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What can we do for people with
drug-resistant epilepsy?
The 2016 Wartenberg Lecture

ABSTRACT

Treatment goals for epilepsy are no seizures, no side effects, as soon as possible, but these goals
are too often unmet. Approximately 1 million people in the United States continue to have seizures
despite adequate treatment with antiseizure drugs, representing 40% of those with epilepsy, and
80% of the cost of epilepsy. Drug-resistant epilepsy (DRE) can be associated with developmental
delay in infants and young children, and severe disability and morbidity in older children and adults,
as well as amortality rate 5–10 times that of the general population. While diagnosis and treatment
at a full-service (levels 3 and 4) epilepsy center are demonstrated to improve seizure control, fewer
than 1% of people with DRE are referred, and those who are, are referred an average of over 20
years after onset of habitual seizures. A possible reason for this is the misconception that all these
epilepsy centers offer is surgery. Specialized multidisciplinary teams, consisting of neurologists,
clinical neurophysiologists, neurosurgeons, neuroradiologists, psychologists, psychiatrists, social
workers, and counselors, which constitute full-service epilepsy centers, can recognize and address
pseudopharmacoresistance due to nonadherence, seizures that are not epilepsy, treatable under-
lying conditions, misdiagnosis of epilepsy syndromes, treatment with the wrong drug or wrong
dosage, and lifestyle issues that are remediable. A variety of alternative treatment approaches
are offered in addition to surgery, and for patients who continue to have seizures, full-service
epilepsy centers have psychologists, psychiatrists, social workers, and counselors specialized in
recognizing, and addressing, the psychological and social challenges experienced by people with
epilepsy. Surgery for epilepsy remains, arguably, the most underutilized of all acceptable medical
interventions, and the reasons for this are unclear. Often, excellent surgical candidates are not
recognized as such by general neurologists, but if more patients with DRE were referred to full-
service epilepsy centers, more surgical candidates would be identified by epilepsy specialists. All
patients with medication-resistant epilepsy, defined as failure of 2 appropriate trials of antiseizure
drugs due to inefficacy and not intolerance, who continue to be compromised by seizures deserve
a timely consultation at a full-service epilepsy center. Early referral provides the best opportunity to
avoid irreversible psychological and social problems, a lifetime of disability, and premature death.
Neurology® 2016;87:2483–2489

GLOSSARY
AAN 5 American Academy of Neurology; DBS 5 deep brain stimulation; DRE 5 drug-resistant epilepsy; NAEC 5 National
Association of Epilepsy Centers; PNES 5 psychogenic nonepileptic seizures; RCT 5 randomized controlled trial; TLE 5
temporal lobe epilepsy; TNS 5 trigeminal nerve stimulation.

The treatment goals for epilepsy are no seizures, no
side effects, as soon as possible, but these goals are
too often unmet. Promising basic and clinical
research will continue to improve our ability to diag-
nose and treat the causes of drug-resistant epilepsy
(DRE), and public health obstacles need to be
resolved for the 80% of people with epilepsy in the
developing world; however, the greatest progress in
improving quality of life for those patients who live
in industrialized countries could be made now, if

neurologists would identify pharmacoresistance early,
and refer for consultation at full-service epilepsy cen-
ters that include a team of multidisciplinary epilepsy
specialists (level 3 or 4 as defined by the National
Association of Epilepsy Centers [NAEC])1 (tables 1
and 2). Although I have wanted to strongly promote
this simple message for some time, I have been hes-
itant to do so because I have a serious conflict of
interest: I am the director of a level 4 epilepsy center.
There is no way I can continue this discussion
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without seeming self-serving and critical of the neu-
rologic community. I ask readers to consider what I
have to say with an open mind and not to be too
judgmental.

The following is a position statement and should
not be taken as a comprehensive literature review.
The principal issues presented are as follows: (1)
DRE is a serious problem—it constitutes 40% of
people with epilepsy and is associated with a mortality
rate 5–10 times that of the general population; (2)
fewer than 1% of people with DRE are evaluated at
a full-service epilepsy center; (3) full-service epilepsy
centers offer more than just surgery; and (4) surgical
treatment for epilepsy remains severely underutilized.

The overriding message is that all patients who con-
tinue to be compromised by seizures, after failure of 2
appropriate antiseizure medication trials, deserve
a consultation at a specialized full-service epilepsy
center, as recommended by the American Academy
of Neurology (AAN) Epilepsy Quality Measurement
Set.2 Early referral provides the best opportunity to
avoid irreversible psychological and social problems,
a lifetime of disability, and premature death.

DRE is a serious problem. People who live a normal
lifespan have a 5% to 10% risk of experiencing at least
one seizure, and one-third of these will develop
epilepsy.3 In the United States, 40% of people with
epilepsy will continue to have seizures despite
adequate treatment with antiseizure drugs,4 and they
are responsible for 80% of the cost of epilepsy.5

According to the WHO, epilepsy accounts for 1%
of the global burden of disease, more than breast
cancer in women and almost as much as lung cancer
in men.6

Adverse consequences of DRE in infants and small
children include epileptic encephalopathies with
developmental delay, often leading to institutionaliza-
tion. Frequent seizures in this age group can be life-
threatening. In older children, adolescents, and young
adults, DRE prevents acquisition of vocational and
interpersonal skills, leading to dependence on family
and society and a lifetime of disability. Interictal
behavioral problems such as depression, and neuro-
logic impairment such as memory loss, are common,
with increased morbidity, and a mortality rate 5–10
times that of the general population, due primarily to
sudden unexpected death in epilepsy, accidents, and
suicide.7

Despite the introduction of over 20 new antisei-
zure drugs over the past several decades, the propor-
tion of patients with DRE has not changed
appreciably. This indicates that the new drugs are
treating the same population of patients as the old
ones, albeit with different side effect profiles, which
make them useful. Patients with DRE, however, must
represent a different population, which requires new
pharmacologic approaches. Current basic research is
focused on identifying unique targets for pharmaco-
therapy of DRE. In the meantime, it is the responsi-
bility of the clinical community to address the urgent
needs of this patient population now.

Given the large number of antiseizure drugs avail-
able today, it would literally take multiple lifetimes to
carry out an appropriate trial of each one in high-dose
monotherapy, and in all conceivable combinations, in
any given patient. Consequently, it is no longer
practical to prove that a patient has epilepsy that is
absolutely refractory to all antiseizure medications.
As early intervention is essential to avoid the

Table 1 Third-level epilepsy centers

Services provided Personnel

Electrodiagnostic EEG services including
long-term monitoring

Neurologists (adult or pediatric) with special
expertise in epilepsy

EEG technologists and related personnel

Epilepsy surgery including VNS (routine lesional
surgeries and those not requiring invasive
monitoring)

Neurosurgeons with special expertise in
epilepsy

Neuroimaging Neuroradiologist

Neuropsychological and psychological
services

Neuropsychologist/neuropsychometrist

Psychosocial personnel including clinical
psychologist, social worker, school services for
children

Pharmacologic expertise Access to consultation with clinical pharmacist

Nursing support (specific to epilepsy) Nurse specialist

Rehabilitation (inpatient and outpatient)
including physical, occupational, and speech
therapy

Rehabilitation service personnel

Consultative expertise in multiple fields:
neurosurgery, psychiatry, internal medicine,
pediatrics, general surgery, and
obstetrics/gynecology

Interdisciplinary clinical services available

Other Biomedical engineer and IT support

Abbreviations: IT 5 information technology; VNS 5 vagus stimulation.
Adapted from reference 1, with permission; © 2010 International League Against Epilepsy.

Table 2 Features distinguishing level 4 centers

Functional cortical mapping by stimulation of subdural
electrodes either extraoperatively or intraoperatively

Evoked potential recording capable of being used safely with
intracranial electrodes

Electrocorticography

Placement of intracranial electrodes

Resection of epileptogenic tissue in the absence of
structural lesions

Adequate clinical experience by both the neurosurgeon and
neurologist/epileptologist

Specialized neuroimaging either on site or by established
arrangement including interictal PET or ictal SPECT

From reference 1, with permission; © 2010 International
League Against Epilepsy.
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development of irreversible adverse consequences of
continuing disabling seizures, the International
League against Epilepsy has proposed that “drug-
resistant epilepsy is defined as a failure of adequate
drug trials of 2 tolerated appropriately chosen and
used antiepileptic drugs (whether as monotherapy
or in combination) to achieve sustained seizure free-
dom.”8 This definition results from prospective evi-
dence that only 11% of patients eventually become
seizure-free after failure of the first antiseizure drug
trial, and only 3% after failure of the second, due to
inefficacy and not intolerance.9

Studies indicating that the failure of the first 2
antiseizure medication trials is 97% reliable in identi-
fying DRE demonstrate that there is a population of
patients resistant to antiseizure drug therapy from the
start. There is, however, another population of pa-
tients who respond initially to medication, but
develop pharmacoresistance over time. One retro-
spective study of patients who underwent surgery at
7 different epilepsy surgery centers found that it took
an average of 9 years to determine failure of 2 drugs.10

This observation does not mean that treating physi-
cians were lax in beginning a second drug, but, rather,
that patients were initially pharmacoresponsive and
later developed pharmacoresistance, indicating that
some forms of DRE represent a progressive epilepto-
genic disease process.

In addition to pharmacoresistance from the start,
and progressive pharmacoresistance, there is a third
type that I will call pseudopharmacoresistance. This
refers to patients who have epileptic seizures that
appear to be pharmacoresistant, but on more detailed
evaluation, an effective approach to pharmacotherapy
can eventually render the patient seizure-free, or in
some cases the patients do not have epilepsy at all.
One-third of admissions to most epilepsy monitoring
units are for nonepileptic seizures. Better education
of primary care clinicians about epilepsy might
improve the recognition of pharmacoresistance in
the community.

A simple triage of the epilepsies divides them into
those that are easily treated and the more severe epi-
lepsies, which may be remediable or nonremediable.
Remediable severe epilepsies are those that require
specialized diagnostic and therapeutic approaches
available at full-service epilepsy centers—these are
the patients with pseudopharmacoresistance, as well
as those who are surgical candidates. The remainder
have nonremediable epilepsy and require psycholog-
ical and social supportive care. A distinction between
remediable and nonremediable severe epilepsy disor-
ders must be made quickly to avoid irreversible
adverse consequences, and usually requires referral
to an epilepsy center. A general rule of thumb should
be that, if the first 2 antiseizure drug trials fail, and

seizures are interfering with school, work, or interper-
sonal relationships, or there is developmental delay in
infants or young children, refer to an epilepsy center.
The patient may not have pharmacoresistant seizures,
or may have a surgically remediable syndrome.

Fewer than 1% of people with DRE are evaluated at an

epilepsy center. Given that somewhat less than 1% of
the United States population has active epilepsy, and
40% of these continue to have seizures, despite
appropriate trials of 2 antiseizure drugs, approxi-
mately 1 million people in the United States have
DRE. According to the NAEC, fewer than 2,000 pa-
tients undergo surgery annually,11 which may reflect
about one-quarter of those patients referred to full-
service epilepsy centers (including those with
nonepileptic seizures). The total referred, therefore,
is well under 1% of those with DRE. Whether or not
this figure is taken literally, even if it is off by an order
of magnitude, it indicates that the vast majority
of people with DRE are not given the benefit of
evaluation by a specialized multidisciplinary team of
epilepsy experts. Furthermore, based on retrospective
studies of patients who undergo surgical treatment,
when patients are referred to epilepsy centers for
DRE, they are referred an average of over 20 years
after onset,10 often too late to prevent or reverse the
disabling consequences of seizures, or to affect quality
of life.

There have been a number of reports in recent
years documenting the fact that only a very small pro-
portion of patients who are potential surgical candi-
dates are referred to full-service epilepsy centers, and
within some of these studies there are data demon-
strating that an even smaller proportion of patients
with DRE who might otherwise benefit from evalua-
tion by a multidisciplinary team of epilepsy experts at
a full-service epilepsy center have this opportunity.
One such study of hospital referrals in the United
States for DRE between 1999 and 2008 found
increasing referrals to low-volume hospitals and
decreasing referrals to full-service epilepsy centers
over this time period.12 Another, more recent
Canadian study utilizing the Ontario provincial data-
base between 2001 and 2010 found that 10,661
patients, with substantial comorbidities, on financial
assistance, failed at least 2 trials of antiseizure drugs,
and therefore had DRE. Only 124 underwent surgery
within 2 years, and 12% of those who did not receive
surgery died.13 It is not clear, however, how these data
might apply to the general population of people with
epilepsy.

One explanation offered for the recent reduction
in referrals to full-service epilepsy centers is that the
incidence of DRE is decreasing.14 It seems unreason-
able, however, to draw any conclusions regarding the
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total population of patients with DRE, based on the
extremely small percentage who are referred to epi-
lepsy centers. A recent study in Finland utilizing
long-term national hospital records that captured all
patients with new-onset epilepsy found no change in
the incidence of epilepsy between 1973 and 2013 in
people younger than 65 and a nearly 5-fold increase
after the age of 65.15 Given that there also is no
change in the percentage of patients with epilepsy
who are pharmacoresistant, if Finland is representa-
tive of industrialized countries, including the United
States, this should put to rest any suggestion that
a reduction in referral to epilepsy centers reflects
a reduction in the DRE population.

More recently, a study of data derived from the
Centers for Medicare and Medicaid Services Part B,
and the American College of Surgeons, gathered
between 2000 and 2013, indicated that a decrease
in surgeries performed at high-volume hospitals (pre-
sumably full-service epilepsy centers) over this time
was compensated by an increase in surgeries per-
formed at low-volume hospitals (presumably not epi-
lepsy centers), suggesting no change in utilization.16

Importantly, the increase in surgeries at low-volume
hospitals was associated with an increase in adverse
major and minor complications, including mortality.

A randomized controlled trial (RCT) of surgery
for temporal lobe epilepsy (TLE) carried out at the
University of Western Ontario was published in
2001.17 Sixty-four percent of patients who had sur-
gery were seizure-free after 1 year, compared to only
8% in the medical arm, and there was 1 death, which
occurred in the medical arm. The AAN, in associa-
tion with the American Epilepsy Society and the
American Association of Neurological Surgeons, sub-
sequently issued a practice parameter,18 based on this
study and 24 Class IV series of 1,952 patients who
underwent surgery for TLE. Sixty-seven percent in
the Class IV series were seizure-free, compared to
a drug trial meta-analysis, where the best result was
54% with a greater than 50% seizure reduction and
very few seizure-free.19 The conclusion was that pa-
tients with disabling limbic seizures who have failed
appropriate trials of first-line antiseizure drugs should
be referred to an epilepsy center (Level A rating), and
that patients referred to an epilepsy center for these
reasons who meet established criteria for surgery
should be offered surgical treatment (Level A rating).
Subsequently, 2 studies found that the delay from
onset of TLE to referral for surgery, measured for
a period of time before, and after, the RCT and prac-
tice parameter, did not change.20,21

The reluctance on the part of neurologists, and
their patients with DRE, to consider surgery as a via-
ble alternative treatment is an understandable long-
standing concern; however, the reluctance to refer

to an epilepsy center for a consultation that could lead
to other beneficial therapeutic outcomes very likely
results, at least in part, from the misconception that
all epilepsy centers offer is surgery. In this case, it is
unfortunate when neurologists reason that “My
patient is not a surgical candidate or does not want
surgery, and therefore there is no reason to refer him
or her to an epilepsy center.” In fact, there are many
other excellent reasons to request a consultation with
a multidisciplinary team of experts in the diagnosis
and treatment of epilepsy. Validated web-based tools
designed to help general neurologists identify surgical
candidates22 only serve to perpetuate the counterpro-
ductive belief that epilepsy centers only do surgery.

Epilepsy centers offer more than just surgery. Many pa-
tients who appear to have DRE in the community
improve, and actually can become seizure-free, as
a result of specialized diagnostic and therapeutic
approaches, other than surgery, offered by full-
service epilepsy centers. At least one retrospective
study has documented this fact for the general
population,23 and another showed the benefit of
specialized epilepsy consultations for institutionalized
patients with mental retardation.24 Common causes of
pseudopharmacoresistance include nonadherence,
seizures that are not epileptic, failure to identify
a treatable underlying cause, misdiagnosis of the
epilepsy condition, treatment with the wrong drug
or the wrong dosage, and lifestyle issues such as
substance abuse or sleep deprivation. Epilepsy
monitoring units, along with multidisciplinary teams
of specialists at full-service epilepsy centers, can
identify specific epilepsy syndromes; recognize
nonepileptic seizures, particularly psychogenic
nonepileptic seizures (PNES); diagnose underlying
treatable causes that may not be apparent in the
community; employ specialized pharmacologic
approaches, including experimental drug trials; and
consider alternative treatments. In addition to
experimental drug trials, changes in the timing and
combination of medications tailored to the patient’s
particular seizure type, and sensitivity to side effects, can
greatly improve efficacy and tolerance, and render some
patients with apparent DRE seizure-free. There are
a number of stimulation approaches, including vagus
nerve stimulation25; trigeminal nerve stimulation
(TNS),26 where the device does not need to be
implanted and can be used overnight and removed
during the day; responsive neurostimulation,27 where
a computer is imbedded in the skull that is connected
to electrodes in the brain used to detect ictal onset and
stimulate to abort the behavioral seizure; and deep brain
stimulation (DBS).28 TNS and DBS are currently
available in Europe, but not yet in the United States.
Other approaches, such as the ketogenic diet or
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modified Atkins diet, which can be extremely effective
in some patients,29 and various complementary and
behavioral approaches,30 are available at most full-
service epilepsy centers. Also, in addition to the
standard surgical approaches, laser thermal ablation,31

a new, less invasive technique performed through
a small drill hole, is particularly suited for small
epileptogenic regions that are difficult to reach, such
as hypothalamic hamartomas, and for patients with
medical contraindications to standard open surgery.

Realistically, most patients with DRE have
nonremediable epilepsy, and, for these patients,
although evaluation at a full-service epilepsy center
may greatly decrease the frequency and severity of
their ictal events, they continue to be disabled by
recurrent epileptic seizures. A major contribution of
epilepsy centers for these patients, however, is access
to programs that utilize the expertise of psychologists,
psychiatrists, social workers, and counselors, special-
ized in recognizing, and potentially resolving, the
psychological and social challenges experienced by
people with epilepsy and PNES. People with epilepsy
come to physicians not because they have seizures,
but because the seizures are interfering with their
lives.32 Although the first approach to address the
patient’s complaint is to eliminate the seizures, when
this is not possible, there is much else that can be
done to lessen the adverse impact of seizures on
quality of life. Furthermore, even when seizure
freedom is achieved, there can remain psychological
and social issues that need to be addressed.

Surgery remains a severely underutilized alternative

treatment. There continue to be tremendous advances
in presurgical diagnosis, as well as surgical approaches,

that have improved the efficacy and safety of surgical
therapy,33 but to dwell on these would detract from
the major point of this article, that epilepsy centers
offer more than surgery. However, it is worthwhile to
consider common misconceptions (table 3) responsi-
ble for failure to recognize and refer excellent surgical
candidates. Some reasons offered for reluctance to
consider surgery include the following: (1) fear of
surgery, although the mortality rate from surgery is
close to zero, while that for DRE is 5–10 times that of
the general population7; (2) lack of information about
improvements in safety and efficacy, although there
have been hundreds of articles and over 20 books
published in the last 15 years; (3) expense, although
if performed early, the cost of epilepsy surgery is con-
siderably less than the cost of a lifetime of disability34;
and (4) in the past, there was concern that there had
never been an RCT of epilepsy surgery, although an
RCT of TLE was published in the New England
Journal of Medicine in 2001,17 as discussed above,
and another RCT was published in the Journal of
the American Medical Association in 2012.35

This latter study, the Early Randomized Surgical
Epilepsy Trial, differed from the Western Ontario
trial in that patients were recruited within 2 years after
failure of 2 antiseizure drug trials, and underwent pre-
surgical evaluation to confirm that they were surgical
candidates prior to randomization. There were 38
participants (18 men) and, with an intention-to-
treat analysis, 11 of 15 (73%) in the surgical arm were
seizure-free after 2 years compared to none in the
medical arm. With analysis of data limited to patients
who completed the study, 11 of 13 (85%) in the sur-
gical arm were seizure-free compared to none in the
medical arm. Quality of life and socialization were
significantly better in the surgical group, but the sam-
ple size was too small to assess effects on cognitive
function, particularly memory. There were 3 hospi-
talizations for status epilepticus in the medical group,
and one participant in the surgical group experienced
a stroke with a transient neurologic deficit.

Memory decline continues to be a legitimate con-
cern with temporal lobe surgery that involves
removal of the hippocampus. Patients rarely, if ever,
notice a memory decline with surgery of the non-
language-dominant temporal lobe, even when
visual-spatial problems can be demonstrated with
specialized neurocognitive testing. Also, patients
rarely complain of memory decline if they already
have impaired memory at the time of surgery, and
some actually experience improvement. Memory
decline is a concern, however, in patients who
undergo surgery of the language-dominant hemi-
sphere, and who have normal verbal memory at time
of surgery. In one study36 of 138 patients with 2- and
5-year follow-up, 113 (82%) were in remission and

Table 3 Common misconceptions about epilepsy surgery

Misconception Fact

All drugs need to be tried Seizure freedom is unlikely after 2 drugs have
failed

Bilateral EEG spikes are a contraindication
to surgery

Patients with unilateral onset seizures usually
have bilateral spikes

Normal MRI is a contraindication to
surgery

Other techniques often detect a single
epileptogenic zone in patients with normal MRIs

Multiple or diffuse lesions on MRI are
a contraindication to surgery

The epileptogenic zone may involve only a part
of the lesion

Surgery is not possible if primary cortex is
involved

Essential functions can be localized and
protected

Surgery will make memory worse if there is an
existing memory deficit

Poor memory usually will not get worse and
could get better

Chronic psychosis is a contraindication to
surgery

Patients will still benefit if seizures are
eliminated

IQ less than 70 is a contraindication to
surgery

Outcome depends on the type of epilepsy and
the type of surgery

Patients with focal epilepsy and a focal
lesion can have the lesion removed
without detailed presurgical evaluation

Focal lesions can be incidental findings
unrelated to the epilepsy; epileptogenicity of
a lesion always needs to be confirmed

From reference 37, by permission of Oxford University Press, USA, copyright © 2013.

Neurology 87 December 6, 2016 2487

ª 2016 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



quality of life improved whether or not memory
declined, while 25 (18%) were not in remission.
Of the latter, 14 (10%) had no memory decline
and quality of life was stable, while 11 (8%) experi-
enced memory decline and quality of life also
declined. This suggests that memory decline appears
to be a fair tradeoff for seizure freedom, and is det-
rimental only when seizures persist after surgery.
Nevertheless, careful consideration should be given
to resection of the hippocampus in the language-
dominant hemisphere for patients who do not
already have a verbal memory deficit, and who are
dependent on verbal memory for their work or life-
style. On the other hand, it can be argued that mem-
ory decline will eventually occur without surgery in
most patients, if seizures continue.

DISCUSSION Treatment objectives for epilepsy are as
follows: no seizures, no side effects, as soon as possible.
Pharmacoresistant epilepsy remains a serious health
burden; 40% of all people with epilepsy continue to
be compromised by seizures despite adequate antisei-
zure medications. Fewer than 1% are referred to
a full-service epilepsy center, and those who are, are
referred more than 20 years after onset. Full-service
epilepsy centers do more than surgery; many patients
who appear to be pharmacoresistant are not, or do
not have epilepsy at all; and specialized programs that
address the psychological and social consequences of
epilepsy can greatly improve quality of life for
patients whose seizures are truly nonremediable. All
people who continue to be compromised by seizures
after failure of 2 appropriate trials of antiseizure drugs
deserve a timely consultation with a multidisciplinary
team of epilepsy experts at a full-service epilepsy
center, many are not drug-resistant, some do not
have epilepsy, some are surgical candidates, and
the remainder benefit from the broad range of
support services available at these centers. Early
referral to a full-service epilepsy center provides the
best opportunity to avoid irreversible psychological
and social problems, a lifetime of disability, and
premature death.
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