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How high do you think is the spontaneous and
drug-induced epilepsy remission rate ?

3. 40-50%
4. 50-60%

Josephine 2006

Labrador, 3yrs, FS
•Poppy is treated with a first line
antiepileptic drug of your choice and
continuous to seizure for idiopathic epilepsy
(4/month)

1. 10-15%
2. 20-30%

•The physical examination and interictal
neurological examination was
unremarkable

3. 40-50%
4. 50-60%

2. 20-30%

Josephine 2006

•Bloods and urine were unremarkable
•What would you do?

Labrador, 3yrs, FS
One month later the dog had 4 seizures.
What do you want to do now?
1. Check serum levels?
2. Add potassium bromide or another
antiepileptic drug?
3. Refer to a neurologist?
4. Repeat the neurological exam?
5. Ask for a video of the seizures?

Drug resistant?
Definition of drug-resistant epilepsy
A patient is defined as pharmacoresistant if two antiepileptic
drugs achieving therapeutic serum concentration and steady
state did not result in a seizure frequency reduction of ≥50%
(Trepanier et al., 1998; Regesta and Tanganelli, 1999).
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comment and was approved by the Executive Committee
Level 1: Categorization of
of the ILAE during the 28th International Epilepsy ConOutcome to a Therapeutic
gress in Budapest, Hungary, June 28th to July 2nd, 2009. It
Intervention
should be emphasized that given the paucity of high quality
data on the long-term prognosis of epilepsy, the proposed
There are many dimensions in a patient’s outcome to a
definition should not be regarded as a foregone conclusion, given therapeutic intervention. The categorization scheme
but is intended to represent a consensus opinion that needs should be simple and practical, rather than exhaustive, to
to be tested in rigorous prospective studies and refined as facilitate its use across a broad range of clinical and research
new evidence emerges.
settings. Therefore, the proposed scheme contains the two
Any definition of drug resistant epilepsy should be under- most clinically relevant outcome dimensions, namely, seistood and applied within the context of its intended use, zure control and occurrence of adverse effects (Table 1).
because different definitions may be required for different Outcomes to a given intervention are categorized based on
purposes. The primary goal of this consensus definition is to whether it rendered the patient seizure-free (Category 1) or
improve patient care and facilitate clinical research. As not (Category 2). For the outcome to fall into either catesuch, by setting out the minimum criteria for defining drug- gory, the intervention must be ‘‘appropriate’’ and ‘‘aderesistant epilepsy, it aims to serve as a working definition quate,’’ each of which is defined in subsequent text of this
Epilepsia, 51(6):1069–1077, 2010
that is pragmatic and applicable for everyday clinical man- article. Otherwise, the outcome is designated as undeterdoi: 10.1111/j.1528-1167.2009.02397.x
agement. Fulfillment of the definition in a patient should mined (Category 3). Each category is then subdivided into
prompt a comprehensive review of the diagnosis and man- A, B, and C, based on outcome with respect to adverse
agement, preferably by an epilepsy center. In addition, by effects. This subdivision is included even though it does not
applying the definition, practitioners (and patients) can be contribute to the definition of drug resistance, because there
alerted to the type of information that should be collected is an important clinical difference between a seizure-free
during clinical consultation.
patient without any adverse effects, and one who is seizure
The primary target users of the definition are medical free at the expense of substantial adverse effects. Capturing
practitioners at all health care levels (including primary care this information may aid clinicians in deciding intervenpractitioners, general neurologists, and epileptologists) tions. The appropriate application of the scheme is based on
directly involved in the clinical care of people with epilepsy. the following assumptions and provisions.
With the appropriate information collected on treatment
*1Patrick Kwan, yAlexis Arzimanoglou,
zAnne T. Berg, xMartin J. Brodie,
response, we believe the definition may aid nonspecialists Appropriateness of intervention
2
{W. Allen Hauser, # Gary Mathern,in
**Solomon
Moshé,
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Drug-resistance (Humans)

Definition of drug resistant epilepsy: Consensus
proposal by the ad hoc Task Force of the ILAE Commission on
Therapeutic Strategies
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The overall framework of the definition comprises two
‘‘hierarchical’’ levels: Level 1 provides a general template
or scheme to categorize outcome to each therapeutic inter-

Outcome dimensiona

Seizure
control

Occurrence of
adverse effects

30 %

Outcome
category

antiepileptic drugs. It is proposed as a testable hypothesis
vention (whether
pharmacologic or nonpharmacologic),
UMMARY
1. Seizure-free
A. No
1A
that drug resistant epilepsy is defined as failure
of adeB. Yes
1B
including a minimum dataset about the intervention that
To improve patient care and facilitate clinical research, quate trials of two tolerated, appropriately chosen and
C. Undetermined
1C
would be needed for such purpose. Broadly, the categories
the International League Against Epilepsy (ILAE) used antiepileptic drug schedules (whether as
2. monotheraTreatment failure
A. No
2A
of outcome include ‘‘seizure-free,’’ ‘‘treatment failure,’’ and
appointed a Task Force to formulate a consensus defini- pies or in combination) to achieve sustained seizure freeB. Yes
2B
‘‘undetermined,’’ which are elaborated below. Level 1
C. Undetermined
2C
tion of drug resistant epilepsy. The overall framework of dom. This definition can be further refined when new
forms 1theprobasis for
Level 2,emerges.
which provides
core definition
3. Undetermined
A. No
3A
evidence
The arationale
behind the
definition
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B. Yes
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application
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Level 2: Definition of drug resistant epilepsy
Failure of achieving freedom of seizures despite adequate trials of two
(or more) well-tolerated, correctly chosen and used AED regimens
(whether administered as mono-therapies or in combination)
Although the concept of drug resistant (often used interchangeably with ‘‘medically refractory/intractable’’ or
‘‘pharmacoresistant’’) epilepsy may appear self-explanatory and intuitive, a precise definition has remained elusive. This has resulted in diverse criteria used by different
clinicians and researchers, or even a lack of explicit criteria
in some cases, rendering it difficult to compare findings
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across studies and to make practice recommendations
(Perucca, 1998; Tanganelli & Regesta, 1999; Berg et al.,
2006; Kwan & Brodie, 2006; Arzimanoglou & Ryvlin,
2008). In response to this situation, the International League Against Epilepsy (ILAE) appointed a Task Force under
the Commission on Therapeutic Strategies to formulate a
proposal for a consensus definition of drug resistant epilepsy. The Task Force comprised members with diverse
expertise, including epidemiology, adult and pediatric
epileptology, neurosurgery, clinical pharmacology, and
clinical trial design. Pertinent literature and discussion at
relevant workshops (Kahane et al., 2008) were considered.
This report sets out the proposed definition, the rationale
behind it, the principles governing its proper use, and
examples to illustrate its application in clinical practice.
The report was circulated to all ILAE Commissions for
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Drug-resistance (Dogs)

Drug-resis
tant?

Potschka et al. BMC Veterinary Research (2015) 11:177
DOI 10.1186/s12917-015-0465-y

• ~75-85% of dogs with epilepsy continue to
have seizures1-4
• ~20–30% remain poorly controlled (<50%
reduction of seizure frequency) despite
adequate treatment with phenobarbitone (PB)
and/or potassium bromide (KBr)6-7
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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

1.
2.
3.

H ey n o ld Y , F aissler D , S teffen F , et al., J S m all A n im P ract 1 9 9 7 ;3 8 :7 -1 4 .
A rro l L , P en d eris J, G aro si L , et al., T h e V eterin ary reco rd 2 0 1 2 ;1 7 0 :3 3 5 .
B eren d t M , G red al H , E rsb ø ll A K , et al., J V et In tern M ed 2 0 0 7 ;2 1 :7 5 4 -7 5 9 .

4.
5.

B eren d t M , G red al H , P ed ersen L G , et al. J V et In tern M ed 2 0 0 2 ;1 6 :2 6 2 -2 6 8 .
T rep an ier L A , V an S ch o ick A , S ch w ark W S , et al., J A m V et M ed A sso c 1 9 9 8 ;2 1 3 :1 4 4 9 -1 4 5 3 .

6.
7.

S ch w artz-P o rsch e D , L o sch er W , F rey H H . J V et P h arm an d T h erap 1 9 8 5 ;8 :1 1 3 -1 1 9 .
P o d ell M , F en n er W R . J V et In tern M ed 1 9 9 3 ;7 :3 1 8-3 2 7 .

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 practitioner. The challenge is related to the multitude of etiologies as well as the high inter-individual variance in
the clinical picture of canine and feline epilepsies. Moreover, the response to standard therapeutic regimes differs tremendously between individual patients.
Standardization in the assessment and reporting of outcome of therapeutic interventions is essential for several
reasons. In individual patients, standardized procedures in
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Outcome in individual patients: impact on seizures

the evaluation of therapeutic responses will guide practitioners in the diagnosis of drug resistance as a basis for
the decision to continue with an alternate therapeutic regime. Moreover, expert consensus based recommendations 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 focusing 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 response due to an inadequate dosing or treatment regime)
in individual patients.

© 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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Therapeutic success

Evaluate short-term & long-term success.
Term drug-resistant combined with drug
information.
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Thank you
Super-Marios Charalambous
• Strict criteria for decision-making
strategy on starting a second AED is
lacking in veterinary medicine
• Risk factors associated with poorer
seizure control include male dogs and
prior cluster seizure activity
– (Packer et al. 2014)

• Factors to consider
– Selection of an AED with a different
mechanism of action
– Minimizing drug-drug interactions, avoiding
additive toxicity
– Determination of risk-benefit of polypharmacy
versus quality of life

• ACVIM Panel
Recommendations:

Charalambous et al. BMC Veterinary Research 2014, 10:257
http://www.biomedcentral.com/1746-6148/10/257

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 characterized groups and only two of them evaluated a good
number of dogs. The same studies, though, were considered 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 inadequate 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

– Documentation of appropriate drug and
maximal level of first AED for a minimum of
3 months
– > 50% increase in seizure frequency over 3
months
– New onset of status epilepticus
– New onset of cluster seizures
– Presence of drug-toxicity

Page 20 of 24

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 developed as a new AED for humans, but development was
ceased because of differences in pharmacokinetic values
between smokers and non-smokers, although the tolerability 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 comparable anticonvulsant efficacy [42]. In the European pseudoplacebo 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

Charalambous et al. BMC Veterinary Research 2014, 10:257
http://www.biomedcentral.com/1746-6148/10/257
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Treatment in canine epilepsy – a systematic review
Marios Charalambous1*, David Brodbelt2 and Holger A Volk1
Figure 1 Pyramid of hierarchy describing the recommendation of AEDs based on the assessment of their efficacy and quality of evidence.

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 disorder in dogs, with a formerly reported prevalence of between 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 multiple 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 classified typically as primary or idiopathic epilepsy [1]. However, idiopathic epilepsy could imply a potential genetic

ACVIM Panel Grade of Recommendations
(Level of Evidence) for Add-On AED Therapy
A (HIGH)

B (MODERATE)

C (LOW)

D (NO)

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

•Imepitoin (III)

•Primidone (II)
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background and in veterinary medicine the terms idiopathic 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 evidence derived from non-blinded non-randomized uncontrolled 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 proportion of dogs of a study population after a specific period of
treatment; instead they are based on subjective observations, e.g. ‘improvement in seizure control’ or ‘change
in seizure frequency’.

© 2014 Charalambous et al.; licensee BioMed Central Ltd. 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.

Labrador, 3yrs, FS
•Poppy is treated with a first line
antiepileptic drug of your choice and
continuous to seizure for idiopathic epilepsy
(4 CLUSTER SEIZURE/month)
•The physical examination and interictal
neurological examination was
unremarkable
•Bloods and urine were unremarkable
•What would you do?
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Does this change your plan?

Packer et al. BMC Veterinary Research (2015) 11:25
DOI 10.1186/s12917-015-0340-x
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Assessment into the usage of levetiracetam in a
canine epilepsy clinic
Rowena MA Packer, George Nye†, Sian Elizabeth Porter† and Holger A Volk*
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Background: Retrospective studies can complement information derived from double-blinded randomized
trials.
20
20
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 15
epilepsy remain
15
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 in10veterinary clinical practice. The electronic database
of a UK based
10
10
referral hospital was searched for LEV usage in dogs with seizures. Information and data necessary for the evaluation
5
were obtained from a combination of electronic and
written hospital records, the referring veterinary surgeons’
records
5
5
and telephone interviews with dog owners. Only dogs that were reportedly diagnosed with idiopathic epilepsy were
0
0
0
included in the study.

B

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 allFthe dogs were
D
completely free from seizures. Seizure frequency reduced
significantly in the whole population. No dog
was reported
25
25
*
* experienced by 46% of dogs and a significantly
to experience life-threatening
side effects. Mild side effects were
higher
number of these dogs were in the pulse treatment20group. The most common side-effects reported were
sedation and
20
ataxia.
Conclusions: LEV appears to be effective and well15tolerated for reduction of seizures.
15
15
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drugs (AED) have been developed in the last two de5
cades in human medicine, which have similar efficacy
but are safer and better tolerated than older AEDs [3-5].
0
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
P
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Background
5
5
Double-blinded, randomized controlled clinical trials to
establish efficacy and safety of novel AEDs are of pivotal
0
importance,
but are not without limitations due to0 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
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Labrador, 3yrs, FS

Labrador, 3yrs, FS

Does this change your plan?

Does this change your plan?

1. Yes
2. No

1. Yes
2. No

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

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

Maximum Odds
ratio
17.81
V2.44
B3.23
L 9.50

Neuro exam abnormal asymmetrical

27.97

Variable

±
±
±
±
±

SE

95% CI

t Value

P-Value

0.28
0.26
0.39
0.31

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

10.21
3.45
3.01
7.30

0.35

13.38-58.50

9.57

<0.0001
0.003
0.008
<0.0001
<0.0001

Labrador, 3yrs, FS

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

Maximum Odds
ratio
1.06
6.06

±
±

SE

95% CI

t Value

P-Value

0.02
0.64

1.01-1.10
1.71-21.44

2.69
2.81

0.008
0.05

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

Maximum Odds
ratio
13.55
1.92
2.30
15.4

±
±
±
±

SE

95% CI

t Value

P-Value

0.28
0.27
0.38
0.25

7.47-24.58
1.06-3.39
1.00-5.31
8.72 -27.02

9.75
2.44
2.22
10.8

<0.0001
0.035
0.051
<0.0001
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R

Reasons for treatment failure

• Incorrect choice of AED
• Incorrect dosage
• Low AED levels
• Newly developed disease
– (liver/kidney/pancreatic diseases)

p Change in patient weight
p Patient tolerance to drug
n PB / benzodiazepine

p Monotherapy is insufficient
p Refractory seizures
p Difficult owner
(poor compliance)

• Overall median compliance is 56.4%
• 33% -> compliance rate of >80%
• 21.3% -> 100% compliance
• During a non-compliant prescription cycle, a patient will
miss a median of 6 days of treatment.
Response

Compliance factors

Number of medications

Number of tablets per day

Median compliance
percentage (range)

One medication
(n=70)
Two medications
(n=24)
One or less tablets
(n=14)
1.5 or more tablets
(n=80)

50% (0-100)

PValue
0.031

75% (0-100)
64.8% (0-100)
0.61
56.4% (0-100)

Insured (n=15)

70% (0-100)

Not Insured (n=79)

55.6% (0-100)

Insurance

0.98

Seizure begs another seizure?

ANTIEPILEPTIC DRUG TESTING IN DOGS

A.

Pro gression of epilepsy in previously untreated dogs:
Number of baseline seizures prior to treatment
3,0
2,5
2,0
1,5
1,0
r2 = 0,64

0,5

Number of seizures per month

– MRI performed?

0,0
-9

-8

-7

-6

-5

-4

-3

-2

-1

0

Baseline month

B.

Number of baseline seizures prior to treatment,
averaged over 2 month periods

3,5
3,0
2,5
2,0
1,5
1,0

r2 = 0,91

0,5
0,0

Monthly seizure rate
averaged over 2 months

• Incorrect diagnosis

Compliance

-0,5
-8 and -7

-6 and -5

-4 and -3

-2 and -1

Baseline months

FIG. 5. Baseline seizure frequency in 82 dogs with newly diagnosed epilepsy in the 9 months before initiation of treatment. A:
Seizure frequency is averaged for every month. B: Seizure frequency is averaged over a 2-month period. The linear regression
shown is supplemented with confidence intervals for 95% probability. The correlation coefficients (r 2 ) calculated from regression
analysis are indicated in the figures.

to this baseline, ELB 138 significantly decreased seizure
frequency in the group of 12 dogs, independent of whether
all seizures (Table 2C) or only generalized tonic–clonic
seizures (Table 2D) were used for calculation. Again, the
efficacy of ELB 138 was not significantly different from
that obtained with either PB or PRM, when groups were
compared with ANOVA.
After completion of the ELB 138 trial illustrated in Table 2, several dogs stayed on treatment for ≤51 months
without any indication of loss of anticonvulsant efficacy
(not illustrated). Furthermore, abrupt termination or tapering of treatment with ELB 138 in epileptic dogs was
not associated with any severe withdrawal symptoms, although most dogs had been treated for several months.
Anticonvulsant efficacy of ELB 138 versus potassium
bromide during add-on treatment of dogs with
chronic epilepsy
To evaluate the anticonvulsant effect of ELB 138 in dogs
resistant to conventional therapy, the drug was added to ongoing treatment with PB or PRM. For comparison, dogs

1235

were treated with potassium bromide plus a basal treatment with PB or PRM. ELB 138 was capable of reducing
the seizure frequency in 10 of 17 dogs, whereas seven
dogs did not respond with reduction in seizure frequency
(Table 3A). In six dogs, the frequency of all seizures was
reduced by ≥50%; in one dog, a complete seizure suppression was achieved. However, because in some animals, an increase in seizure frequency could be observed,
the median seizure frequency of the whole group of 17
dogs was not reduced. If only generalized seizures were
evaluated, ELB 138 was capable of significantly reducing the frequency of the seizures in this group of 17 dogs
(Table 3B). The average dose of ELB 138 in the 17 dogs
during long-term add-on treatment was 17 mg/kg twice
per day. Average plasma concentrations of ELB 138 determined during add-on treatment were comparable to those
determined during monotherapy, with average concentrations of ∼4,000 ng/ml 2 h after dosing and 650 ng/ml 12
h after dosing (trough levels).
Addition of potassium bromide resulted in a reduction
of the seizure rate in seven of 12 animals, whereas five dogs
did not respond with any seizure reduction. In five animals,
the reduction in seizure rates reached >50%; however, no
animal became seizure free (Table 3A). Considering only
generalized seizures, the number of responders was not
increased, and the treatment effect in these 12 dogs did
not reach statistical significance.
Adverse effects of ELB 138 during treatment of dogs
with epilepsy

Löscher
et al.,long-term
2004
During
treatment of dogs with newly diagnosed epilepsy, seven (58%) of 12 dogs treated with ELB
138 exhibited polyphagia at onset of the treatment period, but this adverse effect disappeared during subsequent
treatment. Other adverse effects were not observed by the
pet owners. During add-on treatment of dogs with chronic
epilepsy, polyphagia was observed in 10 (58%) of 17 dogs
treated with ELB 138; in seven of these dogs, only at the
beginning of treatment. Two dogs with combined treatment with PB and high PB plasma levels (57–59 µg/ml)
showed ataxia in hind limbs over a period of 2 to 4 h after
ELB 138 administration. No other adverse effects were
observed by the pet owners. In general, the compliance
of the owners was extremely good, especially because the
dogs treated with ELB 138 never showed any sedation,
which was an important difference from the treatment with
PB or PRM. Furthermore, although treatment with PB or
PRM may be associated with polydipsia, excessive CNS
depression, and gait abnormalities that may lead to termination of treatment, this was not observed with ELB
138. In addition, prolonged application of PRM and PB
may lead to considerable elevation of liver enzymes [alanine aminotransferase (ALT), glutamate dehydrogenase
(GLDH), alkaline phosphatase (AP)], which was not determined during monotherapy with ELB 138.
Epilepsia, Vol. 45, No. 10, 2004
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Responses to successive
anti-epileptic drugs in
canine idiopathic
epilepsy
R. M. A. Packer, N. K. Shihab, B. B. J. Torres,
H. A. Volk

PHARMACORESISTANCE to anti-epileptic drugs (AEDs) can
be a source of frustration for owners and veterinarians alike in
the treatment of canine idiopathic epilepsy (IE), with ongoing
seizures having a signiﬁcant negative impact upon the quality of
life of affected dogs and owners (Chang and others 2006,
Wessmann and others 2014). Finding an effective AED that
reduces seizure frequency to an acceptable level (generally
classed as more than 50 per cent reduction in veterinary medicine), or results in remission (seizure-freedom) can be a long
process, with several AEDs trialled before optimum treatment is
reached (Packer and others 2014). With more AEDs becoming
available to veterinary patients, knowing whether (and when) to
include further therapies can be challenging for practitioners,
when faced with the balance between seizure control and side
effect proﬁles.
In human epilepsy, response rates to ﬁrst-line and further
AEDs have been studied in several populations, with the probability of seizure control diminishing progressively with successive AED treatments. Kwan and Brodie (2000) reported response
rates (as a proportion of the population) of 47, 13 and 4 per cent
for ﬁrst-line, second-line and third-line drugs, respectively (Kwan
and Brodie 2000). Similarly, Mohanraj and Brodie (2006) reported
response rates of 50.4, 10.7 and 2.3 per cent, respectively, with
just 0.8 per cent responding to any further drugs (Mohanraj and
Brodie 2006).
If the initial AED fails to control seizures, the prognosis for
seizure control may be poor. Failure to respond to the ﬁrst AED
has been demonstrated to predict becoming refractory at
two-year follow-up in a study of children with temporal lobe
epilepsy (Dlugos and others 2001). In a further study, of those
patients unresponsive to the ﬁrst AED, 76 per cent failed two or
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more AEDs and 38 per cent failed at least four (Perucca and
others 2011). These patients were also at an increased risk of
experiencing adverse health outcomes, including disability, morbidity, mortality and reduced self-reported quality of life than
those that responded (Perucca and others 2011).
This may depict a bleak picture for patients unresponsive to
the ﬁrst AED; however, it has been highlighted in other studies
that a notable proportion of patients who fail to respond to the
ﬁrst AED may respond to subsequent AEDs, for example, around
one-third of child and adult patients have been seen to respond
to a second AED (Elkis and others 1993) or further AEDs
(Perucca and others 2011). In veterinary medicine, various AEDs
are used for the management of IE in dogs; however, data on
their efﬁcacy remain limited, with most evidence derived from
non-blinded, non-randomised uncontrolled trials and case series
(Muñana 2013). In addition, the response rate for successively
used AEDs is poorly reported, despite polytherapy commonly
being used. In this study, we describe response rates to ﬁrst-line,
second-line and third-line AEDs.
Data from dogs treated at a multibreed canine-speciﬁc epilepsy clinic at the Royal Veterinary College Small Animal
Referral Hospital (RVC SARH) between 2005 and 2011 were
retrospectively collected from RVC’s electronic patient records.
Clinical data were originally gained via standardised owner questionnaires for patients with epilepsy at their ﬁrst appointment,
and longitudinal follow-up data were gained via telephone interview with the dogs’ owners. All dogs received a uniform diagnostic protocol, with only dogs reported to be diagnosed with IE,
for which a cause was not identiﬁed (no remarkable ﬁndings on
interictal neurological examination, haematology, biochemistry,
brain MRI and cerebrospinal ﬂuid examination), included in the
study.
Dogs were only included in the study if they were receiving
at least one AED, recorded as whether they received a ﬁrst-line
AED ( phenobarbital (PB)), second-line AED ( potassium bromide
(KBr)) and/or a third-line AED (levetiracetam or others).
Non-responsiveness to an AED was classiﬁed as a less than 50
per cent reduction in seizure frequency, despite being within the
reference range for the prescribed AED and titrated to the
maximum tolerated effective dose. As these data were derived
from a clinical population, decision making leading to the
maximum dose of any AED was made by both the clinician and
the owner, taking into account adverse effects of the drug and
its efﬁcacy.
A total of 196 dogs were included in the study, with 72 per
cent male and 57 per cent neutered. The
median age presented
Downloaded from http://veterinaryrecord.bmj.com/ on January 15, 2015 - Published by group.bmj.com
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more AEDs and 38 per cent failed at least four (Perucca and
cent of dogs responded to one AED alone (PB). Of the nearly
others 2011). These patients were also at an increased risk of
two thirds (62.8 per cent, Downloaded
n=123) of dogs that
did not
respond
experiencing adverse health
including
from
http://veterinaryrecord.bmj.com/
on outcomes,
January
15, disability,
2015 mor- Published
to the initial PB monotherapy, 65 per cent (n=80) received a
bidity, mortality and reduced self-reported quality of life than
those that responded (Perucca and others 2011).
second line drug (KBr) as an adjunct therapy, of which nearly
This may depict a bleak picture for patients unresponsive to
one third (26.3 per cent, n=21) responded. Finally, of the over
the ﬁrst AED; however, it has been highlighted in other studies
two thirds of dogs (73.8 per cent, n=59) that did not respond to
that a notable proportion of patients who fail to respond to the
the PB and KBr combination, 54.2 per cent (n=32) received an
ﬁrst AED may respond to subsequent AEDs, for example, around
additional third line drug (levetiracetam in 27 of cases), of which
one-third of child and adult patients have been seen to respond
over one third (37.5 per cent) responded (Fig 1). When remission
to a second AED (Elkis and others 1993) or further AEDs
(Perucca and others 2011). In veterinary medicine, various AEDs
(seizure freedom) is taken as the standard for response, only 28
used for the management of IE in dogs; however, data on
dogs overall (14.2 per cent)
this, with
of these dogs
R. M.achieved
A. Packer,
N. K.allShihab,
B. B. J. Torres, are
their efﬁcacy remain limited, with most evidence derived from
reaching seizure freedom on one AED alone. Half of all dogs

8/13/19

Short Communication
Responses to successive
anti-epileptic drugs in
canine idiopathic
epilepsy

by group.bmj.com

Short Communication

H. A. Volk

10.1136/vr.102934 | Veterinary Record | 1 of 3
PHARMACORESISTANCE to anti-epileptic drugs (AEDs) can
be a source of frustration for owners and veterinarians alike in
the treatment of canine idiopathic epilepsy (IE), with ongoing
seizures having a signiﬁcant negative impact upon the quality of
life of affected dogs and owners (Chang and others 2006,
Wessmann and others 2014). Finding an effective AED that
reduces seizure frequency to an acceptable level (generally
classed as more than 50 per cent reduction in veterinary medicine), or results in remission (seizure-freedom) can be a long
process, with several AEDs trialled before optimum treatment is
reached (Packer and others 2014). With more AEDs becoming
available to veterinary patients, knowing whether (and when) to
include further therapies can be challenging for practitioners,
when faced with the balance between seizure control and side
effect proﬁles.
In human epilepsy, response rates to ﬁrst-line and further
AEDs have been studied in several populations, with the probability of seizure control diminishing progressively with successive AED treatments. Kwan and Brodie (2000) reported response
rates (as a proportion of the population) of 47, 13 and 4 per cent
for ﬁrst-line, second-line and third-line drugs, respectively (Kwan
and Brodie 2000). Similarly, Mohanraj and Brodie (2006) reported
response rates of 50.4, 10.7 and 2.3 per cent, respectively, with
just 0.8 per cent responding to any further drugs (Mohanraj and
Brodie 2006).
If the initial AED fails to control seizures, the prognosis for
seizure control may be poor. Failure to respond to the ﬁrst AED
has been demonstrated to predict becoming refractory at
two-year follow-up in a study of children with temporal lobe
epilepsy (Dlugos and others 2001). In a further study, of those
patients unresponsive to the ﬁrst AED, 76 per cent failed two or

one

non-blinded, non-randomised uncontrolled trials and case series
(Muñana 2013). In addition, the response rate for successively
used AEDs is poorly reported, despite polytherapy commonly
being used. In this study, we describe response rates to ﬁrst-line,
second-line and third-line AEDs.
Data from dogs treated at a multibreed canine-speciﬁc epilepsy clinic at the Royal Veterinary College Small Animal
Referral Hospital (RVC SARH) between 2005 and 2011 were
retrospectively collected from RVC’s electronic patient records.
Clinical data were originally gained via standardised owner questionnaires for patients with epilepsy at their ﬁrst appointment,
and longitudinal follow-up data were gained via telephone interview with the dogs’ owners. All dogs received a uniform diagnostic protocol, with only dogs reported to be diagnosed with IE,
for which a cause was not identiﬁed (no remarkable ﬁndings on
interictal neurological examination, haematology, biochemistry,
brain MRI and cerebrospinal ﬂuid examination), included in the
study.
Dogs were only included in the study if they were receiving
at least one AED, recorded as whether they received a ﬁrst-line
AED ( phenobarbital (PB)), second-line AED ( potassium bromide
(KBr)) and/or a third-line AED (levetiracetam or others).
Non-responsiveness to an AED was classiﬁed as a less than 50
per cent reduction in seizure frequency, despite being within the
reference range for the prescribed AED and titrated to the
maximum tolerated effective dose. As these data were derived
from a clinical population, decision making leading to the
maximum dose of any AED was made by both the clinician and
the owner, taking into account adverse effects of the drug and
its efﬁcacy.
A total of 196 dogs were included in the study, with 72 per
cent male and 57 per cent neutered. The median age presented
to hospital was 1129 days (720–1830) and median age at diagnosis 815 days (509–1440). The median follow-up time was
604.5 days (300–862.5). Cluster seizures had been experienced by
55.1 per cent of dogs, and status epilepticus by 20 per cent.
Overall response rates (with response deﬁned as more than 50
per cent reduction in seizure frequency) to the ﬁrst-line, secondline and third-line AEDs (as a proportion of the whole population) were 37.2, 10.7 and 6.1 per cent, respectively. Only 37.2 per
cent of dogs responded to one AED alone (PB). Of the nearly
two thirds (62.8 per cent, n=123) of dogs that did not respond
to the initial PB monotherapy, 65 per cent (n=80) received a
second line drug (KBr) as an adjunct therapy, of which nearly
one third (26.3 per cent, n=21) responded. Finally, of the over
two thirds of dogs (73.8 per cent, n=59) that did not respond to
the PB and KBr combination, 54.2 per cent (n=32) received an
additional third line drug (levetiracetam in 27 of cases), of which
over one third (37.5 per cent) responded (Fig 1). When remission
(seizure freedom) is taken as the standard for response, only 28
dogs overall (14.2 per cent) achieved this, with all of these dogs
reaching seizure freedom on one AED alone. Half of all dogs
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(50.3 per cent) had been pretreated with AEDs by the referring
veterinary surgeon (RVS) before arrival at the RVC SARH, while
the other half (49.7 per cent) had AED therapy initiated at their
hospital appointment. A chi-squared analysis indicated there
was no signiﬁcant difference in response rates (more than 50 per
cent reduction) to second-line and third-line drugs between dogs
that had been pretreated by the RVS and those that initiated
AED treatment at the RVC SARH (P>0.05).
In human medicine, response to the ﬁrst AED has been
shown to be higher, for example, nearly half of adult patients
(e.g. 49.5 per cent; Brodie and others 2013; 47 per cent; Kwan
and Brodie 2001) and 85 per cent of child patients (Yılmaz and
others 2014) becoming seizure free on the ﬁrst-ever AED, in comparison with only 14 per cent in this study. In human epilepsy,
response to treatment is often deﬁned as achieving seizure
freedom on an unchanged treatment for 12 months (Mohanraj
and Brodie 2006), a standard currently higher than that commonly used in veterinary medicine. From this, it is clear that we
have not yet found the ‘perfect AED’ to treat canine IE. PB is the
most commonly used ﬁrst-line AED in canine epilepsy, and in a
previous study of PB and KBr as ﬁrst-line treatments, complete
seizure freedom was achieved in 85 and 52 per cent, respectively,
of treated dogs; however, this was with only six-month follow
up and could reduce over time (Boothe and others 2012). The
lower success rates seen in the current study may reﬂect dogs
with a more severe seizure phenotype, as half had been referred
to a neurology specialist after unsuccessful pretreatment at their
RVS, whereas in the study by Boothe and others (2012), all
recruited dogs had not received previous AEDs.
Drug refractory epilepsy is deﬁned by the International
League against Epilepsy as failure to achieve sustained seizurefreedom after at least two appropriate AED trials (Kwan and
others 2010). Despite this deﬁnition, there is widespread belief
among human neurologists that patients should have to fail to
respond to three or more AEDs to be considered pharmacoresistant (85 per cent respondents), with some believing four AED
failures (14 per cent) or all available AED failures (19 per cent)
are required to classify patients this way (Hakimi and others
2008). This study demonstrated that one-ﬁfth (37.5 per cent) of

dogs that received a third-line AED after treatment failure with
two AEDs were responsive to this drug (achieving more than 50
per cent reduction in seizure frequency). In light of this ﬁnding,
with careful consideration, the addition of third-line drugs may
be appropriate in some cases, but further research is required to
determine which medication may be most efﬁcacious in this
scenario. Finally, expectations of improvement in seizure frequency should be modiﬁed by the ﬁnding that only dogs who
responded to the ﬁrst AED became seizure-free in this study.
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Fig. I. M ultidrug transporters (M DTs) limit drug penetration through the blood–brain
barrier (BBB) into the extracellular space, neurons and other target cells in the brain.
U nlike endothelial cells in m ost tissues, endothelial cells of capillaries in the brain are
joined by tight junctions and lack intercellular pores and pinocytotic vesicles.
Processes fro m pericapillary astrocytes (‘glial endfeet’) terminate on capillaries and
contribute to the function of the BBB. (a) The BBB passively excludes strongly ionized
(polar), hydrophilic drugs, but nonpolar, highly lipid-soluble drugs [w hich includes
m ost antiepileptic or anticonvulsant drugs (A EDs)] penetrate easily into the brain by
sim ple diffusion (dashed arro ws). The penetration of m any lipophilic drugs into brain
parenchy m a is limited by the action of ATP-dependent M DTs located in the apical
(lu minar) cell m e m brane of capillary endothelial cells of the BBB. These form an
active defence m echanism by acting as active efflux pu m ps that transfer drugs back
into blood after they have entered endothelial cells. (b) In epileptogenic brain tissue,
overexperession of M DTs such as P-glycoprotein and m e m bers of the m ultidrugresistance-associated protein fa mily is likely to result in reduced drug penetration
into brain parenchy m a. The concentration of M DTs also increases in processes fro m
glial endfeet that extend onto capillaries (not illustrated), w hich suggests that
overexpression of M DTs in glia represents a ‘second barrier’ that limits drug
penetration and results in sim ultaneous resistance to a variety of unrelated
lipophilic A EDs.

generation of pharm acoresistance in epileptic patients. If this is
the case, either syste mic or local ad ministration of inhibitors of
these drug transporters or novel A EDs that are not substrates for
transporters could prove useful in pharm acoresistant epilepsy.
Inhibitors of PGP and, m ore recently, MRPs are being evaluated
clinically for either the reversal or prevention of intrinsic and
acquired m ultidrug resistance in hu m an cancer [q] and might soon
be available for clinical trials in epilepsy.
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mechanisms that link genotype with phenotype are
largely unknown [33]. Genetic factors might also
explain why some individuals develop epilepsy after
acquired insults whereas others do not [33].
Mapping mutations responsible for rare forms of
familial epilepsies has identified several genes,
mutation of which results in epilepsy in humans
[33–35]. Each encodes either a voltage- or ligandgated ion channel, which underlines the important
role of channelopathies in some types of idiopathic
epilepsy. However, most idiopathic epilepsies are
caused by inheritance of two or more mutant genes
[2]. Genetic animal models, including both
spontaneous mutants and genetically engineered
transgenic mice, have contributed significantly
to our understanding of the mechanisms of epilepsy
by allowing dissection of the genetic, biochemical
and pathophysiological factors that predispose to
Fig. 1. Steps in the develop m ent and progression of epilepsy and
pharm acological interventions. The term epileptogenesis includes
processes that take place before the first seizure occurs to render the
epileptic brain susceptible to spontaneous recurrent seizures and
processes that intensify seizures and m ake the m m ore refractory to
therapy (progression). In addition to the pharm acological interventions
illustrated in the figure, pharm acological potentiation of endogenous
anti-ictal processes (w hich serve to terminate a seizure) could form a
strategy for the treatm ent of seizures.
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Fig. I. M ultidrug transporters (M DTs) limit drug penetration through the blood–brain
barrier (BBB) into the extracellular space, neurons and other target cells in the brain.
U nlike endothelial cells in m ost tissues, endothelial cells of capillaries in the brain are
joined by tight junctions and lack intercellular pores and pinocytotic vesicles.
Processes fro m pericapillary astrocytes (‘glial endfeet’) terminate on capillaries and
contribute to the function of the BBB. (a) The BBB passively excludes strongly ionized
(polar), hydrophilic drugs, but nonpolar, highly lipid-soluble drugs [w hich includes
m ost antiepileptic or anticonvulsant drugs (A EDs)] penetrate easily into the brain by
sim ple diffusion (dashed arro ws). The penetration of m any lipophilic drugs into brain
parenchy m a is limited by the action of ATP-dependent M DTs located in the apical
(lu minar) cell m e m brane of capillary endothelial cells of the BBB. These form an
active defence m echanism by acting as active efflux pu m ps that transfer drugs back
into blood after they have entered endothelial cells. (b) In epileptogenic brain tissue,
overexperession of M DTs such as P-glycoprotein and m e m bers of the m ultidrugresistance-associated protein fa mily is likely to result in reduced drug penetration
into brain parenchy m a. The concentration of M DTs also increases in processes fro m
glial endfeet that extend onto capillaries (not illustrated), w hich suggests that
overexpression of M DTs in glia represents a ‘second barrier’ that limits drug
penetration and results in sim ultaneous resistance to a variety of unrelated
lipophilic A EDs.
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generation of pharm acoresistance in epileptic patients. If this is
the case, either syste mic or local ad ministration of inhibitors of
these drug transporters or novel A EDs that are not substrates for
transporters could prove useful in pharm acoresistant epilepsy.
Inhibitors of PGP and, m ore recently, MRPs are being evaluated
clinically for either the reversal or prevention of intrinsic and
acquired m ultidrug resistance in hu m an cancer [q] and might soon
be available for clinical trials in epilepsy.
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Claudia Brandt, Maike Glien1, Alexandra M. Gastens, Maren Fedrowitz, Kerstin Bethmann,
Holger A. Volk2, Heidrun Potschka3, Wolfgang Löscher*
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Abstract
Levetiracetam (LEV) is a structurally novel antiepileptic drug (AED) which has demonstrated a broad spectrum of anticonvulsant activities
both in experimental and clinical studies. Previous experiments in the kindling model suggested that LEV, in addition to its seizure-suppressing
activity, may possess antiepileptogenic or disease-modifying activity. In the present study, we evaluated this possibility by using a rat model in
which epilepsy with spontaneous recurrent seizures (SRS), behavioral alterations, and hippocampal damages develop after a status epilepticus
(SE) induced by sustained electrical stimulation of the basal amygdala. Two experimental protocols were used. In the first protocol, LEV treatment was started 24 h after onset of electrical amygdala stimulation without prior termination of the SE. In the second protocol, the SE was
interrupted after 4 h by diazepam, immediately followed by onset of treatment with LEV. Treatment with LEV was continued for 8 weeks (experiment #1) or 5 weeks (experiment #2) after SE, using continuous drug administration via osmotic minipumps. The occurrence of SRS was
recorded during and after treatment. In addition, the rats were tested in a battery of behavioral tests, including the elevated-plus maze and the
Morris water maze. Finally, the brains of the animals were analyzed for histological lesions in the hippocampal formation. With the experimental
protocols chosen for these experiments, LEV did not exert antiepileptogenic or neuroprotective activity. Furthermore, the behavioral alterations,
e.g., behavioral hyperexcitability and learning deficits, in epileptic rats were not affected by treatment with LEV after SE. These data do not
support the idea that administration of LEV after SE prevents or reduces the long-term alterations developing after such brain insult in rats.
! 2007 Elsevier Ltd. All rights reserved.
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mechanisms that link genotype with phenotype are
largely unknown [33]. Genetic factors might also
explain why some individuals develop epilepsy after
acquired insults whereas others do not [33].
Mapping mutations responsible for rare forms of
familial epilepsies has identified several genes,
mutation of which results in epilepsy in humans
[33–35]. Each encodes either a voltage- or ligandgated ion channel, which underlines the important
role of channelopathies in some types of idiopathic
epilepsy. However, most idiopathic epilepsies are
caused by inheritance of two or more mutant genes
[2]. Genetic animal models, including both
spontaneous mutants and genetically engineered
transgenic mice, have contributed significantly
to our understanding of the mechanisms of epilepsy
by allowing dissection of the genetic, biochemical
and pathophysiological factors that predispose to
Fig. 1. Steps in the develop m ent and progression of epilepsy and
pharm acological interventions. The term epileptogenesis includes
processes that take place before the first seizure occurs to render the
epileptic brain susceptible to spontaneous recurrent seizures and
processes that intensify seizures and m ake the m m ore refractory to
therapy (progression). In addition to the pharm acological interventions
illustrated in the figure, pharm acological potentiation of endogenous
anti-ictal processes (w hich serve to terminate a seizure) could form a
strategy for the treatm ent of seizures.
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Fig. I. M ultidrug transporters (M DTs) limit drug penetration through the blood–brain
barrier (BBB) into the extracellular space, neurons and other target cells in the brain.
U nlike endothelial cells in m ost tissues, endothelial cells of capillaries in the brain are
joined by tight junctions and lack intercellular pores and pinocytotic vesicles.
Processes fro m pericapillary astrocytes (‘glial endfeet’) terminate on capillaries and
contribute to the function of the BBB. (a) The BBB passively excludes strongly ionized
(polar), hydrophilic drugs, but nonpolar, highly lipid-soluble drugs [w hich includes
m ost antiepileptic or anticonvulsant drugs (A EDs)] penetrate easily into the brain by
sim ple diffusion (dashed arro ws). The penetration of m any lipophilic drugs into brain
parenchy m a is limited by the action of ATP-dependent M DTs located in the apical
(lu minar) cell m e m brane of capillary endothelial cells of the BBB. These form an
active defence m echanism by acting as active efflux pu m ps that transfer drugs back
into blood after they have entered endothelial cells. (b) In epileptogenic brain tissue,
overexperession of M DTs such as P-glycoprotein and m e m bers of the m ultidrugresistance-associated protein fa mily is likely to result in reduced drug penetration
into brain parenchy m a. The concentration of M DTs also increases in processes fro m
glial endfeet that extend onto capillaries (not illustrated), w hich suggests that
overexpression of M DTs in glia represents a ‘second barrier’ that limits drug
penetration and results in sim ultaneous resistance to a variety of unrelated
lipophilic A EDs.

generation of pharm acoresistance in epileptic patients. If this is
the case, either syste mic or local ad ministration of inhibitors of
these drug transporters or novel A EDs that are not substrates for
transporters could prove useful in pharm acoresistant epilepsy.
Inhibitors of PGP and, m ore recently, MRPs are being evaluated
clinically for either the reversal or prevention of intrinsic and
acquired m ultidrug resistance in hu m an cancer [q] and might soon
be available for clinical trials in epilepsy.
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mechanisms that link genotype with phenotype are
largely unknown [33]. Genetic factors might also
explain why some individuals develop epilepsy after
acquired insults whereas others do not [33].
Mapping mutations responsible for rare forms of
familial epilepsies has identified several genes,
mutation of which results in epilepsy in humans
[33–35]. Each encodes either a voltage- or ligandgated ion channel, which underlines the important
role of channelopathies in some types of idiopathic
epilepsy. However, most idiopathic epilepsies are
caused by inheritance of two or more mutant genes
[2]. Genetic animal models, including both
spontaneous mutants and genetically engineered
transgenic mice, have contributed significantly
to our understanding of the mechanisms of epilepsy
by allowing dissection of the genetic, biochemical
and pathophysiological factors that predispose to
Fig. 1. Steps in the develop m ent and progression of epilepsy and
pharm acological interventions. The term epileptogenesis includes
processes that take place before the first seizure occurs to render the
epileptic brain susceptible to spontaneous recurrent seizures and
processes that intensify seizures and m ake the m m ore refractory to
therapy (progression). In addition to the pharm acological interventions
illustrated in the figure, pharm acological potentiation of endogenous
anti-ictal processes (w hich serve to terminate a seizure) could form a
strategy for the treatm ent of seizures.
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1. Introduction
Epileptogenesis, i.e., the process leading to epilepsy, is
a common sequel of brain insults such as head trauma, cerebrovascular disease, brain tumors, neurosurgical procedures, neurodegenerative conditions, status epilepticus, and febrile
seizures (Herman, 2002; Pitkänen, 2004). Following such brain
* Corresponding author. Tel.: þ49 511 856 8721; fax: þ49 511 953 8581.
E-mail address: wolfgang.loescher@tiho-hannover.de (W. Löscher).
1
Present address: Sanofi-Aventis Pharma Deutschland, Frankfurt am Main,
Germany.
2
Present address: Department of Veterinary Clinical Sciences, Neurology,
The Royal Veterinary College, University of London, London, UK.
3
Present address: Institute of Pharmacology, Toxicology and Pharmacy,
University of Munich, Munich, Germany.

insults, there is a cascade of morphologic and functional
changes in the injured area over months to years before the occurrence of spontaneous recurrent seizures (SRS), i.e., the hallmark of epilepsy. This latent period may offer a therapeutic
window for the prevention of epileptogenesis and the development of unprovoked seizures and epilepsy (Pitkänen, 2004).
However, in clinical trials, administration of conventional antiepileptic drugs (AEDs) such as phenytoin, carbamazepine or
valproate following acute brain insults has thus far failed to
prevent epileptogenesis (Temkin, 2001, 2004).
Based on data from the kindling model of temporal lobe epilepsy (TLE), the novel AED levetiracetam (LEV; Keppra") has
been suggested to exert antiepileptogenic properties (Klitgaard
and Pitkänen, 2003). LEV seems to act by a unique mechanism,
i.e. modulation of synaptic release of neurotransmitters by

0028-3908/$ - see front matter ! 2007 Elsevier Ltd. All rights reserved.
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W. Löscher and D. Schmidt

Figure 1.
Introduction of AEDs to the market from 1853 to 2009 (adapted from data by Shorvon, 2009a,b). Licensing varied from country to
country. We give here the year of first licensing or the first mention of clinical use in a country of Europe, the United States, or Japan
Loscher and
(see Shorvon, 2009a,b, for further details). We have not included all derivatives
ofSchmidt
listed 2011
AEDs or AEDs used solely for treatment of
status epilepticus.
Epilepsia
ILAE

Following the introduction of VPA in the 1960s, no new
AEDs were entering the market for almost two decades,
except some additional benzodiazepines (Fig. 1). Not surprisingly, patients and physicians had great expectations for
therapeutic gains over older drugs when the new, third-generation AEDs entered the market, which arbitrarily include
all drugs for epilepsy marketed after the introduction of
CBZ or VPA in the 1960s (Fig. 1). Despite the shortcomings of second-generation AEDs outlined above, the widespread use and the unsurpassed clinical efficacy of CBZ and
VPA made them benchmarks for comparison with thirdgeneration AEDs. The era of the third-generation AEDs
started in the 1980s with ‘‘rational’’ developments such as
progabide, vigabatrin (VGB), and tiagabine (TGB), that is,
drugs that were designed to selectively target a mechanism
that was thought to be critical for the occurrence of epileptic
seizures (Lçscher & Schmidt, 1994).
The new, third-generation AEDs have undoubtedly
expanded the therapeutic options, in particular for those in
need of a change in medical regimen. However, the efficacy
of many, but unfortunately not all, new AEDs for treatment
of new-onset epilepsy is similar to that of older AEDs (Kwan
& Brodie, 2000; Brodie et al., 2007; Marson et al., 2007;
Epilepsia, 52(4):657–678, 2011
doi: 10.1111/j.1528-1167.2011.03024.x
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Glauser et al., 2010). For patients with previously drugresistant seizures, adjunctive new AEDs have been shown to
be more efficacious than adding placebo (Beyenburg et al.,
2010). In addition, new AEDs have other benefits over some
of the older drugs for epilepsy. Treatment with some of
the new AEDs avoids adverse drug interactions and hypersensitivity reactions (Elger & Schmidt, 2008) and some new
AEDs have clinically important utility for disorders other
than epilepsy (Rogawski & Lçscher, 2004b).
Despite these encouraging and welcome advantages that
new AEDs have brought for the management of epilepsy,
there is growing concern that the efficacy of drug treatment
of epilepsy has not substantially improved with the introduction of new AEDs (Shorvon, 2009b). Although we have
no population-based studies if the prognosis of epilepsy has
changed since and because of the introduction of new
AEDs, this dilemma is highlighted by the following disconcerting observations. Currently, 38% of adult patients with
new-onset epilepsy have AED-resistant seizures (Mohanraj
& Brodie, 2005). Forty years ago, Coatsworth (1971)
reported in his summary of AED trials that 33–38% of those
with focal seizures were unchanged or worse. This has
pos5
sibly not changed since the 1880s when Gowers reported
High Seizure Frequency Predicts Pharmacoresistance

Clinical Risk Factors

35%, on average (range 16–50%). As previously reported
(Brandt et al., 2004, 2006; Bethmann et al., 2007), the
severity or duration of the initial brain insult (the SE) did
not differ between responders and nonresponders. Furthermore, responders and nonresponders did not differ significantly in the efficacy of diazepam to interrupt SE. Body
weight of PB-nonresponders (316 € 5.8 g) was slightly
(6.4%) but significantly higher than that of PB-responders
(297 € 5.1 g; p = 0.0227) at the end of the postdrug
vehicle phase.
In the nonresponder group, there was a tendency for
increased seizure frequency in the postdrug versus predrug
control period (Fig. 1C), but the difference was not statistically significant. At least in part, this trend for increased
seizure frequency in the postdrug control was due to some
rats, in which seizure frequency increased shortly after termination of treatment with PB, indicating withdrawal
hyperexcitability, as previously described for prolonged
treatment with PB in rats (Lçscher & Hçnack, 1989).
Plasma levels of PB did not differ significantly between
responders and nonresponders at any of the 2–3 determinations (i.e., on days 1, 7, and 14) during the treatment period;
plasma concentrations averaged from the 2–3 determinations in all 33 rats and in the responder and nonresponder
subgroups are shown in Fig. 1D. No significant difference
was found between these values. Furthermore, the severity
of adverse effects of PB did not differ significantly between
the responder and nonresponder subgroups (not illustrated),
thus excluding that resistance was due to too low doses (or
plasma concentrations) of PB in the nonresponders.

• However (dog, human, rodent) 1-5
drug responsiveness influenced by
• high seizure frequency
• cluster seizures
• status epilepticus
• Number of seizures prior AED

Löscher W, Brandt C. Epilepsia 2010
Figure 2.
Frequency of spontaneous recurrent seizures (SRS) in
33 rats developing epilepsy after status epilepticus
induced by sustained stimulation of the basolateral
amygdala. Thirteen (39%) of the 33 rats were resistant
to prolonged treatment with phenobarbital (PB) (nonresponders), whereas the other 20 rats responded to
treatment with a reduction of seizure frequency of at
least 75% (see Fig. 1). The seizure frequency shown
was determined by continuous video-EEG (electroencephalography) recording over 2 weeks prior to onset
Differences in seizure frequency between
of treatment with PB. The average frequency of nonPB responders and nonresponders before
responders (indicated by horizontal line) was signifionset of treatment
cantly higher than average seizure frequency of
As shown in Fig. 2, PB responders exhibited a relatively
1. Honset
e yn o ldofY,treatF a issle r Dresponders
, S te ffe n F ,(p
e t =a l.0.0050;
J S m a llindicated
A n im P raby
ct asterisk).
1997
low variation in seizure frequency before
2. was
H u lsm
e ye(range
r V , Zim m eEpilepsia
rm a n n R , B
ra u e r C , e t a l. J V e t In te rn M e d 2010
ILAE
ment with PB. Average seizure frequency
0.54
3. aWlarge
e issl variation
J, H u lsm e ye r V , B ra u e r C , e t a l. J V e t In te rn M e d 2012
0.07–1.29) seizures per day. In contrast,
4. Lö sch
W , B ra n d t C . Ep ile p sia 2010
in frequency of seizures was determined
in e rPB-nonK w a n Pwas
, B ro4.31
d ie M J. N En gl J M e d 2000
responders (Fig. 2). Average seizure 5.
frequency
rats
with low and
6. M o nseizure
te iro R ,freA d a mDifferences
s V , K e ys D , ebetween
t a l. J S mPB-resistant
a ll A n im P ra ct
2012
(range 0.14–16.4) seizures per day. Average
quency in PB-nonresponders differed significantly from high seizure frequency
Average predrug seizure frequency in the seven PBseizure frequency in PB-responders (p = 0.0050). However, as shown in Fig. 2, the significantly higher seizure nonresponders with low seizure frequency was 0.34
frequency of nonresponders was due to six rats that exhib- (range 0.14–0.86) seizures per day (Fig. 3A), which was
ited > 3 seizures per day. Such high seizure frequency not significantly different from predrug seizure frequency
was observed only in the nonresponder group (6 of 13) in PB responders (p = 0.2403). In contrast, seizure
and not in the responder group (0 of 20), which was signif- frequency in the six PB-nonresponders with high seizure
icantly different by Fisher’s exact test (p = 0.0015). frequency (> 3 seizures/day) was 8.94 (4.1–16.4) seizures
Therefore, high seizure frequency (> 3 seizures per day) per day (Fig. 3B), which was significantly higher than seipredicted resistance to PB. The data in Fig. 2 indicated that zure frequency in the other subgroup of nonresponders
there may be two subgroups of PB-resistant rats, a sub- (p = 0.0012) and seizure frequency in responders
group with high frequency of SRS and a subgroup with (p < 0.0001), respectively.
When the response to PB was separately analyzed for
low SRS frequency. Therefore, these subgroups were
PB-nonresponders with low and high seizure frequency,
further compared.

• Seizure severity -> guide clinical reasoning -> severe seizuring patient
receive treatment earlier
• Intact male
& female dogs have a higher likelihood of having cluster
seizures6.

Figure 1.
Introduction of AEDs to the market from 1853 to 2009 (adapted from data by Shorvon, 2009a,b). Licensing varied from country to
country. We give here the year of first licensing or the first mention of clinical use in a country of Europe, the United States, or Japan
Loscher and Schmidt 2011
(see Shorvon, 2009a,b, for further details). We have not included all derivatives of listed AEDs or AEDs used solely for treatment of
status epilepticus.
Epilepsia
ILAE

Following the introduction of VPA in the 1960s, no new
AEDs were entering the market for almost two decades,
except some additional benzodiazepines (Fig. 1). Not surprisingly, patients and physicians had great expectations for
therapeutic gains over older drugs when the new, third-generation AEDs entered the market, which arbitrarily include
all drugs for epilepsy marketed after the introduction of
CBZ or VPA in the 1960s (Fig. 1). Despite the shortcomings of second-generation AEDs outlined above, the widespread use and the unsurpassed clinical efficacy of CBZ and
VPA made them benchmarks for comparison with thirdgeneration AEDs. The era of the third-generation AEDs
started in the 1980s with ‘‘rational’’ developments such as
progabide, vigabatrin (VGB), and tiagabine (TGB), that is,
drugs that were designed to selectively target a mechanism
that was thought to be critical for the occurrence of epileptic
seizures (Lçscher & Schmidt, 1994).
The new, third-generation AEDs have undoubtedly
expanded the therapeutic options, in particular for those in
need of a change in medical regimen. However, the efficacy
of many, but unfortunately not all, new AEDs for treatment
of new-onset epilepsy is similar to that of older AEDs (Kwan
& Brodie, 2000; Brodie et al., 2007; Marson et al., 2007;
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Glauser et al., 2010). For patients with previously drugresistant seizures, adjunctive new AEDs have been shown to
be more efficacious than adding placebo (Beyenburg et al.,
2010). In addition, new AEDs have other benefits over some
of the older drugs for epilepsy. Treatment with some of
the new AEDs avoids adverse drug interactions and hypersensitivity reactions (Elger & Schmidt, 2008) and some new
AEDs have clinically important utility for disorders other
than epilepsy (Rogawski & Lçscher, 2004b).
Despite these encouraging and welcome advantages that
new AEDs have brought for the management of epilepsy,
there is growing concern that the efficacy of drug treatment
of epilepsy has not substantially improved with the introduction of new AEDs (Shorvon, 2009b). Although we have
no population-based studies if the prognosis of epilepsy has
changed since and because of the introduction of new
AEDs, this dilemma is highlighted by the following disconcerting observations. Currently, 38% of adult patients with
new-onset epilepsy have AED-resistant seizures (Mohanraj
& Brodie, 2005). Forty years ago, Coatsworth (1971)
reported in his summary of AED trials that 33–38% of those
with focal seizures were unchanged
or worse. This has posPapers
sibly not changed since the 1880s when Gowers reported

Risk Factors

Epilepsia, **(*):1–9, 2009
doi: 10.1111/j.1528-1167.2009.02183.x

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

Aetiology and long-term outcome of juvenile
epilepsy in 136 dogs

Sex

L. Arrol, J. Penderis, L. Garosi, P. Cripps, R. Gutierrez-Quintana, R. Gonçalves

Neuter
status
Seizure
severity

The aetiology and outcome of dogs with juvenile-onset seizures were investigated. One
hundred and thirty-six dogs whose first seizure occurred before the age of one year were
investigated. One hundred and two dogs were diagnosed with idiopathic epilepsy (IE), 23
with symptomatic epilepsy (SE), nine with reactive seizures (RS) and two with probable
symptomatic epilepsy (pSE). The outcome was known in 114 dogs; 37 per cent died or were
euthanased as a consequence of seizures. The mean survival time of this population of dogs
was 7.1 years. Factors that were significantly associated with survival outcome included the
diagnosis of SE and the number of antiepileptic drugs (AEDs) used before investigation. The
use of one AED before investigation and a diagnosis of SE were associated with a negative
outcome, whereas receiving no AED medications before referral was associated with a longer
survival. For dogs with IE, survival time was shortened if the dog was a border collie or with a
history of status epilepticus; receiving no AEDs before referral in the IE group was associated
with a positive outcome. Seizure-free status was achieved in 22 per cent of dogs diagnosed
with IE. While the survival times were longer than previously reported in canine epilepsy,
similar remission rates to those reported in childhood epilepsy, where a 70 per cent remission
rate is documented, were not seen in the canine juvenile population.

Male
Female
Neutered
Entire
Status epilepticus
No Status
epilepticus
Cluster seizures
No Cluster seizures

Age presented to hospital (days)
Time until diagnosis (days)
Age at onset seizures (days)

SEIZURES are the most common neurological problem in dogs,
with a prevalence between 0.5 and 5.7 per cent in the canine population (Cunningham and Farnbach 1988, Podell and others 1995).
Underlying causes of seizures can be classified into four categories:
idiopathic epilepsy (IE), whereby an underlying cause for the seizures
cannot be found; symptomatic epilepsy (SE), in which there is a brain
lesion; probable symptomatic epilepsy (pSE), whereby an underlying
cause is suspected but the aetiology cannot be determined; and reactive seizures (RS), whereby the cerebral metabolism is altered by systemic metabolic or toxic insults (Chandler 2006).
IE in dogs is typically thought of as occurring in a dog whose first
seizure occurs between the ages of one and five years, and which has
a normal interictal neurological examination (Thomas 2010). Referral
is often recommended in dogs whose seizure onset occurs before the
age of one year, even when there is a normal interictal neurological
examination. Nonetheless, IE is commonly suspected in dogs younger

than this age, and similarly in dogs whose first seizure occurs after
five years of age (Podell and1others
Bernardini
1998,
. P a1995,
rk e t Jaggy
a l., Jand
of C
lin N e u ro
s c ie n c e , 2 0 1 4
Patterson and others 2005, Licht
and
2. B
o nothers
n e tt e2007).
t a l., J N e u ro l N e u ro s u rg P s y c h ia try , 2 0 1 4
Seizures in children are relatively common, affecting 1 to 7 per
3 . W irre ll, E p ile p s ia , 2 0 1 3
cent of the population (Brodie and others 1997). Epilepsy is a potentially self-limiting disease, and it is generally agreed that the outcome
in people whose first seizure occurs as a child is good, with about 70
per cent becoming seizure-free and requiring no antiepileptic medication within five years of seizure onset (Sander 1993). In human medicine, numerous studies have been performed searching for predictors
of poor outcome aiming to improve the early identification of patients
at increased risk of developing intractable epilepsy. Little is known
about the long-term outcome of dogs that have their first seizure under
the age of one year. This information would undoubtedly be of value
to practising veterinarians, as it would allow them to better inform the
owners of such dogs. The aims of this study were therefore, first, to
describe the underlying causes of seizures in dogs under the age of 12
months, second, to determine the long-term outcome associated with
this early onset of seizures and thirdly, to evaluate possible predictors
of poor outcome.

In people
• Young age (<16years) seizure onset
• Total number of seizures
• Initial response to first antiepileptic drug used
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Duration of disorder before
treatment (days)
Number of seizures before start
of treatment
Seizure frequency per month
before medication

Remission
No (%)

Yes (%)

75.1
24.9
53.2
46.8
20.0
80.0

53.6
46.4
75.0
25.0
0.0
100.0

62.8
37.2
Median
(25th-75th
percentile)
1080
(720-1800)
180
(62.3-378.8)
720
(441-1286)
90
(30-180)
5
(3-8.5)
3
(1-6)

17.9
82.1
Median
(25th-75th percentile)
1440
(1080-2085)
90
(15-225)
1170
(720-1725)
60
(26-120)
4
(3-5.3)
2
(1.25-3.75)

Statistics
Fishers exact
(2 sided)
5.56

P
0.024

4.53

0.038

0.25

0.802

19.63

<0.001

Mann
Whitney U

P

1933

0.61

1204

0.79

2971

0.026

578

0.31

1286

0.09

1582

0.39

Remained in the multivariate analysis model

Materials and methods

The medical records from the neurology and neurosurgery units of
the universities of Glasgow and Liverpool and from Davies Veterinary
Specialists were reviewed to identify dogs presented for investigation
of seizures starting before the age of one year. Inclusion in the present
study required achievement of a final diagnosis. In cases where no identifiable cause for the seizures was identified by the history (such as toxin
exposure) or by blood tests, CT or MRI of the brain must have been
performed. In cases where advanced imaging of the brain was normal,
analysis of the cerebrospinal fluid (CSF) must have been conducted.
The medical records were reviewed, and data extracted included
signalment, age at first seizure, age at investigation, whether the
predominant seizure form was focal or generalised, whether the
dog presented in status epilepticus or experienced cluster seizures,
the results of neurological examination, antiepileptic drug (AED)
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Most common drug-resistant breeds

Idiopathic epilepsy ≠
One disease

Temporal lobe epilepsy (human)

Temporal lobectomy

•The complex-focal seizure
is the most often seen
seizure type
•70 – 80 % of the complex-focal seizures have their
origin in the temporal lobe (especially in the hippocampus
and amygdala)

•Temporal lobe epilepsy (TLE) is often refractory to
pharmacological treatment.

T2w

T1w

Drugresistant
ê
Surgery
ê
Pharmacoresponde
r
(Rarely cured)

Post-ictal

FLAIR

2 years later - refractory

FLAIR

10 days later

10 days later
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TLE (dog, cat)?

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

•Cats with bilateral hippocampal
necrosis è refractory to treatment

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

(Fatzer et al. 2000; Brini et al. 2004; Schmied et al. 2008)

•Dogs:
•Reversible MRI changes post
prolonged seizure activity (Mellema et

Background: Treatment-resistant complex partial seizures (CPS) with orofacial involvement recently were reported in
cats in association with hippocampal pathology. The features had some similarity to those described in humans with limbic
encephalitis and voltage-gated potassium channel (VGKC) complex antibody.
Hypothesis/Objectives: The purpose of this pilot study was to evaluate cats with CPS and orofacial involvement for the
presence of VGKC-complex antibody.
Animals: Client-owned cats with acute orofacial CPS and control cats were investigated.
Methods: Prospective study. Serum was collected from 14 cats in the acute stage of the disease and compared with 19
controls. VGKC-complex antibodies were determined by routine immunoprecipitation and by binding to leucine-rich
glioma inactivated 1 (LGI1) and contactin-associated protein-like 2 (CASPR2), the 2 main targets of VGKC-complex antibodies in humans.
Results: Five of the 14 aﬀected cats, but none of the 19 controls, had VGKC-complex antibody concentrations above
the cut-oﬀ concentration (>100 pmol/L) based on control samples and similar to those found in humans. Antibodies in 4
cats were directed against LGI1, and none were directed against CASPR2. Follow-up sera were available for 5 cats in
remission and all antibody concentrations were within the reference range.
Conclusion and Clinical Importance: Our study suggests that an autoimmune limbic encephalitis exists in cats and that
VGKC-complex/LGI1 antibodies may play a role in this disorder, as they are thought to in humans.
Key words: Autoimmune limbic epilepsy; Feline.

al. 1999)

•TLE model in dogs similar changes as human with
TLE (Hasegawa et al. 2002, 2003)
•Absence of TLE in dogs with pharmacoresistant
epilepsy (Buckmaster et al. 2002)

L

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

From the Clinical Department for Companion Animals and
Horses, Clinic for Small Animals Internal Medicine, University of
Veterinary Medicine, Vienna, Austria (Pakozdy, Leschnik, Thalhammer);
the Institute of Experimental Medicine, Budapest, Hungary (Halasz);
the Institute of Pathology and Forensic Veterinary Medicine,
University of Veterinary Medicine, Vienna, Austria (Klang); the
Department of Neuroimmunology, Center for Brain Research,
Medical University of Vienna, Vienna, Austria (Bauer); and the
Plattform Bioinformatic and Biostatistics, University of Veterinary
Medicine, Vienna, Austria (Tichy); and Department of Clinical
Neurology, Weatherall Institute of Molecular Medicine, John
Radcliﬀe Hospital, Oxford, England (Lang, Vincent).
Corresponding author: Akos Pakozdy, Clinical Department for
Companion Animals and Horses, Clinic for Small Animals Internal
Medicine, University of Veterinary Medicine, Veterinaerplatz 1,
Vienna 1210, Austria; e-mail: akos.pakozdy@vetmeduni.ac.at.

Abbreviations:
CASPR2
CPS
EEG
FEPSO
GAD
LE
LGI1
MRI
VGKC

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

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

Haemangioma
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Seizure-free after removal,
but….
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Figure 1. Hypothesized Biologic Mechanisms of Drug Resistance in Epilepsy.
The diagram illustrates the molecular locations at which the mechanisms are hypothesized to operate. At locations
labeled 1 is overexpression of efflux transporters in capillary endothelial cells that constitute the blood–brain barrier.
At the location labeled 2 is altered expression or function of neuronal voltage-gated ion channels that are known
targets of antiepileptic drugs. At locations labeled 3 are mechanisms not targeted by current antiepileptic drugs,
such as electrical coupling through gap junctions, mitochondrial dysfunction, and autoantibodies to neurotransmitter receptors.
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treatment. In people, the impact of epilepsy upon QoL has been widely studied, exploring not only
its impact on physical health, but also the psychological health and cognitive capabilities of affected
individuals. This paper reviews the existing literature on canine epilepsy, identifies potential threats to
QoL, and draws parallels from human epilepsy research. We suggest that canine epilepsy poses threats
to both quality and quantity of life, with treatment interventions posing a fine balance of potential
benefits and harms to the patient. At present, little is known about the neurobehavioural, emotional
and cognitive effects of epilepsy upon affected dogs. Further studies are needed to establish the extent
to which unknown QoL-inhibiting comorbidities exist in the dog, in order to avoid their undertreatment,
and to objectively quantify the effects of epilepsy on canine QoL.
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hours apart (Fisher and others 2014). Two broad epilepsy types have
been defined by their aetiology (Berendt and others 2015). Idiopathic
epilepsy (IE) is defined as epilepsy of predominantly genetic or presumed genetic origin and in which there are no gross neuroanatomical or neuropathological abnormalities nor other relevant underlying
diseases causing seizure activity (Shorvon 2014). Within this there
are three subgroups: genetic epilepsy, where a causative gene has
been identified; suspected genetic epilepsy, where a high breed prevalence (>2 per cent), genealogical analysis and/or familial accumulation of affected dogs supports a genetic influence; and epilepsy of
unknown origin, where the nature of the underlying cause is as yet
unknown. Conversely, structural epilepsy (StE) is characterised by
epileptic seizures that are provoked by intracranial/cerebral pathology including vascular, inflammatory/infectious, traumatic, anomalous/developmental, neoplastic and degenerative diseases confirmed
by diagnostic imaging, cerebrospinal fluid examination, DNA testing or postmortem findings.
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individuals. This paper reviews the existing literature
on canine epilepsy, identifies potential threats to brain26,
QoL, and draws parallels from human epilepsy research. We suggest that canine epilepsy poses threats
to both quality and quantity of life, with treatment interventions posing a fine balance of potential
benefits and harms to the patient. At present, little is known about the neurobehavioural, emotional
and cognitive effects of epilepsy upon affected dogs. Further studies are needed to establish the extent
to which unknown QoL-inhibiting comorbidities exist in the dog, in order to avoid their undertreatment,
and to objectively quantify the effects of epilepsy on canine QoL.

Epilepsy is the most common chronic neurological condition in
domestic dogs, and although the true prevalence is unknown, estimates from the general canine population include 0.6 per cent for
IE (Kearsley-Fleet and others 2013), and 0.75 per cent for all causes
of epilepsy (IE+StE) (Heske and others 2014). Age of onset of IE
is most common between six months and six years (Armas¸u and
others 2014) and the condition is usually lifelong; in some cases
requiring constant medication. In contrast, dogs with StE are more
commonly under six months or over six years (Armas¸u and others 2014, Berendt and others 2015). Owners of dogs with IE have
previously indicated that their dog’s quality of life (QoL) is of greatest importance to them above seizure frequency (Chang and others 2006); however, much of the research into canine IE to date has
focussed on seizure frequency, and how to reduce it via antiepileptic drug (AED) treatment (Pearce 1990, Dowling 1994, Dewey and
others 2009). Little consideration has been given to the impact of
epilepsy upon QoL until recent years, and that has been heavily
focussed on the owner’s QoL (Lord and Podell 1999, Chang and
others 2006, Wessmann and others 2014). Health-related quality of
life (HRQoL) is the functional effect of a medical condition and/
or its consequent therapy upon a patient, and is a multidimensional concept. In people, the impact of epilepsy upon QoL has been
widely studied, exploring the holistic impact of epilepsy not only
on physical health, but also the psychological health and cognitive
capabilities of affected individuals (Elger and others 2004). Indeed,
QoL scoring systems for people with epilepsy cover a broad range
of topics. For example, the Quality of Life in Epilepsy (QOLIE-89)
inventory (Devinsky and others 1995), summarised in Table 1, comprises diverse topics, some of relevance to canine IE (eg, ‘medication
effects’), while others are human-centric (eg, ‘work/driving/social’).
These impacts on QoL are not simply factors that impact physical
and mental directly, but also the indirect effects that decrease opportunities to participate in activities that promote QoL. Although not
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