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ABSTRACT – Aim. In recent years, phenobarbital, as an antiepileptic drug,
has become less popular based on adverse events, especially cognitive
and behavioural side effects. Despite the development of better toler-
ated new generation AEDs, phenobarbital is still widely used particularly
in developing countries because of its low cost. The purpose of this
review was to: (i) investigate whether phenobarbital can be safely used
as an antiepileptic drug and (ii) determine the questions which need to
be addressed in order to comprehensively and adequately evaluate the
safety of phenobarbital for the treatment of epilepsy. Methods. The liter-
ature was searched using the Cochrane Central Register of randomised
controlled trials (1800-2009), Medline (1966-2009), Embase (1966-2009) and
three Chinese databases. Results. Twenty studies were finally included
in this systematic review. The determination of adverse effects of com-
bined antiepileptic drugs (AEDs) from different studies was complicated
by numerous factors including study design, different descriptions of
adverse events and a lack of standardised data collection. These factors
may also have been responsible for the heterogeneity present in the
meta-analysis. The data did not demonstrate any evidence of associa-
tion between phenobarbital and a higher risk of adverse events. How-
ever, phenobarbital appeared to be associated with a higher rate of adverse
drug reaction related withdrawal (ADR-related withdraw), compared to car-
bamazepine, valproic acid and phenytoin. This may have been due to a
concern for possible adverse effects of phenobarbital. Conclusions. Phe-
nobarbital was associated with a higher rate of drug withdrawal although
there was no evidence to suggest that phenobarbital caused more adverse
events compared to carbamazepine, valproic acid or phenytoin. However,

portant for clinicians to evaluate the
ministration before making a final rec-
scales for the assessment of cognitive

studies particularly in children.

ts, systematic review
in the case of pregnant women, it is im
benefits and risks of phenobarbital ad
ommendation. Furthermore, unified
function should be applied for future
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Epilepsy is a chronic disorder of the
brain which affects approximately
50 million people world-wide, of
whom 40 million are estimated to
live in developing countries (WHO,
2004). Studies in both developed and

developing countries have shown
that up to 70% of newly diagnosed
children and adults with epilepsy
may lead normal lives if properly
treated (WHO, 2009). Unfortunately,
85% of epilepsy patients living in the
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as the most worrisome adverse event of phenobarbital
and usually assessed by measuring scales in original
studies. However, since the scales used in different
studies varied, data could not be combined and thus
a descriptive analysis was performed to assess the
cognitive and behavioural effect of phenobarbital.

Table 1. Classification of nervous system adverse
events.

Classification Description

Affecting vigilance Somnolence

Affecting brain stem and Dizziness/Vertigo
.-L. Zhang, et al.

developing world do not receive any treatment
ecause of the cost of treatment, superstition and the
navailability of drugs (Kale, 2002; Muba et al., 2008).
henobarbital (PB) has been a widely used AED due
o its low cost and broad indication. Despite the
evelopment of new AEDs, phenobarbital is recom-
ended by the World Health Organization (WHO)

s a first-line drug in developing countries (WHO,
990). Several studies suggested there is little differ-
nce in antiepileptic efficacy between phenobarbital
nd other established AEDs (Tudur Smith et al.,
003; Kwan and Brodie, 2004; Mattson et al., 1985).
owever, concern for adverse effects has resulted in
decline of use for seizure disorders. Phenobarbi-

al is reported to be associated with a higher rate of
ide effects and was even withdrawn from a trial arm
n a previous study, as a result of perceived adverse
ehavioural effects (de Silva et al., 1996). In some other
tudies, however, no difference was found between
henobarbital and other AEDs with respect to toler-
nce (Pal et al., 1998). Based on the studies reported
o date, a consensus on the safety of phenobarbi-
al has not been possible. Hence, it is necessary to
e-evaluate the original controversial issues concern-
ng phenobarbital and systematically reassess its safety
or the treatment of epilepsy.

ethods

earch strategy

e searched the Cochrane Central Register of ran-
omised controlled trials (RCTs) (1800-2009), Medline

1966-2009), Embase (1966-2009) and three Chinese
atabases; VIP (1989-2009), CNKI (1979-20), CBM (1978-
009), using “epilepsy”, “seizure”, “phenobarbital”,
phenobarbitone”, “anticonvulsant” and “anticonvul-
ive agent”. We performed an independent search
or major congenital malformation using “pregnancy”,
prenatal exposure delayed effects”, “abnormalities”,
teratogens”, “congenital defect”, “congenital malfor-
ation”, “birth defect” and “dysmorph”. Language
as restricted to English and Chinese. The reference

ists of relevant publications returned by the above
earches were examined.

tudy selection criteria
50

e selected the trials that met each of the following
riteria:

RCTs, double-blind or open-label, performed in
atients with partial or generalised epilepsy. There
as no restriction on the age of patients. Prospec-

ive cohort studies performed in women with epilepsy
reated with AEDs were included for “major congenital
alformation” assessment.
Parallel or cross-over design studies were included

ut the minimum duration of each treatment was eight
eeks.

Studies of monotherapy which compared the
dministration of phenobarbital by oral route with car-
amazepine, valproic acid and phenytoin.
Studies in which the absolute number of adverse

ffects (AEs) was reported or could be calculated.

utcome measures

he classification and definition of AEs were as fol-
ows, as previously documented (Aronson et al., 2006;
accara et al., 2008):
total withdrawal rate;
ADR-related withdrawal;
nervous system AEs;
psychological and psychiatric AEs;
major congenital malformation.
Es of the nervous system were divided into three
road classes: those affecting vigilance, those affecting

he brain stem and vestibulo-cerebellar system, and
hose affecting the motor system (table 1).
sychological and psychiatric AEs included anxiety,
epression, dissociation, hallucination, cognitive

mpairment and behavioural disturbances. Since
bjective measures for most of these complaints
ere not used, an analysis of all the psychological

nd psychiatric AEs as a whole could be misleading.
e, therefore, focused on cognitive dysfunction and

ehavioural disturbances which were frequently rated
Epileptic Disord, Vol. 13, No. 4, December 2011

vestibulo-cerebellar
system

Diplopia
Nystagmus
Blurred vision
Ataxia

Affecting motor system Chorea and dystonia
Tremor
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Table 2. Outcome of quality assessment of randomized controlled trials.

Study ID Sequence
generation

Allocation
concealment

Blinding Incomplete
outcome data

Selective
outcome
reporting

Other potential
threats to validity

Mattson et al., 1985 U U Y Y U U

Mitchell and Chavez,
1987

U U Y N Y U

Vining et al., 1987 U U Y Y Y U

Meador et al., 1990 U U Y Y Y U

Feksi et al., 1991 Y U U Y Y Y

Heller et al., 1995 Y Y U Y Y Y

Thilothammal et al.,
1996

Y U Y Y Y Y

de Silva et al., 1996 U N N N Y N

Chen et al., 1996 Y U Y Y Y Y
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Pal et al., 1998 Y Y Y

Banu et al., 2007 Y Y Y

he quality assessment criteria was based the Cochrane collabo
ndicates a high risk of bias and U (unclear) indicates insufficien

ajor congenital malformations were defined as struc-
ural abnormalities with surgical, medical, or cosmetic
mportance (Tomson et al., 2007). Minor malforma-
ions, not included in most published malformation
ate data, were not considered. Major malformation
as categorised into nine broad classes according to
rgans and systems affected: nervous system, eye,
ar, face and neck, circulatory system, respiratory
ystem, digestive system, genital organs, urinary sys-
em, musculoskeletal system, and other syndromes
uch as Smith-Lemli-Opitz syndrome and chromoso-
al abnormalities.

uality assessment

he quality of RCTs and cross-over studies was
ssessed based on the following aspects: sequence
eneration, allocation concealment, blinding, incom-
lete outcome data, selective outcome data and other
otential threats to validity (Wells et al., 2008; Higgins
nd Green, 2009). The quality of prospective cohort
tudies was judged by the Newcastle-Ottawa quality
ssessment scale.
pileptic Disord, Vol. 13, No. 4, December 2011

ata collection

tandardised data collection approach
he characteristics of each study, all participants and

nterventions used were extracted. For the collection

g
s
w
b
a
f
c

Y Y Y

N Y Y

’s “Risk of bias” tool. Y (yes) indicates a low risk of bias, N (no)
rmation to permit judgement of “yes” or “no”.

f AEs, we proceeded as follows: first, we identified
ll AEs which had been included in our outcome mea-
ures from the AE reporting tables of included studies;
econd, for each study, the number of patients com-
laining of AEs and the total number of patients were
xtracted. We included all studies which were per-
ormed with phenobarbital even though some AEs
ere not observed. Since AEs may not have been con-

idered as such in some trials, there was a potential
nderestimation of AEs. For cross-over studies, data
as extracted from all periods as a whole, when wash-
ut period was assessed to be long enough.

ata analysis
tatistical analysis was undertaken following the
uidelines of the Handbook of the Cochrane Col-

aboration 5.0. Related risk for dichotomous data was
alculated using the random-effects model in Review
anager 5.0. Heterogeneity between trials was calcu-

ated using the Chi square test and was considered to
e heterogeneous when p≤0.1. I2 values of no more

han 25%, 26% to 74% and no less than 75% were
onsidered as “low”, “moderate” and “high” hetero-
eneity, respectively. We considered associations to be
tatistically significant at p<0.05. A descriptive analysis
351

as considered for the assessment of congenital and
ehavioural disturbance, as scales implemented varied
mong original studies. A sensitivity analysis was per-
ormed for the study design in which only randomised
ontrolled parallel trials were included.
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esults

escription of studies

he literature search yielded 2,722 and 2,230 cita-
ions for congenital malformation and other AEs,
espectively. After screening, nine prospective cohort
tudies were included for analysis of congenital
alformation (van der Pol et al., 1991; Lindhout et al.,

992; Waters et al., 1994; Samrén et al., 1997; Tanganelli
nd Regesta, 1992; Canger et al., 1999; Kaneko et al.,
999; Holmes et al., 2001; Burja et al., 2006) and eleven
andomised trials were included for the analysis of
ther AEs (Mattson et al., 1985; Mitchell and Chavez,
987; Vining et al., 1987; Meador et al., 1990; Feksi
t al., 1991; Heller et al., 1995; Thilothammal et al., 1996;
e Silva et al., 1996; Chen et al., 1996; Pal et al., 1998;
anu et al., 2007).
wo cross-over trials were included (Vining et al., 1987;
eador et al., 1990). In the trial of Vining et al. (1987),

he wash-out period between two six-month treatment
eriods was one month. In the trial of Meador et al.

1990), no exact wash-out period was reported but
he authors mentioned that at the beginning of each
hase, subjects were tapered off their pre-existing
edication and were started on gradually increasing

oses of the drug for that treatment phase. Addition-
lly, all cognitive tests in the trial of Meador et al. were
erformed at the end of each three-month treatment
pileptic Disord, Vol. 13, No. 4, December 2011

hase.
f the twenty studies, 13 were from developed coun-

ries, and seven from developing countries. Most of
hem were carried out in a single centre (12/20) and had
imited sample size. Only one prospective cohort study
Samrén et al., 1997) and one clinical trial (Mattson
t al., 1985) had a sample size of more than 500. The

i
w
b
t
i
S
1
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haracteristics of included studies are shown in
ppendix 1 and 2.

uality of included studies

mong eleven experimental studies (table 2 ) only
ix (Feksi et al., 1991; Thilothammal et al., 1996; Chen
t al., 1996; Heller et al., 1995; Pal et al., 1998; Banu et al.,
007) described sequence generation, of which only
hree (Heller et al., 1995; Pal et al., 1998; Banu et al., 2007)
onducted allocation concealment. Blinding was not
erformed in three studies (de Silva et al., 1996; Feksi
t al., 1991; Heller et al., 1995). In the study of de Silva
t al. (1996), enrolment to the phenobarbital arm was
erminated due to drug-related adverse effects, after
andomising only 10 children to this drug.This early ter-

ination may be a source of potential threat to validity.
mong the observational studies (table 3), a lack of
omparability between cohorts and no description of
ubjects lost to follow-up were two factors which lim-
ted the quality of observational studies. The main
eason was that for all included prospective cohort
tudies, women exposed to AEDs were considered
s part of the “exposed cohort” and women without
ED treatment or healthy women were considered as
art of the “non-exposed cohort”, thus the baseline
as compared between two cohorts as a whole and

ailed to report the comparability between different
ED treatment groups. Likely, lost to follow-up in each
ED treatment group were not reported in most stud-
353

es although the follow-up of cohorts was reported as a
hole. In addition, although sample size was balanced
etween experimental and control groups in all RCTs,

his was not the case for most of the observational stud-
es (Lindhout et al., 1992; Tanganelli and Regesta, 1992;
amrén et al., 1997; Canger et al., 1999; Kaneko et al.,
999; Burja et al., 2006).
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utcomes

otal withdrawal (figure 1)
henobarbital vs valproic acid. Total withdrawal infor-
54

ation was available for 159 individuals in two trials.
he common estimated risk ratio was 1.85 (95% CI:
.77-4.41), favouring valproic acid but without statistical
ignificance (p=0.17).
henobarbital vs carbamazepine. Four studies,

ncluding 651 participants, reported total withdrawal
nformation. The common estimated risk ratio was

w
d
C
c
C
b
t

 Other AED

1.1.1 PB vs VPA 
Thilothammal 1996 69.3%
Vining 1987 30.7%
Subtotal (95% CI) 

Subtotal (95% CI) 

Subtotal (95% CI) 

100.0%

Total events 

Total events 

Heterogeneity : Tau2=0.04; Chi2=1.10, df=1 (p=0.30); I2=9%
Test for overall effect : Z=1.38 (p=0.17) 

Heterogeneity : Tau2=0.00; Chi2=0.79, df=3 (p=0.85); I2=0%
Test for overall effect : Z=1.83 (p=0.07) 

Total events 

Heterogeneity : Tau2=0.00; Chi2=1.41, df=2 (p=0.50); I2=0%
Test for overall effect : Z=1.47 (p=0.14) 

1.1.2 PB vs CBZ 
Banu 2007 8.8%
Feksi 1991 20.5%

Mattson 1985 62.9%
Mitchell 1987 7.9%

100.0%
86

1.1.3 PB vs PHT 
Mattson 1985  56
Pal 1998  16
Thilothammal 1996  8

199
80 72

PB
Events EventsTotal Total WeightStudy or subgroup

15 8

8 51 6 52
7 28 2 28

79 80

14 54 9 54
27 150 26 152

56 101 45 101
10 22 6 17

327 324
107

75.6%11048101
16.3%471447

8.1%481051
100,0%205

igure 1. Total withdrawal; PB vs VPA, CBZ, PHT.
.23 (95% CI: 0.99-1.53), favouring carbamazepine but
ithout statistical significance (p=0.07).
henobarbital vs phenytoin. Data comparing the total
ithdrawal rate between phenobarbital and phenytoin
Epileptic Disord, Vol. 13, No. 4, December 2011

as available in three studies, including 404 indivi-
uals. The common estimated risk ratio was 1.20 (95%
I: 0.94-1.52), favouring phenytoin but without statisti-
al significance (p=0.14).
onclusion. No significant difference was shown
etween phenobarbital and other AEDs with respect

o total withdrawal rate.

Risk ratio Risk ratio

1.36 [0.51 , 3.64]
3.50 [0.80, 15.40]

1.85 [0.77, 4.41]

1,56 [0.74, 3.29]
1.05 [0.65, 1.72]

1.24 [0.94, 1.65]
1.29 [0.58, 2.84]
1.23 [0.99, 1.53]

1.27 [0.97, 1.67]
1.14 [0.63, 2.07]
0.75 [0.32, 1.75]
1.20 [0.94, 1,52]

0.01
Favours PB Favours other AED

M-H. Random, 95% CI M-H. Random, 95% CI

100100.1 1
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DR-related withdrawal (figure 2)
henobarbital vs valproic acid. ADR-related with-
rawal data was available for 234 individuals in three

rials. The common estimated risk ratio was 7.64 (95%
I: 3.17-18.42), favouring valproic acid (p<0.00001).
pileptic Disord, Vol. 13, No. 4, December 2011

henobarbital vs carbamazepine. ADR-related with-
rawal information was available for 832 individuals

n six trials. The common estimated risk ratio was
.50 (95% CI: 0.72-3.10), favouring carbamazepine
p=0.28). However, there was evidence of quan-
itative heterogeneity between trials (chi2=15.72,
=0.008).

e
b
C
w
p
h
o

2.1.1 PB vs VPA 

 6
5

Total events

Banu 2007 54 541

5
 13
52
4

80 64

75 57

Pal 1998

Subtotal (95% CI) 

Heterogeneity : Tau2=0.00; Chi2=1.59, df=1 (p=0.45); I2=0%
Test for overall effect : Z=4.53 (p < 0.00001) 

2.1.2 PB vs CBZ

Total events

Subtotal (95% CI) 

Heterogeneity : Tau2=0.47; Chi2=15.72, df=5 (p=0.008); I2=68%
Test for overall effect : Z=1.08 (p=0.28) 

2.1.3 PB vs PHT

Total events
Subtotal (95% CI) 

Heterogeneity : Tau2=0.91; Chi2=15.68, df=3 (p=0.001); I2=81%
Test for overall effect : Z=1.84 (p=0.07) 

Mattson 1985 

Mattson 1985 

Mitchell 1987 

 Other AEDPB
Events EventsTotal Total WeightStudy or subgroup

24 

Heller 1995 13 58 3 61 46.5%
Silva 1996 38.6%49210
Vining 1987 15.0%28028

96 100.0%138
5

6 2 54 13.3%

0 4.3%

Feksi 1991 17.5%1508150
Heller 1995

Heller 1995

20.9%61758

Silva 1996

Silva 1996

28.2%10142101

52 38.1%11042101

15.7%17422

4 18.1%47347

10

6 5 54 25.7%10

100.0%437395

100.0%274216

18.0%6325813

igure 2. ADR-related withdrawal; PB vs VPA, CBZ, PHT.
Side effects of phenobarbital

henobarbital vs phenytoin. ADR-related withdrawal
nformation was available for 490 individuals in four
rials. Phenobarbital was more likely to be withdrawn
ecause of ADR than phenytoin with an estimated
ommon risk ratio of 2.75 (95% CI: 0.94-8.09). How-
355

ver, there was evidence of quantitative heterogeneity
etween trials (chi2=15.68, p=0.001).
onclusion. Phenobarbital appeared to be associated
ith a higher rate of ADR-related withdrawal com-
ared to valproic acid, carbamazepine or phenytoin,
owever, significant heterogeneity existed between
riginal trials.

4.56 [1.37, 15.17]

Risk ratio Risk ratio
M-H. Random, 95% CI M-H. Random, 95% CI

0.01
Favours PB Favours other AED

100100.1 1

14.70 [3.45, 62.58]
11.00 [0.64, 189.96]

7.64 [3.17, 18.42]

0.33 [0.01, 8.01]

0.63 [0.21, 1.87]
1.95 [0.84, 4.55]
1.24 [0.92, 1.67]
0.77 [0.23, 2.65]

16.20 [3.80, 69.14]
1.50 [0.72, 3.10]

7.06 [1.66, 29.96]

1.20 [0.90, 1.61]
1.33 [0.32, 5.63]

6.48 [2.44, 17.20]
2.75 [0.94, 8.09]
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ervous system AEs (figure 3)
henobarbital vs valproic acid. Data of nervous sys-

em AEs were available for 333 individuals in four trials.
owever, the data from one trial was not considered

Thilothammal et al., 1996) because nervous system
Es occurred in neither the phenobarbital group nor

he valproic acid group. The common estimated risk
atio was 1.41 (95% CI: 0.28-8.53). However, there was
vidence of quantitative heterogeneity between trials
56

chi2=6.65, p=0.04).
henobarbital vs carbamazepine. Three indepen-
ent studies including 385 individuals compared
ervous system AEs between phenobarbital and carba-
azepine treatment groups. The common estimated

isk ratio was 1.28 (95% CI: 0.46-3.60), favouring car-

m
p
C
b
c
t

Total events

Subtotal (95% CI) 

Heterogeneity : Tau2=1.71; Chi2=6.65, df=5 (p=0.04); I2=70%
Test for overall effect : Z=0.37 (p=0.71) 

Total events
Subtotal (95% CI) 

Heterogeneity : Tau2=0.43; Chi2=4.07, df=2 (p=0.13); I2=51%
Test for overall effect : Z=2.47 (p=0.64) 

Mattson 1985 

 Other AEDPB
Events EventsTotal Total WeightStudy or subgroup

Heller 1995
Silva 1996

Vining 1987

Heller 1995

Silva 1996

Silva 1996

3.1.1 PB vs VPA

3.1.2 PB vs CBZ

3.1.3 PB vs PHT

Thilothammal 1996 

Subtotal (95% CI) 
Total events 

Heterogeneity : Tau2=1.50; Chi2=7.51, df=3 (p=0.06); I2=60%
Test for overall effect : Z=0.76 (p=0.45) 

Mattson 1985 
Pal 1998 

Thilothammal 1996 

6 58 2 61 35.4%
1 1 49 14.8%10

3 9

10 12

31 37

25 46

28 49.8%28

6 3 61 27.5%58

24 30 110 69.0%101
0 1 47 7.7%47
1 2 54 13.6%10
0 13 52 9.7%51

24 33 101 63.1%101
1 1 54 9.4%10

186 100.0%147

216 100.0%169

263 100.0%209

0 0 4851

igure 3. Nervous system AEs; PB vs VPA, CBZ, PHT.
amazepine without statistical significance (p=0.64).
here was evidence of moderate heterogeneity
etween studies for this outcome (chi2=4.07, p=0.13,

2=51%).
henobarbital vs phenytoin. Four independent trials

ncluding 472 patients compared nervous system
Es between phenobarbital and phenytoin treatment
roups. However, moderate heterogeneity was shown
etween trials (chi2=7.51, p=0.06). The common esti-
ated risk ratio was 0.54 (95% CI: 0.11-2.65), favouring

henobarbital without statistical significance (p=0.45).
Epileptic Disord, Vol. 13, No. 4, December 2011

onclusion. There was no evidence that phenobar-
ital was more likely to induce nervous system AEs,
ompared to valproic acid, carbamazepine or pheny-
oin.

Risk ratio Risk ratio
M-H. Random, 95% CI M-H. Random, 95% CI

0.01
Favours PB Favours other AED

100100.1 1

3.16 [0.66, 15.01]
4.90 [0.33, 71.97]

Not estimable
0.33 [0.10, 1.10]
1.41 [0.23, 8.53]

2.10 [0.55, 8.02]
0.73 [0.46, 1.14]

5.40 [0.37, 79.43]
1.28 [0.46, 3.60]

0.87 [0.55, 1.39]
0.33 [0.01, 7.98]

2.70 [0.27, 27.03]
0.04 [0.00, 0.62]
0.54 [0.11, 2.65]
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ajor congenital malformation(figure 4)
henobarbital vs valproic acid. Malformation infor-
ation was available for 683 offspring in six trials.

n one trial, no malformation was reported (Burja et
l., 2006). The common estimated risk ratio was 0.58

(
o
P
m
a

Total events

Subtotal (95% CI) 

Heterogeneity : Tau2=0.03; Chi2=4.26, df=4 (p=0.37); I2=6%
Test for overall effect : Z=1.77 (p=0.08) 

Total events

Subtotal (95% CI) 

Heterogeneity : Tau2=0.00; Chi2=5.17, df=9 (p=0.82); I2=0%
Test for overall effect : Z=0.39 (p=0.69) 

Total events

Subtotal (95% CI) 

Heterogeneity : Tau2=0.00; Chi2=3.75, df=5 (p=0.59); I2=0%
Test for overall effect : Z=0.14 (p=0.89) 

 Other AEDPB
Events EventsTotal Total WeightStudy or subgroup

4.1.1 PB vs VPA

4.1.2 PB vs CBZ

4.1.3 PB vs PHT

0 1 0 2

0 1 2 19

4 83 8 44 25.6%
4 79 9 81 25.9%
1 26 5 66 7.6%
5 48 16 184 36.8%

3.5%

3 64 3 58 10.1%

4 79 9 158 18.7%
1 26 5 50 5.6%

1 12 1 11 3.5%

5 48 22 280 28.9%
3 63 0 6 3.0%
1 12 1 11 3.5%
2 21 0

24 55

33 2.8%

2 21 1 28 6.2%

5 48 9 141 31.0%

1 26 1 17 4.6%

4 79 12 132 28.1%

4 83 3 31 16.3%
3 64 3

19 29

87 13.7%

4 83 12 113 20.5%

3 63 0

17 38

6 4.1%
383 100.0%300

739 100.0%409

436 100.0%321

Burja 2006

Burja 2006

Canger 1999

Canger 1999

Canger 1999

Kaneko 1999

Kaneko 1999

Kaneko 1999

Lindhout 1992

Lindhout 1992

Lindhout 1992

Samren 1997

Samren 1997

Samren 1997

Tanganelli 1992

Tanganelli 1992

Waters 1994

Waters 1994

Holmes 2001

Holmes 2001

Ven dar Pol 1991

Pol 1991

igure 4. Major congenital malformation; PB vs VPA, CBZ, PHT.
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95% CI: 0.32-1.06), favouring phenobarbital but with-
ut statistical significance (p=0.08).
henobarbital vs carbamazepine. Major congenital
alformation data was available from 10 studies,

ccounting for 1148 offspring. The common estimated

Risk ratio Risk ratio
M-H. Random, 95% CI M-H. Random, 95% CI

0.01
Favours PB Favours other AED

100100.1 1

Not estimable

0.77 [0.04, 13.35]

0.96 [0.54, 1.71]

0.91 [0.55, 1.49]

0.89 [0.28, 2.80]

0.91 [0.19, 4.31]

0.45 [0.15, 1.36]

0.50 [0.12, 2.10]

2.00 [0.14, 28.76]

2.67 [0.26, 27.49]

0.92 [0.06, 12.95]

1.33 [0.53, 3.33]

1.36 [0.28, 6.52]

1.63 [0.58, 4.63]

0.92 [0.06, 12.95]
7.73 [0.39, 153.45]

0.38 [0.05, 3.12]

0.27 [0.08, 0.83]
0.46 [0.15, 1.42]
0.51 [0.06, 4.14]

0.65 [0.04, 9.76]

0.56 [0.19, 1.67]

0.77 [0.04, 13.35]
0.58 [0.32, 1.06]

1.20 [0.46, 3.11]
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Table 4. Major congenital malformation reported in
included prospective cohort studies.

Organs and systems Congenital malformations

Nervous system Meningomvelocele
Spina bifida
Hydrocephalus
Vertebral anomalies
Anencelphaly

Eye, ear, face and
neck

Facial malformation
Cleft lip and/or palate

Circulatory system Patent ductus arteriosus
Ventricular septal defect(VSD)
Heart malformation
Hypoplasia of the nitral valve
Multiple ventricular septal defects
Single ventricle
Large cavernous hemangioma on
leg
Interatrial defect
Fallot’s tetralogy

Respiratory system Lung cyst

Digestive system Oesophageal atresia
Pyloric stenosis

Urinary system Urogenital malformation
Penile htpospadias
Hydronephrosis

Genital organs -

Musculoskeletal
system

Dysplasia of hips
Hip dislocation
Gastroschisis
Inguinal hernia
Diaphragmatic hernia
Umbilical hernias
Omphalocele
Deformity of the foot
Club foot
Multiple terminal transverse limb
defects
Arthrogryposis
Skeletal malformation
.-L. Zhang, et al.

isk ratio was 0.91 (95% CI: 0.55-1.49), favouring pheno-
arbital but without statistical significance (p=0.69).
henobarbital vs phenytoin. Six independent studies

ncluding 757 offspring compared major congenital
alformation between phenobarbital and phenytoin

reatment groups. The common estimated risk ratio
as 0.96 (95% CI: 0.54-1.71), favouring phenobarbital,
ut without statistical significance (p=0.89).
onclusion. Phenobarbital would appear to be a bet-

er choice of drug compared to valproic acid, in terms
f second generation teratogenicity. No difference was
eported between phenobarbital and carbamazepine
r phenytoin treatments (table 4).

ognitive dysfunction and behavioural
isturbance

ccording to our search strategy, six clinical trials were
ncluded and are described below in chronological
rder.
) Mitchell and Chavez (1987) compared the cog-
itive and behavioural function of 33 children with
artial onset seizures randomised to either pheno-
arbital or carbamazepine. Cognitive tests included

he Weschler Intelligence Scale for Children-Revised
WISC-R) and the Raven’s Colored Progressive Matrics
or children over the age of six, and the McCarthy
cale of Children’s Abilities for children aged three to
ix years. A behaviour questionnaire was conducted
y a psychologist. There were no significant dif-

erences between phenobarbital and carbamazepine
ith regards to the effect on cognitive or behavioural

unction, either at six-month or 12-month follow-up
p<0.05).
) Vining et al. (1987) used a randomised, double-
lind, cross-over design with 28 subjects over six
onths to investigate the cognitive side effects of

henobarbital and valproic acid. Twenty one children
ompleted the study. The WISC-R and another 11 neu-
opsychological function tests were used for cognitive
unction assessment, while behavioural patterns were
ssessed by the Burk’s Behavior Rating Scales. For
ost measures, there were no differences between the

wo drugs. Statistically significant differences (p<0.01)
ere seen for four items, all of which favoured val-
roic acid. There was a tendency towards better
ognitive function in children who received valproic
cid.
58 Epileptic Disord, Vol. 13, No. 4, December 2011

) Meador et al. (1990) investigated the cognitive
ffect of phenobarbital, phenytoin and carbamazepine

n a randomised double-blind, triple cross-over trial
ith 21 patients over three months. Separate analy-

es of covariance using % anticonvulsant blood levels
% ABLs) and seizure frequency were performed for
ach of eight cognitive tests. The only significant

Other heterotaxia
Smith-Lemli-Opitz syndrome

Chromosomal
abnormalities

Down syndrome
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Some previous reviews have investigated the safety of
ffect was for the Digit Symbol test in which perfor-
ance with phenobarbital was worse when covaried

or % ABLs (F[2,27]=3.89; p≤0.03) or seizure frequency
F[2,27]=3.93; p≤0.03).
) Chen et al. (1996) investigated cognitive side effects
f AEDs in children using the WISC-R. Of 76 included
ubjects, 25 were allocated to phenobarbital, 26 to car-
amazepine and 25 to valproic acid. There were no
ignificant differences in any neuropsychological tests
mong the three groups at any stage. Although chil-
ren in the phenobarbital group showed a slight and
ustained decrease in intelligence quotient (IQ) values
fter six and 12 months of treatment, these values were
ot statistically significant.
) Pal et al. (1998) undertook a randomised com-
arison of phenobarbital and phenytoin to assess

he behavioural effect of the two AEDs. Ninety-four
hildren were randomly allocated to treatment with
henobarbital (n=47) or phenytoin (n=47). Behavioural
ide effects were assessed by the Conners Parent Rat-
ng Scale for children aged six and older, and by the
reschool Behaviour Screening Questionnaire (BSQ)

or those aged two to five years, after 12 months of
reatment or treatment withdrawal. The odds ratio for
ehavioural problems (phenobarbital vs. phenytoin)
as 0.51 (95% CI: 0.16-1.59). There was no excess in
arental reports of side effects for phenobarbital.
) Banu et al. (2007) conducted a randomised con-
rolled single centre trial to compare the behavioural
ide effects associated with phenobarbital and carba-
azepine. Side effects were compared in 85 children.

he Bayley Scale was used for those aged above two
ears and the Richman behavioural assessment ques-
ionnaire for those aged two to three years. Behaviour
unction was assessed after 12 months of treatment
r at drug withdrawal. The children had increased
ehavioural problems, which were deemed unaccept-
ble in four (one in the phenobarbital group and three
n the carbamazepine group). The authors concluded
hat there was no excess in behavioural side effects
ith phenobarbital in children with epilepsy.

ensitivity analysis

o examine whether the results were sensitive to study
esign, we excluded two cross-over trials (Vining et al.,
987; Meador et al., 1990) and one randomised par-
llel trial (de Silva et al., 1996) in which no further
articipants were assigned phenobarbital following

he ascertainment that six of the first ten participants
pileptic Disord, Vol. 13, No. 4, December 2011

xperienced unacceptable side effects. No difference
as identified apart from a decline in heterogeneity
etween phenobarbital and carbamazepine in ADR-
elated withdrawal when the study of de Silva et al.
1996) was excluded (Chi2=3.81, I2=0%).

p
c
s
l
m

Side effects of phenobarbital

iscussion

ifficulties in describing AEs between studies

here were many factors that made it difficult to draw
omparisons between AED adverse effects among
tudies. In particular, the lack of standardised descrip-
ions of adverse events and the fact that objective
uantifiable measures and severity of most complaints
ere not considered in reports. Furthermore, the

ariation in methods for data collecting also made the
omparison of AED adverse effects inaccurate.

trength of the evidence

he duration of follow-up varied between trials, rang-
ng from 12 months (Vining et al., 1987, Feksi et al., 1991)
o 91 months (Heller et al., 1995), which might cause
etection bias. However, since AED adverse events
sually occur in the first months (Wang et al., 2006;
imaga et al., 2002), the difference in follow-up dura-

ion had limited influence on the results of this review.
or the meta-analysis, we included trials performed
n both children and adults. Age may therefore have
een a cause of heterogeneity. However, when we per-

ormed a subgroup analysis according to age of study
articipants, heterogeneity still existed in most com-
arisons, although the number of trials became limited
specially in the adult group. Thus, we did not present
he results from subgroup analysis.
eports on malformation rates were based on four
rospective observational studies. Women enrolled

n these studies were a diverse group. Three stud-
es (Lindhout et al., 1992; Tanganelli and Regesta,
992; Kaneko et al., 1999) included pregnant women
ith epilepsy who received AED treatment, while
ne study (Holmes et al., 2001) enrolled women
ho had taken AEDs no matter they were epileptic
r not. However, clinical indications for using AEDs

nclude not only epilepsy but also disorders such
s migraine and pain syndromes (Lateef and Nelson,
007). Thus, epilepsy may become a confounding fac-
or in this review. In addition, most studies failed to
ccount for potential confounders such as socioeco-
omic status and type and severity of the underlying
ondition, which themselves may cause adverse foetal
utcomes.

omparison with previous reviews
359

henobarbital, but most have focused on only spe-
ific side effects. The review of Taylor et al. (2003)
uggests that phenobarbital was significantly more
ikely to be withdrawn than phenytoin, with an esti-

ated common risk ratio of 1.62 (95% CI: 1.22-2.14).
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owever, there was evidence of quantitative hetero-
eneity between the trials (chi2=9.34, p=0.009). The
tudy of Tudur Smith et al. (2003) indicated that pheno-
arbital is less tolerated than carbamazepine (hazard
atio 1.63, 95% CI: 1.23-2.15). Naghme et al. (2004)
eviewed the adverse effects of phenobarbital on

aternal and foetal outcomes in pregnant women
ith epilepsy. No difference of cognitive function
as found between children with uterus exposure

o phenobarbital and the general population. How-
ver, a larger proportion of poor achievers among
he phenobarbital-exposed group was found when
ompared with the carbamazepine-exposed group.
afety of phenobarbital has also been investigated

n observational studies, especially in some develop-
ng countries. In an open label trial in rural areas of

ali (Nimaga et al., 2002), an excellent compliance was
chieved among 80% patients treated with phenobar-
ital. Minor side effects were frequently observed at

he beginning of treatment but they did not continue.
n a hospital clinic in Nigeria (Sykes, 2002), 344 chil-
ren with epilepsy were treated with phenobarbital,
f whom only two discontinued because of intolera-
le side effects. In a prospective study conducted in
ural China (Wang et al., 2006), medication was well
olerated and reported adverse events were mild. No
bvious cognitive or behavioural impact was found.
ther neurotoxic effects also became less severe as

ime went on. Overall, previous studies have reported
imilar findings to this review, that is, no evidence sug-
esting that phenobarbital is associated with a higher
isk of adverse events.

mplications for practice

lthough phenobarbital appears to be more com-
only associated with a higher withdrawal rate, no

tatistically significant difference was found for most
omains of adverse events between phenobarbital and

he other three AEDs. Studies to date suggest there
s no difference in major malformation rate between
henobarbital and the other three AEDs. Hence, we
ome to the conclusion that phenobarbital should not
e cited as an AED with a high risk of side effects,
ased on current studies. However, it is important for
linicians to evaluate the benefits and risks of pheno-
arbital administration to child-bearing women before
aking a final recommendation.
60

mplications for research

ne explanation for the higher withdrawal rate in
he phenobarbital group is that clinicians were biased
owards withdrawing phenobarbital in unblinded
tudies. Blinding, therefore, should be performed
n future pragmatic studies. Furthermore, cognitive

H
a

K

K
m
1

ffects of AEDs have been studied under a variety of
cales for the assessment of cognitive impairment. The
ack of criteria for scale selection makes it difficult to
ompare or combine data from different trials. A crite-
ion for the selection of scales in assessing cognitive
unction in epileptic patients is in need.
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