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Definition of intractable epilepsy
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Defining intractable epilepsy is essential not only
to identify up to 40% of patients refractory to
pharmacological management, but also to facilitate
selection and comparison of such patients for research
purposes. The ideal definition still eludes us. Multiple
factors including number of antiepileptic drug
(AED) failures, seizure frequency and duration of
unresponsiveness, etiology, and epilepsy syndromes
are considered in formulating the definition of
pharmaco-resistant epilepsy. Most definitions used in
the literature agree on the number of AED failures,
which seem to be 2 or 3, however, the seizure frequency
and time factor are varied. The International League
Against Epilepsy proposed a definition of drug-
resistant epilepsy as a failure of adequate trials of 2
tolerated and appropriately chosen and used AED
schedules. This for now, could provide an operational
definition for clinical and research settings. However,
with emergence of new data and novel treatments the
criteria for intractability may change.
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pilepsy, in a patient-relevant fashion, may be

defined as a complex, chronic clinical symptom
arising from a variety of brain pathologies that produce
excessive, synchronous, intermittent, abnormal, firing
patterns of neurons in the cerebral cortex; in turn
these paroxysmal neuronal discharges cause both
recurrent seizures and other concomitant symptoms
of brain pathology including disorders of neuronal
health (memory, cognitive dysfunction), psychological
health (depression, anxiety), and / or social health (loss
of self esteem), to ultimately produce a complicated
clinical state with enormous variability among the
afflicted individuals." More commonly, epilepsy is
defined as a tendency to recurrent, spontaneous, and
unprovoked seizures. This is one of the most common
neurological disorders affecting at least 50 million
people worldwide and carrying a point prevalence of
1%, and every year around 50-70 patients per 100,000
of population is added, mostly affecting children and
the elderly.*® Most patients can be managed with
anti-epileptic drugs (AEDs), however 10-40% of
patients would still continue to have seizures despite
optimal treatment.*® Defining intractable epilepsy is
essential not only to identify such patients refractory
to pharmacological management, but also to facilitate
selection and comparison of such patients for research
purposes. Our objective in this review is to look for an
appropriate definition of intractability by reviewing the
current literature and also to gain an insight into the
mechanisms that lead to intractability and to reach a
consensus.

Why do we need a definition for intractable epilepsy?
Uncontrolled seizure adversely affects the life of not just
the patient but society as a whole in a profound way. The
patients suffer in terms of schooling, and employment,
and are stigmatized.”'’ In addition, they frequently suffer
from psychiatric complications, especially depression
and anxiety.'™* Mortality is increased especially
secondary to seizure related accidents," higher suicide
rates,'”” and sudden unexpected death in epilepsy.'
Also, there is mounting evidence that uncontrolled
seizures can lead to deterioration in cognition and
developmental function.”” Although these patients
who are not completely controlled on AEDs are in
the minority, a considerable proportion of resources is
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utilized for their care.'®'” Some of these patients may be
eligible for treatment besides medications such as surgery
or vagal nerve stimulator implant.'® This is especially
true for young children who by the virtue of increased
brain plasticity may have more complete and faster
recovery of functions post intervention."” Therefore,
there is a need for early and prompt identification of
medically refractory patients. Foremost in this regard
is to first define ‘intractable epilepsy’. The definition of
intractable epilepsy is imperative to study and compare
various epidemiological, clinical, and management
variables in a uniform pattern across the globe. Also, to
understand the neurobiology of refractory epilepsy that
can lead to development of novel treatment strategies,
and improve overall patient care.

What would be the characteristics of ideal
definition? The Oxford dictionary states the meaning
of “intractable” as hard to control. So, in simple words,
intractable epilepsy could be stated as hard to treat
the symptom of seizures. However, the definition is a
carefully constructed formal statement that captures
the meaning, the use, the function, and the essence of a
term or a concept, and especially for human illness is an
extremely powerful statement that not only describes the
condition objectively, but also addresses the potential
prognosis. Regarding the ideal definition for intractable
epilepsy, it should not only have a high sensitivity and
specificity for prediction of seizure recurrence despite
optimal medical management, but also should state
the physician as well as patient’s perspective. From
a physician’s point of view the intractability usually
refers to pharmaco-resistance that would depend upon
the accuracy of diagnosis, the epilepsy syndrome, and
appropriate AED treatment failures. From the patient’s
perspective the medication side effects, coexisting
impairments, and over all effect of the seizures on the
quality of life should be encompassed. To date there is
no single definition that satisfies all the above.

What are the components of intractability? Multiple
factorsshould be considered in formulating the definition
of refractory epilepsy. These can be divided into 2 sub-
groups: 1) those related to pharmaco-resistance and, 2)
patient-related factors. The patient-related factors may
include intolerance to AEDs, physical, mental, and
social impairments affecting the quality of life. Since
most of these are subjective and vary from person to
person, it is not possible or practical to include these
in a universal definition of intractable epilepsy. Instead,
pharmaco-resistance has been extensively studied and
referred to as “intractable” in almostall studies addressing
this issue in the literature. Some of the determinants of
drug resistance are number of AED failures, duration of
unresponsiveness to medication and seizure frequency,
etiology of epilepsy, and epilepsy syndromes. Based
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on the current literature, there is a reasonably clear
consensus regarding a few factors, while the data are
variable regarding others.

What is the optimal number of drug failures before
the patient would be considered pharmaco-resistant? As
per Kwan and Brodie,” the chances of achieving seizure
control with the third drug once the patient has failed
2 AEDs for correct seizure type in an adequate dose is
not more than 5-10%. So, such patients, although they
still have up to a 10% chance of seizure control, can
be practically considered as a drug failure and may be
considered for other treatment options. Some of these
patients with TLE have 60% or higher probability of
seizure control following surgery.®’ In some specific
syndrome such as TLE, failure to only a single drug
trial accurately predicts pharmaco-resistance at 2 years
after onset.” Drug tolerance can lead to drug failure,
and is commonly seen due to either pharmacokinetic
reasons such as induction of AED metabolizing
enzymes, or pharmacodynamic determinants leading
to adaptation of AED targets, for example, by loss of
receptor sensitivity, and so forth. These can explain
complete loss of any AED activity following prolonged
use as well as cross tolerance to other drugs.** Recently,
novel mechanisms for drug resistance that may affect a
broad range of AEDs are being identified. These include
alterations in the drug transporter mechanisms by over
expression of multidrug resistance (MDR) proteins
such as P-glycoprotein (due to polymorphism of drug
transporter genes, MDR1 or ABCB1) in the endothelial
cells, thus, decreasing the permeability across the
blood-brain barrier.”** In addition, single nucleotide
polymorphisms in the voltage gated sodium channel
genes SCN1A, SCN2A, and SCN3A can also result in
multi AED resistance.” Alterations in the expression
of gap junction proteins such as Connexin 43 and
Connexin 32 and may also cause reduced pharmaco-
sensitivity.” With further advancement in technology
and our understanding, prompt identification of these
changes may assist in early recognition of pharmaco-
resistance.

There are no clear data regarding the minimal seizure
frequency before regarding epilepsy as intractable. Some
studies suggest one seizure per month,* while other
experts consider any seizure in the past 6 months to one
year.””?® While this may provide insight into the clinical
decision making of the physician, the effect of seizure
frequency varies for each patient in terms of his or her
age, lifestyle, personal expectations and objectives, and
quality of life. For example, one seizure a year even
though may be regarded as acceptable seizure control
from a medical point of view, however, could still legally
prevent a patient from driving and adversely effect the
quality of life. Whereas, a few seizures in a year may
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still be regarded as a good control in a young child with
Lennox Gastaut Syndrome.

The duration of AED trial before labeling a patient
as pharmaco-resistant is an important question without
definite answer. The duration of AED trial would depend
upon the baseline frequency of seizures and number
of drug trials. A newly diagnosed epilepsy patient is
generally started on a single medication that is slowly
titrated up to achieve complete seizure control or until
AED side effects start to manifest. A second medication
is substituted or added if the first medication fails to
control seizures, or is intolerable at the therapeutic dose.
If a patient is having multiple seizures in a month, then
a trial of 2 or more AEDs could be completed with a
few months. However, with a few seizures in a year,
the duration of the AED trial can extend for 2 or more
years before regarding the disease as intractable. A trial
of at least 2 AEDs appears sufficient before regarding
epilepsy as intractable. Having said that, as per a study
in children by Berg et al,” repeated remissions and
relapses were common in patients who had failed trials
of 2 different AEDs. In fact, after a median period of
10 years of follow-up from the second AED failure,
37% of patients were seizure free for at least a year, and
23% were seizure free for at least 3 years. In another
study involving 155 adult patients with active epilepsy
of at least 5 years duration, new drug changes lead to
at least one year of remission in 28% of the patients.”
In another cohort of 246 adult patients with refractory
epilepsy who were followed for 3 years, Callaghan et
al’! reported 6 month remission in 15% of patients.
Negative predictors for remission included a history
of status epilepticus, younger age at intractability,
number of failed drug therapies, and presence of mental
retardation.”!

The etiologies of epilepsy are multiple and age
dependent. Studies looking at etiologies in adult-onset
intractable epilepsy are inadequate. In a prospective
study in children, 50% of patients who were
diagnosed to have intractable epilepsy at 18 months
or more of follow up had non-idiopathic localization
related syndromes. In another study of childhood
TLE, Spooner et al** found an abnormal MRI to be
the strongest discriminator between the pharmaco-
resistant and controlled patient. With the availability
of advanced neuroimaging especially MRI, more highly
epileptogenic brain lesions are being recognized that are
regarded as having increased chances of being intractable
to AED management. These include malformations of
cortical development,” metabolic disorders especially
those affecting the grey matter (such as mitochondrial,
peroxisomal disorders, and so forth), mesial temporal
sclerosis, vascular malformation (such as A-V
malformation, cavernous hemangioma, and so forth),

infections, traumatic lesions, and neoplasms (such
as gangliogliomas, dysembryoplastic neuroepithelial
tumor, and oligodendrogliomas).?** Similarly, certain
epilepsy syndromes are associated with a high risk of
medical intractability. Some of these are Lennox Gastaut
Syndrome, progressive myoclonic epilepsies, Ohtahara
syndrome, Dravet syndrome, West Syndrome, Sturge-
Weber syndrome, and Landau-Kleffner syndrome.’*%

Another factor that may contribute to intractability
of a seizure is the patient’s age at the onset of seizures,
and initial seizure frequency. In 2 studies of intractable
epilepsy in childhood, Berg and colleagues**® found
that age of seizure onset between 5-9 years of age was
associated with alowered risk of developing intractability.
Also, patients younger than one year of age had the
highest risk; however, as stated by the authors this could
be explained by syndromic grouping in the multivariate
analysis. Arts et al” did not find this in their Dutch
cohort. The number of seizures, especially the high initial
seizure frequency (within the first 6 months) was found
to be a significant factor predicting pharmaco-resistance
in multiple studies related to childhood epilepsy.**734
Other probable predictors for intractability include a
history of status epilepticus,**® focal EEG slowing,”
and presence of mental retardation.’"*

Definitions in the literature. Varied definitions of
intractable epilepsy have been used in the literature
(Table 1). In the Dutch study,” the investigators
prospectively looked at the variables available early in
childhood epilepsy associated with a poor short-term
outcome. With their definition of poor outcome as <6
months of remission at 2 years, they found that 30%
of the patients in their cohort (466 children) had poor
outcome, and seizure type, etiology, frequency, not
attaining a 3-month remission and abnormal EEG at
6 months were predictive variables. The requirement
for medication failure was not stated in their criteria.
Casetta et al®® carried out a community based case-
controlled study in an Italian cohort to identify early
predictors of intractability in childhood and adolescence
epilepsy. They selected patients as intractable cases, who
averaged at least one unprovoked seizure per month,
and failed at least 3 medications. In their study, onset
age less then one year, remote symptomatic etiology, and
high frequency of seizures before therapy were found
to be the early predictors of intractability. In the Nova
Scotia pediatric epilepsy study, Camfield and Camfield®
defined intractability as having one or more seizure
every 3 months in the last year of follow up. Another
study from Scotland,? stated their criteria as less than
one year seizure free at the last follow up.

Dlugos and colleagues’ retrospectively studied
predictors for early identification of children destined
to develop intractable TLE, which was defined as the
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Table 1 - Definitions of intractable epilepsy used in the literature.

Sinha & Siddiqui

Author

Study objective

Study methodology

Definition used

Remarks

Arts et al (1999)¥

Casetta et al (1999)%°

To identify variables in early
childhood epilepsy associated
with poor outcome

To identify early predictors
of intractability in childhood

Prospective chart
review

Prospective
community based

epilepsy case-controlled
Camfield & Camfield To study frequency of Prospective
(2005)¢ intractable sz after stopping population based
AED chart review
Dlugos et al (2001)” To determine predictors Retrospective
for early identification of cohort
intractability
Spooner et al (2006)* To determine factors predictive Prospective
of long term sz outcome community based
cohort
Berg et al (2003)* To look at the recruitment and Prospective
selection of patients for epilepsy multicenter
surgery observational
cohort
Berg et al (2006)% To determine when in course of Prospective
epilepsy intractability becomes observational
evident cohort
Picot et al (2008)% To study the prevalence of Prospective
pharmacoresistant epilepsy observational
cohort

Kwan et al (2010)4

ILAE Consensus proposal on
definition of drug resistant

epilepsy

Sz remission of <6 months
at 2 years

>1 sz/month and >3 failed
AEDs

>1 sz/3 months and >3

failed AEDs

Persistence of sz between
18-24 months after epilepsy
onset despite >2 AED trials

Failure of >2 AEDs

>20 sz during previous 2

years and >2 failed AEDs

Two definitions used:
1) 1 sz/month for 18
months and >2 failed AEDs
2) »2 failed AEDs only

Two definitions used:
1) 1 sz/month for 18 month
and >2 failed AEDs
2) 1 szlyear and >2 failed
AEDs

Failure of an adequate
trial of 2 tolerated and
appropriately chosen AEDs

Requirement of AED failure not
included

The sz frequency was averaged
during the observational period
of 2 years

Study was carried out in
pediatric patients with temporal

lobe epilepsy

Seizure frequency not used in
the definition. Study was carried
out in pediatric patients with
temporal lobe epilepsy

Used as eligibility criteria for
surgery

With more stringent definition,
only 14% of patients were
deemed intractable versus 23%
with the definition 2 in their
cohort

'The only epidemiological study
carried out in a geographically
defined adult population

Authors provide scheme for
categorizing outcome of drug
trial

AED - antiepileptic drug, sz - seizure, ILAE - International League Against Epilepsy

persistence of any seizures involving impairment of
consciousness between 18 and 24 months after epilepsy
onset and despite at least 2 maximally tolerated AED
trials. Three predictors of refractory TLE were found
on bivariate analysis: an early risk factor for epilepsy,
temporal lobe abnormality on MRI scan, and failure
of the first AED trial. However, logistic regression
indicated that the best model to predict refractory
TLE contained only the variable “failure of first AED
trial.”” So, they concluded that the failure of the first
AED trial accurately predicts refractory TLE at 2
years after onset. An Australian study®” also looked at
children with TLE, but in a prospective fashion, and
concluded that the lesions on MRI predicted poor
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outcome. Their criterion for time to intractability
was failure of 2 or more medications without the use
of minimal seizure frequency. In a multi-center study,
looking at recruitment and selection of patients for
epilepsy surgery,”! the eligibility criteria were stated as
failure of at least 2 first line AEDs, and patients should
have a minimum of 20 partial or secondary generalized
seizures during the previous 2 years.

In 1996, Berg and colleagues,’® in a retrospective case
study looked at the predictors of intractable epilepsy
in childhood. Their cases were children who had an
average of one seizure or more a month over a 2-year
period and who, during that time, had failed trials of at
least 3 different AEDs. In their study, the independent
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predictors of intractability were infantile spasm, age at
onset with a decreasing risk with increasing age, remote
symptomatic epilepsy, and status epilepticus. Berg et al*
in 2001 prospectively studied the early development of
intractable epilepsy in children. The definition used was
minimal failure of 2 AEDs, more than one seizure a
month and less than 3 consecutive months of seizure
freedom. In their cohort of 613 patients, 10% met
the criteria of intractable epilepsy with the risk factors
being symptomatic generalized syndromes and high
initial frequency of seizures. In 2006, the same author
published the data collected prospectively to determine
when in the course of epilepsy intractability becomes
apparent.”’ They defined intractability in 2 ways. The
stringent definition required failure of 2 drugs and
seizure frequency of one/month on an average of 18
months; and the other definition stated failure of 2
AED:s. Fourteen percent (83 out of 613) of patients
met the stringent and 23.2% met the other criteria.
Intractability in their cohort strongly depended upon
the syndrome, and may be delayed for 3 or more years
especially in focal epilepsy.

The only study looking at the prevalence of
pharmaco-resistant epilepsy was carried out by Picot
and colleagues® in a geographically defined adult
population in France using 2 definitions. The first
definition required occurrence of seizures at an average
frequency of at least one per month for 18 months, and
the second required at least one seizure per year. Both
definitions required failure of 2 medications. Using
definition one, the prevalence rate was 0.9 per 1,000
(15.3% of patients with epilepsy), and with definition
2, the rate was found to be 1.4 per thousand (22.1%).
The study provides an invaluable insight into the burden
of intractable epilepsy in the population and may assist
the administrators in efficiently allocating the resources
in care of these patients.

One study from Qatar retrospectively reviewed 219
patients with epilepsy seen over a period of 8 years
to determine the incidence and causes of intractable
epilepsy amongst adults.* Intractable epilepsy was
defined as occurrence of 2 or more seizure episodes per
month despite adequate mono- or poly-therapy of AED
medication for at least 2 years. Thirty-nine patients
(18%) were determined to have refractory seizures and
the incidence was approximated at 4.5 per 100,000
persons.

Comparing the above definitions, the common
elementsdefiningintractability are: number of AEDs that
need to be failed, the seizure frequency, and time period
during which the seizure is observed. The consensus
regarding the number of AED failure seems to be 2 or
3. However, the seizure frequency and time factor are
variable across the studies. Also, some studies did not use

all 3 elements to define their poor outcome. Berg and
Kelly® did a head to head comparison between some of
the definitions and concluded that these definitions had
high (83-96%) absolute agreement, although agreement
corrected to chance (kappa) ranged from 0.39 (poor) to
0.79 (excellent). Most of the studies were carried out on
children with epilepsy, so data are limited for intractable
epilepsy with onset during adulthood or in the elderly.

Consensus. 'The perfect definition of intractable
epilepsy suiting all purposes still remains elusive and
is like defining the indefinable.* In order to promptly
recognize pharmaco-resistance as it occurs, it may be
more important to have different criteria for different
types/presentations of epilepsy. The definition may be
specific for a child with malignant seizures (as those
seen with West syndrome or Lennox Gastaut syndrome)
versus an adult with localization related epilepsy. Also,
the definition may vary as per the clinical setting. This
means that there should be a set of fixed criteria to guide
a general practitioner to refer the patient to a specialist,
or to advise the specialist to pursue non-pharmacological
interventions.

The Task Force of the International League Against
Epilepsy (ILAE) commission on Therapeutic Strategies
published a consensus proposal on the definition
of drug resistant epilepsy.”” The ILAE definition
comprises 2 hierarchical levels: level one provides a
general scheme to categorize the outcome of each
therapeutic intervention (for example, an AED) as
“seizure freedom” (seizure freedom defined as freedom
from seizures for a minimum of 3 times the longest
pre-intervention inter-seizure interval or 12 months,
whichever is longer) or “treatment failure” (treatment
failure is defined as recurrent seizure(s) after the
intervention is adequately applied).” The drug trials
that are “uninformative” for determining efficacy must
be regarded as “undetermined” (undetermined is defined
as when the treatment has not been adequately applied
for a valid assessment of the outcome, or information is
lacking to make the assessment).” This occurs when an
AED has been inadequately tried due to, for example,
early withdrawal owing to an allergic skin rash, poor
tolerability, psychosocial reasons (such as planning
for pregnancy), affordability, and so forth. Level one
forms the basis for level 2, which defines drug-resistant
epilepsy as “a failure of adequate trials of 2 tolerated
and appropriately chosen and used AED schedules
(whether as monotherapies or in combination) to
achieve sustained seizure freedom.”?’

TheILAE definition, for now, could be the operational
definition that would guide health care professionals,
especially general practitioners, in referring such patients
to tertiary epilepsy care centers for further assessment
and management. Besides this, it can also be utilized for
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clinical and basic research purposes. This would provide
uniformity in patient selection and facilitate analysis
of results of various outcome studies across the board
without the worry of different inclusion criteria, which
was the major limitation in past. It would also help in
prompt recognition of treatment resistant patients that
would aid in determination of epidemiology of drug
resistant epilepsy for better allocation of healthcare
and other resources. With time and emergence of new
data, the validity of the definition would be tested and
if required may be further modified. In addition, with
the availability of new improved medical treatments the
remission rate for epilepsy may improve and the criteria
for intractability may change.

Acknowledgments. Wz wish to thank Ms. Nora AlUsaimi and
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