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The availability of new antiepileptic drugs has broadened
the spectrum of medical treatment options in epilepsy. The
new agents, together with established drugs, offer
substantial choice for doctors treating patients with focal or
generalised epilepsy. The newer antiepileptic drugs are not
necessarily more effective but usually better tolerated than
the traditional agents, mainly because of favourable
pharmacokinetic profiles and fewer interactions. Because
treatment options have increased, drug therapy can now
be tailored to the requirements of individual patients.
Nevertheless, significant safety and efficacy issues continue
to exist and there is a need for the development of even
better agents. This review describes the clinical use of the
new antiepileptic drugs, but focuses in particular on
monotherapy, the treatment of generalised seizures,
teratogenicity, and the cognitive side effect profile of the
newer compounds.
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D
espite recent developments in the non-
medical therapy of epilepsy, the prophy-
lactic use of anticonvulsant drugs remains

the mainstay of treatment. The licensing of
several new antiepileptic drugs over the last
two decades has not changed the basic treatment
principles of epilepsy, but it has given patients
and physicians greater choice. Focusing on issues
of clinical relevance, it is the aim of this review to
provide a comprehensive overview of the range
of drug treatments now available.
The most important first step in the choice of

an antiepileptic drug is the characterisation of
seizure type(s) and epilepsy syndrome, as several
antiepileptic drugs may have proconvulsive
effects in the treatment of generalised seizures.1

The distinction of focal and secondary general-
ised seizures on the one hand and (idiopathic or
primary) generalised seizures on the other is
therefore of therapeutic relevance. Focal seizures
are usually of symptomatic aetiology; primary
generalised seizures predominantly occur in the
context of idiopathic epilepsies (box 1). The
determination of the epilepsy syndrome (for
example, focal or idiopathic generalised epilepsy)
does not only affect the choice of treatment but
also allows a clearer prediction of the response to
antiepileptic drugs, which is considerably better
in idiopathic epilepsy. The new drugs have not
changed these basic principles of epilepsy man-
agement, however, agents like lamotrigine,
topiramate, levetiracetam, and felbamate have a

broad spectrum of action with low proconvulsive
potency.
The primary aim of treatment with antiepilep-

tic drugs is the complete control of seizures over
the long term. This aim is justified by the
observation that quality of life improves with
the achievement of seizure control.2 However, a
comprehensive treatment of epilepsy cannot
focus on this aim alone, as many other domains
of life may be affected by a seizure disorder or its
treatment—for instance, cognition, endocrine
function, and mood. The aims of antiepileptic
drug treatment are therefore more complex and
better described as ‘‘complete freedom of sei-
zures without negative effects on cognitive
function, emotional, physical or general well-
being’’ (box 2). In this respect, the new
antiepileptic drugs have increased choice, allow-
ing individual tailoring of treatment based on
satisfactory anticonvulsant potency, but taking
account of other health issues. As a result the
modern medical therapy of epilepsy has become
more complex.
Although based on fairly short term follow up

and focusing on seizure control, some recent
studies suggest that these aims can be achieved
in the majority of patients.3 Monotherapy can
control seizures fully in about 60% of patients
with focal and secondary generalised seizures, or
75% to 95% of patients with generalised epi-
lepsy.4 These figures reveal that, with an appro-
priately chosen antiepileptic drug, seizures in
idiopathic generalised epilepsy are more easily
treated, and that (at least over the short to
medium term) medical treatment is also fairly
successful in focal epilepsy. To date, no study has
demonstrated that, in this respect, the new
antiepileptic drugs have greater potency than
more established anticonvulsant drugs.3 5

The treatment of the epilepsies becomes much
more complex when an appropriately chosen
first line drug given at an adequate or maximum
tolerated dose has failed. Patients in this group
are considered as having ‘‘difficult-to-treat’’
epilepsy, many will turn out to have ‘‘refractory’’
epilepsy over the longer term. One retrospective,
observational study showed that only 13% of
patients who had failed to respond to initial
monotherapy achieved seizure freedom with the
first alternative monotherapy, and 3% became
seizure-free on combination therapy when serial
monotherapy had failed.3 This result is in line

Abbreviations: GABA, gamma aminobutyric acid; JME,
juvenile myoclonic epilepsy; NICE, National Institute for
Clinical Excellence
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with those of prelicensing randomised double blind add-on
studies with the new anticonvulsants in which only 0%–8%
of previously refractory patients became seizure-free (at least
in the short term) whereas 20%–50% experienced a seizure
reduction of .50%.6 On the other hand, one smaller
prospective study in which patients whose seizures continued
on the first monotherapy were randomised to additional
treatment with gabapentin or vigabatrin found that 31% and
39% of patients became seizure-free.7

It seems that the tempting but confusing choice of
combination therapy with two or more antiepileptic drugs
only produces a very moderate gain in anticonvulsant
potency in patients with refractory epilepsy who have already
tried a number of drugs, although it is more likely to be
effective in patients who continue to have seizures on their
first monotherapy. To date no prospective studies have been
conducted comparing alternative monotherapy and combina-
tion therapy.
It has been argued that antiepileptic drugs with different

modes of action should be combined if polytherapy needs to
be used (a concept known as ‘‘rational polytherapy’’).8

However, current understanding of possible synergistic
effects of different antiepileptic drugs is very limited.9–11

Moreover, it is difficult to translate pharmacological know-
ledge into clinical recommendations as the mechanism(s) of
action of many of these drugs are not fully understood or
completely unknown, and most exert their anticonvulsant
effects in several different ways. It is easier to base
therapeutic decisions on the lack of negative pharmacological
interactions between the different drugs. In the end, both
theoretical approaches lead to similar combinations, as the
anticonvulsant properties of antiepileptic drugs which
strongly induce hepatic enzymes (like carbamazepine and
phenytoin) affect voltage gated sodium channels whereas the
renally eliminated antiepileptic drugs—for instance gaba-
pentin, vigabatrin, or levetiracetam—have different or
unknown modes of action. Moderate enzyme inducers like
lamotrigine, oxcarbazepine, tiagabine, and topiramate occupy

an intermediate position—as well as valproate, which has
inhibitory effects on hepatic enzymes. The combination of
carbamazepine with levetiracetam would therefore be a good
choice for the treatment of focal seizures, as these drugs have
different modes of action and side effect profiles, whereas the
combination of carbamazepine and phenytoin would not be
recommended.12

MONOTHERAPY WITH NEW ANTIEPILEPTIC DRUGS
In principle, anticonvulsant therapy in adults is usually
considered after two unprovoked epileptic seizures. In view of
the fact that the majority of patients can be treated
successfully with one agent,3 there is a broad consensus of
opinion that therapy should be started by choosing a single
antiepileptic drug of first choice. The advantages of mono-
therapy are obvious—ease of concordance with a treatment
plan, fewer interactions, and thereby fewer side effects.
Moreover, monotherapy is less costly and has less teratogenic
potential.
The choice of first agent is determined by seizure type,

tolerability, efficacy, and patient characteristics like age,
gender, contraception (see box 3), or family planning issues.
This means that this choice is not exclusively based on
anticonvulsant potency (which is similar for many drugs in
this phase of treatment anyway) but also the other listed
factors, including (increasingly) the cost of treatment. In the
UK the monthly cost of treatment with carbamazepine or
valproate is between £2 and £15 whereas the typical
treatment costs with newer drugs are between £50 and
£100.13 However, several studies suggest that lamotrigine,
gabapentin, low dose topiramate, and possibly oxcarbazepine
have superior tolerability.
The UK National Institute for Clinical Excellence (NICE),

which assesses health technology used in the British National
Health Service, recently considered how new antiepileptic
drugs should be used based on the evidence available to
date.13 The recommendations made are summarised in box 4.
Of the new drugs, lamotrigine, oxcarbazepine, and

topiramate are licensed as monotherapy in the treatment of
epilepsy in the UK, gabapentin has a monotherapy licence in
other countries. Monotherapy trials of other drugs—like
levetiracetam—are currently under way.15 Vigabatrin is used
as monotherapy for West’s syndrome in children.
Lamotrigine and topiramate as well as levetiracetam have a
broad spectrum of activity and are not only used for focal but
also for generalised seizures, for instance in the idiopathic
epilepsies (several reviews have been published16–19).
Felbamate is a further new drug with a broad spectrum of
activity. However, it is not licensed for use in many countries
because of problems with haematological and hepatic
toxicity, although its efficacy in the monotherapy of
refractory focal epilepsy was demonstrated in two conversion
to monotherapy studies.20 Tiagabine, which increases synap-
tic and total brain gamma aminobutyric acid (GABA) by
blocking GABA reuptake,21 failed to demonstrate its efficacy
as monotherapy in a conversion-to-monotherapy study
which followed on from a double blind randomised pre-
licensing trial.20

Box 1: Clinical features of focal and idiopathic
generalised epilepsy

Focal (partial) epilepsy

N Onset at any age (most commonly in first year of life
and .65 years).

N Evidence of other central nervous system pathology
(injury, tumours, infection, dementia, etc).

N Aetiology mainly symptomatic or cryptogenic.

N Typical seizure types (examples):

– Focal seizures without impairment of consciousness.
– Focal seizures with impairment of consciousness.
– Secondary generalised tonic-clonic seizures

(with focal onset).

Generalised epilepsy

N Onset most commonly in childhood, rarely .30 years.

N Not associated with other central nervous system
pathology.

N Aetiology mainly idiopathic.

N Typical seizure types (examples):

– Absence seizures.
– Myoclonic seizures.
– Primary generalised tonic-clonic seizures.

Box 2: Aims of treatment with antiepileptic drugs

N Complete freedom of seizures.

N Avoidance of negative effects on cognitive function,
emotional, physical, or general wellbeing.
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EXPERIENCE WITH NEW ANTIEPILEPTIC DRUGS IN
MONOTHERAPY
Gabapentin
Gabapentin is a structural GABA analogue, which increases
GABA synthesis and release and slows down GABA break-
down.21 It is usually well tolerated and effective in focal
epilepsy, although it is considered to be of relatively low
anticonvulsant potency.22 Clinical practice has shown that
much higher doses than used in the premarketing studies can
be effective.23 Several monotherapy studies have been
completed (for a review see Gil-Nagel24). In patients with
newly diagnosed epilepsy the drug is similarly effective as
carbamazepine or lamotrigine. In one double blind study, the
efficacy and tolerability of gabapentin (1200–3600 mg/day)
was similar to that of lamotrigine (100–300 mg/day).24

However, gabapentin did not prove its efficacy in mono-
therapy in a conversion-to-monotherapy study following on
from a prelicensing double blind randomised controlled study
in patients with refractory epilepsy.20

Assessment
Gabapentin is effective as add-on treatment or in the
monotherapy of newly diagnosed focal epilepsy. It is not
indicated in generalised epilepsy syndromes (especially
absence epilepsies). It has favourable pharmacokinetic
properties (lack of drug interactions, no hepatic metabolism)
and good tolerability allowing rapid dose escalation. In view
of its pharmacokinetic features and the fact that it is not
metabolised in the liver, its use may especially be considered
in multimorbid patients treated with other pharmacological
agents and in patients with liver disorders. Its good
tolerability may also be particularly important in older people
with epilepsy. In this group of patients, the tolerability may
be improved further by increasing the daily dose very slowly.

Lamotrigine
Like phenytoin or carbamazepine, lamotrigine exerts most of
its antiepileptic activity by blocking excitatory Na+ channels
in a voltage and use dependent manner. It also reduces Ca2+

currents and may have additional unrecognised effects,
which may explain its broad spectrum of effectiveness.21

Several randomised monotherapy studies have compared
lamotrigine with carbamazepine or phenytoin.18 24 26–30 These
studies showed that, while lamotrigine is similarly effective
in the treatment of focal epilepsy as carbamazepine or
phenytoin, it is better tolerated—a fact reflected in lower
rates of treatment discontinuation in lamotrigine treated
patients.24 31 Lamotrigine also has a favourable side effect
profile when compared with valproate, as it does not cause
weight gain and has no or fewer adverse effects on sex
hormones in women, is likely to have a lower teratogenic
potential, and causes less cognitive dysfunction.32–37 Although
(at least in the treatment of idiopathic generalised epilepsy)
some clinicians consider lamotrigine to have lower antic-
onvulsant potency than valproate, there are at present no
randomised head-to-head studies comparing the effective-
ness of the two drugs. A direct comparison of lamotrigine in
doses ranging from 100 to 300 mg/day and gabapentin (1200
to 3600 mg/day) showed no difference between the two
drugs in terms of tolerability and effectiveness in patients.25

Assessment
After over 10 years of clinical experience, lamotrigine has
demonstrated its usefulness as a well tolerated antiepileptic
drug (with the exception of the risk of allergic-toxic reactions
during the initiation period).18 24 Further strengths of
lamotrigine are its positive psychotropic effects,18 38–40 its
broad spectrum of action, and its favourable side effect
profile, especially in women and older people. Lamotrigine
may be preferable to valproate in puberty in view of the lack
of endocrine effects. It is a disadvantage of treatment with
lamotrigine that the dose has to be built up slowly to
minimise the risk of allergic-toxic reactions and that patients
are therefore not protected effectively against seizures for the
first two months of treatment. Furthermore, plasma con-
centrations of lamotrigine are reduced significantly by a
coadministered oral contraceptive pill.41

Oxcarbazepine
Oxcarbazepine is thought to exert its antiepileptic activity
through blockage of voltage sensitive sodium channels. It
also reduces presynaptic glutamate release.21 Numerous
studies have demonstrated the effectiveness of oxcarbazepine
in the monotherapy of focal epilepsy in children and adults
(see recent reviews19 42 43). Oxcarbazepine represents a struc-
tural modification of the carbamazepine molecule and has
similar potency but a more favourable side effect profile
(with the exception of hyponatraemia). Patients can be
switched directly over from carbamazepine to oxcarbazepine

Box 3: Antiepileptic drugs and hormonal
contraception14

Drugs that reduce the effectiveness of hormonal
contraception

N Carbamazepine.

N Felbamate.

N Phenobarbital.

N Phenytoin.

N Primidone.

N Oxcarbazepine.

N Topiramate.

Drugs that do not reduce the effectiveness of
hormonal contraception

N Ethosuximide.

N Gabapentin.

N Lamotrigine.

N Levetiracetam.

N Tiagabine.

N Valproate.

N Vigabatrin.

N Zonisamide.

N Benzodiazepines.

Box 4: UK NICE recommendations for the use of
new antiepileptic drugs published in 200213:

New antiepileptic drugs should be considered within their
licensed indications:

N If established drugs (typically carbamazepine or
valproate) have failed.

N If the most appropriate older drug is contraindicated.

N If an older drug could interact with other medications
(including the oral contraceptive pill).

N If the older drugs are already known to be poorly
tolerated by the individual.

N If the patient is a woman of childbearing potential
(although the safety of newer antiepileptic drugs in
pregnancy remains unclear).

New antiepileptic drugs 583
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(using a ratio of 1:1.5 carbamazepine: oxcarbazepine up to
1500 mg/day carbamazepine and of 1:1 for higher doses),
although some clinicians advocate a more gradual switch in
patients taking more than 800 mg/day of carbamazepine or
patients taking more than one antiepileptic drug.42 44 Patients
switched from carbamazepine to oxcarbazepine may experi-
ence improvements in terms of tolerability or effectiveness.45

The potential for drug-drug interactions is lower with
oxcarbazepine than carbamazepine. Fewer patients treated
with oxcarbazepine than carbamazepine develop allergic
reactions, however, the rate of cross allergy is 25%.
Oxcarbazepine causes hyponatraemia in up to 2.7% of
patients. Although this is not clinically relevant in the
majority of cases, oxcarbazepine associated hyponatraemic
coma has been reported and hyponatraemia may be more
problematic in older, multimorbid patients or those with
cardiac or renal disease in whom regular blood electrolyte
estimations are indicated.42 46 47 Head-to-head monotherapy
studies (oxcarbazepine v valproate, oxcarbazepine v carba-
mazepine, oxcarbazepine v phenytoin) in patients with newly
diagnosed epilepsy showed that oxcarbazepine was better
tolerated than carbamazepine and phenytoin and similarly
well tolerated as valproate. There were no clear differences
between the drugs in terms of effectiveness (for a review see
Kwan and Brodie19). Oxcarbazepine has weaker enzyme
inducing effects than carbamazepine and therefore affects
sex hormone metabolism less significantly than carbamaze-
pine.48 In men with epilepsy especially, it has been shown
that testosterone levels, which are reduced in temporal lobe
epilepsy, are lowered further by carbamazepine.49 This could
have relevant reproductive effects. It is possible that such
negative effects could be avoided in patients treated with
oxcarbazepine.

Assessment
Oxcarbazepine is a potent and well tolerated drug for the
treatment of focal epilepsy. In monotherapy, doses can be
escalated relatively swiftly, although particular care has to be
taken in older, multimorbid patients. Oxcarbazepine is not
indicated in idiopathic generalised epilepsy syndromes
(especially in absence seizures), which it may exacerbate.42

In general, oxcarbazepine is better tolerated than carbama-
zepine and has less potential for drug interactions. Blood
sodium concentrations should monitored in patients with
known hyponatraemia, elderly and multimorbid patients,
patients taking other drugs with effects on sodium levels, and
those with possible symptoms of hyponatraemia.

Topiramate
Topiramate exerts its antiepileptic effects by influencing the
activity of some types of voltage gated Na+ and Ca2+ channels,
GABAA receptors, and certain glutamate receptors. It also
inhibits some isoenzymes of carbonic anhydrase.50

Topiramate is licensed for use in the monotherapy of focal
epilepsy in adults in the UK and several other countries.
Topiramate is much better tolerated when used on its own
than in combination therapy, which is often limited by the
negative cognitive effects of this highly potent anticonvul-
sant.39 In general, monotherapy studies show that topiramate
in daily doses of 100 to 200 mg/day is as effective as relatively
low doses of carbamazepine (600 mg/day) and valproate
(1250 mg/day) in children and adults, irrespective of seizure
type.51–54 So far, no studies have revealed that topiramate
monotherapy is superior to standard antiepileptic drugs in
monotherapy.55

Assessment
Topiramate is a potent antiepileptic drugs with a broad
spectrum of activity. In monotherapy, at least in doses up to
100 mg/day, it is better tolerated than carbamazepine and

valproate. More studies of tolerability in higher doses are
required to ensure that the negative cognitive effects seen in
combination therapy do not also affect patients treated with
monotherapy. Paraesthesias (relatively common in mono-
therapy) and weight loss are side effects specific to
topiramate. Patients should also be informed about an
increased risk of renal stones caused by carboanhydrase
inhibition.55 Doses of less than 200 mg/day do not interfere
with the effectiveness of the oral contraceptive pill. If higher
doses of topiramate are used in monotherapy, the oestrogen
content of the oral contraceptive pill should be above 50 mg
and patients should be warned about the significance of
breakthrough bleeding (which indicates that contraception is
not effective).

Levetiracetam
The mechanism of action of levetiracetam is poorly under-
stood. There is also insufficient information about levetir-
acetam monotherapy from valid clinical studies. However,
the clinical experience with levetiracetam so far suggests that
it is a well tolerated and highly effective drug for the
treatment of focal, and probably also of generalised epi-
lepsy.15 16 56 To date, there are no head-to-head studies of
levetiracetam with standard or other new antiepileptic drugs
in monotherapy.

Assessment
At present there are insufficient data about levetiracetam
monotherapy. However, in view of its almost ideal pharma-
cokinetic properties (no known interactions, no hepatic
metabolisation), its good tolerability and its very broad
spectrum of activity, levetiracetam promises to be a very
useful drug for the monotherapy of many different seizure
types and epilepsy syndromes.15 16

Vigabatrin
Vigabatrin increases GABA levels by binding irreversibly to
GABA transaminase.20 Of all new drugs vigabatrin is the only
one which has shown superior potency to conventional
drugs. However, this evidence is limited to its use in West’s
syndrome.57 It is now the monotherapy agent of first choice
for this indication. Otherwise, vigabatrin is only used as a
drug of last choice in patients with refractory focal epilepsy
(that is, when other appropriate monotherapies and combi-
nation treatments have failed). The reason for this is that
vigabatrin causes irreversible visual field defects in 30% to
60% of patients, which are thought to be due to GABA
mediated toxic effects on retinal amacrin cells.58 59

FUTURE PERSPECTIVES
The evidence base for the most effective use of some of the
new antiepileptic drugs (lamotrigine, gabapentin, topira-
mate, and oxcarbazepine) in newly treated patients with
epilepsy will improve significantly when the results of the
study of Standard And New Antiepileptic Drugs (SANAD,
www.liv.ac.uk/neuroscience/sanad) are analysed in 2005.
This randomised controlled trial compares the longer term
clinical outcomes and cost effectiveness of treatment with
carbamazepine or valproate with that of new drugs in around
3000 patients. Two further antiepileptic drugs will become
available in some European countries and the UK in the near
future, zonisamide and pregabalin. It is likely that they will
initially be licensed as adjunctive treatments in focal epilepsy,
although zonisamide has also been reported to be effective in
generalised epilepsies. It will take some time before their role
in the monotherapy of epilepsy will become clear. Zonisamide
principally seems to exert its antiepileptic effects by blocking
voltage gated Na+ and Ca2+ channels.60 The antiepileptic
effects of pregabalin may depend on a reduction of cellular
glutamate.61 Although a number of other substances are
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currently under preclinical evaluation,12 it is likely that
zonisamide and pregabalin will be the last new antiepileptic
drug to enter clinical use for some time.

ROLE OF NEW ANTIEPILEPTIC DRUGS IN THE
TREATMENT OF PRIMARY (IDIOPATHIC)
GENERALISED EPILEPSIES
There is scant evidence about the use of new antiepileptic
drugs for primary (idiopathic) generalised epilepsies from
prospective studies. Clinical experience, open label studies,
and a small number of controlled studies suggest that
lamotrigine, topiramate, felbamate, and probably also leve-
tiracetam,17 56 may be effective, at least for primary general-
ised tonic-clonic seizures. Lamotrigine and topiramate are
now licensed for this indication. The effectiveness of these
drugs in the treatment of absence epilepsies or juvenile
myoclonic epilepsy (JME) is a matter of controversy.
Valproate seems superior in terms of anticonvulsant
potency.17 The use of lamotrigine in the treatment of
myoclonic seizures is particularly problematic.62 However, if
patients fail to tolerate valproate or there are other relative
contraindications to valproate (for example, reproductive
disorders, weight gain) these new antiepileptic drugs may be
considered. The evidence for clinical effectiveness in general-
ised epilepsies is currently strongest for lamotrigine (see
published reviews17–19). However, it has been observed that
lamotrigine may cause an increase in myoclonic seizures in
JME (Janz syndrome).63 64

Although topiramate has been shown to have a broad
spectrum of anticonvulsant activity in animal experiments,65

there is insufficient experience with its clinical application in
the treatment of primary generalised epilepsies at present,
although it has been licensed for this indication in some
countries. Smaller, open label studies, anecdotal reports, and
one placebo controlled study suggest that topiramate has
beneficial effects in generalised epilepsies.66 67 One placebo
controlled study described the effects of this in 80 patients.
Fifty six percent of the topiramate treated patients had
experienced a greater than 50% seizure reduction after
16 weeks (as opposed to 20% in the placebo group).67 In
children topiramate can be effective in various generalised
epilepsy syndromes when other anticonvulsants have failed.68

Levetiracetam also has a broad spectrum of action in
animal experiments, so that—although not currently licensed
for this indication—its use in generalised epilepsy could be
considered.16 56 Anecdotal reports and case series suggest that
levetiracetam is effective in primary generalised epilep-
sies.56 69 70 Doses of 1000 mg/day to 4000 mg/day were used
in previously refractory patients. So far, there are no studies
describing longer term (greater than one year) treatment
results in primary generalised epilepsy with levetiracetam.
Many other reports about the use of levetiracetam in this
setting have only been published in abstract form (for
reviews see Ben-Menachem and Bourgeois16 17). Despite the
obvious methodological deficiencies of the studies analysing
levetiracetam therapy in primary generalised epilepsy to date
(February 2004), the use of this drug may be considered as
co-medication in otherwise refractory patients with general-
ised epilepsies, especially as many of the few alternative
agents have a more negative side effect profile.

EFFECTS ON COGNITIVE FUNCTIONS AND
BEHAVIOUR
Apart from their ‘‘cleaner’’ pharmacokinetic profile, the most
important reason why the new antiepileptic drugs may be
preferable to the more established drugs is their favourable
side effect profile. The most relevant side effects are central
nervous system related and affect cognitive functions.
Unfortunately, there are only a small number of prospective

studies investigating the effects of new drugs on cognition
and behaviour. One recent review pointed out that, in the
absence of head-to-head studies, methodological flaws and
differences between different existing studies made a
comparison of the effects of ‘‘new’’ and ‘‘old’’ antiepileptic
drugs very difficult.71 With the exception of topiramate, there
appears to be a tendency for newer drugs to have less
negative effects on cognitive functions than conventional
drugs. The effects of tiagabine, gabapentin, and especially
levetiracetam have not been examined sufficiently to form a
preliminary, even less a firm view of their potential to
interfere with cognitive functions.39 71 72 There are consider-
ably more data on lamotrigine, topiramate, and (although to
a lesser extent) on oxcarbazepine. The latter drug appears to
have no relevant negative cognitive effects on healthy
volunteers or on patients with newly diagnosed epi-
lepsy.39 71 72 Although the frequency and intensity of topir-
amate induced cognitive problems and psychiatric disorders
is in part dependent on the rate of dose escalation (the risk of
cognitive dysfunction with predominant word finding diffi-
culties can be reduced if the dose is built up by no more than
25 mg per week or fortnight), it is clear that the drug has a
considerable potential to cause cognitive side effects and
changes in behaviour.39 71–74 Apart from the speed of dose
escalation, a family history of psychiatric disorder and
epilepsy, a history of febrile convulsions and generalised
tonic-clonic seizures have been shown to be risk factors for
the development of topiramate related cognitive problems.74

In contrast, lamotrigine has the most favourable profile of
cognitive effects including positive effects on different
aspects of cognition and antidepressant effects.34 38–40 71 75

SPECIFIC SIDE EFFECTS
While the listed studies and clinical experience with the new
drugs show that they are well tolerated by more patients than
the established drugs, most new drugs can be associated with
idiosyncratic side effects (table 1). The recently described
topiramate associated acute ocular syndrome with reduced
visual acuity, myopia, and increased intraocular pressure is
very rare and reversible if the drug is discontinued.76 The
cause of this condition is unknown. Several reports suggest
that topiramate given in combination with valproate, and
possibly also with other drugs metabolised in the liver, can be
hepatotoxic.77 The visual field problems associated with
vigabatrin have been discussed above.58 59 Although levetir-
acetam was remarkably well tolerated in prelicensing studies
and caused few psychiatric side effects,78 its use in clinical
practice has uncovered potential problems: apart from reports
about allergic-toxic reactions,79 and seizure exacerbation,80

psychopathological side effects like irritability, aggressive-
ness, and even (reversible) psychosis are sometimes seen
(especially in patients with a history of psychiatric dis-
orders).81–83 Finally some patients complain of somnolence
and sedation which may occur and persist even at low doses
of levetiracetam.

TERATOGENICITY
There are insufficient data to make definitive statements
about the safety of new antiepileptic drugs in pregnancy. In
view of this lack of information, caution is advised. A
detailed, second trimester fetal anomaly ultrasound scan is
often recommended but may give a false sense of certainty
and can confront people treated with anticonvulsants with a
difficult dilemma if an abnormality is detected. International,
US, and UK pregnancy registers are in the process of
collecting data which should allow better informed preg-
nancy counselling in the future. In the North American
monotherapy register, lamotrigine was associated with a
1.8% risk of abnormalities (compared with 8.6% in babies
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exposed to valproate and 12% to those with phenobarbital
exposure).36 The rate of malformations in lamotrigine
monotherapy exposed pregnancies registered in the interna-
tional register was 3% (31 March 2003).36 This rate was
identical in the prospective British register (95% confidence
interval 1.5% to 5.7%) compared with 7.2% in pregnancies
exposed to valproate (95% confidence interval 5.2% to
10.0%).36 The combination of lamotrigine and valproate was
associated with a malformation risk of 11.9% or 10.4%
respectively,36 the combination of lamotrigine with other
antiepileptic drugs with a risk of 3.4%.36 Despite these data,
lamotrigine should only be used in pregnancy after a careful
assessment of the potential risks and benefits.

CONCLUSION
The development of new antiepileptic drugs has not changed
the basic principles of the medical therapy of epilepsy (box
5), but it has substantially increased treatment choice. So far,
it does not appear that the new drugs have greater
anticonvulsant potency than conventional agents. However,
the new drugs have a more favourable side effect profile,
which may represent a significant advantage in the treatment

of a chronic disorder. It remains to be demonstrated that this
potential advantage outweighs the considerably greater costs
of ‘‘modern’’ antiepileptic therapy. Moreover, longer term
side effects may only become apparent with continuing use of
these new drugs (the vigabatrin associated irreversible visual
field defects are an example of this). The choice of treatments
now available enables physicians to take account of their
patients’ particular wishes and circumstances. Most of the
new agents have better pharmacokinetic properties than
conventional antiepileptic drugs, including fewer interactions
with other drugs. This facilitates combination therapy when
two or more drugs are necessary. In particular lamotrigine,
gabapentin, and levetiracetam do not interfere with the
effectiveness of the oral contraceptive pill, topiramate, and
oxcarbazepine have less potent effects on contraceptive
hormone levels than carbamazepine and phenytoin. On the
other hand, knowledge on the safety of the new antiepileptic
drugs in pregnancy remains deficient (with the possible
exception of lamotrigine), so that patients can not really be
informed about the risk of malformations associated with
most of the new drugs. Some of the new antiepileptic drugs
(especially lamotrigine and gabapentin) have fewer negative
cognitive effects than standard anticonvulsants. The dose of
several of the new drugs can be increased relatively quickly,
at least if they are used in monotherapy, providing rapid
anticonvulsant protection (gabapentin, oxcarbazepine), or
their broad spectrum of action allows them to be used in focal
as well as idiopathic generalised epilepsies (lamotrigine,
topiramate, levetiracetam). There is an urgent need for
appropriately powered prospective studies to guide the
clinical use of the new antiepileptic drugs, and to enable
physicians to chose between conventional and new drugs.22
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