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INTRODUCTION

Febrile seizures (ES) are the most common seizures in
children and occur in children with a temperature of
38° C or higher between the age of 6 and 60 months!'?
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and are not the result of central nervous system infection
or any metabolic imbalance.® Despite its predominantly
benign nature, a febrile seizure is a terrifying experience
for most parents. Approximately 2% and 5% of
neurologically healthy infants and children experience
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atleast one febrile seizure. Without taking any preventive
measure, a second febrile seizure is likely to occur in about
29%-35% of patients.!'"”! A third febrile seizure is reported
in about 50% of the patients who had a second febrile
seizure. In other words, only 15% of the children with
a history of FS may have three FS.P! Despite the benign
nature of FS, seeing any fever in the child makes parents
feel worried. Parents should be counseled about the risk of
recurrence of FS and how to deal with a seizure.[! There
are two types of prevention measures, intermittent with
oral diazepam or other anticonvulsant drugs during febrile
illnesses and continuous treatments with phenobarbital.
The use of continuous therapy, due to side effects and lack
of demonstrated long-term benefits, is no longer accepted.
According to the Cochrane systematic review, side effects
were observed in 30%—-40% of children on the continuous
use of phenobarbital or benzodiazepines.”! According to
the general consensus, the use of intermittent diazepam
or other anticonvulsants in preventing FS is also not
routinely indicated and in some situations at the onset of
a febrile illness may be considered.”” Considering the low
quality and various designs of the conducted studies in this
concept, the present systematic review and meta-analysis
were performed to estimate the risk of recurrent febrile
seizure following the use of phenobarbital or diazepam
among children <6 years old with a history of febrile
convulsions (FCs).

METHODS

Search strategy

The preferred reporting items for systematic reviews and
meta-analyses checklist were used to report the selected
clinical trial articles for present systematic review and
meta-analysis. The clinical trial articles related to the
topic of FC and its prophylactic measures (diazepam or
phenobarbital) among children which were published
in English by February 2020 as well as papers presented
at the conferences were reviewed. The comprehensive
electronic database of Medline, Cochrane Library, PubMed,
Scopus, CINHAL, Psycoinfo, Google Scholar, and Proquest
databases was searched. In addition to the mentioned
databases, the reference lists of the retrieved articles were
also searched manually. Included keywords were: “Febrile
Convulsion,” “ Febrile Seizure,” “Anticonvulsants,”
“Diazepam,” “Phenobarbital,” Preventive measures in
Febrile Convulsion,” and in children “Febrile Convulsion.”
Other Mesh keywords related to these keywords and the
combination of these keywords were also used. Two authors
performed the searches independently.

Inclusion and exclusion criteria
Studies with the design of randomized controlled

trials (RCTs) or Quasi-Experimental Research were included
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in the analysis. Our eligible criteria were as follows: (1)
Experimental studies about the prevention of FC among
children with the age of 26 years; (2) experimental
group receiving intermittent diazepam or continuous
phenobarbital; (3) comparison group receiving of diazepam
or phenobarbital or other anticonvulsant agents or placebo;
and (4) outcome: Recurrence rate of FC. After extracting
articles from databases, the duplicated articles were
excluded. At the next step, articles were screened based on
relevant titles and abstracts by two authors independently.
In cases where it was not possible to select an article based
on mentioned information in the abstract, the full text of
the article was screened. The disagreements about the
eligibility of the articles were resolved through discussion
between the two authors. The outcome assessed was seizure
recurrence at the following time in children aged <6 years
in the intervention and nonintervention groups.

Data extraction and quality assessment

Two researchers checked the literature according to the
inclusion and exclusion criteria, independently. The main
characteristics of the included studies in this systematic
review were as follows: First author’s last name, year,
country of the study population; type of study design;
type of interventions and dose of drugs; the number of
intervention and comparison groups; the age of study
population; follow-up duration; outcome measure; and
frequency of outcome. In case of disagreement between the
two researchers, the decision was made by discussion or by
the third researcher. The quality of trials was independently
assessed by two researchers using the JADAD rating scale
[Table 1]. Articles with a score of 0-2 were of low quality
and those with a score of 3-5 points were of high quality.®

Statistical analysis

To compare the effect of diazepam and phenobarbital with
each other and to compare the effect of diazepam and
phenobarbital with placebo in preventing FC using odd’s
ratio, a Forest plot diagram was drawn separately. Cochran’s
Q and 12 tests were used to evaluate the heterogeneity of
the studies. Due to the different designs between studies,
the random effect model was used for meta-analysis.[”!
Meta-regression test and sensitivity analysis were used
to identify the reasons for heterogeneity. The Funnel plot
and Egger’s test were used to examine the possibility of the
publication bias.l"*'? The RevMan version 5.1 software and
Stata (Release 17. College Station, TX: StataCorp LLC) were
applied for analysis.

RESULTS

A total of 450 articles with the research questions of PICO (P:
Children under 6 years old with a FC; I: Diazepam or
phenobarbital; C: Control groups; and O: Recurrence of

Journal of Research in Medical Sciences 2



Gavgani, et al.: Intermittent diazepam and continuous phenobarbital in preventing recurrent febrile seizures

febrile seizure) were identified. After removing duplicated
and irrelevant articles (n = 47) by screening the titles and
abstracts of retrieved articles, 335 articles were excluded.
By screening the full text of retrieved articles based on
the inclusion and exclusion criteria, 51 articles were
excluded [Appendix 1]. Finally, 17 articles were identified
for review and meta-analysis [Table 1 and Figure 1]. All
of the included articles had an interventional design
(22 RCT and 1 Quasi-experimental research) and were
in English. The characteristics of the selected articles are

displayed in Table 2. The majority of included articles had
different intervention design. The quality of trials mostly
was moderate to high [Table 1].

Among included studies, only 4 studies had reported the
recurrence rates of FC after treatment with diazepam in
comparison to the phenobarbital (I-squared =40%), 6 studies
had compared diazepam and placebo (I-squared = 47%),
and 9 studies phenobarbital and placebo (I-squared =54%).
The results of meta-analysis using the random effect

Table 1: Quality assessment of randomized controlled trials

Was the
research

Corresponding author

Was the method used
to generate sequence of
described as randomization described described as

Was the
research

Was the method Was therea Jadad
of double blinding description of score
described and withdrawals

randomized? and appropriate? double blind? appropriate? and dropouts?
Salehiomran et al., 2016[*! 1 0 0 0 1 2
Taghdiri et al., 20110 1 0 1 0 0 2
Beyraghi et al., 2008!™ 1 0 1 1 0 3
Pavlidou et al., 2006/ 1 1 1 1 1 5
Verrotti et al., 200417 1 0 1 1 1 4
Rosman et al., 1993 1 1 1 1 1 5
Thilothammal et al., 19931 1 1 1 1 1 5
Autret et al., 199020 1 1 1 1 1 5
Farwell et al., 1990121 1 0 1 0 1 3
McKinlay and Newton, 1989122 1 0 1 1 0 3
Ramakrishnan and Thomas, 198612 1 0 0 0 0 1
Camfield et al., 198024 1 1 1 1 1 5
Ngwane and Bower, 1980125 1 0 1 1 1 4
Bacon et al., 19812¢] 1 0 1 1 1 4
Knudsen and Vestermark, 1978171 1 0 1 1 0 3
Heckmatt et al., 197628 1 0 1 1 0 3
Mackintosh, 1970 1 0 1 1 0 3
.5 Records |dent|f|<id from: Records removed before screening:
T Databases (n = 441) ) _
S . . — - Duplicate records removed (n = 45)
= Records identified from _
= _ - Records removed for other reasons (n = 2)
S manual search (n = 9)
- I
Records screened . . _
- »  Records excluded according to the title (n = 135)
(n=403)
!
2 Reports sought for retrieval R Reports not retrieved according to the abstracts
'g (n=268) " (n=200)
[0
3 :
@) Reports excluded according to the full text:
- Irrelevant design (n = 34)
Reports assessed for - Outcomes other than recurrentt febrile seizures (n = 2)
eligibility » - Drugs other than Diazepam or Phenobarbital (n = 9)
(n=68) - Studies without comparison groups of diazepam,
- phenobarbital or placebo (n = 6)
8
e Studies included in review
S and meta-analysis (n = 17)
Figure 1: Flowchart for selection of studies
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model showed that the use of diazepam in comparison
with phenobarbital reduces the risk of recurrence FC by
34%, but the relationship was not statistically significant
(risk ratio = 0.66, 95% confidence interval [CI]: 0.36-1.21,
P =0.18) [Figure 2]. The meta-analysis of studies reporting
the effect of diazepam or phenobarbital in comparison
with placebo showed that the use of diazepam in
comparison with placebo significantly reduces the risk of
recurrence FC by 49% (risk ratio = 0.51, 95% CI=0.32-0.79,
P =0.002) [Figure 3] and the use of phenobarbital in
comparison with placebo significantly reduces the risk of
recurrence FC by 37% (risk ratio = 0.63, 95% CI = 0.42-0.96,
P=0.03) [Figure 4]. In assessing the presence of publication
bias, the results revealed that the funnel plots of three
meta-analysis are asymmetrical and there are no trials
in the lower right corner, suggesting that small trials not
favoring the intervention were not published. Egger’s
test results (P = 0.0584 for comparison of diazepam vs.
phenobarbital; P = 0.0421 for comparison of diazepam
vs. placebo; P = 0.0402 for comparison of phenobarbital
vs. placebo) showed evidence of publication bias.
Therefore, it could be concluded that there is a source for

publication bias [Figure 5]. According to the results of the
meta-regression test, the follow-up time can be a reason for
heterogeneity of trials with the comparison of diazepam vs.
phenobarbital (r=0.047, P =0.049) and phenobarbital versus
placebo (r=0.022, P = 0.016) [Table 3].

Results of sensitivity analysis to omit the Thilothammal
et al. study due to statistical reason (outlier result in the
funnel plot) showed that there is still a protective effect for
phenobarbital against the recurrence of febrile convulsive
compared to placebo, but this protective effect was not
statistically significant (risk ratio = 0.74, P = 0.08).

DISCUSSION

Although due to the benign and self-limiting nature of
febrile seizure as well as the potential toxicity associated
with anticonvulsant drugs, prophylactic treatment with
these drugs is not routinely recommended, in some cases,
especially when the anxiety and stress of parents are high
or when the child is at high risk of recurrence of seizures
due to several risk factors, prophylactic treatment can be

Diazepam Phenobarbital Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, 95% Cl _Year M-H, 95% CI
Knudsen 1978 13 83 " 73 33.0% 1.04 [0.50,2.18] 1978 ——
Ramakrishnan 1986 0 30 9 30 43% 0.05[0.00,0.87) 1986 ————
Beyraghi 2008 6 33 10 31 271% 0.56[0.23,1.37] 2008 e
Salehiomran 2016 1" 7 17 74 355% 0.67 [0.34,1.34] 2016 —
Total (95% CI) 217 208 100.0% 0.66 [0.36, 1.21] -
Total events 30 47
Heterogeneity: Tau*= 0.14, Chi*= 4.99, df=3 (P=0.17), F= 40% 9&01 0?1 190 1003
Testfor overall effect Z=1.33 (P = 0.18) Favours Diazepam Favours Phenobarbital

Figure 2: Forest plot for prophylaxis of recurrence febrile convulsion with Diazepam compared to the Phenobarbital

Diazepam Placebo Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, R 95% Cl Year M-H, Rand 95% CI
Ramakrishnan 1986 0 30 6 30 23% 0.08[0.00,1.31] 1986 +———
Autret 1990 15 93 18 92 21.6% 0.82[0.44,1.53] 1990 e I
Rosman 1993 7 202 29 204 16.8% 0.24[0.11,0.54] 1993 g
Verrotti 2004 5 45 20 65 14.7% 0.36[0.15,0.89] 2004
Pavlidou 2006 15 77 24 71 236% 0.58(0.33,1.01] 2006 —
Tagdiri 2011 11 40 15 40 21.0% 0.73[0.39,1.39] 2011 —t
Total (95% Cl) 487 502 100.0% 0.51[0.32,0.79] &
Total events 53 112

it Tau?= - ChiF= L o = ' L : )
Heterogeneity: Tau*= 0.14; Chi*= 9.52, df=5 (P = 0.09); F= 47% o1 o1 10 100

Test for overall effect: Z= 3.02 (P = 0.002)

Favours Diazepam Favours Placebo

Figure 3: Forest plot for prophylaxis of recurrence febrile convulsion with Diazepam compared to the placebo

Phenobarbital Placebo Risk Ratio Risk Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Rand 95% Cl Year M-H, 95% CI
Mackintosh 1970 3 16 5 16 75% 0.60(0.17,2.10] 1970 —
Heckmatt 1976 4 49 15 73 95% 0.40(0.14,1.13] 1976 —_—
Petter 1980 2 39 10 40 6.1% 0.21 [0.05,0.88] 1980
Ngwane 1980 4 23 7021 91% 0.52(0.18,1.53] 1980 =
Bacon 1981 10 48 15 43 14.4% 0.60(0.30,1.19] 1981 =T
Ramakrishnan 1986 9 30 6 30 11.2% 1.50(0.61,3.69] 1986 -
McKinlay 1989 12 41 14 B0 14.8% 1.25(0.65, 2.43] 1989 =
Farwell 1990 4 108 51 109 20.9% 0.81[0.59,1.11] 1990 i i
Thilothammal 1993 2 30 16 30 65% 0.13[0.03,0.50] 1993
Total (95% CI) 384 422 100.0% 0.63 [0.42, 0.96] @
Total events 87 139
Heterogeneity: Tau®= 0.19; Chi*=17.58, df= 8 (P = 0.02); F= 54% 5o oh 10 100

Test for overall effect: Z= 2.16 (P = 0.03)

Favours Phenobarbital Favours Placebo

Figure 4: Forest plot for prophylaxis of recurrence febrile convulsion with phenobarbital compared to the placebo
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Figure 5: Assessment of publication bias by funnel plots for articles comparing Diazepam versus Phenobarbital (a), Diazepam versus Placebo (b), and Phenobarbital

versus Placebo (c) in prevention of febrile convulsion

Table 3: Accessing the reason for heterogeneity of trials with meta-regression test

Coefficient SE z P 95% ClI
Diazepam versus phenobarbital -0.046749 0.0237508 -1.97 0.049 -0.0932996--0.0001983
Diazepam versus placebo -0.0154409 0.0181135 -0.85 0.394 -0.0509427-0.0200609
Phenobarbital versus placebo 0.0222594 0.0092735 2.40 0.016 0.0040837-0.0404352

SE: Standard error, Cl: Confidence interval

considered.*** Among anticonvulsant drugs, the most
commonly used drugs for the prophylaxis of recurrent
FS are phenobarbital and diazepam. This study aimed to
compare the use of oral or rectal diazepam during febrile
illness and continuous use of phenobarbital with each other
or with placebo to prevent recurrence of FS among children
under 6 years of age. Out of 17 articles related to the purpose
of the study, 6 studies examined the effect of diazepam
versus placebo, 9 studies phenobarbital versus placebo, and
4 studies phenobarbital and diazepam. The study design
of all these studies was a randomized clinical trial (RCT).
However, there was a relatively high heterogeneity between
studies. For example, in the four studies of Salehiomran in
2016, Beyraghi in 2008,"IRamakrishnan in 1986,*! and
Knudsen in 1978,21 with comparison, the effectiveness of
phenobarbital versus diazepam, the study population and
follow-up periods were relatively different. For example,
in the two studies of Iran, Salehiomran, and Beyraghi
et al.¥! studies, the follow-up times were 12-18 months.
Moreover, in the Salehiomran et al.’s study,™ children with
a history of three simple or complex FC were included.
However, in the Ramakrishnan study, children with a
history of one FC were included and followed up for
6 years. The result of the meta-regression test in assessing
the role of different follow-up periods in diversity between
studies was also significant. Research has indicated that an
important source of heterogeneity is variations in study
quality. A large survey has also shown that <20% of the
studies satisfied five of the seven examined methodological
standards.®? Our meta-analysis showed that the risk
of recurrent FC was lower in children taking diazepam
than in those taking phenobarbital, but this relationship
was not statistically significant. Moreover, our results
demonstrated that diazepam or phenobarbital reduced the

7 Journal of Research in Medical Sciences

risk of FC recurrence by about 50% more than placebo and
the relationship was also statistically significant. Of nine
studies comparing the effect of phenobarbital vs. placebo,
seven studies reported that phenobarbital is more effective
than placebo in preventing FC recurrence. Only in two
studies by Ramakrishnan and McKinlay et al., phenobarbital
had increased the risk of FC recurrence by 50% and 25%,
respectively, compared to placebo or no intervention. In
the Ramakrishnan study, children with a history of FC
were randomly divided into four groups of 30 individuals
as follows: Group 1: Continuous phenobarbital; Group 2:
Intermittent phenobarbital; Group 3: Intermittent diazepam,
and Group 4: No intervention. Among the continuous use
of phenobarbital’s group, 3 out of 30 children had a history
of epilepsy in one of their parents, 4 children had a history of
FC in one of the siblings, and 3 children had a seizure
without fever. However, in the no-intervention group, none
of the children had a positive family history of FC. However,
the relationship between seizures and family history of
seizures was not statistically significant. In this study,
diazepam was recommended as a preferred FC prophylactic
drug.? In the McKinlay study, in the phenobarbital group,
12 out of 41 children (29%) and in the control group, 14 out
of 60 patients (23%) had a recurrent FC during follow-up
period. In other words, the risk of recurrent FC among
phenobarbital group was 25% higher than the no treatment
group. However, the relationship was not statistically
significant. In this study, there was no significant difference
in age and sex between groups, but when children were
divided into two age groups of <2 years and over 2 years,
the risk of recurrent FC in the phenobarbital group was
38% lower than control group (risk ratio = 0.62). However,
in children >2 years old, the risk of recurrent FC was two
times more than the control group (risk ratio = 2.16). In
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the McKinlay study, although the number of children
with a previous complicated FC was higher in the control
group than the phenobarbital group (43% vs. 27%), but the
recurrent rate of FC in the phenobarbital group was higher
than the control group. Therefore, they did not recommend
the use of phenobarbital as a prophylactic drug, especially
in children at high risk of recurrent FC.”? According to
the Cochrane Review 2013, there was no clinical benefit
for children with a history of FC using diazepam or
phenobarbital. Due to the benign nature of FC and the
high rate (30%) of side effects of anticonvulsant drugs, it
was recommended that only patients’ parents or families
should be supported to receive medical counseling services,
information about primary services, recurrent rate of febrile
seizure, and nature of the febrile seizure.® However, in the
Cochrane review 2017, it was reported that the intermittent
use of diazepam or continuous use of phenobarbital could
be effective in the recurrence rate of FS.["! The results of this
systematic review and meta-analysis were also consistent
with the results of Cochrane Review 2017.

CONCLUSION

Our results indicated that intermittent diazepam and
continuous phenobarbital reduce the risk of recurrent FCs
among children with a history of FC. Moreover, due to the
benign but frightening nature of FC, patients’ parents or
caregivers should be consulted.

Limitations of the study

There are some limitations in the review. There were not
enough new trials with high qualities. Most studies were
done 1-2 decades ago and mostly had heterogeneous
designs in terms of follow-up, randomization, and
blindness.
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