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Special Article

CME Efficacy and tolerability of the new
antiepileptic drugs II: Treatment of

refractory epilepsy
Report of the Therapeutics and Technology Assessment

Subcommittee and Quality Standards Subcommittee of the
American Academy of Neurology and the American

Epilepsy Society
J.A. French, MD*; A.M. Kanner, MD†; J. Bautista, MD; B. Abou-Khalil, MD; T. Browne, MD;
C.L. Harden, MD; W.H. Theodore, MD; C. Bazil, MD, PhD; J. Stern, MD; S.C. Schachter, MD;

D. Bergen, MD; D. Hirtz, MD; G.D. Montouris, MD; M. Nespeca, MD; B. Gidal, PharmD;
W.J. Marks, Jr., MD; W.R. Turk, MD; J.H. Fischer, MD; B. Bourgeois, MD; A. Wilner, MD;

R.E. Faught, Jr., MD; R.C. Sachdeo, MD; A. Beydoun, MD; and T.A. Glauser, MD

Abstract—Objective: To assess the evidence demonstrating efficacy, tolerability, and safety of seven new antiepileptic drugs
(AEDs) (gabapentin, lamotrigine, topiramate, tiagabine, oxcarbazepine, levetiracetam, and zonisamide) in the treatment of
children and adults with refractory partial and generalized epilepsies. Methods: A 23-member committee including general
neurologists, pediatric neurologists, epileptologists, and doctors in pharmacy evaluated the available evidence based on a
structured literature review including MEDLINE, Current Contents, and Cochrane library for relevant articles from 1987 until
March 2003. Results: All of the new AEDs were found to be appropriate for adjunctive treatment of refractory partial seizures
in adults. Gabapentin can be effective for the treatment of mixed seizure disorders, and gabapentin, lamotrigine, oxcarbaz-
epine, and topiramate for the treatment of refractory partial seizures in children. Limited evidence suggests that lamotrigine
and topiramate are also effective for adjunctive treatment of idiopathic generalized epilepsy in adults and children, as well as
treatment of the Lennox Gastaut syndrome. Conclusions: The choice of AED depends upon seizure and/or syndrome type,
patient age, concomitant medications, AED tolerability, safety, and efficacy. The results of this evidence-based assessment
provide guidelines for the prescription of AEDs for patients with refractory epilepsy and identify those seizure types and
syndromes where more evidence is necessary.
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Mission statement. The Quality Standards and
the Therapeutics and Technology Assessment Sub-
committees of the American Academy of Neurology
are charged with developing practice parameters for
neurologists for diagnostic procedures, treatment
modalities, and clinical disorders. The selection of
topics for which practice parameters are used is
based on prevalence, frequency of use, economic im-
pact, membership involvement, controversy, ur-
gency, external constraints, and resources required.
This practice parameter summarizes the results of
the evidence-based assessment regarding the effi-
cacy, tolerability, and safety of seven new antiepilep-
tic drugs in the management of refractory epilepsy.
They are gabapentin (Neurontin), lamotrigine (Lam-
ictal), topiramate (Topamax), tiagabine (Gabitril),
oxcarbazepine (Trileptal), levetiracetam (Keppra),
and zonisamide (Zonegran). These antiepileptic
drugs were approved by the Food and Drug Adminis-
tration in the last 10 years. We recognize that these
drugs are not antiepileptic but antiseizure drugs.
However, we chose to use the term antiepileptic
drugs, given its widespread use among all clinicians.

Background and justification. Almost 2 million
people in the United States have epilepsy; in devel-
oped countries the age-adjusted incidence ranges
from 24 to 53 per 100,000 individuals.1,2 Between 70
and 80% of individuals are successfully treated with
one of the more than 20 antiepileptic drugs (AED)
now available with success rates primarily depend-
ing on the etiology of the seizure disorder. However,
20 to 30% of patients have either intractable or un-
controlled seizures or have significant adverse side
effects secondary to medication. In the last 10 years,
felbamate and the seven AEDs cited above were ap-
proved by the Food and Drug Administration (FDA).
The purpose of this assessment is to provide clini-
cians with evidence-based data on the efficacy,
safety, and mode of use of these seven new AEDs,
which can facilitate their choice of the appropriate
drug in the management of children and adults with
refractory partial seizure disorders, primary general-
ized epilepsy, and the Lennox-Gastaut syndrome.

The working group has elected to address seven of
the eight new AEDs approved after 1990, as felbam-
ate was addressed in a previous parameter.3 There
were several reasons for this decision. First, we felt
that the newer AEDs, less familiar to the practicing
physician, were the cause of the most practice vari-
ance and confusion. Secondly, the evidence available on
the use of the older AEDs is vast, and the majority
consists of case reports, case series, and other class IV
evidence. The new generation of AED was developed in
the era of randomized clinical trials, and development
was guided by more rigorous FDA requirements. We
felt that these data would more likely lead to support-
able evidence-based recommendations.

This parameter reviews the available evidence on
efficacy, tolerability, and safety profiles of the new
AEDs in refractory epilepsy. We review the AEDs in

the chronological order in which they were approved
by the FDA. Unfortunately, there is no class I evidence
comparing the new AEDs to the old, or the new AEDs
to each other in patients with refractory epilepsy.
Therefore, selection of the appropriate drug for a given
individual must be based on understanding of each
drug’s pharmacology, side effect profile, and risks.

There is no unifying definition of refractory epi-
lepsy. Often, patients are referred to as refractory or
treatment resistant when they have failed three or
more AEDs. Studies of AEDs are performed in more
limited populations, usually for issues related to clin-
ical trial conduct. Each section will include a brief
description of the parameters of specific study
populations.

This parameter is the second in a two-part assess-
ment of the new AEDs. Part I addresses the use of
new AEDs in newly diagnosed epilepsy patients. Re-
ferral should be made to that article for background
information on the older AEDs.

Description of the analytical process. A litera-
ture search was performed including MEDLINE and
Current Contents for relevant articles from 1987 un-
til September 2001. A second hand search was per-
formed by panel members, covering September 2001
to May 2002. A hand search for class I articles was
updated to March 2003. In addition, the Cochrane
library of randomized controlled trials in epilepsy
was searched in September 2002, and any appropri-
ate articles identified were added to the review.

Criteria for selection of articles. The literature
search identified all articles that included the terms
epilepsy and one of the following: gabapentin, lam-
otrigine, levetiracetam, oxcarbazepine, tiagabine,
topiramate, and zonisamide: 1) relevant to the clini-
cal questions of efficacy, safety, tolerability, mode of
use; 2) human subjects only; 3) type of studies: ran-
domized controlled trials, cohort, case control, obser-
vational, case series; 4) all languages for randomized
controlled trials not available in English.

Exclusion criteria. Reviews and meta-analyses,
articles related to non-epilepsy uses of AEDs unless
they describe relevant idiosyncratic reactions or
safety concerns, and articles on basic AED mecha-
nisms were excluded.

A total of 1,462 articles were identified: 240 on
gabapentin, 433 on lamotrigine, 244 on topiramate,
17 on levetiracetam, 212 on oxcarbazepine, 177 on
tiagabine, and 146 on zonisamide. Among these, data
were extracted for classification of evidence class
from 353 articles: 91 on gabapentin, 63 on lam-
otrigine, 65 on topiramate, 46 on tiagabine, 45 on
oxcarbazepine, 33 on zonisamide, and 11 on leveti-
racetam. Articles were then broken down into those
relevant to refractory epilepsy and those relevant to
newly diagnosed epilepsy, which are presented in a
separate parameter.

We assessed efficacy and dose-related side effects
from double-blind controlled studies with 20 or more
patients. Safety data were also derived from open
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trials and case reports. All relevant articles were
included, for a total of 82.

Data of each AED were reviewed by three panel
members (a different group for each drug). The pan-
elists classified each article as class I through IV
(table 1). Disagreements on article classification
were resolved by discussion and consensus.

Panel selection. The panel was comprised of a
group of general neurologists, pediatric neurologists,
epileptologists, and doctors in pharmacy (PharmD)
with experience in pharmacokinetic properties of
AEDs. Members did not review a given AED if they
had served as advisors for the pharmaceutical com-
pany that manufactured the drug and/or if they had
been awarded a research grant from that company
(participation in multicenter studies was not a rea-
son for exclusion) or if they had financial interests in
that company (stock ownership or employee).

Partial epilepsy. Partial epilepsy is defined as an
acquired, localization-related (focal) epilepsy, charac-
terized by simple partial, complex partial, and sec-
ondary generalized tonic-clonic convulsions (GTCC).
It can begin in childhood or adulthood.

Adults. Question 1: What is the evidence that the
new AEDs are effective in refractory partial epilepsy
as adjunctive therapy? In the development of new
AEDs, antiepileptic efficacy is initially established in
patients with refractory epilepsy, that is, patients
whose seizures have persisted after multiple “effec-
tive” pharmacologic trials. Although inclusion crite-
ria for these studies usually only require that the
patient has failed three or more AEDs, and is experi-
encing three to four seizures/month, the average

number of failed AEDs is often eight or more, and
the median baseline seizure frequency is typically 8
to 10/month. Accordingly, in these patients, efficacy
is established by a “significantly” greater reduction
in seizure frequency compared to a placebo as repre-
sented either by the percentage of patients with
�50% seizure reduction (also known as responder
rate) or median reduction of each type of seizure.
Some studies may report the percent of patients who
became seizure-free during the trial. This figure,
however, does not represent the likelihood of pa-
tients remaining seizure-free over a long-term
period.

Gabapentin. There were four studies with class I
evidence that evaluated the efficacy of gabapentin in
patients with intractable partial seizures.4-7 Doses
tested ranged from 600 mg/day to 1,800 mg/day. In
three of these studies,2-4 a responder rate was re-
ported and ranged between 8.4% and 26.4%, with the
highest dose (1,800 mg/day) yielding higher re-
sponder rates. Only the fourth study reported a 56%
median reduction in seizure frequency (compared to
placebo) at a gabapentin dose of 1,200 mg/day.7

Gabapentin’s discontinuation rate because of ad-
verse events ranged between 3 and 11.5% in these
studies. The most frequent adverse events included
somnolence, dizziness, and fatigue. In a study with
class I evidence, initiation at 900 mg/day in 1 day
was more likely to cause adverse events (dizziness)
than a 3-day titration.8 Less frequent side effects
included a higher occurrence of weight gain relative
to placebo.5 This adverse event was reported as well
in open trials. Review of adverse events in open tri-
als and case reports revealed involuntary move-

Table 1 Definitions for classification of evidence

Rating of recommendation
Translation of evidence

to recommendations Rating of therapeutic article

A � Established as effective,
ineffective, or harmful for the
given condition in the specified
population

Level A rating requires
at least one convincing
class I study or at least
two consistent,
convincing class II
studies

Class I: Prospective, randomized, controlled clinical trial with
masked outcome assessment, in a representative population.
The following are required:
a) primary outcome(s) is/are clearly defined
b) exclusion/inclusion criteria are clearly defined
c) adequate accounting for drop-outs and cross-overs with

numbers sufficiently low to have minimal potential for bias
d) relevant baseline characteristics are presented and

substantially equivalent among treatment groups or there
is appropriate statistical adjustment for differences

B � Probably effective, ineffective,
or harmful for the given
condition in the specified
population

Level B rating requires
at least one convincing
class II study or at
least three consistent
class III studies

Class II: Prospective matched group cohort study in a
representative population with masked outcome assessment
that meets a–d above OR a RCT in a representative
population that lacks one criterion a–d.

C � Possibly effective, ineffective,
or harmful for the given
condition in the specified
population

Level C rating requires
at least two convincing
and consistent class III
studies

Class III: All other controlled trials (including well-defined
natural history controls or patients serving as own controls) in
a representative population, where outcome assessment is
independent of patient treatment

U � Data inadequate or conflicting;
given current knowledge,
treatment is unproven

Class IV: Evidence from uncontrolled studies, case series, case
reports, or expert opinion

RCT � randomized controlled trial.
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ments presenting as myoclonus,9 choreoathetosis,10-12

and incontinence of bowel and bladder.13

No significant changes in serum levels of concom-
itant AEDs were identified in these studies, demon-
strating the lack of interaction between gabapentin
and other AEDs. Blood levels of gabapentin were
measured, but no therapeutic range was identified.

Lamotrigine. Three studies with class I evidence
were identified.14-16 In two of these studies, lam-
otrigine or placebo were added to a drug regimen
with only enzyme-inducing AED.14,15 In the third
study, patients on an enzyme-inducing AED and val-
proic acid were also included, although the maximal
dose for patients on valproic acid was titrated to 50%
of the dose taken by patients on enzyme inducing
AEDs only.16 One study14 compared placebo to two
doses of lamotrigine: 300 mg/day and 500 mg/day;
the responder rate was 18%, 20%, and 34%, respec-
tively, and the median seizure reduction was 8%,
20%, and 36%, respectively. The discontinuation rate
because of adverse events was 1.4% for patients on
placebo and 4.2% and 14% for patients on 300 mg
and 500 mg/day, respectively.

The other two studies compared placebo to 300
mg/day (or 150 mg/day if also on valproic acid)16 and
400 mg/day.15 The 50% responder rate ranged be-
tween 20 and 22% (versus 0% in the placebo arms).
In one of these studies,15 the discontinuation rate
due to adverse events was 1% for patients on placebo
and 5% for those on lamotrigine. No patient was
discontinued from the other study.16 The five most
frequent adverse events in these three studies in-
cluded ataxia, dizziness, diplopia, somnolence, and
headache. In one study12 the adverse events were
more prevalent among patients on carbamazepine.
The incidence of rash ranged between 6% and 10%
among patients on placebo and 10% and 17% for
patients on lamotrigine. Patients randomized to lam-
otrigine were started at a higher dose (100 mg/day)
than the 50 mg/day recommended today for enzyme-
induced patients. Additional adverse events reported
in these three studies and in other open add-on trials
included vomiting and tremor.

Topiramate. There were eight articles with class
I evidence that assessed the efficacy of topiramate
for refractory partial seizures as add-on therapy.17-24

The target doses in these studies ranged between
200 mg/day and 800 mg/day. The 50% responder rate
ranged from 27% at doses of 200 mg/day to 50.6% at
mean doses of 450 mg/day. Two studies compared
the efficacy of three different doses of topiramate.
One study19 that compared placebo to 200, 400, and
600 mg/day showed a significant difference between
the responder rate at 200 mg/day (27%) and 400
mg/day (49%), but the latter failed to differ with the
responder rate at 600 mg/day (48%). The second
study20 confirmed this observation, as the responder
rate at doses of 600, 800, and 1,000 mg/day failed to
differ significantly, and these were similar to those
reported at 400 mg/day in the previously cited study.

In a separate study comparing the efficacy of 600

mg/day to placebo,22 the 50% responder rate of pa-
tients on topiramate was 47.8% (versus 13% for pla-
cebo). In general, doses of 400 mg/day and higher did
not appear to yield significant differences in 50%
responder rate in these studies. A study with class I
evidence25 demonstrated that there were fewer dose-
related side effects with a slower titration (initiation
at 50 mg and 50 mg increments) than at higher
titration rates (100 mg initiation, and 100 mg/week).
Discontinuation from these studies related to ad-
verse event occurrence ranged from 8% to 26% in the
topiramate arm versus 0 to 7% in the placebo arm.
In one of the two studies that compared efficacy and
tolerance at three different doses of topiramate (200
mg/day, 400 mg/day, and 600 mg/day), a discontinu-
ation rate of 4% was reported at a dose of 200 mg/
day, 9% at 400 mg/day, and 13% at 600 mg/day.19 In
the second study that compared placebo, 600, 800,
and 1,000 mg/day, discontinuation rates were higher
than in the previous study: 21% at 600 mg/day,
10.5% at 800 mg/day, and 17% at 1,000 mg/day.

The more common adverse events reported in
these studies included somnolence, fatigue, nausea,
anorexia and weight loss, paresthesias, psychomotor
slowing and confusion, dizziness, and headache.
Other adverse events reported in these and other
open add-on trials and case reports of patients with
refractory partial seizure disorders included renal
calculi, emotional liability, nervousness, anxiety, be-
havioral disturbances, and word finding difficulty.

Tiagabine. There were two studies with class I
evidence26,27 and one study with class II evidence28

that evaluated the efficacy of tiagabine as add-on
therapy in the management of intractable partial
seizure disorders. The doses tested in these studies
ranged from 16 to 56 mg/day. The 50% responder
rates ranged from 20% to 36% and the median sei-
zure reduction ranged from 12% to 36%; the higher
responder rates were obtained among patients
treated with higher doses. While the half-life of
tiagabine ranges from 4 to 8 hours, one study26

showed no difference in responder rates between pa-
tients taking their dose on a BID and QID regimen.
In these three studies, the discontinuation rate re-
lated to adverse events ranged between 8% and 20%
among patients on active drug and 8 and 9% among
patients taking placebo. The five most frequent ad-
verse events identified in these three studies in-
cluded dizziness, tremor, abnormal thinking,
nervousness, and abdominal pain. Additional ad-
verse events identified in these and other open trials
included tremor, nonconvulsive status epilepticus
(absence stupor), emotional lability, vomiting, tired-
ness, headache, and psychosis. One study with class
II evidence29 showed with neuropsychometric tests
that add-on tiagabine regimens were not associated
with changes in cognitive functions.

Oxcarbazepine. To date there has been one large
study with class I evidence that evaluated the effi-
cacy of oxcarbazepine in adults with refractory par-
tial epilepsy as add-on therapy.30 In this study, the
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efficacy of three doses of oxcarbazepine (600 mg/day,
1,200 mg/day, and 2,400 mg/day) were compared
among themselves and to a placebo arm in 694 pa-
tients aged 15 to 65. The 50% responder rate was
12.7% for the placebo group versus 26.8% for pa-
tients on 600 mg/day, 41.2% for patients on 1,200
mg/day, and 50% for those on 2,400 mg/day. The
median reduction in seizure frequency was 6.8%,
22%, 40%, and 50%, respectively. The discontinua-
tion rate was 3% among patients on placebo, 12%
among patients on 1,200 mg, 36% among patients on
1,200 mg/day, and 67% among those on 2,400 mg/
day. The most frequent adverse events included som-
nolence, dizziness, headache, ataxia, nausea, and
vomiting. Other adverse events identified in this and
other open trials included diplopia, blurred vision,
vertigo, tremor, and hyponatremia.

Zonisamide. Two studies with class I evidence
have been published to date: one study compared the
efficacy of a 20 mg/kg dose (or a maximal blood level
of 40 mg/L) to placebo,31 and the second study com-
pared efficacies of three different doses of zonisamide
(100 mg/day, 200 mg/day, and 400 mg/day) to place-
bo.32 In the first study, zonisamide’s 50% responder
rate was 30% and the placebo’s was 9.4%. In the
second study, zonisamide’s 50% responder rate at
both 100 mg/day and 200 mg/day was 25% (versus
9.8 and 11.3% for placebo) and at 400 mg/day the
responder rate was 43% (versus 9% for placebo). The
discontinuation rates of placebo and zonisamide
were 10% each. The zonisamide serum concentra-
tions of responders (�50% reduction) and nonre-
sponders (�50% reduction) did not differ. The five
most common adverse events were fatigue, dizziness,
somnolence, anorexia, and abnormal thinking. Other
adverse events identified in these and other open
trials included renal calculi, rhinitis, rash, paranoia,
and depression.

Levetiracetam. There have been three studies
with class I evidence that have evaluated the efficacy
of add-on levetiracetam in refractory partial
epilepsy.33-35 One of these also evaluated the impact
of add-on levetiracetam on the quality of life of pa-
tients.36 The doses tested in these studies ranged
between 1,000 and 3,000 mg/day. Doses of 1,000 mg/
day yielded a responder rate ranging from 22 to 33%,
the 2,000 mg/day dose yielded responder rates of 31
and 34%, and the 3,000 mg/day dose, rates of 39.8%,
compared to a range of 10 to 17% in placebo groups
from different studies. Seizure free rates were also
reported, appeared to be dose-related, and reached a
maximum of 8% at the highest dose of 3,000 mg.
Discontinuation rates related to adverse events
ranged between 7 and 13% among patients on active
drug and 5 to 8% on placebo. There was no relation-
ship between discontinuation rate and dose. In one
study where patients were initiated on 2,000 mg or
4,000 mg without a titration, there was a signifi-
cantly higher rate of somnolence and asthenia at
4,000 mg, but the discontinuation rate due to ad-
verse events was not higher.37 The five most frequent

adverse events included dizziness, somnolence, as-
thenia, headache, and infection. Other adverse
events in these and other open trials have included
behavioral problems, depression, and psychosis.

Conclusion. All of the drugs have demonstrated
efficacy as add-on therapy in patients with refractory
partial epilepsy. Even though the methodology was
similar for all studies, it is not possible to determine
relative efficacy from comparison of outcomes, be-
cause populations differed (as evidenced by differing
placebo responder rates), and some drugs were not
used in maximum doses, whereas others appear to
have been administered above ideal dose, as evi-
denced by high dropout and side effect rates. For
essentially all drugs, efficacy as well as side effects
increased with increasing doses. In all cases where
two different titration rates were compared, the
slower titration was better tolerated. Therefore, it
would seem advisable to start low and go slow, using
increasing doses until side effects occur (in other
words, push to maximum tolerated dose).

Summary of evidence: Partial seizures in adults.
Gabapentin (600 to 1,800 mg), lamotrigine (300 mg
to 500 mg in enzyme-induced patients, and 150 mg/
day in patients receiving enzyme inducers and val-
proic acid), levetiracetam (1,000 to 3,000 mg),
oxcarbazepine (600 to 2,400 mg), tiagabine (16 to 56
mg), topiramate (300 to 1,000 mg), and zonisamide
(100 to 400 mg) are effective in reducing seizure
frequency as adjunctive therapy in patients with re-
fractory partial seizures.

Gabapentin, lamotrigine, tiagabine, topiramate,
oxcarbazepine, and zonisamide are more effective at
higher doses. The evidence for a dose response for
levetiracetam is less clear, but more patients were
seizure free at 3,000 mg than 1,000 mg. Side effects
and dropouts due to side effects also increase in a
dose-dependent manner for all these drugs.

Oxcarbazepine, when administered at the titra-
tion rate used in the add-on trial (which is the rate
recommended in the package insert), has a particu-
larly marked dose-related toxicity. At the highest
dose used, 67% of patients dropped out, most in the
first few weeks of therapy.

Slower initiation/titration reduces side effects for
gabapentin and topiramate. This may be true for the
other AED as well, but no class I or II evidence is
available to support this.

Recommendation. It is appropriate to use gabap-
entin, lamotrigine, tiagabine, topiramate, oxcarbaz-
epine, levetiracetam, and zonisamide as add-on
therapy in patients with refractory epilepsy (Level A)
(table 2).*

Question 2: What is the evidence that the new
AEDs are effective as monotherapy in patients with
refractory partial epilepsy? Several trial designs
have been devised to demonstrate effectiveness of a

* NB: In a previous parameter, felbamate was recommended for “intracta-
ble partial seizures in patients over 18 years old who had failed standard
AEDs.”
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new drug as monotherapy in refractory epilepsy,
without subjecting patients to undue risk. Because
placebo cannot be used, some of these designs use
what has been called a pseudoplacebo arm. Patients
in this arm receive some treatment to prevent cata-
strophic seizures or severe worsening, but not
enough to prevent the complex partial seizures that
are being evaluated in the study. Typically, either a
low dose of sodium valproate or a very low dose of
the study drug is used for this purpose. The trial
ends after subjects have experienced a prespecified
number or type of seizures (“failures”) or have com-
pleted the trial without that exit criterion having
occurred (“completers”). Analysis is based on how
many completers there are in the placebo/pseudopla-
cebo group compared with the treatment group.
These trials can be performed on inpatients undergo-
ing presurgical evaluation or outpatients. Presurgi-
cal studies are very short (8 to 10 days in duration).
Outpatient studies last up to 6 months, but there are
questions regarding applicability of results from
these trials to clinical practice. These trials serve
primarily a regulatory function; the FDA requires
that there be a demonstration of superiority over a
control arm. Because the majority of patients (typi-
cally over 80%) exit the pseudoplacebo arm due to
worsening, a drug can be determined to be effective
even if over half of patients worsen during conver-
sion to monotherapy. For the purpose of this param-
eter, we downgraded studies in which more than half
the patients could not complete the trial, either due
to seizure worsening or side effects, in an intent to
treat analysis.

Because these studies used fixed predetermined
dosages, it is impossible to determine the optimal
dose for effective seizure control.

The population for these studies is similar in sei-
zure frequency and number of drugs failed to the
refractory population used in add-on studies.

Gabapentin. There were two studies with class I
evidence that evaluated the efficacy of gabapentin
monotherapy for intractable partial seizure disor-

ders.38,39 One study38 compared 300 to 3,600 mg/day.
The study included intractable inpatients undergo-
ing video-EEG monitoring who were off other AED.
Time to exit in the course of an 8-day period was the
outcome variable. The median time to exit was
longer (151 versus 85 hours) for the higher gabapen-
tin dose (p � 0.0001). The percentage of completers
was also higher in the 3,600 mg group (p � 0.002).

In the second study,39 275 outpatients were ran-
domized to one of three gabapentin monotherapy
regimens at doses of 600, 1,200, and 2,400 mg/day,
as part of a conversion from polytherapy to mono-
therapy gabapentin. Only 20% of patients completed
the study. There was no difference in time to exit
among the three dosage groups. Only 3% of patients
were discontinued because of adverse events. The
adverse events identified in the two monotherapy
trials were similar to those identified in add-on
trials.

Lamotrigine. One study with class I evidence
has been published to date40 comparing lamotrigine
to low dose valproic acid. Patients on phenytoin or
immediate release formulation of carbamazepine
monotherapy were randomly switched to either lam-
otrigine (500 mg/day dose) or valproic acid (1,000
mg/day) monotherapy. The outcome variables con-
sisted of the proportion of patients in each treatment
group meeting exit criteria any time during concom-
itant AED withdrawal or the 3-month monotherapy
maintenance. Exit criteria included a doubling of
baseline seizure frequency, doubling of the highest
2-day consecutive seizure rate, emergence of a new
more severe seizure type, or prolongation of the du-
ration of generalized tonic-clonic seizures. Fifty-six
percent of evaluable patients on lamotrigine com-
pleted the study versus 20% of patients on valproic
acid, but in an intent-to-treat analysis, only 37% of
the lamotrigine cohort completed the trial. The time
to escape was significantly longer for patients on
lamotrigine (median � 168 days) than valproic acid
(median � 57 days). The discontinuation rate due to
adverse events was 5% for patients on valproic acid

Table 2 Summary of AAN evidence-based guidelines level A or B recommendation for use*

Drug
Partial

adjunctive adult
Partial

monotherapy Primary generalized
Symptomatic
generalized

Pediatric
partial

Gabapentin Yes No No No Yes

Lamotrigine Yes Yes No Yes Yes

Topiramate Yes Yes† Yes (only generalized
tonic-clonic)

Yes Yes

Tiagabine Yes No No No No

Oxcarbazepine Yes Yes No No Yes

Levetiracetam Yes No No No No

Zonisamide Yes No No No No

* NB: In a previous parameter, felbamate was recommended for intractable partial seizures in patients over age 18 and patients over 4
with the Lennox-Gastaut syndrome. Felbamate is associated with significant and specific risks, and risk-benefit ratio must be
considered.3

† Not Food and Drug Administration approved for this indication.
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and 11% for patients on lamotrigine. Rash was re-
ported by 8% of patients on valproic acid and 11% of
patients on lamotrigine, although one of these pa-
tients had a Stevens Johnson syndrome. Of note, the
titration rate was higher than the current recom-
mendation. The five most frequent adverse events
included dizziness, nausea, vomiting, dyspepsia, and
abnormal coordination.

This study established efficacy of lamotrigine in a
monotherapy regimen, but its findings may not help
guide the clinician on the steps to take when con-
verting patients from polytherapy to monotherapy.
Also, because only patients on enzyme-inducing AED
regimens were enrolled, no evidence-based data are
available on conversion from valproic acid or regi-
mens including non-enzyme-inducing AEDs.

Topiramate. There was one single-center study
with class I evidence41 that evaluated the efficacy of
topiramate monotherapy for refractory partial sei-
zures at two doses, 100 mg/day and 1,000 mg/day in
48 patients. Patients were required to convert to
topiramate monotherapy at 100 mg. This was fol-
lowed by randomization to high dose (1,000 mg/day)
versus low dose (100 mg/day). The 50% responder
rate was 13% in the 100 mg/day group, and 46% in
the 1,000 mg group. Thirteen percent of the patients
randomized to 1,000 mg of topiramate had 100% sei-
zure reduction versus 0% of the 100 mg group. Fur-
thermore, 62% of patients on 1,000 mg/day
completed the study compared to only 25% of those
on 100 mg/day. Time to exit was longer for the pa-
tients taking 1,000 mg/day (p � 0.002). An 8.3%
discontinuation rate due to adverse events was re-
corded for patients on 1,000 mg/day and none for
patients on 100 mg/day. The adverse events on
monotherapy were similar but less frequent than
those reported in add-on trials.

Oxcarbazepine. There were three studies with
class I evidence42-44 that evaluated the efficacy of ox-
carbazepine monotherapy in patients with refractory
partial epilepsy. In one study,42 oxcarbazepine was
compared to placebo in patients who had their AED
withdrawn for presurgical evaluation. Eighty-four
percent of the placebo patients exited the study ver-
sus 47% of those on oxcarbazepine during the 10-day
trial. This trial is too short to demonstrate sustained
efficacy in monotherapy. In the second study,43 two
doses of oxcarbazepine, 300 mg/day and 2,400 mg/
day, were compared. Among the patients on the
lower dose, 93.3% of patients exited the 126-day
study compared to 41.2% on the higher dose. Twelve
percent of the patients in the oxcarbazepine 2,400
mg/day group were seizure-free compared with none
in the 300 mg/day group. In the third study,44 the
same two doses of oxcarbazepine, 300 mg/day and
2,400 mg/day, were compared. Patients on the lower
dose had a median time to exit of 28 days, while
those on the higher dose had a 68 days time to exit.
The five most common adverse events were dizzi-
ness, sedation, nausea, diplopia, and fatigue. In the

presurgical study,42 21.6% of patients developed hy-
ponatremia versus 2% on placebo.

Levetiracetam. One study35 evaluated the effi-
cacy of levetiracetam monotherapy in patients with
refractory partial seizure disorders. Although parts
of the study were class I, the evidence for mono-
therapy efficacy is not readily interpretable. This
study included patients who were “treatment re-
sponders” to either levetiracetam or placebo from an
earlier phase of the study. Responders continued to
receive levetiracetam 1,500 mg or placebo in a
blinded fashion twice daily for 12 weeks, or until
they exited due to prespecified criteria based on
worsening. Significantly more levetiracetam than
placebo patients completed the monotherapy phase,
42.1% versus 16.7% (p � 0.001). However, only 49
patients were treated with sustained monotherapy
in the study. Due to the unusual trial design, this
study, although intriguing, is not sufficient to prove
effectiveness in monotherapy. The side effects in this
trial did not differ from those observed in the add-on
studies.

Conclusion. The studies performed to demon-
strate effectiveness of new AEDs in monotherapy in
refractory partial seizure patients are difficult to in-
terpret, because they are driven by FDA require-
ments to show superiority over placebo or
pseudoplacebo rather than by clinical questions. Dos-
ages used in the trials are often higher than those
that might be used in practice, because the goal is to
retain as many patients as possible and achieve a
significant result. Most importantly, the goal of these
studies is not to determine whether patients improve
after they are converted to monotherapy. Rather, the
goal is to determine whether they deteriorate less
than the comparison group.

Summary of evidence: Monotherapy for refractory
partial epilepsy. Lamotrigine: 500 mg/day is supe-
rior to 1,000 mg/day of valproate (acting as a pseudo-
placebo), and is therefore effective in monotherapy
for refractory partial epilepsy.

Oxcarbazepine: 2,400 mg/day is superior to 300
mg/day, and is therefore effective in monotherapy for
refractory partial epilepsy.

Topiramate 1,000 mg/day is superior to 100 mg/
day, and is therefore effective in monotherapy for
refractory partial epilepsy.

There is insufficient evidence at present to deter-
mine the efficacy of levetiracetam, tiagabine, or zoni-
samide in this population.

In one trial, gabapentin 1,200 mg and 2,400 mg
were not more effective than a pseudoplacebo dose of
600 mg in this population. However, the data from
this study are not sufficient to generate a recommen-
dation for the use of gabapentin in monotherapy for
refractory partial epilepsy in these patients.

Recommendations. 1. Oxcarbazepine and topira-
mate can be used as monotherapy in patients with
refractory partial epilepsy (Level A).

2. Lamotrigine can be used as monotherapy in
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patients with refractory partial epilepsy (Level B,
downgraded due to dropouts).

3. There is insufficient evidence to recommend use
of gabapentin, levetiracetam, tiagabine, or zoni-
samide in monotherapy for refractory partial epi-
lepsy (Level U) (table 2).

Generalized epilepsy. Generalized epilepsy syn-
dromes are categorized as idiopathic or symptomatic.
Idiopathic epilepsy, also called 1° generalized epi-
lepsy, occurs on a presumed genetic basis, in the
setting of normal brain structural architecture. Sei-
zure types are limited to myoclonic seizures, general-
ized tonic-clonic convulsions, and absence (petit
mal). Specific syndromes have been identified, based
on presenting age and seizure type. Idiopathic gener-
alized epilepsy is easily treated, but response to
treatment is very drug specific; some drugs, such as
valproic acid, are effective in over 80% of patients,
whereas others, even those that are effective in par-
tial seizures, may be ineffective. In contrast, symp-
tomatic epilepsy, also called 2° generalized, is a
devastating type of epilepsy in which developmental
delay is typically present, and a structural abnor-
mality is suspected or known. One of the more com-
mon symptomatic epilepsy syndromes is the Lennox-
Gastaut syndrome, characterized by mental
retardation, multiple seizure types, and characteris-
tic EEG pattern of slow spike-wave. Because most
trials of Lennox-Gastaut syndrome involve children
and adults, results of trials for symptomatic general-
ized epilepsy are included in the pediatric section.

Evidence for effectiveness of the newer AED in the
generalized epilepsy syndromes is not as readily
available as evidence in the partial syndromes. Much
of the available data are class IV.

Idiopathic generalized epilepsy in adults. Ques-
tion 3: What is the evidence that the new AEDs are
effective for the seizures seen in patients with refrac-
tory idiopathic generalized epilepsy? Gabapentin.
There is one article with class I evidence that assessed
the efficacy of gabapentin in refractory generalized
tonic-clonic seizures in patients with primary or sec-
ondary generalized epilepsy.45 Patients aged 12 and
older with refractory generalized tonic-clonic convul-
sions were randomized to placebo or 1,200 mg of gaba-
pentin. No significant difference was found. In
retrospect, it is possible that the dose was too low. In
addition, there is one article with class I evidence and 4
with class IV evidence that assessed efficacy in a
“mixed” group of up to 361 generalized and partial
epilepsy patients.46-50 These articles cannot be used to
assess efficacy in the generalized epilepsy syndromes,
because the subgroups were not separable.

Lamotrigine. There was one class I article.51 In
this small crossover study, 50% of the participants,
aged 15 to 50, had �50% decrease in generalized
tonic clonic seizures, while 33% had �50% decrease
for absence seizures. The discontinuation rate among
patients on lamotrigine was 8% versus 0 for those on
placebo. A rash was reported in 27% of patients on

lamotrigine, and one was considered serious. Ataxia,
diplopia, dizziness, and drowsiness were the other
four more frequent adverse events. Titration rate
was relatively rapid, as doses of 75 or 150 mg were
achieved in 2 weeks.

Two studies with class II evidence and two studies
with class IV evidence52-55 evaluated treatment-
resistant partial and generalized epilepsy. None had
enough information to determine efficacy in the gen-
eralized patients separately.

Levetiracetam. There was one study with class I
evidence37 that evaluated the tolerability and efficacy
of two doses of levetiracetam, 2,000 mg/day and
4,000 mg/day, in patients with partial and general-
ized epilepsies. Patients were initiated at these doses
on day 1. Although the results were favorable, they
were not significant because of the small number of
patients with generalized epilepsy.

Oxcarbazepine. There was one study with class
II evidence,56 in which 48 patients were crossed over
from immediate release formulation of carbamaz-
epine to oxcarbazepine. Nine patients had only gen-
eralized epilepsy and 29 had partial and generalized
epilepsy. Twenty-five patients had “decrease” in all
seizures with oxcarbazepine compared to carbamaz-
epine, while 17 had an increase. The adverse events
on oxcarbazepine were similar to those described in
previously cited studies.

Topiramate. There was one study with class I
evidence57 in adults and children over the age of 3
with refractory generalized tonic-clonic convulsions
� other seizure types. Patients were randomized to a
target dose of approximately 6 mg/kg/day versus pla-
cebo. The 50% responder rate was 56% for topira-
mate compared to 20% for placebo. An open label
class IV follow-up of the randomized trial demon-
strated continued effectiveness of topiramate. Dis-
continuation rate due to adverse events was similar
for topiramate (2.6%) and placebo (2.4%). The ad-
verse events in this study were similar to those of
the topiramate studies already cited above.

Ten class IV uncontrolled cohort studies or case
series evaluated patients with both generalized and
partial seizures.58-67 No outcomes relevant to general-
ized seizures only can be assessed.

There were no studies of efficacy of tiagabine or
zonisamide in idiopathic generalized epilepsy.

Conclusion. Trials for refractory generalized epi-
lepsy have been criticized, due to the fact that not all
patients were required to have an EEG demonstrat-
ing a generalized pattern. In most studies, patients
could be included if they had a normal EEG. There-
fore, it is possible that some of the enrolled patients
actually had secondary generalized tonic-clonic
convulsions.

Because most patients with idiopathic generalized
epilepsy are easily controlled with appropriate medi-
cation, refractory patients are rare. It is unclear how
results in this population would translate to patients
with similar syndromes, but nonrefractory disease.
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Summary of evidence: Refractory primary general-
ized epilepsy. Topiramate 6 mg/kg/day is effective
for the treatment of refractory generalized tonic-
clonic convulsions � other seizure types.

Gabapentin 1,200 mg is not effective in refractory
generalized tonic-clonic seizures in patients with pri-
mary or secondary generalized epilepsy.

Definitive studies have not been performed with
the other new AED in this epilepsy type.

Recommendations. 1. Topiramate may be used
for the treatment of refractory generalized tonic-
clonic seizures in adults and children (Level A).

2. There is insufficient evidence to recommend
gabapentin, lamotrigine, oxcarbazepine, tiagabine,
levetiracetam, or zonisamide for the treatment of re-
fractory generalized tonic-clonic seizures in adults
and children (Level U) (table 2).

Treatment of refractory epilepsy in children.
Question 4: What is the evidence that the new AEDs
are effective in refractory partial epilepsy as adjunc-
tive therapy in children? Gabapentin. There is
one study with class I evidence68 that evaluated the
efficacy of gabapentin in 247 children whose age
ranged between 3 and 12 years in a 12-week double-
blind placebo-controlled trial. Gabapentin was ti-
trated up to a dose of 23 to 35 mg/kg/day. The
outcome variable in this study was the percentage
change in frequency of complex partial and second-
arily generalized tonic-clonic seizures. Children ran-
domized to gabapentin had a median drop of 35% of
complex partial and 28% of secondarily generalized
tonic-clonic seizures, while those on placebo had a
12% median reduction and 13% increase, respec-
tively. The discontinuation rate was 5% for children
on gabapentin and 2% for those on placebo. The five
most frequent adverse events were viral infection,
fever, hostility, fatigue, and weight gain.

Lamotrigine. There is one study69 with class I
evidence that evaluated the efficacy of lamotrigine
versus placebo in 199 children aged 2 to 16 years.
The lamotrigine target doses varied according to the
type of AED the child was taking at the time of
randomization: 1 to 3 mg/kg in the presence of val-
proic acid only, 1 to 5 mg/kg if an enzyme inducing
AED (phenytoin, carbamazepine, phenobarbital) in
combination with valproic acid, and 5 to 15 mg/kg if
the child was on enzyme inducing AED only. The
responder rate was 45% among children randomized
to lamotrigine and 25% for those on placebo. Chil-
dren on lamotrigine had a significantly higher drop
in weekly seizure frequency (44%) compared to those
on placebo (12.8%). The discontinuation rate caused by
adverse events was 5% for children on lamotrigine and
6% for those on placebo. The five most frequent ad-
verse events included ataxia, dizziness, tremor, nau-
sea, and asthenia. One patient had a severe rash
presenting as Stevens Johnson syndrome.

Topiramate. There is one study with class I evi-
dence that evaluated the efficacy of topiramate ver-
sus placebo in 86 children aged 2 to 16 years during

a 16-week trial.70 The topiramate dose was titrated
to 125 to 400 mg/day, according to weight. Starting
dose was 25 mg/day. The 50% responder rate was
39% for children on topiramate and 20% for those on
placebo. Children on topiramate had a median reduc-
tion in seizures of 33% versus 10.5% for those on
placebo. No child on topiramate and two children on
placebo were discontinued from the study. The five
most frequent adverse events included emotional la-
bility, difficulty concentrating, fatigue, memory defi-
cits, and weight loss. There were no cases of
hypohidrosis in clinical trials. A case series has been
published reporting three children, aged 17 months,
9 years, and 16 years, who developed hypohidrosis
while receiving topiramate monotherapy.71

Oxcarbazepine. There is one study with class I
evidence that evaluated the efficacy of oxcarbazepine
in 267 children, aged 3 to 17 years, in a double-blind
placebo controlled study.72 The maximal doses of ox-
carbazepine ranged between 30 and 46 mg/kg/day. A
50% responder rate of 41% was found among chil-
dren on oxcarbazepine and 22% of children on pla-
cebo. A median reduction in seizure frequency of 35%
was observed among children on oxcarbazepine ver-
sus 8.9% on placebo. The discontinuation rate re-
lated to adverse events was 10% for children on
oxcarbazepine and 3% for those on placebo. The five
most common adverse events were somnolence,
headache, dizziness, vomiting, and nausea. Rash
rates were 4% on oxcarbazepine and 5% on placebo.

Levetiracetam. There is one study with class IV
evidence73 that evaluated the efficacy of levetirac-
etam in 24 children in an open trial at a maximal
dose of 40 mg/kg, titrated over a 6-week period. A
responder rate of 52% was obtained. None of the
children were discontinued from the study because of
adverse events. The most frequent adverse events
included somnolence, ataxia, headache, anorexia,
and nervousness. Adverse events reported in other
open trials have included behavioral problems, de-
pression, and psychosis.

Zonisamide. No studies have specifically studied
efficacy of zonisamide in pediatric patients with par-
tial seizures. A single case has been reported of hy-
pohidrosis caused by zonisamide.74

Question 5: What is the evidence that the new
AEDs are effective as monotherapy in children with
refractory partial seizures? No monotherapy trials
have been performed in this population.

Conclusion. An NIH consensus conference held
several years ago arrived at the conclusion that par-
tial seizures in children are similar in pathophysiol-
ogy to those in adults, and will probably respond to
the same drugs.75 To date, each AED tested as ad-
junctive therapy in children older than 2 years with
refractory partial seizure has demonstrated the
same efficacy as it did when examined as adjunctive
therapy in adults with refractory partial seizures.
These two considerations taken together suggest the
possibility that once an AED has demonstrated effi-
cacy as adjunctive therapy in refractory partial sei-
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zures in adults, the AED will demonstrate the same
efficacy as adjunctive therapy in children older than
2 years. However, trials in pediatric populations re-
main critically important to establish efficacy in this
as well as other pediatric-specific epilepsy syn-
dromes, to evaluate efficacy in children less than 2
years old, to determine specific safety issues in this
population, and to characterize the dosing and phar-
macokinetics in children. In addition, safety issues in
the entire pediatric population need to be evaluated.

Summary of evidence: Refractory partial seizures—
pediatric. Gabapentin (23 to 35 mg/kg/day), lam-
otrigine 1 to 5 mg/kg/day with enzyme inducers (1 to
3 mg/kg/day in regimens including valproate), oxcar-
bazepine 30 to 46 mg/kg/day, and topiramate 125 to
400 mg/day are effective in reducing seizure fre-
quency as adjunctive therapy in children with refrac-
tory partial seizures. To date, there is a lack of class
I or II evidence regarding the efficacy of levetirac-
etam, tiagabine, or zonisamide. Based on class III
and IV evidence, there are specific safety concerns in
children when using these drugs, specifically serious
rash with lamotrigine, and hypohidrosis with zoni-
samide and topiramate.

Recommendations. 1. Gabapentin, lamotrigine,
oxcarbazepine, and topiramate may be used as ad-
junctive treatment of children with refractory partial
seizures (Level A) (table 2).

2. There is insufficient evidence to recommend le-
vetiracetam, tiagabine, or zonisamide as adjunctive
treatment of children with refractory partial seizures
(Level U) (table 2).

Refractory idiopathic generalized epilepsy. Ques-
tion 6: What is the evidence that the new AEDs are
effective for refractory idiopathic generalized epilepsy
in children? Studies of topiramate and gabapentin
in idiopathic generalized tonic-clonic convulsions al-
ready discussed above included children as well.

Secondary generalized epilepsy or Lennox-Gastaut
syndrome. Patients with the Lennox-Gastaut syn-
drome have many seizures/day, some of which, such
as atypical absence, are difficult to count. Therefore,
it is common to use reduction in drop attacks (tonic
or atonic seizures) as the primary outcome variable.
This is considered a clinically significant outcome, as
drop attacks are one of the most dangerous seizure
types, often leading to injuries.

Question 7: What is the evidence that the new
AEDs are effective in children and/or adults with the
Lennox-Gastaut syndrome? Gabapentin. There were
no studies. One case series and one case report identi-
fied worsening of myoclonic seizures in this population
when they were treated with gabapentin.9,10,76

Lamotrigine. One study with class I77 and one
with class II evidence78 were identified. The class I
study used doses that were stratified by weight and
valproic acid use, and ranged from 50 to 100 mg for
patients �25 kg on valproic acid to 300 to 400 mg for
patients �25 kg not receiving valproic acid. These
studies demonstrated 50% reduction in seizures in

33% of patients, compared to 16% on placebo. Dis-
continuation rates because of adverse events were
comparable (5% for patients on lamotrigine and 6%
for those on placebo). The incidence of rash was sim-
ilar (16% among patients on lamotrigine and 18% in
those on placebo). However, one pediatric patient in
this study developed a Stevens-Johnson syndrome.
The class II study, which included some patients
with other types of generalized epilepsy, had an open
phase followed by a double blind phase. Only 17 of
the original 30 patients reached the double blind
phase, in which a 60% responder rate was identified.
The discontinuation rate due to adverse events was
4% and 8% among patients on lamotrigine and pla-
cebo, respectively. Rash was reported in 9% of pa-
tients on lamotrigine (in two patients it was
considered serious) and 7% of patients on placebo.

One class IV study demonstrated efficacy in
Lennox-Gastaut.79 There is one case report of wors-
ening of myoclonic jerks in a patient with 2° general-
ized epilepsy treated with lamotrigine.80

Topiramate. There was one study with class I
evidence81 and one class IV study82 that evaluated
the efficacy of topiramate as adjunctive therapy in
the treatment of Lennox-Gastaut syndrome. The
class I study81 used a dose of 6 mg/kg/day. The topi-
ramate group had a 14% reduction in drop attacks
compared to a 5.1% increase in the placebo group,
which was significant. This was the primary outcome
variable. However, the 50% responder rate of 28%
for total seizure frequency was not significant (p �
0.071). The class IV study, which was an open-label
follow-up of the randomized placebo-controlled trial,
examined the last 6 months of seizure frequency for
each patient; the 50% responder rate was 55%, with
a 56% median reduction in drop attacks.

There were no studies with class I or II evidence
that have evaluated the efficacy of levetiracetam, ox-
carbazepine, tiagabine, or zonisamide.

Conclusions. Patients with Lennox-Gastaut syn-
drome are difficult to treat, and require drugs that
are broad spectrum. They are also the population
that is most prone to exacerbation by AEDs. For
example, carbamazepine has been reported to cause
seizure worsening in this group. Topiramate and
lamotrigine appear to be effective in this population
and should be considered for use.

Summary of evidence: Secondary generalized epi-
lepsy. Lamotrigine at doses adjusted for weight and
valproic acid use, ranging from 50 to 400 mg/day,
reduces seizures associated with the Lennox-Gastaut
syndrome.

Topiramate 6 mg/kg/day is effective in reducing
drop attacks (tonic and atonic seizures) in patients
with the Lennox-Gastaut syndrome.

To date, there is no class I or II evidence that
gabapentin, tiagabine, oxcarbazepine, levetiracetam,
or zonisamide are effective.

In case reports lamotrigine and gabapentin both
worsened myoclonic seizures in some patients.
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Recommendations*: Lennox-Gastaut syndrome.
Topiramate and lamotrigine may be used to treat
drop attacks associated with the Lennox Gastaut
syndrome in adults and children (Level A) (table 2).

What is the risk of teratogenicity with the new
AEDs compared to the old AEDs? The FDA has cat-
egorized AED medications into two classes, D and C.
Category C drugs have demonstrated teratogenicity
in animals, but human risk is not known. The newer
AEDs are classified as Category C. In contrast, phe-
nytoin, carbamazepine, and valproic acid are cate-
gory D. Category D drugs are those drugs for which
teratogenicity was seen in both animal and human
pregnancies. In both categories, the recommendation
remains the same: selection of AED in pregnancy
should be decided upon risk-benefit ratio.

Recommendations for future research. To
date, the only attempt at comparing the efficacy of
new drugs in refractory patients has been performed
via meta-analysis of the randomized placebo-
controlled trials.83 This method of comparing drugs is
potentially flawed, as all doses studied were com-
bined for the analysis. Therefore, dropout rates may
appear higher for drugs that were studied at high
doses (e.g., topiramate and oxcarbazepine), whereas
efficacy may appear lower for drugs studied at low
doses (e.g., gabapentin). In addition, the underlying
presumption that the populations studied were simi-
lar may be flawed. Even when the same drug is studied
in Europe and the United States, efficacy may appear
different. There is a need for studies that compare the
new drugs in a head-to-head fashion.

Add-on trials in refractory partial seizure patients
are the mainstay of new AED approval. These are
not ideal trials; they are of short duration, they en-
roll patients that are not representative of those seen
in a neurologist’s practice, and they often use titra-
tion schedules and doses that are ultimately found to
be suboptimal. As a result, this practice parameter
can determine that drugs are effective, but can pro-
vide little evidence-based data on titration, dosing,
optimal serum levels, outcome in the more typical
patients, and, most importantly, comparative safety
and efficacy between drugs. Regulatory studies must
be supplemented with controlled trials that investi-
gate optimal clinical use. Comparison studies should
be performed, similar to the VA cooperative studies
of the 1980s that randomized newly diagnosed pa-
tients to one of four available drugs, titrated to opti-
mal doses, and followed them for years. Ideally, both
old and new AEDs would be compared. In addition,
extended release formulations should be used when
available.

Most of the studies presented in this practice pa-
rameter use seizure reduction as a primary outcome
measure. In a way, this could be considered a surro-
gate marker for disease improvement. A 50% reduc-

tion in seizures, the commonly used benchmark of
improvement, may not substantially improve a pa-
tient’s function or quality of life. Also, a simple sei-
zure count may not capture improvements in seizure
severity or pattern (such as conversion from diurnal
to nocturnal events). To date, available quality of life
batteries are not sensitive to improvement as a re-
sult of treatment changes. This may be because to
some degree they measure handicap, a relatively
fixed parameter that results from having epilepsy,
rather than disability. New scales should be devel-
oped that are better at assessing improvement be-
yond seizure reduction.

Most of the class I and II studies of new AEDs are
performed either in patients with partial seizures or
those with Lennox-Gastaut syndrome. Almost all the
studies performed in patients with idiopathic gener-
alized epilepsy, such as absence and juvenile myo-
clonic epilepsy, have been uncontrolled case series.
More controlled studies are needed for this patient
population.

Monotherapy trials remain a complex and conten-
tious issue in regards to new AEDs. Several ques-
tions remain unanswered, including the following: Is
it necessary to perform monotherapy trials for AEDs,
or does effectiveness as add-on therapy indicate de
facto that the drug will be effective as monotherapy?
If monotherapy studies are needed, are they needed
both in patients with refractory and newly diagnosed
epilepsy? Which is more clinically and scientifically
valid: a study comparing a drug to a pseudoplacebo,
or an active control comparison design?

Disclaimer. This statement is provided as an edu-
cational service of the American Academy of Neurol-
ogy. It is based on an assessment of current scientific
and clinical information. It is not intended to include
all possible proper methods of care for a particular
neurologic problem or all legitimate criteria for
choosing to use a specific procedure. Neither is it
intended to exclude any reasonable alternative
methodologies. The AAN recognizes that specific pa-
tient care decisions are the prerogative of the patient
and the physician caring for the patient, based on all
of the circumstances involved.
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MD; Gary Friday, MD; Michael Glantz, MD; Deborah Hirtz, MD; Donald
Iverson, MD; David Thurman, MD; Samuel Wiebe, MD; William Weiner,
MD; Stephen Ashwal, MD; Jacqueline French, MD; and Catherine Zahn,
MD

Members of the AAN Therapeutics and Technology Assessment Sub-
committee: Douglas Goodin, MD (chair); Yuen So, MD, PhD (vice-chair);
Carmel Armon, MD, MHS; Richard Dubinsky, MD; Mark Hallett, MD;
David Hammond, MD; Chung Hsu, MD, PhD; Andres Kanner, MD; David
Lefkowitz, MD; Janis Miyasaki, MD; Michael Sloan, MD; and James
Stevens, MD

* NB: In a previous AAN parameter, felbamate was recommended in
“Lennox-Gastaut patients over age 4 unresponsive to primary AEDs.”3
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