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I

 

N the past two years, three new antiepileptic drugs
— gabapentin, lamotrigine, and felbamate — have

been approved for use in the United States. They are
the first such drugs to be approved since valproic acid,
in 1978. These three drugs and others now in use in Eu-
rope, Canada, or Japan or being tested in trials in the
United States reflect the resurgence of interest in devel-
oping new drugs for the treatment of epilepsy. This ar-
ticle reviews the pharmacologic characteristics of these
new drugs, indications for their use, side effects, and ap-
propriate regimens.

In many patients with epilepsy, seizures can be con-
trolled with the established antiepileptic drugs,

 

1

 

 but 25 to
30 percent of patients continue to have seizures despite
optimal therapy, and others have unacceptable side ef-
fects. Thus, there is clearly a need for additional drugs,
as well as for new strategies for preventing epilepsy.

In the United States, antiepileptic drugs are approved
by the Food and Drug Administration (FDA) for the
treatment of specific types of seizures in adults or chil-
dren, after both the efficacy and the safety of the drugs
have been established. Once an antiepileptic drug is on
the market and physicians have become familiar with
its use and safety, however, it is often used for other in-
dications, either in younger patients or in patients with
types of seizures other than those for which the drug
was approved. Each of the three new drugs in the Unit-
ed States has been approved for use in adults who have
partial seizures either alone or with secondarily gener-
alized (grand mal) seizures. Felbamate has also been
approved for use in children with seizures associated
with the Lennox–Gastaut syndrome, which is a severe
form of epilepsy characterized by multiple types of sei-
zures, extreme electroencephalographic abnormalities,
and some degree of psychomotor retardation.

The initial evaluation process for a new antiepileptic
drug involves a determination of its efficacy in reduc-
ing the frequency of seizures in patients who continue
to have them despite adequate therapy with established
drugs. Demonstrating efficacy in such patients is a

rather stringent requirement, and in all the studies sup-
porting the use of new antiepileptic drugs, very few pa-
tients have become free of seizures. Usually, 25 to 50
percent of patients have a 50 percent or greater reduc-
tion in the frequency of seizures, and some patients
have a reduction in their severity. Once a drug has been
approved, however, it can be given to patients with
much less severe epilepsy, including those who are be-
ing treated for the first time. How effective the new an-
tiepileptic drugs will be when used in this way is dif-
ficult to predict, but it is assumed that if they can
ameliorate seizures in patients with intractable epilep-
sy, they should be even more effective in those with less
severe epilepsy. The choice of a drug may then depend
on the ease of its use, the range of seizures for which it
is effective, side effects, interactions with other drugs,
and cost.

Studies evaluating the efficacy of new antiepileptic
drugs vary widely in the number of patients enrolled,
the types of seizures, and even the end points. In this
review, we shall give most weight to double-blind, pla-
cebo-controlled studies. However, we shall also review
other clinical data on efficacy and safety, in order to
present as complete a picture of each drug as possible.
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Gabapentin

 

Gabapentin was approved for use in the United
States in 1994 as an add-on drug in adults who have
partial seizures either alone or with secondarily gener-
alized seizures. The drug’s mechanism of action is un-
known, although it binds to a specific receptor in the
brain,
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 inhibits voltage-dependent sodium currents,

 

3

 

 and
may enhance the release or actions of 

 

g

 

-aminobutyric
acid.

 

4,5

 

Three double-blind, placebo-controlled trials have
demonstrated the efficacy of gabapentin in adults with
intractable partial seizures.

 

6-8

 

 In one study of incremen-
tal doses of 600, 1200, and 1800 mg per day, there was
a dose-dependent decrease in the frequency of seizures,
with at least a 50 percent decrease in 27 percent of the
patients receiving the highest dose, as compared with a
9 percent decrease in those receiving placebo.

 

7

 

 In the
three trials combined, there were 792 patients; among
those receiving 1800 mg of gabapentin per day, 26 per-
cent had a 50 percent or greater reduction in partial
seizures, and 54 percent had a 50 percent or greater re-
duction in secondarily generalized seizures.

The elimination half-life of gabapentin is approxi-
mately six hours, suggesting that multiple daily doses
are necessary. Starting doses and typical dose ranges
are shown in Table 1. Gabapentin is well absorbed, is
not metabolized or bound to plasma proteins, but is ex-
creted unchanged by the kidneys, and the dose should
therefore be reduced in patients with renal impairment.
The drug is effectively cleared by dialysis. So far, there
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are no published target ranges for serum concentrations
of gabapentin, but concentrations as low as 2 

 

m

 

g per
milliliter may be effective, and concentrations as high
as 20 

 

m

 

g per milliliter are not toxic.
Gabapentin has few side effects but can cause som-

nolence, fatigue, ataxia, dizziness, and gastrointestinal
upset (Table 2). No pharmacokinetic interactions with
other antiepileptic drugs have been reported, although
there may be pharmacodynamic interactions (e.g., ad-
ditive side effects). Thus, gabapentin may be very useful
in patients who are taking other medications, especially
the elderly.

 

Lamotrigine

 

Lamotrigine is approved in the United States as an
add-on drug for use in adults who have partial seizures
alone or with secondarily generalized seizures. In ani-
mal studies, lamotrigine has antiseizure activity similar
to that of phenytoin and carbamazepine,

 

9

 

 and although
the structure of lamotrigine is different, it also inhibits
sodium currents in a voltage- and use-dependent man-
ner.

 

10

 

 Since lamotrigine was approved in Europe for use
in both adults and children several years ago, there is
clinical experience with this drug beyond that from the
controlled clinical trials.

In placebo-controlled, double-blind, crossover or par-
allel studies in the United States and Europe,

 

11-19

 

 a dose
of 200 to 500 mg of lamotrigine per day was more ef-
fective than placebo in patients with intractable partial
seizures; 70 percent of the patients had fewer seizures,
and 27 percent had at least 50 percent fewer seizures.
In the European studies, the drug was effective in pa-
tients with either partial or generalized seizures. There
is one report of the successful intravenous use of la-
motrigine to treat status epilepticus.

 

20

 

 The drug has
been shown to be continuously effective for up to three
years.

 

21

 

Lamotrigine is also effective as monotherapy.

 

22,23

 

 In
a recently completed double-blind comparison of la-
motrigine and carbamazepine in 260 patients with new-

ly diagnosed partial or generalized tonic–clonic sei-
zures, the efficacy of the two drugs was similar, but
lamotrigine was better tolerated.

 

24

 

 A few single-blind
and open studies suggest similar efficacy in children
with multiple types of seizures,

 

21,23

 

 including those with
the Lennox–Gastaut syndrome.

 

23

 

When administered orally, lamotrigine is well ab-
sorbed, and its plasma elimination half-life is about 25
hours. Drugs that induce the production of drug-metab-
olizing enzymes in the liver (phenobarbital, phenytoin,
and carbamazepine) decrease the half-life of lamotri-
gine by 50 percent, necessitating a higher dose, whereas
valproic acid slows the metabolism of lamotrigine and
extends its half-life to 60 hours, necessitating a reduced
dose (Tables 1 and 3). Some patients have headache or
nausea with a low dose of lamotrigine, whereas others
tolerate doses above 800 mg daily (with serum concen-
trations 

 

�

 

10 

 

m

 

g per milliliter).

 

25

 

The most common side effects of lamotrigine are
headache, nausea and vomiting, dizziness, diplopia, and
ataxia (Table 2).

 

26

 

 Tremor can be troublesome at high
dosages. In approximately 5 percent of adults, a rash
develops, which subsequently disappears in some pa-
tients, despite continued therapy. In a few patients, how-
ever, the rash is more serious and fever, arthralgias,
and eosinophilia occur; in rare cases (

 

�

 

1 percent), the
Stevens–Johnson syndrome develops. The concomitant
administration of valproic acid with lamotrigine may
increase the likelihood of a serious rash, whereas the
gradual introduction of lamotrigine may lower the like-
lihood.

 

Felbamate

 

Felbamate was approved in 1993 for use as an add-
on drug or as monotherapy in adults who have partial
seizures alone or with secondarily generalized seizures
and in children with partial or generalized seizures as-
sociated with the Lennox–Gastaut syndrome. The drug
is effective against multiple types of seizures in ani-
mals, and effective doses are considerably lower than

 

*The dose required to achieve control of seizures may be much higher.

†Felbamate should be used only in patients with seizures that are refractory to all other medications.

‡These doses are smaller than those recommended in the package insert and are suggested as a way of possibly minimizing side effects.

 

Table 1. Antiepileptic Drugs Recently Approved for Use in the United States.
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Gabapentin
(Neurontin)

Partial seizures and second-
arily generalized seizures
in adults

300 mg/day, with the dose increased by 
300 mg/day every 1–3 days

1200–2400 mg/day* 6 0

Lamotrigine 
(Lamictal)

Partial seizures and second-
arily generalized seizures 
in adults

25 to 50 mg daily, with the dose increased 
by 50 mg/day every 1–2 weeks (25 mg 
every other day with valproic acid, with 
the dose increased by 25 mg/day every 
1–2 weeks)

Up to 700 mg/day 
(100–150 mg/day 
with valproic acid)

25 (12–14 with enzyme-
inducing drugs, 60
with valproic acid)

54

Felbamate
(Felbatol)†

Partial seizures and second-
arily generalized seizures
in adults

400 mg 2 or 3 times/day‡ (reduce concom-
itant phenytoin, carbamazepine, or
valproic acid by 20 to 33 percent), 
with the dose increased by 400 to 
600 mg/day every 2 weeks

1800–4800 mg/day 20 to 23 22 to 25

Seizures in children with the 
Lennox–Gastaut syndrome

15 mg/kg/day in 3 or 4 doses‡ (reduce 
concomitant phenytoin, carbamazepine, 
or valproic acid by 20 to 33 percent), 
with the dose increased by 15 
mg/kg/day every 1–2 weeks

 

‡

 

Up to 45 mg/kg/day
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toxic doses.

 

27

 

 The mechanisms of action are not com-
pletely understood, but felbamate reduces sodium cur-
rents (as do phenytoin and carbamazepine), enhances
the inhibitory actions of 

 

g

 

-aminobutyric acid, and blocks

 

N

 

-methyl-

 

D

 

-aspartate receptors.

 

28

 

In two double-blind, placebo-controlled, add-on stud-
ies, felbamate was superior to placebo in reducing focal
seizures in adults.

 

29,30

 

 In two other studies, felbamate
used alone was better than placebo or a low dose of an
alternative antiepileptic drug in preventing the recur-
rence of seizures after the withdrawal of other antiepi-
leptic medications during evaluation for surgery.

 

31-33

 

 In
children with the Lennox–Gastaut syndrome, felbamate
(45 mg per kilogram of body weight or 3600 mg per day)
was superior to placebo in reducing the frequency of sei-
zures; it was particularly effective in patients with atonic
seizures. No change, however, was noted in seizures re-

corded by video electroencephalo-
graphic monitoring.

 

34

 

Starting and maintenance doses of
felbamate are shown in Table 1. The
drug is well absorbed when adminis-
tered orally. Its elimination half-life is
approximately 20 to 23 hours, sug-
gesting that it can be given twice
daily, although three to four divided
doses are recommended by the man-
ufacturer. Felbamate is minimally me-
tabolized, and most of it is excreted
in the urine.

Felbamate was well tolerated in
clinical trials. After it had been ap-
proved, however, side effects ap-
peared to be more prominent (Table
2).

 

35-37

 

 After approximately 100,000
patients had been treated, two very
serious toxic effects occurred that

had not previously been noted. Aplastic anemia devel-
oped in 32 patients, 10 of whom died (incidence, 1 in
3600 to 1 in 5000), and serious hepatotoxic effects oc-
curred in 19 patients, 5 of whom died (incidence, 1 in
24,000 to 1 in 34,000). The FDA currently recommends
that felbamate be given only to patients who have sei-
zures that are refractory to treatment with all other
medications and in whom risk–benefit considerations
warrant its use. Weekly or biweekly complete blood
counts and liver-function tests are also recommended,
although it is not known whether early detection of ei-
ther reaction will prevent the most serious outcomes.

Felbamate interacts with other antiepileptic drugs
(Table 3). Thus, if a patient receiving phenytoin, car-
bamazepine, or valproic acid is given felbamate, the
dose of the former drugs should be reduced by 20 to
33 percent to prevent toxic effects. Phenytoin and carba-

 

Table 2. Side Effects of New Antiepileptic Drugs.

 

D

 

RUG

 

P

 

RINCIPAL

 

 S

 

IDE

 

 E

 

FFECTS

 

S

 

ERIOUS

 

 

 

BUT

 

 R

 

ARE

 

 S

 

IDE

 

 E

 

FFECTS

 

Gabapentin Somnolence, fatigue, ataxia, dizziness, gas-
trointestinal upset

Lamotrigine Rash, dizziness, tremor, ataxia, diplopia, 
headache, gastrointestinal upset

Stevens–Johnson syndrome

Felbamate Irritability, insomnia, anorexia, nausea, head-
ache

Aplastic anemia, hepatic failure

Clobazam Sedation, dizziness, irritability, depression, 
disinhibition

Vigabatrin Behavioral changes, depression, sedation, 
fatigue, weight gain, gastrointestinal upset

Psychosis

Oxcarbazepine Dizziness, diplopia, ataxia, headache, weak-
ness, rash, hyponatremia

Zonisamide Somnolence, headache, dizziness, ataxia, 
renal calculi

Tiagabine Confusion, dizziness, gastrointestinal upset, 
anorexia, fatigue

Topiramate Cognitive difficulties, tremor, dizziness, atax-
ia, headache, fatigue, gastrointestinal 
upset, renal calculi

 

Table 3. Interactions between New Antiepileptic Drugs and Conventional Drugs.
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Gabapentin None known None known
Lamotrigine Phenobarbital, phenytoin, and carbamazepine increase metabolism 

by 50 percent
Valproic acid decreases metabolism by 50 percent

Does not induce cytochrome P-450 
When added to carbamazepine, may induce neurotoxicity because of 

pharmacodynamic interactions
Felbamate Valproic acid decreases clearance

Phenytoin and carbamazepine increase clearance
Decreases metabolism of phenytoin and valproic acid (increases serum 

phenytoin levels by approximately 20 percent and increases serum 
valproic acid levels by 18–31 percent)

Decreases serum carbamazepine levels but increases serum carbamaz-
epine epoxide levels 

Clobazam Target for enzyme inducers or inhibitors May precipitate toxic effects of phenytoin and increase serum carba-
mazepine epoxide levels 

Oxcarbazepine Not affected by enzyme inducers Induces cytochrome P-450, 3A isoform family (but less so than carba-
mazepine) 

May increase serum phenytoin and valproic acid levels by 20–30 per-
cent if oxcarbazepine is substituted for carbamazepine

Increases metabolism of oral contraceptives
Tiagabine Phenobarbital, phenytoin, and carbamazepine increase clearance Does not induce cytochrome P-450

Does not affect serum phenytoin, carbamazepine, or valproic acid 
levels 

Topiramate Phenytoin and carbamazepine increase clearance Weak inducer of cytochrome P-450
Valproic acid has no marked effect May increase serum phenytoin levels in some patients (mechanism un-

known)
Vigabatrin None known May decrease serum phenytoin levels by 20 percent (mechanism un-

known)
Zonisamide Phenobarbital increases clearance May increase serum phenytoin and carbamazepine levels (not in all 

studies)

The New England Journal of Medicine 
Downloaded from nejm.org at WAYNE STATE UNIVERSITY LIBRARIES on November 17, 2011. For personal use only. No other uses without permission. 

 Copyright © 1996 Massachusetts Medical Society. All rights reserved. 



  

1586 THE NEW ENGLAND JOURNAL OF MEDICINE June 13, 1996

 

mazepine (but not valproic acid) can increase the
clearance of felbamate.
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Clobazam

 

Clobazam was introduced as an anxiolytic drug in
1975, and its antiseizure activity was recognized soon
thereafter. It is currently available as an adjuvant anti-
epileptic drug in more than 50 countries, including the
United Kingdom and Canada; a notable exception is
the United States. Clobazam, a 1,5-benzodiazepine, has
a slightly different chemical structure from that of clo-
nazepam and diazepam, which are 1,4-benzodiazepines,
and is less likely to cause psychomotor impairment and
sedation.

 

38,39

 

 Clobazam probably exerts its antiseizure
activity by potentiating the inhibitory actions of 

 

g

 

-ami-
nobutyric acid.

 

40

 

Several double-blind, placebo-controlled trials have
shown that clobazam is effective in patients with refrac-
tory epilepsy.

 

41-45

 

 Several open studies have been per-
formed to identify the types of seizures most likely to
be controlled.

 

46-52

 

 The most consistent results have been
in patients with partial seizures,

 

43-45,47,51,52

 

 but the drug
is also active in patients with typical or atypical ab-
sence seizures, in those with myoclonic and secondarily
generalized tonic–clonic and atonic seizures, and those
with the Lennox–Gastaut syndrome.

 

49-53

 

 Clobazam has
been used as monotherapy in one trial, in which 11 of
24 children became free of seizures.

 

54

 

Clobazam can be given intermittently. For example,
as prophylaxis against catamenial epilepsy, the drug
can be given in a dose of 30 mg daily before the start
of menstruation and for five to seven days afterward. A
daily dose of 30 to 60 mg can also be effective in pa-
tients prone to have clusters of seizures in a single day.
Clobazam is an inexpensive, safe, well-established ad-
juvant antiepileptic drug with relatively few side effects.
Interest in the drug has been stimulated by reports that
it controls seizures in 10 to 30 percent of patients with
refractory epilepsy.

 

44,45,47,49,50,53,55

 

Starting and maintenance doses of clobazam are

shown in Table 4. The drug is readily absorbed after
oral administration, with 85 percent bound to plasma
proteins. It is metabolized mainly by dealkylation and
hydroxylation to 

 

N

 

-desmethyl-clobazam, which is phar-
macologically active, and 4-hydroxy-clobazam.

 

56

 

 The
elimination half-lives of clobazam and its active des-
methyl metabolite are 30 and 46 hours, respectively,

 

57

 

and are slightly prolonged in the elderly.

 

58

 

As with other benzodiazepines, tolerance to cloba-
zam’s antiepileptic action may develop, often within
three months. Sometimes this problem can be over-
come by increasing the dose,

 

55

 

 and it may be prevented
by administering the drug intermittently.

 

59

 

 Sedation
and dizziness are the most common side effects (Table
2).

 

53

 

 Other problems can include mood changes, with
occasional irritability, depression, aggression, and disin-
hibition.

 

Vigabatrin

 

The first antiepileptic drug to be developed on the
basis of a targeted mechanism of action, vigabatrin
(

 

g

 

-vinyl 

 

g

 

-aminobutyric acid) is an irreversible inhi-
bitor of the enzyme 

 

g

 

-aminobutyric acid transaminase.
Inhibition of this enzyme increases the amount of 

 

g

 

-ami-
nobutyric acid available in the brain for inhibitory ac-
tion.

 

60

 

In nine placebo-controlled European studies

 

61

 

 and in
a large cooperative, multicenter study in the United
States,

 

62

 

 vigabatrin was effective in patients who had
partial seizures alone or with secondarily generalized
seizures. In several of these studies, the frequency of
seizures was reduced by at least 50 percent in more
than half the patients. Vigabatrin is used relatively
widely in Europe for the treatment of partial seizures in
adults and has been effective in children with infantile
spasms and other forms of catastrophic epilepsy (char-
acterized by uncontrollable seizures in the context of
severe underlying neurologic dysfunction).

 

63,64

 

 Vigaba-
trin was also effective as monotherapy in small, ran-
domized, controlled studies involving patients with
newly diagnosed epilepsy.65

Because vigabatrin irreversibly inactivates g-amino-
butyric acid, its plasma half-life (four to eight hours) is
less critically related to its duration of action than is

Table 4. Antiepileptic Drugs Currently Approved for Use in Europe, Canada, or Japan.

DRUG INDICATIONS STARTING DOSE MAINTENANCE DOSE PLASMA HALF-LIFE (HR)
PLASMA 

BINDING (%)

Clobazam Partial and generalized sei-
zures

10 mg at bedtime or 10 mg twice 
daily

20–30 mg/day 
Up to 60 mg/day

30–46 85

Oxcarbazepine Partial and tonic–clonic sei-
zures

300 mg twice daily 1200–2400 mg/day 8–24 (for active metabo-
lite)

40

Tiagabine Partial and secondarily gener-
alized seizures

Not available 32–56 mg/day 6–8 96

Topiramate Partial and secondarily gener-
alized seizures

100 mg/day, with the dose 
increased by 100 mg/day at 
weekly intervals

400–1000 mg/day 20–24 10–20

Vigabatrin Partial and secondarily gener-
alized seizures and possibly 
infantile spasms

500 mg twice daily Up to 3 g/day 4–8 (effect lasts �3 days) Minimal

Zonisamide Partial and secondarily gener-
alized seizures 

100–200 mg/day 400–600 mg/day 50–68 (27–38 with en-
zyme-inducing drugs)

38–40
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usual with other drugs. Vigabatrin’s action appears to
be maximal at a dose of approximately 3 g per day in
most patients.66 It takes approximately three days or
more for the g-aminobutyric acid transaminase to re-
generate after vigabatrin treatment has been stopped.

Vigabatrin is usually well tolerated but can cause se-
dation or depression (Table 2), and a few patients have
serious psychiatric symptoms (7 percent in one se-
ries).67 In the U.S. trial, 5 of 92 patients dropped out be-
cause of psychiatric symptoms and 1 because of cogni-
tive symptoms.62 U.S. trials were temporarily halted
when rats and dogs receiving relatively high doses of vi-
gabatrin were found to have intramyelinic edema in
various white-matter tracts,68,69 which resolved shortly
after the drug was discontinued. Such changes have not
been found in primates, or in patients evaluated with
extensive evoked-potential studies,70-73 magnetic reso-
nance imaging,74 or pathological examination of surgi-
cally removed brain tissue.75-78

Oxcarbazepine

Oxcarbazepine is the 10-keto analogue of carbamaz-
epine. It is functionally a pro-drug, which is rapidly
and completely reduced in the liver to the active 10,11-
dihydro-10-hydroxycarbamazepine.79 In clinical trials
in which oxcarbazepine was substituted for or com-
pared with carbamazepine, the efficacy of the two
drugs was similar.79-81 Like carbamazepine, oxcarbaze-
pine is not effective against absence seizures or myo-
clonic jerks. Open studies suggest that the drug’s effi-
cacy in children is similar to that in adults.82

Approximately 40 percent of the active metabolite is
bound to plasma proteins; its elimination half-life rang-
es from 8 to 24 hours (Table 4).83 As compared with its
parent drug, carbamazepine, oxcarbazepine is metabo-
lized through a different pathway and may have milder
side effects, cause fewer idiosyncratic reactions, and
have fewer interactions with other drugs (Table 2).79-82

Hyponatremia, probably due to the release of antidi-
uretic hormone, is at least as common with oxcarbaze-
pine as with carbamazepine.84 This effect is occasionally
apparent clinically85 but is usually mild and asympto-
matic.82 Treatment with oxcarbazepine has not resulted
in autoinduction of metabolism.83

Zonisamide

Zonisamide is currently approved for use in Japan.
Its spectrum of activity appears to be similar to that of
phenytoin and carbamazepine. The exact mechanism
of action of zonisamide is unknown, but it can block
sodium and calcium channels.86-88 Several open studies
in Japan have shown that the drug is effective in pa-
tients who have partial seizures alone or with second-
arily generalized seizures.89 In one double-blind, place-
bo-controlled, multicenter study in Europe, seizures
were reduced by more than 50 percent in 30 percent
of patients receiving zonisamide but in only 19 percent
of those receiving placebo.90 In a second multicenter
study, 41 percent of patients with intractable partial
seizures had over a 50 percent reduction in the fre-
quency of seizures.91 Zonisamide is currently being

evaluated in patients with partial seizures in the Unit-
ed States and Europe.

Zonisamide is well absorbed orally and has a rela-
tively long elimination half-life, approximately 50 to 68
hours, which is shortened to 27 to 38 hours in patients
receiving enzyme-inducing antiepileptic drugs (Tables
3 and 4). Two important differences have emerged be-
tween the trials in Japan and those in the United States
and Europe. In Japan, serum concentrations increased
linearly with increasing doses of the drug,92 whereas in
the United States, the relation between the dose and
the serum concentration was nonlinear.93 In addition,
renal calculi developed in 13 of 700 U.S. and European
patients (1.9 percent),91 whereas in Japan the incidence
was 0.2 percent. The U.S. trials were initially suspend-
ed because of the renal effects but have since resumed,
with an increased emphasis on screening eligible pa-
tients for preexisting conditions that might predispose
them to renal calculi and monitoring enrolled patients
for renal calculi.

Tiagabine

Tiagabine was designed to act specifically on the in-
hibitory action of g-aminobutyric acid by blocking its
uptake, thereby prolonging its action after synaptic re-
lease.94,95 The consequences of this action are unexpect-
edly complex. Tiagabine may enhance certain forms of
inhibition,96 but presynaptic effects on g-aminobutyric
acid receptors have variable consequences, depending
on which neurotransmitter’s release is being inhibited.97

Clinical trials are currently investigating the use of
tiagabine as an add-on drug in adults with intractable
focal seizures. In one small, phase 2, double-blind, cross-
over study, patients who had a response to the drug in
an open screening phase were randomly assigned to re-
ceive maximally tolerated doses of tiagabine or place-
bo. Twenty-six percent of the patients receiving tiaga-
bine had a 50 percent or greater reduction in focal
seizures and 60 percent had a 50 percent or greater re-
duction in generalized tonic–clonic seizures,98 as com-
pared with the frequency of seizures during the placebo
period. Side effects included tiredness, dizziness, confu-
sion, and gastrointestinal upset.

Topiramate

Topiramate has a spectrum of antiseizure activity re-
sembling that of phenytoin and carbamazepine but also
appears to have additive effects when combined with
these antiepileptic drugs.99 The mechanism of action of
topiramate is not entirely known, although it can block
sodium channels, attenuate kainate-induced responses,
and enhance the inhibitory action of g-aminobutyric
acid100 by acting at a unique modulatory site.

Topiramate has been shown to be effective in two
placebo-controlled, add-on studies in the United States
and one in Europe. In these studies, 40 to 50 percent of
patients had a 50 percent or greater reduction in partial
seizures with topiramate. At doses of 400 to 600 mg per
day, secondarily generalized tonic–clonic seizures were
reduced by 89 to 100 percent.101 Most side effects are
mild to moderate in severity and do not require discon-
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tinuation of the drug (Table 2). The risk of renal-calcu-
lus formation is increased (1 to 2 percent, which is sim-
ilar to the risk associated with acetazolamide) and is
especially high in patients with a predisposition to
nephrolithiasis. In 1995, topiramate was approved for
use in the United Kingdom as add-on therapy for re-
fractory partial seizures; it is currently under review for
approval in the United States.

OTHER NEW ANTIEPILEPTIC DRUGS

Several other new drugs, including losigamone, rem-
acemide, and levetiracetam, are in relatively early stag-
es of clinical investigation in several countries. Two new
formulations of established antiepileptic drugs are also
undergoing clinical testing and may soon be approved
by the FDA. Fosphenytoin is a water-soluble phenytoin
pro-drug that can be given by intramuscular or intra-
venous injection and appears to be less irritating than
the parent drug. Tegretol-oros is a slow-release form of
carbamazepine designed for oral administration twice
daily.

CURRENT RECOMMENDATIONS FOR USE

On the basis of the limited clinical experience with
the new antiepileptic drugs available in the United
States, it appears to be appropriate to recommend these
drugs for the treatment of adults with focal seizure dis-
orders in whom other drugs are not effective or cause
intolerable side effects. Two of the new antiepileptic
drugs, gabapentin and lamotrigine, may become the
drugs of choice for patients with newly diagnosed epi-
lepsy. Ease of use, the absence of metabolism or inter-
action with other drugs, and relatively mild side effects
may eventually make gabapentin a first-line treatment.
The drug may be particularly useful in older patients
with focal epilepsy who have other medical conditions
and are taking other medications.

Lamotrigine has been accepted relatively rapidly in
Europe on the basis of its broad spectrum of activity
against multiple types of seizures, its wide toxic:thera-
peutic ratio, absence of sedative action, and absence of
serious toxicity. Pediatricians have been particularly in-
terested in the use of lamotrigine because it is effective
in children with idiopathic generalized seizures and
does not impair cognition. Early post-marketing expe-
rience indicated that felbamate was effective but its tol-
erability varied. However, the occurrence of serious id-
iosyncratic toxic effects has made this drug useful only
when seizures cannot be controlled with other medica-
tions and remain a serious problem.

In the United States, only felbamate has been ap-
proved for use in children, but its toxicity will prevent
widespread use. Gabapentin and lamotrigine will prob-
ably be used in children as well, even if not expressly
approved for such use, but only in those children in
whom conventional antiepileptic drugs have failed to
control seizures. In Europe, lamotrigine and vigabatrin
are already widely used in children.

Oxcarbazepine is gaining popularity in Europe as a
drug with a spectrum of action similar to that of carba-
mazepine but with better tolerability. Vigabatrin and

clobazam are used commonly in Europe and Canada,
mostly as secondary antiepileptic drugs. The use of vi-
gabatrin as monotherapy is currently being examined.
The future roles of zonisamide, tiagabine, and topira-
mate also remain to be determined.

We do not have adequate data on the possible terato-
genic effects of the new antiepileptic drugs. Early anec-
dotal experience suggests that lamotrigine given during
pregnancy is associated with a low risk of teratogenic
effects. Unfortunately, it is very difficult (or impossible)
to obtain such information before new drugs are mar-
keted, and we must depend on post-marketing surveil-
lance to determine the safety of each of these drugs for
use in women of childbearing age. Most of the new an-
tiepileptic drugs do not induce hepatic cytochrome
P-450 and therefore should not interfere with the action
of contraceptive hormones. (An exception is oxcarbaz-
epine, which induces cytochrome P-450 isoform 3A and
accelerates the metabolism of components of oral con-
traceptive pills.)

Given the limited efficacy of all the new antiepileptic
drugs and the potential for serious side effects, why are
they approved, why are they being marketed, and why
should they be used, especially if they are more expen-
sive than the older drugs? Epilepsy is a common disor-
der that has many forms and many causes. It can be
complex and very difficult to control, often requiring
treatment for many years just to keep seizures under
control. Epilepsy is currently not satisfactorily treated
in a substantial proportion of patients. All the clinical
trials have shown that some patients have a better re-
sponse to one drug than to another, even when they
have similar types of seizures and the drugs used have
similar mechanisms of action; the frequency and sever-
ity of side effects also vary substantially. Thus, until ei-
ther epilepsy can be cured or a potent, safe new drug
with broad activity is discovered, multiple medications
with different mechanisms of action and side-effect
profiles will be needed.

It will also be necessary to develop algorithms for the
most efficient and effective use of various drugs, both as
monotherapy and in a scheme for rational polytherapy.
These algorithms should take into account continued
clinical experience with the new drugs, comparisons of
the new drugs with older drugs, and an evaluation of ad-
verse effects during prolonged therapy in large numbers
of patients. An improved scheme for classifying patients
on the basis of the pharmacologic responsiveness of ep-
ileptic seizures and syndromes may also be needed. The
more strategies available to treat epilepsy, the more like-
ly that patients with this disorder will be able to achieve
good physical and mental health, as well as social, edu-
cational, and vocational fulfillment.

REFERENCES

1. Brodie MJ, Dichter MA. Antiepileptic drugs. N Engl J Med 1996;334:168-
75.

2. Hill DR, Suman-Chauhan N, Woodruff GN. Localization of [3H]gabapen-
tin to a novel site in rat brain: autoradiographic studies. Eur J Pharmacol
1993;244:303-9.

3. Wamil AW, McLean MJ. Limitation by gabapentin of high frequency ac-
tion potential firing by mouse central neurons in cell culture. Epilepsy Res
1994;17:1-11.

The New England Journal of Medicine 
Downloaded from nejm.org at WAYNE STATE UNIVERSITY LIBRARIES on November 17, 2011. For personal use only. No other uses without permission. 

 Copyright © 1996 Massachusetts Medical Society. All rights reserved. 



Vol. 334 No. 24 DRUG THERAPY 1589

4. Kocsis JD, Honmou O. Gabapentin increases GABA-induced depolariza-
tion in rat neonatal optic nerve. Neurosci Lett 1994;169:181-4.

5. Dichter MA. Integrated use of old and new antiepileptic drugs. Curr Opin
Neurol 1995;8:95-102.

6. UK Gabapentin Study Group. Gabapentin in partial epilepsy. Lancet 1990;
335:1114-7.

7. US Gabapentin Study Group No. 5. Gabapentin as add-on therapy in re-
fractory partial epilepsy: a double-blind, placebo-controlled, parallel-
group study: the US Gabapentin Study Group No. 5. Neurology 1993;43:
2292-8.

8. Anhut H, Ashman P, Feuerstein TJ, et al. Gabapentin (Neurontin) as add-
on therapy in patients with partial seizures: a double-blind, placebo-con-
trolled study. Epilepsia 1994;35:795-801.

9. Miller AA, Wheatley P, Sawyer DA, Baxter MG, Roth B. Pharmacological
studies on lamotrigine, a novel potential antiepileptic drug. I. Anticonvul-
sant profile in mice and rats. Epilepsia 1986;27:483-9.

10. Cheung H, Kamp D, Harris E. An in vitro investigation of the action of
lamotrigine on neuronal voltage-activated sodium channels. Epilepsy Res
1992;13:107-12.

11. Jawad S, Richens A, Goodwin G, Yuen WC. Controlled trial of lamotrigine
(Lamictal) for refractory partial seizures. Epilepsia 1989;30:356-63.

12. Sander JW, Patsalos PN, Oxley JR, Hamilton MJ, Yuen WC. A randomised
double-blind placebo-controlled add-on trial of lamotrigine in patients
with severe epilepsy. Epilepsy Res 1990;6:221-6.

13. Schapel GJ, Beran RG, Vajda FJ, et al. Double-blind, placebo controlled,
crossover study of lamotrigine in treatment resistant partial seizures.
J Neurol Neurosurg Psychiatry 1993;56:448-53.

14. Smith D, Baker G, Davies G, Dewey M, Chadwick DW. Outcomes of add-
on treatment with lamotrigine in partial epilepsy. Epilepsia 1993;34:312-22.

15. Binnie CD, Debets RM, Engelsman M, et al. Double-blind crossover trial
of lamotrigine (Lamictal) as add-on therapy in intractable epilepsy. Epilep-
sy Res 1989;4:222-9.

16. Loiseau P, Yuen A, Duche B, Menager T, Arne-Bes MC. A randomized
double-blind placebo-controlled crossover add-on trial of lamotrigine in
patients with treatment-resistant partial seizures. Epilepsy Res 1990;7:
136-45.

17. Risner ME, LAMICTAL Study Group. Multicenter, double-blind, place-
bo-controlled, add-on, cross-over study of lamotrigine (Lamictal) in ep-
ileptic outpatients with partial seizures. Epilepsia 1994;31:619-20. ab-
stract.

18. Messenheimer J, Ramsay RE, Willmore LJ, et al. Lamotrigine therapy for
partial seizures: a multicenter, placebo-controlled, double-blind, cross-
over trial. Epilepsia 1994;35:113-21.

19. Matsuo F, Bergen D, Faught E, et al. Placebo-controlled study of the ef-
ficacy and safety of lamotrigine in patients with partial seizures: U.S. La-
motrigine Protocol 0.5 Clinical Trial Group. Neurology 1993;43:2284-
91.

20. Pisani F, Gallitto G, Di Perri R. Could lamotrigine be useful in status ep-
ilepticus? A case report. J Neurol Neurosurg Psychiatry 1991;54:845-6.

21. Goa KL, Ross SR, Chrisp P. Lamotrigine: a review of its pharmacological
properties and clinical efficacy in epilepsy. Drugs 1993;46:152-76.

22. Brodie M. Preliminary experience with lamotrigine as monotherapy in ad-
olescents and adults. In: Reynolds EH, ed. Lamotrigine: a new advance in
the treatment of epilepsy. London: Royal Society of Medicine, 1994:83-8.

23. Leach J, Brodie M. Lamotrigine: clinical use. In: Levy RH, Mattson RH,
Meldrum BS, eds. Antiepileptic drugs. 4th ed. New York: Raven Press,
1995:889-95.

24. Brodie MJ, Richens A, Yuen AW. Double-blind comparison of lamotrigine
and carbamazepine in newly diagnosed epilepsy. Lancet 1995;345:476-9.

25. Kilpatrick E, Forrest G, Brodie M. Are lamotrigine concentrations clini-
cally useful? A prospective study. Epilepsia (in press).

26. Brodie MJ. Lamotrigine. Lancet 1992;339:1397-400.
27. White HS, Wolf HH, Swinyard EA, Skeen GA, Sofia RD. A neuropharma-

cological evaluation of felbamate as a novel anticonvulsant. Epilepsia
1992;33:564-72.

28. Rho JM, Donevan SD, Rogawski MA. Mechanism of action of the anti-
convulsant felbamate: opposing effects on N-methyl-D-aspartate and gam-
ma-aminobutyric acidA receptors. Ann Neurol 1994;35:229-34.

29. Theodore WH, Raubertas RF, Porter RJ, et al. Felbamate: a clinical trial
for complex partial seizures. Epilepsia 1991;32:392-7.

30. Leppik IE, Dreifuss FE, Pledger GW, et al. Felbamate for partial seizures:
results of a controlled clinical trial. Neurology 1991;41:1785-9.

31. Sachdeo R, Kramer LD, Rosenberg A, Sachdeo S. Felbamate monother-
apy: controlled trial in patients with partial onset seizures. Ann Neurol
1992;32:386-92.

32. Bourgeois B, Leppik IE, Sackellares JC, et al. Felbamate: a double-blind
controlled trial in patients undergoing presurgical evaluation of partial sei-
zures. Neurology 1993;43:693-6.

33. Faught E, Sachdeo RC, Remler MP, et al. Felbamate monotherapy for
partial-onset seizures: an active-control trial. Neurology 1993;43:688-
92.

34. The Felbamate Study Group in Lennox–Gastaut Syndrome. Efficacy of
felbamate in childhood epileptic encephalopathy (Lennox–Gastaut syn-
drome). N Engl J Med 1993;328:29-33.

35. Liporace J, Roberts D, Sperling M, French J, Dichter M. Post-marketing
felbamate experience. Epilepsia 1994;35:Suppl 8:55. abstract.

36. Wolff DL, Kerrick JM, Rarick J, Leppik IE, Graves NM. Post-market fel-
bamate use in the refractory epilepsy population. Epilepsia 1994;35:Suppl
8:32. abstract.

37. Asconapé JJ, Brotherton TA, Lauve LM, et al. Felbamate: efficacy and tol-
erability in patients with refractory epilepsies. Epilepsia 1994;35:Suppl 8:
114. abstract.

38. Wildin JD, Pleuvry BJ, Mawer GE, Onon T, Millington L. Respiratory and
sedative effects of clobazam and clonazepam in volunteers. Br J Clin Phar-
macol 1990;29:169-77.

39. Hindmarch I, Haller J, Sherwood N, Kerr JS. Comparison of five anxiolyt-
ic benzodiazepines on measures of psychomotor performance and sleep.
Neuropsychobiology 1990-91;24:84-9.

40. Haefely W, Kulcsar A, Mohler H, Pieri L, Polc P, Schaffner R. Possible
involvement of GABA in the central actions of benzodiazepines. Adv Bio-
chem Psychopharmacol 1975;14:131-51.

41. Critchley EMR, Vakil SD, Hayward HW, Owen MVH, Cocks A, Freeman-
tle NP. Double-blind clinical trial of clobazam in refractory epilepsy. In:
Hindmarch I, Stonier P, eds. Clobazam. Vol. 43 of International congress
and symposium series. London: Royal Society of Medicine, 1981:159-63.

42. Feely M, Calvert R, Gibson J. Clobazam in catamenial epilepsy: a model
for evaluating anticonvulsants. Lancet 1982;2:71-3.

43. Allen JW, Oxley J, Robertson MM, Trimble MR, Richens A, Jawad SS. Clo-
bazam as adjunctive treatment in refractory epilepsy. BMJ 1983;286:1246-7.

44. Schmidt D, Rohde M, Wolf P, Roeder-Wanner U. Clobazam for refractory
focal epilepsy: a controlled trial. Arch Neurol 1986;43:824-6.

45. Koeppen D, Baruzzi A, Capozza M, et al. Clobazam in therapy-resistant
patients with partial epilepsy: a double-blind, placebo-controlled, cross-
over study. Epilepsia 1987;28:495-506.

46. Scott DF, Moffett A. The long-term effect of clobazam as adjunctive ther-
apy in epilepsy. Acta Neurol Scand 1988;77:498-502.

47. Heller AJ, Ring HA, Reynolds EH. Factors relating to dramatic response
to clobazam therapy in refractory epilepsy. Epilepsy Res 1988;2:276-80.

48. Callaghan N, Goggin T. Adjunctive therapy in resistant epilepsy. Epilepsia
1988;29:Suppl 1:S29-S35.

49. Canadian Clobazam Cooperative Group. Clobazam in treatment of refrac-
tory epilepsy: the Canadian experience: a retrospective study. Epilepsia
1991;32:407-16.

50. Bardy AH, Seppala T, Salokorpi T, Granstrom ML, Santavuori P. Monitor-
ing of concentrations of clobazam and norclobazam in serum and saliva of
children with epilepsy. Brain Dev 1991;13:174-9.

51. Wang J, Hug D, Gautschi K, Weiser H. Clobazam for treatment in epilepsy.
J Epilepsy 1993;6:180-4.

52. Buchanan N. Clobazam in the treatment of epilepsy: prospective follow-
up to 8 years. J R Soc Med 1993;86:378-80.

53. Robertson MM. Current status of the 1,4- and 1,5-benzodiazepines in the
treatment of epilepsy: the place of clobazam. Epilepsia 1986;27:Suppl 1:
S27-S41.

54. Dulac O, Figueroa D, Rey E, Arthuis M. Monothérapie par le clobazam
dans les épilepsies de l’enfant. Presse Med 1983;12:1067-9.

55. Munn R, Camfield P, Camfield C, Dooley J. Clobazam for refractory child-
hood seizure disorders — a valuable supplementary drug. Can J Neurol
Sci 1988;15:406-8.

56. Haigh JR, Pullar T, Gent JP, Dailley C, Feely M. N-desmethylclobazam: a
possible alternative to clobazam in the treatment of refractory epilepsy?
Br J Clin Pharmacol 1987;23:213-8.

57. Pullar T, Haigh JR, Peaker S, Feely MP. Pharmacokinetics of N-desmeth-
ylclobazam in healthy volunteers and patients with epilepsy. Br J Clin
Pharmacol 1987;24:793-7.

58. Greenblatt DJ, Divoll M, Puri SK, Ho I, Zinny MA, Shader RI. Clobazam
kinetics in the elderly. Br J Clin Pharmacol 1981;12:631-6.

59. Feely M, Gibson J. Intermittent clobazam for catamenial epilepsy: toler-
ance avoided. J Neurol Neurosurg Psychiatry 1984;47:1279-82.

60. Petroff OA, Rothman DL, Behar KL, Mattson RH. Initial observations on
effect of vigabatrin on in vivo 1H spectroscopic measurements of gamma-
aminobutyric acid, glutamate, and glutamine in human brain. Epilepsia
1995;36:457-64.

61. Mumford JP, Dam M. Meta-analysis of European placebo controlled stud-
ies of vigabatrin in drug resistant epilepsy. Br J Clin Pharmacol 1989;27:
Suppl 1:101S-107S.

62. French JA, Mosier M, Walker S, Sommerville K, Sussman N, Vigabatrin
Protocol 024 Investigative Cohort. A double-blind, placebo-controlled
study of vigabatrin three g/day in patients with uncontrolled complex par-
tial seizures. Neurology 1996;46:54-61.

63. Chiron C, Dulac O, Beaumont D, Palacios L, Pajot N, Mumford J. Thera-
peutic trial of vigabatrin in refractory infantile spasms. J Child Neurol
1991;Suppl 2:S52-S59.

64. Dulac O, Chiron C, Luna D, et al. Vigabatrin in childhood epilepsy. J Child
Neurol 1991;Suppl 2:S30-S37.

65. Kälviäinen R, Aikiä M, Partanen J, et al. Randomized controlled pilot
study of vigabatrin versus carbamazepine monotherapy in newly diag-
nosed patients with epilepsy: an interim report. J Child Neurol 1991;Suppl
2:2S60-2S69.

The New England Journal of Medicine 
Downloaded from nejm.org at WAYNE STATE UNIVERSITY LIBRARIES on November 17, 2011. For personal use only. No other uses without permission. 

 Copyright © 1996 Massachusetts Medical Society. All rights reserved. 



1590 THE NEW ENGLAND JOURNAL OF MEDICINE June 13, 1996

66. McKee P, Blacklaw J, Friel E, Thompson R, Gillham R, Brodie M. Adju-
vant vigabatrin in refractory epilepsy: a ceiling to effective dosage in indi-
vidual patients. Epilepsia 1993;34:937-43.

67. Sander JW, Hart YM, Trimble MR, Shorvon SD. Vigabatrin and psychosis.
J Neurol Neurosurg Psychiatry 1991;54:435-9.

68. Butler WH. The neuropathology of vigabatrin. Epilepsia 1989;30:Suppl 3:
S15-S17.

69. Graham D. Neuropathology of vigabatrin. Br J Clin Pharmacol 1989;27:
Suppl 1:43S-45S.

70. Liegeois-Chauvel C, Marquis P, Gisselbrecht D, Pantieri R, Beaumont D,
Chauvel P. Effects of long-term vigabatrin on somatosensory-evoked po-
tentials in epileptic patients. Epilepsia 1989;30:Suppl 3:S23-S25.

71. Idem. Effects of long term vigabatrin on somatosensory evoked potentials
in epileptic patients. Br J Clin Pharmacol 1989;27:Suppl 1:69S-72S.

72. Cosi V, Callieco R, Galimberti CA, et al. Effects of vigabatrin on evoked
potentials in epileptic patients. Br J Clin Pharmacol 1989;27:Suppl 1:61S-
68S.

73. Cosi V, Callieco R, Galimberti CA, et al. Effect of vigabatrin (gamma-
vinyl-GABA) on visual, brainstem auditory and somatosensory evoked po-
tentials in epileptic patients. Eur Neurol 1988;28:42-6.

74. Cocito L, Maffini M, Loeb C. MRI findings in epileptic patients on viga-
batrin for more than 5 years. Seizure 1992;1:163-5.

75. Sivenius J, Paljarvi L, Vapalahti M, Nousiainen U, Riekkinen PJ. Vigabatrin
(gamma-vinyl-GABA): neuropathologic evaluation in five patients. Epilep-
sia 1993;34:193-6.

76. Agosti R, Yasargil G, Egli M, Wieser HG, Wiestler OD. Neuropathology
of a human hippocampus following long-term treatment with vigabatrin:
lack of microvacuoles. Epilepsy Res 1990;6:166-70.

77. Pedersen B, Hojgaard K, Dam M. Vigabatrin: no microvacuoles in a hu-
man brain. Epilepsy Res 1987;1:74-6.

78. Hammond EJ, Ballinger WE Jr, Lu L, Wilder BJ, Uthman BM, Reid SA.
Absence of cortical white matter changes in three patients undergoing
long-term vigabatrin therapy. Epilepsy Res 1992;12:261-5.

79. Oxcarbazepine. Lancet 1989;2:196-8.
80. Grant SM, Faulds D. Oxcarbazepine: a review of its pharmacology and

therapeutic potential in epilepsy, trigeminal neuralgia and affective disor-
ders. Drugs 1992;43:873-88.

81. Dam M, Ekberg R, Loyning Y, Waltimo O, Jakobsen K. A double-blind
study comparing oxcarbazepine and carbamazepine in patients with newly
diagnosed, previously untreated epilepsy. Epilepsy Res 1989;3:70-6.

82. Friis ML, Kristensen O, Boas J, et al. Therapeutic experiences with 947
epileptic out-patients in oxcarbazepine treatment. Acta Neurol Scand
1993;87:224-7.

83. Larkin JG, McKee PJ, Forrest G, et al. Lack of enzyme induction with ox-
carbazepine (600 mg daily) in healthy subjects. Br J Clin Pharmacol 1991;
31:65-71.

84. Van Amelsvoort T, Bakshi R, Devaux CB, Schwabe S. Hyponatremia as-
sociated with carbamazepine and oxcarbazepine therapy: a review. Epilep-
sia 1994;35:181-8.

85. Steinhoff BJ, Stoll KD, Stodieck SR, Paulus W. Hyponatremic coma under
oxcarbazepine therapy. Epilepsy Res 1992;11:67-70.

86. Schauf CL. Zonisamide enhances slow sodium inactivation in Myxicola.
Brain Res 1987;413:185-8.

87. Suzuki S, Kawakami K, Nishimura S, et al. Zonisamide blocks T-type cal-
cium channel in cultured neurons of rat cerebral cortex. Epilepsy Res
1992;12:21-7.

88. Rock DM, Macdonald RL, Taylor CP. Blockade of sustained repetitive ac-
tion potentials in cultured spinal cord neurons by zonisamide (AD 810,
CI 912), a novel anticonvulsant. Epilepsy Res 1989;3:138-43.

89. Seino M, Miyazaki H, Ito T. Zonisamide. Epilepsy Res Suppl 1991;3:169-
74.

90. Schmidt D, Jacob R, Loiseau P, et al. Zonisamide for add-on treatment of
refractory partial epilepsy: a European double-blind trial. Epilepsy Res
1993;15:67-73.

91. Leppik IE, Willmore LJ, Homan RW, et al. Efficacy and safety of zonisa-
mide: results of a multicenter study. Epilepsy Res 1993;14:165-73.

92. Yagi K, Seino M, Mihara T, et al. Open clinical trial of new antiepileptic
drug, zonisamide (ZNA) on 49 patients with refractory epileptic seizures.
Clin Psychiatry 1987;29:111-9.

93. Wagner JG, Sackellares JC, Donofrio PD, Berent S, Sakmar E. Nonlinear
pharmacokinetics of C1-912 in adult epileptic patients. Ther Drug Monit
1984;6:277-83.

94. Nielsen EB, Suzdak PD, Andersen KE, Knutsen LJ, Sonnewald U,
Braestrup C. Characterization of tiagabine (NO-328), a new potent and se-
lective GABA uptake inhibitor. Eur J Pharmacol 1991;196:257-66.

95. Andersen KE, Braestrup C, Gronwald FC, et al. The synthesis of novel
GABA uptake inhibitors. 1. Elucidation of the structure-activity studies
leading to the choice of (R)-1-[4,4-bis(3-methyl-2-thienyl)-3-butenyl]-
3-piperidinecarboxylic acid (tiagabine) as an anticonvulsant drug candi-
date. J Med Chem 1993;36:1716-25.

96. Thompson SM, Gahwiler BH. Effects of the GABA uptake inhibitor tiaga-
bine on inhibitory synaptic potentials in rat hippocampal slice cultures.
J Neurophysiol 1992;67:1698-701.

97. Oh DJ, Dichter MA. Effect of a gamma-aminobutyric acid uptake inhibi-
tor, NNC-711, on spontaneous postsynaptic currents in cultured rat hippo-
campal neurons: implications for antiepileptic drug development. Epilep-
sia 1994;35:426-30.

98. Richens A, Chadwick DW, Duncan JS, et al. Adjunctive treatment of par-
tial seizures with tiagabine: a placebo-controlled trial. Epilepsy Res 1995;
21:37-42.

99. Shank RP, Gardocki JF, Vaught JL, et al. Topiramate: preclinical evaluation
of structurally novel anticonvulsant. Epilepsia 1994;35:450-60.

100. White HS, Brown SD, Wolf HH, Twyman RE. The anticonvulsant topira-
mate potentiates GABA-evoked chloride current in mouse cortical neu-
rons. Epilepsia 1994;35:Suppl 8:67. abstract.

101. Faught E, Wilder BJ, Ramsay RE, et al. Topiramate placebo-controlled
dose-ranging trial in refractory partial epilepsy using 200, 400, and 600 mg
daily dosages. Neurology (in press).

Massachusetts Medical Society
Registry on Continuing Medical Education

To obtain information about continuing medical education courses in the New England
area, call between 9 a.m. and 12 noon, Monday through Friday, (617) 893-4610, or in

Massachusetts, 1-800-322-2303, ext. 1342.

The New England Journal of Medicine 
Downloaded from nejm.org at WAYNE STATE UNIVERSITY LIBRARIES on November 17, 2011. For personal use only. No other uses without permission. 

 Copyright © 1996 Massachusetts Medical Society. All rights reserved. 


