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Routinefälle und Patienten, bei denen klar ist, dass die sofortige Überwei-
sung an Spezialisten erfolgen sollte, machen in der täglichen Praxis wenig 
Probleme. Aber dann gibt es eben die Fälle, mit denen man sich intensiver 
befassen muss, um helfen zu können. Mit dieser kompakten Fortbildungsrei-
he geben wir Praktikerinnen und Praktikern alles an die Hand, was wirklich 
weiter bringt.
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Epileptische Anfälle bei Hunden und Katzen sind nicht selten, äußern sich aber 
oft unterschiedlich. Für die Besitzerin/den Besitzer sehen sie immer bedrohlich 
aus und bedeuten Stress: Ist das jetzt lebensbedrohlich? Kann das Tier noch 
allein gelassen werden? Wann kommt das wieder? 

In der Praxis muss meist beruhigt werden und nach der Diagnose sind die Ursa-
chen zu klären. Entscheidend ist, die Anfallshäufigkeit zu reduzieren und die 
Lebensqualität der Patienten zu verbessern.

In diesem spannenden LIVE-Webinar erläutert der Epilepsie-Experte 
Prof. Holger Volk anhand prägnanter Fälle das diagnostische Vorgehen, 
vermittelt anschaulich die Therapiemöglichkeiten und erklärt, wie Sie Patienten-
besitzerinnen und Patientenbesitzer ins Boot holen, damit die Behandlung lang-
fristig erfolgreich ist.

Diese Epilepsie-Fälle trainieren Ihr Wissen
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NOTIZEN:

NOTIZEN:

Was finden Sie bei der 
Epilepsiediagnose und –
therapie beim Hund schwierig?
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NOTIZEN:

NOTIZEN:

Und wie sieht es bei der Katze aus?

Das Scheitern ist der Schlüssel zum
Erfolg. Jeder Fehler lehrt uns etwas.
(Morihei Ueshiba).

Wer aufhört, Fehler zu machen, lernt
nichts mehr dazu.
(Theodor Fontane).

Das einzige Mittel, den Irrtum zu
vermeiden, ist die Unwissenheit.
(Jean-Jacques Rousseau).



Hunde
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NOTIZEN:

NOTIZEN:

Poppy
4 Jahre, Labrador Retriever, 
weiblich kastriert

• Zwei Anfälle in den letzten
zwei Monaten

Fall 1
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NOTIZEN:

NOTIZEN:

???

Was ist es?



Welcher Test ist der wichtigste 
für die Diagnose von 
idiopathischer Epilepsie?
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NOTIZEN:

NOTIZEN:

Variable Maximum Odds ratio SE 95% CI t Value P-Value

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

Variable Maximum Odds 
ratio

SE 95% CI t Value P-Value

Age of seizure onset 1.06 ± 0.02 1.01-1.10 2.69 0.008

Neuro exam abnormal symmetrical 6.06 ± 0.64 1.71-21.44 2.81 0.05

Variable Maximum Odds ratio SE 95% CI t Value P-Value

Seizure onset >6years 17.81 ± 0.28 9.80-32.39 10.21 <0.0001
Cluster seizure 2.44 ± 0.26 1.41-4.21 3.45 0.003
Asymmetrical seizure 3.23 ± 0.39 1.41-7.36 3.01 0.008

Neuro exam abnormal symmetrical 9.50 ± 0.31 4.94-18.28 7.30 <0.0001

Neuro exam abnormal asymmetrical 27.97
±

0.35 13.38-58.50 9.57
<0.0001

V
B
L

Maximum Odds Maximum Odds 

Intracranial structural symmetrical lesions
Predictors for a symmetrical structural lesions are the age of seizure onset and an abnormal symmetrical neurologic examination. 

Variable Maximum Odds ratio SE 95% CI t Value P Value

Intracranial structural asymmetrical lesions
Predictors for structural asymmetrical lesions include age of seizure onset >6years, the occurrence of cluster seizures, asymmetrical seizure 
episodes, a symmetrically abnormal interictal neurological examination and an asymmetrically abnormal interictal neurological examination 

symmetrical

Variable Maximum Odds ratio SE 95% CI t Value P ValueVariable Maximum Odds ratio SE 95% CI t Value P Value

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

NOTIZEN:

Extrakranielle Diagnostik
Minimale Datenerhebung
•Hämatologie (inkl. Differenzierung) 
• Serumbiochemie inkl. Glukose 
• Triglyzeride 
•Gallensäuren-Test 
•Urinuntersuchung; Blutdruck (vor allem bei adulten Katzen)

Weiterführende Untersuchungen (abhängig vom Signalement
und Anamnese)
• Neospora caninum und Toxoplasma gondii Antkörper oder PCR
• Staupe PCR
• Serum Blei Konzentration??

Intrakranielle Diagnostik
Bildgebung
•MRT, CT

Klinische Pathologie
• Liquoranalyse

- Kernhaltige Zellen
- Zelldifferenzierung
- Gesamteiweiss

•MRT/CT Gehirnläsion und/oder entzündlicher Liquor
è Serologie oder qPCR für
- Staupe (Hund)
- Toxoplasma gondii (Katze, Hund),

Neospora caninum (Hund)FeLV, Coronavirus (Katze)



Diagnose - Idiopathische Epilepsie

• Konfidenzlevel I

• Konfidenzlevel II

• Konfidenzlevel III

 Seite 10

NOTIZEN:

NOTIZEN:

Konfidenzlevel I
• ≥ 2 epileptische Anfälle ≥ 24h

• Beginn der Epilepsie - 6m - 6y

• Neurologische Untersuchung o.b.B.

• “Blut” + “Urin” o.b.B

• Anamnese:

Andere Hunde im gleichen Wurf entwickelten Epilepsie
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NOTIZEN:

NOTIZEN:

Konfidenzlevel II

• Faktoren in Konfidenzlevel I wurden erfüllt

• Gallensäurestimulationstest

• MRT vom Gehirn

• Liquoranalyse o.b.B.

Konfidenzlevel III

• Konfidenzlevel I + II erfüllt

• EEG 



Poppy

• Neurologische Untersuchung o.b.B.

• “Blut” und Urin o.b.B.

• Zeigte dritten generalisierten epileptischen Anfall

Idiopathische Epilepsie (Konfidenzlevel I)
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NOTIZEN:

NOTIZEN:

Bei wie vielen epileptischen 
Anfällen pro 3 Monate würden 
Sie behandeln?
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NOTIZEN:

NOTIZEN:

Welches Medikament nehmen 
Sie zuerst zur Behandlung der 
Epilepsie beim Hund?

Welches Medikament zuerst?

1. Phenobarbital

2. Imepitoin

3. Kaliumbromid

4. Levetirazetam

5. Gabapentin

6. Zonisamide
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RESEARCH ARTICLE

Open Access
Treatment in canine epilepsy – a systematic review
Marios Charalambous1*, David Brodbelt2 and Holger A Volk1

Abstract
Background: Various antiepileptic drugs (AEDs) are used for the management of canine idiopathic epilepsy (IE).

Information on their clinical efficacy remains limited. A systematic review was designed to evaluate existing

evidence for the effectiveness of AEDs for presumptive canine IE. Electronic searches of PubMed and CAB Direct

were carried out without date or language restrictions. Conference proceedings were also searched. Peer-reviewed

full-length studies describing objectively the efficacy of AEDs in dogs with IE were included. Studies were allocated

in two groups, i.e. blinded randomized clinical trials (bRCTs), non-blinded randomized clinical trials (nbRCTs) and

non-randomized clinical trials (NRCTs) (group A) and uncontrolled clinical trials (UCTs) and case series (group B).

Individual studies were evaluated based on the quality of evidence (study design, study group sizes, subject enrolment

quality and overall risk of bias) and the outcome measures reported (in particular the proportion of dogs

with ≥50% reduction in seizure frequency).Results: Twenty-six studies, including two conference proceedings, reporting clinical outcomes of AEDs used for

management of IE were identified. Heterogeneity of study designs and outcome measures made meta-analysis

inappropriate. Only four bRCTs were identified in group A and were considered to offer higher quality of evidence

among the studies. A good level of evidence supported the efficacy of oral phenobarbital and imepitoin and fair level of

evidence supported the efficacy of oral potassium bromide and levetiracetam. For the remaining AEDs, favorable results

were reported regarding their efficacy, but there was insufficient evidence to support their use due to lack of bRCTs.

Conclusions: Oral phenobarbital and imepitoin in particular, as well as potassium bromide and levetiracetam are likely

to be effective for the treatment of IE. However, variations in baseline characteristics of the dogs involved, significant

differences between study designs and several potential sources of bias preclude definitive recommendations. There is a

need for greater numbers of adequately sized bRCTs evaluating the efficacy of AEDs for IE.

Keywords: Systematic review, Epilepsy, Antiepileptic drugs, Treatment, CanineBackground
Epilepsy is the most common chronic neurological dis-
order in dogs, with a formerly reported prevalence of be-
tween 0.5% and 5% in non-referral populations [1,2]. In
a recent study, this prevalence was estimated to be 0.62%
in a large UK primary care population [3]. Epilepsy is not
one single disease process but can be elicited by mul-
tiple causes and, accordingly, can be classified as genetic
(primary or idiopathic), structural and of unknown origin/
etiology [4]. When chronic recurring seizures occur and
no underlying abnormality is detected, epilepsy is clas-
sified typically as primary or idiopathic epilepsy [1]. How-
ever, idiopathic epilepsy could imply a potential genetic

background and in veterinary medicine the terms idio-
pathic or primary are generally used for any epilepsy of
unidentified etiology even if no genetic or familial causes
are suspected [5]. In this study the term idiopathic epilepsy
(IE) will be used for all the cases of unidentified etiology,

including cases with a suspected genetic background.
Various antiepileptic drugs (AEDs) are used for the

management of IE in dogs. Clinical information on the
grounds of their efficacy remains limited, with most evi-
dence derived from non-blinded non-randomized uncon-
trolled trials and case series [6]. In addition, many of these
previous reports do not use an objective measurement of

efficacy, e.g. a% reduction in seizure frequency in a propor-
tion of dogs of a study population after a specific period of

treatment; instead they are based on subjective observa-
tions, e.g. ‘improvement in seizure control’ or ‘change
in seizure frequency’.

* Correspondence: marioscharalambousdvm@gmail.com

1Department of Clinical Science and Services, Royal Veterinary College,

Hawkshead Lane, Hatfield, Herts AL9 7TA, UK
Full list of author information is available at the end of the article
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article, unless otherwise stated.
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RESEARCH ARTICLE

Open Access

Antiepileptic drugs’
tolerability and safety –

a systematic review and meta-analysis of

adverse effects in dogs

Marios Charalambous
1*, Sara K. Shivapour

2, David C. Brodbelt
3 and Holger A. Volk

4

Abstract

Background: The safety profile of anti-epileptic dru
gs (AEDs) is an important consideratio

n for the regulatory

bodies, owners and
prescribing clinicians. Information on their adverse effects still remains limited. A systematic

review including a meta-analytic approac
h was designed to evaluate existing evidence for the safety profile of AEDs

in canine patients. Electronic
searches of PubMed, CAB Direct and Google scholar were carried out without date or

language restrictions. Confere
nce proceedings were also searched. Peer-revie

wed full-length studies reporting

adverse effects of AEDs in epileptic and healthy non-epilept
ic dogs were included. Studies w

ere allocated to three

groups based on their design. Individ
ual studies were evaluated based on the quality of evidence

(study design,

study group sizes, subject enrolm
ent quality and overall risk of bias) a

nd the outcome measures reported

(proportion of specific adverse effects for each AED, prevalence and 95 % confidence interval of the affected

population in each study and comparative odds ratio of adverse effects for AEDs).

Results: Ninety stud
ies, including six conference proceedings, report

ing clinical outcomes of AEDs’ adverse
effects

were identified. Few studies were designed as blinded randomised controlled clinical trials. Many studies included

low canine populations with unclear criteria of su
bject enrolment and short treatment periods. Direct c

omparisons

suggested that imepitoin and levetiracetam might have a better safety profi
le than phenobarbital, whils

t the latter

might have a better safety profi
le than potassium bromide. However, none

of these comparisons showed a

statistically significan
t difference. Comparisons between other AEDs were not possible as a considerable amount of

studies lacked power calculations
or adequate data to allow further statistical an

alysis. Individual AED
assessments

indicated that levetiracetam might be one of the safest AEDs, followe
d by imepitoin and then phenobarbital and

potassium bromide; these findings were all supported by a strong level of evidence. Th
e safety profile in other

AEDs was variable, b
ut weak evidence was found to permit firm conclusions or to compare their safety to other

AEDs.

Conclusions: This s
ystematic review provides objective evaluation of the most commonly used AEDs’ adverse

effects. Adverse effects usually appe
ared mild in all AEDs and subsided once doses and/or serum

levels were

monitored or after the AED was withdrawn. Alth
ough phenobarbital might be less safe than imepitoin and

levetiracetam, there was insufficient evid
ence to classify it as an AED with a high risk of major adverse effects. It is

important for clinician
s to evaluate both AEDs’ effectiveness

and safety on an individual basis befo
re the selection

of the appropriate monotherapy or adjun
ctive AED therapy.

Keywords: Systematic review, Meta-analysis, Epileps
y, Canine, Antiepilep

tic drugs, Safety, Sid
e effects
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for the efficacy of oral primidone, zonisamide, gabapentin,
sodium valproate, pregabalin, felbamate and topiramate as
adjunct AEDs, but there was insufficient level of evidence
to support their efficacy.
Overall risk of bias ranged from low/moderate to high;

only four studies [11-14] categorized as low/moderate
overall risk and the remaining as moderate/high or high.
Studies in group A which were considered to offer lower
overall risk of bias were too few compared to those of
group B (study group A:group B proportion was 1:6).
Therefore, the results from the studies concerning the
efficacy of each AED should be interpreted with caution.
In addition, only 17% and 10% of the 29 studies included
well characterized groups and evaluated good numbers of
dogs, respectively. None of the bRCTs included well char-
acterized groups and only two of them evaluated a good
number of dogs. The same studies, though, were consid-
ered to offer the highest quality of evidence among all the
studies and recommended the use of phenobarbital and
imepitoin in particular as well as potassium bromide and
levetiracetam as AEDs. However, mainly due to the small
number of bRCTs and to a lesser extend due to the inad-
equate disease definitions and study group sizes, definitive
suggestions concerning their efficacy are precluded.
Based on the level of quality of evidence provided by

studies for each AED as well as the assessment of their
efficacy, a pyramid of hierarchy was proposed (Figure 1).
Phenobarbital and imepitoin were found to be at the top
of the pyramid. In human epilepsy, many AEDs are used
for the management of seizures but phenobarbital remains
one of the most important; meta-analyses of RCTs found
that only minor differences occur on the grounds of efficacy
between phenobarbital and other established AEDs [38].
Although phenobarbital may remain the most efficient

AED in human epilepsy, its tolerability issues lead to the
investigation and use of other AEDs with almost the same
efficacy but more tolerable. Imepitoin was initially devel-
oped as a new AED for humans, but development was
ceased because of differences in pharmacokinetic values
between smokers and non-smokers, although the toler-
ability of this drug in humans was high [39].
In canine epilepsy there are limitations in treatment of

IE due to the rapid elimination of the majority of the
AEDs with only few, i.e. phenobarbital, primidone and
potassium bromide, having sufficient half-life [40,41]. The
same drugs have been approved for treatment of canine
epilepsy in Europe and/or USA, with phenobarbital to be
one of the most effective and well-known AED. Recently,
imepitoin was also approved for the treatment of canine
epilepsy based on some RCTs [13,14]. Monotherapy with
imepitoin in dogs with newly diagnosed epilepsy showed
that it was moderately less effective but potentially
more tolerated than phenobarbital or primidone. Also,
in dogs with chronic epilepsy receiving phenobarbital
and/or primidone, most dogs exhibited a reduction in
seizure frequency and severity after adjunctive therapy
with imepitoin [26,27]. In a laboratory study, imepitoin was
compared with phenobarbital in an acute canine seizure
model using pentylenetetrazole, resulting in a compar-
able anticonvulsant efficacy [42]. In the European pseudo-
placebo trial, high dose (30 mg/kg PO BID) of imepitoin
was compared to low dose (1 mg/kg PO/BID) and results
showed that seizure frequency was significantly reduced in
the first compared to the second group [13]. In the same
study, baseline seizure frequency was different between
the two groups; thus, the change in seizure frequency
reduction between the groups was significant. In a US
field study, imepitoin was compared to primidone but

Figure 1 Pyramid of hierarchy describing the recommendation of AEDs based on the assessment of their efficacy and quality of evidence.
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Abstract

Background: Various antiepileptic drugs (AEDs) are used for the management of canine idiopathic epilepsy (IE).
Information on their clinical efficacy remains limited. A systematic review was designed to evaluate existing
evidence for the effectiveness of AEDs for presumptive canine IE. Electronic searches of PubMed and CAB Direct
were carried out without date or language restrictions. Conference proceedings were also searched. Peer-reviewed
full-length studies describing objectively the efficacy of AEDs in dogs with IE were included. Studies were allocated
in two groups, i.e. blinded randomized clinical trials (bRCTs), non-blinded randomized clinical trials (nbRCTs) and
non-randomized clinical trials (NRCTs) (group A) and uncontrolled clinical trials (UCTs) and case series (group B).
Individual studies were evaluated based on the quality of evidence (study design, study group sizes, subject enrolment
quality and overall risk of bias) and the outcome measures reported (in particular the proportion of dogs
with ≥50% reduction in seizure frequency).

Results: Twenty-six studies, including two conference proceedings, reporting clinical outcomes of AEDs used for
management of IE were identified. Heterogeneity of study designs and outcome measures made meta-analysis
inappropriate. Only four bRCTs were identified in group A and were considered to offer higher quality of evidence
among the studies. A good level of evidence supported the efficacy of oral phenobarbital and imepitoin and fair level of
evidence supported the efficacy of oral potassium bromide and levetiracetam. For the remaining AEDs, favorable results
were reported regarding their efficacy, but there was insufficient evidence to support their use due to lack of bRCTs.

Conclusions: Oral phenobarbital and imepitoin in particular, as well as potassium bromide and levetiracetam are likely
to be effective for the treatment of IE. However, variations in baseline characteristics of the dogs involved, significant
differences between study designs and several potential sources of bias preclude definitive recommendations. There is a
need for greater numbers of adequately sized bRCTs evaluating the efficacy of AEDs for IE.

Keywords: Systematic review, Epilepsy, Antiepileptic drugs, Treatment, Canine

Background
Epilepsy is the most common chronic neurological dis-
order in dogs, with a formerly reported prevalence of be-
tween 0.5% and 5% in non-referral populations [1,2]. In
a recent study, this prevalence was estimated to be 0.62%
in a large UK primary care population [3]. Epilepsy is not
one single disease process but can be elicited by mul-
tiple causes and, accordingly, can be classified as genetic
(primary or idiopathic), structural and of unknown origin/
etiology [4]. When chronic recurring seizures occur and
no underlying abnormality is detected, epilepsy is clas-
sified typically as primary or idiopathic epilepsy [1]. How-
ever, idiopathic epilepsy could imply a potential genetic

background and in veterinary medicine the terms idio-
pathic or primary are generally used for any epilepsy of
unidentified etiology even if no genetic or familial causes
are suspected [5]. In this study the term idiopathic epilepsy
(IE) will be used for all the cases of unidentified etiology,
including cases with a suspected genetic background.
Various antiepileptic drugs (AEDs) are used for the

management of IE in dogs. Clinical information on the
grounds of their efficacy remains limited, with most evi-
dence derived from non-blinded non-randomized uncon-
trolled trials and case series [6]. In addition, many of these
previous reports do not use an objective measurement of
efficacy, e.g. a% reduction in seizure frequency in a propor-
tion of dogs of a study population after a specific period of
treatment; instead they are based on subjective observa-
tions, e.g. ‘improvement in seizure control’ or ‘change
in seizure frequency’.
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sions:
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sed AEDs’ a
dverse

effects
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se effects
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less sa
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and
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cetam, there

was in
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it as an
AED with a high

risk of
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verse effects
. It is
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s to evalua
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effectiv
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and safety
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approp
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ctive AED therap

y.
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• In einem ansonsten gesunden Hund
• 2 epileptische Anfälle in 3 Monaten 

ØStarte mit PB
-Einzelne generalisierte Anfälle (IE)
-Status Epileptikus oder Cluster-Anfälle (IE)
-Strukturelle Epilepsie

ØStart mit Imepitoin
-Einzelne generalisiert Anfälle(IE)

ØKBr
-Add-on

IVETF - Konsensus

CORRESPONDENCE Open Access

International Veterinary Epilepsy Task Force
consensus proposal: medical treatment of
canine epilepsy in Europe
Sofie F.M. Bhatti1*, Luisa De Risio2, Karen Muñana3, Jacques Penderis4, Veronika M. Stein5, Andrea Tipold5,
Mette Berendt6, Robyn G. Farquhar7, Andrea Fischer8, Sam Long9, Wolfgang Löscher10, Paul J.J. Mandigers11,
Kaspar Matiasek12, Akos Pakozdy13, Edward E. Patterson14, Simon Platt15, Michael Podell16, Heidrun Potschka17,
Clare Rusbridge18,19 and Holger A. Volk20

Abstract

In Europe, the number of antiepileptic drugs (AEDs) licensed for dogs has grown considerably over the last years.
Nevertheless, the same questions remain, which include, 1) when to start treatment, 2) which drug is best used
initially, 3) which adjunctive AED can be advised if treatment with the initial drug is unsatisfactory, and 4) when
treatment changes should be considered. In this consensus proposal, an overview is given on the aim of AED
treatment, when to start long-term treatment in canine epilepsy and which veterinary AEDs are currently in use for
dogs. The consensus proposal for drug treatment protocols, 1) is based on current published evidence-based literature,
2) considers the current legal framework of the cascade regulation for the prescription of veterinary drugs in Europe,
and 3) reflects the authors’ experience. With this paper it is aimed to provide a consensus for the management of
canine idiopathic epilepsy. Furthermore, for the management of structural epilepsy AEDs are inevitable in addition
to treating the underlying cause, if possible.

Keywords: Dog, Epileptic seizure, Epilepsy, Treatment

Background
In Europe, the number of antiepileptic drugs (AEDs) li-
censed for dogs has grown considerably over the last
years. Nevertheless, the same questions remain, which
include, 1) when to start treatment, 2) which drug is best
used initially, 3) which adjunctive AED can be advised if
treatment with the initial drug is unsatisfactory, and 4)
when treatment changes should be considered. In this
consensus proposal, an overview is given on the aim of
AED treatment, when to start long-term treatment in
canine epilepsy and which veterinary AEDs are currently
in use for dogs. The consensus proposal for drug treatment
protocols, 1) is based on current published evidence-based
literature [17], 2) considers the current legal framework of
the cascade regulation for the prescription of veterinary

drugs in Europe, and 3) reflects the authors’ experience.
With this paper it is aimed to provide a consensus for the
management of canine idiopathic epilepsy. Furthermore,
for the management of structural epilepsy AEDs are in-
evitable in addition to treating the underlying cause, if
possible.
At present, there is no doubt that the administration

of AEDs is the mainstay of therapy. In fact, the term
AED is rather inappropriate as the mode of action of
most AEDs is to suppress epileptic seizures, not epilep-
togenesis or the pathophysiological mechanisms of epi-
lepsy. Perhaps, in the future, the term anti-seizure drugs
might be more applicable in veterinary neurology, a term
that is increasingly used in human epilepsy. Additionally,
it is known that epileptic seizure frequency appears to
increase over time in a subpopulation of dogs with un-
treated idiopathic epilepsy, reflecting the need of AED
treatment in these patients [63].
In our consensus proposal on classification and termin-

ology we have defined idiopathic epilepsy as a disease in

* Correspondence: sofie.bhatti@ugent.be
1Department of Small Animal Medicine and Clinical Biology, Faculty of
Veterinary Medicine, Ghent University, Salisburylaan 133, Merelbeke 9820,
Belgium
Full list of author information is available at the end of the article

© 2015 Bhatti et al. This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly credited. The Creative Commons Public Domain Dedication waiver (http://
creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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Quality-of-life aspects in idiopathic epilepsy
in dogs
A. Wessmann, H. A. Volk, R. M. A. Packer, M. Ortega, T. J. Anderson

Quality of life (QoL) plays a significant role in the treatment of dogs with idiopathic epilepsy
(IE), yet is so far understudied. This study describes the outcome evaluation of an online
questionnaire based on the carer’s perception focusing on 62 QoL questions in 159 dogs
with IE. Results showed that seizure frequency, but not seizure severity or presence of cluster
seizures, was significantly associated with carer-perceived dog’s QoL. Dogs receiving third-
line antiepileptic drugs had a significantly lower perceived QoL than those that did not.
Generalised linear mixed model analysis demonstrated that severity of the side effects
sleeping more and ataxia were significantly associated with carer-perceived dog’s QoL, with
higher severities predicting lower QoL scores. The degree of carer acceptability of seizure
frequency and severity was significantly associated with the dog’s reported seizure
frequency and severity. Moreover, there was a significant association between IE-related QoL
changes of the dog and the carer, with reductions in perceived canine QoL scores associated
with reductions in carer QoL, and vice versa. In conclusion, aspects of canine IE can affect
both the carer and their dog’s QoL. This has implications for the management and requires
consideration when treatment options and outcomes are discussed.

Canine epilepsy studies mainly focus on the physical aspects of
seizures, the impact of antiepileptic drugs (AEDs) and, more
recently, also behavioural changes associated with the disease
(Lord and Podell 1999, Chang and others 2006, Shihab and
others 2011, Muñana and others 2012). The physical aspects of
canine idiopathic epilepsy (IE) such as seizure frequency and
severity as well as AED side effects are well described, yet the
suspected impact on quality of life (QoL) has only been studied
in small numbers of affected dogs. Carers of 37 dogs with IE
were mostly concerned about the dog’s QoL, adequate seizure
frequency (less than one seizure every three months) and accept-
able side effects of AEDs and that these factors would determine
whether seizure control was adequate (Chang and others 2006).

Neurobehavioral changes are a reported comorbidity of epi-
lepsy in dogs and human beings and include cognitive, behav-
ioural or emotional changes associated with CNS dysfunction.
These comorbidities in dogs include increased fear/anxiety,
defensive aggression, abnormal perception, inattention,

excitability/impulsivity, and show remarkable similarities to its
human counterpart resembling anxiety and attention-deficit
hyperactivity disorder (Shihab and others 2011, Jokinen and
others 2015, Packer and others 2016). The carer commonly
assesses non-metric aspects like neurobehavioral changes and
QoL aspects based on their perception (Lord and Podell 1999,
Chang and others 2006, Shihab and others 2011, Muñana and
others 2012, Packer and others 2016). The carer ’s perception of
their dog’s QoL may be biased, but with this in mind the carer
can serve as surrogate. This is an accepted practice not only in
veterinary medicine but also in childhood epilepsy where usually
the parent assesses the QoL of the epileptic child (Liu and Han
2015). It is further known that not only the QoL of the affected
child but also of their carer can be affected in childhood epilepsy.
Parents of epileptic children showed significantly lower QoL
scores and higher levels of depression and anxiety correlating to
seizure control, employment, financial implications of caring for
an individual with epilepsy, the occurrence of status epilepticus,
drug side effects and age of parents among others (Lv and others
2009). Information about the impact of caring for an epileptic
dog on the carer ’s QoL is limited, yet effect on the carer ’s
day-to-day activities and their free time is described (Lord and
Podell 1999, Chang and others 2006).

Wessmann and others (2014) published the creation of a
disease-specific QoL questionnaire in dogs with IE and their
carers (EpiQoL). The questionnaire design was based on the
multidimensional aspects of QoL as defined by the WHO into
physical, social and neurobehavioral (dog)/psychological health
aspects (carer) adapted for IE (Wessmann and others 2014). The
current study explores the actual data and factors that affect
QoL in dogs with IE and their carers with seven hypotheses
(H1–H7) utilising data from Wessmann and others (2014). The
QoL measures in this study largely focused on the carer ’s percep-
tion of their dog’s and their own QoL.

H1: The seizure phenotype (frequency of seizure days, sever-
ity) affects the carer’s perception of QoL in canine IE patients.

Veterinary Record (2016) doi: 10.1136/vr.103355
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•Lebensqualität des Tieres ist beeinflusst bei
- Hoher Anfallsfrequenz
- >2 Antiepileptika

•Lebensqualität des Besitzers ist beeinflusst bei
- Sedation
- Ataxie

Lebensqualität des Tieres korreliert mit der 
Lebensqualität des Besitzers und vice-versa

Lebensqualität

Die Balance mit der Lebensqualität

Effektivität <-> Tolerabilität

Lebensqualität



Warum sollte man die 
Phenobarbital-
Serumkonzentration messen?
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Phenobarbital Hund
• Phenobarbital (PB)

- Dosis ~2.5 mg/kg (2mal täglich)
-Max. Serumkonz. 4-8 Stunden (oral)
- Halbwertszeit 24-40 std.
- Steady state 10-14 Tage
- Therap. Serumkonz. 15.0 – 35 µg/ml
- Nebenwirkungen Sedation, PU/PD, Polyphagie, Hepatotoxizität
-Metabolismus Leber
- Bestimmung des

Serumlevels nach 14, 45, 90, 180, 360 Tagen, dann alle 6 Monate

• Ladedosis
- 12 - 24 mg/kg über 24 Stunden

(aufgeteilt in Dosen; jede 1-4 Stunden)
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Wann sollte man Blut nehmen?

Monteiro et al., 2009, Vet Record
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the dose of phenobarbitone increased there was a trend for the trough 
group to have lower serum concentrations than the non-trough group, 
and the difference was significant (P=0·0228) at doses of more than 
10 mg/kg/day.

Discussion
Phenobarbitone is considered to be an effective anticonvulsant med-
ication in 60 to 80 per cent of dogs with epilepsy (Farnbach 1984, 
Schwartz-Porsche and others 1985). When it fails, the failure is more 
often due to the inappropriate use of the drug rather than to pharma-
coresistance. In this study, two large populations of dogs were com-
pared: one in which the blood sample for the determination of the 
serum concentration was collected during the trough period, and one 
in which the sample was collected outside this period (non-trough). 
By correcting for the dose of phenobarbitone, it was possible to com-
pare the serum concentrations in the two groups at different oral doses. 
Levitski and Trepanier (2000) reported that in 33 epileptic dogs on a 
range of doses of phenobarbitone there was no therapeutically relevant 
change in the serum concentration in most of them during the 12 hours 
between doses. They compared trough and non-trough blood samples 
in the same dog, whereas in this study two different populations of dogs 
have been compared, making it possible to compare large numbers of 
dogs giving sufficient statistical power to investigate the effect of a wide 
range of dose levels.

There was no significant difference between the serum pheno-
barbitone concentrations of the trough and non-trough animals that 
were treated with the lower doses, in agreement with the study by 
Levitski and Trepanier (2000). However, in the dogs on the highest 
doses of phenobarbitone the concentration in the non-trough animals 
was significantly higher than in the trough animals. 

One reason why some dogs require higher doses of phenobarbitone 
to maintain their serum concentrations is that there may have been 
substantial phenobarbitone-induced induction of hepatic microsomal 
enzyme systems and a reduction in the half-life of phenobarbitone. This 
reduction could result in wider variations in the serum concentrations 
of phenobarbitone between doses and explain the difference between 
the trough and non-trough animals. However, the effects of dose on 
absorption and protein binding, genetic differences and other factors, 
cannot be excluded.

The nature of the Vétoquinol phenobarbitone monitoring voucher 
scheme introduces several limitations into the study. The data included 
the length of treatment, concurrent anti-epileptic agents and the treat-
ment regimen, but details of the underlying diagnosis, concurrent dis-
ease, and information about the doses of other anti-epileptic agents 

higher doses of phenobarbitone to maintain its serum concentration 
influences this relationship.

Materials and methods
The laboratory records of 1436 client-owned dogs on chronic pheno-
barbitone treatment for epileptic seizures were analysed. All of them 
had their serum phenobarbitone concentrations monitored as part 
of the Vétoquinol UK phenobarbitone monitoring voucher scheme, 
which provides a voucher for one free determination of a dog’s serum 
phenobarbitone concentration for every batch of the drug purchased 
from the manufacturer. Only the 1427 dogs that had been on continu-
ous treatment for at least four weeks were included in the study. Data 
recorded from each dog included the time when a blood sample had 
been collected in relation to the administration of the drug, the ani-
mal’s weight, its total daily oral dose of phenobarbitone and its serum 
concentration as determined by solid-phase competitive chemilumi-
nescent enzyme immunoassay (Immulite Phenobarbital Immunoassay; 
Siemens Medical Solutions Diagnostics). The dogs were divided into 
two groups: the 918 dogs from which the blood sample was collected 
at the trough, and the 509 dogs from which the blood sample was col-
lected during the non-trough period. This classification was limited by 
the data recorded on the phenobarbitone monitoring vouchers, which 
did not record specific times of drug administration and blood sample 
collection, but rather whether the relationship between the two was 
known, and if so, whether the sample was collected during the two 
hours before the next dose (trough sample) or not during that period 
(non-trough sample). Dogs for which the time relationship between the 
two was not known were not included in the study. In order to assess 
whether the requirement for higher doses of phenobarbitone influences 
whether the timing of the blood sample in relation to the administra-
tion of the drug is clinically relevant, the dogs were further subdivided 
into four groups on the basis of their total daily dose of phenobarbitone: 
group 1, 2 to 5 mg/kg/day (the manufacturer’s recommended dose; 478 
trough samples and 271 non-trough samples); group 2, more than 5 
to 8 mg/kg/day (an arbitrary interval the same as the previous group; 
277 trough samples and 154 non-trough samples); group 3, more than 
8 to 10 mg/kg/day (77 trough samples and 44 non-trough samples); 
and group 4, more than 10 mg/kg/day (86 trough samples and 40 non-
trough samples); the distinction between the last two groups was made 
on the basis of the median dose for the dogs on a dose of more than 
8 mg/kg/day. 

The data were analysed using the unpaired t test with Welch’s cor-
rection to account for lack of homoscedasticity. An analysis of variance 
was used to determine whether the four dosage groups had significantly 
different serum phenobarbitone concentrations. P values of less than 
0·05 were considered statistically significant.

Results
The serum phenobarbitone concentrations in the dogs in group 1 ranged 
between 17·9 and 181 µmol/l, in group 2 between 24·2 and 185 µmol/l, 
in group 3 between 30 and 176 µmol/l, and in group 4 between 24·5 
and 190 µmol/l. In group 1, the mean dose of phenobarbitone for the 
dogs in which the sample was collected during the trough period was 
3·61 mg/kg/day and for the dogs in which the sample was collected dur-
ing the non-trough period it was 3·60 mg/kg/day; in group 2, the mean 
concentrations were 6·34 mg/kg/day and 6·38 mg/kg/day; in group 3, 
they were 9·02 mg/kg/day and 9·04 mg/kg/day; and in group 4, they 
were 13·9 mg/kg/day and 13·4 mg/kg/day. In group 1, the mean serum 
phenobarbitone concentrations for the trough and non-trough groups 
were 65·0 and 65·6 µmol/l, respectively; in group 2, they were 85·5 
and 87·2 µmol/l; in group 3, they were 98·2 and 101·9 µmol/l; and in 
group 4, they were 114·8 and 128·7 µmol/l. The increased oral doses of 
phenobarbitone were positively correlated with increased serum con-
centrations (P<0·0001). Fig 1 shows the mean serum concentrations 
(relative to dose) for the dogs in which the sample was collected dur-
ing the trough period and for the dogs in which the sample was col-
lected during the non-trough period. In the dogs receiving the lower 
doses of phenobarbitone there was no significant difference between the 
serum concentrations of the trough and non-trough groups. However, as 

FIG 1: Relationship between the serum concentrations of 
phenobarbitone (relative to dose) in ‘trough’ and ‘non-trough’ 
samples and the total daily doses of phenobarbitone received by 
groups of dogs
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Einen Monat später: Poppy hatte 6 Anfälle (keine Serienanfälle) pro Monat

Was nun?

1. Kaliumbromid oder anderes Medikament

2. Überweisung an Neurologen

3. Blut nochmal laufen lassen

4. Den Besitzer um ein Video fragen

Poppy



Wie sieht Erfolg aus?

Foto: Holger A. Volk
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Wie sieht eine erfolgreiche 
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International veterinary epilepsy task force
consensus proposal: outcome of therapeutic
interventions in canine and feline epilepsy
Heidrun Potschka1*, Andrea Fischer2*, Wolfgang Löscher3, Ned Patterson4, Sofie Bhatti5, Mette Berendt6,
Luisa De Risio7, Robyn Farquhar8, Sam Long9, Paul Mandigers10, Kaspar Matiasek11, Karen Muñana12,
Akos Pakozdy13, Jacques Penderis14, Simon Platt15, Michael Podell16, Clare Rusbridge17,18, Veronika Stein19,
Andrea Tipold19 and Holger A Volk20

Abstract

Common criteria for the diagnosis of drug resistance and the assessment of outcome are needed urgently as a
prerequisite for standardized evaluation and reporting of individual therapeutic responses in canine epilepsy. Thus,
we provide a proposal for the definition of drug resistance and partial therapeutic success in canine patients with
epilepsy. This consensus statement also suggests a list of factors and aspects of outcome, which should be considered
in addition to the impact on seizures. Moreover, these expert recommendations discuss criteria which determine the
validity and informative value of a therapeutic trial in an individual patient and also suggest the application of
individual outcome criteria. Agreement on common guidelines does not only render a basis for future optimization of
individual patient management, but is also a presupposition for the design and implementation of clinical studies with
highly standardized inclusion and exclusion criteria. Respective standardization will improve the comparability of
findings from different studies and renders an improved basis for multicenter studies. Therefore, this proposal provides
an in-depth discussion of the implications of outcome criteria for clinical studies. In particular ethical aspects and the
different options for study design and application of individual patient-centered outcome criteria are considered.

Keywords: Dog, Epileptic seizure, Epilepsy, Treatment

Background
Therapeutic management of canine and feline patients
with epilepsy poses a particular challenge for the practi-
tioner. The challenge is related to the multitude of eti-
ologies as well as the high inter-individual variance in
the clinical picture of canine and feline epilepsies. More-
over, the response to standard therapeutic regimes dif-
fers tremendously between individual patients.
Standardization in the assessment and reporting of out-

come of therapeutic interventions is essential for several
reasons. In individual patients, standardized procedures in

the evaluation of therapeutic responses will guide practi-
tioners in the diagnosis of drug resistance as a basis for
the decision to continue with an alternate therapeutic re-
gime. Moreover, expert consensus based recommenda-
tions render a basis for common reporting schemes,
which can significantly improve the information content
of patient history documents e.g. in the case of referral to
a veterinary neurology specialist. Thus, one aim of this
consensus proposal is to provide expert recommendations
for the assessment of outcome in individual patients fo-
cusing on the impact on seizures but also considering
other relevant aspects of outcome. In addition, we provide
and discuss a list of criteria that determine whether a
therapeutic trial in an individual patient can be considered
adequate and informative. Respective guidelines will also
help to exclude pseudo-resistance (defined as lack of a re-
sponse due to an inadequate dosing or treatment regime)
in individual patients.

* Correspondence: potschka@pharmtox.vetmed.uni-muenchen.de;
andreafischer@lmu.de
1Department of Pharmacology, Toxicology and Pharmacy,
Ludwig-Maximillians-University, Königinstr. 16, 80539 Munich, Germany
2Service Neurology at the Centre for Clinical Veterinary Medicine,
Ludwig-Maximilians-University, Veterinärstr. 13, 80539 Munich, Germany
Full list of author information is available at the end of the article

© 2015 Potschka et al. This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly credited. The Creative Commons Public Domain Dedication waiver (http://
creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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• Hauptziel:

Anfallsfreiheit

• 2. Ziel:

- >50% Anfallsfrequenzreduktion

- Verhinderung von Status epilepticus

- Verhinderung von Serienanfällen

- Klinische relevante Reduktion der Schwere der Erkrankung

Ziele

+ Serumkonzentration< 35µg/ml

Phenobarbital 3mg/kg KM 2*täglich
Im Fall von schweren Custeranfällen oder Status epilepticus -> Initialdosis von insgesamt
20 mg/kg KM/Tag aufgeteilt über mehrere Einzeldosen (3-5 mg/kg; i.v. oder oral)

Serumkonzentrationsbestimmung 14 Tage
nach Therapieeinleitung oder -veränderung

Unzureichende Anfallskontrolle

Großes Blutbild, biochemisches
Serumprofil, Gallensäuren-
belastungstest, Phenobarbital-
serumkonzentration

• Serumkonzentration <30μg/ml -> Phenobarbitaldosiserhöhung (Formel A)
• Serumkonzentration 30-35μg/ml -> Add-on Therapie mit KBr (Abb. 3)
• Serumkonzentration >35μg/ml -> Add-on Therapie mit KBr (Abb. 3) und 

Phenobarbitaldosierungsverringerung bis zu 30-35μg/ml Serumkonzentration (Formel A) 

Unzureichende
Anfallskontrolle

Formel A: neue Phenobarbital-Tagesdosis = aktuelle Phenobarbital-Tagesdosis x (erwünschte Serumkonzentration / aktuelle
Serumkonzentration).

HA Volk, S Loderstedt - Kleintierpraxis, 2011



Einen Monat später: der Hund hatte 6 Anfälle 
(keine Serienanfälle) pro Monat

Was nun?

1. Kaliumbromid oder anderes Medikament

2. Überweisung an Neurologen

3. Blut nochmal laufen lassen

4. Den Besitzer um ein Video fragen
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Welches Medikament nehmen 
Sie als Add-on zur Behandlung 
der Epilepsie beim Hund?

Wann soll man ein zweites AEM anfangen? 

Beachte:
• AEM mit anderem

Wirkungsmechanismus?
• Nebenwirkungen und 

Medikamenteninteraktionen?
• Polypharmazie -> 

Lebensqualität?

ACVIM Panel Empfehlungen:
• Dokumentation eines richtig

gewählten AEM mit adequatem
Serumspiegel für 3 Monate
• > 50% Anstieg der 

Anfallsfrequenz
• Status Epileptikus
• Serienanfälle
• Medikamententoxizität



Photo by Clémence Bergougnoux on Unsplash

Peak and Trough
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11.04.24 42
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ACVIM Panel Grade of Recommendations
(Level of Evidence) for Add-On AED Therapy 

A (HIGH) B (MODERATE)

• Levetiracetam (IB)
• Bromide (II)
• Zonisamide (III)
• Phenobarbital 

(IV)
• Imepitoin (III)

C (LOW) D (NO)

• Primidone (II)

KBr Initialdosis (“loading”) vor KBr Erhaltungsdosis von 
30mg/kg/Tag KM:

<1 Anfall/1-2Wochen -> 600mg/kg KM über einen Zeitraum
von 6 Tagen verteilt + Erhaltungsdosis = 130mg/kg/Tag KM

>1 Anfall/Woche -> 600mg/kg KM über einen Zeitraum von 
24h verteilt. Hunde sollten dafür hospitalisiert sein, zur
Kontrolle der Nebenwirkungen

Anfallsfrequenz
> 1 alle 3-4 Wochen

Unzureichende Anfallskontrolle +
Phenobarbitalserumkonzentration

30-35µg/ml 

KBr Erhaltungsdosis
30mg/kg/day KM

Anfallsfrequenz
< 1 alle 3-4 Wochen

KBr Serumkonzentrationbestimmung nach
4, 8 und 12 Wochen und dann alle 6 Monate

•Serumkonzentration > 1900mg/l: Dosisreduktion nach Formel B
•Serumkonzentration < 1900mg/l: Dosiserhöhung nach Formel B
•Unzureichende Anfallskontrolle -> Add-on eines neueren Antiepileptikums

Nierenwert- und KBr Serumkonzen-
trationsbestimmung jedes Jahr oder
öfter, je nach klinischem Bild

Unzureichende Anfallskontrolle
oder KBr Serumkonzentration >1900mg/l

Ausreichende Anfallsfrequenz
+ KBr Serumkonzentration < 1900mg/l

Formel B:
zu erhöhende Kaliumbromid-Menge (mg/kg/KG/d) = 
0,02 x (gewünschte Steady-State-
Serumkonzentration [mg/l] – aktuelle Steady-State-
Serumkonzentration [g/l])

HA Volk, S Loderstedt - Kleintierpraxis, 2011



Schlussfolgerung

• Diagnose: idiopathische Epilepsie Tier I 

• Erst Monotherapie vor Polypharmazie
• Phenobarbital und Imepitoin erfolgreich in 60-85% der Fälle. 

Kaliumbromid erfolgreich bei 50% der Fälle

• Kaliumbromide eher als Add-on.
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Diagnostische Fehler

qIst es ein reaktiver 
Anfall?

qIst es ein 
epileptischer Anfall?

qIst es eine 
idiopathische oder 
strukturelle 
Epilepsie?

Therapeutische
Fehler

qHabe ich das 
richtige
Medikament
verwendet?

qHabe ich die 
therapeutische 
Serumkonzentration 
erreicht?

Schlechte Compliance

qHat der Besitzer ein 
Tagebuch für die 
epileptischen 
Anfälle?

qGibt der Besitzer 
die Medikamente 
richtig und 
regelmäßig?

Gründe für pseudoresistente Epilepsie

• Poppy kommt zurück nach 6 Wochen und 
hat immer noch einen Anfall pro Woche

• Gestern ein Serienanfall

Poppy
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RESEARCH ARTICLE Open Access

Assessment into the usage of levetiracetam in a
canine epilepsy clinic
Rowena MA Packer, George Nye†, Sian Elizabeth Porter† and Holger A Volk*

Abstract

Background: Retrospective studies can complement information derived from double-blinded randomized trials.
There are multiple retrospective studies reporting good efficacy and tolerability of the anti-epileptic drug levetiracetam
(LEV) in human patients with epilepsy; however, reports of LEV's tolerability and efficacy in dogs with epilepsy remain
limited. The purpose of this retrospective study was to describe the use of LEV in a canine epilepsy clinic and determine
the long-term efficacy and tolerability of LEV in veterinary clinical practice. The electronic database of a UK based
referral hospital was searched for LEV usage in dogs with seizures. Information and data necessary for the evaluation
were obtained from a combination of electronic and written hospital records, the referring veterinary surgeons’ records
and telephone interviews with dog owners. Only dogs that were reportedly diagnosed with idiopathic epilepsy were
included in the study.

Results: Fifty-two dogs were included in this retrospective study. Two treatment protocols were recognised; 29 dogs
were treated continuously with LEV and 23 dogs received interval or pulse treatment for cluster seizures. LEV treatment
resulted in 69% of dogs having a 50% or greater reduction of seizure frequency whilst 15% of all the dogs were
completely free from seizures. Seizure frequency reduced significantly in the whole population. No dog was reported
to experience life-threatening side effects. Mild side effects were experienced by 46% of dogs and a significantly higher
number of these dogs were in the pulse treatment group. The most common side-effects reported were sedation and
ataxia.

Conclusions: LEV appears to be effective and well tolerated for reduction of seizures.

Keywords: Dog, Safety, Seizure, Tolerability, Treatment

Background
Double-blinded, randomized controlled clinical trials to
establish efficacy and safety of novel AEDs are of pivotal
importance, but are not without limitations due to their
often strict dosing and entry requirements, reducing
their applicability to the wider population, e.g. geriatric
patients or those with multiple co-occurring conditions.
In studies of epilepsy treatment in humans post-marketing
studies assessing the clinical use of a drug deemed an
important tool, with the most valuable data on efficacy
and safety thought to be obtained from prospective and
retrospective studies that are monocentric, and gather
information on long-term anti-epileptic drug therapy in
a single centre only [1,2]. Multiple new anti-epileptic

drugs (AED) have been developed in the last two de-
cades in human medicine, which have similar efficacy
but are safer and better tolerated than older AEDs [3-5].
One such drug is levetiracetam (LEV), for which there
are multiple clinical observational studies reporting
good efficacy and tolerability in human patients with
epilepsy [1,6-8].
Some of the new AEDs in humans, such as gabapentin,

pregabalin, zonisamide and levetiracetam have been
trialled in dogs with poorly controlled seizures with
variable success [9-15]. LEV, a structurally novel AED,
is one of the more promising AEDs for canine epilepsy.
LEV seems to act by a unique mechanism; modulation
of synaptic release of neurotransmitters by binding to the
synaptic vesicle protein 2A (SV2A) [16,17]. In addition to
its seizure-suppressing activity, previous experiments in
chronic epilepsy models in rodents suggested that LEV

* Correspondence: hvolk@rvc.ac.uk
†Equal contributors
Department of Clinical Science and Services, Royal Veterinary College,
Hatfield AL97TA, UK

© 2015 Packer et al.; licensee BioMed Central. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly credited. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article,
unless otherwise stated.

Packer et al. BMC Veterinary Research  (2015) 11:25 
DOI 10.1186/s12917-015-0340-x
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Antiepileptikum Anfangsdosierung Serumkonzentration Nebenwirkungen

Monotherapie

Phenobarbital 3mg/kg KM 2*tgl 15-35µg/ml Sedation, Ataxie, Polydipsie, Polyurie, Polyphagie,  Hepatotoxizität, Blutdyskrasien, 
Dyskinesie, Verhaltensstörung, superfizielle nekrolytische Dermatitis

Imepitoin 10-30mg/kg KM*2tgl N/A Sedation, Ataxie, Hyperaktivität

Kaliumbromid 40mg/kg KM/d 800 - 2300mg/l Sedation, Ataxie, gastrointestinale Störungen, Pankreatitis, erythematöse Dermatitis 
assoziiert mit Pruritus

Add-on Therapie

Kaliumbromid 30mg/kg KM/d 800 - 1900mg/l Sedation, Ataxie, gastrointestinale Störungen, Pankreatitis, erythematöse Dermatitis 
assoziiert mit Pruritus

Gabapentin 10mg/kg KM 3*tgl 4-16mg/l (Mensch) Sedation

Pregabalin 2-4mg/kg KM 2*tgl Sedation

Levetiracetam 10-20mg/kg KM 3*tgl 10-50µg/ml (Mensch) Sedation (selten)

Zonisamid 5-10mg/kg KM 2*tgl 10-40µg/ml (Mensch) Sedation, Ataxie, Hepatotoxizität

Topiramat 5-10mg/kg KM 2-3*tgl 2-25µg/ml (Mensch) Gewichtsverlust
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Epileptischer Anfall Serienanfall

Chronische Medikation
1. Ziel -> Verlängerung der Zeit zwischen den Anfällen

2. Ziel Cluster-Buster
Puls-Therapie

AEM wechseln?

Wie und wann?
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Packer, RMA., Volk, HA. (2015) Epilepsy beyond seizures: a review of the impact of epilepsy and its comorbidities 
on health-related quality of life in dogs Veterinary Record 177, 306-315.



Evidenz

Werte der 
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und 
Verständnis

Klinische
Expertise

OneHealth
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• Compliance bei 56.4%
- 33% -> Compliance-Rate of >80% 
- 21.3% -> 100% Compliance-Rate 
- Im Durchschnitt 6 Dosen nicht bekommen.

Compliance

Compliance factors Response Median compliance 
percentage (range)

P-
Value

Number of medications

One medication 
(n=70) 50% (0-100) 0.031

Two medications 
(n=24) 75% (0-100)

Number of tablets per day

One or less tablets 
(n=14) 64.8% (0-100)

0.61
1.5 or more tablets 

(n=80) 56.4% (0-100)

Insurance
Insured (n=15) 70% (0-100)

0.98
Not Insured (n=79) 55.6% (0-100)

Booth et al., Vet Rec 2021
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Information über:
• Epilepsie und ihre Komorbiditäten (z.B. Erhöhung der Angst / Angst, 

Verringerung der Trainingsfähigkeit) 
• Der Einfluss von Anfällen und AEMs auf ihr tägliches Leben (z.B. 

Tagesablauf, Alleinlassen des Hundes, Urlaub machen, lebenslange 
Verpflichtung) 

• Notwendigkeit und Ziel einer chronischen und akuten (Notfall-) ASD-
Therapie 

• Die Bedeutung einer regelmäßigen Verabreichung von ASDs 
• Änderungen des Dosierungsschemas sollten nur nach Rücksprache mit 

einem Tierarzt vorgenommen werden, was möglicherweise erforderlich 
ist, um eine optimale Anfallskontrolle zu erreichen 

• Gefahr von Entzugsanfällen, wenn die chronische ASD-Behandlung 
abrupt abgebrochen wird 

Besitzercheckliste

Information über:
• Mögliche nachteilige Auswirkungen der ASD-Behandlung 
• Die Wichtigkeit, ein detailliertes Anfallstagebuch zu führen 
• Die Bedeutung regelmäßiger Kontrolluntersuchungen zur Überwachung 

der Häufigkeit und des Schweregrads von Anfällen, der Hämatologie, der 
Serumbiochemie, der dynamischen Gallensäuren und der ASD-
Blutkonzentrationen 

• Kosten 
• Arzneimittelwechselwirkungen können auftreten, wenn sie mit anderen 

Nicht-ASDs oder ASDs kombiniert werden 
• Die Bedeutung einer ausgewogenen Ernährung (z. B. Salzgehalt, 

Nahrungsmittelüberempfindlichkeit, mit mittelkettigen Triglyceriden
angereicherte Diäten) und dass Durchfall und Erbrechen die Absorption 
von ASS beeinträchtigen können.

Besitzercheckliste
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Placebo –Effekt? 



Fokale epileptische Anfälle

Packer et al (2016)
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Intracranial structural symmetrical lesions
Predictors for a symmetrical structural lesions are the age of seizure onset and an abnormal symmetrical neurologic examination.

Intracranial structural asymmetrical lesions
Predictors for structural asymmetrical lesions include age of seizure onset >6years, the occurrence of cluster seizures, asymmetrical seizure
episodes, a symmetrically abnormal interictal neurological examination and an asymmetrically abnormal interictal neurological examination

Variable
Maximum Odds 

ratio
SE 95% CI t Value P-Value

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

Neuro exam abnormal asymmetrical 27.97
±

0.35 13.38-58.50 9.57
<0.0001

Variable
Maximum Odds 

ratio
SE 95% CI t Value P-Value

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

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

Variable Maximum Odds 
ratio

SE 95% CI t Value P-Value

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

•Hund, Katze, Mensch und Maus 1-5
- Hohe Anfallsfrequenz
- Serien Anfälle
- Status epilepticus 

Anfallsdichte
1. Heynold Y, Faissler D, Steffen F, et al. J Small Anim Pract 1997
2. Hulsmeyer V, Zimmermann R, Brauer C, et al. J Vet Intern Med 2010
3. Weissl J, Hulsmeyer V, Brauer C, et al. J Vet Intern Med 2012
4. Löscher W, Brandt C. Epilepsia 2010
5. Kwan P, Brodie MJ. N Engl J Med 2000  
6. Monteiro R, Adams V, Keys D, et al. J Small Anim Pract 2012

Risikofaktoren
für pharmakoresistente Epilepsie



Remained in the multivariate analysis model

21

Table 1. Association between clinical variables and being in seizure-free remission in canine epilepsy 

patients

Remission Statistics
No (%) Yes (%) Fishers exact

(2 sided)
P

Sex Male 75.1 53.6 5.56 0.024
Female 24.9 46.4

Neuter 
status

Neutered 53.2 75.0 4.53 0.038
Entire 46.8 25.0

Seizure 
severity

Status epilepticus 20.0 0.0 0.25 0.802
No Status 
epilepticus

80.0 100.0

Cluster seizures 62.8 17.9 19.63 <0.001
No Cluster seizures 37.2 82.1

Median 
(25th-75th

percentile)

Median 
(25th-75th percentile)

Mann 
Whitney U

P

Age presented to hospital (days) 1080
(720-1800)

1440
(1080-2085)

1933 0.61

Time until diagnosis (days) 180
(62.3-378.8)

90
(15-225)

1204 0.79

Age at onset seizures (days) 720
(441-1286)

1170
(720-1725)

2971 0.026

Duration of disorder before 
treatment (days)

90
(30-180)

60
(26-120)

578 0.31

Number of seizures before start 
of treatment

5
(3-8.5)

4
(3-5.3)

1286 0.09

Seizure frequency per month 
before medication

3
(1-6)

2
(1.25-3.75)

1582 0.39

Cluster seizures

Male

Age at onset seizures (days)

 Seite 40

NOTIZEN:

NOTIZEN:

Foto: Christine Sandu - Unsplash
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Idiopathische Epilepsie ist keine Krankheit

Foto: Uwe Conrad – Unsplash.com

2.

Barbiturate erhöhen die Länge des Öffnens des GABAA Rezeptors. 

Benzodiazepine erhöhen die Frequenz des Öffnens des GABAA Rezeptors. 

Wirkmechanismus

1.
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Midazolam (intravenous bolus and CRI) ⏤ Levetiracetam (intravenous) 

Midazolam (intranasal; intramuscular) ⏤ Diazepam (intravenous bolus and CRI; intranasal; 
rectal) ⏤ Lorazepam (intravenous) ⏤ Levetiracetam (rectal; oral)

Midazolam (buccal) ⏤ Levetiracetam (intramuscular)

Midazolam (rectal; oral) ⏤ Diazepam (intramuscular; oral) ⏤ Lorazepam (rectal)

Diazepam (buccal; endotracheal) ⏤ Lorazepam (intranasal)

ACVIM pyramid of hierarchy regarding antiseizure therapy recommendations for cluster seizures in dogs

A
HIGH

B
MODERATE

C
LOW

D
PROHIBITED

E
NEITHER RECOMMENDED NOR PROHIBITED

Ergebnisse und Empfehlungen
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Currently none

Midazolam (intravenous bolus and CRI) ⏤ Diazepam (intravenous bolus) ⏤ Levetiracetam 
(intravenous; oral)

Currently none

Midazolam (oral) ⏤ Diazepam (intravenous CRI; endotracheal; oral)

Midazolam (intranasal; intramuscular; rectal; buccal) ⏤ Diazepam (intranasal; 
intramuscular; rectal; buccal) ⏤ Lorazepam (intravenous; intranasal; rectal) ⏤

Levetiracetam (intramuscular; rectal)

ACVIM pyramid of hierarchy regarding antiseizure therapy recommendations for cluster seizures in cats

E
NEITHER RECOMMENDED NOR PROHIBITED

D
PROHIBITED

C
LOW

B
MODERATE

A
HIGH

Ergebnisse und Empfehlungen

Heute wieder vorstellig….

Poppy



Was nun?
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MRT
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Factor investigated Groups compared
Outcome assessed

Seizure-free period a Survival time a Seizure control b

Diagnosis

Meningioma vs glioma p = 0.65 p = 0.14 p > 0.99

Glioma vs MUA p = 0.46 p = 0.0046 * p = 0.26

Meningioma vs MUA p = 0.30 p = 0.017 * p = 0.22

ASD therapy

Lev. vs pheno. p = 0.44 p = 0.10 p = 0.31

Pheno. vs Pheno.-lev. p = 0.64 p = 0.97 p = 0.17

Lev. vs Pheno.-lev. p = 0.31 p = 0.15 p > 0.99

Clusters 

pre-diagnosis
Yes vs no p = 0.083 p = 0.096 p = 0.35

SE 

pre-diagnosis
Yes vs no p = 0.013 * p = 0.014 * p = 0.044 *

Schlussfolgerung

• Strukturelle Epilepsie ist behandelbar
- AEM 
- Behandle strukturelle Erkrankung

•Wenn kein Therapieerfolg – Denke an strukturelle Epilepsie!



Heute wieder vorstellig
nach 4 Monaten…. 

STATUS EPILEPTICUS
Trotz Silver Bullet 
(Corticosteroide)

Poppy
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Was ist wichtig bei der
Status epilepticus-Therapie?
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Was ist wichtiger?

Status epilepticus



Primär-Schaden

Sekundär-Schaden/Komplikationen

Status epilepticus
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Primär-Schaden
• Exzitotoxizität -> Calcium -> Apoptose
• Hypoxaemie und Ischaemie
• Gehirnödem-> Herniation 

Sekundär-Schaden/Komplikationen

Status epilepticus
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• Hypertension
• Hypoxaemie

• Hypercarbaemie
• Hyperglycaemie
• Laktaterhöhung

30 minutes

• Hyperthermie
• Azidose
• Hyperthermie
• Myolyse

– Myoglobinurie, Hyperkalaemie
• Nierenversagen

> 30 minutes

• Hypoglykaemie
• Hypotension
• Herzrhytmusstörungen



↓ Puls
↓ Respiration
↓ Blutdruck

Hypoxie
Hypotension
Hypoxie
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SE and the “tip of the iceberg”

Seizure activity

Hyperthermia

Excitotoxicity
Cell apoptosis

Hypoxemia
Tissue ischemia

Metabolic disturbances

Supportive 
therapy

ASMs

Stage 1
Impending

• Neurotransmitter 
release and 
imbalance

• Ion channel 
opening/closing

Stage 2
Established

• GABAAR decrease
• Internalization of

GABAAR γ and β 
subunits

• NMDAR & AMPAR 
upregulation

Stage 3
Refractory

• Excitatory & 
inhibitory 
neuropeptides 
imbalance

• +/- BBB drug 
transporters/Pgp
upregulation

Stage 4
(Super)refractory

• Gene expression 
alterations

(5-10 mins) (10-30 mins) (> 30 mins) (> 24 hours)

Phasen und Pathophysiologie



(5-10 mins) (10-30 mins) (> 30 mins) (> 24 hours)

Stage 1
First-line treatment

(Likely responsive)

Stage 2
First-line treatment
(Progressively less 

responsive)
Second-line treatment

(Likely responsive)

Stage 3
First- & second-line 

treatment

(Likely minimally to 
non-responsive)

Third-line treatment
(Likely responsive)

Stage 4
First-, second- & third-

line treatment
(Likely minimally to 

non-responsive)

Phasen und Pathophysiologie
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Obstacle 1
GABAAR subunits 
internalization and 

sensitivity loss

Potential solution 1
GABAAR agonists of other extrasynaptic subunits 
+/- medications with other mechanisms of action

Phenobarbital, levetiracetam, fosphenytoin, 
propofol, inhalational anaesthetics

Obstacle 2
NMDAR upregulation

Potential solution 2
NMDAR antagonists

Ketamine

Obstacle 3
BBB drug transporters 

upregulation

Potential solution 3
Administration routes bypassing BBB

Intranasal route
Modified from: Charalambous M et al. First-line management of canine status epilepticus at home and in hospital-opportunities and limitations of the various 
administration routes of benzodiazepines. BMC Vet Res 17, 103 (2021)
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• At least two clinical studies with an overall moderate quality score OR
• One clinical study with an overall high quality score
• One or more clinical studies with an overall low quality score 

OR
• One clinical study with an overall moderate quality score OR
• Only pharmacokinetic studies exist

• Multiple clinical studies (particularly of high overall 
quality) with conflicting results

I
High level 

for/against

II
Moderate level 

for/against

III
Low level 

for/against

V
Absence of evidence

IV
Conflicting level

• Neither clinical nor pharmacokinetic studies

• At least two clinical studies with an overall high quality score

Evidence behind each intervention

• Intervention is possibly an effective and safe treatment

• Intervention is possibly inadequately effective or safe treatment

• Ineffective and/or unsafe treatment

A
High

B
Moderate

C
Low

E
Neither recommended nor 

prohibited

D
Intervention is prohibited 

• Intervention might be potentially effective and safe treatment
• However, currently limited to absent

• Evidence and/or
• Clinical experience (applicability, feasibility and efficacy)

• Intervention is most likely an effective and safe treatment

Panel recommendations



Midazolam (intravenous bolus and CRI; intranasal) ⏤ Diazepam (intravenous bolus)  ⏤ Propofol 
(intravenous bolus and CRI) ⏤ Ketamine (intravenous bolus and CRI) ⏤ Phenobarbital (intravenous) 

Midazolam (intramuscular) ⏤ Diazepam (intravenous CRI; intranasal) ⏤ Lorazepam (intravenous) ⏤
Levetiracetam (intravenous)  ⏤ Pentobarbital (intravenous bolus and CRI) ⏤ (Dex)medetomidine 

(intravenous bolus and CRI) ⏤ Fosphenytoin (intravenous) ⏤ Inhalant anesthetics

Midazolam (buccal) ⏤ Diazepam (rectal) ⏤ Levetiracetam (intramuscular; oral; rectal) ⏤ Topiramate 
(intravenous) 

Midazolam (rectal; oral) ⏤ Diazepam (intramuscular; oral) ⏤ Lorazepam (rectal) ⏤ Topiramate (oral)

Diazepam (buccal; endotracheal) ⏤ Lorazepam (intranasal) ⏤ (Dex)medetomidine (intramuscular) ⏤
Chlorpromazine (oral) ⏤ Allopregnanolone (intravenous; intramuscular) ⏤ Magnesium (intravenous) 

⏤ Neurostimulation 

A
HIGH

B
MODERATE

C
LOW

D
PROHIBITED

E
NEITHER RECOMMENDED NOR PROHIBITED

ACVIM pyramid of hierarchy regarding antiseizure therapy recommendations for status epilepticus in dogs

Ergebnisse und Empfehlungen
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Currently none

Midazolam (intravenous bolus and CRI) ⏤ Diazepam (intravenous bolus) ⏤ Levetiracetam 
(intravenous)  ⏤ Phenobarbital (intravenous) ⏤ Inhalant anesthetics

Levetiracetam (oral) ⏤ Pentobarbital (intravenous bolus and CRI) ⏤ Propofol (intravenous bouls and 
CRI)

Midazolam (oral) ⏤ Diazepam (intravenous CRI; oral; endotracheal)

Midazolam (intranasal; intramuscular; rectal; buccal) ⏤ Diazepam (intranasal; intramuscular; rectal; buccal) ⏤ Lorazepam (intravenous; 
intranasal; rectal) ⏤ Levetiracetam (intramuscular; rectal) ⏤ Topiramate (intravenous; oral) ⏤ Ketamine (intravenous bolus and CRI) ⏤

(Dex)medetomidine (intravenous bolus and CRI; intramuscular) ⏤ Fosphenytoin (intravenous) ⏤ Chlorpromazine (oral) ⏤
Allopregnanolone (intravenous; intramuscular) ⏤ Magnesium (intravenous) ⏤ Neurostimulation 

A

ACVIM pyramid of hierarchy regarding antiseizure therapy recommendations for status epilepticus in cats

A
HIGH

B
MODERATE

C
LOW

D
PROHIBITED

E
NEITHER RECOMMENDED NOR PROHIBITED

Ergebnisse und Empfehlungen
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First-line
High to moderate ACVIM 

recommendations

Dogs
A: MDZ (IN, IV, 
CRI); DZP (IV)
B: MDZ (IM), DZP 
(IN, CRI); LZP (IV)

Cats
A: /
B: MDZ (IV, CRI); 
DZP (IV)

Second-line
High to moderate 

ACVIM 
recommendations

Dogs
A: PHB (IV)
B: LEVE (IV); 
FosPH (IV)

Cats
A: /
B: LEVE (IV); PHB 
(IV)

Third-line
High to moderate 

ACVIM 
recommendations

Dogs
A: KET (IV, CRI); 
Propofol (IV, CRI)
B: DexMed (CRI); 
Pentob (CRI); 
Inhalational anaesthesia

Cats
A: /
B: Inhalational 
anaesthesia

Schlussfolgerungen

Status epilepticus

First-line 
MDZ IN, IV or DZP IV

+/-
MDZ
CRI

First-line
(+/-

KET IV)
+

Second-line
LEVE IV & PHB IV +/-

fosphenytoin IV

First-line
+

Second-line
+

Third-line
KET IV, CRI +/- DexMed IV, CRI 
+/- Propofol IV, CRI +/- Pentob

IV, CRI +/- inhalational 
anesthesia

First-line
+

Second-line
+

Third-line
+

Other pharmacological 
interventions +/-
neurostimulation

(5-10 mins) (10-30 mins) (> 30 mins) (> 24 hours)

Schlussfolgerungen
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MRT ….4 Monate später

Pathologie



Schlussfolgerung

Wenn kein Therapieerfolg –
Denke an strukturelle Epilepsie!
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Charlie
5 Jahre, Labrador Retriever,
weiblich kastriert
• Vier Anfälle in den

letzten zwei Monaten

Fall 2
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Was ist es?



Bitte beschreiben Sie in Ihren 
eigenen Worten, was Sie sehen

 Seite 60

NOTIZEN:

NOTIZEN:



 Seite 61

NOTIZEN:

NOTIZEN:

• Dystonie von ≥ 1 Gliedmaße und generalisiertes Körperzittern mit bewahrtem
Bewusstsein

• Im Durchschnitt 5,4 Jahre alt 
• Episodendauer betrug 4,5 Minuten
• Trigger: Stress oder ausgelöst durch Bewegung

• 6 Hunde Therapie mit Acetazolamid (4mg/kg q12 oder q8h) – 4 Hunde Verbesserung.
• 7 Hunde -> glutenfreie Diät -> 6 Hunde episodenfrei. 
• Bei 4 Hunden hörten die Episoden spontan auf
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Schlussfolgerung
Wenn kein Therapieerfolg –
Denke an andere paroxysmale Erkrankungen!

Paroxysmale Dyskinesie:
• Denke an Diät (Gluten?)
• Reflux-Ösophagitis?
• Triggerfaktoren
• Levetirazetam?
• Acetazolamid??
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Katzen

Pünktchen
10 Jahre, weiblich

• 2 epileptische generalisierte Anfälle
pro Monat seit 3 Monaten

• Hypertension 

Fall 3



?
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Welches Medikament nehmen 
Sie zuerst zur Behandlung der 
Epilepsie bei der Katze?
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Welches Medikament nehmen 
Sie als Add-on zur Behandlung 
der Epilepsie bei der Katze?

Welches Medikament?

1. Phenobarbital

2. Imepitoin

3. Kaliumbromid

4. Levetirazetam

5. Gabapentin

6. Zonisamide



Hat diese Katze idiopathische 
Epilepsie?
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Alter

Statistisches Modelling

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

• Abnormale neurologische Untersuchung -> 3fach 
wahrscheinlicher -> Strukturelle Epilepsie. 



Diseases to be considered in cats presenting with seizures

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

Idiopathic Genetic? - / Gene defect 
(susceptibility/causative)

-

Structural Degenerative Hippocampal necrosis*
Storage diseases

-
Yes & Progressive & Symmetrical

Anomalous Hydrocephalus
Lissencephaly

Yes & Progressive & Symmetrical
Yes & Progressive & Asymmetrical

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

Yes & Progressive & Asymmetrical

Inflammatory 

Infectious

VGKC-associated limbic encephalitis

Meningoencephalitis of unknown 
aetiology

Toxoplasma gondii
Feline immunodeficiency virus
Feline infectious peritonitis
Rabies
Fungal infections

- / can have behaviour changes

Yes & Progressive & Asymmetrical

Yes & Progressive & Asymmetrical

Traumatic Trauma Yes & Static/Improving & Asymmetrical

Diagnostics to be considered for cats presenting with seizures.

Extracranial Work-up Intracranial Work-up

• Complete Blood Cell count

• Serum biochemistry

• Urinalysis

• Dynamic bile acids testing/Ammonia

• Depending on age and clinical presentation

• Blood pressure and/or ECG

• Serology/PCR for Toxoplasma gondii, 

FeLV/FIV, FCoV (also consider 

Albumin:Globulin ratio, 1- α-acid 

glycoprotein, haematology for diagnosis of 

FIP)

• Thyroxine 

• Advanced Imaging

• MRI (CT less ideal)

• Cerebrospinal fluid analysis

• Nucleated cell count

• Protein concentration

• PCR (Toxoplasma gondii, FCoV)

• EEG
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Summary of the antiepileptic drugs available to treat epilepsy in cats.

Antiepileptic drug Initial dose Therapeutic range Potential adverse effects Comments

Phenobarbital 2-3 mg/kg q 12-24 hrs 10-30 mg/dl
Sedation, ataxia,  
hepatotoxicity, blood 
dyscrasias, skin eruptions

Currently considered 1st line 
antiepileptic drug in the UK

Diazepam 5-10 mg q 8-12 hrs 500-700 ng/ml (nordiazepam)
Acute hepatic necrosis, 
sedation

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

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

Considered 2nd line*

Zonisamide 5-10 mg/kg q 12-24 hrs ?
Sedation, vomiting, diarrhoea, 
hepatotoxicity

Gabapentin 5-10 mg/kg q 8-12 hrs ? Sedation, ataxia No clinical studies published

Pregabalin 2 mg/kg q 12 hrs ? Sedation, ataxia No clinical studies published

Topiramate 12.5-25 mg q 8-12 hrs ?
Sedation, inappetence, weight 
loss

No clinical studies published

*authors opinion; Please consider the cascade regulation when prescribing antiepileptic drugs. Imepitoin might be an alternative drug to be considered in the future as we 

continue to increase our knowledge about the efficacy and safety of imepitoin in cats. 

Imepitoin….20-30mg/kg zweimal täglich?
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• 40–50% -> anfallsfrei

• 20–30% gut kontrolliert

• 20-30% schlecht kontrolliert

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

Introduction
Very little is known about the outcome of long-term 
treatment of seizures in feline primary epilepsy (PE). 
Phenobarbital is the first choice drug for cats with recur-
rent seizures.1 Other anti-epileptic drugs (AED), such as 
potassium bromide,2 levetiracetam3 and gabapentin4 can 
be used for feline epileptic patients; however, there are 
no published data regarding chronic gabapentin ther-
apy. The use of potassium bromide has been associated 
with adverse respiratory effects and oral diazepam with 
fatal hepatotoxicosis.2,5 No long-term study has evalu-
ated the efficacy of phenobarbital and its outcome in 
feline PE, and only expert recommendations exist.1,6,7

The aim of our study was to evaluate the long-term fol-
low-up of cats with suspected primary epilepsy (SPE), 
mainly on the basis of number of seizures per year.

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

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

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

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

Abstract
We report an evaluation of the treatment and outcome of cats with suspected primary epilepsy. Phenobarbital 
therapy was used alone or in combination with other anti-epileptic drugs. Outcome after treatment was evaluated 
mainly on the basis of number of seizures per year and categorised into four groups: seizure-free, good control 
(1–5 seizures per year), moderate control (6–10 seizures per year) and poor control (more than 10 seizures per 
year). About 40–50% of cases became seizure-free, 20–30% were considered good-to-moderately controlled and 
about 30% were poorly controlled depending on the year of treatment considered. The duration of seizure events 
after treatment decreased in 26/36 cats and was unchanged in eight cats. The subjective severity of seizure also 
decreased in 25 cats and was unchanged in nine cats. Twenty-six cats had a good quality of life, nine cats an 
impaired quality of life and one cat a bad quality of life. Despite being free of seizures for years, cessation of 
treatment may lead to recurrence of seizures in most cats.
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• Klinische Zeichen
- Ataxie
- Verhaltensveränderungen
- Epileptische Anfälle
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Suspected Limbic Encephalitis and Seizure in Cats Associated
with Voltage-Gated Potassium Channel (VGKC) Complex Antibody

A. Pakozdy, P. Halasz, A. Klang, J. Bauer, M. Leschnik, A. Tichy, J.G. Thalhammer,
B. Lang, and A. Vincent

Background: Treatment-resistant complex partial seizures (CPS) with orofacial involvement recently were reported in

cats in association with hippocampal pathology. The features had some similarity to those described in humans with limbic

encephalitis and voltage-gated potassium channel (VGKC) complex antibody.

Hypothesis/Objectives: The purpose of this pilot study was to evaluate cats with CPS and orofacial involvement for the

presence of VGKC-complex antibody.

Animals: Client-owned cats with acute orofacial CPS and control cats were investigated.

Methods: Prospective study. Serum was collected from 14 cats in the acute stage of the disease and compared with 19

controls. VGKC-complex antibodies were determined by routine immunoprecipitation and by binding to leucine-rich

glioma inactivated 1 (LGI1) and contactin-associated protein-like 2 (CASPR2), the 2 main targets of VGKC-complex anti-

bodies in humans.

Results: Five of the 14 affected cats, but none of the 19 controls, had VGKC-complex antibody concentrations above

the cut-off concentration (>100 pmol/L) based on control samples and similar to those found in humans. Antibodies in 4

cats were directed against LGI1, and none were directed against CASPR2. Follow-up sera were available for 5 cats in

remission and all antibody concentrations were within the reference range.

Conclusion and Clinical Importance: Our study suggests that an autoimmune limbic encephalitis exists in cats and that

VGKC-complex/LGI1 antibodies may play a role in this disorder, as they are thought to in humans.

Key words: Autoimmune limbic epilepsy; Feline.

L imbic encephalitis (LE) associated with serum
antibodies against voltage-gated potassium

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

We recently reported an acute seizure disorder with
orofacial involvement in cats (feline CPS with orofacial
automatism, FEPSO).7 The clinical presentation included
distinctive complex partial cluster seizures, consisting of
facial twitching, salivation, motionless staring (motor
arrest), lip smacking, chewing, licking, swallowing, mydri-
asis, and vocalization. Such episodes lasted usually for a
few seconds to 1 minute (see supplemental video). Fre-
quent postictal signs included behavioral changes and
aggression. Brain MRIs showed bilateral hippocampal T1
hypo- and isointensity and T2 hyperintensity. Initial resis-
tance to antiepileptic treatment was observed. The histo-
pathologic changes were found mainly in the
hippocampus and included degeneration and inflamma-
tion. We suggested that a primary immune-mediated pro-
cess may cause limbic encephalitis and that hippocampal
neuronal loss may be secondary to inflammation, as also
described in humans with LE.6 The main aim of this study
was to determine whether affected cats had increased
serum VGKC-complex antibody concentration during the
acute stage of the disease, whether the antibodies bound
LGI1/CASPR2, and to compare results with follow-up
and control samples.
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Abbreviations:

CASPR2 contactin-associated protein-like 2

CPS complex partial seizures

EEG electroencephalography

FEPSO feline CPS with orofacial involvement

GAD glutamate decarboxylase

LE limbic encephalitis

LGI1 leucine-rich glioma inactivated 1

MRI magnetic resonance imaging

VGKC voltage-gated potassium channel

Brief Communication
J Vet Intern Med 2013;27:212–214

Results: Five of the 14 affected cats, but none of the 19 controls, had VGKC-complex antibody concentrations aboveffected cats, but none of the 19 controls, had VGKC-complex antibody concentrations aboveff

concentration (>100 pmol/L) based on control samples and similar to those found in humans. Antibodies in 4
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channel) and prevents Kv channel inactivation mediated
by the b-subunit of the channel.8 Certain LGI1 mutants
(typically nonsecreted mutants) fail to prevent channel
inactivation,9,10 resulting in more rapidly closing chan-
nels, which extends presynaptic depolarization and leads
to increased calcium influx. Consequently, neurotrans-
mitter release is increased excessively, which may induce
focal seizures. However, because the b-subunit acts
from the intracellular side, it is not clear how secreted
LG1 can modulate the Kv channel.
In the brain, LGI1 also interacts at the presynaptic

membrane with an ADAM (a disintegrin and metallo-
protease) protein family member, the transmembrane
protein ADAM23, and this interaction affects neurite
outgrowth.11,12

LGI1 also is located postsynaptically and co-immu-
noprecipitates with the postsynaptic scaffolding protein
PSD-95 (postsynaptic density protein).13 LGI1 does not
interact with PSD-95 directly, but with the extracellular
domain of the transmembrane protein ADAM22.
ADAM22 binds to PSD-95.13 PSD-95 can bind to star-
gazin, which is a transmembrane regulatory subunit of
a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
receptor (AMPAR),14 a non-NMDA (N-methyl-D-
aspartate) type glutamate receptor (Fig 1). Incubation
of hippocampal slices with LGI1 leads to an increase in
the synaptic AMPA/NMDA ratio, which can be
explained by the fact that stargazin and PSD95 both

control the number of AMPARs at the synapses, and
both interact indirectly with LGI1 via ADAM22. The
glycosylphophatidylinositol-anchored Nogo receptor 1
(NgR1), whose ligand Nogo inhibits axon outgrowth,
also functions as a receptor for LGI1 and mediates
LGI1-ADAM22 binding.11 The AMPAR-mediated syn-
aptic transmission in the hippocampus is severely
decreased when LGI1 is lacking.12

Binding of LGI1 to ADAM22 and ADAM23 is med-
iated by the EPTP domain of LGI1. ADAM22 or
ADAM23 knockout mice have a strong phenotypical
overlap with LGI1 knockout mice,12,15,16 a phenotype
that is characterized by spontaneous epilepsy and pre-
mature death. Interestingly, LGI1 leads to co-assembly
of ADAM22 and ADAM23. These results suggest that
LGI1 simultaneously binds presynaptic ADAM23 and
postsynaptic ADAM22, pulling both the presynaptic
membrane (containing voltage-gated potassium channel
[VGKC] complexes) and the postsynaptic membrane
(containing AMPA receptor scaffolds) together, thus
stabilizing the synapse and increasing neurotransmis-
sion.12 LGI1 also can weakly bind to ADAM11,17

which is an essential protein for proper neuronal func-
tion.
In addition to its roles in synaptic transmission,

LGI1 also has been proposed to regulate neuronal
development. A role for LGI1 has been proposed in the
maturation of glutamatergic synapses.18 Expression of
mutant LGI1 (carrying the mutation 835delC, which is
found in ADLTE and truncates the C-terminal EPTP
domain) in mice arrests normal postnatal change in
postsynaptic NMDA receptor (NMDAR) NR2 subunit
composition, which is an important feature of synapse
maturation. Furthermore, this mutant arrests normal
postnatal down-regulation of presynaptic release proba-
bility, inhibits dendritic pruning and increases spine
density leading to an enhanced excitatory transmis-
sion.18

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

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

Fig 1. Role of LGI1 in synaptic transmission. LGI1 pulls the pre-

synaptic membrane containing VGKC complexes and postsynaptic

membrane together by simultaneous binding to presynaptic

ADAM23 and postsynaptic ADAM22. NR1 promotes binding of

LGI1 to ADAM22. ADAM22 indirectly interacts with AMPA

receptors via PSD-95 and stargazin.

998 Pakozdy et al

LGI Proteins and Epilepsy in Human and Animals

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

Leucine-rich glioma-inactivated (LGI) protein was first thought to have a suppressor effect in the formation of some can-

cers. Developments in physiology and medicine made it possible to characterize the function of the LGI protein family and

its crucial role in different conditions more precisely. These proteins play an important role in synaptic transmission, and dys-

function may cause hyperexcitability. Genetic mutation of LGI1was confirmed to be the cause of autosomal dominant lateral

temporal lobe epilepsy in humans. The LGI2 mutation was identified in benign familial juvenile epilepsy in Lagotto

Romagnolo (LR) dogs. Cats with familial spontaneous temporal lobe epilepsy have been reported, and the etiology might be

associated with LGI protein family dysfunction. In addition, an autoimmune reaction against LGI1 was detected in humans

and cats with limbic encephalitis. These advances prompted a review of LGI protein function and its role in different seizure

disorders.

Key words: Autoimmune; Epilepsy; Genetic; LGI.

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

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

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

LGI Function

LGI1 is a neuronally secreted protein that contains 3
leucine-rich repeats (LRR) in the N-terminal region3

and epitempin (EPTP) repeats in the carboxyl half of
the protein6 as protein–protein interaction domains.
Epitempin repeats were only found in the LGI1 gene.7

The protein LGI1 is multifunctional. It binds to the
presynaptic voltage-gated potassium channel Kv1.1 (Kv
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Abbreviations:

ADLTE autosomal dominant lateral temporal lobe epilepsy

ADAM a disintegrin and metalloprotease

AED antiepileptic drugs

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

BFJE benign familial juvenile epilepsy

BS Belgian Shepherd

CASPR2 contactin-associated protein 2

CNS central nervous system

EEG electroencephalography

EL mouse epilepsy-like mouse

EPTP epitempin

FBDS faciobrachial dystonic seizures

FEPSO feline complex partial seizure with orofacial

involvement

FLAIR fluid attenuated inversion recovery

FS febrile seizures

FMTLE familial mesial temporal lobe epilepsy

FSEC familial spontaneous epileptic cats

FTLE familial temporal lobe epilepsy

GAD glutamic acid decarboxylase

HS hippocampal sclerosis

IE idiopathic epilepsy

ISH in situ hybridization

LE limbic encephalitis

LGI leucine-rich glioma-inactivated

LR Lagotto Romagnolo

LRR leucine-rich repeats

MRI magnetic resonance imaging

NMDA N-methyl-D-aspartate

PET positron emission tomography

PNS peripheral nervous system

PSD postsynaptic density protein

SNP single nucleotide polymorphism

VGKC voltage-gated potassium channel
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