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Treatment objectives for epilepsy are no seizures, and no 
side effects, as soon as possible. Early effective interventions 
provide the best opportunity to prevent adverse psychological 
and social consequences of recurrent seizures, progressive 
deficits that lead to irreversible disability, and premature 
death. In particular, seizures that interfere with school, work, 
and interpersonal relationships, during adolescence and 
early adulthood, prevent the acquisition of vocational and 
social skills necessary to live independently. When available 
treatments with the potential to eliminate disabling seizures 
are delayed (for instance, in the United States the average time 
from onset of epilepsy to surgery is 22 years[5]), patients who do 
become seizure free often cannot be rehabilitated and remain 
dependent on their families and society. Early identification 
of pharmacoresistant epilepsy and institution of alternative 
treatments can prevent a lifetime of disability.

Diagnosis of Pharmacoresistance

The term “pharmacoresistant epilepsy” can no longer be taken 
literally, as there are now so many antiseizure drugs that it 
would take a lifetime to try all of them alone and in combination 
in any given patient. The best predictor of pharmacoresistance 
is failure of the first antiseizure drug, due to efficacy and 
not intolerance. Given failure of one appropriate drug trial, 
only 11% of patients eventually become seizure free, while 
only 3% become seizure free after failure of two appropriate 
antiseizure drug trials.[6] There are likely many reasons for 

Burden of Refractory Epilepsy

Epilepsy is one of the most common serious neurological 
conditions, accounting for 1% of the global burden of disease, 
based on disability-adjusted life years, the number of person years 
lost due to disability and premature death.[1] This is equivalent to 
breast cancer in women and lung cancer in men. Among primary 
disorders of the brain, it is equivalent to depression and other 
affective disorders, Alzheimer’s disease and other dementias, 
and substance abuse. Ten percent of the world’s population will 
have at least one seizure during their lifetime and one-third of 
these will develop epilepsy at any given time.[2] One percent of 
the world’s population has active epilepsy. In countries where 
adequate diagnosis and treatment are available, 30-40% of people 
with epilepsy have seizure that are uncontrolled by medication,[3] 
which accounts for 80% of the cost of epilepsy in the United 
States.[4] Medically refractory epilepsy, therefore, is a major health 
concern not only for patients and their families, but for society.
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on the type of epilepsy and the surgical procedure, most 
patients experience elimination, or at least a reduction, in 
disabling seizures, and significant improvement in quality 
of life. For patients who are not surgical candidates, 
stimulation approaches have outcomes similar to those 
brought about by additional medication trials, but with 
different side effect profiles. Ketogenic diet, particularly 
in young children, can eliminate seizures, and various 
complementary and alternative treatments offer additional 
opportunities to reduce the seizure burden and improve 
quality of life.

Surgical Treatment

Surgically remediable epilepsy syndromes are conditions 
with a known pathophysiology and a predictable natural 
history that includes unresponsiveness to pharmacotherapy 
and progressive features, such as developmental delay in 
infants and young children, or interictal behavioral disorders, 
most commonly depression.[10] Patients with surgically 
remediable epilepsy syndromes are the most cost-effective 
surgical candidates, because presurgical evaluation can be 
performed noninvasively in most cases; by definition there is 
a 70-90% chance of complete elimination of disabling seizures, 
and disabling psychological and social consequences can be 
avoided or reversed, but only if surgical intervention is early. 
Mesial temporal lobe epilepsy (MTLE) is the prototype of a 
surgically remediable epilepsy syndrome.[11] Other surgically 
remediable epilepsy syndromes include focal epilepsies due 
to discrete resectable structural lesions, epilepsies due to 
diffuse hemispheric disturbances, such as hemimegencephaly, 
Rasmussen’s encephalitis, Sturge-Weber syndrome, and large 
porencephalic cysts, and gelastic seizures with hypothalamic 
hamartomas, because seizures originate within this alien 
tissue.[12]

MTLE is the most common form of epilepsy in adolescents 
and adults, the most medically refractory, and the most easily 
treated surgically. Most patients with MTLE have hippocampal 
sclerosis,[13] although other lesions within the hippocampus, 
or in neocortical areas that preferentially project to mesial 
temporal structures, can produce the same characteristic limbic 
seizures. Features of MTLE with hippocampal sclerosis that 
should prompt early referral for epilepsy surgery are shown 
in [Table 1].

Surgical therapy can eliminate disabling seizures completely 
in appropriately chosen patients.[14,15] Multiple types of surgical 
interventions are now offered [Table 2], depending on the 
type of epileptic seizures and their presumed underlying 
causes. Standardized resections include anterior temporal 
resections and amygdalohippocampectomy for MTLE,[16] and 
hemispherectomy or hemispherotomy, for patients, usually 
infants and young children, with diffuse epileptogenic regions 
limited to one hemisphere.[17] Presurgical evaluation requires 
demonstration that epileptic seizures are originating within 
the standard area of resection.

Neocortical resections are always tailored, in which case 
the presurgical evaluation must not only localize, but also 
determine the extent of the epileptogenic region. This is defined 

pharmacoresistance and research to elucidate underlying 
mechanisms is important for the future development of more 
effective treatments.[7]

A simple-minded approach to the triage of epilepsies is that 
there are benign epilepsy syndromes, which are easily treated, 
and severe epilepsies, which are not. Of the latter, there 
are conditions that are remediable but require specialized 
diagnostic and therapeutic approaches, and conditions that are 
not remediable and require supportive care. Early distinction 
between the two is critical in maximizing quality of life. In 
most cases, the distinction can only be made by physicians 
and other healthcare workers trained in the diagnosis and 
treatment of epilepsy, at specialized epilepsy centers with 
facilities and support services not available in the community. 
Full-service epilepsy centers are staffed by a multidisciplinary 
team consisting of neurologists/epileptologists, clinical 
neurophysiologists, neuropsychologists, neuroradiologists, 
neurosurgeons, psychiatrists, social workers, and nurses 
skilled in the management of epileptic seizures and their 
consequences.[8]

Apparent pharmacotherapy failure does not necessarily 
mean that standard antiseizure drugs will not work. 
Alternative causes include noncompliance, seizures that 
are not epileptic, misdiagnosis of the seizure type or 
epilepsy syndrome, inappropriate use of medications such 
as inadequate doses or drug-drug interactions, and lifestyle 
issues such as alcohol binging, drug abuse, stress, and sleep 
deprivation. Differential diagnosis can usually be achieved 
with specialized approaches available at epilepsy centers, 
which often requires inpatient video-electroencephalogram 
(EEG) monitoring to capture the habitual events and 
characterize their electroclinical features. These approaches 
can permit recognition of nonepileptic seizures and their 
causes, diagnosis of specific seizure types, and epilepsy 
syndromes, and determinations of which patients who are 
truly pharmacoresistant might be candidates for surgical 
therapy. In addition, epilepsy centers have the ability to 
utilize specialized pharmacologic approaches, including 
enrollment in clinical trials of experimental antiseizure drugs, 
to provide alternative treatments other than surgery, such as 
vagus nerve stimulation (VNS) and the ketogenic diet, and 
to evaluate and address psychological and social problems 
resulting from uncontrolled seizures. Usually, patients seek 
help not because they are having seizures, but because 
their seizures are interfering with their lives. It is, therefore, 
necessary not only to direct therapy towards the epileptic 
seizures, but also each individual patient’s predicament, in 
order to maximize quality of life.

Concerning the diagnosis of drug-resistant epilepsy, the 
International League against Epilepsy (ILAE) has proposed, 
as a testable hypothesis: “That drug-resistant epilepsy 
is defined as failure of adequate trials of two tolerated, 
appropriately chosen, and used antiepileptic drug schedules 
(whether as monotherapies or in combination) to achieve 
sustained seizure freedom”.[9] Once this diagnosis is made, 
a number of options can be considered. It is most important 
to first determine whether the patient may be a candidate 
for surgical treatment, because this is the only therapeutic 
approach with the potential to cure epilepsy. Depending 
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as the area of brain necessary and sufficient to generate habitual 
seizures and is, therefore, the smallest amount of tissue that can 
be removed in order to achieve a seizure-free outcome.[18] There 
are no diagnostic tests that reliably determine the extent of the 
epileptogenic region, and this is approximated using a number 
of different tests of function and structure, including inpatient 
video-EEG monitoring, neuroimaging, and neuropsychological 
evaluation [Table 3].

Lesionectomies without removal of cortical margins are 
performed when adjacent tissue cannot be damaged, and 
in the case of hypothalamic hamartoma where seizures 
actually originate within the tumor.[19] Multiple subpial 
transection (MST) is a technique that can be used in cortical 
areas with essential functions, such as motor or language 
cortex, to reduce epileptogenicity without producing serious 
deficits.[20] Presurgical evaluation is the same as that for 
tailored resection.

Corpus callosotomy is a disconnection procedure effective 
particularly against drop attacks.[21] Presurgical evaluation 
need only demonstrate that the patient is not a candidate for 
another, more definitive localized surgical procedure. Corpus 
callosotomy is performed rarely today because VNS may be 
equally effective against drop attacks in most patients.

Stereotactic ablative surgery can be performed with noninvasive 
stereotactic radiotherapy, also called gamma knife surgery 
(GKS).[22] This produces edema, which can have serious 
side effects and the beneficial effects take months to a year 
or more. A more recent laser ablative approach requires an 
intracranial probe, but the results are more immediate.[23] These 
treatments are particularly useful in patients who have medical 
contraindications to surgery.

Stimulation
Patients who are not candidates for surgical treatment may 
benefit from VNS, which has a therapeutic profile similar to 
that of new antiseizure drugs; 50% of patients experience 
50% reduction in seizures, but a different side effect profile, 
and patients rarely become seizure free.[24] Trigeminal nerve 
stimulation (TNS) is an experimental alternative approach 
that does not require surgical implantation of the simulating 
device.[25] Electrodes can be applied to the skin of the forehead 
for 8-12h daily. Deep brain stimulation (DBS) of the anterior 
nucleus of the thalamus is now approved in many countries 
but remains experimental in others.[26] Another direct brain 
stimulation approach, still under review, is response cortical 
stimulation (RCS), which involves a device imbedded in 
the skull that detects seizure onset and delivers stimulation 
directly to the site(s) of seizure generation to abort the 
ictal event.[27] This approach requires localization of the 
epileptogenic region.

Ketogenic diet
The ketogenic diet can be highly effective in children with 
severe seizures who are not candidates for surgery.[28] Ketosis 
is instituted in the hospital and the diet can be maintained from 
months to years. Changes in the diet over the years have made 
it more palatable. Up to 50% of children experience seizure 
control and benefits may persist after the diet is terminated. 

Table 1: The syndrome of mesial temporal lobe epilepsy

History

Increased incidence of complicated febrile convulsions or other 
cerebral insults early in life

Increased incidence of a family history of epilepsy
Onset in latter half of 1st decade of life or later
Auras common and occur in isolation
Secondary generalized seizures occur infrequently
Seizures often remit for several years until adolescence or early 

adulthood
Seizures often become medically intractable
Interictal behavioral disturbances can occur 

(most commonly depression)
Clinical seizure

Aura is usually present. Most common is epigastric rising, often other 
autonomic or psychic symptoms, with emotion (e.g., fear), can 
be olfactory, gustatory, or nonspecific somatosensory sensations 
(several seconds)

Dyscognitive focal seizure. Often begins with arrest and stare, ——
oroalimentary automatisms, and complex automatisms common. 
Posturing of one upper extremity may occur contralateral to the 
ictal discharge (1-2 min)

Postictal phase. Usually includes disorientation, recent memory 
deficit, amnesia for the event, and dysphasia if seizures begin in the 
language-dominant hemisphere several minutes

Neurological and laboratory evaluation
Neurological examination usually normal except for material-specific 

memory deficit
Unilateral or bilateral independent anterior temporal EEG spikes, 

maximum amplitude in basal electrodes
Extracranial ictal EEG activity appears only with dyscognitive 

symptoms, usually initial or delayed focal onset pattern of 5-7/s 
rhythmic activity, maximum amplitude in one basal temporal 
derivation

Usually temporal lobe hypometabolism on interictal FDG-PET, often 
involves ipsilateral thalamus and basal ganglia

Usually temporal lobe hypoperfusion on interictal SPECT 
and characteristic pattern of hyper- and hypoperfusion on 
ictal SPECT

Usually material-specific memory disturbances on neuropsychological 
testing and amnesia with contralateral intracarotid sodium amytal 
injection

Hippocampal atrophy and increased T2 signal intensity usually 
visible on MRI

EEG = Electroencephalogram, FDG-PET = Fluorodeoxyglucose-positron 
emission tomography, MRI = Magnetic resonance imaging, PET = Positron 
emission tomography, SPECT = Single photon emission computed 
tomography. Adapted from Reference[39], with permission

Table 2: Common surgical procedures for epilepsy

Anterior temporal lobe resection

Amygdalohippocampectomy
Neocortical resection
Lesionectomy
Hemispherectomy/hemispherotomy
Multilobar resection
Corpus callosotomy
Multiple subpial transection
Stereotactic ablation

From Reference[40], with permission
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Rigid dietary restrictions may not be necessary, and some 
patients achieve benefit from less stringent carbohydrate 
restriction, such as with the Atkins diet.

Complementary and Alternative Medicine (CAM)

Various CAM therapies, particularly herbal remedies, are 
currently under investigation.[29] Ayurvedic medicine and 
other traditional approaches have value in cultures open 
to these treatments. Behavioral therapeutic approaches are 
being used, for instance those that help patients recognize 
and avoid their seizure triggers, as well as those that reduce 
stress, such as meditation.[30] Interventions that address 
stress, whether introduced by epilepsy or other causes, 
not only lessen the patient’s predicament and improve 
their quality of life, but can also have a beneficial effect 
on seizure occurrence. Recognizing and avoiding seizure 
triggers can be particularly useful in reflex epilepsies,[31] 
for instance patching one eye or wearing colored glasses 
for photosensitive epilepsy, but most seizures are caused 
by triggers that are poorly understood. Their elucidation 
in individual patients could lead to personalized effective 
behavioral therapeutic paradigms in a much broader 
population of patients.

Future epilepsy therapies
Although the number of available antiseizure drugs has 
more than doubled in the past few decades, this has had 
little effect on the percentage of patients with epilepsy 
who remain pharmacoresistant. Many of the newer drugs 
have been designed to address fundamental neuronal 
mechanisms of epilepsy revealed by basic research, but 
often such “designer drugs” are not clinically effective or 
work for reasons other than initially anticipated. Some of the 
newer drugs also have unique mechanisms of action, but the 
spectrum of antiseizure effectiveness is similar to that of the 
older, standard drugs. There clearly is value in the fact that 
many of the newer drugs have better side effect profiles than 
older drugs and are easier to use, in part because several do 
not have drug-drug interactions; but there is a great need to 
identify new targets, specifically those that are responsible 
for pharmacoresistance.[32] Perhaps more importantly, there 
are no interventions that prevent the development of or 
cure epilepsy, and much research is now being focused on 
approaches to antiepileptogenesis.[33]

The discovery and validation of new antiseizure and 
antiepileptogenic interventions would be greatly advanced 
by the identification of reliable epilepsy biomarkers.[34] 
Biomarkers are measures of dynamic changes that indicate 
the presence of an epileptogenic process with a sufficiently 
high degree of reliability to warrant intervention. Biomarkers 
of epileptogenesis would identify the development and 
extension of tissue capable of generating spontaneous seizures, 
including the development of an epilepsy condition and 
the progression of epilepsy after the disease is established. 
Biomarkers of ictogenesis would identify tissue capable of 
generating spontaneous behavioral seizures. Potential targets 
for epilepsy biomarkers are shown in [Table 4] and potential 
epilepsy biomarkers are shown in [Table 5].

Although considerable research is being carried out in the animal 
laboratory to discover potential antiepileptogenic compounds, 
the cost required to carry out clinical trials remains prohibitive, 
because: 1) The percentage of patients who develop epilepsy 
even after the most severe traumatic brain injury is sufficiently 
small that it would take very large populations of patients to 
obtain statistically significant results, and 2) epileptic seizures 
may appear 10 years or more after injury so prolonged trials 
would be necessary. A biomarker that could identify individuals 
at very high risk for epilepsy after a potentially epileptogenic 
insult would make it possible to enrich trial populations, and a 
biomarker that reliably identified the existence of epilepsy would 
make it possible to measure outcome quickly without waiting for 
spontaneous seizures to occur, thus reducing the cost of clinical 
trials to an affordable range.

Biomarkers of epileptogenesis would also help to identify 
patients requiring antiepileptogenic interventions once an 
antiepileptogenic agent is identified, and could be used to 
diagnose progression in patients in order to determine when 
to institute early aggressive treatment and prevent irreversible 
social and psychological disabling consequences of recurrent 
seizures.

Biomarkers of ictogenesis could predict who has epilepsy after 
a single seizure, in order to begin antiseizure drug treatment 
immediately and not wait for a second seizure, which could 
cause injury or death. It would also facilitate diagnosis of 
epilepsy in patients with equivocal events without the need 
for inpatient video-EEG monitoring. With such a biomarker, 

Table 3: Definition of abnormal brain areas

Term Definition Measures
Epileptogenic zone The area of brain that is necessary and sufficient 

for initiating seizures and whose removal or disconnection 
is necessary for abolition of seizures

Theoretical concept

Irritative zone Area of cortex that generates interictal spikes Electrophysiological (invasive and noninvasive)
Ictal onset zone Area of cortex where seizures are generated (including 

areas of early propagation under certain circumstances)
Electrophysiological (invasive and noninvasive)

Epileptogenic lesion Structural abnormality of the brain that is the direct 
cause of the epileptic seizures

Structural imaging and tissue pathology

Symptomatogenic zone Portion of the brain that produces the initial clinical 
symptomatology

Behavioral observation and patient report

Functional deficit zone Cortical area of nonepileptic dysfunction Neurological examination, neuropsychological 
testings, EEG, PET, and SPECT

EEG = Electroencephalogram, PET = Positron emission tomography, SPECT = Single photon emission computed tomography. From Reference[18], with permission
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individual pharmacotherapy could be tailored to identify the 
best drug regimen in each individual patient immediately in 
place of the usual trial-and-error process that requires waiting 
to see if further seizures will occur. Biomarkers might also 
identify pharmacoresistance, which would aid in referring 
patients for early surgical therapy.

Biomarkers that localize epileptogenic brain tissue could 
be used to determine the extent of the epileptogenic region 
for surgical resection without the need for other, expensive 
presurgical evaluation. At the present time, there is increasing 
evidence that pathological high-frequency oscillations (pHFOs) 
could serve this purpose.[35,36] These EEG events appear to be 
more reliable than interictal EEG spikes and the site of ictal 
onset,[37,38] but so far can only be recorded with intracranial 
electrodes. Future research may make it possible for pHFOs 
to be recorded from scalp EEG, magnetoencephaolography, 
or simultaneous EEG with functional magnetic resonance 
imaging.

Reliable biomarkers would also facilitate the development of 
more cost-effective, rapid-throughput approaches for screening 
potential antiseizure and antiepileptogenic compounds and 
devices, facilitating new drug and device discovery.

Conclusions

A considerable proportion of the economic and social cost of 
epilepsy is due to patients with seizures that are not controlled 
by standard medical therapy. There are many approaches, 
however, to treat their refractory conditions. Surgical treatment 
for epilepsy remains arguably the most underutilized of all 
accepted medical treatments. Much could be achieved to reduce 
the global burden of epilepsy by early identification and referral 
of appropriate surgical candidates. MTLE is the prototype of a 

surgically remediable epilepsy syndrome, but other conditions 
include resectable structural lesions, diffuse disturbances in 
infants and young children limited to one hemisphere, and 
gelastic seizures with hypothalamic hamartomas. Alternative 
treatments other than epilepsy are also underutilized because 
patients with medically refractory epilepsy are too often not 
referred to epilepsy centers, or referred too late to prevent 
irreversible disability. There invariably will remain a significant 
number of patients who will not become seizure-free despite 
appropriate drug treatments and other alternative therapeutic 
interventions, and many of these will be compromised by their 
seizures. Supportive care at home or in assisted living facilities 
can help improve quality of life. Further intensive research is 
needed to elucidate basic mechanisms of epileptogenesis and 
seizure generation in order to devise more effective approaches 
to prevent the development of epilepsy, to control epileptic 
seizures, cure epilepsy after it has developed, and to avoid 
adverse consequences. Identification of reliable epilepsy 
biomarkers would greatly facilitate efforts to discover and 
validate new antiseizure and antiepileptogenic interventions, 
and permit individualized treatment regimens.
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