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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% CI: 0.36-2.76)
compared to PB, although it exhibits fewer adverse effects (OR 0.17; 95% CI:
0.04-0.71). Results of this CRBMA are consistent with results of a recently 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 direct and indirect comparisons
suggest that VPA has a better safety profile than PB. However, the limited
numbers of underpow
cient to justify a chan
powered RCTs are th
and tolerability of VP
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ered RCTs included in this meta-analysis are not suffi-
ge in clinical practice. More rigorous and appropriately
erefore required to definitively determine the efficacy
A for the treatment of GCSE.

rial, randomized controlled, systematic review, meta-
one, status epilepticus, valproic acid
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eneralised convulsive (tonic-clonic) status epilepti-
us (GCSE) is the most common and life-threatening
orm of status epilepticus (SE) (DeLorenzo et al., 1995)
ith attributable mortality ranging from 3 to 35%

Cascino, 1996). Therefore, it represents a medical and
eurological emergency both in adults (DeLorenzo
t al., 1995; Cascino, 1996) and children (Berg et al.,
999; Berg et al., 2004), requiring rapid intervention
ith antiepileptic treatment.
everal antiepileptic drugs (AEDs) are available as
lternative and competing interventions for the
reatment of GCSE. However, most information in the
iterature regarding treatment of GCSE derives from
linical trials comparing one AED with intravenous
henytoin (IV-PHT) (Prasad et al., 2005). These studies

herefore provide only a partial fragment of the whole
icture. Knowing the efficacy and safety of an AED
elative to IV-PHT is useful, however, it would be ideal
o know how all the different options rank against
ach other and how vital these differences are in effect
ize between all the available drugs (Brigo, 2011).
nly one randomised controlled trial (RCT), con-

ucted in a paediatric population, directly compared
ntravenous valproate (IV-VPA) with intravenous
henobarbitone (IV-PB) (Malamiri et al., 2012). Until

urther data from direct head-to-head clinical trials
omparing IV-VPA with IV-PB are available, other
ethods may be used to make comparisons between

hese AEDs in the treatment of GCSE.
ystematic reviews and meta-analyses of RCTs with
imilar design are useful, although limited. Classical
eta-analyses of RCTs focus on direct, pairwise

omparisons between two treatments (e.g. treatment
versus treatment B). However, direct head-to-head

omparisons are not available for all treatments, such
hat definite data on treatment effect cannot be esti-

ated. However, it is possible to estimate the indirect
ffect of treatment A versus treatment B using evidence
rom trials comparing treatment A with treatment C,
nd trials comparing treatment B with treatment C
Tudur Smith et al., 2007). The key assumption for this
ndirect comparison is that of exchangeability of the
reatment effect across all included trials (ICWG, 2009).
he validity of indirect comparisons based on a com-
on comparator (also known as “adjusted indirect

omparison” [Song et al., 2003] or “common reference-
ased indirect comparison” [ICWG, 2009]) depends
pileptic Disord, Vol. 15, No. 3, September 2013

pon the internal validity and similarity of the included
rials (Song et al., 2003). Therefore, meta-analyses
ased on common reference-based indirect compa-
isons represent a useful tool where direct compa-
isons do not exist or are scarce.

e therefore decided to undertake a systematic
eview with meta-analysis of IV-VPA compared with

f
W
s
r
i
i
(

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

ethods

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

riteria for considering studies for this review

esults of RCTs comparing IV-VPA or IV-PB against
V-PHT for the treatment of GCSE were included in the

eta-analysis using the inclusion criteria outlined by
rasad et al. (2005) and Brigo et al. (2012).
riefly, we included RCTs, blinded or unblinded, and
xcluded uncontrolled and non-randomised trials.
atients from any age group who presented to a hospi-
al or emergency medical department, and diagnosed
ith GCSE at any stage, including refractory GCSE,
ere included. SE was defined as “more than five
inutes of: (i) continuous seizures; or (ii) two or more

iscrete seizures between which there is incomplete
ecovery of consciousness” (Lowenstein et al., 1999).
he same definition was adopted for studies on GCSE

n children (Shinnar et al., 2001).
e planned to separately consider SE continuing after

he first-line treatment (benzodiazepine) from “refrac-
ory SE”, defined as a SE not responding both to
rst-line and second-line (another AED, usually PHT)

reatment.
e considered all trials in which IV-VPA or IV-PB were

ompared with IV-PHT and which were included in
reviously published systematic reviews (Prasad et al.,
005; Brigo et al., 2012). Trials were not excluded on
he basis of dose, duration of treatment, or length of
315

ollow-up.
e updated the search results using the same

trategies outlined in previously published systematic
eviews (Prasad et al., 2005; Brigo et al., 2012), assess-
ng the methodological quality of RCTs, not previously
ncluded with the methods adopted by Brigo et al.
2012).

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

comprehensive review of the literature of com-
uterised databases, as well as searches to find
npublished trials, was performed to minimise
ublication bias.
he following electronic databases and data sources
ere searched:
MEDLINE (January 1966–October 2012), accessed by

ubMed;
EMBASE;
Cochrane Central Register of Controlled Trials

CENTRAL) (accessed April–October 2012);
eSH terms “valproic acid” and “status epilepticus”
ere used as well as the following free terms in multi-
le search strategies with Boolean operators (see
ppendix 1 in Brigo et al., 2012) to find relevant arti-
les: “valproate”, “valproic acid”, “status epilepticus”,
clinical trials”, and “randomized controlled trials”.
e also conducted a search using a high-sensitivity

trategy for the search of RCTs (Robinson and
ickersin, 2002);
Hand-searching of the references quoted in the iden-

ified trials;
Contact with the pharmaceutical company Sanofi

ventis (Depakin) to identify unpublished trials or data
issing from articles;
Contact with authors and known experts to identify

ny additional or unpublished data.
ll resulting titles and abstracts were evaluated and
ny relevant article was considered. There were no
anguage restrictions.

ethodological quality assessment

rials were scrutinised and the methodological quality
f all included studies was evaluated. Quality assess-
ent included the following aspects of methodology:

tudy design, definition and clinical relevance of
utcomes, type of control, method of allocation
oncealment, total study duration, completeness of
ollow-up, intention to-treat analysis, data concerning
dverse effects, risk of bias, and conflict of interests.
he randomised trials were judged on the reported
ethod of allocation concealment and the risk of bias

s outlined in the Cochrane Handbook for Systematic
eviews of Interventions Version 5.1.0 (updated
arch 2011) (Higgins and Green, 2011).
16

ypes of outcome measures

e chose dichotomous primary outcomes in order
o obtain “hard” outcome measures of both treat-

ent efficacy and safety. Odds ratios (ORs) for binary
utcomes were chosen because they are associated

O

R

P
s
u

ith less heterogeneity in meta-analysis than risk
ifferences or relative risks (Deeks, 2002).
he following outcomes (reported in studies meet-

ng the inclusion criteria) relevant to the efficacy and
afety of the intervention drug (IV-VPA or IV-PB versus
V-PHT) were collected:

efficacy: the number of patients with clinical seizure
essation within 30 minutes after the start of drug
dministration;

tolerability and safety: the number of patients
xperiencing adverse effects of any type.
e also planned to consider mortality among out-

omes, provided that a stratified randomisation for
E aetiology was made (hence ensuring that this
xtremely relevant clinical aspect was equally dis-
ributed in the control and experimental groups), or
hat enough information on aetiology was reported
n the studies, thus permitting a subgroup analysis in
rder to relate mortality to SE aetiology.

tatistical analysis

e used statistical methods in accordance with the
ochrane Handbook for Systematic Reviews of Inter-
entions Version 5.1.0 (updated March 2011) (Higgins
nd Green, 2011) to measure treatment effect.
or each outcome, an intention-to-treat primary analy-
is was made in order to include all patients in the treat-
ent group to which they were allocated, irrespective

f the treatment they actually received.
nalyses were conducted using Revman 5 (conven-

ional meta-analysis for each AED), Excel and R 2.15.1
common reference-based indirect comparison meta-
nalysis).

onventional meta-analysis per AED

conventional meta-analysis of comparisons between
ach AED (VPA or PB) and IV-PHT was undertaken.
esults from individual trials for each AED (IV-VPA and

V-PB, each compared against IV-PHT) were pooled by
sing random effects, inverse variance, and weighted
eta-analysis (DerSimonian and Laird, 1986).

ach outcome was analysed by calculating ORs for
ach trial with uncertainty expressed as 95% CIs. For
ach outcome, a weighted treatment effect across
rials was calculated. The Mantel-Haenszel method
as used to estimate the OR statistic and to combine
Epileptic Disord, Vol. 15, No. 3, September 2013

Rs (Emerson, 1994).

andom effects model

airwise meta-analyses were performed by synthe-
izing studies that compare the same interventions
sing a random effects model (DerSimonian and Laird,
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986) to incorporate the assumption that the different
tudies are estimating different, yet related, treatment
ffects (Higgins and Green, 2011). Adjusted indirect
omparison using the fixed effect model tend to
nderestimate standard errors of pooled estimates

Glenny et al., 2005; ICWG, 2009). Thus, we used
he random effects model for the quantitative pool-
ng in both direct and adjusted indirect comparisons
DerSimonian and Laird, 1986).

ssessment of heterogeneity

isual inspection of the forest plots was used to
nvestigate the possibility of statistical heterogeneity.
omogeneity among trial results was evaluated using
standard �2 test and the hypothesis of homogeneity
as rejected if the p value was less than 0.10.
ssessment of statistical heterogeneity was sup-
lemented using the I-squared (I2) statistic which
rovides an estimate of the percentage of variabi-

ity due to heterogeneity rather than a sampling error
Higgins et al., 2003).
he interpretation of I2 with regards to heterogeneity
as performed according to Higgins and Green (2011).
he possible sources of heterogeneity were assessed
nd discussed.

uitability of indirect comparisons

he suitability of indirect comparisons was investi-
ated by considering whether studies were suitably
imilar and by adopting the framework for assess-
ng exchangeability assumption proposed by ICWG
ICWG, 2009).

ommon reference-based indirect comparisons
y combining meta-analyses of AEDs

omparison method
e conducted a common reference-based indirect

omparison meta-analysis, which is a method of syn-
hesizing information from trials addressing the same
uestion but involving different interventions. For a
iven comparison, for example A versus B, direct evi-
ence is provided by studies that compare these two

reatments directly. In other terms, for the direct com-
arisons, comparison of the result of group A with

he result of group B within a RCT give an estimate of
he efficacy of intervention A versus B. However, indi-
pileptic Disord, Vol. 15, No. 3, September 2013

ect evidence is provided when studies that compare
versus C and B versus C are analysed jointly.

ecause none of the included trials directly compared
V-VPA with IV-PB, an adjusted method of indirect
omparison between IV-VPA and IV-PB was performed
sing the results of two meta-analyses (e.g. IV-VPA
ersus IV-PHT and IV-PB versus IV-PHT).

R

A
g
(
i

Valproate and phenobarbitone for GCSE

tatistical analysis
o perform common reference-based indirect com-
arisons, we used the method suggested by Bucher
t al. (1997) which was adopted in previous reviews
Otoul et al., 2005): the indirect comparison of IV-VPA
nd IV-PB was adjusted by the results of their direct
omparisons with IV-PHT (common intervention).
his adjusted method aims to overcome the poten-
ial problem of different prognostic characteristics
etween study participants among trials, and it is valid

f the relative efficacy of interventions is consistent
cross different trials. In order for this indirect com-
arison to be valid, the overall characteristics of the

rials included in the meta-analyses should not differ
ystematically.
he comparison between each AED and other AEDs
as performed using the ORs derived from the con-

entional meta-analyses.
omparison of each binary outcome measure was
erformed using the log of OR and its variance derived

rom the meta-analyses (Bucher et al., 1997). The logs
f the OR of each meta-analysis are asymptotically
ormally distributed and statistically independent.
he estimate of the treatment effect (i.e. IV-VPA versus
V-PB) was therefore calculated by the difference (diff)
etween the logs of the 2 ORs:

Diff = ln ORVPA − ln ORPB :

he 95% confidence interval of this estimated effect
as derived from the standard error of the difference:

((
ln ORVPA − ln ORPB

) ± (
1.96×SE

(
diff

)))

here SE (diff) = (variance (ln OR VPA) + variance (ln
R PB))1/2. Back transformation was then performed

o give the OR and its 95% CIs for the indirect
omparisons.
y convention, ORs >1 indicate that the outcome is
ore likely in the group receiving IV-VPA than in the

roup receiving IV-PHT. The same was applied for
V-PB. For the indirect comparisons, an OR >1 indi-
ates that the outcome is more likely associated with
V-VPA than with IV-PB. A p value of 0.05 was considered
o be statistically significant.
ata obtained from indirect comparison meta-analysis
ere compared with the results of the RCT conducted
y Malamiri et al. (2012) in order to evaluate the con-
istency of the results between the direct and indirect
omparisons.
317

esults

n updated search conducted using the same strate-
ies outlined in Prasad et al. (2005) and Brigo et al.
2012) yielded no new trials other than those already
ncluded in previously published systematic reviews.
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ence, three studies (two comparing IV-VPA with
V-PHT, and one reporting data on IV-PB compared
gainst IV-PHT), with a total of 287 patients were
ncluded (table 1) (Treiman et al., 1998; Misra et al., 2006;

ilad et al., 2008).
espite our intention, it was impossible to carry out

eparate analyses for different stages of SE, given
he variable definitions used in different studies
table 2) and the lack of data. A further analysis of
ther relevant aspects of clinical and methodological
ariation among studies (age of participants, use
f VPA as first or second-line AED, time to treat-
ent, time of administration in terms of length of

V infusion, and dosage and maintenance of AED)
as also not feasible given the lack of sufficient data.
oreover, none of the included studies performed
stratified randomisation for SE aetiology (ensuring

n adequate and equal distribution of this feature
mong control and experimental groups) in order to
erform a subgroup analysis to relate mortality to SE
etiology.
n the study of Misra et al. (2006), some patients
eceived both drugs (VPA and PHT) for control of
E. However, individual data for patients receiving
nly one drug (10 patients seizure-free/23 on VPA
onotherapy; 8/14 on PHT monotherapy) were

eported, thus data from this trial is included in the
eta-analysis. This is the reason why the number of

atients included in the different outcomes analysed
n the meta-analysis is different.

isk of bias in included studies

ll studies were described as RCTs. Given the
pileptic Disord, Vol. 15, No. 3, September 2013

nadequate random sequence generation and/or
nadequate allocation concealment methods, all
tudies had a high or unclear risk of selection bias.
n the study of Misra et al. (2006), randomisation was
erformed by one and evaluation was performed by
nother investigator, both of whom were unaware of
he treatment protocol. One study (Treiman et al., 1998)

v
(
I
i
s
p
o

Table 2. Definitions of status epilep

Study Definition

Misra et al., 2006
Convulsive SE

2 or more convulsive seizures witho
or continuous convulsive seizures la

Gilad et al., 2008 Continued seizure activity >30 min o
between seizures

Treiman et al., 1998 Overt generalised convulsive status
recovery of consciousness between
Valproate and phenobarbitone for GCSE

as described as blinded double-blinded, whereas in
he other study (Gilad et al., 2008), blinding was not
xplicitly reported and it was not specified whether
imilar comparison drugs were used. However, the
hard” outcomes chosen in all studies are probably not
nfluenced by lack of blinding. As a consequence, all
tudies have a low risk of performance and detection
ias.
urthermore, only one study (Treiman et al., 1998)
pecified that efficacy outcome was defined as seizure
essation occurring at a specified time after the start
f drug administration, whereas the other two studies

Misra et al., 2006; Gilad et al., 2008) did not specify
hether efficacy was evaluated at a specified time after

he start or at the end of treatment administration.

onventional meta-analysis per AED

V-VPA versus IV-PHT: clinical seizure cessation
fter drug administration
here were two studies with 95 participants. No
ignificant statistical heterogeneity among trials was
etected. There was no statistically significant diffe-
ence in clinical seizure cessation after drug admin-
stration between the VPA and the PHT group (36/53
ersus 21/42 participants; OR: 1.81; 95% CI: 0.60-5.52)
figure 1).

V-VPA versus IV-PHT: adverse effects
here were two studies with 64 participants. No
ignificant statistical heterogeneity among trials was
etected. Compared with PHT, VPA was associated
ith a statistically lower risk of adverse effects (4/41
319

ersus 8/23 participants; OR: 0.22; 95% CI: 0.06-0.87)
figure 2).
n the study of Misra et al. (2006), hypotension occurred
n 2/33 patients treated with IV-PHT, respiratory depres-
ion in 2/33 patients treated with IV-PHT, and 1/35
atients under IV-VPA treatment. Liver dysfunction
ccurred in 2/33 patients in the PHT group, compared

ticus used in included studies.

ut full recovery of consciousness between the seizures
sting >10 min

r 2 or more sequential seizures without full recovery

epilepticus: ≥2generalised convulsions, without full
seizures, or continuous convulsive activity for >10 min
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Heterogeneity: Tau2 = 0.20; Chi2 = 1.34, df = 1 (P = 0.25); l2 = 26%
Test for overall effect: Z = 1.05 (P = 0.29)

36 21

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.

Study or Subgroup
VPA

TotalEvents

Total events

Odds Ratio
M-H, Random, 95% Cl

Total (95% Cl) 41 23 100.0% 0.22 [0.06, 0.87]
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PHT
Total Weight YearEvents

Misra et al., 2006
Gilad et al., 2008

4
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6
2
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18.7%
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Heterogeneity: Tau2 = 0.00; Chi2 = 0.49, df = 1 (P = 0.48); l2 = 0%
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Test for overall effect: Z = 2.16 (P = 0.03)

igure 2. Intravenous valproic acid (VPA) versus intravenous phe
ata from the study of Gilad et al. (2008) were kindly provided b

ith 3/35 in the VPA. In the study of Gilad et al. (2008),
o adverse effects occurred in the VPA group, whereas

n the PHT group, 1/9 patients had cardiac arrhythmia
nd 1/9 hyponatraemia.

V-PB versus IV-PHT: clinical seizure cessation
fter drug administration
ne study (Treiman et al., 1998) with 192 participants
as included. Statistical heterogeneity could not be
valuated. Compared to PHT, PB was not associated
ith a statistically significant difference in seizure

essation after drug administration (53/91 versus
4/101 participants; OR: 1.81; 95% CI: 1.02-3.20).

V-PB versus IV-PHT: adverse effects
ne study (Treiman et al., 1998) with 192 participants
as included. Statistical heterogeneity could not be
valuated. Compared to PHT, PB was not associated
20

ith a statistically significant difference in occurrence
f adverse effects (46/91 versus 44/101 participants; OR:
.32; 95% CI: 0.75-2.34). Among 91 patients treated with
V-PB, 12 experienced hypoventilation, 31 hypoten-
ion, and three cardiac arrhythmia; among 101 patients
eceiving IV-PHT, 10 experienced hypoventilation, 27
ypotension, and 7 cardiac arrhythmia.

f
T
t
d
N
p
i

1 10 1000.10.01

More in PHT More in VPA

in (PHT). Adverse effects.
principal investigator of the study.

ommon reference-based indirect comparisons
y combining meta-analyses of AEDs

V-VPA versus IV-PB: clinical seizure cessation
fter drug administration
ompared to PB, VPA was not associated with a statis-

ically significant difference in seizure cessation after
rug administration (OR: 1.00; 95% CI: 0.36-2.76).

V-VPA versus IV-PB: adverse effects
ompared to PB, VPA was not associated with a statis-

ically lower occurrence of adverse effects (OR: 0.17;
5% CI: 0.04-0.71).

iscussion

he results of the present meta-analysis suggest that
V-VPA is better tolerated and is as efficacious as IV-PB
Epileptic Disord, Vol. 15, No. 3, September 2013

or the treatment of established GCSE.
he present meta-analysis was performed to estimate
he efficacy and safety of IV-VPA relative to IV-PB using
ata from previously published systematic reviews.
o new trials other than those already included in
reviously published systematic reviews were added

n this meta-analysis.
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imitations of the review

he results of this meta-analysis should be read with
aution and the following critical aspects should be
onsidered regarding the overall pooled data.
he main limitation of this review is the small popu-

ation of patients included in both comparisons. This
spect should be particularly taken into account, as
mall sample size may lead to a false negative error
statistical type II error, i.e. accepting a null hypothesis
hat is actually false) (Guyatt et al., 1995). Conse-
uently, failure to prove that there is a difference in

erms of efficacy between IV-VPA and IV-PB does not
ecessarily prove that there is no difference, as the

ncluded studies may have been underpowered to
etect such a difference.
hether the comparability of the included studies is

nough to inform clinical practice remains a matter
f debate. A recent study showed that even small
ifferences in the timing of treatment can signifi-
antly change outcomes (Silbergleit et al., 2012), as
hown previously (Alldredge et al., 2001). In all studies
ncluded in the present review, it was not reported how

uch time it took to deliver the drugs; a major determi-
ant of the outcome is therefore unknown and could
ave represented a relevant source of clinical hetero-
eneity among trials, reducing the appropriateness of
erforming indirect-comparison meta-analysis.
ompared to studies comparing VPA with PHT, the rate
f adverse events with PHT was higher in the study of
reiman et al. (1998), where hypotension and hypoven-
ilation were observed in both PB and PHT groups in
bout 30% and 10% patients, respectively. Considering
hat the PHT doses were the same, the difference in
HT tolerability is probably due to clinical hetero-
eneity among patients included in the different
tudies. No detailed clinical information on age, gen-
er or aetiology of epilepsy of patients experiencing
dverse events was explicitly reported in the studies.
owever, it is possible that such a discrepancy in
ccurrence of adverse effects under PHT is due to
ifferences in sample size and aetiology of epilepsy
cross different studies. Furthermore, unlike the
tudy of Treiman (which was conducted in an adult
opulation), 10% patients treated with PHT in studies
omparing VPA with PHT were aged less than 15 years
4/42 patients), hence probably less prone to develop
dverse effects.
n this review, the comparisons between IV-VPA and
pileptic Disord, Vol. 15, No. 3, September 2013

V-PB were made indirectly using data generated from
ndividual comparisons versus IV-PHT. A more appro-
riate approach would have been to conduct clinical

rials involving the two AEDs, thus, allowing a direct
omparison between them.
n both comparisons (VPA versus PHT and PB versus
HT), all included studies used VPA or PB as the first

i
c
(
a
a
d
t

Valproate and phenobarbitone for GCSE

gent given. However, the choice of PHT as comparator
as probably inadequate as it has been demonstrated

o be inferior to lorazepam (Treiman et al., 1998; Prasad
t al., 2005). Moreover, all included studies compared
V-VPA or IV-PB with IV-PHT used at approximately
he same dosage, hence, using the same comparator
both in terms of drug and of dosage). The similarity
f the common comparator is a prerequisite for per-

orming adequate indirect comparisons as it allows
or exchangeability of the treatment effect across all
ncluded trials. In fact, the validity of the adjusted indi-
ect comparison depends on the assumption that the
wo sets of controlled trials are sufficiently similar for

oderators of relative treatment effect (Song et al.,
009).
onversely, all included studies did not provide
nough details regarding the stages of GCSE
hich were considered, thus this relevant source
f clinical heterogeneity could not be assessed in
etail.
owever, we adopted a pragmatic approach, since
eta-analyses by their nature address broader ques-

ions than individual studies, without necessarily
roducing debatable results as a consequence of

oo much heterogeneity. RCTs included in this meta-
nalysis inevitably differ in their characteristics, but the
hoice of a rather broad definition of SE (Lowenstein
t al., 1999) represents a sort of “least common
enominator”, and thus does not undermine the
ppropriateness of pooling the data. The validity of
he results derived from a meta-analysis which sup-
orts the efficacy and tolerability of AEDs may depend
n the definition of SE. Meta-analyses that cover both

nitial and refractory SE may be more informative than
hose that exclude refractory SE. However, the transfer-
bility of research results into a homogeneous clinical
et is another topic that should be addressed (Brigo
t al., 2012)
espite the possible sources of clinical and methodo-

ogical heterogeneity among included studies, we
onsidered it appropriate to summarise data in a
eta-analysis, and also on the basis of what was pre-

iously documented by other authors in a Cochrane
ystematic review on SE (Prasad et al., 2005). The review
nalysed studies which demonstrated heterogeneity
ith regards to SE definition, type (convulsive and
on-convulsive) and aetiology, AED dosage, demo-
raphic characteristics of participants, and time of AED
dministration and their dosage. Despite this primary
321

ntention, a further analysis of most relevant aspects of
linical and methodological variation among studies
SE definitions, age of participants, use of VPA or PB
s first or second-line AED, time to treatment, time of
dministration in terms of length of IV infusion, and
osage and maintenance of AED) was not feasible due

o a lack of information.
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he above limitations indicate that an indirect com-
arison based on meta-analysis may not be a reliable
ubstitute for comparative clinical trials, in which two
r more AEDs are compared head-to-head, or for long-

erm clinical experience. Nevertheless, in the absence
f such studies, the adjusted indirect method may pro-
ide some evidence of the relative efficacy and safety
f competing AEDs.

n terms of efficacy and tolerability, the results of this
ndirect comparison meta-analysis are consistent with
hose of a recently published RCT directly comparing
V-VPA with IV-PB in children (Malamiri et al., 2012).
n this RCT, no statistically significant differences were
ound with regards to efficacy between the two drugs
OR: 2.74; 95% CI: 0.63-11.82), whereas a statistically
ignificant greater occurrence of adverse effects was
ound in patients allocated to IV-PB (OR: 0.11; 95% CI:
.03-0.36).

onclusions

urrently, there is no evidence (from either direct
r indirect comparisons) supporting superiority of

V-VPA over IV-PB for the treatment of GCSE in terms
f efficacy. Some data derived from both direct and

ndirect comparisons suggest that IV-VPA has a better
afety profile than IV-PB. However, the limited num-
ers and the poor quality of RCTs (with small numbers
f patients) included in this systematic review are not
ufficient to justify a change in clinical practice.
urther comparative clinical trials are therefore
equired to verify the results obtained by meta-
nalyses and adjusted indirect comparisons, and
rovide physicians with pertinent information serving
s the rationale for clinical decisions regarding treat-
ent of GCSE.
ore rigorous RCTs of VPA versus an appropriate com-

arator, conducted in a well-defined population with
sufficient sample size to detect a difference between

he comparator, are required in order to provide reli-
ble data regarding the efficacy and tolerability of VPA
n the treatment of GCSE. �

isclosures.
Trinka acted as a paid consultant to Eisai, Biogen Idec,
edtronics, Bial, and UCB. He received research funding from
CB, Biogen-Idec, Sanofi-Aventis, and speakers’ honoraria from
ial, Cyberonics, Desitin Pharma, Eisai, Gerot, Böhringer, Sanofi,
edis, and UCB. The other authors have no conflict of interest

o disclose.
22

eferences

lldredge BK, Gelb AM, Isaacs SM, et al. A comparison of
orazepam, diazepam, and placebo for the treatment of out-
f-hospital status epilepticus. N Engl J Med 2001; 345: 631-7.

d

M
B
s
s
s
2

erg AT, Shinnar S, Levy SR, Testa FM. Status epilepticus
n children with newly diagnosed epilepsy. Ann Neurol
999; 45: 618-23.

erg AT, Shinnar S, Testa FM, et al. Status epilepticus after
he initial diagnosis of epilepsy in children. Neurology
004; 63: 1027-34.

rigo F. New anti-epileptic drugs: overcoming the limits
f randomised controlled trials. Int J Evid Based Healthc
011; 9: 440-3.

rigo F, Storti M, Del Felice A, Fiaschi A, Bongiovanni LG.
V Valproate in generalized convulsive status epilepticus: a
ystematic review. Eur J Neurol 2012; 19: 1180-91.

ucher HC, Guyatt GH, Griffith LE, Walter SD. The results of
irect and indirect treatment comparisons in meta-analysis or
andomized controlled trials. J Clin Epidemiol 1997; 50: 683-91.

ascino GD. Generalized convulsive status epilepticus. Mayo
lin Proc 1996; 71: 787-92.

eeks JJ. Issues in the selection of a summary statistic for
eta-analysis of clinical trials with binary outcomes. Stat Med

002; 21: 1575-600.

eLorenzo RJ, Pellock JM, Towne AR, Boggs JG. Epidemiology
f status epilepticus. J Clin Neurophysiol 1995; 12: 316-25.

erSimonian R, Laird N. Meta-analysis in clinical trials.
ontrol Clin Trials 1986; 7: 177-88.

merson JD. Combining estimates of the odds ratio: the state
f the art. Stat Methods Med Res 1994; 3: 157-78.

ilad R, Izkovitz N, Dabby R, et al. Treatment of status epilep-
icus and acuterepetitive seizures with i.v. valproic acid vs
henytoin. Acta Neurol Scand 2008; 118: 296-300.

lenny AM, Altman DG, Song F, et al. International Stroke
rial Collaborative Group. Health Technol Assess 2005; 9: 1-
34, iii-iv.

uyatt G, Jaeschke R, Heddle N, Cook D, Shannon H, Walter
. Basic statistics for clinicians: 1. Hypothesis testing. CMAJ
995; 152: 27-32.

iggins JPT, Green S. Handbook for Systematic Reviews
f Interventions Version 5.1.0 (updated March 2011). The
ochrane Collaboration, 2011.

iggins JP, Thompson SG, Deeks JJ, Altman DG. Measuring
nconsistency in meta-analyses. BMJ 2003; 327: 557-60.

CWG. Report of the Indirect Comparisons Working Group
o the Pharmaceutical Benefits Advisory Committee:
ssessing indirect comparisons. Canberra: Australian Gov-
rnment Department of Health and Aging. 2009); available
t: http://www.health.gov.au/internet/main/publishing.nsf/
ontent/B11E8EF19B358E39CA25754B000A9C07/$File/ICWG%
0Report%20FINAL2.pdf

owenstein DH, Bleck T, Macdonald RL. It’s time to revise the
Epileptic Disord, Vol. 15, No. 3, September 2013

efinition of status epilepticus. Epilepsia 1999; 40: 120-2.

alamiri RA, Ghaempanah M, Khosroshahi N, Nikkhah A,
avarian B, Ashrafi MR. Efficacy and safety of intravenous
odium valproate versus phenobarbital in controlling convul-
ive status epilepticus and acute prolonged convulsive
eizures in children: a randomised trial. Eur J Paediatr Neurol
012; 16: 536-41.

http://www.health.gov.au/internet/main/publishing.nsf/Content/B11E8EF19B358E39CA25754B000A9C07/$File/ICWG%20Report%20FINAL2.pdf


Journal Identification = EPD Article Identification = 0601 Date: September 5, 2013 Time: 3:24 pm

E

M
t
3

O
a
s
C

P
s
R

R
s
u

S
n
6

S
v
N

S
c
t
2

S
D
p
p

isra UK, Kalita J, Patel R. Sodium valproate vs pheny-
oin in status epilepticus: a pilot study. Neurology 2006; 67:
40-2.

toul C, Arrigo C, van Rijckevorsel K, French JA. Meta-
nalysis and indirect comparisons of levetiracetam with other
econd-generation antiepileptic drugs in partial epilepsy.
lin Neuropharmacol 2005; 28: 72-8.

rasad K, Al-Roomi K, Krishnan PR, Sequeira R. Anticonvul-
ant therapy for status epilepticus. Cochrane Database Syst
ev 2005; 19: CD003723. doi: 10.1002/14651858.CD003723.pub2.
pileptic Disord, Vol. 15, No. 3, September 2013

obinson KA, Dickersin K. Development of a highly sensitive
earch strategy for the retrieval of reports of controlled trials
sing PubMed. Int J Epidemiol 2002; 31: 150-3.

hinnar S, Berg AT, Moshe SL, Shinnar R. How long do
ew-onset seizures in children last? Ann Neurol 2001; 49:
59-64.

T
f
V
N

T
M
t

Valproate and phenobarbitone for GCSE

ilbergleit R, Durkalski V, Lowenstein D, et al. Intramuscular
ersus intravenous therapy for prehospital status epilepticus.

Engl J Med 2012; 366: 591-600.

ong F, Altman DG, Glenny AM, Deeks JJ. Validity of indirect
omparison for estimating efficacy of competing interven-
ions: empirical evidence from published meta-analyses. BMJ
003; 326: 472-5.

ong F, Loke YK, Walsh T, Glenny AM, Eastwood AJ, Altman
G. Methodological problems in the use of indirect com-
arisons for evaluating healthcare interventions: survey of
ublished systematic reviews. BMJ 2009; 338: b1147.
323

reiman DM, Meyers PD, Walton NY, et al. A comparison of
our treatments for generalized convulsive status epilepticus.
eterans Affairs Status Epilepticus Cooperative Study Group.
Engl J Med 1998; 339: 792-8.

udur Smith C, Marson AG, Chadwick DW, Williamson PR.
ultiple treatment comparisons in epilepsy monotherapy

rials. Trials 2007; 8: 34.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue true
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /DetectCurves 0.100000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier (FOGRA27)
  /Description <<
    /FRA <>
    /ENU ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        28.346460
        28.346460
        28.346460
        28.346460
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Coated FOGRA27 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B004800610075007400650020007200E90073006F006C007500740069006F006E005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 14.173230
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [566.929 822.047]
>> setpagedevice


