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What is already known on this topic?

 ► Phenobarbitone is the first- line therapy for neonatal 
seizures with uncertain efficacy and possible side 
effects.

 ► New antiepileptic drugs (AEDs), such as levetirace-
tam, appear efficacy in neonatal seizures.

 ► Neonatal seizures are associated with the develop-
ment of cerebral palsy and epilepsy.

What this study hopes to add?

 ► The effectiveness of new AEDs compared with old 
ones.

 ► Long- term outcomes in relation to cerebral palsy 
and epilepsy following neonatal seizures.

 ► The most common drug toxicity with different AEDs 
in neonates.

ABSTRACT
Introduction Seizures are one of the most common 
neurological disorders of neonates, which is also an 
emergency in the neonatal intensive care unit. For 
neonates, the recommended first- line antiepileptic drugs 
(AEDs) include phenobarbitone, which may be effective 
in only 50% of seizures. Some new AEDs, such as 
levetiracetam, have been shown to be effective in adults 
and older children. However, their efficacy for neonatal 
seizures remains uncertain. The aim of this investigation is 
to conduct a systematic review to evaluate the efficacy of 
all AEDs in neonates. Additionally, the long- term outcomes 
following neonatal seizures, in relation to the development 
of cerebral palsy and epilepsy, will be studied.
Method We will perform a systematic review including 
randomised controlled studies (RCTs), cohort studies, 
case- controlled studies and case series studies which 
evaluated the efficacy of AEDs and short- term and long- 
term outcomes in neonatal seizures. PubMed, Embase, 
Web of Science, Cochrane Library and Clinical  trial. gov 
will be searched. There will be no language restriction. 
Risk bias in RCTs will be evaluated by the Cochrane risk- 
of- bias tool, while cohort and case- control studies will 
be evaluated by the Newcastle- Ottawa Scale. A network 
meta- analysis will be performed by the Bayesian model 
using WinBUGS V.1.4.3 and R software if there is a high 
degree of homogeneity among studies. Otherwise, we 
will perform a narrative review without pooling. Subgroup 
analyses will be performed in different AEDs and dosage 
groups.
Outcome The primary outcomes will be seizure cessation 
confirmed by electroencephalogram and long- term 
neurodevelopmental outcome. Secondary outcomes will 
be neonatal mortality during hospitalisation and suspected 
drug toxicity.
Ethics and dissemination Formal ethical approval is not 
required as no primary data are collected. This systematic 
review will be disseminated through a peer- reviewed 
publication.

INTRODUCTION
Neonatal seizures are one of most common 
neurological complications in the neonatal 
intensive care unit (NICU), which have an 
incidence of 1–5 per 1000 live births in high- 
income countries.1 Epidemiological surveys 
for neonatal seizures in low- income countries 

are scarce. A survey from Kenya indicated that 
the incidence rate was 39.5/1000 live births,2 
which as anticipated is higher than in high- 
income countries.

Neonatal seizures may be the manifestation 
of major neonatal diseases, such as hypoxic–
ischaemic encephalopathy, central nervous 
system infections, genetic disorders, hypogly-
caemia or transient electrolyte disorders such 
as hypocalcaemia.3 Continuous seizures can 
result in damage to the developing brain and 
may cause permanent neurological sequelae 
including cerebral palsy (CP), epilepsy, 
mental retardation and cognitive delay.4 5 
These sequelae have a significant economic 
impact on both the family and society, for 
example, CP costs US$22 383 per year in the 
USA.6

Although seizures in the newborn are 
considered as an emergency, the treatment 
of neonatal seizures is challenging. Pheno-
barbitone was used initially in neonates 
in 1912. A major advantage of phenobar-
bitone is its low cost and wide availability, 
which is of major importance in low and 
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lower middle- income countries. For example, a manual 
for Medical and Clinical Officers in Africa on seizures 
indicates phenobarbitone as the primary prescription, 
and also showed phenobarbitone remained the drug 
of choice in resource- poor settings.7 Until now, pheno-
barbitone remains the first- line therapy for neonatal 
seizures around the world with uncertain efficacy and 
possible side effects.8 9 Large- scale studies have shown 
that 75.7%–98% neonates with seizures were treated 
by phenobarbitone initially.9–11 However, more recent 
research suggests that seizures are controlled in only 
43%–50% neonates with phenobarbitone.12 As an 
agonist of gamma aminobutyric acid (GABA) receptor, 
phenobarbitone increases GABA- mediated inhibition.13 
This is closely associated with its short- term side effect 
of central nervous system depression. Furthermore, 
some experiments in vitro and rodents have reported 
that phenobarbitone may cause neuronal apoptosis,14 15 
which may be the cause for long- term cognitive, motor 
and language delay.16

Phenytoin was usually administered as second line 
to phenobarbitone, which was initially introduced in 
1938.17 18 Phenytoin is however associated with signif-
icant toxicity and its efficacy has been questioned.19 20 
Since then, new AEDs are being used in the treatment 
of neonatal seizures, for example, levetiracetam appears 
to be an effective AED of neonatal seizures, with seizure 
response rates ranging from 63% to 77%.21 22 However, 
the evidence for the use of these AEDs in neonates is 
minimal.

A systematic review of the AEDs used in the treat-
ment of neonatal seizures was published in 2013 but 
only included articles published up to August 2011. This 
systematic review included 16 articles (2 RCTs and 14 
observational studies). They recommended phenobarbi-
tone as first- line treatment.23 Since then, there are likely 
to have been studies published, especially in relation to 
some of the newer AEDs. There is therefore a need for an 
updated systematic review to determine the most effec-
tive treatment for neonatal seizures.

Additionally, the long- term outcomes of CP and 
epilepsy following neonatal seizures are not clear. A large 
single- centre prospective cohort study of 82 neonates 
with acute seizures was published in 2007.5 There is a 
need for a systematic review on the long- term outcomes 
following neonatal seizures.

METHODS
We will perform a systemic review and if possible, data 
synthesis will be done and network meta- analysis will be 
performed. We will follow Preferred Reporting Items 
for Systematic Reviews and Meta- Analyses (PRISMA) 
guidelines. Otherwise, we will perform a narrative review 
without pooling if high heterogeneity exists. We will 
follow the PRISMA- P Checklist.24

Eligibility criteria
Trial design: any original study (ie, cohort, case control, 
cross sectional), descriptive designs (ie, case series and 
case report) that provides information about AEDs for 
neonatal seizure and the short- term and long- term 
outcomes.

Participants
Neonates aged between 0 day and 28 days will be included. 
Seizures will be defined by confirmed electroencephalo-
graphic (EEG).

Intervention
Any AEDs including first- line, second- line or even third- 
line medications, regardless of dose, routine, duration 
and frequency. Subgroup analysis of the effect of dose 
will be performed on both short- term and long- term 
outcomes, if feasible.

Comparison
Other AEDs or placebo.

Outcomes
Primary outcome
1. Short term seizure cessation—confirmed by EEG.
2. Long- term neurodevelopmental outcome including 

CP, learning disability and epilepsy.

Second outcomes
1. Neonatal mortality during hospitalisation.
2. Drug toxicity.

Exclusion criteria
Pyridoxine dependence, severe congenital malformation 
and metabolic disorders, including electrolyte distur-
bance, hypocalcaemia and hypoglycaemic, are excluded. 
Studies that do not provide details of seizure cessation 
and details of the neonates will be excluded.

Language
No language restrictions.

Search methods
The following databases will be searched: PubMed, 
Embase, Web of Science, Cochrane Library and Clin-
ical  trial. gov. We will also screen the previous systemic 
review and related references for potential references. 
The search term will combine medical subject heading 
(MeSH) and free word. MeSH terms are as follows: 
“Infant, Newborn”, “Seizures”, “Valproic Acid”, “Paralde-
hyde”, “Phenobarbitone”, “Levetiracetam”, “Lorazepam”, 
“Carbamazepine”, “Phenytoin”, “Midazolam”, “Lido-
caine”, “Fosphenytoin”, “Bumetanide”. Detail for search 
strategy is listed in online supplementary appendix 1.

Study records
Articles will be stored in EndNote V.X9 software. Two 
reviewers (YH and MZ) will be responsible for reviewing 
references. After excluding irrelevant articles by title and 
abstract, the full- text will be screened. Both reviewers will 
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use the same inclusion and exclusion criteria for selecting 
full texts. If there are disagreements, the opinions of a 
third review member will be obtained.

Risk of bias of individual study
The risk of bias of each trial will be investigated by two 
investigators (YH and MZ) independently. The third 
investigator (TX) will advise if there is disagreement. 
RCTs will be evaluated by the Cochrane risk- of- bias tool, 
while observational studies and case series will be eval-
uated by the Newcastle- Ottawa Scale and A Modified 
Delphi Technique separately.25–27 See online supplemen-
tary appendix 2.

Data extraction
Data extraction will be performed by two investigators 
(YH and MZ) individually. Microsoft Excel 2010 will be 
used to record the extraction data.

The following data will be extracted:
1. General information: author, year(s) the study took 

place, year of publication, country, sample size, partic-
ipants’ basic information.

2. Study methodology: study design, included/excluded 
criteria for participants.

3. Details of AEDs medication of neonatal seizures: type 
of AED; dosage; delivery route; duration; frequency.

4. Outcomes relevant to this review: the cessation rates; 
toxicity; mortality rates; long- term neurodevelopmen-
tal outcome, including the population who developed 
CP, learning difficulties and epilepsy.

Data analysis and synthesis
OR, relative ratio and 95% CI will be calculated for 
analysis. Seizure cessation, CP and epilepsy following 
neonatal seizure will be used combined. Heterogeneity 
will be measured by χ2 test and I2 statistic. Zero per cent 
of I2 means without heterogeneity; 0%–25%, 25%–50% 
and 75%–100% of I2 means low, moderate and high 
heterogeneity, respectively.28 Whether the data can be 
synthesised is dependent on the heterogeneity of the 
primary study data:
1. If the primary outcome data and study design show 

a low and moderate heterogeneity, data will be syn-
thesised. Additional subgroup and sensitivity analysis 
will be performed to find out the source of heteroge-
neity. Network meta- analysis will be conducted by the 
Bayesian model, using WinBUGS V.1.4.3 and R soft-
ware. And the surface under the cumulative ranking 
curve will be calculated.

2. If it shows high heterogeneity (I2 ≥75%) among stud-
ies for outcomes, synthesis of these data is limited. An 
updated systematic review will be done.

Analysis of subgroups
Subgroup analysis will be performed on first- line, 
second- line or even third- line AEDs of neonatal seizures. 
Subgroup analysis will also be performed on the dosage 
of individual AEDs.

Patient and public involvement
Patients and public were not involved in the develop-
ment of this protocol.

DISCUSSION
The systematic review should hopefully provide evidence 
about the optimal management of neonatal seizures. 
Where there is uncertainty, this information should be of 
benefit in prioritising future areas of research.

The development of long- term outcomes will be of 
benefit in determining the importance of the manage-
ment of acute seizures in the neonatal period. This will 
be of benefit to both health professionals and parents.

Contributors YH contributed by developing and drafting the protocol. MZ 
contributed by developing the protocol. IC contributed by supervising the 
development of the protocol and revising the protocol. TX, SQ and JT contributed by 
revising the protocol. All the authors have approved the current protocol version.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Competing interests None declared.

Patient consent for publication Not required.

Ethics approval Ethical approval is not required in this review. The authors will 
publish the results in a peer- reviewed journal.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement No data are available. All the data relevant to the 
study are included in the article or uploaded as supplementary information.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the 
use is non- commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

ORCID iDs
Yang He http:// orcid. org/ 0000- 0003- 0952- 2465
Tao Xiong http:// orcid. org/ 0000- 0002- 0408- 1288
Shalini Ojha http:// orcid. org/ 0000- 0001- 5668- 4227
Imti Choonara http:// orcid. org/ 0000- 0002- 3069- 6323

REFERENCES
 1 Vasudevan C, Levene M. Epidemiology and aetiology of neonatal 

seizures. Semin Fetal Neonatal Med 2013;18): :185–91.
 2 Mwaniki M, Mathenge A, Gwer S, et al. Neonatal seizures in a 

rural Kenyan district Hospital: aetiology, incidence and outcome of 
hospitalization. BMC Med 2010;8:16.

 3 WHO/ILAE/IRCCS. Who | guidelines on neonatal seizures, 2011. 
Available: https://www. who. int/ mental_ health/ publications/ 
guidelines_ neonatal_ seizures/ en/

 4 Uria- Avellanal C, Marlow N, Rennie JM. Outcome following neonatal 
seizures. Semin Fetal Neonatal Med 2013;18:224–32.

 5 Gabriel M, Ronen M, ., Buckley D, et al. Long- Term prognosis in 
children with neonatal seizures. Neurology 2007;69:1816–22.

 6 Pulgar S, Bains S, Gooch J, et al. Prevalence, patterns, and cost of 
care for children with cerebral palsy enrolled in Medicaid managed 
care. JMCP 2019;25:817–22.

 7 Dekker PA. EPILEPSY:A manual for Medical and Clinical Officers in 
Africa. World Health Organization, 2002: 85–6.

 8 Vento M, de Vries LS, Alberola A, et al. Approach to seizures 
in the neonatal period: a European perspective. Acta Paediatr 
2010;99:497–501.

 9 Ahmad KA, Desai SJ, Bennett MM, et al. Changing antiepileptic drug 
use for seizures in US neonatal intensive care units from 2005 to 
2014. J Perinatol 2017;37:296–300.

 10 Glass HC, Shellhaas RA, Tsuchida TN, et al. Seizures in preterm 
neonates: a multicenter observational cohort study. Pediatr Neurol 
2017;72:19–24.

https://dx.doi.org/10.1136/bmjpo-2020-000683
https://dx.doi.org/10.1136/bmjpo-2020-000683
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-0952-2465
http://orcid.org/0000-0002-0408-1288
http://orcid.org/0000-0001-5668-4227
http://orcid.org/0000-0002-3069-6323
http://dx.doi.org/10.1016/j.siny.2013.05.008
http://dx.doi.org/10.1186/1741-7015-8-16
https://www.who.int/mental_health/publications/guidelines_neonatal_seizures/en/
https://www.who.int/mental_health/publications/guidelines_neonatal_seizures/en/
http://dx.doi.org/10.1016/j.siny.2013.01.002
http://dx.doi.org/10.18553/jmcp.2019.25.7.817
http://dx.doi.org/10.1111/j.1651-2227.2009.01659.x
http://dx.doi.org/10.1038/jp.2016.206
http://dx.doi.org/10.1016/j.pediatrneurol.2017.04.016


4 He Y, et al. BMJ Paediatrics Open 2020;4:e000683. doi:10.1136/bmjpo-2020-000683

Open access

 11 Blume HK, Garrison MM, Christakis DA. Neonatal seizures: 
treatment and treatment variability in 31 United States pediatric 
hospitals. J Child Neurol 2009;24): :148–54.

 12 Yozawitz E, Stacey A, Pressler RM. Pharmacotherapy for seizures 
in neonates with hypoxic ischemic encephalopathy. Paediatr Drugs 
2017;19:553–67.

 13 Donovan MD, Griffin BT, Kharoshankaya L, et al. Pharmacotherapy 
for neonatal seizures: current knowledge and future perspectives. 
Drugs 2016;76:647–61.

 14 Bittigau P, Sifringer M, Genz K, et al. Antiepileptic drugs and 
apoptotic neurodegeneration in the developing brain. Proc Natl Acad 
Sci U S A 2002;99:15089–94.

 15 El- Dib M, Soul JS. The use of phenobarbital and other anti- seizure 
drugs in newborns. Semin Fetal Neonatal Med 2017;22:321–7.

 16 Maitre NL, Smolinsky C, Slaughter JC, et al. Adverse 
neurodevelopmental outcomes after exposure to phenobarbital and 
levetiracetam for the treatment of neonatal seizures. J Perinatol 
2013;33): :841–6.

 17 Battino D, Estienne M, Avanzini G. Clinical pharmacokinetics of 
antiepileptic drugs in paediatric patients. Clin Pharmacokinet 
1995;29:341–69.

 18 Ouvrier RA, Goldsmith R. Phenobarbitone dosage in neonatal 
convulsions. Arch Dis Child 1982;57:653–7.

 19 Bye AM, Flanagan D. Spatial and temporal characteristics of 
neonatal seizures. Epilepsia 1995;36:1009–16.

 20 Painter MJ, Scher MS, Stein AD, et al. Phenobarbital compared 
with phenytoin for the treatment of neonatal seizures. N Engl J Med 
1999;341:485–9.

 21 Han JY, Moon CJ, Youn YA, et al. Efficacy of levetiracetam for 
neonatal seizures in preterm infants. BMC Pediatr 2018;18:131.

 22 McHugh DC, Lancaster S, Manganas LN. A systematic review of 
the efficacy of levetiracetam in neonatal seizures. Neuropediatrics 
2018;49:012–17.

 23 Slaughter LA, Patel AD, Slaughter JL. Pharmacological treatment 
of neonatal seizures: a systematic review. J Child Neurol 
2013;28:351–64.

 24 Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for 
systematic reviews and meta- analyses: the PRISMA statement. 
PLoS Med 2009;6:e1000097.

 25 GA Wells, B.S, O'Connell D, Peterson J, et al. The Newcastle- Ottawa 
scale (NOS) for assessing the quality of nonrandomised studies in 
meta- analyses. Available: http://www. ohri. ca/ programs/ clinical_ 
epidemiology/ oxford. asp

 26 GS HJ. Cochrane Handbook for systematic reviews of interventions 
version 5.1.0. The Cochrane collaboration, 2011.

 27 Moga C, Schopflocher GB. Development of a quality appraisal tool 
for case series studies using a modified Delphi technique. Edmonton 
AB: Institute of Health Economics, 2012.

 28 Melsen WG, Bootsma MCJ, Rovers MM, et al. The effects of clinical 
and statistical heterogeneity on the predictive values of results from 
meta- analyses. Clin Microbiol Infect 2014;20:123–9.

http://dx.doi.org/10.1177/0883073808321056
http://dx.doi.org/10.1007/s40272-017-0250-4
http://dx.doi.org/10.1007/s40265-016-0554-7
http://dx.doi.org/10.1073/pnas.222550499
http://dx.doi.org/10.1073/pnas.222550499
http://dx.doi.org/10.1016/j.siny.2017.07.008
http://dx.doi.org/10.1038/jp.2013.116
http://dx.doi.org/10.2165/00003088-199529050-00004
http://dx.doi.org/10.1136/adc.57.9.653
http://dx.doi.org/10.1111/j.1528-1157.1995.tb00960.x
http://dx.doi.org/10.1056/NEJM199908123410704
http://dx.doi.org/10.1186/s12887-018-1103-1
http://dx.doi.org/10.1055/s-0037-1608653
http://dx.doi.org/10.1177/0883073812470734
http://dx.doi.org/10.1371/journal.pmed.1000097
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://dx.doi.org/10.1111/1469-0691.12494

	Efficacy of antiepileptic drugs in neonatal seizures: a systematic review protocol
	ABSTRACT
	INTRODUCTION
	METHODS
	Eligibility criteria
	Participants
	Intervention
	Comparison
	Outcomes
	Primary outcome
	Second outcomes


	Exclusion criteria
	Language
	Search methods
	Study records
	Risk of bias of individual study
	Data extraction
	Data analysis and synthesis
	Analysis of subgroups
	Patient and public involvement

	DISCUSSION
	References


