
EDUCATIONAL OBJECTIVE: Readers will consider referring patients who have difficult-to-control epilepsy 
to a specialist

Pharmacoresistant epilepsy: 
From pathogenesis to current 
and emerging therapies

 ■ ABSTRACT

Almost one-third of people with epilepsy continue to 
have seizures despite appropriate antiepileptic drug 
treatment, placing them at considerable risk of cognitive 
and psychosocial dysfunction and death. We recommend 
early referral to an epilepsy center when seizures are dif-
ficult to control.

 ■ KEY POINTS

When seizures have failed to respond to two or three 
appropriate antiepileptic drugs, the chance of significant 
benefit from other drugs is 10% or less.

The biologic basis of pharmacoresistance is multifactorial 
and varies from one patient to another.

Social and lifestyle factors, including alcohol misuse and 
nonadherence to prescribed antiepileptic drugs, can con-
tribute to or masquerade as pharmacoresistance.

Current options for patients with pharmacoresistant epi-
lepsy are surgery (the best option when feasible), vagus 
nerve stimulation, investigational drugs or devices, and 
aggressive combination treatment with available antiepi-
leptic drugs.
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A lthough more than 10 new antiepilep-
tic drugs have been developed in the past 

decade, epilepsy remains resistant to drug ther-
apy in about one-third of patients. Approxi-
mately 20% of patients with primary general-
ized epilepsy and up to 60% of patients who 
have focal epilepsy develop drug resistance 
during the course of their condition, which for 
many is lifelong.1

 Those who get no response or only a partial 
response to drugs continue to have incapacitating 
seizures that lead to significant neuropsychiatric 
and social impairment, lower quality of life, great-
er morbidity, and a higher risk of death.
 Managing these patients is a challenge and 
requires a structured multidisciplinary approach 
in specialized clinics. Newer research, particu-
larly in pharmacogenomics, holds promise of 
therapy that more closely suits an individual’s 
profile and type of epilepsy. 
 This article reviews recent developments 
in the pathogenesis and treatment of phar-
macoresistant epilepsy, placing these topics in 
clinical context to facilitate and enhance the 
physician’s ability to manage it.

 ■ The cosTs of resisTanT epilepsy
A US study in the early 1990s estimated that 
the annual cost of refractory epilepsy in adults 
exceeds $11,745 per person2; the cost would 
be considerably higher today. Another study 
found that costs correlate with severity of ill-
ness and that patients who have intractable 
seizures incur a cost eight times greater than in 
those whose epilepsy is controlled.3

REVIEW

doi:10.3949/ccjm.77a.09061

CREDIT
CME

SANDIPAN PATI, MD
Barrow Neurological Institute, 
Phoenix, AZ

ANDREAS V. ALEXOPOULOS, MD, MPH
Epilepsy Center, Neurological Institute, Cleveland Clinic

 on May 24, 2023. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


458 CLEVELAND CLINIC JOURNAL OF MEDICINE  VOLUME 77  • NUMBER 7  JULY 2010

PHARMACORESISTANT EPILEPSY

higher risk of death
In any given interval of time, people with 
pharmacoresistant epilepsy are about two to 
10 times more likely to die compared with 
the general population.4 The risk is inversely 
linked to seizure control.
 “Sudden unexpected death in epilepsy” is 
the most frequent type of death in patients with 
pharmacoresistant epilepsy. This category ex-
cludes deaths from trauma or drowning. The 
death can be witnessed or unwitnessed and 
with or without evidence of a seizure (but 
not documented status epilepticus). Postmor-
tem examination does not reveal a toxic or 
anatomic cause of death, and the underlying 
mechanisms remain unknown. However, the 
risk is closely associated with drug resistance 
(which manifests with uncontrolled convul-
sive seizures and need for polytherapy with 
antiepileptic drugs).5

 Case-control studies have shown that the 
risk of sudden unexpected death is closely and 
inversely associated with seizure control; the 
rate is significantly higher in patients who have 
a higher frequency of convulsive seizures.6 In 
addition, freedom from seizures, achieved after 
successful epilepsy surgery, reduces the risk of 
death from all causes.7

 Other causes of death in patients with 
epilepsy may be directly related to seizures 
(accidental trauma, drowning, burns) or to 
the underlying condition causing the seizures. 
Furthermore, people with epilepsy are at high-
er risk of suicide than the general population.

 ■ concepT of pharmacoresisTance  
as iT perTains To epilepsy

There is no uniformly accepted definition 
of pharmacoresistant epilepsy. Most studies 
defined it according to the number of anti-
epileptic drugs the patient had tried without 
success, the frequency of seizures, the duration 
of illness, and the period of remission. Its true 
definition awaits a better understanding of un-
derlying mechanisms.
 Nevertheless, a useful operational defini-
tion at present is failure to control seizures 
despite a trial of two or three drugs that are 
suitable for the type of epilepsy and have been 
appropriately prescribed at maximum toler-
ated doses. This is because the chances of con-

trolling epilepsy decline sharply after failure of the 
second or third antiepileptic drug trial. In fact, 
some clinicians would argue against trying an-
other antiepileptic drug in these patients, who 
may be candidates for surgical procedures that 
have high rates of success.8

 Common causes of treatment failure, such 
as poor compliance or inappropriate selec-
tion of first-line antiepileptic drugs, should be 
addressed early on by the treating physician. 
Nonadherence to the prescribed regimen is a 
very common cause of uncontrolled seizures, 
so it is critical to maintain a good rapport with 
the patient and to inquire about reasons for 
noncompliance.
 Factors that have been associated with 
treatment-resistant epilepsy include:
•	 Early onset of seizures
•	 Long history of poor seizure control
•	 Having more than one type of seizure
•	 Remote symptomatic etiology (eg, patients 

with a history of brain infection or head 
trauma)

•	 Certain structural abnormalities (eg, corti-
cal dysplasia)

•	 Certain abnormalities on electroencepha-
lography (EEG) 

•	 Cognitive disability
•	 History of status epilepticus.

When to consider referral
A topic of debate is how long a patient must 
have active epilepsy before he or she is consid-
ered to have pharmacoresistance and should 
be referred to a specialist center.
 Both the rate of remission and the time 
needed to achieve remission depend on mul-
tiple factors such as the type and etiology of 
the epilepsy and the definition of sustained 
intractability.
 Importantly, the prognosis for most patients 
with newly diagnosed epilepsy, whether good 
or bad, becomes apparent within a few years of 
starting treatment. Although pharmacoresis-
tant epilepsy will become refractory within 8 
years in some patients, in others a second drug 
may not fail for more than 1 or 2 decades af-
ter diagnosis. Nonetheless, a history of a lack 
of a sustained seizure-free period for 12 consecu-
tive months, in spite of two or three suitable and 
tolerated antiepileptic drugs, is a definite red flag 
for clinicians and should prompt referral to a spe-

The definition 
of pharmaco- 
resistance  
will remain  
incomplete  
without better  
understanding  
of its cellular  
and molecular  
mechanisms
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cialist center.9,10 The National Association of 
Epilepsy Centers recommends referral to a 
specialized epilepsy center if seizure control is 
not achieved by a general neurologist within a 
period of 9 months.11

 “False pharmacoresistance” (Table 1) may 
not be easily recognizable, and this possibility 
needs to be investigated in any patient pre-
senting with difficult-to-control seizures. Up 
to 30% of patients referred to clinics with a 
diagnosis of pharmacoresistant epilepsy may 
have been misdiagnosed, and many can be 
helped by optimizing their treatment.12

 ■ an approach To pharmacoresisTanT 
epilepsy for The nonspecialisT

Evaluating patients with suspected pharma-
coresistant epilepsy demands a systematic 
and holistic approach with equal emphasis on 
quality of life and psychosocial and cognitive 
factors.1,13 The clinical assessment should be 
based on the following principles (Figure 1):
 Review and confirm the diagnosis of epi-
lepsy with the help of a careful history, video-
EEG, and imaging.
 When seizures cannot be controlled with 
drugs, it is important to verify that the events 
in question are indeed epileptic. Continuous 
video-EEG monitoring may be necessary to 
capture and characterize the clinical mani-
festations and corresponding EEG changes.14 

When a typical spell is not associated with 
an EEG change, one can often make the di-
agnosis of nonepileptic events, which com-
monly are psychogenic nonepileptic seizures. 
Of note, however: scalp EEG may fail to pick 
up ictal EEG changes in focal seizures arising 
from a small or deeply situated focus: for ex-
ample, as in focal sensorimotor seizures from 
restricted perirolandic cortex.15,16

 Identify the cause, type of seizure or sei-
zures, and syndromic classification, if any.
 Review past and present medications, 
doses, efficacy, and side effects. Consider the 
possibility of drug interactions. 
 Different drugs may have different phar-
macokinetic and dose-efficacy curves. With 
most of the newer-generation antiepileptic 
compounds such as lamotrigine (Lamictal), 
levetiracetam (Keppra), pregabalin (Lyrica), 
and topiramate (Topamax), efficacy may con-
tinue to increase in some patients as the dose 
is increased without reaching toxicity. An 
important exception is phenytoin (Dilantin): 
due to its nonlinear and saturable pharmaco-
kinetics, even minor dose increases may lead 
to a large increase in phenytoin concentration 
(the drug accumulates as elimination becomes 
saturated). A high degree of individual vari-
ability exists, which is determined by factors 
that include the patient’s age, genetic and en-
zymatic profile, comorbidities, and concurrent 
medications.17 Understanding these relation-

In most patients  
with newly  
diagnosed  
epilepsy, 
the prognosis  
with regards  
to seizure 
control  
is apparent 
within a few  
years of 
starting  
treatment

TaBle 1

Causes of apparent or “false” pharmacoresistant epilepsy

misdiagnosis of epilepsy
 Example: patients with psychogenic nonepileptic seizures (misdiagnosed and inappropriately treated with 
multiple antiepileptic drugs)

 misdiagnosis of epilepsy type, leading to inappropriate drug selection
 Example: misdiagnosis of temporal lobe seizures for absence seizures, or vice versa

 inappropriate assessment of response or lack of response
 Examples: drug interactions leading to increased side effects and decreased tolerability

 inappropriate dosage
 Examples: injudicious reliance on “therapeutic serum range,” blind dosage adjustments without clini-
cal correlation, or both. Some patients do well below the lower limit of “therapeutic range”; others may 
require and tolerate higher levels without toxicity.

 inappropriate patient behavior
 Examples: poor compliance, detrimental lifestyle
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ships in individual patients facilitates dose 
selection and titration and enhances com-
pliance. Testing serum drug levels may help 
when compliance is questionable.
 Choose antiepileptic drugs primarily on 
the basis of the type of seizures and the indi-
vidual clinical scenario: Which drug is likely to 
be most efficacious with the fewest side effects, 
and which one is appropriate for the patient’s 
comorbidities and concomitant medications? 
 When changing the dosage, withdrawing 
a drug, or adding a second antiepileptic drug, 
always do it in a systematic way, one step at a 
time. Reassess the response to the change be-
fore moving to the next step.
 Discuss issues such as seizure precautions, 
lifestyle modifications, psychosocial dysfunc-
tion, and sudden unexpected death. Offer ac-
cess to epilepsy-specialist nurses and epilepsy 
support groups such as those offered by the 
Epilepsy Foundation of America, the agency 
dedicated to the welfare of individuals with 
epilepsy in the United States (http://epilepsy-
foundation.ning.com/).

 ■ paTTerns of drug resisTance

Epidemiologic studies suggest three differ-
ent patterns of drug resistance in epilepsy: 
de novo, progressive, and waxing-and-wan-
ing.

de novo drug resistance
In some patients, resistance is present 
from the time of onset of the very first sei-
zure, before any antiepileptic drug is even 
started. One landmark study showed that 
patients with newly diagnosed epilepsy for 
whom the first drug was ineffective had 
only an 11% probability of future success, 
compared with 41% to 55% in patients who 
had had to stop taking the drug because of 
intolerable side effects or idiosyncratic re-
actions.10 Most patients for whom the first 
drug fails will be resistant to most and often 
all antiepileptic drugs.18 These results sug-
gest that seizures in newly diagnosed patients 
are either easy to control or difficult to control 
right from the start.

Patients who  
have not 
attained  
seizure control  
after trying  
two or three  
appropriate  
antiepileptic 
drugs  
are unlikely  
to experience  
extended  
remission

Clinical approach to patients with pharmacoresistant epilepsy

uncontrolled 
epilepsy?                                Is the diagnosis
Lack of seizure-free period         of epilepsy correct? 
for 12 consecutive months 
in spite of two or three suitable 
antiepileptic drug trials?

refer to a tertiary 
epilepsy center

Consider  
pharmacoresistant 
epilepsy

Rule out apparent  
or “false”  
pharmacoresistance 
(see Table 1)

Video-electro- 
encephalography

Epilepsy diagnosis 
confirmed

Nonepileptic events
(psychogenic or other)

Focal epilepsy Unclassifiable epilepsy Generalized epilepsy

appropriate referral 
depending on etiology

Figure 1 
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progressive drug resistance
In some patients, epilepsy is initially con-
trolled but then gradually becomes refractory. 
This pattern may be seen, for example, in 
childhood epilepsies or in patients with hip-
pocampal sclerosis.19,20

Waxing and waning resistance
In some patients, epilepsy has a waxing-and-
waning pattern: ie, it alternates between a re-
mitting (pharmacoresponsive) and relapsing 
(pharmacoresistant) course. Patients thought 
to have drug-resistant epilepsy may become 
seizure-free when other drugs are tried. Chang-
es in drug bioavailability, local concentration 
of the drug in the brain, receptor changes, the 
development of tolerance, and interactions 
with new medications may be implicated, 
though the exact mechanism is not under-
stood.21

 ■ Biologic Basis  
of pharmacoresisTanT epilepsy

Pharmacoresistance is not unique to epilepsy: 
it is now recognized in diverse brain disorders, 
including depression and schizophrenia,22 and 
in other diseases affecting the brain, such as 
human immunodeficiency virus infection and 
many forms of cancer.23

 Multiple drug resistance is characterized by 
insensitivity to a broad spectrum of drugs that 
presumably act on different receptors and by 
different mechanisms.24

 Conceptually, the variable response to an-
tiepileptic drugs can be attributed to factors 
related to the disease, the patient, and the 
drugs, or to other unknown factors. These fac-
tors are not mutually exclusive and may be ei-
ther constitutive or acquired during the course 
of the disease.

factors related to the disease  
(independent of the host)
These factors include etiology, epilepsy pro-
gression resulting in persistent changes of the 
epileptogenic network, and alterations of drug 
targets (ie, the “target” or pharmacodynamic hy-
pothesis that reduced sensitivity to antiepilep-
tic drugs is due to seizure-related alterations of 
specific drug targets25,26) or drug uptake into 
the brain27 (the “transporter” or pharmacokinetic 

hypothesis that the drugs are ineffective due to 
intrinsic or acquired overexpression of mul-
tidrug transporter proteins that hamper local 
drug delivery to target sites).28

factors related to the drugs
Several drug-related factors have been impli-
cated, such as the development of tolerance, 
lack of antiepileptogenic (disease-modifying) 
actions to interrupt the ongoing process of 
epileptogenesis rather than only suppressing 
seizures, and paucity of drugs with specific 
mechanisms of action tailored to difficult-to-
control epilepsies.29

patient characteristics
Variability in response (efficacy and adverse 
effects) to each antiepileptic drug can be due 
to interindividual differences in any of four in-
terrelated fundamental factors: DNA, RNA, 
proteins, or metabolites. The field of study that 
aims to assess the effect of DNA variations 
(genotype) on a patient’s clinical response to a 
drug (phenotype) is known as pharmacogenet-
ics. Age-related changes in pharmacokinetic 
and pharmacodynamic variables may con-
tribute to age-dependent pharmacoresistance. 
Least studied are environmental factors that 
may play a role in the development or expres-
sion of pharmacoresistance.

 ■ nonpharmacologic TreaTmenTs

Ketogenic diet
The ketogenic diet, an important nonphar-
macologic alternative, is usually reserved for 
young patients with difficult-to-control sei-
zures. Originally developed almost a century 
ago, the diet mimics the biochemical changes 
associated with starvation. It is a strict regi-
men, high in fat and low in carbohydrate and 
protein (typically in a ratio of 4:1 or 3:1 in 
adolescents and very young children).
 Such a strict regimen is difficult to imple-
ment and maintain and requires close super-
vision by a dietician and physician. In addi-
tion to the practical complexities, concerns 
also exist about the long-term effects of the 
diet on the child’s growth and overall health. 
For these reasons, the ketogenic diet is restricted 
to a small group of young patients with pharma-
coresistant epilepsy and is not usually used long-

Patients with  
seizures that  
are difficult  
to control  
should be  
referred  
for specialist  
evaluation
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The decision 
for epilepsy  
surgery 
involves a 
comprehensive  
multidisci-
plinary  
evaluation

term. There are few data indicating when it is 
appropriate to terminate the diet in patients 
who have a favorable response, but most clini-
cians wean the patient after 2 to 3 years.
 Reports on the use of the ketogenic diet in 
adults are scarce, although benefit was seen in 
a small series.30 No long-term follow-up data 
exist for adults, especially regarding the risk of 
atherosclerosis.

Vagus nerve stimulation 
Vagus nerve stimulation is a nonpharmaco-
logic alternative for adults and for adolescents 
over age 12 years who have intractable focal 
seizures and who are not favorable surgical can-
didates.31 Its effectiveness in younger patients 
and in those who have intractable generalized 
seizures is less clear, although published un-
controlled series have reported benefit (fewer 
seizures and better quality of life).32–34

 A device consisting of a pulse generator 
is implanted subcutaneously in the precor-
dium, and a lead wire is tunneled under the 
skin and attached to the left vagus nerve. The 
generator is programmed using a telemetry 
wand held over the device, with settings for 
current intensity (typically 1–2 mA), pulse 
width (250–300 µsec), frequency (30 Hz), and 
“duty cycle” (typically 30 seconds on stimula-
tion, followed by 3 to 5 minutes off, cycling 
24 hours/day). Hence, it provides “open-loop 
stimulation,” ie, continuous stimulation that is 
not modified in response to the patient’s EEG 
seizure activity. Patients or caregivers can also 
activate the device manually (“on demand”) 
at the first sign or warning of an impending 
seizure by swiping a handheld magnet.
 Common side effects such as cough, voice 
alteration, and hoarseness are usually stimula-
tion-dependent and tend to diminish with time. 
Notably, vagus nerve stimulation has none of 
the cognitive side effects often encountered 
with increasing doses of antiepileptic drugs. As 
with other implantable stimulators, some safety 
concerns exist in patients undergoing magnetic 
resonance imaging (MRI). 
 At least one-third of patients who receive 
this treatment show a sustained response, de-
fined as a 50% or greater reduction in seizures. 
However, few achieve freedom from seizures, 
and therefore this therapy is considered pal-
liative and is reserved for patients who are not 

candidates for surgery or for whom surgery has 
failed.
 Unfortunately, it has not been possible to 
predict which patients will benefit from vagus 
nerve stimulation. The American Academy of 
Neurology recommends that this treatment be 
considered only after a thorough evaluation by 
a subspecialist to rule out nonepileptic condi-
tions, false pharmacoresistance, and surgically 
treatable types of epilepsy.31

 ■ is The paTienT a candidaTe  
for epilepsy surgery?

The rationale for surgical management of 
pharmacoresistant focal epilepsies is to elimi-
nate or significantly reduce the patient’s pro-
pensity for spontaneous seizures by removing 
the epileptogenic focus. Several factors need 
to be considered in the course of a compre-
hensive and multidisciplinary specialized 
evaluation (Figure 2) before answering the crit-
ical question of whether a patient with intrac-
table seizures may be a candidate for resective 
epilepsy surgery. The following list is reprinted 
from Alexopoulos and Najm,35 with permis-
sion from Medicinae:
•	 Is the epilepsy diagnosis correct?
•	 Is the epilepsy focal? Have the following 

possibilities been excluded: generalized 
or multifocal epilepsy, situational or pro-
voked seizures, or an epilepsy syndrome 
with spontaneous remission?

•	 Do seizures remain poorly controlled de-
spite adequate pharmacologic trials?

•	 If so, do the seizures or medication side ef-
fects significantly affect the patient’s qual-
ity of life?

•	 Can an epileptogenic lesion be seen on 
MRI, and what is the suspected etiology?

•	 Is there converging evidence for a single 
epileptogenic focus?

•	 Are there abnormalities elsewhere in the 
brain?

•	 What are the chances of a good outcome 
in terms of seizure control and improve-
ment in quality of life?

•	 What are the risks of surgery, and how do 
these compare with the risks of not having 
surgery?

•	 What are the patient’s perceptions and at-
titudes toward epilepsy surgery?
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 Surgical recommendations should be made 
after a thorough discussion of all preoperative 
data in a multidisciplinary patient manage-
ment conference (Figure 1, Figure 2), in which 
epileptologists, neurosurgeons, neuroradiolo-
gists, neuropsychologists, and psychiatrists all 
actively participate.
 Preoperative counseling is essential for the pa-
tient and his or her family, addressing the goals, 
risks, and benefits of the surgery. Treatment de-
cisions should take into account the possible 
impact of surgery on the patient’s medical and 
psychosocial circumstances (risks of ongoing 
seizures vs surgical intervention; impact on 
the patient’s independence, employment sta-

tus, emotional well-being, and psychiatric and 
other comorbidities).

 ■ epilepsy surgery:  
curaTiVe or palliaTiVe

Epilepsy surgery can be classified as curative or 
palliative, depending on the goal.

curative procedures 
Curative procedures include lobectomy, lesion-
ectomy, and multilobar or hemispheric surgery 
(hemispherectomy).
 Anterior temporal lobectomy and hippo-
campectomy are used for temporal lobe epi-

Advances in  
neuroimaging  
and intracra-
nial EEG have 
enhanced our 
ability to  
identify and 
treat patients  
with surgically  
remediable  
epilepsies

Specialized diagnostic and treatment options  
for patients with pharmacoresistant epilepsy

focal epilepsy   or  unclassifiable epilepsy generalized epilepsy

Magnetic resonance imaging (MRI) 
 epilepsy protocol 
Interictal positron emission tomography, 
 ictal single-photon emission computed  
 tomography 
Magnetoencephalography 
Neuropsychological assessment 
Functional MRI and intracarotid amobarbital 
 procedure as needed

Vagus nerve stimulation 
 with or without corpus  
 callosotomy 
Experimental therapies 
Ketogenic diet in children

potential  
surgical  
candidate

Review in patient  
management 
conference

unfavorable  
surgical  
candidate

MRI lesion concordant with  
electroencephalography (EEG) 
and other noninvasive studies

Nonlesional focal epilepsy 
 or 
Discordant neurophysiology and imaging data  
 or 
Eloquent cortex at risk

curative epilepsy surgery
Lobectomy 
Lesionectomy 
Tailored cortical resection 
Multilobar resection

invasive eeg for possible  
localization and resection

Poorly localizable or  
multifocal ictal onset;  
or onset in eloquent 
cortex

Localized ictal onset not overlapping with 
eloquent cortex

Figure 2
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lepsy and have several variations.
 “Mesial temporal lobe epilepsy associated 
with hippocampal sclerosis,” a recognizable 
syndrome with complex partial seizures, ste-
reotyped electroclinical features, and fairly 
typical natural history, is the most common of 
the focal epilepsies in adults.36 Its prognosis is 
poor when treated medically, but it responds 
well to surgery.37,38 In a landmark prospective 
trial, 58% of 40 patients randomized to sur-
gical treatment were free of disabling seizures 
after 1 year, compared with only 8% of 40 pa-
tients treated medically.39

 Lesionectomy and lobectomy are resec-
tive approaches targeting seizure foci outside 
the temporal lobe (most often in the frontal 
lobe, less commonly in the parietal or occipi-
tal lobes) or within the temporal lobe but out-
side the hippocampus (neocortical temporal 
lobe epilepsies).
 The nature of the underlying substrate 
plays a significant role in determining the 
natural history,40 surgical strategy, and progno-
sis for freedom from seizures postoperatively. 
Patients with seizures due to structural lesions 
that are visible on MRI (“lesional epilepsies,” 
eg, cavernous angiomas or circumscribed low-
grade tumors) may become seizure-free after 
limited resections targeting the lesion itself 
(lesionectomy) or extending to involve part 
of a lobe or an entire lobe (lobectomy).
 A favorable surgical outcome is much 
more likely if the lesion can be completely re-
moved.41 At times, however, the lesion cannot 
be resected in its entirety, for example if it is 
located within inaccessible or essential (elo-
quent) cortex.
 On the other hand, identifying the epi-
leptogenic focus in patients with no visible 
structural abnormality on MRI (“nonlesional 
epilepsies”) can be challenging and usually 
requires intracranial investigations. In this in-
stance, the aim of surgery is to resect regions 
that are electrographically abnormal. In gen-
eral, the postoperative outcome is less favor-
able in nonlesional focal epilepsies than in 
lesional epilepsies.42

 Multilobar resections and hemispherec-
tomy are indicated when seizures arise from 
extensive, diffuse, or multiple regions of a 
single hemisphere.
 If the neurologic function supported by the 

abnormal hemisphere is intact, a tailored mul-
tilobar resection aims at eliminating the epi-
leptogenic focus without creating new deficits.
 If, however, the underlying hemispheric 
abnormality is associated with significant con-
tralateral hemiparesis, hemiplegia, or visual 
field deficits, the need to preserve function 
does not limit surgery, and hemispherectomy 
can be considered. Hemispherectomy can be 
the procedure of choice for selected infants 
and young children with catastrophic epi-
lepsies and unilateral brain damage.43,44 The 
goal is to control seizures by completely dis-
connecting the abnormal epileptogenic hemi-
sphere from the opposite, “good” hemisphere. 
A second major goal is to improve psychoso-
cial and cognitive development by eliminat-
ing the child’s uncontrolled seizures.

palliative procedures
Palliative procedures, in contrast to curative 
ones, rarely eliminate seizures entirely. It is 
important to determine that patients are not 
candidates for a more definitive, potentially 
curative resective procedure before consider-
ing palliative surgical options such as corpus 
callosotomy, multiple subpial transections, or 
vagus nerve stimulation.
 Corpus callosotomy (transection of the 
corpus callosum) is performed in a small num-
ber of patients, ie, those who have disabling 
seizures that rapidly become generalized or 
injurious drop attacks and are not candidates 
for focal resection. By disconnecting the two 
hemispheres, this procedure aims to hinder 
the fast interhemispheric spread of seizure dis-
charges.
 Callosotomy may be complete or involve 
only a portion of the corpus callosum. The 
extent of resection has been correlated with 
favorable outcome.45

 Some investigators report a 50% or greater 
reduction in seizure frequency, with drop attacks 
and generalized tonic-clonic seizures showing 
the most consistent improvement. In addition, 
behavior and quality of life may also improve.46

 Multiple subpial transections are reserved 
for seizures arising from eloquent cortex (ie, 
from areas that cannot be removed without 
incurring unacceptable neurologic deficits). 
Therefore, the surgeon only transects the epi-
leptogenic cortex in a vertical manner, so as to 

Growing  
evidence  
supports  
the safety  
and efficacy  
of epilepsy 
surgery
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interrupt the horizontal cortical connections 
without resection. This approach is thought 
to disrupt the synchrony of seizure propaga-
tion while preserving physiologic function.
 A meta-analysis of small case series sug-
gests some decrease in seizure frequency with 
no or minimal neurologic compromise in up 
to 60% of patients.47

 ■ complicaTions of epilepsy surgery

Resective surgery is not without risk, but often 
the risk is much less than that posed by un-
controlled epilepsy in the long term. Opera-
tive mortality rates vary from almost zero for 
temporal lobe surgery to 2.5% for hemispher-
ectomy. The reported risk of permanent sur-
gical morbidity varies by type of surgery from 
1.1% for temporal lobe resection to about 5% 
for frontal lobe resection.4

 ■ noVel epilepsy Therapies

The failure of available antiepileptic drugs to 
control seizures in a substantial number of pa-
tients underscores the need to develop novel 
therapies such as electrical stimulation, local 
drug delivery, cell transplantation, and gene-
based therapies.48 Future targeted therapies 
could be coupled to seizure-forecasting sys-
tems to create “smart” implantable devices 
that predict, detect, and preemptively treat 
the seizures in a “closed-loop” fashion.

Targeted electrical stimulation
To modulate abnormal cortical hyperexcit-
ability, electrical stimulation can be applied 
to the peripheral nervous system (eg, vagus 
nerve stimulation) or central nervous system. 
Central nervous system stimulation can be 
broadly divided into two approaches:
 Direct stimulation targets presumed epi-
leptogenic brain tissue such as the neocortex 
or hippocampus.
 Indirect stimulation targets presumed 
seizure-gating networks such as in the cerebel-
lum and various deep brain nuclei in the basal 
ganglia or thalamus (deep brain stimulation), 
which are believed to play a central role in 
modulating the synchronization and propaga-
tion of seizure activity.
 Systematic, well-designed studies are cur-

rently under way. The budding field of elec-
trical stimulation faces a number of chal-
lenges, which include optimizing stimulation 
variables and target sites, selecting favorable 
candidates, validating long-term safety and ef-
ficacy, evaluating long-term effects on tissue 
reorganization, plasticity, and epileptogenic-
ity, and developing reliable algorithms for sei-
zure detection and prediction.

local drug delivery
Direct delivery of drugs into the epileptogenic 
brain tissue holds promise, particularly for 
patients whose foci cannot be surgically re-
moved. By bypassing the systemic circulation, 
this approach has the potential to avoid sys-
temic and even whole-brain side effects.
 However, only a few proof-of-principle ex-
periments have been conducted in animals, 
and to date no clinical study has explored the 
utility of intraparenchymal or intraventricular 
antiepileptic drug delivery in humans.

cell and gene therapies
The emerging field of experimental cell- and 
gene-based neuropharmacology holds promise 
for location-specific therapeutic strategies. In 
ex vivo gene therapy, bioengineered cells ca-
pable of delivering anticonvulsant compounds 
might be transplanted into specific areas of 
the brain. On the other hand, in vivo gene 
therapy would involve delivering genes by vi-
ral vectors to induce the localized production 
of antiepileptic compounds in situ.
 Endogenous anticonvulsants such as gam-
ma-aminobutyric acid (GABA) and adeno-
sine have been tried in various animal experi-
ments.49 Before they can be applied clinically, 
significant questions need to be addressed, 
including the potential for toxicity or mal-
adaptive plasticity and long-term therapeutic 
safety and efficacy.
 Cell transplantation is aimed at restoring 
the physiologic balance of neurotransmit-
ters, and is currently being investigated for 
the treatment of several neurologic disorders 
such as Parkinson disease and Huntington 
disease.50 Unlike delivery of exogenous com-
pounds, cell transplantation (heterologous fe-
tal cell grafts or embryonic or adult stem cells) 
has the potential to form restorative synaptic 
connections and assimilate within existing 
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cells and networks in the host tissue. An es-
sential limitation to xenotransplantation in 
humans is the risk of immunologic rejection.

The future
We hope that continued progress in genomics 
will lead to targeted development of disease-

modifying drugs that can impede or reverse the 
process of epileptogenesis. Advances in infor-
matics and genetics may be harnessed to predict 
which patients are likely to develop pharmaco-
resistance, to cure certain genetic epilepsies, 
and to individualize antiepileptic drug selection 
on the basis of each person’s genetic profile. ■
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