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Evidence for Efficacy of Combination of Antiepileptic Drugs
in Treatment of Epilepsy

Ehsan M. Sarhan®®, Matthew C. Walker?, Caroline Selai®

Abstract

Epilepsy is the tendency to have recurrent, unprovoked seizures. Al-
though 70% of epileptic seizures can be controlled with monotherapy
(treatment by single antiepileptic drug), a combination of two or more
anti-epileptic drugs (AEDs) may be required to improve efficacy (sei-
zure control) and tolerability. Polytherapy (treatment with two or more
AEDs) can affect efficacies and side effects in additive, supra-additive
(synergistic) or infra-additive fashion. The effect is considered supra-
additive when the efficacy of the combination is greater than the sum
of the individual drug efficacies, while it is considered infra-additive
when the efficacy of the combination is less than the sum of the indi-
vidual drug efficacies. Here, we have reviewed the available studies
and evidences for the application of polytherapy in humans and ani-
mal models, to understand which combination of AEDs act as a syn-
ergistic polytherapy for epilepsy. We have searched the bibliographic
databases MEDLINE and PubMed for studies conducted from 1950
to 2013 and have concluded that, although promising results from the
experimental point of view support the combinations of topiramate
separately with lamotrigine, gabapentin and felbamate, the most reli-
able evidence supports the use of valproate and lamotrigine, as this
combination generates encouraging results in animal models. Though
effectiveness of this combination is supported by human data, there is
the possibility of increased side effects. The new drugs are all effec-
tive as add-on therapy; there is some evidence that at present, in clini-
cal practice, levetiracetam and topiramate may be the most effective
add-on therapies in partial and some generalized epilepsies.
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Introduction

The hypothesis that a combination of drugs offers advantages
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over monotherapy has been illustrated in a variety of medi-
cal fields, including epilepsy. In 1912, Hauptmann introduced
phenobarbital (PB), which was used in combination with bro-
mide. In 1953, Yaher and his colleagues reported that pheny-
toin (PHT) was more successful than PB, and also that the
combination of two drugs was more effective in controlling
seizures than either used alone [1]. In 1956, phelantin, a tablet
composed of PHT, PB and methamphetamine, became avail-
able [2]. In the early 1980s, monotherapy was considered to be
better than polytherapy in terms of patient compliance to take
the medication regularly and associated adverse effects [3, 4].
Partial seizures in 35-60% of adults can be controlled with
monotherapy. This rate is higher by 10-20% for adults with
tonic-clonic (grand-mal) seizure [5-7]. AEDs with delayed on-
set of action are less effective and favorable for patients be-
cause seizure reduction and/or cessation take longer, although
patients have responded from such treatment [5, 8]. Although
the initial monotherapy successfully treats approximately half
the patients with epilepsy, subsequent trials of monotherapy
are less successful; overall, only 60-70% of patients become
seizure free through monotherapy. When the initial drug fails
to control the epilepsy, adding-on alternative AEDs and gradu-
ally titrating up becomes necessary. The aim is to taper the
first anti-epileptic drug to obtain monotherapy again. If the
additional drug fails to manage the seizures, other alternative
AEDs are recommended until seizures are controlled [9, 10].
Although most AEDs are hindered by side effects, the idea of
combining two or more AEDs is to improve the efficacy (sei-
zure control) and tolerability of the treatment and to obtain
better control of the refractory seizure [11]. A combination of
AEDs can produce different efficacies and side effects in either
an additive, supra-additive (synergistic) or infra-additive fash-
ion [7, 12]. It is considered supra-additive when the efficacy of
the combination is greater than the sum of the individual drug
efficacies, while it is considered infra-additive when the ef-
ficacy of the combination is less than the sum of the individual
drug efficacies [13]. Polytherapy is more expensive than mon-
otherapy. Furthermore, patients may find it more difficult to
manage and comply with polytherapy than with monotherapy,
which in turn may lead to failure to control seizures. Although
polytherapy is prescribed when monotherapy fails to control
seizures, unfortunately there have been insufficient clinical tri-
als to determine the best combinations of AEDs. Therefore,
the rational for combinations of AEDs is based on theoretical
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Figure 1. The isobolographic analysis of pharmacodynamic interactions [13].

considerations and animal data.

Animal Evidence for Synergistic Combinations

The history of using animal models in experimental investiga-
tion of efficacy and safety against seizures began in 1937 -
1938 and resulted in the introduction of PHT into clinical use.
In 1955, early experimental studies exploring combinations of
established AEDs were reported, such as PB and PHT, which
were administrated to rats individually and in various combi-
nations and were tested in the maximal electroshock seizure
(MES) model [14]. The pharmacodynamic interactions are
more difficult to recognize and measure than pharmacokinetic
interactions and can be identified only when pharmacokinetic
interactions have been ruled out [15]. Experimental studies
have attempted to evaluate the nature of these interactions by
applying basic convulsive tests, such as the pentylenetetrazole
test (a model of myoclonic seizures), the maximal electro-
shock test in rats (a model of tonic-clonic seizures in humans
to a certain degree), and amygdala-kindled convulsions (a
model of partial seizures) [16]. Generally, the available ex-
perimental data have come from the maximal electroshock test
through isobolographic analysis; some results have also been
provided by the pentylenetetrazole test and isolated data have
been recovered from amygdala-kindled seizures in rodents
[17]. The experiments study combinations of conventional
AEDs by themselves as well as combinations of conventional
AEDs with novel AEDs. The assessment of drug combinations
in the animal models has pitfalls and is not easy. According
to Walker, “simply adding a sub-therapeutic dose of one drug
to another and showing efficacy tells us nothing about the po-
tency of a combination. Combining two sub-therapeutic doses
of the same drug can result in a therapeutic effect” [13]. This
has opened the door to a more sophisticated method of assess-
ing drugs combinations, known as isobolographic analysis.

268 Articles © The authors | Journal compilation © | Neurol Res and Elmer Press Inc™

Isobolographic analysis has been in use since the middle of
the last century [18]. It provides a substantial basis for assess-
ing whether biological interactions and responses induced by
combining two or more agents are more than, equal to, or less
than what would have been expected on the basis of individual
activities of the component agents and the dose additivity [19].

Currently, it is widely used to determine the pharmacody-
namic, biochemical, and physiological effects of drugs on the
body in empirical animal studies, particularly for AEDs. It can
be represented as a graph in which concentrations of two drugs
(A and B) are contrasted and plotted. The effective doses of
the administered drugs are individually plotted on the graph. A
specific median-effective concentration or dose that results in
protection against induced seizures in 50% of animals for the
individual drugs and combinations (ED50, EC50) is plotted
on the graph. If the combination is equally additive to the sum
of the individual drug efficacies, the points representing the
dose of combined drugs will fall in a straight line connecting
A and B. If a combination of drugs is supra-additive, i.e. the
efficacy of the combination is greater than the sum of the indi-
vidual drug efficacies, its point will be below the straight line.
Conversely, if a combination is infra-additive, i.e. the efficacy
of the combination is less than the sum of the individual drug
efficacies, its point will lie above this line [13, 20, 21] (Fig. 1).
Another approach to assess the pharmacodynamic interactions
of AEDs is to add sub-protective dose of one AED (A) to the
EDS50 value of another AED (B) against induced (empirical)
seizure. This ED50 of the second AED is compared to the con-
trol ED50 value [22].

Animal data

In empirical studies on animals, all existing AEDs (conven-
tional and novel) are effective in at least one of the convulsive
tests, such as the maximal electroshock and the pentylenetetra-
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zol-induced acute seizures, with the exception of levetiracetam
[22-24]. Although assessing a pharmacokinetic interaction is
relatively straightforward, evaluation of pharmacodynamics
interactions between two drugs requires a valid quantitative
assessment [20]. Results regarding animal evidence of com-
binations have been described in 27 papers, which have been
summarized in Table 1.

Human evidence for synergistic combinations

Polytherapy (combination therapy) has a poor reputation
compared to monotherapy (single therapy), for good reasons.
Combination therapy can result in poor compliance, drug in-
teractions, and increased side effects [13]. The old arguments
against polytherapy were built upon the observation that pa-
tients with refractory seizures, when placed in combination
therapy, experienced increased side effects without improved
efficacy [25]. However, polypharmacy has experienced re-
newed interest since the 1980s [26]. A deeper understanding
of the mechanisms of AEDs and the monitoring of levels of
AEDs has led to more effective use of rational polytherapy.
Such combinations of drugs can be used to combine mecha-
nisms of action, so that the efficacy of the combinations of
AEDs is supra-additive or additive. Furthermore, monitoring
of AED levels can limit pharmacokinetic variations which
cause adverse effects when AEDs are used in combination
[27]. Unfortunately, there have been very few trials that study
the benefit of AED combinations. There is no direct method
for investigating pharmacodynamic interactions of AEDs in
the clinical arena [28]. The isobologram analysis method has
not been used in studies on humans because it is impossible
to titrate identically in all treatment groups [29]. The common
studies on the additive effects of AEDs are the randomized
placebo-controlled add-on studies of the novel AEDs. The pa-
tients participate in these studies (trials) on a variety of base-
line AEDs, usually with a maximum of two. Due to the small
number of patients on each baseline AED, the studies have not
been sufficiently powered to gather specific information about
the effectiveness of drug combinations [27]. Although efficacy
in such trials can be observed as a measure of the value of
polytherapy, it is not clear whether additional efficacy is due
to the effect of added-on AED alone or its combination with
other AEDs [13].

Human data

Unfortunately, available clinical studies on the combinations
of AEDs are significantly limited. One significant problem
with clinical studies on combinations is that drug load is not
taken into consideration. Adverse effects of certain drugs com-
bined at lower doses would not exist when the same drugs are
combined at higher doses [27]. Deckers et al have pointed out
that a clinician should take drug load into account, and has fur-
ther used a prescribed daily dose and defined daily dose (PDD/
DDD) calculation to measure drug load. In this review, they
have also observed that most clinical trials of add-on therapy
do not give information about doses of background drugs, so
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it is difficult to estimate the total drug load [30]. Efficacy in
these trials cannot be considered as evidence of value of poly-
therapy; however, it is not clear whether the additional effect
is due to the added individual agent or its combination with
other AEDs [13].

Discussion

Whenever patients have taken two or more drugs simultane-
ously, there is the potential of some kinds of pharmacodynam-
ic interaction. It is assumed that these interactions (efficacies)
can be additive, supra-additive or infra-additive. If the com-
bined efficacy C of drugs A and B administrated together is
equal to the expected efficacies of drug A and drug B individu-
ally, the interaction is considered to be additive. If the com-
bined efficacy is greater than the expected efficacies of drug
A and drug B individually, the interaction is assumed to be
supra-additive (potentiation). The term synergism can be used
synonymously with supra-additive efficacy. In cases when
the combined efficacy is less than the expected efficacies of
drugs A and B individually, the interaction is presumed to be
infra-additive (antagonistic) [31]. Two important questions are
raised in the light of the above: What is the combined efficacy
of two or more drugs and how is it evaluated? The experimen-
tal and clinical studies address these questions regarding the
therapeutic effects of various drug combinations.

Experimental studies

Interactions among classical AEDs

There have been many experimental studies on animals re-
garding combinations of conventional AEDs. For example,
Bourgeois, Masuda, Chez, and Weaver have assessed the in-
teractions between conventional AEDs in animal models with
the pentylenetetrazol and maximal electroshock tests [22]. A
combination of PHT and PB has been found to have a clearly
additive anticonvulsant effect against maximal electroshock
in mice, while the neurotoxic effect has been observed to be
infra-additive, based on brain concentration of both AEDs in
rats. However, the therapeutic index of PHT alone has been
found to be higher than that of the combined treatment [32].
Other data have also pointed to a synergy for this particular
combination, but the calculation of therapeutic index seems to
be impossible because the neurotoxicity has not been evaluat-
ed [33]. For the same AED combination, Weaver et al have re-
ported purely synergism in terms of anticonvulsant effect and
infra-additivity with regard to neurotoxicity [34]. In the empir-
ical studies on animals, valproate seems to be more promising
when co-administered with conventional AEDs.

If we look at the studies which had been reported by Bour-
geois and Chez, we can see additive, supra-additive and addi-
tive anticonvulsant effects when valproate was combined with
PB, PHT and carbamazepine (CBZ) respectively in maximal
electroshock test in mice. Regarding the neurotoxic effects
of these combinations, additive, infra-additive and additive
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Table 1. The Evidences of Combination of AEDs in Animal Models

Author Efficacy Toxicity
Classical AEDs
VPA + ESM Bourgeois [12] Additive Infra-additive
CBZ + VPA Bourgeois [24] Additive Infra-additive
PB + VPA Bourgeois [24] Additive Additive
CBZ +PB Bourgeois [25] Additive Additive
PHT+ PB Weaver [26] Supra-additive Additive
Masuda [27] Supra-additive No information
Bourgeois [28] Additive Infra-additive
VPA + PHT Chez [29] Supra-additive Additive
Classical + novel AEDs
TPM + (CBZ/PB) Shank [30] Supra-additive No information
TPM + PHT Shank [30] Additive No information
GBP + (CBZ/VPA/PHT/PB) Borowicz [31] Supra-additive Additive
FBM + PB Borowicz [32] Supra-additive No information
ZNS + (VPA/PHT) Borowicz [33] Supra-additive/additive No information
ZNS + (PB/CBZ) Borowicz [33] Additive No information
LEV + (VPA/CLZ/PB/ESM) Dudra-Jastrzebska [34] Supra-additive No information
STP + VPA Luszczki [35] Infra-additive No information
STP+ CLB Luszczki [35] Additive No information
STP + CBZ Luszczki [36] Supra-additive/additive/infra-additive No information
PGB + CBZ Luszczki [37] Additive No information
TGB + VPA Luszczki [38] Additive (pharmacodynamic) No information
TGB + VPA Luszczki [39] Supra-additive (pharmacokinetic) No information
OXC + PHT Luszczki + Czuczwar [40] Infra-additive No information
OXC+CLZ Luszczki + Czuczwar [40] Supra-additive/infra-additive No information
OXC + (CBZ/VPA/PB) Luszczki + Czuczwar [40] Additive No information
LMG + PB Luszezki [41] Supra-additive Supra-additive
LMG + PHT Luszczki [41] Additive No information
LMG + VPA Luszczki [41] Supra-additive No information
Novel AEDs
TPM + LMG Luszczki [41] Supra-additive Infra-additive
GBP + LMG Borowicz [31] Supra-additive No information
LEV + GBP Dudra-Jastrzebska [42] Supra-additive No information
LEV + (TGB/VGB) Dudra-Jastrzebska [42] Additive No information
PGB + (TGB/VGB) Luszczki [43] Supra-additive/additive No information
PGB + (LEV+VGB) Luszczki [43] Additive No information
PGB + (LMG/OXC/TPM) Luszczki [44] Additive No information
LEV + FBM Luszczki [45] Supra-additive No information
TPM + GBP Luszczki [46] Supra-additive Additive
VGB + TGB Luszczki + Czuczwar [47] Supra-additive (PTZ)/additive (MES) No information
TPM + FBM Luszczki + Czuczwar [48] Supra-additive Infra-additive
TPM + OXC Luszczki + Czuczwar [48] Supra-additive Additive
OXC + FBM Luszczki + Czuczwar [48)] Infra-additive Additive
OXC + LMG Luszczki + Czuczwar [48] Infra-additive Supra-additive
TGB + GBP Luszczki + Czuczwar [49] Supra-additive Additive
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effects were evident respectively [35, 36]. In the pentylene-
tetrazole test, valproate has been co-administrated with etho-
suximide and observed to exert an additive effect. The neu-
rotoxicity is simply infra-additive, which might indicate that
increased anticonvulsant efficacy (effectiveness) is often due
to enhanced tolerability [12]. A less promising combination
has been found between CBZ and PB which has an additive
effect in both efficacy and toxicity [37].

Interactions between classical and novel AEDs

One of the initial studies considering the evaluation of inter-
actions between classical and novel AEDs by isobolographic
analysis through maximal electroshock test in mice was pub-
lished by Shank in 1994. The combinations of topiramate with
PB or CBZ had a synergistic anticonvulsant effect, while those
with PHT were additive. Because neurotoxicity of these com-
binations was not assessed and no pharmacokinetic studies
(estimating the concentrations of AEDs in the brain or plasma)
were conducted, it is difficult to evaluate the significance of
these results [38]. Notably, combinations of gabapentin with
many novel AEDs (valproate, CBZ, PB and PHT) produced
obvious anticonvulsant synergy against maximal electroshock
in mice. The neurotoxicity effects were only additive. Conse-
quently, another question arises: Does the same AED combi-
nation produce different pharmacodynamic interactions at dif-
ferent doses? Studies have reported that completely different
interactions, including synergistic and antagonistic anticon-
vulsant effects, can occur with a particular AED combination,
depending on the drug ratio. This may be explained by mul-
tiple mechanisms of action of individual AEDs. For example,
clonazepam, when combined with oxcarbazepine in the maxi-
mal electroshock test at dose ratios of 1:2 and 1:1, produced
anticonvulsant synergy; when the dose ratio was changed to
3:1 or 4:1, however, anticonvulsant antagonism was exerted.
When oxcarbazepine was co-medicated with PHT, at the dose
ratio of 1:1, an infra-additive anticonvulsant effect was found;
other dose ratios yielded an additive effect [39]. Also, a syn-
ergistic interaction was reported for the combinations of zon-
isamide with valproate and zonisamide with PHT at a fixed
dose ratio of 1:1, while an additive effect was found for their
combinations at fixed dose ratios of 1:3 and 3:1. In contrast,
interactions between zonisamide and CBZ or PB at all dose
ratios proved to be additive. No effect regarding neurotoxicity
was reported. Brain zonisamide concentration was reduced by
PB and increased by PHT [40]. Although the combination of
lamotrigine and PB proved to be synergistic against maximal
electroshock in mice, a synergy was also found in terms of
neurotoxicity, making this combined treatment unfavorable.
However, promising results have been found for combined
administration of valproate with lamotrigine against maximal
electroshock test in mice, while the interaction was antagonis-
tic in the chimney test (a measure of motor performance). The
combination was synergistic in the dose ratio of 1:1 [41]. Lev-
etiracetam was combined synergistically with classical AEDs
(valproate, ethosuximide clonazepam, and PB) in the pentyl-
enetetrazole test in mice, with no reported adverse effects.
Only ethosuximide significantly reduced the brain concentra-
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tion of levetiracetam; no other pharmacokinetic changes were
found [42]. Some combined treatments may be confounded
by pharmacokinetic treatments, which can influence the ef-
ficacy of AED combinations. For instance, in the maximal
electroshock test in mice, stiripentol was combined with CBZ
to produce three different interactions dependent on dose of
ratios. A synergistic interaction was found at dose ratio of 3:1,
additivity was observed at a ratio of 1:1, and infra-additive
was found at a ratio of 3:1. The pharmacokinetic interaction
of this combination elevated the concentration of CBZ signifi-
cantly in the brain. No adverse effects were reported for this
combination [43]. Another pharmacokinetic interaction was
associated with the combination of tiagabine and valproate,
which was synergistic in the maximal electroshock test [44].
The same combination in the pentylenetetrazole test proved
to be additive. This combination tended to be positive from
preclinical point of view [45].

Interactions among novel AEDs

The pharmacodynamic interactions between novel AEDs have
promising results and were exemplified in combination out-
comes of novel AEDs. For example, the combination of topira-
mate and lamotrigine at the dose of 1:1 is favorable, as anti-
convulsant supra-additivity and neurotoxic infra-additivity are
observed [41]. A combination of topiramate and gabapentin
can be considered as a positive one as its anticonvulsant effect
is synergistic and its neurotoxicity is additive [46]. Encourag-
ing results are observed with combinations of topiramate with
felbamate at three dose ratios; this interaction has a synergis-
tic anticonvulsant action and an antagonistic neurotoxic effect
[47]. Conversely, the worst combination between novel AEDs
in terms of neurotoxic and anticonvulsant effects is that of ox-
carbazepine and lamotrigine in the maximal electroshock test
in mice at the dose ratio of 1:1, in which synergistic neurotoxic
and antagonistic anticonvulsant effects are reported [47]. Gen-
erally, the combinations between novel AEDs are free from
pharmacokinetic interactions. However, an exception to this
rule is the combination of gabapentin and lamotrigine. Al-
though this combination has a positive preclinical profile (an-
ticonvulsant synergy associated with lack of adverse effects),
lamotrigine increases the brain concentration of gabapentin
[48].

Clinical studies

Combined AEDs

Whenever an AED combination is proven to have enhanced
effectiveness in animal models, such a combination should be
practically tested in human [29]. Deckers et al have indicated
that the dosage of an individual drug should be increased to the
maximum tolerated dose and then other AEDs should be added
[30]. Two study designs are applicable for clinical studies. In
the first design, patients who do not respond to drugs A or B
individually are administered a combination of A and B. The
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Figure 2. Lamotrigine substitution for each of the above AEDs [55].

second design suggests the add-on of the investigated AED
to various other single AEDs [29]. Regarding combinations
of AEDs, the following question arises: Do patients respond
better to the combination of two drugs given after each failed
as monotherapy? Some studies have addressed this question,
investigating combinations of CBZ with valproate [49], PHT
with CBZ [50], lamotrigine with valproate [51], valproate with
ethosuximide [52] and vigabatrin with CBZ [53]. These stud-
ies indicate that patients who have failed to respond to these
drugs as a monotherapy may respond to combinations. The
following questions need to be addressed: What is the aim
of combination therapy? Is polytherapy more efficient than
monotherapy for newly diagnosed epilepsy if controlled for
total drug load? In most clinical trials, two drugs are combined
at a standard dose to produce additive efficacy. However, in
some trials, the aim of combination therapy may be a reduc-
tion of side effects like toxicity rather than improved efficacy.
The second question has been addressed by Deckers in a study
on patients with untreated partial or generalized tonic-clonic
seizures, who received treatment either as a monotherapy
(400 mg of CBZ per day) or a combination of valproate and
CBZ with an equivalent drug load (200 mg and 300 mg per
day respectively). After a year, no significant differences were
observed between the two treatments in terms of seizure fre-
quency or side effects [13, 54].

From clinical studies on humans, is it easy and straightfor-
ward to identify additive and supra-additive efficacy? Defini-
tive data supporting the existence of additive or supra-additive
pharmacodynamic interactions are difficult to find. Patsalos et
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al indicate that there is a possibility that “some of these thera-
peutic enhancements result from pharmacokinetic interactions
taking place in the central brain compartment, rather than as a
result of pharmacodynamic interactions” [15].

Are there specific add-on therapies or drug combinations
that are more successful than others? There are some studies
on the combination of lamotrigine with valproate, which pro-
vide evidence that there is a synergistic effect. The first study
was carried out by Brodie and Yuen; this remarkable study
was not specifically designed to investigate the efficacy of
combination therapy on 347 patients with refractory epilepsy.
Lamotrigine was added to valproate, CBZ, and PHT mono-
therapy. If patients had more than 50% reduction in seizures,
then the first AED was withdrawn. When the primary drug
(PHT or CBZ) was withdrawn, seizure frequency decreased
slightly. This reduction in seizure frequency was possibly due
to removal of an enzyme-inducing drug and a resulting in-
crease of lamotrigine serum level. In contrast, there was an
increase in seizure frequency when the valproate was with-
drawn, despite an increase of lamotrigine serum levels. This
effect indicates that there may be some clinical benefit (may
be an additive or even a supra-additive effect) of these two
drugs [55] (Fig. 2).

Another study by Kanner and Frey has supported the
previous evidence; this study relates to VPA, LMG, and their
combinations as add-on, controlled for pharmacokinetic inter-
actions. In this study, patients with refractory epilepsy were
treated with at least three AEDs. All patients were refractory
to lamotrigine monotherapy. The average seizure-free duration
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was 2.1 months on monotherapy and 6.2 months on co-medi-
cation [56].

Add-on AEDs

Most studies of additive effects of AEDs are randomized pla-
cebo-controlled add-on trials of novel AEDs. These studies
indicate that there is no difference between add-on therapies
in partial epilepsy; however, levetiracetam has been proved a
favorable agent with the best responder rate (efficacy measure)
and withdrawal rate (mainly tolerability measure) compared
to several novel AEDs [57]. It can significantly decrease fo-
cal seizure frequency in both adults and children; however, the
results cannot be used to confirm efficacy as monotherapy, the
longer-term effects of levetiracetam, or its effects on general-
ized seizures [58]. In nine randomized controlled trials, topira-
mate, rufinamide, felbamate, and lamotrigine were shown to
be helpful as add-on medications in Lennox-Gaustaut syn-
drome. Despite the fact that no study to date has reported any
one drug to be highly efficacious in treatment of drop seizures,
clobazam may be helpful for this syndrome [59]. Topiramate
was found effective as an add-on therapy in adults with re-
fractory partial epilepsy with or without secondary generali-
zation. However, the trials reviewed were of relatively short
duration and provided no evidence for the long-term efficacy
of topiramate. Results cannot be extrapolated to treatments of
other epilepsy types or monotherapy [60, 61]. Oxcarbazepine,
gabapentin, zonisamide, and eslicarbazepine acetate have been
reported to be effective as add-on therapy for refractory par-
tial seizure. However, the short duration of studies makes it
difficult to extrapolate to long-term treatment [62-65]. Status
epilepticus is considered a common neurological emergency
with a high mortality rate of 20%. Therefore it needs urgent
intervention by intravenous PB, PHT/fosphenytoin, valproate
or levetiracetam. Currently, these are the standard treatments
after failure of benzodiazepines. Several reports have recently
been published on the use of lacosamide for the treatment of
status epilepticus [66]. Lacosamide has been administrated in-
travenously since 2009 as a new drug for the treatment of sta-
tus epilepticus [67, 68]. Long-term retention studies in clini-
cal practice may present a proper idea about the success of
combination drugs. Such studies provide a significant measure
of the effectiveness (efficacy and tolerability) and adverse ef-
fects of a specific drug as add-on therapy. In studies from the
same center of retention rates of add-on therapy at 3 years,
levetiracetam was best (56%), in this setting, suggesting that,
levetiracetam is either more efficacious or better tolerated, or
both. A possible explanation for levetiracetam’s unique profile
in terms of effectiveness may be its distinct putative mecha-
nism of action, followed by topiramate (30%). More patients
appear to continue with topiramate compared with lamotrigine
or gabapentin, possibly because of better perceived efficacy of
topiramate, despite its having the highest incidence of adverse
effects. This is followed by lamotrigine (29%) and gabapentin
(< 10%) [13, 69, 70]. These studies have not revealed any par-
ticularly efficacious combinations. However, another retention
study reported that the combination of valproate and lamotrig-
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ine may be more successful than lamotrigine combined with
other AEDs [71].

Adverse effects of AED combinations

Several studies on specific AED combinations have showed
side effects. In the study by Kanner and Fery, through the com-
bination of valproate and lamotrigine is synergistic for efficacy,
it may also be synergistic for side effects, namely tremors [56].
Notably, in one paper, three patients experienced an onset of
chorea upon being treated with a combination of lamotrigine
and PHT. Interestingly, the chorea was resolved in all patients
with the tapering of the dosage of one AED [72]. Another ex-
ample is the studies that demonstrated that the combination of
CBZ and vigabatrin led to increase in the adverse effects such
as ataxia and weight gain [73]. Significantly, hepatic toxicity
has been reported as a side effect in patients taking valproate
in combination therapy instead of monotherapy [74]. Signifi-
cantly, valproate can be potentiated in terms of adverse effects,
such as valproate encephalopathy, by the addition of topira-
mate [75].

Conclusion

Although some combinations of AEDs are very effective, the
results of experimental studies on animals have to be trans-
ferred with caution to the clinical arena. Nevertheless, in many
cases, there is a good correlation between clinical and experi-
mental data. Experimental data on interactions between AEDs
may provide valuable clues about clinical effectiveness or ad-
verse therapeutic effects of drug combinations. What specific
combinations of AEDs are likely to be the most effective? Al-
though promising results from the experimental point of view
support the combination of topiramate separately with lamo-
trigine, gabapentin, and felbamate, the best evidence supports
the use of valproate and lamotrigine; this combination yields
encouraging results against maximal electroshock in mice.
Both AEDs induce supra-additive (synergistic) anticonvulsant
effect in the dose ratio 1:1 whereas the interaction in the chim-
ney test is infra-additive (antagonist), which seems to be very
positive from an experimental point of view. Although the ef-
fectiveness of this combination is supported by human data,
there may be increased side effects. The novel drugs are effec-
tive as add-on therapy. At present, in clinical practice, there is
some evidence that supports levetiracetam and topiramate as
the most effective add-on therapies in partial and some gener-
alized epilepsies.

Abbreviations

AED(s): antiepileptic drug(s); LMG: lamotrigine; OXC: ox-
carbazepine; LEV: levetiracetam; TPM: topiramate; GBP:
gabapentin; TGB: tiagabine; VGB: vigabatrin, FPM: felba-
mate; ZNS: zonisamide; PGB: pregabalin; VPA: sodium val-
proate; ESM: ethosuximide; STP: stiripentol; CBZ: carbamaz-
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epine; CLZ: clobazam; PB: phenobarbital; PHT: phenytoin
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