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ABSTRACT - Objective. To compare intravenous valproate (IV-VPA) with
intravenous phenobarbitone (IV-PB) in the treatment of established gene-
ralised convulsive status epilepticus (GCSE). Efficacy and safety were
estimated using a common-reference based indirect comparison meta-
analysis (CRBMA) methodology. Methods. Randomised controlled trials
(RCTs) investigating the use of IV-VPA or IV-PB versus intravenous phenytoin
(IV-PHT) for GCSE were identified by a systematic search of the literature.
A random effects model was used to estimate Mantel-Haenszel odds ratios
(ORs) for efficacy and safety of IV-VPA or IV-PB versus IV-PHT in a standard
meta-analysis. Adjusted indirect comparisons were then made between VPA
and PB using the obtained results. Results. CRBMA showed that VPA does
not lead to significantly higher seizure cessation (OR 1.00; 95% ClI: 0.36-2.76)
compared to PB, although it exhibits fewer adverse effects (OR 0.17; 95% ClI:
0.04-0.71). Results of this CRBMA are consistent with results of arecently pub-
lished head-to-head comparison of IV-VPA and IV-PB. Conclusion. There is
insufficient evidence to demonstrate superiority of IV-VPA over IV-PB for the
treatment of GCSE in terms of efficacy. Some directand indirect comparisons
suggest that VPA has a better safety profile than PB. However, the limited
numbers of underpowered RCTs included in this meta-analysis are not suffi-
cient to justify a change in clinical practice. More rigorous and appropriately
powered RCTs are therefore required to definitively determine the efficacy
and tolerability of VPA for the treatment of GCSE.
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Generalised convulsive (tonic-clonic) status epilepti-
cus (GCSE) is the most common and life-threatening
form of status epilepticus (SE) (DeLorenzo et al., 1995)
with attributable mortality ranging from 3 to 35%
(Cascino, 1996). Therefore, it represents a medical and
neurological emergency both in adults (DelLorenzo
et al., 1995; Cascino, 1996) and children (Berg et al.,
1999; Berg et al., 2004), requiring rapid intervention
with antiepileptic treatment.

Several antiepileptic drugs (AEDs) are available as
alternative and competing interventions for the
treatment of GCSE. However, most information in the
literature regarding treatment of GCSE derives from
clinical trials comparing one AED with intravenous
phenytoin (IV-PHT) (Prasad et al., 2005). These studies
therefore provide only a partial fragment of the whole
picture. Knowing the efficacy and safety of an AED
relative to IV-PHT is useful, however, it would be ideal
to know how all the different options rank against
each other and how vital these differences are in effect
size between all the available drugs (Brigo, 2011).
Only one randomised controlled trial (RCT), con-
ducted in a paediatric population, directly compared
intravenous valproate (IV-VPA) with intravenous
phenobarbitone (IV-PB) (Malamiri et al., 2012). Until
further data from direct head-to-head clinical trials
comparing IV-VPA with IV-PB are available, other
methods may be used to make comparisons between
these AEDs in the treatment of GCSE.

Systematic reviews and meta-analyses of RCTs with
similar design are useful, although limited. Classical
meta-analyses of RCTs focus on direct, pairwise
comparisons between two treatments (e.g. treatment
A versus treatment B). However, direct head-to-head
comparisons are not available for all treatments, such
that definite data on treatment effect cannot be esti-
mated. However, it is possible to estimate the indirect
effectof treatmentA versus treatment B using evidence
from trials comparing treatment A with treatment C,
and trials comparing treatment B with treatment C
(Tudur Smith et al., 2007). The key assumption for this
indirect comparison is that of exchangeability of the
treatment effect across all included trials (ICWG, 2009).
The validity of indirect comparisons based on a com-
mon comparator (also known as “adjusted indirect
comparison” [Song et al., 2003] or “common reference-
based indirect comparison” [ICWG, 2009]) depends
upon the internal validity and similarity of the included
trials (Song et al., 2003). Therefore, meta-analyses
based on common reference-based indirect compa-
risons represent a useful tool where direct compa-
risons do not exist or are scarce.

We therefore decided to undertake a systematic
review with meta-analysis of IV-VPA compared with

IV-PB for the treatment of established GCSE in patients
across all age groups, indirectly estimating their effi-
cacy and safety through a common reference-based
indirect comparison meta-analysis. Hence, the aim of
this study was to provide further information on the
antiepileptic role of IV-VPA in the treatment of GCSE
and to ascertain whether an indirect comparison meta-
analysis is reliable and consistent with results of direct
head-to-head RCTs.

Methods

This review was guided by a written pre-specified pro-
tocol describing research questions, review methods,
and plan for data extraction and synthesis. The pro-
tocol is available online at: http://www.crd.york.ac.uk/
PROSPERO/display_record.asp?ID=CRD42012003104.

Criteria for considering studies for this review

Results of RCTs comparing IV-VPA or IV-PB against
IV-PHT for the treatment of GCSE were included in the
meta-analysis using the inclusion criteria outlined by
Prasad et al. (2005) and Brigo et al. (2012).

Briefly, we included RCTs, blinded or unblinded, and
excluded uncontrolled and non-randomised trials.
Patients from any age group who presented to a hospi-
tal or emergency medical department, and diagnosed
with GCSE at any stage, including refractory GCSE,
were included. SE was defined as “more than five
minutes of: (i) continuous seizures; or (ii) two or more
discrete seizures between which there is incomplete
recovery of consciousness” (Lowenstein et al., 1999).
The same definition was adopted for studies on GCSE
in children (Shinnar et al., 2001).

We planned to separately consider SE continuing after
the first-line treatment (benzodiazepine) from “refrac-
tory SE”, defined as a SE not responding both to
first-line and second-line (another AED, usually PHT)
treatment.

We considered all trials in which IV-VPA or IV-PB were
compared with IV-PHT and which were included in
previously published systematic reviews (Prasad et al.,
2005; Brigo et al., 2012). Trials were not excluded on
the basis of dose, duration of treatment, or length of
follow-up.

We updated the search results using the same
strategies outlined in previously published systematic
reviews (Prasad et al., 2005; Brigo et al., 2012), assess-
ing the methodological quality of RCTs, not previously
included with the methods adopted by Brigo et al.
(2012).

Epileptic Disord, Vol. 15, No. 3, September 2013

315


http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42012003104

F. Brigo, et al.

Search methods

A comprehensive review of the literature of com-
puterised databases, as well as searches to find
unpublished trials, was performed to minimise
publication bias.

The following electronic databases and data sources
were searched:

— MEDLINE (January 1966-October 2012), accessed by
PubMed;

- EMBASE;

— Cochrane Central Register of Controlled Trials
(CENTRAL) (accessed April-October  2012);
MeSH terms “valproic acid” and “status epilepticus”
were used as well as the following free terms in multi-
ple search strategies with Boolean operators (see
Appendix 1 in Brigo et al., 2012) to find relevant arti-
cles: “valproate”, “valproic acid”, “status epilepticus”,
“clinical trials”, and “randomized controlled trials”.
We also conducted a search using a high-sensitivity
strategy for the search of RCTs (Robinson and
Dickersin, 2002);

— Hand-searching of the references quotedin theiden-
tified trials;

— Contact with the pharmaceutical company Sanofi
Aventis (Depakin) to identify unpublished trials or data
missing from articles;

- Contact with authors and known experts to identify
any additional or unpublished data.

All resulting titles and abstracts were evaluated and
any relevant article was considered. There were no
language restrictions.

Methodological quality assessment

Trials were scrutinised and the methodological quality
of all included studies was evaluated. Quality assess-
ment included the following aspects of methodology:
study design, definition and clinical relevance of
outcomes, type of control, method of allocation
concealment, total study duration, completeness of
follow-up, intention to-treat analysis, data concerning
adverse effects, risk of bias, and conflict of interests.
The randomised trials were judged on the reported
method of allocation concealment and the risk of bias
as outlined in the Cochrane Handbook for Systematic
Reviews of Interventions Version 5.1.0 (updated
March 2011) (Higgins and Green, 2011).

Types of outcome measures

We chose dichotomous primary outcomes in order
to obtain “hard” outcome measures of both treat-
ment efficacy and safety. Odds ratios (ORs) for binary
outcomes were chosen because they are associated

with less heterogeneity in meta-analysis than risk
differences or relative risks (Deeks, 2002).

The following outcomes (reported in studies meet-
ing the inclusion criteria) relevant to the efficacy and
safety of the intervention drug (IV-VPA or IV-PB versus
IV-PHT) were collected:

— efficacy: the number of patients with clinical seizure
cessation within 30 minutes after the start of drug
administration;

- tolerability and safety: the number of patients
experiencing adverse effects of any type.

We also planned to consider mortality among out-
comes, provided that a stratified randomisation for
SE aetiology was made (hence ensuring that this
extremely relevant clinical aspect was equally dis-
tributed in the control and experimental groups), or
that enough information on aetiology was reported
in the studies, thus permitting a subgroup analysis in
order to relate mortality to SE aetiology.

Statistical analysis

We used statistical methods in accordance with the
Cochrane Handbook for Systematic Reviews of Inter-
ventions Version 5.1.0 (updated March 2011) (Higgins
and Green, 2011) to measure treatment effect.

For each outcome, an intention-to-treat primary analy-
siswas made in ordertoinclude all patients in the treat-
ment group to which they were allocated, irrespective
of the treatment they actually received.

Analyses were conducted using Revman 5 (conven-
tional meta-analysis for each AED), Excel and R 2.15.1
(common reference-based indirect comparison meta-
analysis).

Conventional meta-analysis per AED

A conventional meta-analysis of comparisons between
each AED (VPA or PB) and IV-PHT was undertaken.
Results from individual trials for each AED (IV-VPA and
IV-PB, each compared against IV-PHT) were pooled by
using random effects, inverse variance, and weighted
meta-analysis (DerSimonian and Laird, 1986).

Each outcome was analysed by calculating ORs for
each trial with uncertainty expressed as 95% Cls. For
each outcome, a weighted treatment effect across
trials was calculated. The Mantel-Haenszel method
was used to estimate the OR statistic and to combine
ORs (Emerson, 1994).

Random effects model

Pairwise meta-analyses were performed by synthe-
sizing studies that compare the same interventions
using arandom effects model (DerSimonian and Laird,
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1986) to incorporate the assumption that the different
studies are estimating different, yet related, treatment
effects (Higgins and Green, 2011). Adjusted indirect
comparison using the fixed effect model tend to
underestimate standard errors of pooled estimates
(Glenny et al., 2005; ICWG, 2009). Thus, we used
the random effects model for the quantitative pool-
ing in both direct and adjusted indirect comparisons
(DerSimonian and Laird, 1986).

Assessment of heterogeneity

Visual inspection of the forest plots was used to
investigate the possibility of statistical heterogeneity.
Homogeneity among trial results was evaluated using
a standard x? test and the hypothesis of homogeneity
was rejected if the p value was less than 0.10.
Assessment of statistical heterogeneity was sup-
plemented using the I-squared (I1?) statistic which
provides an estimate of the percentage of variabi-
lity due to heterogeneity rather than a sampling error
(Higgins et al., 2003).

The interpretation of 1> with regards to heterogeneity
was performed according to Higgins and Green (2011).
The possible sources of heterogeneity were assessed
and discussed.

Suitability of indirect comparisons

The suitability of indirect comparisons was investi-
gated by considering whether studies were suitably
similar and by adopting the framework for assess-
ing exchangeability assumption proposed by ICWG
(ICWG, 2009).

Common reference-based indirect comparisons
by combining meta-analyses of AEDs

Comparison method

We conducted a common reference-based indirect
comparison meta-analysis, which is a method of syn-
thesizing information from trials addressing the same
question but involving different interventions. For a
given comparison, for example A versus B, direct evi-
dence is provided by studies that compare these two
treatments directly. In other terms, for the direct com-
parisons, comparison of the result of group A with
the result of group B within a RCT give an estimate of
the efficacy of intervention A versus B. However, indi-
rect evidence is provided when studies that compare
A versus C and B versus C are analysed jointly.
Because none of the included trials directly compared
IV-VPA with IV-PB, an adjusted method of indirect
comparison between IV-VPA and IV-PB was performed
using the results of two meta-analyses (e.g. IV-VPA
versus IV-PHT and IV-PB versus IV-PHT).

Valproate and phenobarbitone for GCSE

Statistical analysis

To perform common reference-based indirect com-
parisons, we used the method suggested by Bucher
et al. (1997) which was adopted in previous reviews
(Otoul et al., 2005): the indirect comparison of IV-VPA
and IV-PB was adjusted by the results of their direct
comparisons with IV-PHT (common intervention).
This adjusted method aims to overcome the poten-
tial problem of different prognostic characteristics
between study participants among trials, and it is valid
if the relative efficacy of interventions is consistent
across different trials. In order for this indirect com-
parison to be valid, the overall characteristics of the
trials included in the meta-analyses should not differ
systematically.

The comparison between each AED and other AEDs
was performed using the ORs derived from the con-
ventional meta-analyses.

Comparison of each binary outcome measure was
performed using the log of OR and its variance derived
from the meta-analyses (Bucher et al., 1997). The logs
of the OR of each meta-analysis are asymptotically
normally distributed and statistically independent.
The estimate of the treatment effect (i.e. IV-VPA versus
IV-PB) was therefore calculated by the difference (diff)
between the logs of the 2 ORs:

Diff = In ORVPA —In ORPB :

The 95% confidence interval of this estimated effect
was derived from the standard error of the difference:

((In ORvpa — In ORpg) + (1.96xSE (diff)))

where SE (diff) = (variance (In OR ypa) + variance (In
OR pg))"2. Back transformation was then performed
to give the OR and its 95% Cls for the indirect
comparisons.

By convention, ORs >1 indicate that the outcome is
more likely in the group receiving IV-VPA than in the
group receiving IV-PHT. The same was applied for
IV-PB. For the indirect comparisons, an OR >1 indi-
cates that the outcome is more likely associated with
IV-VPA than with IV-PB. A p value of 0.05 was considered
to be statistically significant.

Data obtained from indirect comparison meta-analysis
were compared with the results of the RCT conducted
by Malamiri et al. (2012) in order to evaluate the con-
sistency of the results between the direct and indirect
comparisons.

Results

An updated search conducted using the same strate-
gies outlined in Prasad et al. (2005) and Brigo et al.
(2012) yielded no new trials other than those already
included in previously published systematic reviews.
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Hence, three studies (two comparing IV-VPA with
IV-PHT, and one reporting data on IV-PB compared
against IV-PHT), with a total of 287 patients were
included (table 7) (Treiman et al., 1998; Misra et al., 2006;
Gilad et al., 2008).

Despite our intention, it was impossible to carry out
separate analyses for different stages of SE, given
the variable definitions used in different studies
(table 2) and the lack of data. A further analysis of
other relevant aspects of clinical and methodological
variation among studies (age of participants, use
of VPA as first or second-line AED, time to treat-
ment, time of administration in terms of length of
IV infusion, and dosage and maintenance of AED)
was also not feasible given the lack of sufficient data.
Moreover, none of the included studies performed
a stratified randomisation for SE aetiology (ensuring
an adequate and equal distribution of this feature
among control and experimental groups) in order to
perform a subgroup analysis to relate mortality to SE
aetiology.

In the study of Misra et al. (2006), some patients
received both drugs (VPA and PHT) for control of
SE. However, individual data for patients receiving
only one drug (10 patients seizure-free/23 on VPA
monotherapy; 8/14 on PHT monotherapy) were
reported, thus data from this trial is included in the
meta-analysis. This is the reason why the number of
patients included in the different outcomes analysed
in the meta-analysis is different.

Risk of bias in included studies

All studies were described as RCTs. Given the
inadequate random sequence generation and/or
inadequate allocation concealment methods, all
studies had a high or unclear risk of selection bias.
In the study of Misra et al. (2006), randomisation was
performed by one and evaluation was performed by
another investigator, both of whom were unaware of
the treatment protocol. One study (Treiman et al., 1998)

Valproate and phenobarbitone for GCSE

was described as blinded double-blinded, whereas in
the other study (Gilad et al., 2008), blinding was not
explicitly reported and it was not specified whether
similar comparison drugs were used. However, the
“hard” outcomes choseninall studies are probably not
influenced by lack of blinding. As a consequence, all
studies have a low risk of performance and detection
bias.

Furthermore, only one study (Treiman et al., 1998)
specified that efficacy outcome was defined as seizure
cessation occurring at a specified time after the start
of drug administration, whereas the other two studies
(Misra et al., 2006; Gilad et al., 2008) did not specify
whether efficacy was evaluated at a specified time after
the start or at the end of treatment administration.

Conventional meta-analysis per AED

IV-VPA versus IV-PHT: clinical seizure cessation

after drug administration

There were two studies with 95 participants. No
significant statistical heterogeneity among trials was
detected. There was no statistically significant diffe-
rence in clinical seizure cessation after drug admin-
istration between the VPA and the PHT group (36/53
versus 21/42 participants; OR: 1.81; 95% ClI: 0.60-5.52)
(figure 7).

IV-VPA versus IV-PHT: adverse effects

There were two studies with 64 participants. No
significant statistical heterogeneity among trials was
detected. Compared with PHT, VPA was associated
with a statistically lower risk of adverse effects (4/41
versus 8/23 participants; OR: 0.22; 95% CI: 0.06-0.87)
(figure 2).

In the study of Misra et al. (2006), hypotension occurred
in 2/33 patients treated with IV-PHT, respiratory depres-
sion in 2/33 patients treated with IV-PHT, and 1/35
patients under IV-VPA treatment. Liver dysfunction
occurred in 2/33 patients in the PHT group, compared

Table 2. Definitions of status epilepticus used in included studies.

Study Definition

Misra et al., 2006
Convulsive SE

2 or more convulsive seizures without full recovery of consciousness between the seizures
or continuous convulsive seizures lasting >10 min

Gilad et al., 2008
between seizures

Continued seizure activity >30 min or 2 or more sequential seizures without full recovery

Treiman et al., 1998

Overt generalised convulsive status epilepticus: >2generalised convulsions, without full
recovery of consciousness between seizures, or continuous convulsive activity for >10 min
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VPA PHT Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% Cl
Misra et al., 2006 23 35 14 33 31.3% 2.60 [0.97, 6.94] 2006 —l—
Gilad et al., 2008 13 18 7 9 28.7% 0.74 [0.11, 4.87] 2008 —
Total (95% CI) 53 42 100.0% 1.81 [0.60, 5.52] ‘
Total events 36 21
Heterogeneity: Tau? = 0.20; Chi? = 1.34, df = 1 (P = 0.25); I> = 26% = = = !
Test for overall effect: Z = 1.05 (P = 0.29) 0.01 0.1 1 10 100
More in PHT More in VPA

Figure 1. Intravenous valproic acid (VPA) versus intravenous phenytoin (PHT). Clinical seizure cessation after drug administration.
Data from the study of Gilad et al. (2008) were kindly provided by the principal investigator of the study.

VPA PHT Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% ClI Year M-H, Random, 95% Cl
Misra et al., 2006 4 23 6 14 813%  028[0.06,1.27] 2006 — —F
Gilad et al., 2008 0 18 2 9 18.7% 0.08 [0.00, 1.90] 2008 «
Total (95% Cl) 41 23 100.0% 0.22 [0.06, 0.87] ‘
Total events 4 8
Heterogeneity: Tau? = 0.00; Chi? = 0.49, df = 1 (P = 0.48); I> = 0% f f f {
Test for overall effect: Z =2.16 (P = 0.03) 0.01 0.1 1 10 100
More in PHT More in VPA

Figure 2. Intravenous valproic acid (VPA) versus intravenous phenytoin (PHT). Adverse effects.
Data from the study of Gilad et al. (2008) were kindly provided by the principal investigator of the study.

with 3/35 in the VPA. In the study of Gilad et al. (2008),
no adverse effects occurred in the VPA group, whereas
in the PHT group, 1/9 patients had cardiac arrhythmia
and 1/9 hyponatraemia.

IV-PB versus IV-PHT: clinical seizure cessation

after drug administration

One study (Treiman et al., 1998) with 192 participants
was included. Statistical heterogeneity could not be
evaluated. Compared to PHT, PB was not associated
with a statistically significant difference in seizure
cessation after drug administration (53/91 versus
44/101 participants; OR: 1.81; 95% ClI: 1.02-3.20).

IV-PB versus IV-PHT: adverse effects

One study (Treiman et al., 1998) with 192 participants
was included. Statistical heterogeneity could not be
evaluated. Compared to PHT, PB was not associated
with a statistically significant difference in occurrence
of adverse effects (46/91 versus 44/101 participants; OR:
1.32; 95% Cl: 0.75-2.34). Among 91 patients treated with
IV-PB, 12 experienced hypoventilation, 31 hypoten-
sion, and three cardiac arrhythmia; among 101 patients
receiving IV-PHT, 10 experienced hypoventilation, 27
hypotension, and 7 cardiac arrhythmia.

Common reference-based indirect comparisons
by combining meta-analyses of AEDs

IV-VPA versus IV-PB: clinical seizure cessation

after drug administration

Compared to PB, VPA was not associated with a statis-
tically significant difference in seizure cessation after
drug administration (OR: 1.00; 95% Cl: 0.36-2.76).

IV-VPA versus IV-PB: adverse effects

Compared to PB, VPA was not associated with a statis-
tically lower occurrence of adverse effects (OR: 0.17;
95% Cl: 0.04-0.71).

Discussion

The results of the present meta-analysis suggest that
IV-VPA is better tolerated and is as efficacious as IV-PB
for the treatment of established GCSE.

The present meta-analysis was performed to estimate
the efficacy and safety of IV-VPA relative to IV-PB using
data from previously published systematic reviews.
No new trials other than those already included in
previously published systematic reviews were added
in this meta-analysis.
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Limitations of the review

The results of this meta-analysis should be read with
caution and the following critical aspects should be
considered regarding the overall pooled data.

The main limitation of this review is the small popu-
lation of patients included in both comparisons. This
aspect should be particularly taken into account, as
small sample size may lead to a false negative error
(statistical type Il error, i.e. accepting a null hypothesis
that is actually false) (Guyatt et al, 1995). Conse-
quently, failure to prove that there is a difference in
terms of efficacy between IV-VPA and IV-PB does not
necessarily prove that there is no difference, as the
included studies may have been underpowered to
detect such a difference.

Whether the comparability of the included studies is
enough to inform clinical practice remains a matter
of debate. A recent study showed that even small
differences in the timing of treatment can signifi-
cantly change outcomes (Silbergleit et al., 2012), as
shown previously (Alldredge et al., 2001). In all studies
included in the presentreview, itwas not reported how
much time it took to deliver the drugs; a major determi-
nant of the outcome is therefore unknown and could
have represented a relevant source of clinical hetero-
geneity among trials, reducing the appropriateness of
performing indirect-comparison meta-analysis.
Compared to studies comparing VPA with PHT, the rate
of adverse events with PHT was higher in the study of
Treiman et al. (1998), where hypotension and hypoven-
tilation were observed in both PB and PHT groups in
about 30% and 10% patients, respectively. Considering
that the PHT doses were the same, the difference in
PHT tolerability is probably due to clinical hetero-
geneity among patients included in the different
studies. No detailed clinical information on age, gen-
der or aetiology of epilepsy of patients experiencing
adverse events was explicitly reported in the studies.
However, it is possible that such a discrepancy in
occurrence of adverse effects under PHT is due to
differences in sample size and aetiology of epilepsy
across different studies. Furthermore, unlike the
study of Treiman (which was conducted in an adult
population), 10% patients treated with PHT in studies
comparing VPA with PHT were aged less than 15 years
(4/42 patients), hence probably less prone to develop
adverse effects.

In this review, the comparisons between IV-VPA and
IV-PB were made indirectly using data generated from
individual comparisons versus IV-PHT. A more appro-
priate approach would have been to conduct clinical
trials involving the two AEDs, thus, allowing a direct
comparison between them.

In both comparisons (VPA versus PHT and PB versus
PHT), all included studies used VPA or PB as the first
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agentgiven. However, the choice of PHT as comparator
was probably inadequate as it has been demonstrated
to be inferior to lorazepam (Treiman et al., 1998; Prasad
et al., 2005). Moreover, all included studies compared
IV-VPA or IV-PB with IV-PHT used at approximately
the same dosage, hence, using the same comparator
(both in terms of drug and of dosage). The similarity
of the common comparator is a prerequisite for per-
forming adequate indirect comparisons as it allows
for exchangeability of the treatment effect across all
included trials. In fact, the validity of the adjusted indi-
rect comparison depends on the assumption that the
two sets of controlled trials are sufficiently similar for
moderators of relative treatment effect (Song et al.,
2009).

Conversely, all included studies did not provide
enough details regarding the stages of GCSE
which were considered, thus this relevant source
of clinical heterogeneity could not be assessed in
detail.

However, we adopted a pragmatic approach, since
meta-analyses by their nature address broader ques-
tions than individual studies, without necessarily
producing debatable results as a consequence of
too much heterogeneity. RCTs included in this meta-
analysis inevitably differ in their characteristics, but the
choice of a rather broad definition of SE (Lowenstein
et al., 1999) represents a sort of “least common
denominator”, and thus does not undermine the
appropriateness of pooling the data. The validity of
the results derived from a meta-analysis which sup-
ports the efficacy and tolerability of AEDs may depend
on the definition of SE. Meta-analyses that cover both
initial and refractory SE may be more informative than
those that exclude refractory SE. However, the transfer-
ability of research results into a homogeneous clinical
set is another topic that should be addressed (Brigo
etal., 2012)

Despite the possible sources of clinical and methodo-
logical heterogeneity among included studies, we
considered it appropriate to summarise data in a
meta-analysis, and also on the basis of what was pre-
viously documented by other authors in a Cochrane
systematic review on SE (Prasad et al., 2005). The review
analysed studies which demonstrated heterogeneity
with regards to SE definition, type (convulsive and
non-convulsive) and aetiology, AED dosage, demo-
graphic characteristics of participants, and time of AED
administration and their dosage. Despite this primary
intention, a further analysis of most relevant aspects of
clinical and methodological variation among studies
(SE definitions, age of participants, use of VPA or PB
as first or second-line AED, time to treatment, time of
administration in terms of length of IV infusion, and
dosage and maintenance of AED) was not feasible due
to a lack of information.
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The above limitations indicate that an indirect com-
parison based on meta-analysis may not be a reliable
substitute for comparative clinical trials, in which two
or more AEDs are compared head-to-head, or for long-
term clinical experience. Nevertheless, in the absence
of such studies, the adjusted indirect method may pro-
vide some evidence of the relative efficacy and safety
of competing AEDs.

In terms of efficacy and tolerability, the results of this
indirect comparison meta-analysis are consistent with
those of a recently published RCT directly comparing
IV-VPA with IV-PB in children (Malamiri et al., 2012).
In this RCT, no statistically significant differences were
found with regards to efficacy between the two drugs
(OR: 2.74; 95% Cl: 0.63-11.82), whereas a statistically
significant greater occurrence of adverse effects was
found in patients allocated to IV-PB (OR: 0.11; 95% ClI:
0.03-0.36).

Conclusions

Currently, there is no evidence (from either direct
or indirect comparisons) supporting superiority of
IV-VPA over IV-PB for the treatment of GCSE in terms
of efficacy. Some data derived from both direct and
indirect comparisons suggest that IV-VPA has a better
safety profile than IV-PB. However, the limited num-
bers and the poor quality of RCTs (with small numbers
of patients) included in this systematic review are not
sufficient to justify a change in clinical practice.
Further comparative clinical trials are therefore
required to verify the results obtained by meta-
analyses and adjusted indirect comparisons, and
provide physicians with pertinent information serving
as the rationale for clinical decisions regarding treat-
ment of GCSE.

More rigorous RCTs of VPA versus an appropriate com-
parator, conducted in a well-defined population with
a sufficient sample size to detect a difference between
the comparator, are required in order to provide reli-
able data regarding the efficacy and tolerability of VPA
in the treatment of GCSE.
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