prevent the
owner from giving up.

Epilepsy: Medical history and seizure symptomatology - check list
Patient ID:………………..........
Breed:…………………………..
Sex:……………………………..
Neutralized:…………………….
Age:……………………………..
Weight:………………………….

Name:…………………………………….

Epilepsy among close
relatives…………………………………………………………………………………………………………
Known birth
complications………………………………………………………………………………………………………………
Previous head
trauma……………………………………………………………………………………………………………………
Previous CNS
infection…………………………………………………………………………………………………………………..
Age at first
seizure……………………………………………………………………………………………………………………….
Seizure
frequency………………………………………………………………………………………………………………………..
Distribution of seizures (single/clusters)
………………………………………………………………………………………………………………………………………
Circadian distribution of seizures (during sleep, upon awakening, at day, during activity)
………………………………………………………………………………………………………………………………………
Seizure provoking factors (e.g., stress, excitement)
…………………………………………………………………………………..
Seizure related to hormonal fluctuations or hormonal imbalance
………………………………………………………………………………………………………………………………………
Seizure development as described by the owner
………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………
Click here to download Epilepsy: Medical history and seizure symptomatology - check list for printing

References
1. Jackson JH. Selected writings of John Hughlings Jackson. In: Tailor J (Ed.). Epilepsy & Epileptiform convulsions. vol. 1.
London: Hodder and Stroughton, 1931, pp. 500.
2. Berger H. Über das Electroencephalogram des Mennschen. Arch Psychiat 1929; 87: 527-570.
3. Pallaske G. Hirnbefunde bei 2 Hunden mit klinisch typischer Epilepsie. Arch Tierheilk 1935; 69:43-45.
4. Frauchiger E, Frankhauser R. Die Nervekrankheiten unsere Hunde. Medicinisher Verlag, Hans Huber Bern, 1949; 161180.
5. Croft PG. The EEG as an aid to diagnoses of nervous diseases in the dog and cat. J Small Anim Pract 1964; 5:540-541.
6. Redding RW. A simple technique for obtaining an electroencephalogram of the dog. Am J Vet Res 1964; 25:854-857.
7. Klemm WR. Technical aspects of electroencephalography in animal research. Am J Vet Res 1965; 26:1237-1248.
8. Holliday TA, Cunningham JG, Gutnick MJ. Comparative clinical and electroencephalographic studies of canine epilepsy.
Epilepsia 1970; 11:281.
9. Holliday TA. Seizure disorders. Vet Clin North Am (Small Anim Pract) 1980; 10:3-29.
10. Holliday TA, Williams DC. Interictal paroxysmal discharges in the electroencephalograms of epileptic dogs. Clin Tech
Small Anim Pract 1998; 13:132-143.

11. Klemm WR. Electroencephalography in the diagnosis of epilepsy. Probl Vet Med 1989; 1:535-556.
12. Srenk P, Jaggy A. Interictal electroencephalographic findings in a family of Golden Retrievers with idiopathic epilepsy. J
Small Anim Pract 1996; 37:317-321.
13. Jaggy A, Bernadini M. Idiopathic epilepsy in 125 dogs: a long-term study. Clinical and electroencephalographic
findings. J small Anim Pract 1998; 39:23-29.
14. Berendt M, Høgenhaven H, Flagstad A, et al. Electroencephalography in dogs with epilepsy: Similarities between human
and canine findings. Acta Neurol Scand 1999; 99:276-283.
15. Morita T, Shimada A, Takeuchi T, et al. Cliniconeuropathologic findings of familial frontal lobe epilepsy in Shetland
sheepdogs. Can J Vet Res 2002; :35-41.
16. Commission on epidemiology and prognosis, International League Against Epilepsy. Guidelines on epidemiology and
prognosis, International League Against Epilepsy. Epilepsia 1993; 34:592-596.
17. Koestner A, Rehfeld CE. Idiopathic Epilepsy in a Beagle Colony. ANL - 7535. ANL Rep 1968; 178-179.
18. Bielfelt SW, Redman HC, McClellan RO. Sire- and sex-related differences in rates of epileptiform seizures in a purebred
Beagle dog colony. Am J Vet Res 1971; 32:2039-2048.
19. Löscher W, Meldrum BS. Evaluation of anticonvulsant drugs in genetic animal models of epilepsy. Fed Proc 1984;
43:276-284.
20. Schwartz-Porsche D. Seizures. In: Braund KG, ed. Clinical syndromes in veterinary neurology. 2nd ed. Missouri:
Mosby, 1994; 238-251.
21. Jaggy A, Faissler D, Gaillard C, et al. Genetic aspects of idiopathic epilepsy in Labrador Retrievers. J Small Anim Pract
1998; 39:275-280.
22. Srenk P, Jaggy A, Gaillard C, et al. Genetische Grundlagen der idiopathischen Epilepsie beim Golden Retriever. Tierärtl
Prax 1994; 22:574-578.
23. Heynold Y, Faissler D, Steffen F, et al. Clinical, epidemiological and treatment results of idiopathic epilepsy in 54
Labrador Retrievers: a long-term study. J small Anim Pract 1997; 38:7-14.
24. SAS Procedures Guide, Version 6, 3rd ed. Cary: SAS Institute Inc., 1990; 705.
25. Berendt M, Gredal H, Pedersen LG, et al. A Cross-sectional study of epilepsy in Danish Labrador Retrievers: Prevalence
and selected risk factors. J Vet Int Med 2002; 16: 262-268.
26. Van der Velden NA. Fits in Tervueren shepherd dogs: A presumed hereditary trait. J Small Anim Pract 1968; 9;63-70.
27. Farnbach GC. Seizures in dogs. Part 1. Basis, classification, and predilection. Compend Contin Educ Pract Vet 1984;
6;569-574.
28. Podell M, Fenner WR, Powers JD. Seizure classification in dogs from a nonreferral-based population. J Am Vet Med
Assoc 1995; 11:1721-1728.
29. Berendt M, Gram L. Epilepsy and seizure classification in 63 dogs: A reappraisal of veterinary epilepsy terminology. J
Vet Int Med 1999; 13:14-20.
30. Placencia M, Sander JWAS, Roman M, et al. The characteristics of epilepsy in a largely untreated population in rural
Ecuador. J Neurol Neurosurg Psychiatry 1994; 57:320-325.
31. Sander JWAS, Sillanpää M. Natural history and prognosis. In: Engel J, Pedley TA, eds. Epilepsy: A Comprehensive
Textbook. Philadelphia: Lippencott-Raven Publishers; 1997; 69-86.
32. Quesnel AD, Parent JM, McDonell W. Clinical management and outcome of cats with seizure disorders: 30 cases (19911993). J Am Vet Med Assoc 1997; 210:72-77.
33. Sander JWAS, Shorvon SD. Incidence and prevalence studies in epilepsy and their methodological problems: a review. J
Neuro Neurosurg Phychiat 1987; 50:829-839.
34. Hauser WA. Recent developments in the epidemiology of epilepsy. Acta Neurol Scand 1995; (suppl 162):17-21.
35. Fisher RS. Cellular mechanisms of the epilepsies. In: Hopkins A, Shorvon S, Cascino G eds. Epilepsy. London:
Chapman & Hall, 1995; 35-58.
36. Johnston MV. Neurotransmitters and epilepsy. In: Elaine Wyllie ed. The treatment of epilepsy: Principles and practice.
2nd ed. Baltimore: Williams & Wilkins, 1996; 122-138.
37. Macdonald RL, In: Engel J & Pedley TA eds. Epilepsy: A comprehensive textbook. Philadelphia: Lippincott-Raven
Publishers, 1997; 265-275.
38. Podell M, Hadjiconstantinou M. Cerebrospinal fluid gamma-aminobutyric acid and glutamate values in dogs with
epilepsy. Am J Vet Res 1997;58:451-456.
39. March PA. Seizures: Classification, etiologies, and patophysiology. Clin Tech Small Anim Pract 1998; 13:119-131.
40. Herzog AG. Reproductive endocrine considerations and hormonal therapy for women with epilepsy. Epilepsia 1991; 32
(suppl.6):S27-S33.
41. Hopkins A. Epilepsy, mestruation, oral contraception and pregnancy. In: Hopkins A, Shorvon S, Cascino G eds.
Epilepsy. London: Chapman & Hall 1995; 521-533.

42. Herkes GK, Eadie MJ, Sharbrough F, Moyer T. Patterns of seizure occurrence in catamenial epilepsy. Epilepsy Res
1993; 15:47-52.
43. Rosciszewska D, Buntner B, Guz I et al. Ovarian hormones, anticonvulsant drugs, and seizures during the menstrual
cycle in women with epilepsy. J Neurol Neurosurg Psychiat 1986; 49:47-51.
44. Wallace ME. Keeshonds: A genetic study of epilepsy and EEG readings. J Small Anim Pract 1975;16:1-10.
45. Cunningham JG, Farnbach GC. Inheritance and idiopathic epilepsy. J Am Anim Hosp Assoc 1988; 24:421-424.
46. Hall SJG, Wallace ME. Canine epilepsy: A genetic counselling programme for Keeshonds. Vet Rec 1996; 138:358-360.
47. Kathmann I, Jaggy A, Busato A, et al. Clinical and genetic investigations of idiopathic epilepsy in the Bernese Mountain
Dog. J Small Anim Pract 1999; 40:319-325.
48. Famula TR, Oberbauer AM. Segregation analysis of epilepsy in the Belgian Tervueren dog. Vet Rec 2000; 147:218-221.
49. Wilson JV, Reynolds EH. Translation and analysis of a cuneiform text forming part of a Babylonian treatise on epilepsy.
Medical History 1990; 34:185-198.
50. Commission on Classification and Terminology of the International League Against Epilepsy. Proposal for revised
clinical and electroencephalographic classification of epileptic seizures. Epilepsia 1981; 22:489-501.
51. Commission on Classification and Terminology of the International League Against Epilepsy. Proposal for revised
classification of epilepsies and epileptic syndromes. Epilepsia 1989; 30:389-399.
52. Loiseau P. Idiopathic and benign partial epilepsies of childhood. In: Elaine Wyllie ed. The treatment of epilepsy:
Principles and practice. 2nd ed. Baltimore: Williams & Wilkins, 1996; 442-450.
53. Berkovic SF, McIntosh A, Howell R, et al. Familial temporal lobe epilepsy: A common disorder identified in twins. Ann
Neurol 1996;40:227-235.
54. Thomas WB, Schueler RO, Kornegay JN. Surgical exicion of a cerebral arteriovenous malformation in a dog. Progress
Vet Neurol 1995; 6:20-23.
55. Raymond AA, Fish DR, Sisodiya SM et al. Abnormalities of gyration, heterotopias, tuberous sclerosis, focal cortical
dysplasia, microdysgenesis, dysembryoplastic neuroepithelial tumour and dysgenesis of the archicortex in epilepsy. Brain
1995;118:629-660.
56. Summers BA, Cummings JF, deLahunta A. Veterinary Neuropathology. Missoury: Mosby 1995; 244-246.
57. Quesnel AD, Parent JM, McDonell W, et al. Diagnostic evaluation of cats with seizure disorders: 30 cases (1991-1993).
J Am Vet Med Assoc 1997; 210:65-71.
58. Bagley RS, Gavin PR. Seizures as a complication of brain tumors in dogs. Clin Technich Small Anim Pract 1998;
13:179-184.
59. Bush W, Darrin E, Shofer F, et al. Age, neurological examination and cerebrospinal fluid analysis as predictors of
outcom of MRI scanning in 115 dogs with seizures. Proceedings, 19th Annual ACVIM Forum, J Vet Int Med 2001; 15: 317.
60. Kipar A, Hetzel U, Aarmien AG, et al. Bilateral focal cerebral angiomatosis associated with nervous signs in a cat. Vet
Pathol 2001; 38:350-353.
61. Kaiser E, Krauser K, Schwartz-Porsche D. Lafora-Erkrankung (progressive Myoklonusepilepsie) beim Bassethund –
Möglichkeit der Früherkennung mittels Muskelbiopsie? Vergleich der Einschlusskörperchen in Hirn und Muskel, dargestellt
an zwei ausgewerteten Fällen. Tierärztl Praxis 1991; 19:290-295.
62. Gredal H, Berendt M, Leifsson PS. Progressive myoclonus epilepsy in a beagle. J Small Anim Pract 2003; 44:511-514.
63. Taylor DC, Falconer MA, Bruton CJ, et al. Focal dysplasia of the cerebral cortex in epilepsy. J Neurol Neurosurg
Psychiat 1971; 34:369-387.
64. Palmini A, Andermann F, Olivier A, et al. Focal neuronal migration disorders and intractable epilepsy: a study of 30
patients. Ann Neurol 1991; 30:741-749.
65. Kuzniecky R, Garcia J, Faught E, et al. Cortical dysplasia in temporal lobe epilepsy: magnetic resonance imaging
correlations. Ann Neurol 1991; 29:293-298.
66. Raymond AA, Fish DR, Sisodiya SM et al. Abnormalities of gyration, heterotopias, tuberous sclerosis, focal cortical
dysplasia, microdysgenesis, dysembryoplastic neuroepithelial tumour and dysgenesis of the archicortex in epilepsy. Brain
1995; 118:629-660.
67. King MA, Newton MR, Fitt GJ et al. Epileptology of the first seizure: Study of 200 consecutive cases. Epilepsia 1996;
37(suppl.-5):82.
68. Buckmaster PS, Smith MO, Buckmaster CL, et al. Absence of Temporal lobe epilepsy pathology in dogs with medically
intractable epilepsy. J Vet Int Med 2002; 16:95-99.
69. Montgomery DL, Lee AC. Brain damage in the epileptic beagle dog. Vet Pathol 1983;20:160-169.
70. Fatzer R, Gandini G, Jaggy A, et al. Necrosis of hippocampus and piriform lobe in 38 domestic cats with seizures: A
retrospective study on clinical and pathological findings. J Vet Int Med 2000; 14:100-104.
71. Morita T, Shimada A, Ohama E et al. Oligodendroglial vacuolar degeneration in the bilateral motor cortices and
astrocytosis in epileptic beagle dogs. J Vet Med Sci 1999; 61:107-111.

72. Mellema LM, Koblik PD, Kortz GD, et al. Reversible magnetic resonance imaging abnormalities in dogs following
seizures. Vet Radiol Ultrasound 1999; 40:588-595.
73. Sabers A, Alving J, Gram L. Evaluation of the Danish Epilepsy Center: Adults. Seizure 1992; 1(suppl A):P13/34.
74. Bell WL, Walczak TS, Shin C, et al. Painfull generalized clonic and tonic-clonic seizures with retained consciousness. J
Neurol Neurosurg Psychiat 1997;63:792-795.
75. Berendt M, Gredal H, Alving A. Characteristics and phenomenology of epileptic partial seizures: A retrospective study
of 70 dogs (1995-2000). Submitted 2002.
76. Dreifuss FE. Classification of epileptic seizures. In: Engel J, Pedley TA eds. Epilepsy. A comprehensive textbook.
Philadelphia: Lippincott-Raven Publishers, 1998; 517-524.
77. Raw ME, Gaskell CJ. A review of one hundred cases of presumed canine epilepsy. J Small Anim Pract 1985; 26:645652.
78. Holland CT. Succesfull long term treatment of a dog with psychomotor seizures using carbamazepine (temporal lobe
epilepsy; case report). Aust Vet J 1988; 65:389-392.
79. Dodman NH, Miczek KA, Knowles K, et al. Phenobarbital-responsive episodic dyscontrol (rage) in dogs. J Am Vet Med
Assoc 1992; 201:1580-1583.
80. Dodman NH, Knowles KE, Shuster L, et al. Behavioural changes associated with suspected complex partial seizures in
Bull Terriers. J Am Vet Med Assoc 1996; 208:668-691.
81. Sorde A, Pumarola M, Fondevila MD, et al. Psychomotor epilepsy associated with metastatic thymoma in a dog. J Small
Anim Pract 1994; 35:377-380.
82. Panayiotopoulos CP. Vomiting as an ictal manifestation of epileptic seizures and syndromes. J Neurol Neurosurg
Psychiat 1988; 51:1448-1451.
83. Colter SB. Complex partial seizures. Behavioural epilepsy. Prob Vet Med 1989; 1:619-627.
84. Cromwell-Davis SL, Lappin M, Oliver JE. Stimulus responsive psychomotor epilepsy in a Doberman Pinscher. J Am
Anim Hosp Assoc 1989; 25:57-60.
85. Stonehewer J, Mackin AJ, Tasker S, et al. Idiopathic phenobarbital-responsive hypersialosis in the dog: An unusual form
of limbic epilepsy? J Small Anim Pract 2000; 41:416-421.
86. Lüders HO, Burgess R, Noachtar S. Expanding the international classification of seizures to provide localization
information. Neurology 1993; 43:1650-1655.
87. Lüders H, Acharya J, Baumgartner, et al. Semiological seizure classification. Epilepsia 1998; 39:1006-1013.
88. Engel J. Classification of the international league against epilepsy: Time for reappraisal. Epilepsia 1998; 39:1014-1017.
89. Parent JM. Clinical managemant of canine seizures. Vet Clin North Am (Small Anim Pract) 1988; 18:947-963.
90. LeCouteur RA, Child G. Clinical management of epilepsy of dogs and cats. Probl Vet Med 1989; 1:578-595.
91. Shell LG. The differential diagnoses of seizures. Symposium on seizure disorders. Vet Med 1993; 88:629-640.
92. Jadhav KM, Gnanaprakasam V. A study on metabolic causes of convulsive episodes in canines. Cheiron 2000; 29:166168.
93. Placencia M, Shorvon S, Paredes V, et al. Epileptic seizures in an Andean region in equador: incidence and prevalence
and regional variation. Brain 1992; 115:771-782.
94. Cockrell OC, Johnson AL, Sander JWAS et al. Prognosis of epilepsy: a review and further analysis of the first nine years
of the British National General Practice Study of epilepsy, a prospective population based study. Epilepsia;1997; 38:31-46.
95. Sabers A, Gram L. Newer anticonvulsants. Comparative review of drug interactions and adverse effects. Drugs 2000;
60:23-33.
96. Frey HH. Anticonvulsant drugs used in the treatment of epilepsy. Probl Vet Med 1989; 1:558-577.
97. Speziale J, Dayrell-Hart B, Steinberg SA. Clinical evaluation of gamma-vinyl-gamma-aminobutyric acid for control of
epilepsy in dogs. J Am Vet Med Assoc 1991; 198:995-1000.
98. Schroeder CE, Gibson JP, Yarrington J, et al. Effects of high-dose-vinyl GABA (vigabatrin) administration on visual and
somatosensory evoked potentials in dogs. Epilepsia 1992; 33 (suppl. 5):S13-25.
99. Dyer KR, Shell LG. Anticonvulsant therapy: a practical guide to medical management of epilepsy in pets. Vet Med
1993; 88:647-653.
100. Schnict S, Wigger D, Frey HH. Pharmacokinetics of oxcarbazepine in the dog. J Vet Pharmacol Therapheutics 1996;
19:27-31.
101. O’Brien DP, Simpson ST, Longshore RC et al. Nimodipine for treatment of idiopathic epilepsy in dogs. J Am Vet Med
Assic 1997; 210:1298-1301.
102. Podell M. Antiepileptic drug therapy. Clin Techniq Small Anim Pract 1998; 13:185-192.
103. Ruehlmann D, Podell M, March P. Treatment of partial seizures and seizure-like activity with felbamate in six dogs. J
Small Anim Pract 2001; 42:403-408.
104. Frey HH, Göbel W, Lösher W. Pharmacokinetics of primidone and its active matabolites in the dog. Arch Int

Pharmacodyn 1979; 242:14-30.
105. Al-Tahan F, Frey HH. Absorption kinetics and bioavailability of phenobarbital after oral administration to dogs. J Vet
Pharmacol Ther 1985; 8:205-207.
106. Cochrane SM, Black WD, Parent JM, et al. Pharmacokinetics of Phenobarbital in the cat following intravenous and oral
administration. Can J Vet Res 1990; 54:132-138.
107. Cochrane SM, Parent JM, Black WD, et al. Pharmacokinetics of phenobarbital in the cat following multiple oral
administration. Can J Vet Res 1990; 54:309-312.
108. Johnston MV. The treatment of epilepsy. In: Elaine Wyllie ed. The Treatment of Epilepsy: Principles and practice. 2nd
ed. Baltimore: Williams & Wilkins, 1996; 122-138.
109. Lösher W. A comparative study of the protein binding of anticonvulsant drugs in serum of dog and man. J Pharmacol
Exp Ther 1979; 208:429-435.
110. Gieger TL, Hosgood G, Taboada J, et al. Thyroid function and serum hepatic enzyme activity in dogs after
phenobarbital administration. J Vet Int Med 2000; 14:277-281.
111. Rambeck B, May TW, Jürgens U, et al. Phenobarbital-konzentrationen bei anfallskranken hunden unter phenobarbital oder primidon.therapie. Kleintierpraxis 1999; 44:345-354.
112. Levitski RE, Trepanier LA. Effect of timing of blood collection on serum phenobarbital concentrations in dogs with
epilepsy. J Am Vet Med Assoc 2000; 217:200-204.
113. Dayrell-Hart B, Steinberg SA, Van winkle, et al. Hepatotoxicity of phenobarbital in dogs: 18 cases (1985-1989). J Am
Vet Med Assoc 1991; 199:1060-1066.
114. Ernst JP, Doose H, Baier WK. Bromide were effective in intractable epilepsy with generalized tonic-clonic seizures and
onset in early childhood. Brain Develop 1988; 10:385-388.
115. Schwartz-Porsche D, Jürgens U. Wirksamheit von bromid bei den therapieresistent epilepsien des hundes.
(Effectiveness of bromide in therapy resistant epilepsy of dogs). Tiearztl Prax 1991; 19;395-401.
116. Podell M, Fenner WR. Bromide therapy in refractory canine idiopathic epilepsy. J Vet Int Med 1993; 7:318-327.
117. Uthman BS, Beydoun A. Less commonly used antiepileptic therapies. In: Elaine Wyllie ed. The Treatment of Epilepsy:
Principles and practice. 2nd ed. Baltimore: Williams & Wilkins, 1996; 937-953.
118. Shaw N, Trepanier LA, Center SA, et al. High dietary chloride content associated with loss of therapeutic serum
bromide concentrations in an epileptic dog. J Am Vet Med Assoc 1996; 208:234-236.
119. Yohn SE, Wallace BM, Sharp PE. Bromide toxicosi (bromism) in a dog treated with potassium bromide for refractory
seizures. J Am Vet Med Assoc 1992; 201:468-470.
120. Nichols ES, Trepanier LA, Linn K. Bromide toxicosis secondary to renal insufficiency in an epileptic dog. J Am Vet
Med Assoc 1996; 208:231-233.
121. Sawchuck SA, Parker AJ, Neff-Davis C, et al. Primidone in the cat. J Am Anim Hosp Assoc 1985; 21:647-650.
122. Bunch SE, Castlemann WL, Hornbuckle WE, et al. Hepatic cirrhosis associated with long-term anticonvulsant drug
therapy in dogs. J Am Vet Med Assoc 1982; 181:357-362.
123. Bunch SE, Castlemann WL, Baldwin BH, et al. Effects of long-term primidone and phenytoin administration on canine
hepatic function and morphology. Am J Vet Res 1985; 46:105-115.
124. Farnbach GC. Serum concentrations and efficacy of phenytoin, phenobarbital, and primidone in canine epilepsy. J Am
Vet Med Assoc 1984; 184:1117-1120.
125. Hassel TM, Mcguire JH, Cooper CG, et al. Phenytoin metabolism in the cat after long-term oral administration.
Epilepsia 1984; 25:556-563.
126. Center S, Elston TE, Rowland PH, et al. Hepatotoxicity associated with oral diazepam in 12 cats. J Vet Int Med 1995;
9:194-197.
127. Kantrowitz LB, Peterson ME, Trepanier LA, et al. Serum total thyroxine, total triiodothyronine, free thyroxine, and
thyrotropin concentrations in epileptic dogs treated with anticonvulsants. J Am Vet Med Assoc 1999; 214:1804-1808.
128. Gaskill CL, Burton SA, Gelens HCJ, et al. Changes in thyroxine and thyroid-stimulating hormone concentrations in
epileptic dogs recieving phenobarbital for one year. J Vet Pharmacol Ther 2000; 23:243-249.
129. Gascill CL, Burton SA, Gelens HCJ, et al. Effects on serum thyroxine and thyroid stimulating hormone concentrations
in epileptic dogs. J Am Vet Med Assoc 1999; 215:489-496.
130. Chauvet AE, Feldman EC, Kass PH. Effects of phenobarbital administration on results of serum biochemical analyses
and adrenocortical function test in epileptic dogs. J Am Vet Med Assoc 1995; 207:1305-1307.
131. Foster SF, Church DB, Watson ADJ. Effects of phenobarbitone on serum biochemical tests in dogs. Aust Vet J 2000;
78:23-26.
132. Jacobs G, Calvert C, Kaufman A. Neutropenia and trombocytopenia in three dogs treated with anticonvulsants. J Am
Vet Med Assoc 1998; 212:681-684.
133. Hess RS, Kass PH, Van Winkle TJ, et al. Evaluation of risk factors for fatal acute pancreatitis in dogs. J Am Vet Med

Assoc 1999; 214:46-51.
134. Gaskill CL, Cribb AE. Pancreatitis associated with potassium bromide/phenobarbital combination therapy in epileptic
dogs. Can Vet J 2000; 41:555-558.
135. Bagley RS, Baszler TV, Harrington ML, et al. Clinical effect of longitudinal division of the corpus callosum in normal
dogs. Vet Surg 1995; 24:122-127.
136. Bagley RS, Harrington ML, Moore MP. Surgical treatments for seizure: Adaptability for dogs. Vet Clin North Am
Small Anim Pract 1996; 26:827-842.
137. Koblik PD, LeCouteur RE, Higgins RJ, et al. CT guided brain biopsy using a modified perolus mark III stereotactic
system: experience with 50 dogs. Vet Radiol Ultrasound 1999:;40:434-440.
138. Woodbury DM, Woodbury JW. Effects of vagal stimulation on experimentally induces seizures in rats. Epilepsia 1990;
31 (suppl 2): S7-S19.
139. The vagus nerve stimulation study group. A randomised controlled trial of chronic vagus nerve stimulation for
treatment of medically intractable seizures. Neurology 1995; 45:224-230.
140. Schachter SC. Vagal nerve stimulation. In: Smith D, Schacter SC eds. Epilepsy. Problem solving in clinical practice.
London: Martin Dunitz Ltd, 2000; 439-453.
141. Speciale J, Stahlbrodt JE. Use of ocular compression to induce vagal stimulation and aid in controlling seizures in seven
dogs. J Am Vet Med Assoc 1999; 214:663-665.
142. Puchowicz MA, Smith CL, Bomont C, et al. Dog model of therapeutic ketosis induced by oral administration of R,S1,3-butanediol diacetoacetate. J Nutr Biochem 2000; 11:281-287.
143. Bateman SW, Parent JM. Clinical findings, treatment, and outcome of dogs with status epilepticus or cluster seizures:
156 cases (1990-1995). J Am Vet Med Assoc 1999; 215:1463-1468.
144. Saito M, Munana, KR, Sharp N, et al. Risk factors for development of status epilepticus in dogs with idiopathic
epilepsy and effects of status epilepticus on outcome and survival time. J Am Vet Med Assoc 2001; 219:618-623.
145. Working group on status epilepticus. Treatment of convulsive status epilepticus: recommendations of the epilepsy
foundation of Americas working group on status epilepticus. J Am Med Assoc 1993; 270:854-859.
146. Lowenstein DH, Bleck T, Macdonald RL. It’s time to revise the definition of status epilepticus. Epilepsia 1999; 40:120122.
147. Meldrum BS, Horton RW. Physiology of status epilepticus in primates. Arc Neurol 1973; 28:1-9.
148. Meldrum BS. Epileptic brain damage: a consequence and a cause of seizures. Neuropathol Appl Neurobiol 1997;
23:185-202.
149. Meldrum BS. Metabolic factors during prolonged seizures and their relation to nerve cell death. Adv Neurol 1983;
34:261-275.
150. Shorvon S. The managenment of status epilepticus. In: Hopkins A, Shorvon S, Cascino G eds. Epilepsy, 2nd. ed.
London: Chapman & Hall 1995; 331-345.
151. Brown JK, Hussain IHMI. Status epilepticus 1: Pathogenesis. Develop Med Child Neurol 1991; 33:3-17.
152. Fountain NB, Lothman EW. Patophysiology of status epilepticus. J Clin Neurophysiol 1995; 12:326-342.
153. Shorvon S. Tonic-clonic status epilepticus. J Neurol Neurosurg Psychiatry 1993:56:125-134.
154. Lösher W, Frey HH. Pharmacokinetics of diazepam in the dog. Arch Int Phamacodyn 1981; 254:180-195.
155. Colter S, Gustafson JH, Colburn WA. Pharmacokinetics of diazepam and nordiazepam in the cat. J Pharm Sci 1984;
73:348-351.
156. Podell M, Wagner SO, Sama RA. Lorazepam concentrations in plasma following its intravenous and rectal
administration in dogs. J Vet Pharmacol Therap 1998; 21:158-160.
157. Podell M. The use of diazepam per rectum at home for the acute management of cluster seizures in dogs. J Vet Int Med
1995; 8:68-74.
158. Platt S, Randell SC, Scott KC et al. Comparison of plasma benzodiazepine concentrations following intranasal and
intravenous administration of diazepam in dogs. Am J Vet Res 2000; 61:651-654.
159. Kapur J, Macdonald RL. Rapid seizure-induced reduction of benzodiazepine and Zn2+ sensitivity of hippocampal
dentate granule cell GABA-A receptors. J Neurosci 1997; 17:7532-7540.
160. Wagner SO, Sams RA, Podell M. Chronic phenobarbital therapy reduces plasma benzodiazepine concentrations after
intravenous and rectal administration of diazepam in the dog. J Vet Pharmacol Therap 1998; 21:335-341.
161. Smedile LE, Duke T, Taylor SM. Excitatory movements in a dog following propofol anesthesia. J Am Anim Hosp
Assoc 1996; 32:365-368.
162. Stefen F, Grasmueck S. Propofol for treatment of refractory seizures in dogs and cats with intracranial disorders. J
Small Anim Pract 2000; 41:496-499.
163. Oberbauer AM, Grossman DI, Irion DN et al. The genetics of epilepsy in the Belgian Tervuren dog. J Hered
2003;94:57-63.

164. Patterson EE, Mickelson JR, Da Y et al. Clinical Characteristics and inheritance of idiopathic epilepsy in Vizslas. J Vet
Intern Med 2003;17:319-325.
165. Licht BG, Licht MH, Harper KM et al. Clinical presentations of naturally occurring seizures: Similarities to human
seizures. Epilepsy Behav 2003;3:460-470.
166. Berendt M, Dam M. Re: Clinical presentations of naturally occurring canine seizures: similarities to human seizures.
Epilepsy Behav 2003;4:198-201.
167. Hasegawa D, Fujita M, Nakamura S. Electrocorticographic and histological findings in a Shetland Sheepdog with
intractable epilepsy. J Vet Med Sci 2002;64:277-279.
168. Bush WW, Barr CS, Darrin EW et al. Results of cerebrospinal fluid analysis, neurological examination findings, and
age at the onset of seizures as predictors for results of magnetic resonance imaging of the brain in dogs examined because of
seizures: 115 cases (1992-2000). J Am Vet Med Assoc 2002;220:781-784.
169. Boothe DM, George KL, Couch P. Disposition and clinical use of bromide in cats. J Am Vet Med Assoc
2002;221:1131-1135.
170. Paull LC, Scott-Moncrieff JC, DeNicola DB. Effect of anticonvulsant dosages of potassium bromide on thyroid
function and morphology in dogs. J Am Anim Hosp Assoc 2003;39:193-202.
171. Hojo T, Ohno R, Shimoda M et al. Enzyme and plasma protein induction by multiple oral administrations of
phenobarbital at a therapeutic dosage regimen in dogs. J Vet Pharmacol Ther 2002;64:121-127.
172. Munana KR, Vitec SM, Tarver WB et al. Use of vagal nerve stimulation as a treatment for refractory epilepsy in dogs. J
Am Vet Med Assoc 2002;221:977-983.
173. Platt SR, Haag M. Canine status epilepticus: a retrospective study of 50 cases. J Small Anim Pract 2002;43:151-153.
174. Jefferys JGR. Models and mechanisms of experimental epilepsies. Epilepsia 2003; 44(Suppl.12):44-50.
175. Abramson CJ, Platt SR, Jacobs C et al. L-2-Hydroxyglutaric aciduria in staffordshire bull terriers. J Vet Int Med 2003;
17:551-556.
176. Rossmeisl JH, Duncan R, Fox J et al. Neuronal ceroid-lipofuscinosis in a labrador retriever. J Vet Diagn Invest 2003;
15:557-560.
177. Barnes HL, Chrisman CL, Farina et al. Clinical evaluation of rabies meningoencephalomyelitis in a dog. J Am Anim
Hosp Assoc 2003; 39:547-550.
178. Troxel MT, Vite CH, Van Winkle TJ et al. Feline intracranial neoplasia: retrospective review of 160 cases (1985-2001).
J Vet Int Med 2003; 17:850-859.
179. Kitagawa M, Kanayama K, Sakai T. Quadrigeminal cisterna arachnoid cyst diagnosed by MRI in five dogs. Aust Vet J
2003; 81:340-343.
180. Pellegrino FC, Sica RE. Canine electroencephalographic recording technique: findings in normal and epileptic dogs.
Clin Neurophysiol 2004; 115:477-487.
181. Aitken MM, Hall E, Scott L et al. Liver related biachemical changes in the serum of dogs being treated with
phenobarbitone. Vet Rec 2003; 153:13-16.
182. March PA, Hillier A, Weisbrode SE et al. Superficial necrolytic dermatitis in 11 dogs with a history of phenobarbital
administration. J Vet Int Med 2004; 18:65-74.
All rights reserved. This document is available on-line at www.ivis.org. Document No. B0230.0704.

