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With the introduction of several new antiepileptic drugs into clinical practice,Abstract
renewed attention has been focussed on treatment-emergent adverse effects,
including mood disorders. There are several possible causes of psychiatric disor-
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ders in patients with epilepsy, including antiepileptic drugs, and it is often difficult
to determine whether psychopathological manifestations, especially depressive
symptoms, are due to drug therapy or to multiple other factors. Assessment of the
negative effects of antiepileptic drugs on mood should always consider all
potential factors. Case series, audits and open observational studies can identify
psychopathological features, case-control studies are useful for identifying the
endophenotypes of patients at risk of adverse effects on mood, and controlled
clinical trials give good estimates of incidence of such effects, adjusted for the
spontaneous occurrence of symptoms.

The barbiturates, vigabatrin and topiramate show greater associations with the
occurrence of depressive symptoms than other antiepileptic drugs, presenting in
up to 10% of all patients, but even more so in susceptible patients. Data on
zonisamide are scarce but it seems that mood disorders may occur in approximate-
ly 7% of patients who are receiving high dosages of this drug. In most cases, the
use of monotherapy, with slow titration schedules, can significantly reduce the
incidence of mood disorders. Tiagabine, levetiracetam and felbamate present an
intermediate risk, with prevalence of depression of about 4% or lower. Phenytoin,
ethosuximide, carbamazepine, oxcarbazepine, gabapentin, sodium valproate, pre-
gabalin and lamotrigine are all associated with low risks for depression (<1%),
and several of these antiepileptic drugs seem to have a positive effect on mood.
Antiepileptic drugs can negatively affect mood and behaviour by different mech-
anisms: potentiation of GABA neurotransmission, folate deficiency, pharmacody-
namic interactions with other antiepileptic drugs in polytherapy regimens, forced
normalisation.

Individuals with a personal or family history of depression should be carefully
followed after initiation of therapy with a new antiepileptic drug, especially if
structural brain abnormalities such as hippocampal sclerosis are present.

The association between psychopathology and many putative causes. One possible way to deter-
antiepileptic drug therapy has long been recognised. mine whether a drug is causing an adverse event is
In the early 1900s, Turner described sedation, mem- to withdraw the drug and then rechallenge with it
ory impairment, and cognitive and affective blunt- and observe the outcome.[3] However, rechallenging
ing as adverse effects of bromides.[1] However, with the drug that has caused an adverse effect
systematic evaluation of the effect of antiepileptic should be taken very seriously and the patient
drugs on mood and behaviour has taken place only should be closely monitored. These studies are use-
more recently. ful in assessing causal relationships but they do not

provide information about the characteristics of pa-It is often difficult to determine which psycho-
tients at risk or the psychopathological features,pathological manifestations are due specifically to
which are usually identified by audits and case se-the drug therapy and which may be due to multiple
ries.other factors affecting the patient. Psychiatric disor-

ders in epilepsy often have a multifactorial origin Putative associations of psychiatric adverse ef-
(e.g. psychosocial reasons, stigmatisation, the un- fects with antiepileptic drugs are often based on
derlying brain pathology), making epidemiological information from open trials or uncontrolled retro-
data about the incidence and risk factors difficult to spective studies, and therefore it is difficult to deter-
interpret;[2] antiepileptic drugs constitute only one of mine whether the observation was a chance associa-
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tion or a common occurrence. The best way to January 1970 and June 2006. Only papers published
in English were reviewed.assess the incidence of psychiatric disturbances

associated with antiepileptic drug therapy, therefore,
might be to review data from controlled clinical 1. Older Antiepileptic Drugs
trials; however, these trials also have several limita-

With respect to the older generation of an-tions. Clinical trials often test add-on drugs, and thus
tiepileptic drugs, such as the barbiturates, phenytoin,any psychotropic effect could be attributable either
carbamazepine and sodium valproate, there are noto a pharmacodynamic interaction between drugs or
systematic data and knowledge is largely empirical,to a pharmacokinetic interaction producing active
based on anecdotal reports or clinical observations.metabolites. Moreover, clinical trials often require

fixed drug doses and specific titration schedules,
1.1 Barbiturates (Phenobarbitalneither of which is often used in clinical practice.
and Primidone)Patients with psychiatric disorders are often exclud-

ed, eliminating an important variable. Finally, pa-
An association between treatment with barbitu-tients are followed for short time periods and evalu-

rates and the occurrence of depressive symptomsations are conducted too soon to detect the occur-
has often been reported. In a crossover study, 45rence of effects that might appear later. It is evident
patients were stabilised on a combination of pheny-that the assessment of negative effects of antiepilep-
toin and either primidone or carbamazepine.[4] Aftertic drugs on mood and behaviour should consider
a 3-month period those receiving carbamazepineinformation available from all possible sources
were switched to primidone and vice versa. Over(case series, audits and observational studies, con-
time, patients became more clinically depressed on atrolled clinical trials) to produce an overall view of
regimen of primidone and less so on carbamazepine.the problem.
Evidence also comes from studies in adolescents

Here we aim to review available literature on the with epilepsy who presented to emergency rooms
negative effects of antiepileptic drugs on mood in having taken overdoses, showing that eight of nine
patients with epilepsy. We focused on the major patients had been treated with barbiturates.[5] Fur-
adverse mood effect, namely depression, without thermore, patients taking phenobarbital have been
considering other affective symptoms such as anxie- shown to have a high prevalence of major depres-
ty, nervousness, emotional lability or aggressive- sive disorder (40%), and of suicidal ideation (up to
ness. Each antiepileptic drug was appraised, paying 47%).[6] In a crossover survey of outpatients with
attention to data published in international peer- epilepsy,[7] the use of primidone was associated with
reviewed journals included in Index Medicus; the a high risk of depression (odds ratio [OR] 4.08; 95%
degree of documentation varies from open studies or CI 2.09, 7.98).
case series to controlled clinical trials. We did not However, a multicentre, double-blind study com-
review abstracts, posters or oral communications, paring the efficacy and tolerability of primidone,
even if presented during major international con- phenobarbital, phenytoin and carbamazepine in 622
gresses, and we concentrated on peer-reviewed liter- patients did not show statistically significant differ-
ature. References were identified by searches of ences between barbiturates and the other classic
Medline/PubMed and PsychINFO using the terms antiepileptic drugs in terms of negative effects on
‘epilepsy’, ‘depression’, ‘mood’, ‘carbamazepine’, mood.[8] In this study, patients were followed up for
‘oxcarbazepine’, ‘phenobarbital/barbiturates’, 3 months, but it seems that mood changes become
‘phenytoin’, ‘ethosuximide’, ‘valproate/valproic apparent during long-term treatment of at least 1
acid/divalproex’, ‘felbamate’, ‘lamotrigine’, ‘topira- year.[9] Thus, patients with a long history of barbitu-
mate’, ‘vigabatrin’, ‘tiagabine’, ‘gabapentin’, ‘leve- rate therapy are likely to become depressed, espe-
tiracetam’, ‘pregabalin’ and ‘zonisamide’ between cially if they are receiving polytherapy and have a
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personal or family history of an affective disor- icant improvement after the change to carbamaze-
der.[10] pine. In another study 42 patients with epilepsy that

was well controlled with carbamazepine monother-
1.2 Phenytoin apy were evaluated using a mood adjunctive check-

list.[17] Blood levels of carbamazepine were nega-Phenytoin has been shown to impair motor speed,
tively correlated with measures of anxiety, depres-concentration and memory in a dose-dependent
sion and fatigue.manner[11] but negative effects on mood seem to be

All these data clearly suggest that carbamazepinerare. It may provoke behavioural problems other
has a positive influence on the mood of patients withthan depression, such as schizophrenia-like psycho-
epilepsy beyond its antiseizure effect, but the appli-sis, at high serum levels and in the context of a toxic
cability of these data to therapeutic situations issyndrome characterised by sedation, cerebellar atax-
uncertain because of the lack of controlled studiesia, ophthalmoparesis and paradoxical seizures.[12]

specifically designed to assess positive psychotropic
effects of carbamazepine in epilepsy. Interestingly,1.3 Ethosuximide
a case report of mania induced by carbamazepine

Ethosuximide has been linked to psychosis rather has been reported;[18] the authors suggested a poss-
than to mood disorders,[12] typically following the ible paradoxical effect due to the chemical similari-
cessation of seizures and in association with a ties between carbamazepine and tricyclic antide-
normalisation of the EEG; this phenomenon is pressants. However, the relationship between an-
known as ‘forced normalisation’.[13]

tiepileptic drugs, mania and epilepsy is complex and
manic symptoms, although rare, have been reported1.4 Carbamazepine
with almost all the available antiepileptic drugs.[19]

The occurrence of depression seems to be very
rare in people treated with carbamazepine (<1%), a 1.5 Sodium Valproate
drug that has, on the contrary, demonstrated mood-

Sodium valproate is well known as a moodstabilising properties in psychiatric patients.[14] Car-
stabiliser and is widely used in patients with primarybamazepine was compared with phenytoin over a
psychiatric disorders, as well as those with epilep-4-month period using a double-blind, crossover de-
sy.[14] Moreover, this treatment possibly has effectssign in which patients were randomly assigned to
on behavioural problems associated with affectiveone of the two drugs.[15] All patients were evaluated
lability, aggression, and impulsivity across a rangeusing the Minnesota Multiphasic Personality Inven-
of different clinical contexts.[20] The incidence oftory, and scores for every clinical scale favoured
negative effects on mood in patients with epilepsy iscarbamazepine, with statistically significant differ-
negligible.ences emerging for the scales related to feelings,

attitudes and emotions. As part of a large study to
2. Newer Antiepileptic Drugsevaluate the effects of rationalisation of polyther-

apy, 15 patients had one or all antiepileptic drugs As far as newer antiepileptic drugs are con-
switched to carbamazepine,[16] while a control group cerned, the majority of data come from drug trials.
had no changes to their drug regimen. All were In these studies, behavioural manifestations are not
followed over a 6-month period using standard rat- always systematically reported, and this may lead to
ing scales to assess mood. Patients who were extrapolations which may be difficult to interpret.
switched to carbamazepine rated themselves as less
anxious and livelier during the follow-up period. 2.1 Vigabatrin
Patients were then divided into those who had high
and those who had low initial pre-change depression The clinical use of vigabatrin is limited because
scores. Those with higher scores showed a signif- of negative effects on visual fields. However, it was
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one of the first of the newer antiepileptic drugs to be sant properties. The cumulative results of studies so
introduced into clinical practice, and so has been the far provide evidence that lamotrigine is effective for
most studied with regard to its effects on behaviour. the management of bipolar depression.[14] CNS ad-
Shortly after early reports of psychiatric prob- verse effects are often mild and do not usually
lems,[21,22] their clinical significance became a mat- require drug withdrawal, and they seem to reduce
ter of controversy. A meta-analysis of severe behav- over time. In the analysis of adverse events leading
ioural reactions leading to drug discontinuation in to withdrawal of lamotrigine in 664 patients (includ-
seven European placebo-controlled studies showed ed in 27 open-label trials and four randomised,
remarkably different prevalence rates, ranging be- double-blind, placebo-controlled, crossover stud-
tween 1% and 12%.[23] This variability suggests that ies), <1% of patients had to discontinue lamotrigine
either the risk is not homogeneous in all patient for any CNS adverse event.[27] This has been con-
groups or the threshold to report psychiatric adverse firmed by a meta-analysis of published and unpub-
effects is not the same among different investiga- lished randomised, controlled trials of add-on treat-
tors. ment.[28] Therefore, it can confidently be stated that

severe psychiatric complications with lamotrigineMore definite conclusions came from a meta-
are rare events.analysis of double-blind studies that demonstrated a

significantly increased prevalence of depression, oc- The issue of possible detrimental effects on the
curring in 12.1% of treated patients in contrast to behaviour of learning-disabled patients with epilep-
3.5% in the placebo group.[24] However, in mono- sy is, however, a matter of controversy. Some have
therapy trials, prevalence seems to be lower and in reported problems such as aggression,[29] while
the region of 5%.[25] Case series of patients with others have suggested behaviour-enhancing proper-
psychiatric disorders associated with vigabatrin ties independent of the antiseizure effects of the
therapy made some interesting points. In some cases drug.[30] It has been stated that if patients who have
the onset of depression was linked with a dramatic been disabled by frequent seizures suddenly become
control of seizures,[21] while in others it was unrela- seizure-free without experiencing sedative effects,
ted to this; in the majority of cases, it appeared to be the consequence may be an increased propensity to
more common in patients with a past history of misbehave.[31] This condition is known as the ‘re-
depression.[26]

lease phenomenon’ and can occur with any an-
tiepileptic drugs that are effective in controlling

2.2 Oxcarbazepine seizures and have positive effects on cognition, be-
ing less sedative. The conclusion should not be thatOxcarbazepine has been available in some coun-
the drug has caused the behavioural disturbance, andtries for many years. There is extensive experience
the required management approach should be inten-with this drug in Scandinavia, and it is now widely
sive input from medical professionals.marketed. The profile of adverse and beneficial ef-

fects appears similar to that of carbamazepine,[14]

but information about the effects on mood in pa- 2.4 Felbamate
tients with epilepsy is very limited. Oxcarbazepine
may be of value as a mood stabiliser in patients with Felbamate is usually considered a psycho-acti-
psychiatric disorders, but there are fewer data avail- vating drug and should not have a negative effect on
able on the use of this drug in such indications than mood. In monotherapy trials, insomnia, nervousness
for sodium valproate and carbamazepine.[14]

and depression have been reported in <4% of pa-
tients.[32] In children these adverse effects are slight-2.3 Lamotrigine
ly more common (5.5%), especially when felbamate
is used as adjunctive therapy, but the problems areDuring clinical trials in the development of lamo-
severe in <1% of patients.[32] However, the use oftrigine it was observed that the drug had antidepres-
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felbamate is limited by serious haematological and (e.g. Coding Symbols for a Thesaurus of Adverse
hepatic toxicity.[32] Reaction Terms [COSTART], WHO Adverse Reac-

tions Terminology [WHO-ART] and the Medical
2.5 Gabapentin Dictionary for Regulatory Activities [MedDRA]).

However, mood lability has been reported with sig-Controlled studies of gabapentin have not sug-
nificantly greater frequency in topiramate than pla-gested significant negative effects on mood. Con-
cebo recipients and has been identified in up to 17%versely, gabapentin seems to have anxiolytic proper-
of patients.[45-47] The rate of affective symptoms isties.[14] Some authors have reported isolated cases of
clearly dose dependent and may in part relate tobehavioural problems such as aggressiveness and
rapid titration schemes. In a postmarketing study ofhyperactivity in children with severe learning disa-
431 patients, the prevalence of depressive symptomsbilities.[33-35] It is important to underline that all
was 10.7%,[48] the majority of which were majorpatients presented in these studies were children
depressive episodes. However, this rate would prob-with learning disabilities, chronic epilepsy, severe
ably be much lower if topiramate were given asencephalopathy, attention deficit hyperactivity dis-
monotherapy, using slow titration schedules. A sloworder and often multiple psychiatric comorbidities.
titration schedule was associated with lower preva-Therefore, there are no conclusive data about a
lence of psychiatric adverse effects (OR 0.43; 95%possible detrimental effect of gabapentin in this
CI 0.32, 0.58). Another relevant risk factor wasparticular population of patients with epilepsy.
having a history of psychiatric disorders (OR 4.48;
95% CI 2.77, 7.25) and probably a more severe form2.6 Tiagabine
of epilepsy, as suggested by an association with high

The incidence of serious psychiatric adverse seizure frequency and the presence of tonic-atonic
events such as psychosis is not significantly in- seizures. Concurrent therapy with lamotrigine was a
creased with tiagabine.[36] However, data from five significant protective factor (OR 0.39; 95% CI 0.21,
multicentre, double-blind, randomised, controlled 0.69), apparently confirming the antidepressant
add-on studies suggest that mood disorders occur in properties of this antiepileptic drug.
3% of people in the groups taking tiagabine (com-
pared with 1% in the placebo groups).[37-41] Symp-

2.8 Levetiracetam
toms are usually mild to moderate, occur during
titration and resolve spontaneously. Case series of Levetiracetam has a favourable adverse effect
tiagabine-induced psychiatric problems suggest that profile, and depression was reported in 3.8% of
the patient’s previous psychiatric history plays a patients in a systematic review of four controlled
role.[42] The percentage affected may be lower when trials and open studies, being a cause of discontinua-
tiagabine is used in monotherapy or in patients with- tion in only 0.4%.[49] The analysis of groups receiv-
out a history of mood disorders. ing different dosages did not show a clear dose-

response relationship. An observational postmarket-
2.7 Topiramate

ing study of 517 patients[50] and a case-control
Topiramate is an effective antiepileptic drug but study[51] showed a similar prevalence for depression:

it is also associated with a high rate of reported 2.5% and 2.8%, respectively. The relationship be-
adverse effects, especially on cognition.[43] It is tween titration schemes and the occurrence of de-
known from a study in healthy volunteers that pression is controversial and it is likely that individ-
topiramate treatment is associated with the occur- ual susceptibility is the predominant risk factor. A
rence of depression.[44] In controlled clinical trials, previous psychiatric history was found to play a
mood effects have not been systematically reported major role in the occurrence of depression during
because some symptoms were grouped according to levetiracetam treatment, and a general biological
different international codes of clinical information vulnerability has been suggested.[50] Data from pa-
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Table I. Mechanisms of action of antiepileptic drugs

Drug Voltage-gated Enhancement Potentiation of Inhibition of Voltage-gated Other
sodium channel of GABA GABAA-mediated glutamatergic calcium channel actionsa

blockade neurotransmission neurotransmission neurotransmission blockade (channel
(receptor subtype) subtype)

Benzodiazepines – – ++ – – –

Carbamazepine ++ ? – + (NMDA) + (L) +

Ethosuximide – – – – ++ (T) –

Felbamate ++ + + ++ (NMDA) + (L) +

Gabapentin ? – – ++ (N, P/Q) ?

Levetiracetam – ? + ? + (N) ++

Lamotrigine ++ + – ++ (NMDA, AMPA) ++ (N, P/Q, R, T) +

Oxcarbazepine ++ ? – + (NMDA) + (N, P) +

Pregabalin – – – – ++ (N, P/Q) –

Barbiturates – + + – ? +

Phenytoin ++ – – ? ? +

Sodium valproate ? + – + (NMDA) + (T) ++

Tiagabine – ++ – – – –

Topiramate ++ + + ++ (AMPA) + (L) +

Vigabatrin – ++ – – – –

Zonisamide ++ ? – – ++ (N, P, T) +

a Carbonic anhydrase inhibition, chloride ion channel complex interaction, modulation of synaptic vesicles.

AMPA = alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid; + indicates secondary action; ++ indicates primary action; – indicates
not the action has not been described; ? indicates the action is controversial.

tients with epilepsy and learning disabilities sug- 2.10 Pregabalin

gested that <2% had affective symptoms[52] but it is
Pregabalin is a recently marketed antiepileptic

important to emphasise that the diagnosis of depres-
drug with a favourable psychotropic profile, which

sion in learning-disabled persons is often difficult, is becoming an important treatment option in anxie-
with the possibility of underestimation. ty disorders such as social phobia[56] and generalised

anxiety disorder.[57] Data on the effect of pregabalin
on the mood of patients with epilepsy are lacking.2.9 Zonisamide
However, analysing the data of three pivotal ran-
domised, double-blind, placebo-controlled trials in-Zonisamide has been used for many years in
volving >1000 patients, depressed mood seems to be

Japan and Korea, although experience elsewhere
a very rare event (<1%).[58-60]

with this drug is currently more limited (studies
have been published in English, but ethnic differ- 3. Mechanisms for the Negative Effects
ences limit the applicability of the data). In the only of Antiepileptic Drugs on Mood
European study and the two US add-on placebo-

Antiepileptic drugs have a number of mechan-controlled trials, depression was reported in 7.4% of
isms of action likely to be responsible for theirtreated patients compared with 3.0% in the placebo
antiseizure activity but also for their effects on mood

group.[53-55] The effect is likely to be dose depen- (table I). In a review of the psychotropic effects of
dent, as the prevalence of depression is 0.8% in antiepileptic drugs, it was suggested that two cate-
patients taking <200 mg/day, 1.9% in those receiv- gories of compounds could be identified on the basis
ing 200–400 mg/day and 5.8% in patients receiving of their predominant psychotropic profile:[61] sedat-
>400 mg/day. ing drugs, which are characterised by adverse ef-

© 2007 Adis Data Information BV. All rights reserved. Drug Safety 2007; 30 (7)



562 Mula & Sander

fects such as fatigue, cognitive slowing and weight limbic system (section 3.3). Furthermore, the con-
cept that the mechanisms underlying the control ofgain and which usually act on GABA neurotrans-
seizures are strictly linked with those that determinemission; and activating drugs with anxiogenic and
the control of mood and its polarity is suggested byantidepressant properties that attenuate glutamate
the occurrence of psychopathological states in asso-excitatory neurotransmission. In the first group are
ciation with nonpharmacological seizure treatmentsdrugs such as the barbiturates, sodium valproate,
such as vagus nerve stimulation and epilepsy sur-gabapentin, tiagabine and vigabatrin, while in the
gery.[62] However, some variables concerning de-second group are felbamate and lamotrigine. Topira-
pressive symptoms driven by antiepileptic drugmate is likely to have a mixed profile. Although this
therapy appear to be relevant: potentiation of GABAproposed paradigm is straightforward, the situation
neurotransmission, folate deficiency, pharmacody-is more complicated in patients with epilepsy. The
namic interactions with other antiepileptic drugs inpsychotropic effects of antiepileptic drugs may be
polytherapy regimes, the presence of hippocampalrelated to direct and indirect mechanisms. The first
sclerosis, forced normalisation and a past history ofdirect mechanisms represent the main properties of
affective disorders.the drug and can be easily predicted using the theo-

retical framework previously described. At the same
3.1 GABA Enhancementtime the fact that antiepileptic drug-related psycho-

pathology may also derive from the interaction be-
It is notable that the antiepileptic drugs that aretween the drug and the underlying epileptic process

more often associated with depression than othersshould be considered (table II). In fact, some behav-
(barbiturates, vigabatrin, tiagabine and topiramate)ioural side effects of antiepileptic drugs do not seem
are those with prominent GABAergic properties.to be as prominently recognised in psychiatric popu-
Vigabatrin enhances the pool of cerebral GABA,lations, where they are also widely used. Thus some
inhibiting GABA transaminase, while tiagabine pro-phenomena, such as forced normalisation or post-
longs the presence of GABA in the synaptic cleft byictal psychosis, may be pharmacologically driven
inhibiting GABA reuptake.[63] Topiramate appearsbut are not related to the antiepileptic drug per se;
to have several different mechanisms of action, suchthey occur exclusively in patients with epilepsy and
as the blockade of voltage-dependent sodium chan-are related to other variables such as the severity of
nels and L-type calcium channels, the inhibition ofthe disease[58] or the presence of abnormalities in the
the carbonic anhydrase enzyme and an antagonistic
effect at the alpha-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid (AMPA)/kainite glutamate
receptors.[62] However, the psychotropic properties
of topiramate may relate to an increase in brain
GABA levels following topiramate and a modulato-
ry action at the non-benzodiazepine recognition site
of the GABA-A receptor complex.[64] A neuroimag-
ing study performed in healthy volunteers demon-
strated that treatment with topiramate is associated
with significant augmentation of GABAergic inhibi-
tory neurotransmission.[65] In psychiatric practice, it
is known that benzodiazepines can provoke depres-
sive symptoms, and that withdrawal can provoke
depressive illnesses.[66] Furthermore, alterations in
cerebrospinal fluid (CSF) GABA levels have been
reported in patients with major depressive disor-

Table II. Mechanisms for adverse effects on mood of antiepileptic
drugs in patients with epilepsy

Mechanism

Direct (drug-related)

Mechanism of action of the drug (e.g. GABA enhancement)

Drug toxicity (e.g. folate deficiency)

Drug withdrawal (e.g. benzodiazepines)

Polytherapy

Indirect

Epilepsy-related

Forced normalisation phenomenon

Release phenomenon

Post-ictal syndromes

Hippocampal sclerosis

Patient-related

Past psychiatric history

Familial psychiatric history
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ders.[67] A number of clinical observations and ex- very high doses, or interactions with antibacterials
perimental studies have shown that GABAergic such as tetracycline) in some individuals, although
mechanisms are involved in the pathogenesis of most patients are unaffected.[76]

depression.[68] The evidence is not easy to explain,
but is in keeping with the observation that potentia- 3.3 Hippocampal Sclerosis
tion of GABA neurotransmission in patients with

In the pathogenesis of antiepileptic drug-inducedepilepsy may be detrimental to mood.
depressive symptoms, a role is played by the limbic
structures. There is growing evidence in the litera-3.2 Polytherapy and Folate Deficiency
ture that depression may be linked to small hippo-

It is well known that psychiatric complications of campal volume, and this association has been de-
antiepileptic drugs may more often stem from the scribed in patients with epilepsy,[77] as well as in
use of polytherapy than from the effects of any patients without epilepsy who have major depres-
individual drug.[69] Patients receiving polytherapy sive disorders.[78,79] The fact that limbic system ab-
are usually those with chronic, drug-resistant epilep- normalities may represent a biological vulnerability
tic syndromes, in whom psychopathological compli- to the negative psychotropic effects of antiepileptic
cations are common. However, it is important to drugs was suggested by our previous studies on
realise that these psychiatric syndromes may not topiramate[48] and levetiracetam,[50] in which we
occur with the same frequency when patients are showed that, in both cases, a history of febrile con-
treated with monotherapy, as suggested by the vulsions was predictive of psychiatric complications
monotherapy trials so far published in which psychi- (OR 3.2; 95% CI 1.9, 5.2 for topiramate and OR 2.9;
atric problems have been less frequently reported. 95% CI 1.4, 5.8 for levetiracetam). It is widely

accepted that febrile convulsions represent a clinicalPhenobarbital, phenytoin and primidone have
marker for the underlying epileptogenic process (thebeen reported result in low serum, red cell or CSF
main hypothesis concerns neuronal loss and synap-folate levels, especially when used in polytherapy
tic reorganisation in the limbic system),[80] and thatregimens.[70] An association between lowered folate
they are closely associated with hippocampal sclero-levels and mental disturbances in patients with epi-
sis.[81]lepsy appears firmly established,[71] although a caus-

al relationship remains to be definitely proven. It is In a case-control study, we demonstrated[82] that
known that folic acid plays a crucial role in several patients with temporal lobe epilepsy and hippocam-
important CNS transmethylation reactions and is pal sclerosis were more likely to develop depression
linked to monoamine metabolism.[72] Although no during therapy with topiramate than patients with
clear association with any particular psychiatric dis- temporal lobe epilepsy and normal hippocampus
order has been shown, Shorvon et al.[73] reported upon MRI, matched for age, sex, starting dose and
that depression was the most common mental distur- the titration schedule of the drug. Although patients
bance associated with folate deficiency and that it with hippocampal sclerosis are likely to have a more
occurred in 50% of folate-deficient patients, com- severe form of epilepsy, and patients may experi-
pared with 20% of those with vitamin B12 deficien- ence treatment resistance and be receiving polyther-
cy, in a sample of patients without epilepsy present- apy, the regression analysis showed that only hippo-
ing to haematologists or general physicians. More- campal sclerosis, and not the antiepileptic drug regi-
over, antiepileptic drugs with a positive effect on men, was a predictive factor for depression (OR
mood, such as carbamazepine or lamotrigine, have 2.38; 95% CI 1.10, 5.14). Nevertheless, in a recently
minimal effects on folate levels.[74,75] Nevertheless, published study,[83] we attempted to replicate our
there is no evidence for the therapeutic use of folate findings regarding hippocampal sclerosis and the
supplementation, which can have adverse conse- mood effects of antiepileptic drugs in patients re-
quences (e.g. stomach problems or skin reactions at ceiving levetiracetam. We compared patients with
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temporal lobe epilepsy and hippocampal sclerosis and two of dysphoria. Notably, all patients had
with a control group with temporal lobe epilepsy depressive personalities, a previous history of de-
and normal hippocampus upon MRI, matched for pression or a family history of depression. However,
age, sex and titration schedule of the antiepileptic the role of forced normalisation in mood changes
drug. Interestingly, we failed to demonstrate the provoked by antiepileptic drugs remains unclear.
same association seen with topiramate, suggesting There are no documented EEG studies and, while a
that patients with hippocampal sclerosis may be decrease in seizures has been described in associa-
more likely to develop depression when taking tion with antiepileptic drug-induced affective disor-
GABAergic antiepileptic drugs such as topiramate, ders,[22,26,89] a complete cessation seems to be unusu-
and that the concomitant presence of these two al.
variables (hippocampal sclerosis and GABA en-
hancement) represents a major determinant in the 3.5 Past Psychiatric History
occurrence of antiepileptic drug-induced depressive

The importance of the psychiatric history of thesymptoms in patients with epilepsy.
patient in the occurrence of behavioural adverse
effects of antiepileptic drugs has been noted by the3.4 The Forced Normalisation Phenomenon
majority of authors, emphasising the importance of

The concept of forced normalisation goes back to a psychiatric anamnesis before starting patients on
the publications of Heinrich Landolt, who reported a new antiepileptic drugs. Furthermore, the fact that
group of patients who had florid psychotic episodes people with a past history of depression tend to
with ‘forced normalisation’ of the EEG.[84] In other develop an affective picture, while those who have a
words, the abnormal EEGs of patients improved or past history of psychosis develop psychotic syn-
normalised during the time that they were psychotic. dromes, raises interesting questions about the effects
Subsequently, Tellenbach[85] introduced the term of the drugs on the CNS and how they lead to the
‘alternative psychosis’ for the clinical phenomenon emergent psychiatric picture. As noted by Trimble
of the reciprocal relationship between abnormal et al.,[42] the drugs essentially appear to drive the
mental states and seizures, which did not, as underlying constitutional lability of the patients, the
Landolt’s term did, rely on EEG findings. direction which the changes take being given by the

Since the early observations of Landolt, suffi- past psychiatric profile.
cient numbers of patients with alternative psychosis It is of interest that a past psychiatric history, and
have been documented by several authors to put the a history of depression in particular, was described
existence of this phenomenon beyond doubt.[86] as a risk factor for cognitive problems during ther-
However, it is important to note that this phenome- apy with topiramate.[90] We reported similar find-
non should not be restricted to drug-induced seizure ings in patients with cryptogenic focal epilepsy who
control. It probably plays a role in patients who were receiving topiramate.[82] Literature on this spe-
develop de novo psychosis following surgical treat- cific subject is scarce and it is not known whether
ment for epilepsy and a case of an alternative psy- these findings are drug specific or whether they
chosis secondary to vagus nerve stimulation has merely reflect the possibility that anxiety and de-
been published.[87] pression increase the complaint rate, rather than the

Forced normalisation can occasionally be impli- incidence of cognitive adverse effects per se. Addi-
cated in the occurrence of detrimental effects of tionally, symptoms such as mental slowing, impair-
antiepileptic drugs on mood. A case series of this ment of concentration and memory deficits may
phenomenon associated with depression has been represent biological symptoms of depression and the
reported by Wolf,[88] who described 44 episodes of association between cognitive problems and topira-
altered mood in 36 patients with epilepsy, including mate use may reflect a general detrimental effect of
nine of prepsychotic dysphoria, two of depression topiramate on mood in patients with epilepsy. This
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mood of the patient is of relevance in the subjective

No sources of funding were used to assist in the prepara-perception of possible cognitive dysfunction during
tion of this review. Dr Mula has received travel grants and Drantiepileptic drug therapy.
Sander has received honoraria, consultancy fees, grants and
travel grants from various pharmaceutical companies includ-
ing Novartis, Pfizer, UCB Pharma, Eisai, Schwarz Pharma,4. Conclusion
Janssen-Cilag, Sanofi-Aventis and GlaxoSmithKline, who
are all involved in the manufacture of antiepileptic drugs.

Among the psychiatric adverse effects of an-
tiepileptic drugs, depression is reported in a signif-

Referencesicant proportion of patients receiving several differ-
1. Turner WA. Epilepsy: a study of the idiopathic disease. New

ent drugs, including barbiturates, vigabatrin and York (NY): MacMillian, 1907: 230
2. Gaitatzis A, Trimble MR, Sander JW. The psychiatric comor-topiramate. Data on adverse mood effects in associ-

bidity of epilepsy. Acta Neurol Scand 2004; 110 (4): 207-20ation with zonisamide are scarce, and tiagabine,
3. Mattson RH. Cognitive, affective, and behavioural side effects

levetiracetam and felbamate present an intermediate in adults secondary to antiepileptic drug use. Rev Neurol Dis
2004; 1 Suppl. 1: S10-7risk, with a prevalence of depression of about 4% or

4. Rodin EA, Katz M, Lennox K. Differences between patientslower. The other antiepileptic drugs show a low with temporal lobe seizures and those with other forms of
epileptic attacks. Epilepsia 1976; 17 (3): 313-20prevalence of depression (<1%) and for some (such

5. Brent DA. Overrepresentation of epileptics in a consecutiveas carbamazepine, oxcarbazepine, valproate and
series of suicide attempts seen at a children’s hospital,

lamotrigine) a positive effect on mood has been 1978-1983. J Am Acad Child Psychiatry 1986; 25: 242-6
6. Brent DA, Crumrine PK, Varma RR, et al. Phenobarbital treat-demonstrated in patients without epilepsy who have

ment and major depressive disorder in children with epilepsy.primary psychiatric disorders. Pediatrics 1987; 80 (6): 909-17
7. Lopez-Gomez M, Ramirez-Bermudez J, Campillo C, et al.The identification of a clinical phenotype asso-

Primidone is associated with interictal depression in patientsciated with a greater risk of developing mood symp-
with epilepsy. Epilepsy Behav 2005; 6: 413-6

toms is important so that clinicians can inform pa- 8. Mattson RH, Cramer JA, Collins JF, et al. Comparison of
carbamazepine, phenobarbital, phenytoin, and primidone intients and their families and to make sure that the
partial and secondarily generalized tonic-clonic seizures. Npatients are monitored closely. In general terms, the Engl J Med 1985; 313 (3): 145-51

use of antiepileptic drugs in monotherapy, adopting 9. Smith DB, Mattson RH, Cramer JA, et al. Results of a nation-
wide Veterans Administration cooperative study comparingslow titration schedules and low doses when poss-
the efficacy and toxicity of carbamazepine, phenobarbital,

ible, can significantly reduce the incidence of de- phenytoin, and primidone. Epilepsia 1987; 28 Suppl. 3: S50-8
10. Robertson MM, Trimble MR, Townsend HR. Phenomenologypressive symptoms. A previous history of mood

of depression in epilepsy. Epilepsia 1987; 28 (4): 364-72disorders or a familial predisposition are important 11. Meador KJ, Loring DW, Allen ME, et al. Comparative cognitive
risk factors and should be always kept in mind when effects of carbamazepine and phenytoin in healthy adults.

Neurology 1991; 41: 1537-40choosing the appropriate antiepileptic drug. A diag-
12. Schmitz B. Psychiatric syndromes related to antiepileptic drugs.

nosis of mesial temporal lobe epilepsy seems to be Epilepsia 1999; 40 Suppl. 10: S65-70
13. Trimble MR, Schimtz B. Forced normalization and alternativeassociated with psychopathology in some patients;

psychoses of epilepsy. Petersfield: Wrightson Biomedicalin particular, hippocampal sclerosis is a risk factor
Publishing, 1998

for affective symptoms, such as depressed mood and 14. Spina E, Perugi G. Antiepileptic drugs: indications other than
epilepsy. Epileptic Disord 2004; 6 (2): 57-75mental slowing, especially in patients taking an-

15. Dodrill CB, Troupin AS. Psychotropic effects of carbamazepinetiepileptic drugs that potentiate GABA neurotrans- in epilepsy: a double-blind comparison with phenytoin. Neuro-
mission. In selected cases, the role of forced normal- logy 1977; 27 (11): 1023-8

16. Thompson PJ, Trimble MR. Anticonvulsant drugs and cognitiveisation or folate deficiency should be considered.
function. Epilepsia 1982; 23: 531-45

Antiepileptic drugs have a high psychotropic po- 17. Andrewes DG, Bullen JG, Tomlinson L, et al. A comparative
study of the cognitive effects of phenytoin and carbamazepinetential in addition to their antiseizure effects that
in new referrals with epilepsy. Epilepsia 1986; 27 (2): 128-34needs to be systematically investigated in patients 18. Drake Jr ME, Peruzzi WT. Manic state with carbamazepine

with epilepsy. therapy of seizure. J Natl Med Assoc 1986; 78 (11): 1105-7

© 2007 Adis Data Information BV. All rights reserved. Drug Safety 2007; 30 (7)



566 Mula & Sander

19. Mula M, Monaco F. Antiepileptic drug-induced mania in pa- 41. Ben-Menachem E. International experience with tiagabine add-
tients with epilepsy: what do we know? Epilepsy Behav 2006; on therapy. Epilepsia 1995; 36 Suppl. 6: S14-21
9 (2): 265-7 42. Trimble MR, Rusch N, Betts T, et al. Psychiatric symptoms

20. Lindenmayer JP, Kotsaftis A. Use of sodium valproate in vio- after therapy with new antiepileptic drugs: psychopathological
lent and aggressive behaviors: a critical review. J Clin Psychia- and seizure related variables. Seizure 2000; 9 (4): 249-54
try 2000; 61 (2): 123-8 43. Aldenkamp AP, De Krom M, De Reijs R. Newer antiepileptic

21. Sander JW, Hart YM, Trimble MR, et al. Vigabatrin and psy- drugs and cognitive issues. Epilepsia 2003; 44 Suppl. 4: 21-9
chosis. J Neurol Neurosurg Psychiatry 1991; 54 (5): 435-9 44. Martin R, Kuzniecky R, Ho S, et al. Cognitive effects of

22. Ring HA, Crellin R, Kirker S, et al. Vigabatrin and depression. J topiramate, gabapentin, and lamotrigine in healthy young
Neurol Neurosurg Psychiatry 1993; 56 (8): 925-8 adults. Neurology 1999; 52 (2): 321-7

23. Ferrie CD, Robinson RO, Panaiotopoulos CP. Psychotic and 45. Sharief M, Viteri C, Ben-Menachem E, et al. Double-blind,
severe behavioural reactions with vigabatrin: a review. Acta placebo-controlled study of topiramate in patients with refrac-
Neurol Scand 1996; 93: 1-8 tory partial epilepsy. Epilepsy Res 1996; 25 (3): 217-24

24. Levinson DF, Devinsky O. Psychiatric adverse events during 46. Tassinari CA, Michelucci R, Chauvel P, et al. Double-blind,
vigabatrin therapy. Neurology 1999; 53 (7): 1503-11 placebo-controlled trial of topiramate (600mg daily) for the

treatment of refractory partial epilepsy. Epilepsia 1996; 37 (8):25. Chadwick D. Safety and efficacy of vigabatrin and carbamaze-
763-8pine in newly diagnosed epilepsy: a multicentre randomised

double-blind study. Vigabatrin European Monotherapy Study 47. Biton V, Montouris GD, Ritter F, et al. A randomized, placebo-
Group. Lancet 1999; 354 (9172): 13-9 controlled study of topiramate in primary generalized tonic-

clonic seizures. Topiramate YTC Study Group. Neurology26. Thomas L, Trimble M, Schmitz B, et al. Vigabatrin and beha-
1999; 52 (7): 1330-7viour disorders: a retrospective survey. Epilepsy Res 1996; 25

(1): 21-7 48. Mula M, Trimble MR, Lhatoo SD, et al. Topiramate and psychi-
atric adverse events in patients with epilepsy. Epilepsia 2003;27. Betts T, Goodwin G, Withers RM, et al. Human safety of
44 (5): 659-63lamotrigine. Epilepsia 1991; 32 Suppl. 2: S17-21

28. Marson AG, Zadir ZA, Chadwick DW. New antiepileptic drugs: 49. Cramer JA, De Rue K, Devinsky O, et al. A systematic review
a systematic review of their efficacy and tolerability. BMJ of behavioral effects of levetiracetam in adults with epilepsy,
1996; 313 (7066): 1169-74 cognitive disorders, or an anxiety disorder during clinical

trials. Epilepsy Behav 2003; 4: 124-3229. Beran RG, Gibson RJ. Aggressive behaviour in intellectually
challenged patients with epilepsy treated with lamotrigine. 50. Mula M, Trimble MR, Yuen A, et al. Psychiatric adverse events
Epilepsia 1998; 39 (3): 280-2 during levetiracetam therapy. Neurology 2003; 61 (5): 704-6

30. McKee JR, Sunder TR, Vuong A, et al. Adjunctive lamotrigine 51. White JR, Walczak TS, Leppik IE, et al. Discontinuation of
for refractory epilepsy in adolescents with mental retardation. J levetiracetam because of behavioral side effects. A case-con-
Child Neurol 2006; 21 (5): 372-9 trol study. Neurology 2003; 61: 1218-21

31. Besag FM. Behavioural effects of the newer antiepileptic drugs: 52. Mula M, Trimble MR, Sander JW. Psychiatric adverse events in
an update. Expert Opin Drug Saf 2004; 3 (1): 1-8 patients with epilepsy and learning disabilities taking leve-

tiracetam. Seizure 2004; 13 (1): 55-732. Pellock JM, Pernach JL, Sofia RD. Felbamate. In: Levy R,
Mattson R, Meldrum B, et al., editors. Antiepileptic drugs. 5th 53. Schmidt D, Jacob R, Loiseau P, et al. Zonisamide for add-on
ed. Baltimore (MD): Lippincott Williams & Wilkins, 2002: treatment of refractory partial epilepsy: a European double-
301-18 blind trial. Epilepsy Res 1993; 15: 67-73

33. Wolf SM, Shinnar S, Kang H, et al. Gabapentin toxicity in 54. Sackellares JC, Ramsay RE, Wilder BJ, et al. Randomized,
children manifesting as behavioral changes. Epilepsia 1995; 36 controlled clinical trial of zonisamide as adjunctive treatment
(12): 1203-5 for refractory partial seizures. Epilepsia 2004; 45 (6): 610-7

34. Lee DO, Steingard RJ, Cesena M, et al. Behavioral side effects 55. Faught E, Ayala R, Montouris GG, et al. Randomized controlled
of gabapentin in children. Epilepsia 1996; 37 (1): 87-90 trial of zonisamide for the treatment of refractory partial-onset

seizures. Neurology 2001; 57: 1774-935. Tallian KN, Nahata MC, Lo W, et al. Gabapentin associated
with aggressive behavior in pediatric patients with seizures. 56. Pande AC, Feltner DE, Jefferson JW, et al. Efficacy of the novel
Epilepsia 1996; 37 (5): 501-2 anxiolytic pregabalin in social anxiety disorder: a placebo-

controlled, multicenter study. J Clin Psychopharmacol 2004;36. Sackellares JC, Krauss G, Sommerville KW, et al. Occurrence
24 (2): 141-9of psychosis in patients with epilepsy randomized to tiagabine

or placebo treatment. Epilepsia 2002; 43 (4): 394-8 57. Rickels K, Pollack MH, Feltner DE, et al. Pregabalin for treat-
ment of generalized anxiety disorder: a 4-week, multicenter,37. Richens A, Chadwick DW, Duncan JS, et al. Adjunctive treat-
double-blind, placebo-controlled trial of pregabalin and al-ment of partial seizures with tiagabine: a placebo-controlled
prazolam. Arch Gen Psychiatry 2005; 62 (9): 1022-30trial. Epilepsy Res 1995; 21: 37-42

58. French JA, Kugler AR, Robbins JL, et al. Dose-response trial of38. Uthman BM, Rowan AJ, Ahmann PA, et al. Tiagabine for
pregabalin adjunctive therapy in patients with partial seizures.complex partial seizures. A randomised, add-on, dose-res-
Neurology 2003; 60 (10): 1631-7ponse trial. Arch Neurol 1998; 55: 56-62

59. Arroyo S, Anhut H, Kugler AR, et al. Pregabalin add-on treat-39. Kälviäinen R, Brodie MJ, Duncan J, et al. A double-blind,
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