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Abstract

Common criteria for the diagnosis of drug resistance and the assessment of outcome are needed urgently as a
prerequisite for standardized evaluation and reporting of individual therapeutic responses in canine epilepsy. Thus,
we provide a proposal for the definition of drug resistance and partial therapeutic success in canine patients with
epilepsy. This consensus statement also suggests a list of factors and aspects of outcome, which should be considered
in addition to the impact on seizures. Moreover, these expert recommendations discuss criteria which determine the
validity and informative value of a therapeutic trial in an individual patient and also suggest the application of
individual outcome criteria. Agreement on common guidelines does not only render a basis for future optimization of
individual patient management, but is also a presupposition for the design and implementation of clinical studies with
highly standardized inclusion and exclusion criteria. Respective standardization will improve the comparability of
findings from different studies and renders an improved basis for multicenter studies. Therefore, this proposal provides
an in-depth discussion of the implications of outcome criteria for clinical studies. In particular ethical aspects and the
different options for study design and application of individual patient-centered outcome criteria are considered.
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Background
Therapeutic management of canine and feline patients
with epilepsy poses a particular challenge for the practi-
tioner. The challenge is related to the multitude of eti-
ologies as well as the high inter-individual variance in
the clinical picture of canine and feline epilepsies. More-
over, the response to standard therapeutic regimes dif-
fers tremendously between individual patients.
Standardization in the assessment and reporting of out-

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

the evaluation of therapeutic responses will guide practi-
tioners in the diagnosis of drug resistance as a basis for
the decision to continue with an alternate therapeutic re-
gime. Moreover, expert consensus based recommenda-
tions render a basis for common reporting schemes,
which can significantly improve the information content
of patient history documents e.g. in the case of referral to
a veterinary neurology specialist. Thus, one aim of this
consensus proposal is to provide expert recommendations
for the assessment of outcome in individual patients fo-
cusing on the impact on seizures but also considering
other relevant aspects of outcome. In addition, we provide
and discuss a list of criteria that determine whether a
therapeutic trial in an individual patient can be considered
adequate and informative. Respective guidelines will also
help to exclude pseudo-resistance (defined as lack of a re-
sponse due to an inadequate dosing or treatment regime)
in individual patients.
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Standardized assessment and reporting of therapeutic
outcome in individual patients also is a prerequisite for
the realization of scientifically proven clinical studies. In
general, it is of particular relevance for the informative
value of the study that strict inclusion and exclusion cri-
teria are considered in the enrolment of patients for
clinical studies evaluating a particular therapeutic re-
gime. For instance if the study plan is to enrol patients,
in which epilepsy proved to be resistant to monotherapy
with a specific antiepileptic drug, a common definition
of resistance as well as common criteria for an adequate
and informative trial are needed urgently. Thus, univer-
sal recommendations provided in this proposal will ren-
der a basis for an improved consideration of inclusion
and exclusion criteria, will help reduce study population
variance, and will thereby increase the significance of
study data sets and findings.
Considering the diversity of etiologies and phenotypes

of canine and feline epilepsy and considering the fact that
data from human patients indicate that therapeutic re-
sponses differ tremendously between patient subgroups
depending on etiology, epilepsy and seizures types, there
is a pressing need to perform clinical studies in respective
subgroups of canine and feline patients. Studies focusing
on epilepsy with a specific etiology will only be feasible in
the form of multicenter studies, which require common
schemes for outcome assessment. Thus, one purpose of
this consensus paper is to provide the scientific, practical

and ethical aspects to be considered in different types of
epilepsy study designs.

Assessment of outcome in individual patients
Impact on seizures: definition of drug resistance and of
therapeutic success in individual patients
Despite a high number of studies dealing with the clinical
issue of drug resistance, a common definition of drug re-
sistant epilepsy is lacking. In 2010, a Task Force established
by the International League against Epilepsy (ILAE) has
proposed a working definition for drug resistance in human
patients, which since then has been assessed in clinical
practice: “Drug resistant epilepsy is defined as failure of
adequate trials of two tolerated, appropriately chosen and
used antiepileptic drug schedules (whether as monother-
apies or in combination) to achieve sustained seizure free-
dom” [1]. This definition has been the source of much
debate in relation to human epilepsy, and is intended
mainly for epidemiological work rather than to guide indi-
vidual practice. A recent study evaluated and confirmed
the reliability and validity of the criteria provided by the
definition [2]. The question for veterinary neurology is
whether this definition is suitable for the specific conditions
in clinical veterinary practice and whether it can be applied
to classify the outcome in canine and feline patients.
There is agreement that seizure freedom is the primary

treatment goal in the therapeutic management of canine
and feline epilepsy patients (Fig. 1; Table 1). Striving for
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> 3 times longest pretreatment   
interictal interval and at least 3 months 

Continue and evaluate
long-term success

Partial therapeutic success? 
- prevention of cluster seizures or status

epilepticus
- relevant reduction of seizure frequency 

considering pretreatment seizure frequency
- reduction in seizure severity

Alternate AED schedule
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Fig. 1 Categorization of seizure control. Seizure freedom is the primary treatment goal in the therapeutic management of canine and feline
epilepsy patients. The additional category of partial therapeutic success takes into account that the prevention of seizure clusters or status
epilepticus, and a reduction in seizure frequency or seizure severity can be of significant clinical relevance in veterinary patients
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complete seizure control is of utmost importance consid-
ering the consequences of recurrent seizures. Repeated
epileptic seizures can result in neuronal cell loss, persistent
neuro-inflammation, disturbance of blood-brain barrier
function, and functional alterations in neurotransmitter
receptors and ion channels [3–5]. Respective alterations
can contribute to the development of behavioral co-
morbidities, can contribute to a progressively increasing
intrinsic disease severity, and a declining responsiveness
to therapeutic interventions [6].
Sudden unexpected death in epilepsy (SUDEP) is a

rare event, which however puts the patient at risk with
each single seizure event [7, 8]. Although an overall de-
creased life-span has not been confirmed in a recent
study focusing on idiopathic epilepsy [9], several other
reports acknowledge a decreased life-span in canine pa-
tients with idiopathic and structural (=symptomatic) epi-
lepsy [10–12]. These reports indicate that euthanasia is
the major risk factor contributing to a decreased life-
span due to uncontrolled seizures [10–12], but sudden
unexpected death in epilepsy (SUDEP) and seizure-
related falls, injuries, or asphyxiation are also risk factors
in the management of canine patients contributing to in-
creased mortality rates [11, 13]. To our knowledge no
information is available yet about SUDEP and life ex-
pectancy in feline epilepsy patients.
The ILAE Task Force has acknowledged in their

proposal that “a therapeutic intervention may lead to a
clinically meaningful reduction in seizure frequency (or
severity) that stops short of seizure freedom” [1]. In view
of the fact that complete vs. incomplete seizure control
does not have the same implications and consequences in
veterinary patients as it has in human patients due to the

socioeconomic impact on daily lifestyles, and that thera-
peutic decisions have thus to be balanced with costs and
adverse effects, we included the category of partial thera-
peutic success as a secondary treatment goal in the classifi-
cation scheme that we suggest in this proposal (see 2.4)
(Fig. 1; Table 1). This decision also takes into consideration
that in the past AED induced remission for 1–3 years has
only been reported in 15 – 24 % of dogs with idiopathic
epilepsy in a wide range of studies focusing on different
dog breeds with epilepsy of various severity [11, 12, 14].
The additional category of partial therapeutic success

takes into account that a reduction in seizure frequency,
seizure severity, and the prevention of seizure clusters or
status epilepticus can be of significant clinical relevance in
veterinary patients (Fig. 1; Table 1). Regarding an impact
on seizure frequency it is difficult to set a %-based limit
for partial success, because the baseline seizure frequency
needs to be taken into consideration. Experience of veter-
inary neurologists suggests that patient caregivers, the
owners, often consider less than one seizure in 3 months
acceptable [15]. Thus, depending on the pretreatment seiz-
ure frequency a reduction of seizure density to a respective
seizure interval e. g. one seizure every 3 months can be
considered as a relevant effect. In addition, a reduction
in seizure severity can result in a clinically meaningful
success, if for instance spread of seizure activity e. g.
generalization of focal onset seizures is prevented so that
seizures remain focal. Moreover, the prevention of seizure
clusters or status epilepticus can significantly affect the
quality of life of the patient and the pet owner.
Partial therapeutic success can have a significant clin-

ical relevance in canine and feline patients also affecting
the owner’s decision for euthanasia. Nevertheless, we
propose to apply the ILAE Task Force definition for vet-
erinary patients thereby drug-resistant epilepsy is diag-
nosed if seizure freedom is not achieved with two
therapeutic trials. However, we suggest indicating for
each patient in which drug-resistant epilepsy has been
diagnosed if there was evidence for a partial therapeutic
success as outlined above.
Moreover, consideration should be given to the fact

that there might still be reasonable hope to achieve seiz-
ure freedom in patients in which several therapeutic tri-
als have failed. Respective evidence has been reported by
different groups performing studies in human patients
[16–18]. Neligan et al [17] concluded that about half of
the patients with apparent drug resistant epilepsy can
have relevant improvements in seizure control with fur-
ther drug changes. Based on these findings they dis-
cussed that the proposed ILAE Task Force definition
might be too restrictive [17]. Another study indicated
that childhood-onset epilepsy might require specific con-
siderations as 51 % of the patients with drug-resistant
epilepsy entered 5-year terminal remissions [18]. Despite

Table 1 Categorization of outcome in individual patients
Categories: seizure control

1. Seizure-free

2. Seizures continue with partial therapeutic success (specified: reduction
in seizure frequency including information on seizure incidence,
seizure severity, or reduction in frequency of seizure clusters and
status epilepticus)

3. Seizures continue without partial therapeutic success

4. Undetermined (specify reason)

Categories: tolerability

A. No adverse effects

B. Adverse effects

C. Treatment not tolerated (substantial adverse effects resulting in
discontinuation)

D. Undetermined (specify reason)

Consider that short-term and long-term success should be evaluated
and should be indicated as discussed in the text. As outlined in the text
respective outcome information should always include information
about the drug regime. Table modified from [1].
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the lack of respective, comprehensive data sets in veter-
inary medicine, we feel that it is important to avoid an
early classification of drug resistant epilepsy having a
negative impact on the clinician’s efforts to continue
with therapeutic trials in individual patients. Thus, we
suggest that the term drug resistant is always used along
with the specification ‘to which antiepileptic drugs’, e.g.
phenobarbital resistant, imepitoin resistant and/or brom-
ide resistant [19, 20].
The ILAE task force definition lists an ‘appropriately

chosen antiepileptic drug schedule’ as a presupposition
for outcome conclusions [1]. In human patients know-
ledge about pathophysiological mechanisms as well as
the outcome of clinical studies rendered the basis for
treatment guidelines, which list first line antiepileptic
drugs, adjunctive antiepileptic drugs, second line antiepi-
leptic drugs, and antiepileptic drugs that may worsen
seizures for different seizure types and epilepsy syn-
dromes [21, 22]. Unfortunately, there is a lack of know-
ledge about drug responsiveness of different seizure
types and of epilepsies with different etiologies in veterin-
ary medicine. Despite this fact we propose to keep the
term ‘appropriately chosen’ in the definition (see consen-
sus statement on treatment for recommendations [23]),
when applying it to veterinary patients, as we expect a
gain in knowledge in the near future and as it should also
motivate to study differential responsiveness in patient
subgroups and canine vs. feline patients in more detail.
Please note that criteria for an adequate and inform-

ative trial in individual veterinary patients are discussed
under 2.4.

Other criteria and aspects of outcome
Impact on neurobehavioral comorbidities
Experimental studies as well as studies in human pa-
tients point to a bidirectional link between epileptic
seizures and psychological symptoms [24]. In human
epilepsy patients the increased prevalence of psychiatric
disorders including attention deficit hyperactivity dis-
order, depression, and anxiety disorders has been attrib-
uted to the psychosocial burden of epilepsy but also to
epilepsy-associated molecular, cellular, and network al-
terations. Also, it is postulated that in some instances,
the epilepsy and the co-morbidities are both the result
of similar underlying mechanisms. A direct impact of
pathophysiological mechanisms of epilepsy on neurobe-
havioral comorbidities is further confirmed by findings
in animal models [25]. So far only limited information is
available about epilepsy-associated neurobehavioral al-
terations in veterinary medicine. In drug-naïve dogs di-
agnosed with idiopathic epilepsy the development of the
disease resulted in an increase in the behavioral scores
for Fear/Anxiety, Defensive Aggression, and Abnormal
Perception [26]. Following onset of medication

Defensive Aggression was attenuated, whereas other be-
havioral alterations became evident including Abnormal
Reactivity, Attachment Disorder, Demented Behavior,
and Apathetic Behavior [26]. These data underline the
need to evaluate the effect of a therapeutic regime on
patient’s behavior with a particular focus on a beneficial
impact on neurobehavioral comorbidities. Therefore, it
is necessary to further develop behavioral scoring sys-
tems validated for the assessment of epilepsy-specific be-
havioral comorbidities. The efforts by Shihab et al [26]
and Wessmann et al [27] render an important basis for
respective score sheets, which are needed urgently for
different types of epilepsy in canine and feline patients.
In this context the questionnaire developed for the ana-
lysis of behavior in Cavalier King Charles Spaniels with
neuropathic pain due to Chiari-like malformation should
be considered as an example questionnaire tailored for a
specific neurological disease [28].
It is emphasized that data need to be collected before

the initiation of therapy, because only this baseline infor-
mation will allow distinguishing between disease-
associated alterations as well as beneficial or detrimental
effects of antiepileptic drugs. Moreover, despite the fact
that controversial findings exist, it is recommended to
thoroughly investigate the endocrine status in particular
considering that thyroid function might be altered in as-
sociation with epilepsy development and antiepileptic
drug treatment, and that the functional state of the thy-
roid gland has a major impact on neurobehavior and
brain function [29–32].

Adverse effects
Tolerability issues constitute an important limiting fac-
tor in the therapeutic management of epilepsy in human
and veterinary patients [27, 33, 34]. As further discussed
below they can significantly contribute to the patient’s
burden and can thereby determine drug retention rates.
Thus, the extent and the course of adverse effects should
be closely monitored when assessing the overall outcome
of a therapeutic trial in an individual patient (Table 1).
In general, it is important to distinguish between dose-
related effects and idiosyncratic effects as well as between
transient and long-term effects. Repeated evaluation of
adverse effects is necessary during titration phases but also
during chronic therapy. It needs to be considered that
adjustment and selective tolerance to specific adverse
effects can occur, and that aging or development of multi-
morbidities might alter the predisposition of individual
patients.
Pharmacological targeting of central nervous system

hyperexcitability is of course prone to be associated with
central nervous system adverse effects. However, pro-
nounced inter-individual differences exist in the suscep-
tibility to respective effects. Sedation or apathy and
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other behavioral alterations as well as a disturbance of
motor function [35, 36], sleep patterns, and cognition
[37] are among the dose-dependent central nervous sys-
tem effects, which should be considered in a patient’s
evaluation. In addition, systemic effects need to be
assessed including gastrointestinal effects. Moreover, it is
well known that the exposure to specific antiepileptic
drugs can increase the risk to develop pancreatitis [38,
39], hepatopathy, blood dyscrasias [40, 41] and skin re-
actions. Specific attention to the following introduction
of a new antiepileptic drug should be drawn to the po-
tential development of antiepileptic drug hypersensitivity
syndrome [42–45] which may evolve into a life-
threatening situation and requires immediate modifica-
tion of the drug regimen.
Food intake, water intake, body weight gain or loss can

be affected by both, central and peripheral effects of an-
tiepileptic drugs. The introduction of standardized vali-
dated questionnaires based on Likert or VAS scores
which comprise a respective list of frequent and rare ad-
verse effects allowing repeated comparison during drug
treatment are highly recommended. Comparison with
the pre-drug baseline condition, data, and antiepileptic
drug levels is of particular relevance. Evaluation should
also include pre-drug baseline and post-drug laboratory
evaluation which should ideally include CBC, extended
biochemical serum profile, urine and adequate evalu-
ation of liver function (pre- and postprandial bile acids
or ammonia). Evaluation of thyroid function is also rec-
ommended but faces specific challenges.
In case of polytherapy, putative drug interactions re-

quire specific considerations when assessing the tolerabil-
ity of an antiepileptic drug regime. Despite a controversial
discussion, we recommend that the endocrine status is
carefully controlled as thyroid function might be affected
by the disease as well as its treatment, and might in turn
affect the general condition with a pronounced impact on
behavior as well as body weight.
In case of severe adverse effects resulting in discon-

tinuation of a specific therapeutic approach, this fact
should be documented in the patient’s files with the
classification ‘treatment-not-tolerated’ with information
about the specific drug or other approach tested e.g.
‘Phenobarbital not tolerated’.

Assessment of the impact on quality of life
The impact of a treatment regime on quality of life (QoL)
must be considered as a major factor for the evaluation of
outcome. Thereby, therapeutic management can affect
QoL in a dichotomous manner. Whereas improved seiz-
ure control can exert beneficial effects on QoL, adverse ef-
fects can contribute to the patient’s burden.
The World Health Organization (WHO) has defined

QoL as the individual’s perception of their position in

life in the context of the culture and value systems in
which they live and in relation to their goals, expecta-
tions, standards and concerns [46]. The International
Society for QoL Research considers health-related QoL
as the functional effect of a medical condition and/or its
consequent therapy upon a patient (http://www.isoqol.org).
They emphasize that health-related QoL is subjective and
multidimensional, encompassing physical and occupational
function, psychological state, social interaction and somatic
sensation. It is a matter of course that the assessment of
health-related quality of life in veterinary medicine is lim-
ited to just some selected dimensions and aspects from the
list of those considered in human medicine.
Whereas the development of standardized tools can

render a basis for patient-reported outcomes measure-
ment in human patients, assessment of the QoL of
veterinary patients poses an even greater challenge to
veterinary practitioners regardless of the indication. On
the other hand it is well known that the perception of a
veterinary patient’s QoL by the owner plays a major role
in important decisions regarding the therapeutic man-
agement of epilepsy or the decision for euthanasia of a
patient with difficult-to-treat or drug-resistant epilepsy.
Problems are associated with the fact that the owner’s

QoL can constitute a bias in the owner-based evaluation
of the QoL of veterinary patients with epilepsy. In this
context, it needs to be considered that caring for a dog
with idiopathic epilepsy proved to have a major impact
on the carer’s QoL [10, 27]. Thus, it is of particular rele-
vance to not only assess the patient’s QoL with owner-
based questionnaires but also to assess the carer’s QoL,
and consider both in interpretations. In this context, it is
of interest that the owner’s perception of their dog’s
quality of life proved to negatively correlate with the
amount of work required to care for the dog [47].
QoL evaluation should ideally be performed before

treatment onset, following treatment initiation, following
treatment adjustments regarding dose titration or drug
choice, and should be repeated on an annual basis.
Whereas patient-related questions in the questionnaire
developed by Wessmann et al [27] focused on the con-
trol of seizures and adverse effects of antiepileptic drugs,
owner-related key questions dealt with restrictions on
the carer’s life, frustrations of the carer, the owner’s dis-
taste of antiepileptic drug adverse effects, the carer’s
anxiety around the seizure event, and the perception of
rectal diazepam use. The efforts by Wessmann et al [27]
rendered a validated tool specific for canine idiopathic
epilepsy. Muñana et al [48] have applied a QoL assess-
ment in the evaluation of adjunctive levetiracetam effi-
cacy and tolerability. The questionnaire used in this
study was adapted from one previously described by
Lord and Podell [47]. Respective standardized QoL as-
sessment tools need to be evaluated and if necessary
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further specified for symptomatic epilepsies, and need to
be developed for feline patients.

Adequate and informative therapeutic trial – criteria
In order to allow valid conclusions about the individual
outcome, each therapeutic trial should have been used at
optimal doses to exclude pseudoresistance defined as the
lack of a response due to an inadequate dosing or treat-
ment regime. As in human medicine, pseudoresistance
can have multiple reasons in veterinary patients. First of
all the compliance of the patient’s owner should be con-
sidered and if in doubt should be controlled by plasma
concentration analysis. As also emphasized by Kwan et
al [1] for human patients, it is of particular relevance to
guarantee an adequate dosing with sufficient duration
including efforts for optimization of dosing and titration
to clinically efficacious and still tolerated doses. If relevant
based on the mechanism of action of an antiepileptic drug,
it is recommended to control steady-state concentrations
in veterinary patients with plasma sampling and analysis
of trough levels before the next drug administration. Stan-
dardized drug level monitoring schemes are in general
highly recommended. In a recent study comparing the ef-
fect of timing of blood collection on serum phenobarbital
concentrations in dogs, no difference was evident between
trough, 3-hour and 6-hour concentrations indicating that
timing of blood sampling is not as important when pheno-
barbital is administered twice daily [49, 50]. However,
timing of sampling is likely to be of relevance, when anti-
epileptic drugs marketed for veterinary patients have failed
to achieve seizure control resulting in the use of drugs de-
veloped and marketed for human patients. The pharmaco-
kinetic features of respective antiepileptic drugs are often
suboptimal for dogs and cats, and have often not been
studied in detail in veterinary patients. Thus, the choice of
adequate administration intervals requires careful consid-
eration and control by determining trough levels. Deter-
mining trough concentrations is also of particular interest,
if seizures predominantly occur during the night. More-
over, it needs to be considered that small changes in
plasma concentrations might adversely affect outcome in
an individual patients, while no statistical effect might be
observed in a larger study population.
This however also requires valid knowledge about the

therapeutic plasma concentration range in dogs and cats,
which is not available for all antiepileptic drugs, which have
been used in canine and feline patients. Moreover, putative
drug interactions need to be considered with polytherapeu-
tic regimens. Muñana et al [51] have recently reported
that concurrent administration of phenobarbital alone
or together with bromide significantly alters the disposition
of the antiepileptic drug levetiracetam compared to co-
administration of bromide alone. In line with previous
findings from healthy dogs [52], the findings pointed to the

fact that phenobarbital lowers maximum plasma concen-
trations reached and accelerates the clearance of levetirace-
tam in epileptic dogs [51]. A similar interaction with
phenobarbital has been shown for zonisamide [53, 54].
As pointed out above, seizure freedom is the primary

goal in the therapeutic management of epilepsy patients.
An intense discussion has dealt with the minimum dur-
ation of a therapeutic trial allowing conclusions about
seizure-freedom in the course of an intervention trial.
Being considered seizure-free has major implications for
a human epilepsy patient for instance affecting the al-
lowance to drive or to work in specific environments. In
veterinary medicine the main question is whether the
duration of a trial has been long enough to be inform-
ative, so that one can decide about continuing with an-
other intervention trial in the case of therapeutic failure.
Moreover, trial duration also has significant implications
for the design of clinical studies, which require specific
ethical as well as trial validity considerations as further
discussed below.
A task force established by the ILAE has proposed that

a patient should be considered seizure-free in response
to a new intervention once no seizure occurred “during
a phase of at least three times the duration of their lon-
gest pre-intervention interseizure interval in the preced-
ing 12 months or during 12 months, whichever is
longer” [1]. Evaluation during a time span of at least
three times the duration of their longest preintervention
interseizure interval has been reported to result in a
95 % certainty that the patient’s seizure frequency has at
very least been decreased [1]. However, it has also been
emphasized that this certainty is only reached in patients
with a high seizure frequency. The ILAE task force pro-
posal is based on the statistical principle referred to as
the ‘Rule of Three’, which dealt with the issue to calcu-
late confidence intervals for zero events [55, 56]. The
minimum duration of seizure freedom for 12 months
has been added by the Task Force in order to obtain in-
formation, if a clinically relevant sustained effect oc-
curred [1]. If seizure freedom of at least three times the
longest preintervention seizure interval has been reached
but for less than 12 months, the outcome regarding seiz-
ure control is considered “undetermined” until seizure
freedom lasts for at least 12 months [1]. More recently,
Westover et al [57] have stated that the “Rule of Three”
as an operational definition of seizure freedom might be
reasonable in many cases, but that in other common
cases a longer waiting time might be necessary. The au-
thors suggested a revised criterion for seizure freedom
which they termed the ‘Rule of Three-to-Six’ [57]. This
suggestion considers the pre-intervention probability for
therapeutic success, which for instance can be signifi-
cantly reduced in patients with a history of multiple
failed therapeutic trials. In veterinary medicine valid data
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is lacking so that it is not possible to reliably conclude
about pre-intervention probability. Thus, it is recom-
mended to consider the ILAE Task Force proposal as a
basis for seizure outcome classification in veterinary pa-
tients. However, the statistical limitations, which are
most pronounced in patients with low seizure frequen-
cies, need to be considered when drawing conclusions.
In this context, it is important to note that the devel-

opment of tolerance has been reported in canine pa-
tients during the course of a chronic antiepileptic drug
treatment regime. Thereby, one needs to distinguish be-
tween metabolic tolerance related to accelerated drug
metabolism and elimination rates and functional toler-
ance related to alterations in drug targets sites. Whereas
metabolic tolerance might be overcome by adjustment
of dosing or administration intervals, this might not be
possible with functional tolerance.
The phenomenon of tolerance also referred to as

the ‘honeymoon effect’ can result in relapse after pro-
longed periods of a pharmacological treatment. Tolerance
development has for instance been suggested by studies
with zonisamide or levetiracetam add-on regimens [58,
59]. However, in these studies the relapse or impairment
of seizure control occurred within 2 and 8 months follow-
ing initiation of the new therapeutic regime [58, 59]. Thus,
the fact that the seizure-free period should last at least
12 months according to the ILAE Task Force proposal
should account for most of the cases with tolerance devel-
opment in canine patients rather avoiding a bias of the
‘honeymoon effect’ on seizure outcome conclusion. How-
ever, it is also emphasized that relapse is possible later on,
and that a continued follow up of seizures during subse-
quent years is crucial in order to conclude about clinically
relevant long-term success. In this context, it is also im-
portant to consider that seizure reoccurrence during
therapy might also reflect ‘regression to the mean’ as pa-
tients often enter trials, when seizure frequency is high,
and for the first few months seizure frequency might
just be reduced due to the natural course of individual
seizure frequency fluctuation. Please note that the defin-
ition of short term and long term therapeutic success is
discussed in detail below (see subchapter on Outcome
criteria for clinical studies).
Several issues can result in the owners’ and practi-

tioners’ decision for discontinuation of a specific inter-
vention. In these cases, it is of utmost importance to
document the reasons for discontinuation in the pa-
tient’s files indicating whether tolerability issues, lack of
efficacy, lack of compliance, financial considerations or
other reasons resulted in the decision. Respective infor-
mation will be of relevance for future therapeutic man-
agement decisions throughout the patient’s life, and will
be of particular significance if the patient is enrolled in
future clinical studies.

Assessment of outcome: implications for clinical
studies
Ethical and general aspects
There is a great interest of owners of epileptic dogs to par-
ticipate in trials of new antiepileptic drugs and regimens.
This interest is driven by failures of available antiepileptic
drugs in a proportion of epileptic dogs and concerns
about possible side effects of antiepileptic drug treatment
[12, 60–62]. There is general consensus that an inform-
ative clinical trial of antiepileptic drugs should be con-
ducted in a controlled, blinded and randomized manner
in order to achieve a high level of evidence [63] and to ad-
just for placebo effects which may average up to 30 %
[64], and which have been explained by natural fluctua-
tions in seizure frequency; but underreporting of seizures
towards the end of the trial or improper patient selection
may also increase clinical outcome variability [65, 66].
This raises several ethical issues which are of relevance

to epileptic dogs and their owners. In particular, there
are concerns that participation in placebo-controlled
clinical studies may withhold the chance for successful
treatment by the next individual therapeutic trial, either
due to the use of placebo or because of the requirements
to stay on an ineffective drug regime for prolonged time
periods in order to complete the study with a sufficient
number of subjects and to assess monthly seizure fre-
quency within a fixed treatment period.
These issues may be approached by the use of direct

comparison head-to-head trials and application of out-
come parameters which allow individual study end
points. Comparative head-to-head trials compare the
effectiveness of the drug under investigation against an-
other drug, usually a licensed drug with proven effective-
ness against placebo considered the gold standard for
the specific indication (active control; e. g. phenobar-
bital) [67]. This approach should provide each study par-
ticipant with a highly effective antiepileptic drug, but has
the draw-back that the differences between the interven-
tional group and the control group are smaller than if
compared to placebo and that higher numbers of partici-
pants are required for demonstration of smaller effects.
Assessment of outcome in clinical studies requires defin-
ition of clearly defined primary outcome measures. The
primary outcome measure in AED trials is efficacy defined
by the drug’s influence on seizure occurrence, but toler-
ability, quality of life, compliance and retention rates
should also be assessed in informative clinical trials [65].
The use of individual outcome parameters in clinical

trials which define individual study end points will be
possible if clinical studies aim at seizure freedom [1].
This has been suggested in human medicine for a long
time (e. g. time to first seizure, time to nth seizure, or in-
dividual patient-centered outcome criteria including tol-
erability issues), but clinical studies utilizing these
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outcome parameters are rarely found and validation for
veterinary patients would be required [65, 66, 68].
A more detailed discussion about general aspects re-

garding the design of clinical studies is beyond the scope
of this paper. In this consensus statement we will focus on
outcome parameters, and will just shortly introduce the
different types of clinical studies because study design and
inclusion criteria will affect assessment of outcome.

Types of clinical studies
Clinical studies of AED therapy should clearly describe
the study goal and the study population in focus. The
two different types of AED treatment trials are: (1)
Evaluation of AED monotherapy, or (2) evaluation of ad-
junctive AED add-on therapy. The study populations in
focus for the two study designs differ by chronicity and
likelihood of a positive outcome: Evaluation of AED
monotherapy focusses on patients with new onset epi-
lepsy, while the study population for evaluation of AED
add-on therapy is more likely to be composed of epi-
lepsy patients with a history of recurrent seizures for
prolonged time periods up to several years and proven
refractoriness to several AEDs. Controlled randomized
clinical studies with inclusion of control groups provide
higher levels of evidence and are preferred to uncon-
trolled open label pilot studies of antiepileptic drug effi-
cacy. In the latter each patient serves as its own control
and seizure frequency during the intervention period is
compared to a comparable baseline period. Uncontrolled
open label studies cannot differentiate between drug ef-
fects, natural disease fluctuations (placebo response) and
systemic influences e. g. intensified patient care during
the treatment period which might affect seizure fre-
quency. Still, open label pilot studies allow preliminary
conclusions as to the potential efficacy of the drug under
investigation, and can provide baseline statistical data
for calculation of the necessary group sizes to conduct
meaningful controlled clinical studies with adequate
statistical power. The major reason why controlled ran-
domized clinical studies fail to show an existing effect is
inadequate statistical power, caused by high drop-out
rates, insufficient patient numbers in the intervention
and control group to show an effect of a given size, or
high placebo responses [48, 64]. Patient selection con-
tributes to the variance within and between treatment
groups and will be further outlined below as part of the
inclusion criteria. Clinical studies in epilepsy also differ
significantly by the types of controls, which are used in
the respective studies. These should be clearly described
to facilitate interpretation of the results. Four different
types of controls are distinguished: (1) placebo, which
should have a similar appearance as the drug, (2) pseu-
doplacebo, meaning that the active drug is provided to
the control group in a low dose which may not be

effective (3) active control (positive control, treatment
with an effective drug provided to the control group,
head-to-head trial) (4) pseudocontrol (control group
without any treatment; also termed negative control)
[69]. Often, for ethical reasons the only choice for a trial
in patients with new onset epilepsy can be an active
control trial [67]. In line with this concept, Boothe et al
[70] have performed a head-to-head trial comparing the
efficacy and tolerability of phenobarbital and bromide
as an initial monotherapy. During the development of
imepitoin as a new AED for canine epilepsy, several trial
types have been used in epileptic dogs [19]: (1) an open
(non-controlled) trial, comparing imepitoin with pheno-
barbital and primidone in newly diagnosed dogs with epi-
lepsy; (2) an open (non-controlled) trial, comparing add-
on with imepitoin with add-on with potassium bromide in
dogs resistant to treatment with phenobarbital and primi-
done; (3) a randomized controlled trial with imepitoin vs.
pseudoplacebo (low dose of imepitoin); (4) a randomized
controlled trial with imepitoin vs. primidone; and (5) a
randomized controlled trial with imepitoin vs. phenobar-
bital. The last trial type was used in a pivotal field trial for
approval of imepitoin by the European Medicines Agency
[20]. A randomized placebo-controlled trial for approval
in the U.S. is in progress. As an alternative the use of his-
toric controls is intensely discussed in human medicine
[71, 72]. However, due to alterations in study populations,
and placebo response rates over time and due to a pro-
nounced impact of study sites on outcome, the use of his-
toric controls also faces major issues. In veterinary
medicine, the paucity of well-controlled studies repre-
sents another limitation. In general, patients should be
assigned to the intervention and control groups in a
blinded and randomized manner to avoid any bias in pa-
tient selection. However, stratification of treatment
groups for disease severity and further parameters (e.g.
diagnosis, seizure type, appearance of cluster seizures,
age of onset, duration of seizures prior to treatment,
breed) may be warranted. Moreover, strict inclusion and
exclusion criteria need to be applied considering re-
spective parameters and clearly defining the study popu-
lation (Table 2).
In this context it should be mentioned that the pre-

ferred type of study varies by the intention of the re-
spective investigators e. g. regulatory ministries, drug
companies, or clinicians treating the respective patients.
The U.S. Food and Drug Administration (FDA) often re-
quires statistical proof of superiority to a drug with
known efficacy, European Medicines Agency (EMEA) re-
quires proof of noninferiority.

Outcome criteria for clinical studies
In human patients huge differences exist between epilep-
sies of different etiologies and seizure types regarding
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responsiveness to different interventions, while only lim-
ited data are available in veterinary neurology with re-
gard to different types of epilepsies or breed-specific
epilepsy syndromes. It is generally agreed that a gain in
knowledge can only be obtained by applying stringent
inclusion criteria and defined endpoints, which define

the patient groups under investigation and, furthermore,
set the base for large multicenter studies with adequate
statistical power. Inclusion criteria and outcome parame-
ters must be identical for the intervention and control
group, in order to avoid any bias which may influence
outcome assessment. Important inclusion criteria which
may influence outcome of clinical studies are outlined
shortly in Table 2, while the further discussion focuses
on the specific outcome parameters.
Regarding outcome criteria it is recommended to con-

sider all categories discussed above for individual pa-
tients, and to apply standardized evaluation tools for
assessment. Thus, the outcome assessment should not
only consider the impact on seizures (efficacy), but also
a detailed evaluation of adverse effects (tolerability) and
of the impact of the intervention on behavioral comor-
bidities, and on quality of life of the patient and care-
taker (Table 3). With regard to tolerability detailed data
on reasons for study drop-out should be provided for
each patient that exits prematurely. Furthermore reten-
tion rate is a clinical relevant parameter which reflects

Table 2 Important inclusion criteria which may affect outcome
Criteria for the diagnosis of epilepsy How exclusion of other episodic

events (paroxysmal dyskinesias,
tremors, episodic collapse etc.)
is achieved, which are likely not
to respond to interventions
with AEDs

Criteria to restrict the study
population under investigation
to specific patient groups,
breed-specific epilepsies,
specific etiologies

E. g. if restriction to patients
with idiopathic epilepsy, implies
to define specific measures and
examinations undertaken to
exclude other causes of epilepsy
that are known to influence
outcome in a significant manner.
These criteria should follow the
requirements for the diagnosis
of idiopathic epilepsy as defined
in a separate consensus statement.

Description of the specific
pharmacoresistance pattern of
the study population under
investigation e. g. resistance to
phenobarbital, potassium bromide,
imepitoin, levetiracetam etc.
Definition of pharmacoresistance
should follow previous consensus
in this paper, which may include
definition of minimum serum
concentrations, requirements for
measurement of trough levels and
definition of steady state periods
as deemed necessary based on
mechanism of action for the
specific drug for which
pharmacoresistance is defined.

Criteria to restrict the study
population to a specific
disease stage

Criteria to restrict the study
population under investigation
either to

• trials of AEDs in patients with
new onset epilepsy, or

• trials of AEDs in patients with
chronic refractory epilepsy

Criteria for pre-drug assessment
in trials of AEDs in patients with
chronic epilepsy

Definition of baseline data
(e.g. written seizure diary,
prospective, retrospective)
and duration of baseline
period for assessment of
median pre-treatment seizure
frequency, cluster seizure
frequency or assessment of
the longest seizure-free interval
in the year preceding study inclusion

Criteria to restrict the study
population to patients without
severe systemic disease which
will likely affect outcome

E. g. exclude severe preexisting
hepatic, renal, endocrine disease

Table 3 Summary of primary outcome endpoints which are
applicable to clinical studies and highlight different aspects of
outcome; modified from [65, 66, 73]
Outcome parameters

Efficacy

Conventional endpoints fixed treatment period

Seizure free rate (percentage
seizure freedom)a

no baseline data required

Short-term 24 weeks

Long-term 48 weeks – 3 years

Median seizure frequency reduction baseline data required

Responder rate (percentage
responders)

baseline data required

(≥50 % reduction median seizure frequency often not clinically relevant)

Individual endpoints

Time to first seizure based on interseizure
interval

Time to second seizure

Time to n-th seizure

Pre-defined patient-centered
outcome criteria

individually assessed

Tolerability

Adverse events to be assessed, also assess number
and reasons for drop-outs

Quality of life

Patient’s QOL score validated scores needed

Owner’s QOL score control groups important

Retention rate applicable to long-term studies
a Need to specify reliability of assessment: (A) freedom of generalized seizures
only or (B) freedom of generalized and focal seizures
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the percentage of patients adhering to the drug after
prolonged treatment periods and thus is considered a
useful parameter for combined assessment of efficacy,
tolerability and even quality of life. Regarding the inter-
vention’s impact on seizures as many data should be col-
lected as possible. These should include total number of
seizures, seizure days allowing calculation of median
seizure frequency and seizure day frequency and seizure
free intervals (days). Additional parameters that assess
severity (occurrence of clusters and average number of
seizure per cluster, status epilepticus, focal seizures vs.
generalized seizures, severity and duration of post ictal
signs) should be included. This would allow assessment
of outcome in concordance with current recommenda-
tions in human medicine. Conventional primary out-
come parameters in humans are seizure free rate,
median seizure frequency, and responder rate, whereby a
drug responder is defined by a > 50 % reduction in sei-
zures compared to baseline. However, this is generally
considered a very weak endpoint, also reached by pla-
cebo in many patients, so that many clinical studies pre-
fer at least 75 % reduction in seizure frequency. It
should be noted that responder rate may not be a clinic-
ally meaningful outcome parameter, while assessment of
the seizure free rate (percentage) is a hard outcome par-
ameter which is independent from baseline data and is
clinically relevant. Current ILAE guidelines request a ≥
20 % absolute difference in between treatment groups
for ascertainment of a clinically relevant positive out-
come [73, 74]. It remains debatable whether a 20 % dif-
ference in outcome constitutes a clinically relevant
difference in veterinary patients. A summary of outcome
criteria which highlight different aspects of the disease
and are currently discussed in human medicine is pro-
vided in Table 2. Study protocols and assessment
schemes should also collect information about putative
seizure precipitating events or factors (e.g. owner leav-
ing, excessive activity, transfer to kennel).
A consensus was reached within the group that de-

fined individual study end points based on individual
pretreatment seizure frequency are preferred and that
respective study designs should be further developed
and validated in accordance to suggestions for AED tri-
als in human patients [1]. Preferred endpoint was the
definition of short term success as seizure freedom for a
time-span exceeding three times the longest interseizure
interval (days) in the year preceding the study and for a
minimum of three months (time to 1st seizure) [1, 65,
66]. Thus, if seizure freedom is not achieved time to the
2nd or nth seizure was considered as an alternative out-
come parameter for add-on trials in patients with
chronic refractory epilepsy [1, 65]. In this setting, any
patient with continued seizures following a titration
phase will be classified as treatment failure and allowed

to exit the study. Consequently, patients with complete
freedom of seizures or extension of the interseizure
interval to three times the longest interseizure interval
and a minimum of three months will be considered
treatment success and treatment should thereafter be
continued to assess the seizure free rate e. g. the per-
centage of patients with short-term or long-term free-
dom of seizures [67].
The use of seizure freedom as a primary outcome par-

ameter follows current ILAE recommendations and has
been successfully applied as primary outcome parameter
in one veterinary study focusing on new onset epilepsy
(outcome described as percentage seizure freedom, short
term) [70]. With this approach differences in seizure fre-
quency, seizure days, seizure severity, clusters or status
epilepticus during a fixed time period between groups
should be considered secondary outcome parameters in
clinical studies which can define and describe partial
treatment success in patients with chronic epilepsy par-
ticipating in add-on trials of AEDs in which seizure free-
dom may be difficult to achieve.
Open questions remain as to the definition of short

term or long term treatment success and whether seiz-
ure freedom can be a realistic goal in chronic epileptic
patients with AED drug polytherapy. Consensus exists
that the minimum duration of 24 weeks for studies in
human patients only assesses short term response to
AEDs, is subject to the so-called honeymoon effect, and
does not adequately predict long-term outcome after
1 year, 2 years or 5 years of treatment. Thus, follow-up
of patients for up to one year or even longer is war-
ranted. Besides seizure frequency, dogs’ QoL, owners’
QoL, adverse effects affecting tolerability, retention rate
of AED, survival rates and number and costs of veterin-
ary visits are other outcome parameters which may be
specifically applicable to long-term clinical studies in
veterinary patients due to the shortened life span of dogs
and cats compared to humans and the specific human-
animal-bond, which is affected by the disease. Open
questions remain also to the reliable assessment of focal
seizures in clinical studies in veterinary patients. Can
these be reliably counted and assessed in clinical studies
in veterinary patients without use of invasive EEG based
recording tools? Should improvement in generalized but
not in focal seizures be rated as a positive outcome e. g.
partial treatment success? These thoughts are especially
important if seizure freedom is applied as the primary
outcome parameter.
Further important points to be discussed are whether

stratification of treatment and control groups for appear-
ance of cluster seizures, breed and age of onset should
be attempted. Specifically the frequent appearance of
cluster seizure events appears to characterize a difficult
to treat subpopulation in veterinary patients with
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idiopathic epilepsy [12, 62, 75]. Differences between cer-
tain dog breeds appear to exist in regard to the natural
course of the epilepsy, while the impact of other factors
(e. g. previous head trauma) on outcome needs yet to be
defined. However, a more detailed discussion about gen-
eral aspects regarding the design of clinical studies and
the influence of study design on outcome assessment is
beyond the scope of this paper and will be provided in a
separate publication.

Abbreviations
SUDEP: Sudden unexpected death in epilepsy; ILAE: International League
against Epilepsy; QoL: Quality of life; AED: Antiepileptic drug; FDA: Food and
drug administration.

Competing interests
Following reimbursements, fees and funding have been received by the
authors in the last three years and have been declared in the competing
interest section. WL, CR, RGF, HAV, KM, MP and JP have received fees for
acting as a consultant for Boehringer Ingelheim (WL, KM, MP: consultancy
during development and approval of imepitoin; CR: pain consultancy; RGF,
JP, HAV: consultancy pre and post launch of imepitoin). AT has been an
advisor for Boehringer Ingelheim. SFMB, HAV and AT have been responsible
principal investigator of several research studies concerning imepitoin
financed by Boehringer Ingelheim. SFMB, HAV, JP, HP, MB, CR and AF
received speaking fees from Boehringer Ingelheim. HP received consulting
and speaking fees and funding for a collaborative project from Eisai Co. LTD.
HAV received funding for a collaborative project from Desitin and Nestlé
Purina Research. AF and LDR received reimbursements from Boehringer
Ingelheim. LDR has received consulting and speaking fees from Vetoquinol.
MP has received consultant fees for Aratana. The other authors declared that
they have no competing interests.

Authors’ contributions
HP and AF chaired the treatment outcome working group (HP, AF, WL, EEP)
and wrote the first draft of the consensus paper with the help of WL and
EEP. All authors read, critiqued, commented and approved the final
manuscript.

Authors’ information
Wolfgang Löscher and Ned Patterson: Other members of the outcome of
therapeutic interventions in canine and feline epilepsy.
Holger A Volk: Chair of IVETF.
All other co-authors are members of IVETF, are list alphabetically and have
approved the consensus statements.

Acknowledgements
The authors are grateful to all owners of epileptic pets and veterinary
colleagues who have inspired the group to create consensus statements. We
would especially like to thank Professor Simon Shorvon for the critical review
of the consensus statements. His great insight has been immensely helpful.
The authors also would like to thank the research office for assessing the
manuscript according to the Royal Veterinary College’s code of good
research practice (Authorisation Number – CCS_ 01026). This study was not
financially supported by any organization or grant.

Author details
1Department of Pharmacology, Toxicology and Pharmacy,
Ludwig-Maximillians-University, Königinstr. 16, 80539 Munich, Germany.
2Service Neurology at the Centre for Clinical Veterinary Medicine,
Ludwig-Maximilians-University, Veterinärstr. 13, 80539 Munich, Germany.
3Department of Pharmacology, Toxicology and Pharmacy, University of
Veterinary Medicine Hannover, Bünteweg 17, 30559 Hannover, Germany.
4University of Minnesota College of Veterinary Medicine, D426 Veterinary
Medical Center, 1352 Boyd Avenue, St. Paul, MN 55108, USA. 5Department of
Small Animal Medicine and Clinical Biology, Faculty of Veterinary Medicine,
Ghent University, Salisburylaan 133, Merelbeke 9820, Belgium. 6Department
of Veterinary and Clinical Sciences, Faculty of Health and Medical Sciences,
University of Copenhagen, Frederiksberg C, Denmark. 7Animal Health Trust,

Lanwades Park, Kentford, Newmarket, CB8 7UU Suffolk, UK. 8Fernside
Veterinary Centre, 205 Shenley Road, Borehamwood SG9 0THHertfordshire,
UK. 9University of Melbourne, 250 Princes Highway, Weibee 3015VIC,
Australia. 10Department of Clinical Sciences of Companion Animals, Utrecht
University, Yalelaan 108, 3583 CM Utrecht, The Netherlands. 11Section of
Clinical & Comparative Neuropathology, Centre for Clinical Veterinary
Medicine, Ludwig-Maximilians-University, Veterinärstr. 13, 80539 Munich,
Germany. 12Department of Clinical Sciences, College of Veterinary Medicine,
North Carolina State University, 1052 William Moore Drive, Raleigh, NC 27607,
USA. 13Clinical Unit of Internal Medicine Small Animals, University of
Veterinary Medicine, Veterinärplatz 1, 1210 Vienna, Austria. 14Vet Extra
Neurology, Broadleys Veterinary Hospital, Craig Leith Road, Stirling FK7
7LEStirlingshire, UK. 15College of Veterinary Medicine, University of Georgia,
501 DW Brooks Drive, Athens, GA 30602, USA. 16Chicago Veterinary
Neurology and Neurosurgery, 3123 N. Clybourn Avenue, Chicago, IL 60618,
USA. 17Fitzpatrick Referrals, Halfway Lane, Eashing, Godalming, GU7 2QQ
Surrey, UK. 18School of Veterinary Medicine, Faculty of Health & Medical
Sciences, University of Surrey, Guildford GU2 7TESurrey, UK. 19Department of
Small Animal Medicine and Surgery, University of Veterinary Medicine
Hannover, Bünteweg 9, 30559 Hannover, Germany. 20Department of Clinical
Science and Services, Royal Veterinary College, Hatfield AL9 7TAHertfordshire, UK.

Received: 5 June 2015 Accepted: 29 June 2015

References
1. Kwan P, Arzimanoglou A, Berg AT, Brodie MJ, Allen Hauser W, Mathern G, et

al. Definition of drug resistant epilepsy: consensus proposal by the ad hoc
Task Force of the ILAE Commission on Therapeutic Strategies. Epilepsia.
2010;51(6):1069–77.

2. Tellez-Zenteno JF, Hernandez-Ronquillo L, Buckley S, Zahagun R, Rizvi S. A
validation of the new definition of drug-resistant epilepsy by the International
League Against Epilepsy. Epilepsia. 2014;55(6):829–34.

3. Balosso S, Liu J, Bianchi ME, Vezzani A. Disulfide-containing high mobility group
box-1 promotes N-methyl-D-aspartate receptor function and excitotoxicity by
activating Toll-like receptor 4-dependent signaling in hippocampal neurons.
Antioxid Redox Signal. 2014;21(12):1726–40.

4. Balosso S, Maroso M, Sanchez-Alavez M, Ravizza T, Frasca A, Bartfai T, et al.
A novel non-transcriptional pathway mediates the proconvulsive effects of
interleukin-1beta. Brain. 2008;131(Pt 12):3256–65.

5. Librizzi L, Noe F, Vezzani A, de Curtis M, Ravizza T. Seizure-induced brain-
borne inflammation sustains seizure recurrence and blood-brain barrier
damage. Ann Neurol. 2012;72(1):82–90.

6. Wilcox KS, Vezzani A. Does brain inflammation mediate pathological
outcomes in epilepsy? Adv Exp Med Biol. 2014;813:169–83.

7. Ryvlin P, Nashef L, Lhatoo SD, Bateman LM, Bird J, Bleasel A, et al. Incidence
and mechanisms of cardiorespiratory arrests in epilepsy monitoring units
(MORTEMUS): a retrospective study. Lancet Neurol. 2013;12(10):966–77.

8. Shankar R, Cox D, Jalihal V, Brown S, Hanna J, McLean B. Sudden
unexpected death in epilepsy (SUDEP): development of a safety checklist.
Seizure. 2013;22(10):812–7.

9. Fredso N, Koch BC, Toft N, Berendt M. Risk factors for survival in a university
hospital population of dogs with epilepsy. J Vet Intern Med.
2014;28(6):1782–8.

10. Berendt M, Gredal H, Ersboll AK, Alving J. Premature death, risk factors, and
life patterns in dogs with epilepsy. J Vet Intern Med. 2007;21(4):754–9.

11. Gullov CH, Toft N, Berendt M. A longitudinal study of survival in Belgian
Shepherds with genetic epilepsy. J Vet Intern Med. 2012;26(5):1115–20.

12. Hülsmeyer V, Zimmermann R, Brauer C, Sauter-Louis C, Fischer A. Epilepsy
in Border Collies: clinical manifestation, outcome, and mode of inheritance.
J Vet Intern Med. 2010;24(1):171–8.

13. Scorza CA, Calderazzo L, Cavalheiro EA, Scorza FA, Cysneiros RM. Sudden
unexpected death in dogs with epilepsy: risks versus benefits of omega-3
fatty acid supplementation for man’s best friend. Epilepsy Behav.
2013;27(3):508–9.

14. Berendt M, Gredal H, Pedersen LG, Alban L, Alving J. A cross-sectional study
of epilepsy in Danish Labrador Retrievers: prevalence and selected risk
factors. J Vet Intern Med. 2002;16(3):262–8.

15. Chang Y, Mellor DJ, Anderson TJ. Idiopathic epilepsy in dogs: owners’
perspectives on management with phenobarbitone and/or potassium
bromide. J Small Anim Pract. 2006;47(10):574–81.

Potschka et al. BMC Veterinary Research  (2015) 11:177 Page 11 of 13



16. Callaghan B, Schlesinger M, Rodemer W, Pollard J, Hesdorffer D, Allen
Hauser W, et al. Remission and relapse in a drug-resistant epilepsy
population followed prospectively. Epilepsia. 2011;52(3):619–26.

17. Neligan A, Bell GS, Elsayed M, Sander JW, Shorvon SD. Treatment changes
in a cohort of people with apparently drug-resistant epilepsy: an extended
follow-up. J Neurol Neurosurg Psychiatry. 2012;83(8):810–3.

18. Sillanpaa M, Schmidt D. Is incident drug-resistance of childhood-onset epilepsy
reversible? A long-term follow-up study. Brain. 2012;135(Pt 7):2256–62.

19. Rundfeldt C, Loscher W. The pharmacology of imepitoin: the first partial
benzodiazepine receptor agonist developed for the treatment of epilepsy.
CNS Drugs. 2014;28(1):29–43.

20. Tipold A, Keefe TJ, Loscher W, Rundfeldt C, de Vries F. Clinical efficacy and
safety of imepitoin in comparison with phenobarbital for the control of
idiopathic epilepsy in dogs. J Vet Pharmacol Ther. 2015;38(2):160–8.

21. Cross HJ, Kurlemann G. Current Recommendations for Children. Bremen:
UNI-MED Verlag AG; 2013.

22. Klamer S, Singh A, Gil-Nagel A, Krämer G, French J, Lerche H. Current
Recommendations, Guidlines, and Expert Views of Practical Anticonvusant
Therapy. Bremen: UNI-MED Verlag AG; 2013.

23. Bhatti S, De Risio L, Muñana KR, Penderis J, Stein V, Tipold A, et al.
International Veterinary Epilepsy Task Force consensus proposal: medical
treatment of canine epilepsy in Europe. BMC Vet Res. 2015.

24. Tang V, Michaelis R, Kwan P. Psychobehavioral therapy for epilepsy. Epilepsy
Behav. 2014;32:147–55.

25. Stafstrom CE. Epilepsy comorbidities: how can animal models help? Adv
Exp Med Biol. 2014;813:273–81.

26. Shihab N, Bowen J, Volk HA. Behavioral changes in dogs associated with
the development of idiopathic epilepsy. Epilepsy Behav. 2011;21(2):160–7.

27. Wessmann A, Volk HA, Parkin T, Ortega M, Anderson TJ. Evaluation of
quality of life in dogs with idiopathic epilepsy. J Vet Intern Med.
2014;28(2):510–4.

28. Rutherford L, Wessmann A, Rusbridge C, McGonnell IM, Abeyesinghe S,
Burn C, et al. Questionnaire-based behaviour analysis of Cavalier King
Charles spaniels with neuropathic pain due to Chiari-like malformation and
syringomyelia. Vet J. 2012;194(3):294–8.

29. Olmez I, Moses H, Sriram S, Kirshner H, Lagrange AH, Pawate S. Diagnostic
and therapeutic aspects of Hashimoto’s encephalopathy. J Neurol Sci.
2013;331(1-2):67–71.

30. Pancotto T, Rossmeisl Jr JH, Panciera DL, Zimmerman KL. Blood-brain-barrier
disruption in chronic canine hypothyroidism. Vet Clin Pathol.
2010;39(4):485–93.

31. von Klopmann T, Boettcher IC, Rotermund A, Rohn K, Tipold A. Euthyroid
sick syndrome in dogs with idiopathic epilepsy before treatment with
anticonvulsant drugs. J Vet Intern Med. 2006;3:516–22.

32. Yilmaz U, Yilmaz TS, Akinci G, Korkmaz HA, Tekgul H. The effect of
antiepileptic drugs on thyroid function in children. Seizure. 2014;23(1):29–35.

33. Eddy CM, Rickards HE, Cavanna AE. Behavioral adverse effects of
antiepileptic drugs in epilepsy. J Clin Psychopharmacol. 2012;32(3):362–75.

34. Zaccara G, Franciotta D, Perucca E. Idiosyncratic adverse reactions to
antiepileptic drugs. Epilepsia. 2007;48(7):1223–44.

35. Steinmetz S, Tipold A, Bilzer T, Schenk HC. Transient neuromyopathy after
bromide intoxication in a dog with idiopathic epilepsy. Ir Vet J. 2012;65(1):19.

36. Baird-Heinz HE, Van Schoick AL, Pelsor FR, Ranivand L, Hungerford LL. A
systematic review of the safety of potassium bromide in dogs. J Am Vet
Med Assoc. 2012;240(6):705–15.

37. Kube SA, Vernau KM, LeCouteur RA. Dyskinesia associated with oral
phenobarbital administration in a dog. J Vet Intern Med. 2006;20(5):1238–40.

38. Gaskill CL, Cribb AE. Pancreatitis associated with potassium bromide/
phenobarbital combination therapy in epileptic dogs. Can Vet J.
2000;41(7):555–8.

39. Dewey CW, Cerda-Gonzalez S, Levine JM, Badgley BL, Ducote JM, Silver GM,
et al. Pregabalin as an adjunct to phenobarbital, potassium bromide, or a
combination of phenobarbital and potassium bromide for treatment of
dogs with suspected idiopathic epilepsy. J Am Vet Med Assoc.
2009;235(12):1442–9.

40. Bersan E, Volk HA, Ros C, De Risio L. Phenobarbitone-induced haematological
abnormalities in idiopathic epileptic dogs: prevalence, risk factors, clinical
presentation and outcome. Vet Rec. 2014;175(10):247.

41. Jacobs G, Calvert C, Kaufman A. Neutropenia and thrombocytopenia in
three dogs treated with anticonvulsants. J Am Vet Med Assoc.
1998;212(5):681–4.

42. Schwartz M, Munana KR, Olby NJ. Possible drug-induced hepatopathy in a
dog receiving zonisamide monotherapy for treatment of cryptogenic
epilepsy. J Vet Med Sci. 2011;73(11):1505–8.

43. Miller ML, Center SA, Randolph JF, Lepherd ML, Cautela MA, Dewey CW.
Apparent acute idiosyncratic hepatic necrosis associated with zonisamide
administration in a dog. J Vet Intern Med. 2011;25(5):1156–60.

44. March PA, Hillier A, Weisbrode SE, Mattoon JS, Johnson SE, DiBartola SP, et al.
Superficial necrolytic dermatitis in 11 dogs with a history of phenobarbital
administration (1995-2002). J Vet Intern Med. 2004;18(1):65–74.

45. Neuman MG, Cohen L, Nanau RM, Hwang PA. Genetic and immune
predictors for hypersensitivity syndrome to antiepileptic drugs. Transl Res.
2012;159(5):397–406.

46. WHOQOL-Group T. The World Health Organization Quality Of Life
Assessment (WHOQOL): position paper from the World Health Organization.
Soc Sci Med. 1995;41(10):1403–9.

47. Lord LK, Podell M. Owner perception of the care of long-term
phenobarbital-treated epileptic dogs. J Small Anim Pract. 1999;40(1):11–5.

48. Munana KR, Thomas WB, Inzana KD, Nettifee-Osborne JA, McLucas KJ, Olby
NJ, et al. Evaluation of levetiracetam as adjunctive treatment for refractory
canine epilepsy: a randomized, placebo-controlled, crossover trial. J Vet
Intern Med. 2012;26(2):341–8.

49. Levitski RE, Trepanier LA. Effect of timing of blood collection on serum
phenobarbital concentrations in dogs with epilepsy. J Am Vet Med Assoc.
2000;217(2):200–4.

50. Monteiro R, Anderson TJ, Innocent G, Evans NP, Penderis J. Variations in
serum concentration of phenobarbitone in dogs receiving regular twice
daily doses in relation to the times of administration. Vet Rec.
2009;165(19):556–8.

51. Munana KR, Nettifee-Osborne JA, Papich MG. Pharmacokinetics of
levetiracetam in epileptic dogs when administered concurrently with
phenobarbital, bromide, or phenobarbital and bromide in combination.
J Vet Intern Med. 2014;28:1358.

52. Moore SA, Munana KR, Papich MG, Nettifee-Osborne JA. The pharmacokinetics
of levetiracetam in healthy dogs concurrently receiving phenobarbital. J Vet
Pharmacol Ther. 2011;34(1):31–4.

53. Orito K, Saito M, Fukunaga K, Matsuo E, Takikawa S, Muto M, et al.
Pharmacokinetics of zonisamide and drug interaction with phenobarbital in
dogs. J Vet Pharmacol Ther. 2008;31(3):259–64.

54. Chung JY, Hwang CY, Chae JS, Ahn JO, Kim TH, Seo KW, et al. Zonisamide
monotherapy for idiopathic epilepsy in dogs. N Z Vet J. 2012;60(6):357–9.

55. Hanley JA, Lippman-Hand A. If nothing goes wrong, is everything all right?
Interpreting zero numerators. JAMA. 1983;249(13):1743–5.

56. Jovanovic BD, Levy PS. A look at the rule of three. Am Stat. 1997;51:137–9.
57. Westover MB, Cormier J, Bianchi MT, Shafi M, Kilbride R, Cole AJ, et al.

Revising the “Rule of Three” for inferring seizure freedom. Epilepsia.
2012;53(2):368–76.

58. Volk HA, Matiasek LA, Lujan Feliu-Pascual A, Platt SR, Chandler KE. The
efficacy and tolerability of levetiracetam in pharmacoresistant epileptic
dogs. Vet J. 2008;176(3):310–9.

59. Von Klopmann T, Rambeck B, Tipold A. Prospective study of zonisamide
therapy for refractory idiopathic epilepsy in dogs. J Small Anim Pract.
2007;48(3):134–8.

60. Potschka H, Fischer A, von Ruden EL, Hulsmeyer V, Baumgartner W. Canine
epilepsy as a translational model? Epilepsia. 2013;54(4):571–9.

61. Rossmeisl JH, Inzana KD. Clinical signs, risk factors, and outcomes associated
with bromide toxicosis (bromism) in dogs with idiopathic epilepsy. J Am
Vet Med Assoc. 2009;234(11):1425–31.

62. Weissl J, Hulsmeyer V, Brauer C, Tipold A, Koskinen LL, Kyostila K, et al.
Disease progression and treatment response of idiopathic epilepsy in
Australian Shepherd dogs. J Vet Intern Med. 2012;26(1):116–25.

63. Charalambous M, Brodbelt D, Volk HA. Treatment in canine epilepsy–a
systematic review. BMC Vet Res. 2014;10:257.

64. Munana KR, Zhang D, Patterson EE. Placebo effect in canine epilepsy trials.
J Vet Intern Med. 2010;24(1):166–70.

65. Ben-Menachem E, Sander JW, Privitera M, Gilliam F. Measuring outcomes of
treatment with antiepileptic drugs in clinical trials. Epilepsy Behav.
2010;18(1-2):24–30.

66. Faught E. Antiepileptic drug trials: the view from the clinic. Epileptic Disord.
2012;14(2):114–23.

67. Löscher W, Schmidt D. Modern antiepileptic drug development has failed
to deliver: ways out of the current dilemma. Epilepsia. 2011;52(4):657–78.

Potschka et al. BMC Veterinary Research  (2015) 11:177 Page 12 of 13



68. French JA, Cabrera J, Emir B, Whalen E, Lu F. Designing a new proof-of-principle
trial for treatment of partial seizures to demonstrate efficacy with minimal sample
size and duration-a case study. Epilepsy Res. 2013;106(1-2):230–6.

69. European-Medicines-Agency. International Conference on Harmonisation of
Technocal Requirement of Pharmaceuticals for Human Use (ICH) Topic E10
Note for Guidance on Choice of Control Group in Clinical Trials, vol. 96.
London: CPMP/ICH; 2001.

70. Boothe DM, Dewey C, Carpenter DM. Comparison of phenobarbital with
bromide as a first-choice antiepileptic drug for treatment of epilepsy in
dogs. J Am Vet Med Assoc. 2012;240(9):1073–83.

71. French JA, Wang S, Warnock B, Temkin N. Historical control monotherapy
design in the treatment of epilepsy. Epilepsia. 2010;51(10):1936–43.

72. Perucca E. When clinical trials make history: demonstrating efficacy of new
antiepileptic drugs as monotherapy. Epilepsia. 2010;51(10):1933–5.

73. Glauser T, Ben-Menachem E, Bourgeois B, Cnaan A, Chadwick D, Guerreiro
C, et al. ILAE treatment guidelines: evidence-based analysis of antiepileptic
drug efficacy and effectiveness as initial monotherapy for epileptic seizures
and syndromes. Epilepsia. 2006;47(7):1094–120.

74. Glauser T, Ben-Menachem E, Bourgeois B, Cnaan A, Guerreiro C, Kalviainen
R, et al. Updated ILAE evidence review of antiepileptic drug efficacy and
effectiveness as initial monotherapy for epileptic seizures and syndromes.
Epilepsia. 2013;54(3):551–63.

75. Packer RM, Shihab NK, Torres BB, Volk HA. Clinical risk factors associated
with anti-epileptic drug responsiveness in canine epilepsy. PLoS ONE.
2014;9(8):e106026.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Potschka et al. BMC Veterinary Research  (2015) 11:177 Page 13 of 13


	Abstract
	Background
	Assessment of outcome in individual patients
	Impact on seizures: definition of drug resistance and of therapeutic success in individual patients
	Other criteria and aspects of outcome
	Impact on neurobehavioral comorbidities
	Adverse effects

	Assessment of the impact on quality of life
	Adequate and informative therapeutic trial – criteria

	Assessment of outcome: implications for clinical studies
	Ethical and general aspects
	Types of clinical studies
	Outcome criteria for clinical studies
	Abbreviations

	Competing interests
	Authors’ contributions
	Authors’ information
	Acknowledgements
	Author details
	References

