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Abstract Of the 9 new anticonvulsants that have been marketed recently in the UK or
US, a number appear to have either adverse or beneficial effects on behaviour.
There is now a considerable database of information, in terms of the number of
patients treated and/or the number of published reports, on vigabatrin, lamotrig-
ine, gabapentin and topiramate. Oxcarbazepine has been available in some centres
for several years and there is extensive experience with the drug in Scandinavia.
It appears that the profile of adverse and beneficial effects is similar to that of
carbamazepine.

Behavioural effects have probably been greatest with vigabatrin, with psycho-
sis, depression and other behavioural problems recorded, but the use of this drug
has been limited because of the concern about visual field constriction. The cog-
nitive and behavioural effects of topiramate have caused concern, but these may
be much less of a problem if lower starting dosages and escalation rates are used.
Psychosis and depression have been associated with topiramate, as they have with
another carbonic anhydrase inhibiting drug, zonisamide. Although zonisamide
has been used for many years in Japan and Korea, experience elsewhere with this
drug is currently very limited. Gabapentin seems to be less associated with ad-
verse behavioural effects than some of the other new anticonvulsant drugs. The
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reports of behavioural disturbance with gabapentin in children may be related to
dose escalation. Behavioural disturbance as a direct result of lamotrigine seems
to be uncommon, although indirect effects on behaviour, through the so-called
‘release phenomenon’ from improved seizure control and consequent ability to
misbehave, can occur.

Positive behavioural effects have been described with several of the new anti-
convulsants, particularly gabapentin, lamotrigine and oxcarbazepine; all of these
drugs may have mood-levelling effects that could be of value in treating affective
disorders. The information on tiagabine and levetiracetam is too limited to allow
any firm conclusions to be drawn with regard to positive or negative behavioural
effects.

When interpreting reports of behavioural changes with anticonvulsants, it is
important to avoid attributing the effect to the drug when one or more of the other
multiple causes of behavioural disturbance in people with epilepsy may be re-
sponsible or when an indirect effect such as ‘forced normalisation’ may be the
cause. Many of the published studies are retrospective and unblinded rather than
double-blind, placebo-controlled, prospective trials, implying that much of the
data must be interpreted with caution at this stage.

Anticonvulsant medication is the mainstay of
treatment for people with epilepsy. Because the
medication generally needs to be taken for long
periods, there are understandable concerns about
possible behavioural effects. Some of the older an-
ticonvulsant drugs, such as phenobarbital (pheno-
barbitone) and primidone, were sedative in adults
and caused significant behavioural problems in
children. However, even with regard to phenobar-
bital, a drug that is notorious for causing behaviou-
ral disturbance in children, there is disagreement in
the literature. For example, in the study carried out
by de Silva et al.,[1] phenobarbital had to be with-
drawn from the trial in children because of com-
plaints of adverse behavioural effects. In contrast,
Pal et al.[2] found no adverse behavioural effects of
phenobarbital or phenytoin in a study on children
in rural India.

What is the situation with the new anticonvul-
sant drugs? Is there unequivocal evidence indicat-
ing that they are different from the older anticon-
vulsant drugs? Are there differences between the
new anticonvulsant drugs with regard to effects on
behaviour? What strategies should be adopted to
minimise any possible behavioural effects? Are
there differences in tolerability if the drugs are pre-
scribed in monotherapy rather than as add-on ther-

apy? What are the specific problems relating to
behavioural disturbance that arise when these
drugs are prescribed to people with learning dis-
ability or children? The aim of this review is to
examine the available evidence in order to enable
recommendations to be made with regard to the
prescription of the new anticonvulsant drugs, so as
to allow patients the full benefit of these drugs
while avoiding adverse behavioural effects.

The drugs will be discussed in turn, in the order
in which they received product licences in the UK.
Three drugs that do not yet have a product licence
in the UK but have US Food and Drug Administra-
tion (FDA) approval will also be discussed: felba-
mate, zonisamide and levetiracetam.1

1. General Considerations 
Regarding Behavioural Effects 
of Anticonvulsant Drugs

1.1 Types of Behavioural Change

The term ‘behavioural change’ covers a wide
range of situations. Many of the published papers
do not specify the type of behavioural change. In

1 Levetiracetam was granted a product licence in the UK
shortly after this paper was submitted.
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this review, a systematic framework of headings
has been used when discussing each of the new an-
ticonvulsant drugs: psychosis, depression and ma-
nia, other adverse behavioural changes, beneficial
behavioural changes and mechanism of action.

1.2 Measures of Behavioural Effects

It is surprising that so few studies have used
validated questionnaires or other standardised
measures of behaviour when assessing the effects
of new anticonvulsant drugs. Although there is an
increasing interest in assessing quality of life in
both children and adults with epilepsy, again there
are very few studies of the effects of anticonvulsant
drugs that use validated quality-of-life measures.

The proper assessment of both the beneficial
and adverse effects of anticonvulsant medication
requires double-blind comparative trials using ei-
ther placebo or another active drug as the compa-
rator. Most of the published literature on behaviou-
ral disturbance with new anticonvulsant drugs
consists of unblinded studies or individual anec-
dotal case reports. Even double-blind comparative
trials have been criticised on the basis that only
small numbers from highly selected patient groups
are generally included. Extensive, long term, sys-
tematic postmarketing surveillance of the type car-
ried out by Mackay et al.[3] would overcome some
of these problems.

1.3 Causes of Behavioural Change

1.3.1 Multiple Causes of Behavioural 
Change in People with Epilepsy
When examining behavioural disturbance in

people with epilepsy, a systematic approach must
be adopted if some of the pitfalls are to be avoid-
ed.[4] There are many possible causes of behaviour-
al disturbance in people with epilepsy, of which
anticonvulsant medication is only one. It is impor-
tant to exclude other causes so as avoid discontin-
uing anticonvulsant medication unnecessarily.
McClelland[5] has classified various types of psy-
chiatric adverse drug reactions and Wong et al.[6]

have developed an algorithm for the assessment of
psychiatric disturbances in people with epilepsy

which places considerable emphasis on the role of
adverse drug reactions.

1.3.2 Adverse Drug Interactions
It is necessary to understand not only the ad-

verse effects of individual anticonvulsants but also
the adverse effects of interactions between the
drugs. These issues are of even greater importance
in people with learning disability who may not have
adequate expressive language (see section 1.4).[7]

1.3.3 Relationships between 
Behaviour and Seizures
The relationships of behaviour to the seizures

and electroencephalogram (EEG) also need to be
appreciated so as to avoid the trap of attributing be-
havioural change to a direct effect of a particular
anticonvulsant drug when it may be through an ef-
fect on the seizures that could occur with other drugs.
There are 2 specific mechanisms that are relevant
in this context: alternative or reciprocal psychosis
and post-ictal psychosis/mood change.

The concept of alternative or reciprocal psycho-
sis has been discussed in detail by Trimble.[8] This
is the clinical counterpart of ‘forced normalisa-
tion’. The term ‘forced normalisation’ refers to the
fact that the EEG may be more normal during pe-
riods of psychosis and less normal when the patient
is not psychotic. Trimble, in his review, pointed out
that it was in the early decades of the twentieth
century that several authors noted a low frequency
of seizures in people with psychosis, which led to
the speculation that there might be some kind of
antagonism between epilepsy and schizophrenia.
This was the basis for the introduction of convul-
sive therapy by von Meduna. The relevance for this
review is that if a drug suddenly achieves seizure
control this may, in some people, precipitate a psy-
chosis. The psychosis may incorrectly be attributed
to the specific drug when it would have occurred
with any drug that achieved a similar level of con-
trol.

The second issue regarding the relationship be-
tween seizures and behaviour is the concept of
post-ictal psychosis. This subject has been reviewed
in detail by Logsdail and Toone.[9] A schizophreni-
form or manic psychosis may occur after a seizure
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or typically after a cluster of seizures. If a new drug
worsens seizure control then a post-ictal psychosis
may emerge. Again, this may be incorrectly attrib-
uted to the drug itself rather than to the seizure
exacerbation. Furthermore, some of the reported
studies involve discontinuing previous anticonvul-
sant drugs shortly before introducing the new drug.
In those circumstances the seizure exacerbation
and consequent post-ictal psychosis may be related
entirely to the withdrawal of the previous medica-
tion and have nothing whatever to do with the in-
troduction of the new drug.

Subtle seizure activity may also affect behav-
iour in a major way.[10] Transitory cognitive im-
pairment may cause frustration and irritability.
Nonconvulsive status epilepticus is liable to be
misinterpreted as a psychiatric state of withdrawn,
depressed or autistic behaviour rather than the di-
rect result of the ongoing seizure activity. Some
anticonvulsant drugs can precipitate nonconvuls-
ive status epilepticus and the accompanying be-
havioural change. This has particularly been noted
with tiagabine.[11-15] Emergence from bouts of
nonconvulsive status epilepticus can, understand-
ably, sometimes be accompanied by very difficult
behaviour. This situation is similar to, although not
necessarily identical to, the ‘release phenomenon’
described in section 1.4.

1.4 Special Situations: Children and 
People with Learning Disability

Assessing the cause of behavioural disturbance
in people with learning disability requires addi-
tional care and skill.[4,7] The use of lamotrigine in
treating epilepsy in people who have learning dis-
ability provides a good example. Besag[16] empha-
sised the importance of recognising classical ad-
verse drug interactions. Diplopia or dizziness may
occur when lamotrigine is added to carbamaze-
pine.[17] In a person who is unable to express in
words the fact that he or she is experiencing anxiety-
provoking adverse effects, the consequence may
be aggressive or disturbed behaviour. This behav-
ioural disturbance is not a direct behavioural effect
of the drug but is the result of the person attempting

to communicate their distress from other adverse
effects. The reaction of the physician may be to
reason that because the behavioural disturbance oc-
curred when the lamotrigine was added, the la-
motrigine must be causing the problem and must
be stopped. However, if the physician recognises
the likelihood of such adverse effects occurring
when lamotrigine is added to carbamazepine, the
situation can easily be overcome simply by reduc-
ing the carbamazepine dosage slightly. The diplo-
pia and/or dizziness resolve, removing the anxiety,
and the secondary behavioural disturbance ceases.

Another situation that can occur in people who
have had significant learning disability from ongo-
ing epilepsy is the so-called ‘release phenomenon’.
If a sudden improvement in seizure control occurs,
these patients may have an accompanying increase
in ability, without the social skills to use this new-
found ability to good advantage. The solution is
not to stop the anticonvulsant drug that has caused
the improvement in seizure control but to assist the
patient to develop the necessary social skills to
make good use of their new-found ability. This re-
quires appropriate input from a skilled profession-
al team rather than a change in the anticonvulsant
medication.

Children may respond to medication in a very
different way from adults. For example, as already
stated, phenobarbital can cause sedation in adults
but can cause overactive, excitable behaviour in
children. Specific studies on the adverse effects of
new anticonvulsant drugs in children are required
but have seldom been performed in a well control-
led, systematic, manner.

2. Vigabatrin

2.1 Psychosis

One of the earliest reports of behavioural distur-
bances in association with vigabatrin is that of
Sander and Hart,[18] who treated 145 patients and
found that the most common adverse effects were
behavioural disturbances, ranging from irritability
and confusion to psychosis. Seven of these patients
had an episode of psychosis, which resolved in ev-
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ery case. In 6 patients the psychosis resolved on
withdrawal of treatment and in the seventh it re-
solved on halving the dosage from 4 to 2 g/day.
Two of the 7 had a previous history of psychosis.
Four of the 7 patients had complete control of the
seizures at the time of the psychosis. The authors
raised the possibility of ‘forced normalisation’ as a
possible mechanism in these patients. They sug-
gested that vigabatrin should be used cautiously,
with close monitoring, particularly in patients with
a past history of psychiatric disorder.

Sander et al.[19] subsequently reported 14 cases
of psychosis in patients with severe epilepsy treat-
ed with vigabatrin. Nine of these patients had no
previous history of psychosis. In 8 of the 14 pa-
tients, the psychosis occurred after a change in the
pattern of seizure activity; in 4 it developed after a
period of seizure freedom followed by a cluster of
seizures and in the other 4 it occurred in a period
of freedom from seizures as a possible ‘alternative
psychosis’. In the other 5 patients there was no clear
relationship to seizure pattern. They also com-
mented on a patient who developed a self-limiting
psychosis after having taken an overdose of be-
tween 8 and 12g of vigabatrin. They did not include
a further 3 patients who developed a psychosis af-
ter vigabatrin withdrawal. The mean dosage at on-
set of psychosis was 2580 mg/day. The period from
initiation of therapy to the onset of psychosis was
5 days to 32 weeks. In all cases the psychosis re-
solved when the vigabatrin was withdrawn.

Betts and Thomas[20] provided one of the earlier
reports of psychosis with vigabatrin. They de-
scribed 2 patients with frank psychotic symptoms.
They recommended that the dosage escalation rate
should not be rapid, that dosages should be no
higher than necessary and that patients, especially
those with severe learning disability, should be
monitored closely in the early stages of treatment.

In the first 117 patients treated by Dam,[21] 2 had
frank psychotic symptoms. Thomas et al.[22] car-
ried out a retrospective survey on vigabatrin and
behaviour disorders. They identified 136 cases
from clinical trials but satisfactory information
was available on only 81 of these. There were 28

cases of psychosis. They compared this group with
patients in their hospital who had epilepsy and psy-
chosis but had never taken vigabatrin and with an-
other group who had taken vigabatrin without
behavioural problems. They concluded that psy-
chosis was seen in patients with more severe epi-
lepsy and was related to a right-sided EEG focus.
64% of these patients became seizure free. It
should be noted that reviews of this type are liable
to report on some cases that already appear in the
literature.

Levinson and Devinsky[23] reviewed data from
double-blind, placebo-control trials of vigabatrin
and found those treated with the drug had a higher
incidence of psychosis (2.5 vs 0.3%, p = 0.028).
Psychosis was usually observed during the first 3
months of treatment. However, they commented
that most studies were brief in duration, lasting
only 12 to 18 weeks, implying that definite conclu-
sions could not be reached about the timing of the
psychiatric disturbance. As had been reported in
other studies, psychosis was generally transient
and responded to reduction or discontinuation of
the vigabatrin. Treatment with antipsychotic med-
ication was required in some cases. They con-
cluded that vigabatrin treatment was associated
with an increased occurrence of psychosis and that
this responded to a reduction in vigabatrin or to the
prescription of antipsychotic medication. Cock-
erell et al.[24] used a different approach. They col-
lected data from the British Neurological Surveil-
lance Unit over a period of 1 year. Their cases were
defined as patients with epilepsy who developed an
acute psychological disorder, whatever the cause,
such as psychosis or depression. 64 cases were iden-
tified. In 12 patients the acute psychological disor-
der was attributed to vigabatrin. However, they point-
ed out that this was not a true incidence study.

Robinson et al.[25] noted psychotic type behav-
ioural disturbances in 9 of 119 patients treated with
vigabatrin for refractory epilepsy. The seizures
were fully controlled in only 1 of these 9 patients.
Aggression was a prominent symptom in this group
and was exhibited by 6 males and 2 females. Seven
of the 8 patients in this group had a history of ag-
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gression and varying degrees of brain damage, but
the authors emphasised that the aggressive behav-
iour that appeared with vigabatrin was both atypical
and unexpected. They recommended that vigabat-
rin be used with caution in patients with aggres-
sive traits, particularly those with organic brain dam-
age.

In contrast, Ring and Reynolds[26] reported psy-
chosis in only 1 of 60 patients treated with viga-
batrin and in this case the symptoms only arose
when the drug was inadvertently abruptly with-
drawn. Brodie and McKee[27] also reported a single
case of psychosis in a 38-year-old woman 48 hours
after vigabatrin was discontinued.

Veggiotti et al.[28] examined the possible rela-
tionship between behavioural disturbance and a
past history of learning disability or psychosis by
selecting 10 patients with such a history from a
total of 90 patients treated with vigabatrin. None
of the 10 patients in this small study had episodes
that could be interpreted as psychotic reactions.
This is contrary to the impression gained by others
that psychosis might be more likely to occur when
people with learning disability are treated with
vigabatrin.

With regard to children, Caviedes et al.[29] stud-
ied 97 children aged 6 months to 16 years with
resistant epilepsy who were treated with vigabatrin
or lamotrigine. In only 1 child treated with viga-
batrin was treatment discontinued because of a
psychotic reaction. Canovas et al.[30] reported a
case of a 7-year-old boy who developed acute psy-
chosis 3 days after starting vigabatrin. The symp-
toms resolved within 48 hours after stopping the
drug. It was of interest to note that when vigabatrin
was re-introduced 2 months later using a slower
escalation rate it was well tolerated and could be
continued.

2.2 Depression and Mania

In the retrospective study carried out by Thomas
et al.,[22] 22 cases of depression were identified.
Depression was associated with a past history of
depressive illness and occurred in patients who had
little or no change in seizure frequency, in contrast

to the patients who developed psychosis (section
2.1), a large proportion of whom had markedly im-
proved seizure control.

The review by Levinson and Devinsky[23] of
data from double-blind, placebo-controlled trials
revealed that patients treated with vigabatrin had a
higher incidence of depression (12.1 vs 3.5% on
placebo, p < 0.001). As was the case for psychosis,
depression was usually observed during the first 3
months of treatment but, as previously stated, since
most of these studies only lasted 12 to 18 weeks,
no definite conclusions could be drawn with regard
to the timing of the psychiatric disturbance. The
depression was usually mild; serious depression,
defined as the need to withdraw from vigabatrin,
hospitalisation, suicide attempt or psychotic de-
pression, occurred in only 9 cases. As for psycho-
sis, they concluded that vigabatrin treatment was
associated with an increased occurrence of depres-
sion and that this tended to respond to a reduction
in vigabatrin.

Ring et al.[31] reported 10 patients who devel-
oped a major depressive episode in association
with vigabatrin. The depression usually occurred
early in the course of treatment or after a recent
increase in dosage. The dosages varied from 1.5 to
4 g/day. As had been reported earlier in this sec-
tion,[22] in contrast to psychosis, which often oc-
curred in association with control of seizures, the
depression was not necessarily associated with a
decrease in seizure frequency. Most patients in this
series had a history of affective disturbance, some-
times in association with other drugs that were
thought to have a mechanism of action involving
the γ-amino butyric acid (GABA) system.

2.3 Other Behavioural Disturbances

Dam,[21] in his review of the first 117 patients
he treated, noted that 8 had behavioural distur-
bances other than psychosis. The behavioural
changes included irritability, confusion and ag-
gression. He commented that these behavioural
disturbances were usually seen in patients with
mental retardation and severe brain lesions. In
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most of these cases it was not necessary to with-
draw the vigabatrin.

Betts and Thomas,[20] in addition to the cases of
psychosis associated with vigabatrin (section 2.1),
reported that other behavioural disturbances such
as irritability, confusion and aggression were noted
in 8 of their patients, usually those with learning
disability with severe brain lesions. The behaviour-
al disturbances resolved when the dosage was re-
duced or when the drug was stopped.

Levinson and Devinsky[23] found no signifi-
cant differences between the vigabatrin and placebo-
treated groups for aggression reaction, manic symp-
toms, agitation, emotional lability, anxiety or suicide
attempt in their review of data from double-blind,
placebo-controlled, trials of vigabatrin.

Ferrie et al.[32] reviewed the literature on behav-
ioural disturbance in both adults and children treat-
ed with vigabatrin. They found that the incidence
was 3.4% in adults and 6% in children. Sheth et al.[33]

carried out a study on 31 children and adolescents
treated with vigabatrin, of whom 3 developed se-
vere aggressive agitation. They concluded that the
use of vigabatrin might be limited by unacceptable
behavioural adverse effects in some patients. There
appears to be strong anecdotal evidence of gross
behavioural disturbance occurring in some chil-
dren when vigabatrin is prescribed.[34-36] It has
been suggested that this might be more likely to
occur in children who have learning disability.
However, there is a lack of systematic studies.

Most of the other published papers on vigabatrin
and behavioural disturbance are general reviews
or include only small numbers of disturbed pa-
tients.[37-46]

2.4 Beneficial Behavioural Effects 
of Vigabatrin

In the study by Veggiotti et al.[28] on 10 patients
with learning disability and a history of psychosis
there was an improvement in cognitive function in
two-thirds of the patients. They were of the opinion
that their data did not confirm the suggestion that
vigabatrin should be avoided in patients with a his-
tory of psychiatric disturbance. Ylinen[47] found

that 3 of 36 patients with learning disability and
epilepsy could be discharged from institutional
care during follow-up because of a positive re-
sponse to vigabatrin. Provinciali et al.[48] evaluated
40 patients, equally divided between vigabatrin
and placebo. They found no relevant adverse ef-
fects on cognition or behaviour in the group treated
with vigabatrin. In contrast, there was a slight im-
provement in cognitive performance of the patients
in the vigabatrin treatment group and a positive
change in their overall psychological status. They
concluded that their results might help to reject the
hypothesis that vigabatrin may adversely affect
cognitive performance and behaviour.

2.5 Mechanism

Thomas et al.[22] suggested that the emergence
of psychosis with vigabatrin could be related to
good control of seizures and a right-sided focus.
However, these are more general issues related to
epilepsy and psychosis and are not specific to the
use of vigabatrin. Ring et al.[49] used a specific do-
pamine D2 ligand and single photon emission to-
mography. They found that vigabatrin treatment
for 1 month was associated with a decrease in spe-
cific binding of this ligand to D2 receptors in the
left hemisphere basal ganglia. This is consistent
with the hypothesis that vigabatrin releases dopa-
mine. They suggested that this change might pro-
vide an explanation for the development of psycho-
sis in vulnerable patients.

2.6 Comment

Concerns about behavioural disturbance, psy-
chosis and depression have been overtaken by the
major issue of visual field constriction with
vigabatrin.[50-52] Although there is some suggestion
that both psychosis in teenagers/adults and behav-
ioural disturbance in children might be more com-
mon in those who have learning disability, there is
a lack of data on large numbers of patients. Current
practice is to recommend vigabatrin only for the
treatment of infantile spasms.[53] Although some
babies with this condition may exhibit irritability,
this would generally be considered as being a rea-
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sonable price to pay for the control of such a dev-
astating epilepsy syndrome. Furthermore, the drug
will probably only be required for a relatively short
time in these infant patients. Children and adults
treated with vigabatrin should be monitored closely
for behavioural disturbance. If a decision is made
to use vigabatrin to treat partial seizures then it
would seem wise to follow the recommendation
that the dosage should be escalated slowly,[22] al-
though there is disagreement about whether this is
an important factor.[38]

3. Lamotrigine

3.1 Psychosis

There are very few published reports of psycho-
sis attributed to lamotrigine treatment. Data on
3501 patients treated with lamotrigine in trials re-
vealed 8 (0.2%) patients who were reported to have
had psychosis, 1 of whom stopped taking lamotrig-
ine because of this adverse event.[54] In the audit
carried out by Crawford[55] in a general neurology
clinic the incidence of psychotic symptoms in 270
patients taking lamotrigine was 0.7%. Martin et
al.[56] reported acute psychosis induced by lamo-
trigine in a 44-year-old woman who was also tak-
ing carbamazepine. The psychosis resolved 16
weeks after the lamotrigine was discontinued, at
which stage she had been treated with antipsy-
chotic medication for 1 month. Polselli et al.[57]

described a case of psychosis in a 34-year-old man
with temporal lobe epilepsy 10 days after lamotrig-
ine was added to carbamazepine and phenobarbi-
tone. It should be noted, however, that lamotrigine
replaced vigabatrin in this patient and psychosis
resulting from vigabatrin withdrawal has been re-
ported. Coppola and Pascotto[58] treated 37 chil-
dren with epilepsy and mental delay with lamotrig-
ine as add-on therapy in a nonblind trial. One child
developed psychotic-like symptoms with extreme
aggressiveness and delirium, which resolved when
the lamotrigine dosage was decreased. Caviedes et
al.[29] treated 97 children aged 6 months to 16 years
with vigabatrin or lamotrigine. One child in each

group had to discontinue treatment because of a
psychotic reaction.

3.2 Depression and Mania

There appear to be no published reports of de-
pression or mania precipitated by lamotrigine. In
contrast, this drug has been used to treat depres-
sion, mania and bipolar disorder (section 3.4).

3.3 Other Behavioural Disturbances

There are relatively few reports of other types
of behavioural disturbance with lamotrigine.
Again, on the whole, published papers refer to im-
provement rather than deterioration. Ettinger et
al.[59] reported on both positive and negative psy-
chotropic effects of lamotrigine in patients with
epilepsy and learning disability. Adverse behav-
ioural effects were seen in 3 patients: a 43-year-old
man with comedication consisting of phenytoin,
phenobarbital, lorazepam, sertraline and thiorida-
zine, in whom lamotrigine produced irritability,
hyperactivity and poor cooperation; a 29-year-old
woman whose comedication was valproic acid (so-
dium valproate), in whom frequent screaming,
temper tantrums, increased rocking movements
and hyperactivity occurred with lamotrigine; and a
29-year-old man whose comedication was valproic
acid and phenytoin in whom a severe exacerbation
of baseline behaviours, including self-injurious ac-
tivity, temper tantrums and failure to obey simple
instructions, occurred. Coppola and Pascotto[58]

noted that 2 of the 37 children in their study had
insomnia and/or hyperexcitation.

The largest published study suggesting that
lamotrigine might have a negative effect on behav-
iour is that of Beran and Gibson.[60] They reported
aggressive behaviour in patients with learning dif-
ficulty and epilepsy treated with lamotrigine. 19
patients, 16 men and 3 women, aged 17 to 54 years
were reported in this study. Five patients discon-
tinued lamotrigine because of ‘unprovoked aggres-
sive behaviour’. However, because of deterioration
in seizure control when lamotrigine was stopped it
was recommenced in 2 patients. One of the patients
who became aggressive was treated with a reduced
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lamotrigine dosage and in 1 other case the aggres-
sion responded to psychiatric intervention. An-
other patient had aggression that was said to be
unrelated to lamotrigine. Four patients had behav-
ioural problems other than aggression. Four were
unchanged in behaviour and in 1 the behaviour im-
proved. The authors concluded that the potential
for behavioural disturbance justifies close observa-
tion of patients with epilepsy and learning disabil-
ity treated with lamotrigine; lamotrigine should be
used if necessary. This article is somewhat atypical
in stating that lamotrigine was associated with a
high rate of behavioural disturbance. The com-
ments made in section 1 about indirect adverse ef-
fects, especially those relating to the release phe-
nomenon and distress from drug interactions in
people with learning disability, might, in part, ac-
count for their findings.

3.4 Beneficial Behavioural Effects

There are many reports on the beneficial effect
of lamotrigine in reducing behavioural disturbance
and in treating psychiatric disorder. In particular,
there are several published papers reporting a pos-
itive effect on bipolar mood disorder, depression
and mania.[61-66] There are also some reports sug-
gesting that lamotrigine may be of benefit in treat-
ing schizoaffective disorder[67] and self-injurious
behaviour.[68] Several papers referred to overall im-
provement in behaviour. In a properly controlled
double-blind study, Smith et al.[69] found signifi-
cant improvements in scales of mastery and happi-
ness with lamotrigine treatment compared with
placebo. Gillham et al.[70] used a standardised self-
report questionnaire (SEALS). They showed that
there was a significantly greater improvement in
scores for patients taking lamotrigine compared
with those taking carbamazepine. De Leon and
Furmaga[71] suggested that lamotrigine might have
a role in treating epileptic psychosis. Uvebrant and
Bauziene[72] stated that the parents of 24 out 50
children with epilepsy who were treated with lamo-
trigine observed an improvement in mental state,
including better contact, longer attention span, im-
proved alertness and less irritability. In addition, 8

of 13 children with autistic features had a decrease
of these features and 2 of 3 children with severe
attention deficit hyperactivity disorder improved
markedly.

In the international multicentre trial of lamotrig-
ine in children,[73] 69% were said to have improved
on global assessment, and 19% showed marked im-
provement. A long term follow-up study on 155 of
these children and adolescents aged 2 to 19 years
recorded subjective improvement for 19 patients in
behaviour, alertness, seizure severity, quality of
life and mobility.[74] Coppola and Pascotto,[58] in
their study of the effects of add-on lamotrigine in
37 children and adolescents with epilepsy, noted
improved attentiveness and mood in 2 patients.
Fowler et al.[75] used Rutter behavioural scales to
assess 47 children who were treated with lamotrig-
ine. Assessments by residential care workers indi-
cated that 13 of these children passed from the dis-
turbed to the nondisturbed range and only 2 from
the nondisturbed range to the disturbed range. Bu-
chanan[76] reported particularly good behavioural
outcomes in his nonblind trial of adjunctive lamo-
trigine in 34 patients, mean age 14.4 years, range 3
to 26 years, with refractory epilepsy and brain dam-
age. 80% of the children aged 14 years or younger
had an improvement of quality of life, primarily
characterised by increased alertness and functional
independence.

Mullens et al.,[77] in a randomised, double-blind,
placebo-controlled trial of add-on lamotrigine
used to treat 169 patients with Lennox-Gastaut syn-
drome, found significant improvements in behav-
iour: 30% in the lamotrigine group improved, com-
pared with 14% in the placebo group. Jacoby et
al.[78] noted significant improvements in mood and
sociability in the reports from parents/carers of 130
patients with Lennox-Gastaut syndrome treated
with lamotrigine. In a series of 7 patients with ep-
ilepsy and learning disability who were treated
with lamotrigine, Ettinger et al.[59] found improve-
ments in behaviour in 4. Two had less irritability
and hyperactivity, 1 had less hyperactivity, less
lethargy and more appropriate speech, and 1 had
less lethargy and enhanced social interaction.
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3.5 Mechanism

It has been suggested that the positive effect of
lamotrigine on psychiatric disturbance and behavi-
our may occur through the reduction of abnormal
glutaminergic activity. For example, Anand et
al.[79] reported on the attenuation of neuropsychi-
atric effects of ketamine by lamotrigine in a group
of 16 healthy individuals. They concluded that glu-
tamate release-inhibiting drugs might reduce the
hyperglutamatergic consequences of N-methyl-D-
aspartate (NMDA) receptor dysfunction impli-
cated in the pathophysiological processes of neu-
ropsychiatric illnesses such as schizophrenia. They
recommended further studies to investigate this
possibility. The prediction is that such drugs would
have a generally calming effect that might be ben-
eficial in mania and schizophrenia. However, fur-
ther basic scientific studies are required to deter-
mine whether this mechanism is relevant.

3.6 Comment

Although the prescription of lamotrigine may
be associated with deterioration in behaviour in
some patients, this might be explained through the
‘release phenomenon’ or through the frustration of
being unable to express the distress caused by ad-
verse drug interactions. This would account for a
higher degree of behavioural disturbance seen in
people with learning disability, contrasting with
the reports of increases in happiness, mastery and
overall well-being in people who do not have
learning disability. The majority of published pa-
pers suggest that lamotrigine has a beneficial effect
on behaviour rather than an adverse effect.

4. Gabapentin

4.1 Psychosis

In the audit of the use of anticonvulsants in a
general neurology clinic carried out by Craw-
ford,[55] 0.5% of 191 patients receiving gabapentin,
that is 1 patient, was said to have had psychotic
symptoms.

4.2 Depression and Mania

Short and Cooke[80] reported a case of hypoma-
nia associated with gabapentin treatment. Hauck
and Bhaumik[81] suggested that ‘alternative psy-
chosis’ might be an explanation for this episode.
Leweke et al.[82] reported another case: a 35-year-
old woman with epilepsy who developed a manic
episode with gabapentin treatment. They stated
that the seizure frequency and EEG remained un-
changed, excluding the possibility of alternative
psychosis as an explanation. Most of the reports of
gabapentin in mood disorder have indicated that
this drug may be of value in treating the distur-
bance rather than causing it (see section 4.4).

4.3 Other Behavioural Disturbances

Doherty et al.[83] performed a chart review of
119 adult patients taking gabapentin as adjunctive
therapy for epilepsy. 15 (13%) had aggressive
and/or irritable behaviour and gabapentin was
stopped in 7 (6%). Of the 15 patients, 7 had a pre-
vious history of behavioural problems, 9 had an IQ
below 70 and 6 had an IQ in the range 79 to 103.
Morris[84] reviewed the use of gabapentin and
stated that there were reports of behavioural changes
in children, including hyperactivity, irritability and
agitation. Holmes[85] reviewed the use of gabapen-
tin in children and drew similar conclusions, namely
that those with pre-existing behavioural distur-
bance were more likely to have adverse behaviour-
al effects, such as hyperactivity or other behaviour-
al disturbance.

Mikati et al.[86] compared 26 children with in-
tellectual disability and 6 children without such
impairment, all of whom were treated with gaba-
pentin for refractory partial seizures in a nonblind
study. The dosage range was 10 to 50 mg/kg/day,
mean 26.7 mg/kg/day, as add-on medication. They
found that adverse behavioural effects were more
likely to occur in the children with intellectual dis-
ability and in those who were younger than 10
years of age. The adverse effects they recorded
were generally mild and appeared in children who
had pre-existing attention deficit disorder or
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behavioural problems. It was necessary to discon-
tinue the gabapentin in only 3 of the patients. The
severity of intellectual disability did not affect the
extent of the response or the occurrence of adverse
effects. They concluded that children with intellec-
tual disability who are less than 10 years of age
with baseline attention deficit appeared to be at
higher risk of behavioural adverse effects with ga-
bapentin.

Khurana et al.[87] reported on 32 children with
refractory partial epilepsy treated with gabapentin
added to the existing medication in a nonblind
study. The dosage ranged from 10 to 50 mg/kg/day.
The major reported adverse effects were behav-
ioural. These were hyperactivity, irritability and
agitation, occurring in children who had baseline
learning disability and attention deficit. Tallian et
al.[88] found that gabapentin treatment could be as-
sociated with aggressive behaviour in children
with seizures. Two children developed intolerable
aggressive behaviour requiring dosage reduction
or discontinuation. Lee et al.[89] reported 7 children
who were taking gabapentin in addition to other
anticonvulsant medication and developed behav-
ioural adverse effects. Again, these authors em-
phasised that all the children had baseline attention
deficit hyperactivity disorder and developmental
delay. However, the adverse behavioural effects in-
cluded both intensification of baseline behaviours
and new behavioural problems. The most trouble-
some were tantrums, aggression directed towards
others, hyperactivity and defiance. All the behav-
ioural changes were reversible and were managed
by dosage reduction or discontinuation.

Wolf et al.[90] reported gabapentin toxicity in
children manifesting as behavioural changes in 3
children with learning disability, 1 of whom was
aged 7 and the other 2 of whom were 10 years of
age. These children developed severe behavioural
problems while receiving modest doses of gaba-
pentin. They became hyperactive with explosive
outbursts consisting of aggression and opposition-
al behaviour. The adverse behavioural problems
were considered to be sufficiently severe to require
discontinuation of gabapentin, despite the fact that

seizure control had been moderately improved. It
should be noted that these reports on the behaviou-
ral effects of gabapentin in children reflected initial
‘off label’ prescribing which was probably in chil-
dren with severe refractory epilepsy and other pre-
existing problems.

Besag[91] studied 23 children and teenagers treated
with gabapentin for resistant epilepsy. Most of
these patients had learning disability. Results of
Rutter behavioural scales were available for 14 of
these patients. On the parent scores, 2 patients
moved from the ‘nondisturbed’ to the ‘disturbed’
range and 1 moved from the ‘disturbed’to the ‘non-
disturbed’ range. On the teacher scales, none of the
patients moved from the ‘nondisturbed’ to the ‘dis-
turbed’ range or vice versa. A further behavioural
study of these patients compared 16 patients treated
with gabapentin with control participants who
were matched for gender and as closely as possible
for other parameters. Examination of the changes
in Rutter scale scores revealed no significant dif-
ferences between the gabapentin and control
groups. These findings are in contrast to those al-
ready discussed, suggesting that a much closer ex-
amination of the risk factors for behavioural distur-
bance is necessary. Perhaps the group treated by
Besag had less prominent pre-existing behavioural
problems.

4.4 Beneficial Behavioural Effects

There are many reports of the use of gabapentin
as a mood stabiliser or as a treatment for affective
disorder.[61,92-97] These studies include patients
with hypomania, mania, depression and bipolar
disorder. Most of the studies are nonblind and in-
clude the use of gabapentin both as an add-on drug
and as monotherapy. In addition, Maurer et al.[98]

have reported on a single case of remission of pain
beginning as lower abdominal pain and progress-
ing to the whole body in a 48-year-old woman with
a history of major depressive illness. Gabapentin
prescribed at a dosage of 1.8 g/day resulted in a
remission of both the pain and the depressive mood.
Hardoy et al.[99] reported on improvement of move-
ment disorders induced by antipsychotic medica-
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tion in 14 of 16 patients. The movement disorders
included blepharospasm and involuntary oro-
mandibular movements. They suggested that gaba-
pentin might have a use in treating tardive dyski-
nesia in patients who have this as an adverse effect
of antipsychotic treatment. Brown and Hong[100]

reported the successful treatment with gabapentin
of a man with bipolar mood disorder who pre-
sented with anxiety and bruxism when treated with
venlafaxine for depression. The gabapentin re-
solved both the anxiety and the bruxism. It is of
interest to note that the majority of these studies
did not involve people with epilepsy, but the paper
by Harden et al.[101] reports a beneficial effect on
mood in patients with partial epilepsy who were
treated with gabapentin. They compared 20 pa-
tients who were treated with gabapentin and 20 who
were in a control group. Their conclusion was that
gabapentin treatment was associated with an im-
provement in mood which could not be attributed
to improvement in seizure control.

The majority of the studies of gabapentin in the
treatment of mood disorder are relatively small
nonblind studies. There is clearly a need for prop-
erly conducted, double-blind, placebo-controlled
trials. However, the results of a large number of
preliminary nonblind trials of the use of gabapentin
in mood disorders appear promising.

4.5 Mechanism

Because the mechanism of action of gabapentin
as an anticonvulsant drug remains uncertain, it is
difficult to comment on specific mechanisms of
action with regard to the behavioural effects of this
drug.

4.6 Comment

In contrast to vigabatrin and topiramate, for
which the rates of dosage escalation and target dos-
ages were initially too high, the starting dosages of
gabapentin represent a small fraction of the target
dosages that are now prescribed by some practi-
tioners. Would more adverse behavioural effects be
seen if the starting dosage was one-sixth to one-
quarter of an adult target dosage of 4.8 to 6 g/day?

It is interesting to note that there are reports of
adverse behavioural effects in children in whom
the dosage escalation rate in mg/kg/day may have
been relatively high. There are no available data to
answer this question and it might be argued that the
potential benefits of achieving seizure control
sooner rather than later would not justify using
such high initial dosages. Whether the relative lack
of adverse behavioural effects with gabapentin
represents a better tolerated mechanism of action
or whether it is a consequence of gentler dosage
escalation regimens is a matter that remains open
to debate.

5. Topiramate

5.1 Psychosis

Trimble et al.,[102] in their review paper on psy-
chiatric symptoms with anticonvulsant medica-
tion, reported 18 cases of psychosis with topira-
mate. Although there was relatively little detail on
individual cases it was interesting to note that, of the
18 patients, 2 were seizure free, 3 had an improve-
ment in seizure control, 5 had no change in seizure
frequency, 3 had more seizures and 5 had a seizure-
free period followed by a cluster of seizures, sug-
gesting that these patients had a post-ictal psy-
chosis. Kellett et al.[103] reviewed their first year’s
postlicensing experience with topiramate. They
carried out a retrospective case note study on 174
of the 178 patients who were prescribed topiramate
over a 12-month period. The classification system
they used for adverse events did not allow detailed
analysis of the types of psychiatric disturbance.
However, they stated that 4 patients required ad-
mission to hospital and 1 of these developed de-
pression with psychotic features (see section 5.2).
They reported no cases of psychosis without affec-
tive symptoms.

Betts et al.[104] described 12 patients who devel-
oped a formal psychiatric illness, of whom 5 had a
paranoid psychosis. Little detail of the individual
patients is provided but all symptoms resolved rap-
idly after the topiramate was stopped. Khan et
al.[105] reported that the incidence of psychosis dur-
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ing clinical trials of topiramate was 0.8%, which
was not significantly different from the rate for pla-
cebo. They added that it was also not significantly
different from reported rates of psychosis in pa-
tients with refractory epilepsy in general. They car-
ried out a chart review of the first 80 patients who
were treated with topiramate and identified 5 who
developed definite psychotic symptoms 2 to 46
days after starting treatment. The dosage at symp-
tom onset was 50 to 400 mg/day. Paranoid delu-
sions were reported in 4 and auditory hallucina-
tions in 3. The symptoms resolved quickly when
the topiramate was stopped in 3 patients, when the
dosage was reduced from 300 to 200mg a day in 1
and when the remaining patient was treated with
antipsychotic medication in hospital. Three of the
patients had no significant past psychiatric history,
1 had a history of auditory hallucinations and 1 had
previously had aggressive and suicidal thoughts.

Crawford[55] carried out an audit of topiramate
used in a general neurology clinic. She identified
94 patients who had been treated with topiramate,
48 of whom had taken part in clinical trials. The
incidence of psychotic symptoms was 12%. This
was significantly higher than in those who were
treated with gabapentin or lamotrigine. Bittermann
and Steinhoff[106] identified 2 patients with psy-
chotic episodes in a series of 23 patients who were
treated with topiramate in a nonblind prospective
study. Tartara et al.[107] assessed 15 patients in a
nonblind, add-on, prospective study for periods of
14 to 21 months. One patient developed psychotic
symptoms.

One of the current author’s teenage patients
with partial epilepsy, a left temporal lobe lesion and
features of Asperger syndrome developed a psy-
chosis with topiramate. The symptoms resolved
when the topiramate was stopped.

5.2 Depression and Mania

No reports of mania have been identified in the
literature. Kellett et al.[103] described a patient with
psychotic depression whose symptoms resolved
within 2 to 3 weeks of stopping topiramate. When
topiramate was re-introduced, with cautious dos-

age escalation to 50mg twice daily, he again had
good control of the seizures but profound depres-
sion returned and the topiramate had to be stopped.
As stated earlier, the classification of adverse
events in this paper was rather broad and does not
allow more detailed analysis of the types of be-
havioural disturbance that occurred in almost half
the patients treated. In the series reported by Betts
et al.,[104] 4 patients developed unipolar depression
and 1 had a depressive illness with marked para-
noid ideation while taking topiramate. They com-
mented on the fact that the 12 patients who devel-
oped a formal psychiatric disorder accounted for
15% of those that they had treated with this drug.

5.3 Other Behavioural Disturbances

One of the patients described by Kellett et al.[103]

required hospital admission because of marked
cognitive/behavioural adverse effects. 85 of the
174 patients whose case notes were examined had
‘cognitive/behavioural’ adverse effects but the de-
tail of these is lacking. Bittermann and Stein-
hoff[106] stated that aggression was an adverse ef-
fect that did not appear to be related to dosage in
their study of 23 patients with partial seizures who
were treated with topiramate. Fowler et al.[108] re-
ported on 16 adolescents with epilepsy and learn-
ing disability who were assessed with Rutter
Behavioural Scales before and during treatment
with topiramate. There was a significant (p < 0.05)
increase in negative reported behaviour on both the
parents and teachers scales.

5.4 Beneficial Behavioural Effects

Marcotte[109] evaluated 58 consecutive patients
with mood disorders refractory to previous thera-
pies, including other new anticonvulsants. 36 (62%)
showed marked or moderate improvement with
topiramate, usually within days or weeks. 23 of 44
patients (52%) with bipolar affective disorders
showed marked or moderate improvement. Mini-
mal improvement or none was reported in 16. Six
were rated as worse. They concluded that topira-
mate may be useful in the treatment of mood disor-
ders unresponsive to other medication.
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Normann et al.[110] have also commented on the
benefit of topiramate in treating acute mania.

5.5 Mechanism

In view of the fact that topiramate is a highly
effective anticonvulsant drug, the reports of psy-
chosis may represent the phenomenon of alterna-
tive psychosis discussed in section 1.3.3.

Topiramate may have multiple modes of action,
suggesting that it might have beneficial effects in
some patients and detrimental effects in others.
This is consistent with clinical experience.

5.6 Comment

The initial recommendations for topiramate
treatment involved starting dosages that were too
high and target dosages that were also unnecessar-
ily high for most patients. There is currently insuf-
ficient evidence to conclude whether lower starting
dosages and final target dosages would reduce the
incidence of psychiatric symptoms, although there
is strong evidence to suggest that cognitive slow-
ing might be less.

6. Tiagabine

6.1 Psychosis

Leach and Brodie[111] reviewed nonblind stud-
ies in 2185 patients treated with tiagabine. They
commented that the percentage of patients with
symptoms suggesting psychosis in those taking
tiagabine (2%) was not statistically different from
that on placebo (1%). Leppik[112] and Adkins and
Noble[113] also reviewed the use of tiagabine and
concluded that psychosis occurred with similar fre-
quency among patients treated with tiagabine and
those treated with placebo. In the review by Trim-
ble et al.[102] of 89 patients who developed psychi-
atric symptoms during treatment with topiramate,
vigabatrin or tiagabine, only 3 psychoses were
listed for tiagabine. There is a lack of detailed in-
formation on these patients. Because experience
with this drug is still relatively limited it is too early
to say whether an excess of patients with psychosis

will emerge, but there appears to be little evidence
for this at present.

6.2 Depression and Mania

Depressed mood is mentioned in the reviews of
the use of tiagabine but the number of reported
patients appears to be small. Using the Coding
Symbol and Thesaurus for Adverse Event Termi-
nology (COSTART) codes, Leppik,[112] in his re-
view of 5 add-on, placebo-controlled trials in
which 675 patients received tiagabine, found that
5% of those taking tiagabine were reported as hav-
ing depression as a treatment-emergent event com-
pared with 1% on placebo. Leach and Brodie[111]

quote depressed mood as occurring in 1%. Mention
is also made of depressed mood in the reviews by
Kalviainen[114] and Pita-Calandre.[115] Uthman et
al.,[116] in a randomised, double-blind, placebo-
controlled study with a parallel-group, add-on de-
sign involving 297 patients, reported an increased
incidence of depressed mood in the patients treated
with tiagabine taking 16mg and 56mg daily. In
contrast, Dodrill et al.[117] used quality-of-life and
cognitive measures in a study with similar design
in 162 patients and found no clinically important
changes with tiagabine on the test batteries used.
In the study of 89 patients with psychiatric symp-
toms treated with topiramate, vigabatrin or tiagab-
ine, Trimble et al.[102] reported 2 patients treated
with tiagabine who were said to have developed
signs of affective disorders. This number was much
smaller than those reported for vigabatrin and
topiramate, namely 22 and 16 patients respectively
but the experience with tiagabine is much shorter.
It would appear that depressed mood might be pre-
cipitated by tiagabine in a small number of pa-
tients, but more extensive data are required before
firm conclusions can be drawn.

6.3 Other Behavioural Disturbances

There is a lack of reports of disturbed behaviour
with tiagabine. Sveinbjornsdottir et al.[118] initially
carried out a nonblind trial in 22 adult patients and
then followed this with a double-blind, placebo-
controlled, crossover trial in 12 patients treated
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with tiagabine. 11 patients completed the double-
blind phase. They reported that adverse effects
were transient, most commonly aggression/irrita-
bility, lethargy, headache and drowsiness. This pa-
per suggests that transient behavioural disturbance
may occur in some patients. In section 1.3.3 it was
pointed out that nonconvulsive status epilepticus
can lead to a variety of behavioural disturbances.
There are several reports of tiagabine precipitating
nonconvulsive status epilepticus,[11-15] and it is likely
that this would present with adverse behavioural
effects in some cases.

6.4 Beneficial Behavioural Effects

Kaufman[119] reported treatment of 3 patients
with psychiatric symptoms: 2 with bipolar disorder
and 1 with schizoaffective disorder of a bipolar type.
All 3 patients were said to have improved during add-
on treatment with low dosages of tiagabine. No un-
toward adverse effects were recorded. They con-
cluded that controlled trials were indicated. This is
in contrast with the findings of Grunze et al.,[120]

who treated 8 patients with acute mania with tiaga-
bine, 2 of whom were treated with monotherapy
and 6 with add-on therapy to mood-stabilising drugs
that had previously been inadequate in controlling
the symptoms. This study was of short duration,
only 14 days. Two of the patients had pronounced
adverse effects: nausea and vomiting in 1 and
generalised tonic-clonic seizures in the other. They
concluded that tiagabine appeared to have no pro-
nounced antimanic effect compared with standard
treatment such as valproic acid, lithium or antipsy-
chotic medication, but that rapid dosage increase
for antimanic treatment could cause potentially se-
vere adverse effects. On theoretical grounds[121]

tiagabine might be expected to have antimanic ef-
fects because it potentiates GABA. Until adequate
placebo-controlled trials have been performed it
will not be possible to state whether this potentially
beneficial effect will be evident in clinical practice.

6.5 Mechanism

There are currently insufficient data to enable
any firm conclusions to be drawn about possible

mechanisms of adverse behavioural effects. On
theoretical grounds, the comments made earlier
about the behavioural effects of drugs that may po-
tentiate GABA would apply to tiagabine. In addi-
tion, the point made about tiagabine precipitating
nonconvulsive status epilepticus will occasionally
be relevant to behavioural changes with this drug.

6.6 Comment

Because the overall clinical experience with
tiagabine is still limited, it would be unwise to con-
clude that behavioural disturbances are no more
common with this drug than with placebo, although
early studies suggest that this may be the case.
There is some evidence for an increase in depressed
mood in patients treated with tiagabine. It should
also be noted that dizziness is a relatively promi-
nent adverse effect and that this may cause great
distress in people with learning disability who are
unable to express themselves adequately verbally.
Whether such adverse effects presenting as behav-
ioural disturbance accounted for some of the cases
of irritability and aggression remains to be deter-
mined. It is interesting to note the number of re-
ports of nonconvulsive status epilepticus precipi-
tated by this drug. However, it is too early too say
whether this will be a significant problem in prac-
tice.

7. Oxcarbazepine

7.1 Psychosis

No cases of psychosis precipitated by oxcarba-
zepine were found in the literature.

7.2 Depression and Mania

Hagenah et al.[122] described a 15-year-old girl
with tuberous sclerosis who developed a rapid cy-
cling bipolar disorder with oxcarbazepine. She had
tonic-clonic seizures and valproic acid was added
but failed to prevent relapses of the bipolar disor-
der. Mood stabilisation was achieved with the ad-
dition of lithium. Tuberous sclerosis might repre-
sent a special case. Because there are anecdotal
reports of young people with this condition whose
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behaviour was said to have deteriorated markedly
when other anticonvulsant medication was pre-
scribed in an attempt to control seizures, no con-
clusions can be drawn from this single case report.
More data are clearly needed.

7.3 Other Behavioural Disturbances

Behavioural disturbance does not usually ap-
pear in the list of adverse effects reported in the
reviews of this drug.

7.4 Beneficial Behavioural Effects

Emrich[123] reviewed the results of double-blind
multicentre trials comparing oxcarbazepine with
haloperidol. The oxcarbazepine was titrated to a
mean dosage of 2400 mg/day and the haloperidol
42 mg/day. Although the effect of the oxcarbazep-
ine was said to be somewhat slower in onset, by the
second week it was comparable to that of haloper-
idol. Haloperidol was associated with a much
higher incidence of adverse effects than oxcarba-
zepine. In a second trial, oxcarbazepine titrated to
a mean dosage of 1400 mg/day was compared with
lithium titrated to a mean of 1100 mg/day. Again, the
oxcarbazepine was similar in effect but the lithium
tended to be better tolerated.

Emrich et al.[124] had previously used oxcar-
bazepine in dosages of 1800 to 2100 mg/day in 6
patients with acute mania in a double-blind pla-
cebo-controlled trial. They concluded that the ef-
fect was similar to that of valproic acid or lithium.
Wildgrube[125] reported results of a 3-year random-
ised study of oxcarbazepine compared with lithium
as prophylactic treatment in 18 patients with affec-
tive disorders in a single centre. The affective dis-
orders included bipolar mood disorder, unipolar
mania or schizoaffective psychosis. Eight patients
treated with oxcarbazepine and 7 treated with lith-
ium were evaluated. The results for the oxcarbaze-
pine group were less favourable, both in terms of
relapses and with regard to withdrawals. Grant and
Faulds[126] pointed out the limitations in this study.
There were a greater number of older patients and
patients with a longer history of illness in the ox-
carbazepine group, which showed no clear benefi-

cial effect at an average dosage of 1000 to 1550
mg/day. In an earlier study, Müller[127] showed
similar results comparing oxcarbazepine with hal-
operidol.

7.5 Mechanism

The mechanism of action of oxcarbazepine is
almost certainly similar to that of the closely re-
lated drug carbamazepine. In the circumstances, it
is not surprising that oxcarbazepine appears to
have mood-levelling properties. Hyponatraemia is
said to be more common with oxcarbazepine than
with carbamazepine. Although the hyponatraemia
is asymptomatic in most cases, it is quite clear that
it can cause lethargy with resultant irritability in
some cases.

7.6 Comment

Physicians who are now prescribing oxcarba-
zepine do so with a moderate degree of confidence,
not only because of years of favourable experience
in Scandinavia, but also because it is so similar to
one of the most well established anticonvulsant
drugs, namely carbamazepine. It seems unlikely
that greater experience with this drug will reveal
more potential for adverse behavioural effects, but
it is unwise to be dogmatic about such predictions.

8. Felbamate

8.1 Psychosis

A few isolated reports of psychosis appear in the
literature. Knable and Rickler[128] were among the
first to report this as a possible adverse effect. The-
odore et al.[129] carried out a double-blind, placebo-
controlled parallel monotherapy trial on 40 pa-
tients; 8 of the 19 placebo-treated patients and 13
of the 21 patients treated with felbamate completed
this brief study. Two of the patients receiving felba-
mate withdrew because of seizures and 6 because
of other adverse effects, including psychosis, anx-
iety, sleeping difficulty, abdominal discomfort and
orobuccal dyskinesias. It should be noted, how-
ever, that the titration over 4 days was rapid and
that all the baseline anticonvulsant drugs had been
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stopped leaving the patients free of drugs for only
5.3 ± 2.4 days before randomisation to felbamate
or placebo. In these circumstances it could be ar-
gued that the adverse effects might have occurred
as a result of the withdrawal of previous anticon-
vulsant medication rather than because of the intro-
duction of felbamate.

McConnell et al.[130] reported 7 patients with
neuropsychiatric symptoms which they attributed
to felbamate. One patient receiving felbamate
monotherapy had a new-onset psychosis. The other
neuropsychiatric symptoms among these 7 patients
included anergia, apathy, bradyphrenia and in-
creased irritability.

8.2 Depression and Mania

Hill et al.[131] reported secondary mania associ-
ated with the use of felbamate. No other reports
were identified

8.3 Other Behavioural Disturbances

Li et al.[132] carried out a nonblind, add-on study
of the tolerability and efficacy of felbamate in 111
adult patients with refractory epilepsy. The mean
follow-up period was 4 months (range 1 to 8
months). 23 patients (21%) discontinued felbamate
because of adverse events. Behavioural distur-
bance occurred in 14 patients and was reported as
being the most likely adverse event necessitating
discontinuation. Ketter et al.[133] assessed the psy-
chiatric effects of felbamate on 30 inpatients under-
going intensive presurgical monitoring. During
early treatment, insomnia, anorexia and anxiety ap-
peared. Longer term treatment with felbamate re-
sulted in stimulant-like effects, with half the pa-
tients displaying psychiatric deterioration and the
other half showing modest improvement compared
with baseline. They suggested that baseline insom-
nia and anxiety might be markers for poorer psy-
chiatric response to treatment with felbamate.

8.4 Beneficial Behavioural Effects

Gay et al.[134] examined the behavioural effects
of felbamate in 20 patients aged 2 to 19 years who

were taking part in a protocol for treatment of
Lennox-Gastaut syndrome. Questionnaires to de-
termine behavioural change were completed by
parents when the medication had reached a con-
stant regimen. They reported that significant im-
provements appeared to occur in social function-
ing, intellectual functioning, motor functioning,
attention and concentration, alertness, initiative,
variability in performance and memory. They
added that there was a tendency for these effects to
be reversed when felbamate was discontinued. It
appears very likely that these positive effects were
related to better seizure control as much as to any
direct effect to the felbamate itself on mood or
behaviour.

8.5 Mechanism

McConnell et al.[130] suggested that the action
of felbamate through NMDA receptor antagonism
and GABA potentiation might be the cause of the
neuropsychiatric adverse events they reported in 7
patients. This suggested mechanism of action is
consistent with that offered in other papers discuss-
ing the more general effects of anticonvulsant med-
ication on behaviour.[121,135]

8.6 Comment

The potentially fatal adverse effects of aplastic
anaemia and hepatotoxicity have overshadowed
concerns about possible behavioural adverse ef-
fects of felbamate. However, the current author is
among those who continue to use the drug. There
is a reasonable argument for continuing to consider
using felbamate for those patients who have severe
disabling epilepsy and for whom other options
have been exhausted.

9. Zonisamide

9.1 Psychosis

Miyamoto et al.[136] identified 14 patients with
psychotic episodes among a total of 74 patients
with a history of zonisamide treatment over a 10-
year period. They commented that the incidence of
psychotic episodes during zonisamide treatment
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was several times higher than the previously re-
ported prevalence of epilepsy-associated psycho-
sis. They also noted that the risk of psychotic epi-
sodes appeared to be higher in young patients. In
13 of the 14 patients the psychotic episodes oc-
curred ‘within a few years’ of the commencement
of zonisamide. It was conceded that there was no
definite proof that the zonisamide caused the psy-
chotic episodes, but they recommended that this
drug should be terminated as soon as such an epi-
sode is suspected and that it should not be restarted
even if the seizure control deteriorated. They also
commented that in children, obsessive-compulsive
symptoms appeared to be related to psychotic epi-
sodes. The broad time scale of this study must cast
some suspicion over the relationship between the
psychotic episodes and the prescription of zon-
isamide, notwithstanding their comment that psy-
chosis appeared to be much more common in this
population than is generally observed in people
with epilepsy.

Murai et al.[137] described an unusual form of
psychosis in a male patient that appeared to be pre-
cipitated by zonisamide. He consistently mistook
people who were new to him, such as the staff of
the hospital, for people he had met a long time ago.

Matsuura and Trimble[138] reviewed 5 studies of
psychosis with zonisamide: Ono et al.[139] 10 of
538 patients (1.9%), Kawasaki et al.[140] 7 cases,
Matsuura et al.[141] 8 cases, Hara et al.[142] 5 cases
and Mayahara et al.[143] 3 of 128 patients (2.3%).
They commented that the overall frequency of psy-
chosis, about 2%, was similar to that reported for
other anticonvulsant drugs and that many of the
cases may have been examples of alternative psy-
chosis.

9.2 Depression and Mania

Charles et al.[144] provided a single report of
zonisamide-induced mania. Data from 1598 pa-
tients in clinical trials,[145] not all of which were
placebo-controlled, indicated that 6% in the group
treated with zonisamide had depression as an ad-
verse event, compared with 3% receiving placebo.

9.3 Other Behavioural Disturbances

Pooled trial data from the manufacturer[145] in-
dicate that agitation/irritability was reported as an
adverse event in 9% compared with 4% for placebo
and nervousness in 2% compared with 1% for pla-
cebo. Kimura[146] described behavioural disorders
in 2 children treated with zonisamide: a 1-year-old
girl and a 3-year-old boy, neither of whom had pre-
vious developmental or psychiatric problems.
They remarked that the serum zonisamide concen-
trations were within the reference range. Ozawa et
al.[147] described a single case of behaviour disor-
der with gait and sleep disturbances induced by
zonisamide.

9.4 Beneficial Behavioural Effects

Kanba et al.[148] examined 24 patients with psy-
chiatric diagnoses: 15 with bipolar affective illness
in the manic state, 6 with schizoaffective manic
states and 3 with schizophrenic excitement. 25%
of the 24 patients and 33% of patients with bipolar
mania were said to have shown a remarkable global
improvement with the addition of zonisamide.
71% of the total number of patients and 80% of the
bipolar group had at least moderate global im-
provement associated with the zonisamide treat-
ment.

9.5 Mechanism

The apparently broad anticonvulsant spectrum
of zonisamide suggests that, like other carbonic an-
hydrase inhibitors that are used as anticonvulsant
drugs, it probably has multiple modes of action.

9.6 Comment

Zonisamide has been used for many years in
Japan and Korea but the experience in other coun-
tries is very limited. As with other carbonic an-
hydrase inhibitors, initial concern was expressed
about the possibility of renal stones but this may
be less of a problem than anticipated, particularly
if attention is paid to adequate hydration. Because
this drug appears to have a broad spectrum of ac-
tion and is said to be of particular advantage in at
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least some forms of myoclonic epilepsy, it is likely
to be used to an increasing degree. It remains to be
seen whether this additional experience will yield
further evidence of both adverse and beneficial be-
havioural effects.

10. Levetiracetam

10.1 Psychosis

Trimble examined the records of 59 cases of
psychiatric problems identified as serious treatment-
emergent events from 1422 patients in clinical tri-
als on levetiracetam (personal communication).
For 10 of these cases the patients were either not
on the drug at the time or insufficient data were
available. Ten of the remaining 49 patients had a
psychotic disorder. However, 4 of these had a pre-
vious history of psychosis. The incidence of psy-
chosis was estimated as being 0.7%, which was
favourable compared with other anticonvulsants.
Data from the manufacturer[149] indicate that, in
controlled trials of patients with epilepsy, 5 pa-
tients (0.7%), developed psychosis compared with
1 patient (0.2%) receiving placebo.

10.2 Depression and Mania

In the analysis carried out by Trimble (section
10.1), 25 of the 49 patients had an affective disor-
der (depression, suicide attempts). Of these 25 pa-
tients, 14 had a previous history of affective disor-
der. The estimated incidence of affective disorder
was 1.8%, which was again favourable compared
with other anticonvulsants. Data from the manu-
facturer[149] using the COSTART terms indicate
that, in controlled trials on patients with epilepsy,
4 out of 769 patients (0.5%) developed depression
compared with a very similar rate of 2 out of 439
patients (0.5%) on placebo.

10.3 Other Behavioural Disturbances

The COSTART term data[149] indicate that, of
the 769 patients in the placebo-controlled trials, the
following additional behavioural events were
noted: emotional lability 2 patients, hostility 2 and
nervousness 4. The respective figures for the 439

participants given placebo were: emotional lability
0 patients, hostility 1 and nervousness 2.

There is very little further information available
on the behavioural effects of levetiracetam, which
is the most recent anticonvulsant drug to gain FDA
approval.

10.4 Beneficial Behavioural Effects

Kastleijn-Nolst Trenite et al.[150] treated 12 pa-
tients with levetiracetam and noted some reported
enhancement of mood. No serious adverse effects
were seen.

10.5 Mechanism

The mechanism of action of levetiracetam ap-
pears to be unlike that of other drugs and it has an
unusual profile of action in animal models. It will
be interesting to see whether these factors influ-
ence the behavioural effects of the drug. As a result
of this different mechanism, it might have a very
different behavioural profile from other anticon-
vulsants.

10.6 Comment

Levetiracetam is the most recent anticonvulsant
drug to be approved by the FDA. As with many
other new drugs, the initial promise appears to be
very good. It may be successful in treating seizures
that are resistant to other medication. At present, it
appears to be relatively free of adverse effects apart
from somnolence, but much more clinical experi-
ence will be needed before a definitive statement
on adverse effects can be made.

11. Conclusions

A number of questions were raised in the intro-
duction to this review. Some but by no means all
of the answers are available in the published liter-
ature. It seems that at least 1 or 2 of the new anti-
convulsant drugs are better tolerated, in terms of
behavioural adverse effects, than the older drugs.
Gabapentin and lamotrigine, in particular, seem to
be well tolerated, notwithstanding reports of
behavioural disturbance in particular circumstan-
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ces. With regard to strategies that might be adopted
to reduce the chance of behavioural adverse ef-
fects, it would seem wise to use slow dosage esca-
lation rates and to avoid dosages that are higher
than necessary. Will topiramate become a very well
tolerated drug if these guidelines are followed? We
do not yet have that information. A good knowl-
edge of drug adverse interactions, such as the phar-
macodynamic interaction when lamotrigine is
added to carbamazepine, can also minimise or
avoid problems. Until well-conducted double-
blind comparative trials of monotherapy with ap-
propriately slow escalation rates and avoiding ex-
cessive dosages have been completed, using
well-validated behavioural measures, it will be dif-
ficult to assess the situation with certainty. Even
then, since there are so many confounding factors
that can affect behaviour in people with epilepsy,
the outcome of such trials will have to be interpre-
ted with a degree of caution. The situation appears
promising, however, particularly in view of the
fact that a number of the new anticonvulsant drugs
seem to have beneficial effects on mood and
behaviour in at least some patients. It will be very
interesting to see what evidence the additional and
much needed controlled studies will provide.
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