Epilepsia, 51(6):1069-1077, 2010
doi: 10.1111/.1528-1167.2009.02397.x

SPECIAL REPORT

Definition of drug resistant epilepsy: Consensus
proposal by the ad hoc Task Force of the ILAE Commission on

Therapeutic Strategies

*!Patrick Kwan, tAlexis Arzimanoglou, {Anne T. Berg, §Martin J. Brodie,
YW. Allen Hauser, #zGary Mathern, **Solomon L. Moshé, {tEmilio Perucca, {1Samuel Wiebe,
and §§zjacqueline French

*Division of Neurology, Department of Medicine and Therapeutics, The Chinese University of Hong Kong, Prince of Wales Hospital,
Hong Kong, China; jInstitute for Children and Adolescents with Epilepsy-IDEE, University Hospital of Lyon (HCL) and Inserm U821,
Lyon, France; {Department of Biology, Northern lllinois University, DeKalb, lllinois, U.S.A.; §Epilepsy Unit, Western Infirmary,
Glasgow, United Kingdom; §GH Sergievsky Center, Columbia University, New York, New York, U.S.A.; #Department of
Neurosurgery, David Geffen School of Medicine, University of California, Los Angeles, California, U.S.A.; **The Saul R. Korey
Department of Neurology, Dominick P. Purpura Department of Neuroscience and Department of Pediatrics, Albert Einstein College
of Medicine, Bronx, New York, U.S.A.; {{Clinical Trial Center, Institute of Neurology IRCCS C. Mondino Foundation, and
Department of Internal Medicine and Therapeutics, University of Pavia, Pavia, Italy; {{Department of Clinical Neurosciences,
University of Calgary, and Hotchkiss Brain Institute, Calgary, Alberta, Canada; and §§NYU Comprehensive Epilepsy Center,
New York, New York, U.S.A.

SUMMARY

To improve patient care and facilitate clinical research,
the International League Against Epilepsy (ILAE)
appointed a Task Force to formulate a consensus defini-
tion of drug resistant epilepsy. The overall framework of
the definition has two “hierarchical” levels: Level | pro-
vides a general scheme to categorize response to each
therapeutic intervention, including a minimum dataset of
knowledge about the intervention that would be needed;
Level 2 provides a core definition of drug resistant
epilepsy using a set of essential criteria based on the
categorization of response (from Level |) to trials of

antiepileptic drugs. It is proposed as a testable hypothesis
that drug resistant epilepsy is defined as failure of ade-
quate trials of two tolerated, appropriately chosen and
used antiepileptic drug schedules (whether as monothera-
pies or in combination) to achieve sustained seizure free-
dom. This definition can be further refined when new
evidence emerges. The rationale behind the definition
and the principles governing its proper use are discussed,
and examples to illustrate its application in clinical prac-
tice are provided.

KEY WORDS: Epilepsy, Drug resistance, Refractory,
Intractable, Definition, ILAE.

Although the concept of drug resistant (often used inter-
changeably with ‘“‘medically refractory/intractable” or
“pharmacoresistant’) epilepsy may appear self-explana-
tory and intuitive, a precise definition has remained elu-
sive. 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 Lea-
gue Against Epilepsy (ILAE) appointed a Task Force under
the Commission on Therapeutic Strategies to formulate a
proposal for a consensus definition of drug resistant epi-
lepsy. 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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comment and was approved by the Executive Committee
of the ILAE during the 28th International Epilepsy Con-
gress in Budapest, Hungary, June 28th to July 2nd, 2009. It
should be emphasized that given the paucity of high quality
data on the long-term prognosis of epilepsy, the proposed
definition should not be regarded as a foregone conclusion,
but is intended to represent a consensus opinion that needs
to be tested in rigorous prospective studies and refined as
new evidence emerges.

Any definition of drug resistant epilepsy should be under-
stood and applied within the context of its intended use,
because different definitions may be required for different
purposes. The primary goal of this consensus definition is to
improve patient care and facilitate clinical research. As
such, by setting out the minimum criteria for defining drug-
resistant epilepsy, it aims to serve as a working definition
that is pragmatic and applicable for everyday clinical man-
agement. Fulfillment of the definition in a patient should
prompt a comprehensive review of the diagnosis and man-
agement, preferably by an epilepsy center. In addition, by
applying the definition, practitioners (and patients) can be
alerted to the type of information that should be collected
during clinical consultation.

The primary target users of the definition are medical
practitioners at all health care levels (including primary care
practitioners, general neurologists, and epileptologists)
directly involved in the clinical care of people with epilepsy.
With the appropriate information collected on treatment
response, we believe the definition may aid nonspecialists
in recognizing patients with drug resistant epilepsy for
prompt referral to specialist centers for evaluation. Other
target users are clinical researchers, because adoption of a
consensus definition will facilitate comparison and mean-
ingful synthesis of results across studies. The definition may
also be valuable to patients and their caretakers, as well as
other interest groups such as scientists in basic research,
government regulators, legislators, health care administra-
tors, insurers, educators, and employers.

FRAMEWORK OF DEFINITION

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-
vention (whether pharmacologic or nonpharmacologic),
including a minimum dataset about the intervention that
would be needed for such purpose. Broadly, the categories
of outcome include ‘‘seizure-free,” “‘treatment failure,”” and
“undetermined,” which are elaborated below. Level 1
forms the basis for Level 2, which provides a core definition
of drug resistant epilepsy based on how many ‘‘informa-
tive” trials of antiepileptic drugs (AEDs) resulted in a
“treatment failure” outcome (as defined in Level 1). This
core definition may then be adapted, where appropriate, for
specific purposes or clinical scenarios.
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LEVEL 1: CATEGORIZATION OF
OUTCOME TO A THERAPEUTIC
INTERVENTION

There are many dimensions in a patient’s outcome to a
given therapeutic intervention. The categorization scheme
should be simple and practical, rather than exhaustive, to
facilitate its use across a broad range of clinical and research
settings. Therefore, the proposed scheme contains the two
most clinically relevant outcome dimensions, namely, sei-
zure control and occurrence of adverse effects (Table 1).
Outcomes to a given intervention are categorized based on
whether it rendered the patient seizure-free (Category 1) or
not (Category 2). For the outcome to fall into either cate-
gory, the intervention must be ‘‘appropriate’ and ‘‘ade-
quate,” each of which is defined in subsequent text of this
article. Otherwise, the outcome is designated as undeter-
mined (Category 3). Each category is then subdivided into
A, B, and C, based on outcome with respect to adverse
effects. This subdivision is included even though it does not
contribute to the definition of drug resistance, because there
is an important clinical difference between a seizure-free
patient without any adverse effects, and one who is seizure
free at the expense of substantial adverse effects. Capturing
this information may aid clinicians in deciding interven-
tions. The appropriate application of the scheme is based on
the following assumptions and provisions.

Appropriateness of intervention

To be regarded as an intervention in the scheme, it must
be “appropriate’ for the patient’s epilepsy and seizure type.
An ““appropriate” intervention should have previously been
shown to be effective, preferably in randomized controlled
studies, which provide the highest level of evidence. Instead
of listing all ““appropriate” interventions, it is suggested that

Table |I. Scheme for categorizing outcome of an
intervention for epilepsy

Outcome dimension?

Seizure Occurrence of Outcome
control adverse effects category
|. Seizure-free A.No 1A

B. Yes 1B

C. Undetermined IC
2. Treatment failure A.No 2A

B. Yes 2B

C. Undetermined 2C
3. Undetermined A.No 3A

B. Yes 3B

C. Undetermined 3C

”

“See text for definitions of “seizure-free,” “treatment failure,” and “unde-
termined.” The numeric and alphabetic nomenclature of categories does not
imply gradation or hierarchy.




1071

Definition of Drug Resistant Epilepsy

anyone using this scheme justify their choices in this regard.
For instance, ethosuximide would usually not be considered
an appropriate intervention for focal seizures. Under most
circumstances, a trial of this drug in a patient with focal epi-
lepsy would not “count” toward being defined as “‘drug
resistance.”

“Adequate/informative” versus “uninformative” trial

In addition to being “‘appropriate,” the intervention must
have been applied ‘‘adequately” for a valid assessment of
the treatment outcome. In general, this requires application
of the intervention at adequate strength/dosage for a suffi-
cient length of time. This may not be the case in some cir-
cumstances, for example, when a drug is withdrawn before
it has been titrated to its clinically effective dose range
because of an adverse effect. Although the drug has ““failed”
(i.e., it is not a suitable intervention for the patient), the
“failure” was not because of lack of efficacy for seizure
control. Such an outcome may have little bearing on the effi-
cacy of other AEDs and generally is not considered as part
of “drug resistance” per se. In these situations, outcome of
the intervention in terms of seizure control should be cate-
gorized as ‘““‘undetermined.” If the patient is lost to follow-
up before outcome to an intervention can be evaluated, then
seizure control and occurrence of adverse effects will both
be considered ‘‘undetermined.”

Given the wide interindividual variation in the doses
required to achieve seizure freedom (Kwan & Brodie,
2001), it is difficult to rigidly define the ““clinically effective
dose range” for each AED. This is further confounded by
multiple internal and external factors, including the setting
in which the AED is used (monotherapy or polytherapy),
the age of the patient, and the presence of hepatic or renal
impairment, which may affect drug clearance. As an exam-
ple, for adults, reference may be made to the World Health
Organization (WHO)’s defined daily dose (DDD), which is
the assumed average maintenance dose per day for a drug
used for its main indication (World Health Organization,
2008). It is important to note that there should be a docu-
mented attempt to titrate the dose to a target clinically effec-
tive dose range, particularly for AEDs, the tolerability of
which is strongly dependent upon gradual titration (Perucca
et al., 2001).

Table 2 lists the minimum dataset required to determine
whether the trial of an intervention is informative in an indi-
vidual patient. In the absence of this dataset, the response
should be considered undetermined. In practice, the data
may be adequate for assessing adverse effects but not sei-
zure control, or vice versa. This is acknowledged in the
scheme in Table 1.

Seizure freedom and treatment failure

Lifelong seizure freedom without adverse effects can be
considered the most clinically relevant outcome of any
intervention for epilepsy (Sillanpéd et al., 2004; Vickrey

Table 2. Minimum dataset required to determine
whether the trial of a therapeutic intervention is
informative

Nature of the intervention (e.g., type of drug, in the case of antiepileptic
drug treatment)
Mode of application (e.g., formulation, dose, dosing interval, and patient’s
compliance in case of an antiepileptic drug)
Duration of exposure
Occurrence of seizures and adverse effects during the trial period
Whether there was any effort to optimize dose
Reason(s) for discontinuation (if applicable)
Unsatisfactory seizure control
Adverse effects
Long-term seizure freedom
Psychosocial reasons, for example, planning for pregnancy
Administrative reasons, for example, lost to follow up
Financial issues, for example, cannot afford treatment
Patient/caretaker preference
Other reasons

et al., 1995; Jacoby et al., 2007; Téllez-Zenteno et al.,
2007). Therefore, under the scheme, seizure outcome is
dichotomized into seizure-free (Category 1) or treatment
failure (Category 2). The term “‘seizure-free’ refers to free-
dom from all seizures, including auras. It is acknowledged
that different seizure types in different individuals may be
associated with variable degrees of impact, which is a mat-
ter of appreciation and would be taken into account by the
treating clinician when deciding the most appropriate course
of action for the patient. Therefore, for practicality, occur-
rence of any seizure is regarded to indicate failure of the
treatment to lead to seizure freedom.

Breakthrough seizures that occur in temporal proximity
to potentially seizure provoking external factors such as
sleep deprivation, menstruation, intercurrent febrile illness,
and so on, pose difficulties in categorization because the
causal association between the external factor and the sei-
zure is often uncertain. In general, seizures that occur under
these circumstances should still be considered as evidence
of inadequate seizure control and hence treatment failure,
but seizure relapse due to poor treatment compliance should
not.

In deliberating what constitutes an adequate period with-
out seizures for a patient to be regarded as ‘“‘seizure-free,”
two main factors were considered. First, the duration of
follow-up required to determine whether a therapeutic
intervention has had an appreciable impact on seizure
occurrence is dependent on the preintervention seizure
frequency. For instance, it would not be surprising for a
patient with only one seizure in the previous year to remain
seizure-free for the next 6 months after starting a new inter-
vention, but it would be premature and unwarranted to claim
that the therapeutic intervention is responsible for a patient’s
freedom from seizures until sufficient time has passed.

Epilepsia, 51(6):1069-1077, 2010
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The “‘rule of three” for calculating confidence intervals
for zero events can be used in this setting (Hanley &
Lippman-Hand, 1983). To be 95% certain that a patient’s
seizure frequency has at very least decreased (i.e., there has
been some therapeutic effect), a seizure-free duration that is
at least three times the longest interseizure interval prior to
starting a new intervention would need to be observed. For
example, if prior to the intervention the patient had intervals
without seizures of up to 6 months, a seizure-free period of
18 months would be required to reasonably conclude that
his seizure frequency is lower than that prior to the interven-
tion. It should be noted that, in theory, patients with even
more infrequent seizures would have to be followed up for
many years to determine whether their seizures had truly
come under control. This is not practical, either in research
or clinical settings. For this reason we recommend that three
times the longest interseizure interval be used as an indica-
tor of positive treatment response. Given that an initiation or
change of intervention regimen is often not indicated for sei-
zures occurring less than once per year, the longest preinter-
vention interseizure interval should be determined from
seizures occurring within the preceding 12 months. For
practical purpose, interseizure interval should be derived
according to days on which one or more seizure has
occurred. Obviously, at least two seizures must have been
documented to determine the preintervention interseizure
interval; therefore, this approach cannot be applied to a
patient treated after a single seizure.

The other main consideration is the need to document a
sustained response that is clinically meaningful. Studies
including patients treated medically (Sillanpdd & Shinnar,
2005; Jacoby et al., 2007) or surgically (Markand et al.,
2000; Spencer et al., 2007) show that absolute seizure free-
dom, usually taken as at least 12 months, is the only relevant
outcome consistently associated with meaningful improve-
ment in quality of life. In a community-based survey,
patients with one or more seizures over the last 2 years had
higher levels of anxiety and depression, greater perceived
stigma and impact of epilepsy, and lower employment rates
than did those who were seizure-free (Jacoby et al., 1996).
In many countries, having even one seizure per year poses
restrictions on driving (Fisher et al., 1994; Berg & Engel,
1999). Therefore, there was consensus that seizure-free
duration should be at least 12 months.

Based on the preceding consideration, seizure freedom
(Category 1 outcome) is defined as freedom from seizures
for a minimum of three times the longest preintervention in-
terseizure interval (determined from seizures occurring
within the past 12 months) or 12 months, whichever is
longer. On the other hand, treatment failure (Category 2 out-
come) is defined as recurrent seizure(s) after the interven-
tion has been adequately applied (as defined earlier). If a
patient has been seizure-free for three times the preinterven-
tion interseizure interval but for <12 months, seizure con-
trol should be categorized as ““‘undetermined.” However, if

Epilepsia, 51(6):1069-1077, 2010
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the patient experiences another seizure before the end of the
12-month period, the treatment is considered ‘‘failed,”” even
though the seizure frequency has reduced compared with
baseline. We acknowledge that a therapeutic intervention
may lead to a clinically meaningful reduction in seizure fre-
quency (or severity) that stops short of seizure freedom. Cat-
egorization of such a response may be considered at a later
date for incorporation into the scheme.

Occurrence of adverse effects

By adapting the WHQO’s definition of adverse drug reac-
tion (World Health Organization, 1972), an adverse effect
to any therapeutic intervention for epilepsy may be defined
as ‘“‘any response to an intervention which is noxious and
unintended, and which occurs when the intervention is
applied with modalities normally used in humans for the
treatment of epilepsy.” The WHO definition has generally
been interpreted as implying that there should be no error in
the use of the intervention (Leape, 1995; Edwards &
Aronson, 2000), an important consideration that is consis-
tent with the concept of “appropriateness’ of intervention,
as already discussed.

Assessing adverse effects is fraught with difficulties, and
some elements of subjectivity are unavoidable. Critical
issues in the assessment are the methodology used to detect
and quantify adverse effects, and the criteria applied to
establish the causality link with the applied intervention. In
particular, relying on unstructured interviews and a general
medical examination may lead to underestimation of
adverse effects, whereas the use of checklists and question-
naires can lead to overestimation (Baker et al., 1998;
Carrefio et al., 2008). Some important adverse effects, such
as vigabatrin-induced visual field defects, may only be iden-
tifiable with specialized laboratory tests (Wild et al., 2007).
Algorithms for causality assessment have been developed
(Karch & Lasagna, 1977; Edwards & Aronson, 2000). Even
when causality has been established, assessing the clinical
impact of an adverse effect on the individual’s well being or
quality of life is a challenging task. In most clinical situa-
tions, however, treating physicians can make a reasonable
subjective judgment based on results of medical examina-
tion and interviews with patient and family members, and
we suggest that such judgment be applied when categorizing
the presence or absence of adverse effects in response to an
intervention.

Other dimensions of outcome

For practical purposes, other dimensions of outcome are
not included in the current scheme, but their importance is
recognized and they may be incorporated into future
schemes. These dimensions may include factors such as
psychosocial outcomes and level of patient satisfaction. A
variety of quality of life scales have been developed and
are widely applied in research settings (Leone et al.,
2005). From a patient-centered care perspective, patients’
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satisfaction with an intervention should be the final arbiter
in defining its success or failure. Patients’ satisfaction
extends beyond measurement of seizure control, adverse
effects, or quality of life scores, and may be influenced by a
broad range of internal and external variables, such as, in
the case of epilepsy surgery, preoperative expectations,
postoperative affect, ability to discard the sick role, subse-
quently obtaining employment, and perceived success
(Wass et al., 1996; Wilson et al., 1999; Reid et al., 2004,
Chin et al., 2006). Although the construct of patient satis-
faction with an intervention is multifaceted and complex, it
has been successfully evaluated using simple, single-item,
or few-item rating scales, such as dichotomous yes/no ques-
tions, or graded point scales. Clinicians may be encouraged
to include one of these measures in their assessment when
assessing success or failure of an intervention and in clinical
decision making.

LEVEL 2: DEFINITION OF
DRUG RESISTANT EPILEPSY

Drug responsiveness of a patient’s epilepsy should be
regarded as a dynamic process rather than a fixed state.
Instead of being constant, the course of epilepsy sometimes
fluctuates (Berg et al., 2009), and apparent changes in
responsiveness to AED treatment may merely represent
shifts in the pathophysiology of the underlying disorder.
The classification of a patient’s epilepsy as drug resistant at
a given point in time is valid only at the time of the assess-
ment and does not necessarily imply that the patient will
never become seizure-free on further manipulation of AED
therapy (Huttenlocher & Hapke, 1990; Berg et al., 2001,
2006; Callaghan et al., 2007; Luciano & Shorvon, 2007,
Schiller & Najjar, 2008).

The number of AEDs that needs to have failed for the epi-
lepsy to be defined as drug resistant was extensively debated
within the Task Force. An implicit assumption in any defini-
tion is that seizure freedom will not or is very unlikely to be
attained with further manipulation of AED therapy. There-
fore, any definition must be based on an assessment of the
probability of subsequent remission after each drug failure.
Ideally, the evidence should be derived from large-scale,
prospective, long-term, population-based studies including
both adults and children at the point of diagnosis or treat-
ment initiation, and should be based on an assessment of
outcome after failure of successive informative AED trials.
Few, if any, studies in the literature meet such requirement.
Observational cohort studies of newly diagnosed epilepsy in
adults (Kwan & Brodie, 2000; Mohanraj & Brodie, 2006)
and children (Arts et al., 2004) suggest that once a patient
has failed trials of two appropriate AEDs, the probability of
achieving seizure freedom with subsequent AED treatments
is modest. Recent studies appear to suggest that a proportion
of these patients may still become seizure-free with subse-
quent drug manipulation (Callaghan et al., 2007; Luciano &

Shorvon, 2007), but these studies were retrospective and
sampled prevalent cases, and did not take into account the
reasons for failure which, as already discussed, may indicate
that the AEDs have not been adequately tried. A recent
report from a prospective study in children documented that
although many patients who had failed two informative tri-
als of AEDs had periods of seizure freedom with further
drug trials, lasting remission remained elusive (Berg et al.,
2009).

On the basis of a careful deliberation of the available evi-
dence, building on Level 1 of the definition framework, for
operational purposes, the following definition is proposed:

Drug resistant epilepsy may be defined as failure of ade-
quate trials of two tolerated and appropriately chosen
and used AED schedules (whether as monotherapies or
in combination) to achieve sustained seizure freedom.

It should be stressed that the consensus to adopt the fail-
ure of two (rather than greater numbers) AED schedules in
the definition represents a testable hypothesis and aims to
avoid unnecessary delay in evaluation, and may be revised
as more high quality data become available.

In addition to number of AEDs failed, two other elements
are most commonly included in definitions of drug resistant
epilepsy in the literature, namely, the frequency of seizures
and duration of follow-up. In the proposed definition, ‘‘fail-
ure’” and ‘‘sustained seizure freedom”™ are as defined in
Level 1 (categorization of intervention outcome) of the defi-
nition framework, which already incorporates seizure fre-
quency and treatment duration, so that separate criteria for
these elements are redundant. Applying the categorization
of intervention outcome (Table 1), drug resistance is
defined as having Category 2 outcome for trials of at least
two AEDs (monotherapies or in combination) without a
Category 1 outcome on the drug(s) currently taken. Drug
resistance should be defined only by informative trials, that
is, the two AEDs should have been appropriately chosen
and adequately tried, and that none of the outcomes that will
be counted toward the two drug failures should be ‘“undeter-
mined.” In other words, some patients may ‘‘fail”’ many
AEDs before they fail two that are “‘appropriate” and in a
way that is “informative.”

Drug-responsive epilepsy and apparent fluctuation in
drug responsiveness

It follows from Level 1 of the definition framework that a
person’s epilepsy can be classified as ‘““‘drug responsive’ if
he/she is having a Category 1 outcome to the current AED
regimen, that is, he/she has been seizure-free for a minimum
of three times the longest pretreatment interseizure interval,
or 12 months, whichever is longer.

During its long and sometimes fluctuating course a per-
son’s epilepsy may not fulfill the definition criteria for
either drug resistant or drug-responsive epilepsy at certain
time points. In such circumstances, drug responsiveness

Epilepsia, 51(6):1069-1077, 2010
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Table 3. Examples of how the definition framework can be applied in different clinical scenarios

Narrative drug
Patient history

Level |—categorization
of treatment outcome

Level 2—<classification
of drug responsiveness
of epilepsy

Notes

| A patient had one seizure in January
2006 and two seizures in October
2006. After starting treatment in
November 2006 he has been seizure
free for 30 months with no adverse
effect

2 A |6-year-old patient was started on One current drug with
valproate 2 years ago after seizure-free outcome
experiencing two seizures in 6 months, (Cat. IB)
and has been seizure-free since with
mild sedation. He reports a history
of an apparently nonfebrile
convulsive seizure when he was
6 years of age

One current drug with
seizure-free outcome
(Cat. IA)

3 A 40-year old man was diagnosed to
have partial epilepsy 20 years ago.
He reported “l was on phenytoin
initially for a short period, it didn’t
work and they took me off.” He was
then given an adequate trial of
carbamazepine but continued to have
monthly seizures. Levetiracetam
was added | year ago and tried
adequately. He now has seizures once
every 3 months

4 A patient was newly started on
carbamazepine after two partial
seizures in 9 months. He has had no
seizures for 12 months since

One previous drug with
undetermined outcome

(Cat.2)

One current drug with
undetermined outcome

(Cat. 3)

5 A |6-year-old girl was started on
carbamazepine a week after she
had a tonic—clonic seizure in the
morning, with a history (not
recognized by her doctor at the
time) of jerks over the past
3 months. The jerks got
worse after 2 months on
carbamazepine 800 mg/day.

EEG later showed generalized
polyspike and wave discharge. She
was diagnosed to have juvenile
myoclonic epilepsy and was
switched to lamotrigine, which
was stopped after 2 weeks
(dosage at the time, 50 mg/day)
because of a rash. She is now on
valproate 2 g/day for 3 months,
but occasional jerks continue

6 A patient is having more than one
seizure per day for 3 months despite
adequate trials of four appropriate
AED:s. Patient is taking one drug
currently

One previous inappropriate
drug. One previous drug
with undetermined outcome
(Cat. 3B). One current drug
with treatment failure
outcome (Cat. 2)

Three previous drugs and one
current drug with treatment
failure outcome (Cat. 2)

(Cat. 3C). Two current drugs
with treatment failure outcome

Drug responsive

Drug responsive

Drug resistant

Undefined

Undefined

Drug resistant

The longest pretreatment interseizure
interval was 9 months (January—October
2006). The patient has had no seizure
for more than three times the pretreatment
interseizure interval and for more than
12 months

The longest pretreatment interseizure
interval was 6 months. The patient has
had no seizure for more than three times
the pretreatment interseizure interval and
for more than |2 months. The seizure that
occurred at 6 years of age (more than
12 months prior to starting treatment) is
not relevant to determining the responsive
ness of his current epilepsy

Outcome of phenytoin treatment was
undetermined because of lack of sufficient
data (see Table 2). Nonetheless, he has
failed informative trials with two appropriate
AEDs. Treatment with levetiracetam is
considered failed because despite reduction
in seizure frequency, seizure free duration
is <12 months

The pretreatment interseizure interval was
9 months. Although the patient has had no
seizure for 12 months, the duration is less
than three times the pretreatment
interseizure interval, hence outcome to
treatment is undetermined and drug
responsiveness of epilepsy is undefined

Carbamazepine is recognized to exacerbate
myoclonic seizures and, in this case, is not
considered an appropriate treatment for
the patient’s epilepsy syndrome.
Lamotrigine and valproate are appropriate
treatments, but outcome in terms of seizure
control of lamotrigine is undetermined
because it was stopped due to an adverse
effect during titration, before a dose range
usually regarded as optimal could be
reached. Thus the patient has failed only
one drug (valproate) so far, and the drug
responsiveness of her epilepsy remains
undefined

The patient has failed more than two
appropriate AEDs

Continued

Epilepsia, 51(6):1069-1077, 2010
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Level 2—classification
of drug responsiveness

of epilepsy Notes

Outcome of treatment with drug X is
undetermined and the epilepsy remains
drug resistant because the patient has not
been seizure-free for |2 months

Drug resistant

Drug responsive The patient has had no seizures for more
than three times the pretreatment
interseizure interval and for more than
12 months

Undefined The patient is no longer seizure free,
treatment of drug X is failed, but the
“clock” is “reset” for considering the
epilepsy to be drug resistant again in future
after it has been drug responsive. Thus at
present the epilepsy does not fulfill the
criteria of drug resistant (unless the patient
fails at least one further drug after the
relapse)

After the relapse the patient has failed
more than two adequate trials of
appropriate AEDs

Drug resistant

Table 3. Continued.
Level |-—categorization
Patient Narrative drug history of treatment outcome
6 After adding drug X, patient 6 has had  Four previous drugs with
no seizure for 8 months treatment failure outcome
(Cat. 2). One current drug
with undetermined outcome
(Cat.3)
6 With further follow-up patient 6 has  Four previous drugs with
had no seizure for 24 months treatment failure outcome
(Cat. 2). One current drug
with seizure-free outcome
(Cat. 1)
6 Patient 6 has two seizures within Four previous drugs and one
I month current drug with treatment
failure outcome (Cat. 2)
6 Two more appropriate AEDs are Four previous drugs and three
added at adequate dosage but current drugs with treatment
patient 6 continues to have seizures failure outcome (Cat. 2)
once per month
AED, antiepileptic drug; EEG, electroencephalography.

should be temporarily classified as ‘“‘undefined.” This
occurs, for instance, in a newly diagnosed patient who has
not experienced the duration required for defining seizure
freedom, or in a patient who has failed informative trials
of less than two AEDs.

Other scenarios that pose difficulty in classification
occur when there appears to be a change in drug respon-
siveness of the epilepsy during its dynamic course. In
these scenarios the classification should be reviewed and
revised accordingly. For instance, a patient with drug-
resistant epilepsy stops having seizures upon receiving a
new AED regimen but the duration does not yet meet the
criteria for defining seizure freedom. For clarity, it is pro-
posed that outcome of the individual drug (Level 1)
should be categorized as ‘“‘undetermined” and the overall
drug responsiveness (Level 2) should remain as drug
resistant unless and until sufficient time has passed to
reclassify the epilepsy as drug responsive (i.e., seizure-
free for three times pretreatment interseizure interval, or
12 months, whichever is longer).

In the opposite scenario, seizure relapses in a seizure-free
patient. In this situation clearly the epilepsy is no longer
drug responsive, but it can only be considered drug resistant
if it subsequently meets the criteria for resistance. It is pro-
posed that, if only one seizure has recurred, the outcome of
the individual drug (Level 1) should be categorized as

“undetermined” and the overall drug responsiveness
(Level 2) should be classified as ‘“‘undefined.” If two
seizures have recurred, outcome to the individual drug(s)
should be categorized as treatment failure, and the overall
drug responsiveness remains ‘‘undefined.” If an additional
AED is adequately tried and failed, then the epilepsy is
redefined as drug resistant. If the patient has had no further
seizure for three times the interseizure interval (of the
relapsed seizures) or 1 year, whichever is longer, the epi-
lepsy is redefined as drug responsive. It is proposed that this
classification approach also applies to the scenarios where
the epilepsy had been drug resistant before the patient
became seizure free. Because there is a paucity of data on
the seizure pattern in such scenarios it is acknowledged that
such a classification approach is largely empirical and needs
to be tested for its validity in prospective studies.

APPLICATION OF THE DEFINITION
IN SPECIFIC SCENARIOS

We recommend application of the consensus definition
to diverse clinical and research scenarios. For instance,
the core definition may be applied, after adaptation, to the
selection of candidates for epilepsy surgery or for referral
to an epilepsy center for a comprehensive evaluation.
Obviously, because presurgical evaluation and surgery
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itself may entail risks, the decision to offer surgical treat-
ment requires individual risk—benefit analysis that
includes an assessment of possible success with additional
trials of AEDs. The proposed definition also has implica-
tions for the design of randomized drug trials and should
prove useful in the selection of patients for such trials, in
which the criteria for considering a patient drug resistant
are often poorly described. In this setting, a standard defi-
nition of drug resistance is important to ensure that results
are comparable across trials. It would be particularly
important to have clear documentation of previous AEDs
that failed to control seizures, excluding those ‘‘uninfor-
mative” trials, and including the reasons for failure.

CONCLUSION

The development of the proposed consensus definition
was driven by the growing need among medical practitio-
ners and clinical researchers to adopt a common language
in recognizing drug resistant epilepsy in the face of rap-
idly expanding therapeutic options. The definition aims to
describe responsiveness to AED therapy but does not
address the possible determining factors. Indeed, it is
hoped that adoption of a common definition of drug resis-
tance by researchers will facilitate the identification of
such factors. During the process of formulating the defini-
tion, we were aware of deficiencies in the knowledge
base, and inevitably assumptions were made that require
testing and validation in future studies. In particular, there
is a need for better documentation of the often fluctuating
pattern of seizure occurrences and of the time course of
treatment response in newly diagnosed patients. These
data are required to provide a better understanding of the
dynamic relationships among the various dimensions of
treatment outcome. The proposed definition, therefore, is
not intended to be prescriptive but represents a working
framework. Clinicians and researchers should exercise
their judgment in interpreting the principles described in
this report when applying the definition to diverse set-
tings. Some examples of how to apply the definition in
various clinical scenarios are illustrated in Table 3.
Because, as stated by Voltaire, the 18th century French
Enlightenment writer and philosopher, ‘“‘the perfect is the
enemy of the good,” we hope that this consensus defini-
tion will serve its pragmatic purpose. Its adoption by the
epilepsy community will allow future testing and refine-
ment as and when new evidence emerges.
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GLOSSARY

Adverse effect

Appropriate
intervention

Drug responsiveness

Drug resistant
epilepsy

Drug-responsive
epilepsy

Any response to an intervention that is
noxious and unintended, and which occurs
when the intervention is applied with
modalities normally used in humans for the
therapy of a disease

An intervention that has been shown to be
safe and effective with appropriately
documented evidence

Whether the epilepsy is drug resistant, drug
responsive, or neither (undefined)

Epilepsy in which seizures persist and seizure
freedom is very unlikely to be attained with
further manipulation of AED therapy. In the
current proposal, it is defined as “failure of
adequate trials of two tolerated and
appropriately chosen and used AED
schedules (whether as monotherapies or in
combination) to achieve sustained seizure
freedom”

Epilepsy in which the patient receiving the
current AED regimen has been seizure-free
for a minimum of three times the longest
preintervention interseizure interval or
12 months, whichever is longer

Intervention A substance, device, or action applied to an
epilepsy patient with the primary aim of
reducing or preventing the occurrence of
seizures

Seizure Freedom from all types of seizures for

freedom 12 months or three times the preintervention
interseizure interval, whichever is longer

Treatment The outcome whereby the patient did not

failure attain seizure freedom after an informative
trial of an intervention

Treatment Effect of an intervention as categorized by

outcome seizure control and occurrence of adverse
effects

Undefined drug Drug responsiveness that cannot be classified

responsiveness
Undetermined
outcome

Uninformative trial

as either drug responsive or drug resistant

The situation whereby there is insufficient
information to determine the outcome of
an intervention in terms of seizure control
or occurrence of adverse effects, or both

An intervention for which there is insufficient
information to determine its outcome in an
individual patient
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