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Abstract A lack of systematic pharmacoepidemiological studies investigating adverse
drug reactions (ADRs) to anticonvulsants makes it difficult to assess accurately
the incidence of anticonvulsant-related ADRs. Most of the available information
in this regard stems from clinical trial experience, case reports and postmarketing
surveillance, sources that are not, by any means, structured to provide precise
data on adverse event epidemiology. For various ethical, statistical and logistical
reasons, the organisation of structured clinical trials that are likely to provide
substantial data on ADRs is extremely difficult.

This review concentrates on current literature concerning serious and life-
threatening ADRs. As with the older anticonvulsants, the majority of ADRs to
newer anticonvulsants are CNS-related, although there are several that are appar-
ently unique to some of these new drugs. Gabapentin has been reported to cause
aggravation of seizures, movement disorders and psychiatric disturbances. Fel-
bamate should only be prescribed under close medical supervision because of
aplastic anaemia and hepatotoxicity. Lamotrigine causes hypersensitivity reac-
tions that range from simple morbilliform rashes to multi-organ failure. Psychi-
atric ADRs and deterioration of seizure control have also been reported with
lamotrigine treatment. Oxcarbazepine has a safety profile similar to that of carba-
mazepine. Hyponatraemia associated with oxcarbazepine is also a problem; how-
ever, it is less likely to cause rash than carbamazepine. Nonconvulsive status
epilepticus has been reported frequently with tiagabine, although there are insuf-
ficient data at present to identify risk factors for this ADR. Topiramate frequently
causes cognitive ADRs and, in addition, also appears to cause word-finding dif-
ficulties, renal calculi and bodyweight loss. Vigabatrin has been reported to cause
seizure aggravation, especially in myoclonic seizures. There have been rare re-
ports of other neurological ADRs to vigabatrin, such as encephalopathy, apha-
sia and motor disturbances. Vigabatrin-induced visual field constriction is the
latest and most worrying ADR. Many questions regarding the nature of this po-
tentially serious ADR remain unanswered, as no prospective controlled study
examining the phenomenon has been published. Rare cases of behavioural ADRs
and IgA and IgG2 deficiency associated with the use of zonisamide have been
reported. However, relatively few patients so far have been exposed to this drug,
and therefore more postmarketing information is required.

The relatively late establishment of aplastic anaemia and hepatic failure as
potentially fatal ADRs of felbamate, and of visual field constriction with vig-
abatrin, should serve as ample reminders that ADRs can appear at any time.

Strangely enough, properly controlled observations of
the side effects of drug therapy seem to be lacking. . .

- Lennox (1942)[1]

Various authors have continued to make similar
comments when reviewing adverse drug reactions
(ADRs) to anticonvulsants,[2,3] a reflection of the in-
adequacy of the present ADR monitoring systems.
Although double-blind, placebo-controlled drug
trials provide substantial information on short term
adverse events, they have severe limitations where

long term ADR profiles are concerned. The time
limit imposed on anticonvulsant drug clinical trials
prevents the early discovery of many ADRs, as the
case of aplastic anaemia with felbamate illustrates.
Patient numbers in these trials are relatively small
and thus limit the meaningfulness of statistical con-
clusions. For ethical and other considerations, se-
lection criteria for clinical trials often exclude fe-
male patients on inadequate contraception, as they
also do the elderly and the very young, who may
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respond to new drugs differently. Initial clinical
trials invariably involve the use of trial drugs as
adjunctive therapy. Used as monotherapy, the inci-
dence and nature of adverse drug reactions due to a
given drug may be different.

While recognising these shortcomings in the
available literature, this review concentrates on
ADR profiles of drugs already in clinical usage.

1. Gabapentin

Gabapentin is licensed as add-on therapy for
partial seizures with or without secondary general-
isation in patients who have not achieved satisfac-
tory control with standard anticonvulsants.[4] Sev-
eral modes of action have been postulated, including
blockade of voltage-dependent sodium ion chan-
nels,[5] increased release of γ-aminobutyric acid
(GABA),[6] specific binding to a novel site, possibly
the neutral L-amino acid transport carrier,[7] and pos-
sible modulation of a voltage dependent calcium chan-
nel.[8] Gabapentin is excreted unmetabolised via the
kidneys and therefore does not cause pharmacoki-
netic interactions with other anticonvulsants.[4] In-
deed, in all the clinical trials reported there were
no statistically significant changes in the plasma
concentration of other anticonvulsants.[9-12]

1.1 Adverse Events in Clinical Trials

The most common adverse events reported dur-
ing add-on placebo-controlled clinical trials[13] are
shown in table I. Adverse events reported during
these clinical trials were mainly CNS-related and
tended to be mild. Although occasional serious ad-
verse events such as diminished white blood counts
have been reported, the causal relationship is not
clear.[12] Overall, no changes in haematological
and other laboratory findings have been observed
during gabapentin treatment. In a monotherapy
study, the reported adverse events of gabapentin
were very similar to those in the add-on studies,
such as dizziness, headache, fatigue, nausea, vom-
iting and somnolence. Furthermore, the adverse
events were similar to those with carbamazepine
monotherapy.[14]

1.2 Adverse Events from 
Clinical Observations

1.2.1 CNS Adverse Events

Psychiatric
Hypomania[15] has been reported in a patient with

a past history of probable hypomania, 2 days after
the dosage of gabapentin was increased to 900
mg/day. This improved transiently after gabapentin
dosage reduction, but full recovery only occurred
after cessation of therapy. It has been suggested that
cognitively impaired patients with a prior history of
behavioural disturbance are more likely to experi-
ence aggressiveness and irritability.[16] It has also
been suggested that aggression-related adverse ef-
fects seem to be dosage-related, and become a signi-
ficant problem at dosages of 1000 to 1200
mg/day.[17] Childers and Holland[18] also reported
that 2 patients experienced heightened anxiety and
restlessness, which resolved on withdrawal of the
drug.

Gabapentin is not currently licensed for use in
children. However, 3 case reports on psychiatric/
behavioural ADRs in children have been publish-
ed. Two children, 1 with learning difficulties and
another with attention deficit hyperactivity disor-
der, developed aggressive behaviour but returned
to normal after drug discontinuation.[19] Another

Table I. Most frequently occurring adverse events during placebo-
controlled add-on studies with gabapentin (reproduced from Parke-
Davis,[13] with permission)

Adverse event Patients experiencing event (%)

gabapentin +
anticonvulsants
(n = 543)

placebo +
anticonvulsants
(n = 378)

Somnolence 19.3 8.7

Dizziness 17.1 6.9

Ataxia 12.5 5.6

Fatigue 11.0 5.0

Nystagmus 8.3 4.0

Headache 8.1 9.0

Tremor 6.8 3.2

Nausea and/or vomiting 6.1 7.1

Diplopia 5.9 1.9

Any adverse event 75.1 56.6

Withdrawal due to adverse
events

5.0 3.7
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report of 7 children who received gabapentin as add-
on medication and subsequently developed behav-
ioural ADRs noted that all behavioural changes
were reversible and manageable by dosage reduc-
tion or discontinuation of gabapentin. Notably, all
patients had baseline attention deficit hyperactivity
disorder and developmental delays.[20] Asimilar re-
port of 3 children draws comparable conclusions.[21]

It is possible that patients with a previous history
of psychiatric or behavioural problems and learn-
ing disabilities may be predisposed to gabapentin-
associated psychiatric or behavioural adverse events.
Alternatively, these reports may be a reflection of
the initial use of gabapentin in patients with severe
epilepsy, in whom learning disabilities, behaviou-
ral disturbance and psychiatric disorders com-
monly coexist.[3] Pharmacoepidemiological stud-
ies providing definitive answers are currently
unavailable. Although the exact incidence of psy-
chiatric adverse effects occurring in association
with gabapentin is unknown, preliminary data do
not suggest that they are common.

Seizure Worsening
There have been several reports that gabapentin

may exacerbate absence seizures and cause myo-
clonus. An audit of gabapentin usage in a tertiary
referral centre for epilepsy showed that 15% of 263
consecutive patients experienced seizure worsen-
ing, and this was in fact the commonest reason for
drug withdrawal.[22] Gabapentin has also been re-
ported to cause seizure exacerbation in up to 15%
of patients with learning disabilities.[17] A case re-
port of a 14-year-old boy with Lennox-Gastaut syn-
drome mentions severe seizure worsening after
gabapentin was commenced, and he returned to his
usual state after gabapentin was stopped.[23] A com-
puter record search in one epilepsy centre showed
that 7% of patients experienced seizure deteriora-
tion after starting gabapentin.[24] A few cases of
gabapentin-induced myoclonus have been re-
ported,[25-27] although it is not possible to ascertain
whether these are epileptic phenomenon or move-
ment disorders.[28-30]

Therefore, there is some evidence to conclude
that gabapentin can sometimes aggravate seizures,

especially in patients with myoclonic and absence
seizures. It must be emphasised that gabapentin is
not recommended for the treatment of the general-
ised epilepsies.

Movement Disorders
Three patients with learning difficulties devel-

oped choreoathetotic movements after receiving
gabapentin for the treatment of epilepsy. All patients
recovered after gabapentin was withdrawn.[31,32]

Oculogyric crisis was reported to develop in 1 pa-
tient receiving gabapentin 1800 mg/day. The pa-
tient recovered after a single dose of lorazepam and
withdrawal of gabapentin.[27] There is good tempo-
ral correlation to suggest that gabapentin was the
agent responsible for these movement disorders al-
though, considering the wide usage of gabapentin,
these are rare instances.

Polyneuropathy
Polyneuropathy has been reported in a 58-year-

old man with neuropathic pain who had initially
discontinued therapy with gabapentin due to a rash
5 months after starting gabapentin.[33] Gabapentin
was restarted for intractable pain after the rash dis-
appeared. However, it returned along with a burn-
ing sensation in the lower extremities that extended
to the hips. A toxic polyneuropathy associated with
gabapentin was suspected and treatment discon-
tinued, after which he gradually improved. Other
causes of polyneuropathy were excluded although,
as a single case report, it is difficult to rule out
coincidence.

1.2.2 Mortality and Sudden Unexplained Death
In the UK, 361 patients receiving gabapentin in

5 tertiary epilepsy centres had a reported standard-
ised mortality ratio (ratio to general population
mortality rate after adjusted for age and gender) of
7.79 [95% confidence interval (CI) 2.69 to 12.89].
Although high, this was thought to be due to the
severity of the epilepsy in the patients studied
rather than the toxicity of gabapentin.[34]

According to the manufacturer’s information, 8
sudden unexplained deaths were recorded among a
cohort of 2203 patients treated (2103 patient-years
of exposure). This represents an incidence of 3.8
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per 1000 patient-years. It is within the range of es-
timates for the incidence of such events in epilepsy
patients not receiving gabapentin.[13]

1.2.3 Overdose
A 16-year-old girl (the daughter of a patient with

epilepsy) took an overdose of 48.9g of gabapentin.
Six hours later, her only complaints were dizziness
and a small amount of liquid stool that had oc-
curred involuntarily during sleep. Upon admis-
sion, she was lethargic but arousable. Her ECG was
normal and liver function tests, urea and electro-
lytes, blood count and urinalysis were all normal.
She was treated with 1000ml gastric lavage and 50g
charcoal with 70% sorbitol. Laboratory studies at 3
and 6 weeks were all normal.[35] The absorption of
gabapentin depends on the carrier-mediated L-amino
acid transport system. This system can be saturated
by a large dose of gabapentin[36] and may therefore
minimise the risk of toxicity.[13] A further report of
gabapentin overdose also showed no serious
ADRs.[37]

2. Felbamate

Felbamate is another newer anticonvulsant drug
that has no apparent effect on GABA or benzodia-
zepine binding but is thought to act through the
N-methyl-D-aspartate (NMDA) receptor complex[38]

and may have an additional sodium channel block-
ing function. Felbamate was thought to be a very
promising anticonvulsant and had a favourable
safety profile in animal studies.[39] Median lethal
doses remained undetermined because of the phys-
ical difficulty in administering large doses to ro-
dents.[39] In clinical trials, felbamate showed wide-
spectrum anticonvulsant activity and a lower
neurotoxic potential compared with many conven-
tional anticonvulsants. It was therefore approved on
30 July 1993 by the US Food and Drug Adminis-
tration (FDA) for monotherapy treatment in adults
with partial and generalised seizures and for chil-
dren with Lennox-Gastaut syndrome.[40] In August
1994, with over 100 000 patient-years of exposure,
10 cases of aplastic anaemia (2 fatal) associated
with felbamate were reported to the FDAwho then,
along with the manufacturers, recommended im-

mediate withdrawal of felbamate therapy from all
patients.[41] On 1 August 1995, the postmarketing
data showed that 32 patients (22 female) had been
reported to develop aplastic anaemia; 10 of these
cases were fatal.[42] The probable incidence of aplas-
tic anaemia is approximately 127 per million.[43] A
recent review suggested that the majority of patients
had a history of anticonvulsant allergy/toxicity, cyt-
openia and immune disease (table II);[44] these con-
ditions may be the risk factors for felbamate-in-
duced aplastic anaemia.

A total of 18 cases of hepatic toxicity have also
been reported in association with felbamate, al-
though only 7 cases were classified as causally likely
by an independent panel of hepatologists.[45] Using
the 130 000 to 170 000 exposed persons as a de-
nominator and 7 likely cases, the estimated inci-
dence is between 1 : 18 500 and 1 : 25 000.[45]

As the true incidence and specific cause(s) of
aplastic anaemia and hepatotoxicity are still un-
clear,[44] felbamate should only be prescribed to
patients with intractable epilepsy under close mon-
itoring. The risks for toxicity with felbamate should
be evaluated before starting treatment. In addition,
liver function tests and full blood count should be
performed prior to therapy and at regular intervals.
Patients must be educated in the likely prodromal
symptoms of potential marrow/liver toxicity. With
monitoring, patient education and continued re-
search to further elucidate risk factors, felbamate
can be a viable therapeutic agent for patients with
epilepsy.[44] Felbamate is now available in the US

Table II. Patient risk factors for developing aplastic anaemia with
felbamate.[44] The analysis includes all reported cases, regardless
of a definitive diagnosis of aplastic anaemia

Potential risk factor Percentage of
patients (%)
[n = 33]

Age >17 years 97

Female gender 67

Concomitant medications 79

Concomitant anticonvulsants 55

History of anticonvulsant toxicity/allergy 52

History of cytopenia 42

History of immune disease 33
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for refractory Lennox-Gastaut syndrome and on a
‘named basis’ in the UK.

With hindsight, it was probably a mistake to
market felbamate with no requirement for labora-
tory control, on the basis that a very small number
of people had been exposed to it (approximately
4000) at the time of release.[46] Nevertheless, a
costly lesson has been learnt and a more cautious
attitude should be adopted for marketing new anti-
convulsants.

3. Lamotrigine

Lamotrigine is licensed in the UK as monother-
apy of partial seizures with or without secondary
generalised tonic-clonic seizures for those over 12
years of age and add-on therapy for children over 2
years of age.[47] In the US, it is licensed for adjunc-
tive therapy in adults with partial seizures as well
as conversion to monotherapy in adults who are
receiving treatment with a single enzyme-inducing
antiepileptic drug. Lamotrigine is also licensed in
the US as adjunctive therapy for the generalised
seizures of Lennox-Gastaut syndrome in paediatric
and adult patients. Increasing experience with
lamotrigine suggests that it is effective in the treat-
ment of generalised epilepsies, including idio-
pathic generalised epilepsies.[48-50] The anticonvul-
sant effects of lamotrigine are likely to be due to
the inhibition of sodium currents by interacting
with the inactivated channel[51] and inhibitory ef-
fects on the release of glutamate.[52]

3.1 Adverse Events in Clinical Trials

Similar to gabapentin, the most frequently re-
ported adverse events in add-on studies were CNS-
related (table III).[53]Although the incidence of such
events was high, the effect of pharmacodynamic
interactions in the add-on trials is likely to have been
significant. Although efforts were made to control
pharmacokinetic interactions, the add-on trials were
unable to control pharmacodynamic interactions.
In the monotherapy clinical trial, most of the ad-
verse events were CNS-related (table IV),[54] and
their lower frequency may be due to the removal of
possible pharmacodynamic interactions. Rash is

the most common reason (in about 2 to 3% of re-
cipients)[53] leading to the discontinuation of the drug.
More detailed discussion of this ADR can be found
in section 3.2.3.

3.2 Adverse Events from 
Clinical Observations

3.2.1 CNS Adverse Reactions

Psychiatric
The data from nonblind and double-blind placebo-

controlled trials (1920 patients) suggest that the
rates of psychosis and depression leading to the dis-
continuation of lamotrigine are 0.2 and 0.26%, re-
spectively. Adverse events such as aggression, ir-
ritability, agitation, confusion and hallucinations
have also been reported,[55-57] although it is unclear
whether they represent a true association or merely
constitute a background incidence.[53] Nevertheless,
a case of psychosis has been reported that bears all
the hallmarks of ‘forced normalisation’. The pa-
tient became seizure free with a normal EEG; re-
covery occurred after lamotrigine was discontin-
ued and antipsychotic treatment was started.[58]

Table III. Adverse events reported in ≥10% of patients in US
placebo-controlled studies of lamotrigine (reproduced from Rich-
ens,[53] with permission)

Adverse event Patients experiencing event (%)

lamotrigine
(n = 334)

placebo
(n = 112)

Dizziness 50 18

Headache 37 36

Diplopia 33 11

Ataxia 24 5

Blurred vision 23 9

Nausea 22 15

Rhinitis 17 19

Somnolence 14 7

Pharyngitis 13 12

Coordination abnormality 12 6

‘Flu’ syndrome 11 9

Cough 10 8

Rash 10 5

Dyspepsia 10 5

Vomiting 10 9
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A case of reversible encephalopathy associated
with high lamotrigine blood concentration has been
reported.[59] The patient improved with serial re-
duction of the lamotrigine dosage. The authors sug-
gested that the dosage of lamotrigine was too high.
However, the patient had been stabilised on his an-
ticonvulsants for several months before encepha-
lopathy developed, and a concurrent urinary tract
infection may have played an important role in this
adverse event. The exact cause of the problem has
not been established.[3]

Seizure Worsening
In one study, 16 of 20 patients with severe myo-

clonic epilepsy developed seizure worsening, in
most cases within 3 months of treatment, and im-
proved after lamotrigine was discontinued.[60] Sei-
zure exacerbation associated with worsening of
interictal EEG changes and occurring at various
stages of severe myoclonic epilepsy has also been
reported.[61]

3.2.2 Overdose
Overdoses of between 1.35 and 4g of lamotrigine

have been reported in a few patients. Apart from
ataxia, dizziness, headache, nystagmus, somnolence
and vomiting, no serious clinical consequences
have been noted. A patient who ingested between
4 and 5g was admitted to hospital in a coma lasting
8 to 12 hours, followed by recovery over the next
2 to 3 days. Another patient who ingested 5.6g was
found unconscious and, following treatment with
charcoal, the patient recovered after sleeping for
16 hours.[62]

Although no serious clinical consequences were
reported in the above cases, in one patient (over-
dose 1.35g) the ECG showed QRS width of 110ms.
The ECG changes were possibly caused by the
arrhythmogenic effect of the 2-N-methyl metabo-
lite of lamotrigine. This metabolite was found to
prolong the PR interval in beagle dogs in a dose
dependent fashion. Only small amounts of this me-
tabolite are found in human urine, and none in the
blood.[62] Whether a large overdose of lamotrigine
will produce more of this metabolite in humans
remains unknown.

3.2.3 Hypersensitivity Reactions
Hypersensitivity reactions to lamotrigine are of

major concern. Stevens-Johnson syndrome, toxic epi-
dermal necrolysis, multi-organ failure, hepatic fail-
ure, renal failure and leucopenia have all been re-
ported.

Rash
The major ADR leading to lamotrigine discon-

tinuation is skin rash. The percentage of reported
rash varies between 5 and 10%.[55,56,63-66] In clini-
cal trials, the lamotrigine-related rash has most of-
ten been limited to a simple morbilliform rash
without evidence of systemic involvement, and ty-
pically occurs within the first 8 weeks of treatment.
The incidence of Stevens-Johnson syndrome in
clinical trials is reported to be approximately 1 in
1000 patients.[55,56,66] A few cases of toxic epider-
mal necrolysis have also been reported.[67-73] It is
recognised that concurrent treatment with valproic
acid (sodium valproate), a high starting dosage and
rapid dosage titration are well recognised risk fac-
tors for lamotrigine-related rash.[55,56,74] Children
are also more likely to experience a serious rash
than adults.[55] This topic has been extensively re-

Table IV. Adverse events reported in >5% of patients during a study
of monotherapy with lamotrigine or carbamazepine (reproduced
from Brodie et al.,[54] with permission)

Adverse event Number (%) of patients experiencing event

lamotrigine
(n = 131)

carbamazepine
(n = 129)

Headache 39 (30) 32 (25)

Asthenia 28 (21) 37 (29)

Rash 25 (19) 25 (19)

Nausea 23 (15) 16 (12)

Dizziness 16 (12) 22 (17)

Sleepiness 16 (12) 29 (22)*

‘Flu-like’ illness 15 (11) 10 (8)

Pharyngitis 12 (9) 9 (7)

Vomiting 12 (9) 9 (7)

Rhinitis 11 (8) 6 (5)

Amnesia 8 (6) 4 (3)

Infection 8 (6) 6 (5)

Back pain 7 (5) 2 (3)

Depression 6 (5) 11 (9)

Ataxia 4 (3) 11 (9)

* indicates statistically significant significance (p < 0.05).

Adverse Reactions to New Anticonvulsant Drugs 41

  Adis International Limited. All rights reserved. Drug Safety 2000 Jul; 23 (1)



viewed,[55,56,63,66] and the more recent observations
are discussed below.

In an observational study conducted in 5 UK ter-
tiary referral centres (1050 patients), females were
noted to be twice as likely to experience lamotrig-
ine rash (relative risk 1.83, 95% CI 1.20 to 2.81).
The reasons for this are unclear and further study
is required to confirm this finding.[75]

Multi-Organ Failure and
 Disseminated Intravascular Coagulation
In 1992, a review article on lamotrigine men-

tioned 3 cases of disseminated intravascular coag-
ulation (DIC) and multi-organ failure that had been
reported in patients receiving lamotrigine.[76] A
later analysis of 28 cases proposed excessive mus-
cular activity caused by convulsive seizures and sub-
sequent rhabdomyolysis as the pathophysiology
behind multi-organ failure and DIC.[77] There are
indications that this may not be true of every case.
We have previously compared data from the UK
Committee on Safety of Medicines (CSM) for
vigabatrin and lamotrigine (with permission from the
UK Medicines Control Agency).[78] Until August
1994, 6 cases of DIC had been reported in patients
receiving lamotrigine, whereas no cases of DIC as-
sociated with vigabatrin had been reported to the
CSM. The usage and indications of vigabatrin are
comparable to those of lamotrigine, and vigabatrin
has in fact been on the market 2 years longer than
lamotrigine. One would expect a similar frequency
of this adverse event in the case of vigabatrin, and
it is reasonable to conclude that the CSM data gen-
erate a hypothesis that lamotrigine may cause
DIC.[78]

Stronger evidence to support this view is avail-
able in 2 case reports[79,80] where patients have had
no generalised seizures at any time before the de-
velopment of DIC and multi-organ failure. In the
absence of other probable causes, lamotrigine was
thought to be directly responsible. A later, system-
atic observational study also reported a 27-year-old
female patient who developed asymptomatic DIC
1 month after she commenced lamotrigine. In sum-
mary, the available literature suggests that many of
the reported patients with this ADR probably de-

veloped complications secondary to severe convul-
sions and rhabdomyolysis, although lamotrigine
appears to induce similar adverse reactions inde-
pendently.[81]

Another life-threatening ADR, fulminant he-
patic failure, has also been reported.[82] A 22-year-
old woman developed a maculopapular rash and
hepatic failure. Lamotrigine was stopped and liver
function gradually improved after admission to
hospital. However, she died unexpectedly of a mas-
sive pulmonary embolus 2 months after admission.
Biopsy confirmed a diagnosis of fulminant hepatic
failure and, in the absence of other causes, it was
concluded that the fulminant hepatic failure was
due to lamotrigine.

Renal failure has also been reported to the CSM
in a 28-year-old man who initially stopped lamo-
trigine therapy because of drowsiness and aggres-
sive behaviour but was restarted on the drug 6
months later. Shortly after lamotrigine was recom-
menced he had 2 secondary generalised seizures and
developed severe hypertension and acute renal fail-
ure. Both hypertension and renal failure resolved
with cessation of lamotrigine therapy and treat-
ment with atenolol.[81]

Haematological Disturbances
Leucopenia has been reported with lamotrigine

treatment in a 35-year-old woman who developed
a rash and septicaemia soon after starting therapy.
The white blood cell count started to rise 3 days
after withdrawal, suggesting a causal relationship.[83]

Anaemia has also been reported rarely.[84,85]

Lymphadenopathy
Lymphadenopathy is a recognised ADR to la-

motrigine,[47] and is usually associated with other
symptoms such as rash. Pseudolymphoma without
concurrent rash or other systemic disturbances 14
weeks after starting lamotrigine, which resolved after
drug discontinuation, has also been reported.[86]

There is little doubt that hypersensitivity reac-
tions are major adverse reactions to lamotrigine.
However, most of the hypersensitivity reactions are
simple rashes. Moreover, the extensive usage of
this drug worldwide and the relative paucity of re-
ports of fatal outcomes suggests that these should
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not unduly deter the prescription of this drug. It re-
mains one of the most popular new anticonvulsants.

3.2.4 Interactions
In early clinical trials, lamotrigine was found to

interact with carbamazepine. Patients had typical
carbamazepine-induced dose-dependent cerebellar
toxicity in the form of diplopia, nystagmus, dizzi-
ness and unsteadiness. The cerebellar symptoms
abated with reduction of carbamazepine.[87,88] Be-
cause of these observations of dose-dependent tox-
icity, it was proposed that it might be due to phar-
macokinetic interactions between lamotrigine and
carbamazepine. A study of the pharmacokinetic in-
teraction between lamotrigine and carbamazepine
and its primary metabolite carbamazepine 10,11-
epoxide in 9 consecutive patients (5 male, 4 female,
aged 19 to 31 years) showed that after the introduc-
tion of lamotrigine (median dosage of 200 mg/day,
range 100 to 300 mg/day), the mean serum carba-
mazepine epoxide concentration increased by 45%
(p < 0.01) and the carbamazepine epoxide/carbam-
azepine ratio increased by 19% (p < 0.02). These
changes were associated with clinical toxicity (diz-
ziness, nausea and diplopia) in 4 patients.[89]

However, other researchers failed to find changes
in plasma carbamazepine or carbamazepine epox-
ide in lamotrigine-treated patients.[90-95] They all
suggested that the interaction between carbamaze-
pine and lamotrigine was pharmacodynamic, and
present evidence[95] would confirm this. This inter-
action can be easily controlled by dosage reduction
of either carbamazepine or lamotrigine.

Three cases of unusual disabling tremor caused
by concurrent use of lamotrigine with valproic acid
have been reported. A severe, disabling, postural
action tremor predominantly affecting the upper
limbs was associated with ataxia and dysarthria. All
patients recovered after dosage reduction of either
lamotrigine or valproic acid.[96]

One of these cases highlights the significance of
the pharmacokinetic interactions of lamotrigine
with valproic acid and phenytoin.[96] The patient was
receiving well tolerated daily dosages of pheny-
toin, valproic acid and lamotrigine. Withdrawal of
phenytoin resulted in the development of disabling

tremor and ataxia, and symptoms resolved when the
lamotrigine dosage was lowered. The reaction was
caused by phenytoin withdrawal unmasking the ef-
fect of valproic acid on lamotrigine metabolism.
Most prescribing reference books, such as the Data
Sheet Compendium, British National Formulary
(BNF), Monthly Index of Medical Specialties
(MIMS) and Physician’s Desk Reference, al-
though mentioning the need for awareness of the
fact that valproic acid users should receive a lower
dosage of lamotrigine, do not mention the possible
consequences of the withdrawal of concomitant
hepatic enzyme inducers such as phenytoin.

3.3 Safety in Pregnancy

Interim results of the lamotrigine pregnancy reg-
istry contains 149 prospective reports. The advi-
sory committee to the registry reviewed the results
and found no safety signal to date (January 1999).
However, the sample size was insufficient to make
definitive conclusions about the safety of lamotrig-
ine use in pregnancy.[97]

4. Oxcarbazepine

Oxcarbazepine, the 10-keto analogue of carba-
mazepine, appears to have fewer adverse events and
drug interactions than carbamazepine while retain-
ing similar efficacy.[98,99] It has an adverse event
profile similar to carbamazepine, although it is im-
portant to note 2 significant differences that are im-
portant in clinical practice.

The incidence of skin rash is less with oxcar-
bazepine than with carbamazepine, making oxcar-
bazepine a viable alternative for patients who ex-
perience skin reactions with carbamazepine. In a
retrospective multicentre study of 947 patients,
rash was reported in 6% of patients, 50% of whom
had suffered a previous allergic reaction to carba-
mazepine.[100] Cross-reactivity is seen in about 25%
of patients who have had skin problems with carba-
mazepine,[101] although it has been suggested that
this figure may be higher.[102] In a double-blind
clinical trial of monotherapy, 9 of 91 participants dis-
continued oxcarbazepine due to rash, compared
with 16 of 95 in the carbamazepine group.[103]
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Given the similarity in efficacy between the 2 drugs,
oxcarbazepine may be a useful alternative in pa-
tients who derive significant benefit from carbam-
azepine but are unable to tolerate the drug because
of skin rashes.

Hyponatraemia appears to be a common prob-
lem with oxcarbazepine,[104,105] and in rare situations
may lead to serious complications,[106] necessitating
vigilance to prevent acute water intoxication. How-
ever, this should not detract from its role as an ef-
fective anticonvulsant drug in many seizure types.

5. Tiagabine

Tiagabine is a specific GABA reuptake inhibitor
drug that has recently been released in several
countries as adjunctive therapy in partial seizures.
It is moderately efficacious and appears to lack se-
rious idiosyncratic ADRs. Data are available both
from add-on, double-blind, placebo-controlled tri-
als as well as preliminary data from long term non-
blind clinical trials.[107-109]

5.1 Adverse Events in Clinical Trials

Most adverse effects are CNS-related and ap-
pear in the first 6 months of therapy, mostly resolv-
ing within a month.[110] Frequency of administra-
tion may be an important factor, as in a large study
fewer patients on 8mg 4 times daily discontinued
therapy due to adverse events than did patients on
16mg twice daily.[111] However, other studies have
not found a significant correlation between regi-
men and adverse events.[107] In short term, placebo-
controlled studies, 91% of patients experienced
treatment-emergent events as compared with 79%
in the placebo group.[107] Dizziness was experien-
ced by 30% of patients (placebo 13%) and other
common events were asthenia in 24% (placebo
12%), nervousness in 12% (placebo 3%), tremor in
9% (placebo 3%), depression in 5% (placebo 1%)
and emotional lability in 4% (placebo 1%). Other
CNS-related adverse events reported were somno-
lence, headache, abnormal thinking, ataxia and
confusion, which occurred in similar numbers in the
placebo group.

Diarrhoea (7%) was more commonly noted in the
treatment group, although other events such as
pharyngitis and abdominal pain were no more fre-
quent than in the placebo group. Analysis of some
placebo-controlled trials has shown that tiagabine
appears not to impair cognitive function,[112-114] a
definite advantage over most other anticonvul-
sants. In monotherapy studies, paraesthesiae have
also been noted as occurring significantly more
commonly (20%) than in placebo patients.[115]

5.2 Adverse Events from 
Clinical Observations

In longer term trials, similar ADRs were noted
with similar frequencies.[104] These were dizziness
(34%), somnolence (25%), asthenia (24%), head-
ache (23%) and tremor (20%). The most worrying
ADR to tiagabine is nonconvulsive status epilepti-
cus (NCSE), which 9 patients have been reported
to develop.[116-120] All patients recovered after tiag-
abine withdrawal, which suggests that tiagabine was
the likely cause of NCSE.

There is a published report of tiagabine over-
dose where an individual consumed 30 to 40 tablets
of 8mg each and was admitted in a coma that re-
solved in 24 hours.[121]

6. Topiramate

Topiramate is licensed for use as adjunctive
therapy in partial seizures with or without second-
ary generalisation. It has several postulated mech-
anisms of action, including state dependent sodium
channel blockade[122] and enhancement of GABA-
mediated chloride influx into neurons.[123] It also
inhibits kainate activity on the kainate/ a-amino-3-
hydroxy-5-methyl-4-propionic acid (AMPA) sub-
type of glutamate receptors[124] and weakly inhibits
the CA II and CA IV isoenzymes of carbonic an-
hydrase.[125]

6.1 Adverse Events in Clinical Trials

Though efficacious and with a high neuropro-
tective index in animals,[126] adverse events are fre-
quently encountered and these are often responsi-
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ble for discontinuation of therapy. Adverse syner-
gism with other concomitant therapy is possible,
and a recent report suggests that when used as mo-
notherapy in low or moderate dosages, topiramate
is considerably better tolerated.[127] Six placebo-
controlled trials in Europe and North America have
so far been conducted.[118-132] Adverse events oc-
cur early after initiation of therapy and appear to
be directly related to the rapidity and magnitude of
dosage titration.[133] A randomised, double-blind
multicentre study showed that 38% of patients
started on topiramate 100 mg/day and titrated rap-
idly to 400 mg/day over a 3-week period had ad-
verse events, compared with 25% in a group ti-
trated more slowly from 50 to 400 mg/day over 8
weeks.[134] The effect of these differing titration re-
gimens on seizure control was similar in both groups,
suggesting that slow titration starting with dosages
as low as 25mg every alternate day and initially
small increments of 25mg at appropriate 2-weekly
intervals are preferable.

6.1.1 CNS Adverse Events
A wide range of ADRs have been reported, al-

though dosage titration to large amounts was rapid
in many studies. Central and peripheral nervous
system problems are the most frequently observed
adverse events of topiramate therapy and, in clini-
cal trials where dosages ranged from 200 to 1000
mg/day, these occurred in 77% of patients (placebo
52.3%).[132] Dizziness in 31% (placebo 15%), head-
aches in 27% (placebo 28%), paraesthesiae in 18%
(placebo 5%) and ataxia in 16% (placebo 7%) were
the most commonly reported events. Headaches
were more common in the placebo group. Perior-
al and digital paraesthesiae, an ADR shared with
acetazolamide, are probably due to the alkalosis
caused by carbonic anhydrase inhibition. Speech
disturbances in 13% (placebo 2%) and language
problems in 10% (placebo 0.5%) of patients were
also frequently reported and, in clinical practice,
many such patients describe problems that range
from mild word finding difficulties to frank motor
dysphasia. Some patients (3%) were noted to de-
velop an exacerbation of seizures, although this was
more commonly reported in the placebo groups

(5%). ADRs seen with other anticonvulsants such as
tremor (9%; placebo 6%), nystagmus (12%; pla-
cebo 9%), incoordination (4%; placebo 2%) and
gait abnormalities (2%; placebo 1.4%) have also
been reported. A greater incidence of cognitive
ADRs than with lamotrigine and gabapentin have
been reported in healthy adult volunteers, although
this study involved very few individuals, dosage
titration was very rapid and seizure reduction was
not taken into account.[135]

Neuropsychiatric adverse events were almost as
frequently reported as nervous system problems in
clinical trials and occurred in 74% of patients (pla-
cebo 34%). Somnolence in 28% (placebo 10%) was
the most common event, followed by psychomotor
slowing in 20% (placebo 2%), nervousness in 19%
(placebo 7%), memory problems in 14% (placebo
3%), lack of concentration in 13% (placebo 1.4%),
depression in 12% (placebo 6%) and confusion in
13% (placebo 4%). Insomnia and anxiety were less
frequently reported and at similar levels to the pla-
cebo group. Behavioural disturbances (aggression,
agitation, emotional lability and euphoria) and
symptoms of psychosis (psychosis, paranoia, delu-
sions and mania) were uncommon observations.
Occasional problems with libido, and sleep disor-
ders such as somnambulism, were also reported,
although less frequently than in the placebo group.
Psychosis in particular appeared to be a relatively
rare event and of 27 psychotic episodes only 2 cases
were considered to be directly related to topira-
mate, whereas 13 were possibly related.[132]

6.1.2 Bodyweight Loss
Bodyweight loss is a frequently observed and

not always unwelcome effect of topiramate ther-
apy.[132,136] Data from 1300 adult patients in clini-
cal studies showed that 22% of patients reported a
decrease in bodyweight.[132] Analysis suggests that
dosage as well as baseline bodyweight are impor-
tant predictive factors. Decreases in bodyweight
ranged from about 2% in patients who received less
than 200 mg/day to 7% in patients who received
more than 1000 mg/day. Duration of treatment in
the latter group may be a contributory factor, as
patients receiving higher dosages also tend to be
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those who have consumed the drug for longer pe-
riods of time. However, it has also been observed
that bodyweight loss peaked at around 12 to 18
months of treatment, with bodyweight gain towards
pretreatment levels on continued topiramate ther-
apy.[132] Bodyweight loss was greatest (8%) in pa-
tients who had baseline bodyweights of more than
100kg and least (3%) in those who weighed less
than 60kg. Lack of appetite, at least in routine clin-
ical practice, appears to be a significant factor and
this was a common complaint in clinical trials (12%;
placebo 4%).

6.1.3 Renal Calculi
Renal calculi are a well known, although uncom-

mon, ADR of topiramate. They occurred in less than
2% of the study population.[132] Males were more
commonly affected than female patients, although
the effects of age, dosage and duration of treatment
were all shown to be insignificant factors. How-
ever, a family history of nephrolithiasis, hypercal-
ciuria and a prior history of renal stone formation
are probably important. Although these are not nec-
essarily contraindications to treatment, it is impor-
tant to ensure adequate hydration. The exact mech-
anisms of stone formation are not clearly known.
Out of 7 cases of topiramate-associated nephroli-
thiasis reported in clinical trials that were studied,
5 had calcium phosphate stones.[137] These can be
associated with carbonic anhydrase inhibition
where the urine is alkalinised and citrate excre-
tion reduced.[138]

6.2 Adverse Events from 
Clinical Observations

Other ADRs have been reported in the literature,
including transient myopia[139] and fulminant hepatic
failure,[140] although the latter is a solitary occurrence
in well over 100 000 patient-years of treatment.

6.3 Safety in Pregnancy

Topiramate has been found to be teratogenic in
animal studies, although its effects on the human
foetus are as yet unknown.[132] Careful risk-benefit

assessments are therefore essential, as is expert su-
pervision.

In summary, topiramate is an effective drug in
the treatment of the epilepsies, and although ther-
apy can be complicated by the occurrence of adverse
events, measures such as gradual titration and
small initial dosages are helpful in limiting these.

7. Vigabatrin

Vigabatrin is licensed for the treatment of epi-
lepsy not satisfactorily controlled by other anti-
convulsants and also as monotherapy for West’s
syndrome.[141] A minority of patients with Lennox-
Gastaut syndrome have also demonstrated a good
response.[142,143] The main anticonvulsant effect of
vigabatrin is due to GABA aminotransferase inhi-
bition. However, inhibition of glutamate and aspar-
tate synthesis[144-146] and GABA uptake inhibi-
tion[147] may also contribute to the anticonvulsant
effect.

7.1 Adverse Events in Clinical Trials

As with lamotrigine, the most common adverse
events reported during the clinical trial were CNS-
related. Table V summarises the 10 most frequently
reported adverse events in 6 double-blind, placebo-
controlled, cross-over, add-on trials.[148]Table VI
shows the adverse events reported in a vigabatrin
monotherapy study and, similarly to the add-on
studies, most of the adverse events are CNS-related;

Table V. Incidence of 10 most frequently reported adverse events in
double-blind studies of vigabatrin (reproduced from Reynolds,[148]

with permission)

Adverse event Incidence (%)

vigabatrin placebo

Somnolence 27.2 13.0

Fatigue 7.5 6.1

Irritability 5.4 6.1

Dizziness 5.4 1.4

Headache 4.1 4.1

Depression 4.1 2.7

Confusion 3.4 0.7

Poor concentration 2.7 1.4

Abdominal pain 2.7 0.7

Anorexia 2.7 0.7
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no life-threatening adverse events have been re-
ported.[149]

7.2 Adverse Events from 
Clinical Observations

7.2.1 CNS Adverse Events

Psychotic and Behavioural Reactions
From the pre-1990 placebo-controlled clinical

trials,[150-155] there was no indication that vigabat-
rin could cause serious psychiatric adverse drug re-
actions, such as psychosis, although 5 of 141 pa-
tients (3.6%) experienced confusion while taking
vigabatrin, but not placebo. However, in 1990,
Sander and Hart[156] reported that 7 of 145 patients
developed psychotic symptoms after starting
vigabatrin. In 6 patients, the symptoms only re-
solved on withdrawal of treatment, while in the
seventh patient they resolved on halving the daily
dose from 4000 to 2000mg. In 4 of the patients,
seizures had been completely controlled at the time
of onset of psychotic symptoms. Two of the 7 had
a previous history of psychosis. Sander and Hart[156]

suggested that the psychosis may result from ‘forced
normalisation’ rather than the direct effect of vig-
abatrin. Thomas et al.[157] also suggested the suppres-
sion of seizures, or becoming seizure-free, was an
important factor associated with vigabatrin-related
psychosis.

However, when further cases of vigabatrin-
associated psychiatric and behavioural disturbances
were reported, it became clear that forced normal-
isation was unlikely to be the sole cause. Wong et
al.[3] reviewed 16 studies and case reports and iden-
tified 91 cases of psychotic or behavioural distur-
bances; less than half of these cases were reported
to have a complete or major improvement in sei-
zure control.

There is also strong evidence to suggest that
vigabatrin-related psychiatric and behavioural
disturbances may have a pharmacological basis
(i.e. a type A reaction), possibly mediated through
its GABA-mimetic properties. First, vigabatrin over-
dose has been reported to cause psychosis.[158]

Secondly, data from the manufacturer quoted in
Schmidt and Kramer[159] showed a clear trend that in-

creasing dosage of vigabatrin led to an increase in
abnormal behaviour necessitating vigabatrin with-
drawal, and also the higher the initial dosage of
vigabatrin, the higher the incidence of behavioural
adverse events at first visit. Thirdly, GABA agonists
and other GABA-mimetic drugs such as benzodia-
zepines and phenobarbital (phenobarbitone) have
also been reported to induce psychiatric symp-
toms.[160-162]

To complicate the situation further, sudden ces-
sation of vigabatrin has also been reported to induce

Table VI. Adverse events observed in patients randomised to initial
monotherapy with vigabatrin or carbamazepine, with noncompliant
patients excluded (reproduced from Kalviainen et al.,[149] with
permission)

Adverse event Number of patients
experiencing event

vigabatrin
(n = 43)

carbamazepine
(n = 45)

Intolerable events
Generalised rash 0 7*

Hepatic toxic effects 0 3

Elevation of blood glucose level 0 1

Confusion and personality
change

0 1

Tolerable events
Drowsiness 19 28

Dizziness 3 9

Visual disturbances 7 0*

Myoclonic jerks 6 1*

Gastrointestinal symptoms 3 4

Cognitive disturbance 2 3

Eczema 1 4

Increased appetite 2 0

Loss of appetite 0 2

Drug interactions 1 2

Headache 1 1

Depressive mood 1 0

Insomnia 1 0

Loss of hair 1 0

Gynaecomastia 0 1

Arthralgia 1 0

Feeling of thirst 1 0

All events
Some 31 39

None 12 6

* indicates statistical significance (p < 0.05).
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psychosis.[163,164] EEG evidence shows that the
vigabatrin withdrawal psychosis was not associated
with a sudden increase in epileptic discharges, and
therefore these episodes were unlikely to be noncon-
vulsive status or post-ictal psychosis.[163,164] Abrupt
withdrawal of other CNS depressants such as ben-
zodiazepines, alcohol and barbiturates have also
been known to cause psychiatric disturbances.[165]

Sudden removal of CNS inhibition may be a possible
cause of vigabatrin-withdrawal psychosis.

Finally, we consider the frequency of vigabatrin-
related psychotic reactions. Data from the manufact-
urer, based on the Global Safety Data submitted to
the FDA, suggests an incidence of psychosis of
1.1%,[166] but a prescription event monitoring study
conducted by the Drug Safety Research Unit in the
UK (an independent pharmacovigilance charity)
suggests that the incidence of psychosis is only
0.64%.[166] However, data from an American pla-
cebo-controlled clinical trial in patients with resis-
tant partial seizures suggests the incidence of psy-
chosis, in this selected group, is 2.9%[166] and in
tertiary referral centres the rate may be as high as
6%.[158]

Affective Disorder
In 1993, 10 patients were reported to develop a

major depressive episode in association with viga-
batrin treatment for intractable epilepsy.[167] No
obvious psychosocial precipitants were present in
these 10 patients and all patients recovered after
vigabatrin withdrawal. The authors suggested the
depression may be related either to the potency of
vigabatrin in controlling seizures (i.e. forced nor-
malisation) or its effect on GABA, or both.[167]

However, other studies used the Beck Depression
Inventory and Middlesex Hospital Questionnaire
and Mood Adjective Checklist to rate the mood of
the patients, and concluded that vigabatrin had no
effects on mood.[168-172]

A case of bipolar affective psychosis after viga-
batrin treatment was also reported.[173] After slow
withdrawal of vigabatrin and addition of thiorida-
zine, the mood of the patient stabilised. The author
suggested that alteration of the GABA-ergic sys-

tem can induce depression, and may also trigger
bipolar affective disorder with rapid cycling.[173]

Another 37-year-old man was reported to de-
velop a manic episode 2 weeks after adding viga-
batrin 2 g/day to his usual anticonvulsant treatment
and clomipramine 35 mg/day (clomipramine was
started about 1 month prior to the development of the
manic episode). The patient recovered after clomi-
pramine was discontinued and antipsychotic treat-
ment started. His seizures were well controlled by
vigabatrin and therefore it was not stopped. The
authors suggested there was an interaction between
clomipramine and vigabatrin,[174] although they
did not propose a mechanism.

Review of 6 placebo-controlled, clinical tri-
als[150-155] gives an overall incidence of depression
of 2.4%, which is comparable with the rate of 2.5%
in 2081 patients with epilepsy, derived from data
from the manufacturer.[175] However, Aldenkamp
et al.[176] reported that 12% of patients stopped
vigabatrin mainly due to mood problems, and an-
other 8% stopped vigabatrin due to mood problems
and lack of efficacy. Additionally, Wong[177] sug-
gested a 7% discontinuation rate due to mood change.

Acute Encephalopathy
Two cases of acute encephalopathy have been

reported in patients starting vigabatrin as add-on
therapy to carbamazepine.[178] These were charac-
terised by stupor, dysphoria, irritability and EEG
slowing. One of the patients developed a novel type
of seizure and the other had myoclonic status epilepti-
cus, both of which recovered after vigabatrin was
stopped. Three further cases of acute encephalop-
athy have been reported.[179] Pre-existing cerebral
abnormalities were thought to be a possible risk fac-
tor, although at that stage most patients prescribed
the drug had severe epilepsy and a confounding
influence is likely.[3] Another report showed that 3
patients who developed encephalopathy had mild
renal failure, and all patients recovered after dos-
age reduction or discontinuation of vigabatrin. The
authors suggested that the renal impairment could
have increased the vigabatrin plasma concentra-
tion, causing a dose dependent-toxicity.[180]
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Seizure Worsening
Myoclonic status during vigabatrin therapy in

patients with generalised epilepsy has also been
reported.[178,181] Three other patients developed
myoclonic jerks soon after they started taking a full
dosage of vigabatrin, and all patients recovered af-
ter vigabatrin withdrawal.[182] Alarge retrospective
study of 194 children showed seizure increases in
10% of the children, whereas 14% developed new
seizure types, mostly myoclonic, which often re-
sulted in a worsening of the overall condition.[183]

Vigabatrin monotherapy has been reported to ex-
acerbate myoclonic jerks in newly diagnosed epi-
leptic patients.[149] Partial status epilepticus follow-
ing vigabatrin treatment has also been reported,[184]

although in some cases the causal relation has not
been clear.[185] There is evidence to suggest that viga-
batrin can sometimes cause myoclonus and should
therefore be avoided in patients with myoclonic
epilepsy.

Aphasia
Worsening of pre-existing aphasia has been re-

ported in a patient who returned to his usual state
3 days after vigabatrin withdrawal.[186] The tempo-
ral relationship of exposure and dechallenge sug-
gested a causal relationship. On the other hand, the
patient had experienced a tonic-clonic seizure just
prior to the aggravation of aphasia and it was dif-
ficult to eliminate the possibility of a temporary
post-ictal neurological deficit.

Visual Field Constriction
Visual field defects in humans are now thought

to be causally related to long term therapy with
vigabatrin. This was first reported in the literature
in 1993,[187] and then confirmed in 1997 by several
centres using this drug to treat epilepsy.[188-191] Since
then, many more cases have been reported.[192-196]

The drug is known to cause prominent microvac-
uolation of myelin sheaths of visual pathway neu-
rons, particularly the optic tract, in rodents and
dogs, although similar changes have not been
noted in primates and humans.[197-199] It acts by
inhibiting GABA transaminase and, in addition to
increasing GABA levels in the brain, probably in-
creases levels in the inner retina as well.[200] Pro-

longed increase of GABA levels could lead to a
toxic effect on these highly GABA-ergic amacrine
retinal cells and thus produce visual field defects.
The clinical picture is usually one of bilateral con-
centric reduction of visual fields with a relative
sparing of visual acuity. Patients may complain of
frequent bumping into objects or tunnel vision, al-
though it is important to emphasise that they may
be completely asymptomatic. Confrontational test-
ing may reveal visual field constriction, although
this method is a crude screening test and by no
means establishes the absence of field defects with
certainty. Fundal examination is normal, although
some examiners have noted pale discs.[190] Peri-
metry best reveals the presence or absence of field
defects and Humphrey fields analyses should be
utilised to establish these. Visual evoked poten-
tials[200] and electroretinograms[188] may be normal,
and in any case are unlikely to be effective or effi-
cient means of detecting and defining problems.

Many questions regarding the nature of this se-
rious ADR remain unanswered, as no randomised,
prospective, controlled clinical trials examining the
phenomenon have yet been published. The cases
so far analysed have mainly been adult patients
who, in most cases, have been on multiple drug
therapy for varying lengths of time.[188-191] Most
affected patients had been taking vigabatrin for
several years, suggesting the importance of chro-
nicity in the pathogenesis of the field defects.
Dosages have not always been recorded, and it may
be possible that this is a crucial factor.[120] The
CSM[192] has just issued the following guideline:
‘Vigabatrin therapy should only be initiated by an
epilepsy specialist. Vigabatrin is now indicated
only when all other appropriate anti-epileptic drug
combinations have proved ineffective or poorly
tolerated and should not be initiated as monother-
apy. The exception is that vigabatrin remains a first
line therapy for infantile spasms (West’s syndrome)
where monotherapy may be appropriate. The max-
imum recommended daily dose of vigabatrin has
been reduced to 3g. If seizure control is not signif-
icantly improved after an adequate trial, vigabatrin
therapy should be gradually withdrawn under close
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medical supervision. Vigabatrin is not recom-
mended for patients with pre-existing visual field
defects. Ophthalmological consultation and visual
field assessment should be undertaken prior to ini-
tiation of vigabatrin and visual field screening
should be repeated at 6-monthly intervals during
therapy. Conventional perimetry is seldom possi-
ble in patients with a developmental age of less
than 9 years. For such patients, alternative methods
for testing visual fields should be used.’

Motor Disturbances
Two patients with unusual disturbances of mo-

tor behaviour associated with the introduction of
vigabatrin as add-on therapy have been reported.[201]

One of the patients was a 15-year-old girl with tu-
berous sclerosis and refractory epilepsy who had
been on valproic acid and carbamazepine. Dosage
increase was associated with increased seizure fre-
quency and stereotyped involuntary movements.
The abnormal movement pattern disappeared with
dosage reduction. The second patient was a 2-year-
old boy with severe symptomatic generalised epi-
lepsy who had been on carbamazepine and valproic
acid. Severe hyperkinesia with bouts of laughing
developed following the gradual introduction of
vigabatrin up to 1000 mg/day. EEG at this time
showed a deterioration of background activity but
the epileptiform discharges were unchanged. With-
drawal of vigabatrin resulted in disappearance of
the abnormal motor behaviour, and EEG findings
normalised. The motor disturbances were unlikely
to have been caused by epileptic activity, as the EEG
did not show epileptiform activity.[201] However,
the cause of the motor disturbance is still unknown.
Hyperkinesia has also been reported in 17 of 70
children who were being treated with vigabatrin.[202]

7.2.2 Overdose
Overdoses, most commonly at doses between 7.5

and 30g but up to 65g, have been reported. Approx-
imately half of these cases involved multiple drug
ingestion, none resulting in death.[141]

7.2.3 Hypersensitivity Reactions
Allergic vasculitis has been described in a patient

6 months after commencement of vigabatrin ther-

apy. The patient had unilateral anterior ischaemic
optic neuropathy with impairment of vision and
concentric loss of visual fields. The patient recov-
ered after vigabatrin withdrawal and corticosteroid
therapy. No other cause of the vasculitis was found
and the lymphocyte transformation test was posi-
tive to vigabatrin but not other anticonvulsants, sug-
gesting a causal relationship.[203]

A case of erythema multiforme has been reported
in a 38-year-old male alcoholic patient with epilepsy
who also had a history of porphyria cutanea tarda.
An autoimmune bullous skin disease or a relapse
of porphyria cutanea tarda was thought to be un-
likely, and it was concluded that vigabatrin was the
cause of the erythema multiforme.[204] However, it
must be noted that one-third of erythema multiforme
cases are idiopathic and coincidence is a possibil-
ity.[205]

It is difficult to explain the above reactions in
immunological terms as the structure of vigabatrin
is similar to naturally occurring GABA and, be-
cause of its molecular simplicity, low antigenicity
would be expected. Perhaps accordingly, vigabat-
rin has been used widely in European countries for
many years and only 2 hypersensitivity cases have
been reported,suggesting the rarity of such events.

8. Zonisamide

Zonisamide is a 1,2-benzisoxazole derivative
which has been licensed for use as an anticonvul-
sant in Japan since 1989 for a variety of seizure dis-
orders. European and American clinical trials were
halted due to a high incidence of nephrolithiasis,
presumably because of carbonic anhydrase inhib-
iting properties.[206] Although the incidence of re-
nal stones in the US study was high (4%),[206] there
were only 2 cases in 1008 patients in phase II and
III studies in Japan.[207] Whether genetic and dietary
factors explain this difference remains unknown.

In the Japanese clinical trials, the major adverse
events were drowsiness (24%), ataxia (13%), loss of
appetite (11%), gastrointestinal problems (7%) and
slowing of mental activity (5%).[207] Less common
adverse events such as gynaecomastia[208] (possibly
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due to its effects on the dopaminergic system)[209]

and drug rash have also been reported.[210]

A study of teratogenicity in 26 offspring of
mothers receiving zonisamide found that 4 moth-
ers on zonisamide monotherapy had normal off-
spring, whereas 2 infants whose mothers were re-
ceiving polytherapy had anencephaly and atrial
septal defect, respectively.[211] In itself, the study
does not conclusively prove or disprove teratoge-
nicity although, as with most new anticonvulsant
drugs, caution is advisable in its use in pregnancy.
Behavioural disorders have also been reported in 2
children: a girl aged 13 months and a boy aged 35
months. Their behavioural disorders resolved after
zonisamide withdrawal, which suggests a casual
relationship.[212] A case of zonisamide-induced IgA
and IgG2 deficiency has also been reported.[213]

However, as this is an isolated case it is difficult to
draw any conclusion.

9. Prevention of Adverse Drug
Reactions to Anticonvulsants

The general guidelines for prevention of ADRs
to anticonvulsants published by Schmidt and Kra-
mer[159] still apply. These are:
• select the most appropriate drug for the individ-

ual patient based on consideration of the primary
strength and weakness of the individual com-
pound;

• transfer to single therapy in patients with refrac-
tory epilepsy where possible;

• avoid acute and chronic toxicity by dosage re-
duction;

• establish the lowest effective dosage, for that
individual, by slow escalation, starting with a
low dosage;

• avoid multiple drug therapy, if possible;
• increase awareness of toxicity by effective pa-

tient information.

10. Conclusions

Although a large number of case reports on ad-
verse reactions to new anticonvulsants have been
identified, few systematic studies have been con-
ducted. There is therefore a paucity of information

on the incidence of rare and serious adverse reac-
tions.

Nevertheless, gabapentin appears to have low
toxicity and so far no life-threatening ADR has been
reported. Were it not for its relative lack of efficacy
in seizure control, it would serve as a logical first
choice adjunctive therapy for refractory partial sei-
zures. Oxcarbazepine has a similar safety profile
as carbamazepine but, as it is less likely to cause
rash, it would be a useful alternative for patients
who cannot tolerate carbamazepine. Although lamo-
trigine has been reported to cause life-threatening
reactions, these have low incidences. The newly
recommended lamotrigine administration sched-
ule reduces the incidence of rash. In many situa-
tions, lamotrigine should serve as the adjunctive
anticonvulsant of choice. Topiramate, tiagabine and
zonisamide are relatively new anticonvulsants and
should be reserved for patients who do not respond
to gabapentin and lamotrigine.

Visual field constriction and psychiatric ad-
verse reactions to vigabatrin have substantially
limited the use of this drug. The possible ADRs
should always be explained to patients prior to treat-
ment. Baseline perimetry and close monitoring are
essential.

Aplastic anaemia and hepatic toxicity restrict
the use of felbamate. It is currently available only
on a ‘named patient’ basis in the UK and is recom-
mended in the US only for patients with intractable
epilepsy. This drug too should only be used where
absolutely necessary.
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