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AIMS
To evaluate the comparative efficacy (50% reduction in seizure frequency) and tolerability
(premature withdrawal due to adverse events) of anti-epileptic drugs (AEDs) for refractory epilepsy.

METHODS
We searched Cochrane Central Register of Controlled Trials (Cochrane Library 2009, issue 2)
including Epilepsy Group’s specialized register, MEDLINE (1950 to March 2009), EMBASE (1980 to
March 2009), and Current Contents Connect (1998 to March 2009) to conduct a systematic review
of published studies, developed a treatment network and undertook a network meta-analysis.

RESULTS
Forty-three eligible trials with 6346 patients and 12 interventions, including placebo, contributed
to the analysis. Only three direct drug comparator trials were identified, the remaining 40 trials
being placebo-controlled. Conventional random-effects meta-analysis indicated all drugs were
superior in efficacy to placebo (overall odds ratio (OR] 3.78, 95% CI 3.14, 4.55) but did not permit
firm distinction between drugs on the basis of the efficacy or tolerability. A Bayesian network
meta-analysis prioritized oxcarbazepine, topiramate and pregabalin on the basis of short term
efficacy. However, sodium valproate, levetiracetam, gabapentin and vigabatrin were prioritized on
the basis of short-term efficacy and tolerability, with the caveat that vigabatrin is recognized as
being associated with serious visual disturbance with chronic use.

CONCLUSION
Of the wide range of AEDs licensed for the treatment of refractory epilepsy, sodium valproate,
levetiracetam and gabapentin demonstrated the best balance of efficacy and tolerability. Until
regulators mandate greater use of active comparator trials with longer term follow-up, network
meta-analysis provides the only available means to quantify these clinically important
parameters.

WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• About one-third of patients with epilepsy

have refractory disease with much of the
prescribing occurring in primary care.

• Anti-epileptic drugs (AEDs) prescribed as
adjunctive treatment for refractory epilepsy
are all more effective than placebo at
reducing seizure rate but there are limited
data on the comparative efficacy and
tolerability of these drugs.

WHAT THIS STUDY ADDS
• We used systematic review and network

meta-analysis to identify and compare the
efficacy and tolerability profile of 11 AEDs to
assist clinicians in prescribing decisions.
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Introduction

Epilepsy, the occurrence of recurrent, unprovoked seizures
[1] has an incidence of 50 to 100 cases per 100 000 popu-
lation per year and a prevalence of approximately 5 to 8
cases per 1000 population [2, 3]. It is the most prevalent
serious neurologic condition and results in considerable
morbidity. Approximately one-third of patients with
partial onset seizures develop chronic refractory ‘drug
resistant’ epilepsy, the inability to derive sustained seizure
freedom following a trial of two anti-epileptic drugs
(AEDs) [4] thus requiring treatment with a combination of
agents [5, 6]. Although diagnosis and initiation of therapy
should initially be conducted within specialist depart-
ments in secondary/tertiary care centres, it is usually
general practitioners in primary care who are tasked with
this and involved in the long term management of this
condition.

In Europe and the USA in the last two decades, 14 AEDs
have been granted a marketing authorization for adjunc-
tive treatment of partial seizures with or without second-
ary generalization in adults. However, based on the
guidelines for clinical evaluation of AEDs from the Interna-
tional League Against Epilepsy (ILAE) [7], drug regulatory
authorities only require new AEDs to demonstrate efficacy
over placebo when added to baseline therapy.The current
failure to obligate trials of the comparative effectiveness of
emerging AEDs means that guideline developers and pre-
scribers have difficulty making an informed choice among
a range of available treatment options [8]. Moreover, in the
absence of an established treatment hierarchy, it becomes
progressively more difficult to establish the place in
therapy for any new AED with the result that relevant guid-
ance from the UK National Institute of Health and Clinical
Excellence (NICE) lists a range of first and second line
options [9]. The practical importance of the current
(placebo-controlled) model used to approve AEDs has
been highlighted as being questionable, offering little help
in clinical decision making [10].

Comparative effectiveness (CE) research has the aim of
defining which of a range of available treatments are the
most effective, safe, or least costly when a number of
options are available [11–14], helping clinicians use exist-
ing treatments more effectively. Where direct treatment
comparisons have not been made, network meta-analysis
can provide an objective way of comparing alternative
treatments [15–17]. The approach respects the rand-
omized allocation of treatments and permits the estima-
tion of relative effectiveness of the different preparations
with the aim of constructing a rational treatment hierarchy.
We conducted a systematic review, constructed a treat-
ment network and performed a network meta-analysis of
all published studies of AEDs licensed for adjunctive treat-
ment of chronic refractory partial epilepsy (with or without
secondary generalization) to obtain indirect comparisons
on their relative efficacy and tolerability.

Methods

Literature search
We searched for relevant randomized trials in the
Cochrane Central Register of Controlled Trials (Cochrane
Library 2009, issue 2), which contains the Epilepsy Group’s
specialized register, MEDLINE (via PubMED) (1950 to March
2009), EMBASE (1980 to March 2009) and Current Contents
Connect databases (part of ISI Web of Knowledge) (1998
to MARCH 2009), adopting PRISMA (Preferred Reporting
Items for Systematic reviews and Meta-analysis) recom-
mendations [18, 19]. The search terms and limits are pro-
vided in the Supporting Information (Tables S1 and S2).We
supplemented the database search by a hand-search of
the reference lists of the identified studies (Figure 1).

Study selection
We included trials if they were randomized, double-blind,
placebo-controlled or active-controlled add-on design
investigating acetazolamide, carbamazepine, clobazam,
clonazepam, ethosuximide, gabapentin, lacosamide,
lamotrigine, levetiracetam, oxcarbazepine, phenobarbital,
phenytoin, pregabalin, primidone, sodium valproate, tia-
gabine, topiramate, valproic acid, vigabatrin or zonisamide;
recruited adult patients (>18 years) with simple/complex
partial seizure with or without secondary generalized tonic
clonic seizures, were parallel or crossover design, of �8
weeks duration and reported seizure frequency and/or
adverse effects as an outcome.

We excluded trials with a pre-randomization run-in
response-conditional design where patients were allo-
cated treatment only if they showed a predetermined
response or if randomization was preceded by an open-
label period in order to minimize the inclusion of data
from an enriched population. Additional exclusion criteria
included trials which incorporated a surgical intervention,
use of other therapies which may affect seizure frequency,
trials of open-label design, observational studies, confer-
ence proceedings and publications available only in
abstract form to permit extraction of data from the most
robustly conducted studies of similar design. Studies pub-
lished in non-English language were also excluded. Eligible
studies identified were cross-checked against previous sys-
tematic reviews.

Outcome measures
The efficacy endpoint, specified a priori, was responder
rate, defined as a 50% reduction in seizure rate from base-
line, as recommended by the European Medicines Agency
(EMA). For studies that did not report their results in this
manner, we calculated the proportion of patients with a
50% reduction in seizure rate through analysis of seizure
diary rate at end of study minus baseline seizure rate.
The tolerability endpoint, specified a priori, was the inci-
dence of premature withdrawal from treatment due to
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drug-related adverse events. Where trials included groups
randomized to different doses of the same drug, we
selected the group receiving the dose closest to that in
established use based on our clinical experience.

Quality assessment and data collection
Two investigators (PNB and AMG) reviewed abstracts and
full text articles retrieved by the search and selected
potentially relevant publications against the pre-specified
inclusion and exclusion criteria. To ensure consistency of
data abstraction for each study a structured form was
used. Important clinical and methodological study charac-
teristics were tabulated, including: (i) characteristics of trial
participants (including age, prior therapy, and seizure
type), (ii) type of intervention (including type, dose, and
duration) and (iii) type of outcome measure. Any discrep-
ancies or lack of agreement between the two reviewers
were referred to a third independent investigator (ADH) for
arbitration. All analyses were directly reported or recalcu-
lated as intention to treat.

Quantitative data analysis
We performed two analyses. First, we conducted a stand-
ard random-effects meta-analysis [20] of placebo-
controlled trials of AEDs for refractory epilepsy to derive a
pooled odds ratio (OR) and 95% confidence interval (CI) for
both the efficacy and tolerability endpoints. To evaluate
heterogeneity of the effect estimates we used the Cochran
Q (Chi-squared), Higgins I-squared and tau-squared statis-
tics [21]. The Cochran Q is calculated as the weighted sum
of squared differences between individual study effects
and the pooled effect across studies, with the weights
being those used in the pooling method which forms
part of the DerSimonian-Laird random-effects model. The
I-squared statistic is a more intuitive, simpler expression
which describes the proportion of variation across studies
that is due to heterogeneity rather than chance. The mag-
nitude of heterogeneity can be quantified by calculating a
point estimate of the among-study variance of true effects;
tau-squared [22]. To explore potential inconsistency and
small study bias further we used L’Abbe and Funnel plots,

431 potentially relevant studies identified for
retrieval from the following electronic databases:
    139   MEDLINE (via PubMed)
    184   Cochrane [CENTRAL]
    17     Cochrane [Epilepsy Register]
    74     EMBASE (via OVID)
    17     Current Contents

38 studies met the pre-specified inclusion criteria

43 studies included within the review

5 additional studies included following a
hand search from the references of included
studies.

393 studies excluded for the following
reasons:
   26         not double-blind
   5           treatment period <8 weeks
   34         did not evaluate the pre-specified
                endpoint
   286       duplications between databases
   21         seizure type (not refractory partial or
                secondary generalized)
   6           data extraction not possible due to
                reporting methods
   6           investigational drug not licensed for
                partial epilepsy
   9           reviews

Figure 1
Study selection for inclusion in network meta-analysis

Efficacy and tolerability of anti-epileptic drugs for refractory epilepsy
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respectively. The L’Abbe plot [23] visually expresses within
group variations in observed results through a plot of the
event rate in the treatment group on the vertical axis and
the control group on the horizontal axis. The funnel plot
[24, 25] helps visualize evidence for small study bias of
which publication bias is a potential cause. The Egger test
was also used to assess evidence for small study bias. We
used Review Manager (RevMan) version 5.0 (Copenhagen:
The Nordic Cochrane Centre, The Cochrane Collaboration,
2008) to generate the Forest plots and Funnel plots, and
used StatsDirect® 2.7.7 (Altrincham, Cheshire, UK) to con-
struct the L’Abbe plots.

Next, we analyzed the relative effectiveness and toler-
ability profile of each AED using an extension of the mul-
tivariate Bayesian hierarchical random-effects model for
mixed multiple treatment comparisons with minimally
informative prior distributions [17, 26–28]. This form of
logistic regression analysis combines both direct and indi-
rect data without breaking randomization within a Markov
chain Monte Carlo (MCMC) framework. Indirect estimates
can be combined in large samples if there is no interaction
between the treatment effects and the populations or
major subgroups in a trial [29]. The model included
random effects at the level of trials (see Supporting Infor-
mation Figures S1 and S2) which allowed the estimation of
the variance of treatment effects between trials. The treat-
ment network was synthesized using WinBUGS (Windows
based Bayesian inference Using Gibbs Sampling) (MRC
Biostatistics Unit, Cambridge, UK) [30]. We adapted a
WinBUGS program from the University of Bristol (http://
www.bristol.ac.uk/social-community-medicine/projects/
mpes/mtc/). MCMC simulation, using Gibbs sampling, is an
algorithm used to generate a sequence of samples from a
joint probability distribution of two or more random vari-
ables and is particularly well adapted to sampling the
treatment effects (posterior distribution) of a Bayesian
network. We used this approach to generate the posterior
distribution for each OR of interest. We took the median of
the posterior distribution as our point estimate and the
2.5th and 97.5th centiles provided the 95% credible inter-
val (CrI). In general Bayesian CrI and frequentist CI are non-
interchangeable as CrI incorporate problem-specific
contextual information from the prior distribution whereas
CI are based solely on the on the data [31]. The interpreta-
tion of Bayesian CrI is that the posterior probability that the
parameter lies within the CrI is 95%. We selected a non-
informative prior for the log OR which was distributed nor-
mally with a mean of zero and variance of 10 000. This
implies that we did not have strong beliefs about the value
of each effect size in advance of the analysis, and allowed
more direct comparison with the standard (frequentist
meta-analysis). Twenty thousand iterations were used for
each chain in the Bayesian analysis following a burn-in of
20 000. Convergence was assessed as this is a condition for
reliable inferences from MCMC simulation approaches.
This was done via visual assessment of trace plots and time

series plots where convergence was deemed to be
achieved in the presence of a relatively constant mean and
minimal variance. The visual assessment was corroborated
through assessment of the ratio of the Monte Carlo error
(MCe) with its standard deviation (SD) being sufficiently
small (MCe/SD <0.05). The control event rate (CER) used
within the model was 0.16 for efficacy and 0.05 for toler-
ability. These were calculated as the mean across the
studies which met the inclusion criteria as a means of
determining the placebo-corrected response across the
treatment network.

As number needed to treat (NNT) and number needed
to harm (NNH) have increasingly been noted as being
more clinically useful parameters in highlighting treat-
ment effects, we calculated these from the relative risk (RR)
estimates generated by WinBUGS using one of the follow-
ing equations: 1/(1 - RR) ¥ CER if the RR was <1 or 1/(RR -
1) ¥ CER if the RR was >1 [32]. We estimated the 95% CrI
values for NNT and NNH using the 95% CrI estimated for
the RR using the same formulae above. We also developed
a treatment hierarchy based on estimating the (posterior)
probability that each treatment is the best and the 95% CrI
for the relative rank of each AED.

Finally, we tested for consistency of any available direct
and indirect treatment comparison by testing the null
hypothesis that the indirect evidence was equal to the
direct evidence on the log odds scale using the normal
distribution [29]. Convergence of Markov chains was
deemed to be achieved if plots of the Gelman–Rubin sta-
tistics indicated that the widths of pooled runs and indi-
vidual runs stabilized around the same value and their
ratio around 1 [33]. We also assessed the goodness of fit of
the model through analysis of the posterior mean of the
sum of the residual deviance contributions of each data
point [34, 35]. A good fit would give a result that approxi-
mates the number of data points included within the
analysis, a result which could also only occur when the
posterior distribution is approximately multivariate normal
or the total population included within the analysis (aggre-
gate of all studies) follows a normal distribution.

Results

Out of 431 potentially eligible reports, a total of 43 studies,
describing 11 AEDs and including 8546 patients with
refractory epilepsy, met the inclusion criteria and were
included within the network meta-analysis (see Figure 1)
[36–77]. All studies were published as full journal articles.

Study characteristics
The main characteristics of the studies included are
given in Table 1 (additional details available in Supporting
Information Table S4). Of the 43 studies, 40 were placebo-
controlled, two were active-controlled (sodium valproate
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vs. vigabatrin, and gabapentin vs. vigabatrin) [76, 77] and
one was a three-arm study (pregabalin vs. lamotrigine vs.
placebo) [78]. Figure 2 displays the treatment network
graphically. The mean number of adjunctive baseline
medications was between 1 and 3. The duration of main-
tenance therapy ranged from 8 to 24 weeks. None of the
studies investigating acetazolamide, carbamazepine,
clobazam, clonazepam, ethosuximide, phenobarbital,
phenytoin or primidone fulfilled the inclusion criteria.
Reasons for exclusion were a lack of double-blinding or
trial duration of less than 8 weeks.Twenty of the 43 studies
(6212 patients) investigated the AED against placebo at
more than one dose. Of 65 possible pair-wise comparisons
between the available interventions, including placebo,
only 13 were actually reported and in all but three the
comparator was placebo.

Comparison of effect sizes
Standard meta-analysis: efficacy and tolerability The
results of the standard meta-analysis of placebo-controlled
trials (stratified by drug) demonstrated that each AED was
more efficacious than placebo in reducing seizure events
by >50% from baseline (Figure 3A) with an overall OR 3.78
(95% CI 3.14, 4.55) (Figure 3C). For the efficacy endpoint,
there was small to moderate evidence of heterogeneity
(tau-squared = 0.15; I-squared = 46%) which was attribut-

able to specific AED drug class (levetiracetam, pregabalin,
tiagabine and zonisamide). Similarly, meta-analysis of tol-
erability indicated a greater overall odds of premature
withdrawal due to the development of adverse effects
for all AEDs vs. placebo (OR 3.27, 95% CI 2.37, 4.52)
(Figure 3B,D), with moderate evidence of heterogeneity
(tau-squared = 0.45; I-squared = 55%), again attributable to
specific AED class (tiagabine, topiramate and zonisamide).
Based on these data there was no strong evidence favour-
ing any one particular AED over another on the basis of
efficacy, although oxcarbazepine appeared to be the least
well tolerated.

We detected no evidence of significant heterogeneity
in efficacy or tolerability (P < 0.05) in different trials of the
same drug following a review of the L’Abbe plots with the
possible exception of pregabalin (efficacy analysis Cochran
Q = 15.36, P = 0.002; Figure 3A).A review of the Funnel plots
did not reveal concerns regarding publication bias (see
Supporting Information Figure S3).

Network meta-analysis: efficacy, tolerability, and prescrib-
ing hierarchy The median OR estimates, for the efficacy
and tolerability endpoints, generated by the Bayesian
random-effects network meta-analysis are given in Table 2.
As a non-informative prior was used, these closely resem-
ble those generated from the frequentist random-effects

Sodium
Valproate

1

5

2

2

6*

5*

91

2

6

4

1

1

Vigabatrin

Gabapentin

Lacosamide

Lamotrigine
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LevetiracetamOxcarbazepine

Tiagabine

Topiramate

Zonisamide

Placebo

Figure 2
AEDs included within the network meta-analysis. Each AED represents a node within the star-shaped network.The links between the nodes represent direct
comparative data, where the number along the line indicates the number of studies for that particular link within the network. The red (dotted) line
represents a loop of direct comparative data, which allows mixed treatment comparison (* includes the 3-arm study)
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meta-analysis (see Supporting Information Tables S6 and
S7). We detected no evidence of significant inconsistency
(Bucher’s test) between directly observed and inferred
treatment effects within the loop identified in Figure 2 for
either efficacy (P = 0.26) or tolerability (P = 0.22). For both
outcomes, the model showed reasonable goodness of fit
to the data (number of data points) as determined by the
posterior mean of the residual deviance [efficacy = 86.0
(84), 95% CrI 62.8, 115.9, P = 0.419; tolerability = 77.6 (80),
95% CrI 57.9, 100.5, P = 0.555]. A visual assessment of the
trace plots (history) and time series (density) plots also did
not reveal cause for concern regarding inconsistency (data
available on request).

In contrast to the standard meta-analysis, network
meta-analysis allowed the ordering of AEDs according to
efficacy and tolerability. There was an approximately two-
fold difference in short term efficacy (based on the 50%
responder rate), lacosamide being the least and topiram-
ate the most efficacious at the doses evaluated (Figure 4A).
There was an approximately five-fold difference in short
term tolerability with valproate being the best and
oxcarbazepine being the least well tolerated at the doses
evaluated (Figure 4B). Because treatment decisions for
refractory partial epilepsy may be based on a balance
between efficacy and tolerability, we estimated the NNT
and NNH for each drug. Four drugs (valproate, levetira-
cetam, gabapentin and vigabatrin) demonstrated the
best combination of short term efficacy and tolerability
(Figure 5). Though similarly effective, oxcarbazepine was
less well tolerated than all other agents. The remaining
agents (topiramate, pregabalin, tiagabine, zonisamide,
lamotrigine and lacosamide) demonstrated intermediate
short term efficacy and tolerability.

Discussion

Principal findings
This network meta-analysis provides the most comprehen-
sive and explicit assessment of the short term comparative

efficacy and tolerability of AEDs licensed for the adjunctive
management of chronic refractory partial epilepsy with or
without secondary generalization. The standard meta-
analysis demonstrated that all AEDs were superior to
placebo in preventing seizures. However, there was a
dearth of published, randomized clinical trials that directly
compared one AED with another. Using a Bayesian hierar-
chical model to conduct a mixed-treatment network meta-
analysis, levetiracetam, vigabatrin, sodium valproate and
gabapentin emerged as agents with the best combination
of short term efficacy and tolerability with the caveat that
vigabatrin is recognized as being associated with serious
visual disturbance with chronic use.

Relation to previous studies
Five meta-analyses and a narrative review exist related to
this question which have produced conflicting results,
partly due to differences in methodology and inclusion
criteria. Marson et al. [79, 80] included 13 published and 15
unpublished randomized controlled trials, comparing six
AEDs against placebo (gabapentin, lamotrigine, tiagabine,
topiramate, vigabatrin, and zonisamide), concluding that
there was a lack of conclusive evidence to determine a
prescribing hierarchy accounting for differences in efficacy
or tolerability. Shorvon et al. [81] subsequently included 36
published articles (including randomized controlled trials
in full and abstract form), comparing eight AEDs against
placebo, again reaching the same conclusion. Otoul et al.
[82] later updated the meta-analysis conducted by Marson
et al. by comparing the six AEDs indirectly against levetira-
cetam. No restrictions were placed regarding age of
patients. Unlike the previous two reviews, the authors here
found levetiracetam to demonstrate significant efficacy
compared with gabapentin and lamotrigine. No significant
differences regarding tolerability profile were noted
between the seven AEDs evaluated. In contrast, the present
analysis using a treatment network did not demonstrate
levetiracetam to possess a significantly more effective
profile although it was one of four AEDs which showed a
trend towards better efficacy and tolerability. Beyenburg

�

Figure 3
(A) Forest plot (RevMan v5.0) of the odds ratios for efficacy (50% responder rate) of randomized controlled trials comparing an AED vs. placebo as add-on
treatment for refractory epilepsy, respectively. The black squares represent the odds ratio for individual studies of AED vs. placebo and the horizontal line
represents the 95% confidence interval of the odds ratio. The black diamond represents the random-effects pooled odds ratio for studies reporting on the
same AED where its width represents the 95% confidence intervals. Estimates to the right of the vertical line (i.e. odds ratio >1) are indicative of a statistically
significant increase in efficacy, relative to placebo, in patients randomized to the active intervention. (B) Forest plot (RevMan v5.0) of the odds ratios for
tolerability (withdrawal from treatment due to an intolerable adverse event) of randomized controlled trials comparing an AED vs. placebo as add-on
treatment for refractory epilepsy, respectively. The black squares represent the odds ratio for individual studies of AED vs. placebo and the horizontal line
represents the 95% confidence interval of the odds ratio. The black diamond represents the random-effects pooled odds ratio for studies reporting on the
same AED where its width represents the 95% confidence intervals. Estimates to the right of the vertical line (i.e. odds ratio >1) are indicative of a statistically
significant increase in withdrawal rate, relative to placebo, in patients randomized to the active intervention. (C) Summary Forest plot (RevMan v5.0) of the
odds ratio for efficacy (50% responder rate) of randomized controlled trials comparing an AED vs. placebo as add-on treatment for refractory epilepsy. (D)
Summary Forest plot (RevMan v5.0) of the odds ratio for tolerability (withdrawal from treatment due to an intolerable adverse event) of randomized
controlled trials comparing an AED vs. placebo as add-on treatment for refractory epilepsy
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et al. [83] conducted a meta-analysis of modern AEDs to
determine the true effect of each agent in reducing seizure
frequency not attributable to other factors, principally
placebo response. Although the search period was similar
to that of the present study, the inclusion of both adults
and children resulted in a larger number of eligible studies.
The key finding of this paper was the estimation of a
placebo-corrected difference of 21% (95% CI 19, 24; P <
0.0001). This is akin to our calculated value of 16%, where
the difference is likely to be the result of differences in the
inclusion criteria. Rheims et al. [84] more recently con-
ducted a meta-analysis in adult patients investigating the
different parameters which may determine response to
treatment. The number of publications and AEDs included
were again greater than the present study as a result of the
inclusion criteria permitting AEDs currently under investi-
gation, or not indicated for refractory focal epilepsy. The
authors concluded that although responder rate increased
over the years for the placebo arm, a parallel increase was
also observed in the active arm. Further, the use of last
observation carried forward (LOCF) data overestimated
the responder rate and analysis of efficacy at the level of
doses for each AED did not reveal statistically significant
differences. Lastly, Devinsky & Cramer commended the use
of meta-analysis as the best available technique in the
absence of comparative trial data [85]. However, this pre-
dated the use of network meta-analysis. As such, the
present analysis utilized a common placebo-corrected
value, calculation of intention-to-treat dataset, and assess-
ment of each AED at the most clinically relevant dose
incorporating a Bayesian paradigm, an approach which is
recommended for its clinical relevance [86], to determine a
treatment hierarchy. Prior overviews have supported the
validity of network meta-analysis for indirect treatment
comparisons provided certain conditions are met [87],
with emerging examples of its application in several
disease areas [88–92].

Strengths and weaknesses
We identified the relevant trials by explicit systematic
review and the analysis conformed to PRISMA recommen-
dations [18, 93]. The efficacy outcome we selected is uni-

versally accepted as an informative outcome measure
concerning AED efficacy (CHMP/EWP/566/98 Rev. 2) [94].
All studies included in the present analysis were fully pub-
lished unlike one of the previously published meta-
analyses where over 50% (15/29) of included studies were
unpublished [79] thus minimizing the risk of heterogene-
ity as full trial methodology was known. Furthermore, our
analysis only included agents which are currently licensed
in the UK for the adjunctive treatment of refractory epi-
lepsy [84]. Lastly, we utilized a multiple treatment com-
parison design which allowed both direct and indirect
comparisons via the construction of a treatment network
unlike standard meta-analysis [95].

Multiple treatment options exist in epilepsy but, in
common with many other therapeutic areas treatment
comparisons may be missing, and/or there may be prefer-
ences towards certain comparators (including placebo)
[96]. These were features of the current analysis where of
the 65 possible comparisons between the 11 AEDs (and
placebo), only 13 were conducted and all but three were
placebo-controlled trials. A major reason for the lack of
direct active comparator trials is that regulatory authorities
such as the Committee for Medicinal Products for Human
Use (on behalf of the EMA), do not require such trials to be
conducted as a condition of the marketing authorization
of a new drug. A recently published guideline on clinical
investigation of medicinal products in the treatment of
epileptic disorders continues to recommend that add-on
studies (the addition of a new AED to existing therapies)
should be of randomized, double-blind, placebo-
controlled, parallel group study design, although the
guideline also recommends that as more AEDs are
approved for the add-on indication, comparative trials may
be considered and that an evaluation of efficacy of such
agents may be conducted through meta-analysis [94].
Despite the above recommendation, AEDs continue to be
trialled and receive regulatory approval on the basis
of placebo-controlled studies, as highlighted by recent
approval of eslicarbazepine and retigabine which continue
to compound the situation. In the absence of prior active-
comparator trial, guidance from the National Institute for
Clinical Excellence (NICE) in the UK, for example, does not
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make recommendations about the selection or sequence
of AED therapy with regard to specific drugs within the
categories of older and newer AEDs [9]. An additional and
crucial problem which arises from the absence of a prevail-
ing treatment hierarchy in the presence of multiple thera-
peutic options is that the number of legitimate active
comparator trials for any new AED becomes very large
indeed, in itself providing an additional obstacle to com-
parator trials of new agents. Thus indirect comparisons,
through network meta-analysis such as the one conducted
here, might not only help develop rational treatment hier-
archies based on existing therapies but also inform on the
choice of high priority comparator agents for future trials
of new AEDs.

Nevertheless, it is also important to take note of several
important limitations. First, although individual trials only
provide information over a short period of time (typically 8
to 16 weeks), this is the duration of follow-up required to
meet regulatory criteria. The findings should be extrapo-
lated to longer term use with caution, particularly as some
drugs, for example vigabatrin, are recognized as being
associated with the development of adverse effects with
long term use. Second, the trials included in this analysis
spanned 19 years during which time the available services
and the management of epilepsy has changed. Impor-
tantly, the patient population recruited to more recent
trials may have more refractory or ‘drug resistant’ epilepsy
than patients recruited to earlier studies who were
exposed to fewer previously licensed therapies. However,
statistical tests for heterogeneity (tau-squared and
I-squared) considered that the patient populations were
sufficiently similar to generate overall estimates, values
noted as mild-moderate and moderate, respectively for the
efficacy and tolerability endpoints. This point has been
investigated in detail by Beyenburg et al. [83] who recently
conducted a meta-analysis of modern AEDs, concluding
that meta-regression showed no difference in effects
between studies published before 2001 vs. 2001 and later
for 50% reduction in seizure (Z = -0.50, P = 0.62) or seizure
freedom (Z = -0.52, P = 0.60). The year 2001 was chosen to
reflect the comparison of first vs. second generation AEDs.
Beyenburg et al. also sought to explore whether or not
factors such as number of past AEDs trialled or highest
dose studied vs. all available doses had an influence on
seizure-free outcome. However they concluded that insuf-
ficient data were available from the published manuscripts
to enable such analyses. Nonetheless, the inclusion of mul-
tiple doses for each AED, specifically those at the higher
end, may potentially skew the overall results with regards
to increasing the incidence of premature discontinuation
due to treatment-related adverse events without a corre-
sponding increase in responder rate. Such heterogeneity
would appear on Forest plot analyses as wider confidence/
credible intervals and may reduce the validity of the results
and limit generalization of the findings. On this basis,
despite a reduction in overall patient numbers within theTa
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meta-analysis, it was decided to include data only for the
dose closest to that prescribed in clinical practice for each
AED.Third, although the 50% responder rate is an endpoint
which is endorsed by regulatory authorities such as the
EMA, it does not take into account the duration and/or
severity of seizures.Fourth,although it was our intention to
restrict the analysis to the adult population, a number of
studies actually included a mixed population of adults and
children (�10 years) without sub-grouping their results.
Nonetheless,as the majority of data relates to investigation
in adults the conclusions drawn should remain relevant to
the use of AEDs in the adult population only. Fifth, this
analysis only provides a non-specific estimate for with-
drawal rates due to an intolerable adverse effect rather
than firm conclusions on the severity of a specific adverse
effect, such as ataxia, or the incidence of serious/rare
adverse effects such as Steven-Johnson syndrome or sui-
cidal tendency. Furthermore, although the inclusion crite-
ria specified a double-blind design to promote robustness
of the findings, it is appreciated that patients randomized
to active therapy may become aware that they are receiv-
ing active treatment due the emergence of treatment-
related adverse effects, such as sedation. Sixth, the studies
included may be limited in their ability to report on

adverse effects as the studies were primarily designed and
powered to address the effectiveness of the AED under
investigation and had a maximum duration of 24 weeks
[97]. Seventh, in specifying such strict inclusion criteria to
ensure higher quality trials were included in the quantita-
tive analysis we had to exclude trials investigating AEDs
used in routine clinical practice today, such as car-
bamazepine. Finally, data within this analysis only relate to
the use of AEDs for the treatment of patients with chronic
refractory partial epilepsy and should not be extrapolated
to patients with other forms of epilepsy, such as primary
generalized epilepsy. As for any medication, prescribing
decisions should take into account specific contra-
indications and advice on prescribing in special groups
such as women of childbearing age.

The present study included data from publications in
the English language only.The decision to not include data
from publications in languages other than English (LOE)
was made based on the conclusions reached by the Cana-
dian Agency for Drug and Technologies in Health (CADTH)
and the UK National Institute of Health Research (NIHR)
(review of impact of language restrictions on systematic
reviews). First, the CADTH performed a systematic review
of meta-analyses of conventional medicines, comparing
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Figure 4
(A) Box plots (WinBUGS) of the risk ratios of AEDs vs. placebo as estimated by the network meta-analysis regarding efficacy (50% responder rate). The
individual plots represent the 95% credible interval (horizontal black line either side of the green box) and the interquartile range (green box, representing
where 25% to 75% of the data lies); the vertical black line reflects the median risk ratio (RR). A larger RR is indicative of a greater proportion of patients
achieving a 50% reduction in seizure frequency, relative to placebo. Where the 95% credible interval crosses the line of unity, this is indicative of a
non-statistically significant difference to placebo. AEDs are listed in descending rank order. (B) Box plots (WinBUGS) of the risk ratios of AEDs vs. placebo as
estimated by the network meta-analysis regarding tolerability (premature discontinuation). The individual plots represent the 95% credible interval
(horizontal black line either side of the green box) and the interquartile range (green box, representing where 25% to 75% of the data lies); the vertical black
line reflects the median risk ratio (RR). A larger RR is indicative of a greater proportion of patients withdrawing from treatment prematurely, relative to
placebo. Where the 95% credible interval crosses the line of unity, this is indicative of a non-statistically significant difference to placebo. AEDs are listed in
descending rank order
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those that did and those that did not include publications
in LOE concluding that they could find no evidence of a
systematic bias from the use of language restrictions [98].
Second, a Health Technology Appraisal (on behalf of the
NIHR) also found that language restrictions did not bias
the results of systematic reviews of conventional medi-
cines, even after sensitivity analyses were conducted,
noting that the results do not appear to be influenced by
statistical heterogeneity or publication bias [99].

Finally, as carbamazepine is widely recommended and
accepted as being the first-line option for patients with
partial-onset seizures [9, 100], we believe that the non-
inclusion of this particular AED within this analysis should
not limit its findings.

Implications for clinical practice
This review is focused on the most common form of epi-
lepsy seen in clinical practice, partial onset seizure with or
without secondary generalization in the refractory setting.
The stimulus for this stems from the lack of a guideline
which provides explicit detail on how each agent licensed
for this indication should be prescribed relative to one
another.

Although it is widely accepted that the best model of
providing answers with the highest clinical relevance
would be from a large scale multiple comparison head-to-
head trial, the costs associated with such a model renders

the chances of this transpiring to be very small.The present
study attempts to provide a response to one of the limita-
tions of current trial methodology as specified within
the discussion of the recent publication by Beyenburg
et al. [83] – ‘given the absence of double-blind, placebo-
controlled comparative AED trials, we could not compare
the efficacy among individual AEDs’ – by generating a
treatment network utilizing a Bayesian framework. In order
to generate a robust and simplified network from which
to permit translation into a treatment hierarchy a single
dose per AED was extracted for the analysis. This strategy
follows the results of Rheims et al. [84] where an analysis of
dose selection resulted in mostly non-significant differ-
ence for the primary endpoint (50% reduction in seizure
frequency). In light of these data, such analyses were not
repeated and instead data reporting for the dose investi-
gated which most closely reflects that in current clinical
practice were extracted for each AED.Until conduct of such
studies, we have reported a methodologically and statisti-
cally rigorous analysis of AEDs currently available in the UK
to assist clinical decision-making.

Lastly, an important implication of our findings is that
although it clear that the modern AEDs are more effective
than placebo when used as adjunctive therapy for refrac-
tory focal epilepsy, they are of limited efficacy (in compari-
son with older agents) and are correlated with an increase
in treatment-related intolerable adverse effects. The
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Figure 5
A comparison of the number needed to treat vs. number needed to harm (with 95% credible intervals) for efficacy (50% responder rate) and tolerability
(withdrawal rate), respectively. Drugs in the lower right of the plot (i.e. low NNT and high NNH) are highly efficacious and well tolerated; conversely, drugs
in the upper left of the plot (i.e. high NNT and low NNH) are less effective and poorly tolerated. Note that equal weighting of the efficacy and tolerability
endpoints has been applied (i.e. the same emphasis is placed on achieving a 50% reduction in seizure rate in one patient as for incurring a premature
withdrawal due to an intolerable adverse event in another). , gabapentin (GBP); , lacosamide (LCS); , lamotrigine (LMG); , levetiracetam (LEV); ,
oxcarbazepine (OXC); , pregabalin (PGB); , sodium valproate (VPA); , tiagabine (TGB); , topiramate (TPM); , vigabatrin (VGB); , zonisamide (ZNS)
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current strategies for developing, investigating and licens-
ing of AEDs thus require re-evaluation.

Conclusion

This systematic review and Bayesian network meta-
analysis highlights the paucity of long term prospective
randomized active comparator trials of AEDs currently
licensed for refractory epilepsy. In comparison with the five
previously published meta-analyses reporting on this
topic and building on the recommendations issued by
NICE, the use of indirect treatment comparisons indicated
that levetiracetam, vigabatrin, gabapentin, and sodium val-
proate demonstrated the best combination of short term
efficacy and tolerability, whereas oxcarbazepine, while
equally effective, was the least well tolerated in the short
term.As the use of carbamazepine is widely recommended
and accepted as being an effective first line option for
patients with partial onset focal seizures, despite there
being no trials investigating this agent within the present
analysis, clinical practice has dictated this agent to demon-
strate a good balance of efficacy and tolerability in both
the short and long term. With the exception of vigabatrin
which is associated with visual field defects in long term
use, in the absence of evidence definitively indicating the
clinical superiority or tolerability of one AED over another,
we suggest that other factors such as acquisition cost,
dosing regimen, licensing indications and contra-
indications be the differential in selecting among these
AEDs. The logical next step for future trials would be the
commissioning of multiple active comparisons, similar to
the SANAD study in primary generalized epilepsy and
partial epilepsy [101, 102]. Until regulators mandate
greater use of such trials, network meta-analyses incorpo-
rating mixed treatment models may provide useful infor-
mation on comparative efficacy and safety of treatments
for epilepsy and other common diseases.
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