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Abstract: Neonatal seizures are a
significant contributor to neonatal
morbidity and mortality in Nigeria
and the magnitude of the burden
is unknown. A comprehensive
systematic review is needed to
determine the pooled magnitude
and causes of neonatal seizures in
Nigeria since the true estimate is
yet to be determined. Therefore,
this study aims to develop a protocol to assess the burden and
causes of neonatal seizures in
Nigeria.
A search strategy is developed
using MeSH terms, text words,
and entry terms. Nine databases
will be searched including PubMed, African journals online,
Google Scholar, Cumulative Index to Nursing and Allied Health
Literature, EMBASE, Psych Info,
Web of Science, Scopus, and Research Gate. Only observational
studies, retrievable in the English
language and conducted in Nigerian neonates will be included.
The primary outcome of this
study is the pooled prevalence of
neonatal seizures in Nigeria. The
secondary outcomes include the
seizure types, causes, method of
detection, and outcome in the
neonates. Screening of identified
studies will be done in End Note
version 20 and duplicates re-

Introduction
Neonatal seizures are a significant contributor to neonatal morbidity and mortality in Nigeria and the magnitude
of the burden is unknown because healthcare facilities
often lack the means to sufficiently diagnose, monitor,
treat or even prognosticate neonates after neonatal seizures. Any seizure occurring within the first 28 days of
life in the full-term infant or before 44 weeks of gesta-

moved, before exporting to Microsoft 365 excel sheet for data extraction by independent reviewers.
Studies will be assessed for methodological, clinical, and statistical
heterogeneity and if required, a
meta-analysis will be done. Stata
16 IC will be used for data analysis. Various subgroup analyses will
also be done. A funnel plot will be
used for the assessment of publication bias. Results will be presented
in tabular formats, narrative synthesis, and regression plots.
The data from this review will
reveal the pooled prevalence of
neonatal seizures in Nigeria. It will
create an avenue for discussion on
the types, causes, and outcome of
neonatal seizures. The findings
will also enable discussions on
how to address the causes of neonatal seizures in Nigeria and provide evidence for policy recommendations to reduce morbidity
and mortality resulting from neonatal seizures in Nigeria.
Trial registration number: This
protocol is registered in PROSPERO with registration number
CRD42020220097.
Keywords: Newborn, Prevalence,
Incidence, Neonatal seizures, Seizures, Mortality, Nigeria.

tional age in a preterm-infant defines neonatal seizure.1
The risk for the occurrence of seizures in children is
highest in the first month of life2 since the immature
state of the motor pathways in neonates makes them
more susceptible to seizures.3 A seizure represents the
most characteristic manifestation of an underlying neurological compromise in the neonate and constitutes a
neurological emergency requiring urgent diagnosis and
management.4 Therefore the presence of seizures in a
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neonate is a risk factor that increases the rates of longterm neurological sequelae and or death.5 While neonatal seizures are clinically described as subtle, often inconspicuous, paroxysmal, repetitive, and stereotyped
events,3 they differ from those of older children and
adults. The semiology noted in neonates who have seizures suggests onset is predominantly focal6 and are
classified according to the proposed 2018 International
League Against Epilepsy (ILAE) task force group as
clinical only, electro-clinical or electrographic only.7
Globally, the true incidence of neonatal seizures is unknown8 due to considerable differences in reported incidences and prevalence, arising from varying methods
used in identifying neonatal seizures and settings.9 However, worldwide reported incidence of neonatal seizures
in full-term neonates ranges from 1 – 5 per 1000 live
births 8,10,11 in high-income and upper-middle countries.
Studies reporting incidences from middle- and lowincome countries are limited and two studies in Ethiopia
and Kenya reported incidences of 13.6 per 1000 live
births and 39.5 per 1000 live births respectively12,13,
suggesting a possibly higher incidence in these settings.
Even among the preterm population, the reported incidence of neonatal seizures, based on clinical observation
range from 3.9 – 57.5 per 1000 live births10,14 in highincome countries and studies from middle and lowincome countries are limited with two studies in Nigeria
reporting incidences of 13.5 per 1000 live births and
47.6 per 1000 live births respectively15,16 Other studies
have reported incidence rates of neonatal seizure to
range from 3.5 – 7.5 per 1000 live births15,16 whereas
other studies report prevalence ranging from 5 – 16.7
%.17,18
The causes of neonatal seizures are diverse and maybe
unknown.8,9The different causes of seizures may coexist in neonates, hence making definite aetiology problematic.19 In the full-term neonates, hypoxic-ischaemic
encephalopathy (HIE), CNS infections, and stroke are
reported as the commoner causes while intravascular
haemorrhage is the commonest cause in preterm neonates in higher-income countries.19,20 Studies from different low and middle-income countries demonstrate
that hypoxic-ischaemic encephalopathy (HIE), hypoglycaemia, hypocalcaemia, and CNS infections are the
commoner causes of neonatal seizures.8,12,17,21 However,
intracranial haemorrhage, congenital malformations and
genetic disorders of amino and organic acid metabolism
are rarely documented21 which may be due to variations
in diagnostic techniques and obstetric care.
The onset of neonatal seizures occurs usually within the
first week of life with about 37.5 – 80% occurring
within the first 24 – 48 hours.12,22,23 Onset usually depends on the cause and usually occurs later in preterm
neonates when compared to term neonates.19 Seizure
types are generally classified into five – subtle, focal
clonic and multifocal clonic, myoclonic, and tonic based
on the seizure semiology according to Volpe.24 The
usual duration of seizures ranges between 10 – 120 secs
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and is repetitive with a median of 8 minutes between
each seizure episode.22
Most seizures in neonates occur without obvious clinical
signs25 and need diagnostic tools for continuous monitoring to properly arrive at a diagnosis that will help
identify aetiology and also allow effective care and
prognosis.26 Unlike in high-income countries where the
availability of diagnostic tools such as electroencephalography (EEG), video-EEG monitoring, and early neuroimaging is complemented by clinical observation to
make the diagnosis of neonatal seizures more accurate,6
these facilities are not readily available in the middle
and low - income countries like Nigeria where the diagnosis is mainly based on clinical observation.12,21,27
These differences can result in either over or underestimation of the true incidence of neonatal seizures as a
cause of long-term neurological morbidity and mortality. Not all neonatal seizures result in neurological deficits as 25 – 45% have a normal outcome.14 However,
about 25 – 31 % develop cerebral palsy,14,28,29 18 – 35 %
epilepsy,14,29 19 – 27% intellectual disabilities29 and 28 –
50% have developmental delays.30 Prognosis of neonatal
seizures ultimately depends on the primary cause of the
seizures. Deaths from neonatal seizures have been reported among neonates from high, middle- and lowincome countries and range from 7 - 16%.12,14,29,31
Although neonatal seizures are a common problem faced
by neonates admitted into specialized health care facilities in Nigeria, diagnosis is mainly based on clinical
observation.16–18,21 With the proliferation of studies in
Nigeria reporting neonatal seizures as a contributor to
neonatal morbidity and mortality, a comprehensive systematic review is needed to determine the pooled magnitude of neonatal seizures in Nigeria since the true estimate is yet to be determined. This protocol is designed
to enable a reliable review and meta-analysis, aimed at
synthesizing the existing data and describing the burden
of neonatal seizures in Nigeria.
The findings from this research will increase the understanding of the burden of neonatal seizures and provide
evidence for policy recommendations to reduce neonatal
mortality resulting from neonatal seizures in Nigeria.

Methods and Designs
The main objective of this study is to determine the burden and causes of neonatal seizures in Nigeria.
Specific objectives





To determine the pooled prevalence of neonatal
seizures in Nigeria
To determine the pooled prevalence of neonatal
seizures in preterm (gestational age<37 completed
weeks) and term neonates (gestational age> 37
completed weeks).
To determine the types and causes of seizures in
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preterm and term neonates.
To identify the method of seizure detection in preterm and term neonates
To summarize the outcome of seizure in preterm
and term neonates.

Review questions






What is the pooled prevalence of neonatal seizures
in Nigeria?
What is the pooled prevalence of neonatal seizures
in preterm and term neonates?
What are the types and causes of seizures in preterm
and term neonates?
What is the commonest method of seizure detection
in preterm and term neonates?
What is the outcome of seizure in preterm and term
neonates?

Study design
This is a protocol for systematic review and metaanalysis of observational studies on neonatal seizures
conducted in Nigeria. It includes cohort, cross-sectional,
case-control, retrospective, and historical cohort studies.
Other study designs are excluded including interventional studies. There is no time restriction for selecting
primary studies.
Inclusion criteria






Observational studies (cohort, cross-sectional, casecontrol, retrospective, and historical cohort studies)
Studies of all years that are published or retrievable
in the English language
Studies that are available in electronic databases
The study must be conducted in Nigerian neonates.
The study must report the prevalence/incidence of
neonatal seizures

prevalence of neonatal seizures in Nigeria. The measurable secondary outcomes are seizure types, causes,
method of detection, and outcome.
The filters used for subgroup analysis are preterm and
term neonates, and a specific geopolitical zone in Nigeria. The effect size for the primary outcome is prevalence. Effect sizes for secondary outcomes are categorical and numerical.
Information sources
The search will employ sensitive topic-based strategies
designed for each database. The following databases
will be searched: PubMed, AJOL, Google Scholar, CINAHL, EMBASE,PsychInfo, Web of Science, Scopus,
and Research Gate.
Search strategy
The search strategy will include MeSH terms, text
words, and entry terms and keywords of the PICO components of the research question. An Example of the
search strategy to be used in the databases include
(infant OR newborn) OR (Neonatal) AND (seizures) OR
(Seizure) OR (Convulsion) OR (Jerking) OR (Fits)
AND (Nigeria) OR Nigeria*) and this will be modified
according to the peculiarities of the database searched.
Also, the same search strategy will be applied with
every single state and geopolitical zone in Nigeria included in the search terms
Data extraction and Management
The data will be managed using Endnote version 20,
Microsoft Excel 365, and Stata 16 IC.
a

b
Exclusion criteria








All narrative studies, including letters to editors,
reviews, commentaries, and editorials
All interventional studies
Studies not carried out in Nigeria
Studies dealing with any other population outside
neonates
Duplicates of same studies
Studies that are not retrievable in the English language
Grey literature

The Picos is as follows:
Participants: all Nigerian neonates diagnosed with neonatal seizures
Exposure: not applicable
Comparator: not applicable
Outcome: The primary outcome of this study is the
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Screening: Searched primary studies will be
screened in Endnote version 20. They will then be
screened by titles and abstracts and duplicates removed.
Reviewers: Six reviewers are involved in this study.
A pair of reviewers will independently screen studies from each database using Endnote version 20
and Microsoft Excel 365. Conflict will be resolved
by a third independent reviewer. All reviewers will
be blinded.
Selection of studies: This will be done in Microsoft
Excel 365 based on the predefined study characteristics, study design, inclusion, and exclusion criteria. Full articles of the included articles will be
downloaded and read and their references handsearched for further references. Authors of eligible
studies with missing data will be contacted via
email and telephone. The screening and selection
workflow will be reported using the PRISMA flow
diagram.32

Data extraction
The following data will be extracted from each eligible
study into a predefined data template in Microsoft Excel
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365 spreadsheet:
i
First author’s surname
ii Year of publication of the study
iii Year of study
iv State
v Geopolitical zone
vi Sample size
vii Gestational age
viii Seizure prevalence/incidence
ix Gender
x Time of seizure onset
xi Type of seizure
xii Causes of seizure
xiii Method of seizure detection
xiv Outcome of seizure
xv Subgroups: preterm and term neonates, Specific
geopolitical zone

Studies with extreme bias will be excluded after assessment in the following areas:
1.
2.

3.
4.
5.

Quality assessment
The Joanna Briggs Institute Critical Appraisal Checklist
for Prevalence Studies will be used to critically appraise
and assess each of the papers to be included for the quality of the studies concerning their study design, conduct
and analysis, and reporting of the studies.33
Risk of bias
The Newcastle-Ottawa Scale (NOS) for Assessing Quality of Studies Included into Meta-Analyses if metaanalysis will be carried out.34

Method of testing and reporting at the outcome
level
Reporting primary outcome in the study: prevalence
with confidence interval or number of CTs per annum and sample size, as reported at the outcome
level
Heterogeneity will be assessed at the study level
Publication bias will be assessed at the study level
Sensitivity testing using include/exclude function at
the study level

Data synthesis


Data items (Main measurable outcomes)
The measurable data items in this study will include:
 The overall pooled prevalence of neonatal seizures
 The prevalence of neonatal seizures in term neonates (GA > 37 completed weeks)
 The prevalence of neonatal seizures in preterm neonates (<37 completed weeks)
 The type of seizures (subtle, focal clonic and multifocal clonic, myoclonic and tonic) in preterm and
term neonates
 The causes of seizures in preterm and term neonates
(hypoxic-ischaemic encephalopathy (HIE), hypoglycaemia, hypocalcaemia, CNS infections, intracranial haemorrhage, congenital malformations).
 The method of seizure detection in preterm and
term neonates (clinical alone, EEG alone, clinical
and EEG, video-EEG monitoring, and early neuroimaging).
 The reported proportion of preterm and term neonatal deaths from identified seizures.
 The proportion of neonates discharged home without anticonvulsants.
 The proportion of neonates discharged home on
anticonvulsants due to persisting seizure.
 The proportion of neonates who developed neurologic deficits from neonatal seizures.
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Studies that passed the methodological quality assessment will be included for narrative and data
synthesis. The results will be presented in tabular
format in addition to a narrative synthesis.
Data items for both primary and secondary outcomes will be extracted into a predefined template
and quantitative analysis done using Stata 16 IC.
The pooled prevalence of neonates with seizures
will be reported. Reported subgroup analysis of
moderating effects of age, gender, gestational age
etiology, response to anticonvulsants will be done.
Random-weighted meta-analysis shall be carried
out. Stata 16 IC will be used to analyze data and
inter-study heterogeneity will be explored using
Cochran's Q and I-squared statistics. As a rule of
thumb, I-squared values of less than 40% will be
considered low heterogeneity while values > 40%
but < 75% will be considered moderate and values
> 75% are high. Also, inverted funnel plots will be
used to assess publication bias. Meta-regression will
be conducted to assess etiological factors and confounding variables. The pooled effect size and subgroup analysis will be reported in forest plots.

Results
The study selection process will be summarized in a
flow diagram according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
2015 Statement32 and Preferred Reporting Items for Systematic Reviews and Meta-Analyses Protocol (PRISMA
-P) Checklist.32 A tabular summary of included studies
with extracted data items such as the number of neonates
with seizures, gestational age, gender, time of seizure,
cause of the seizure, and the outcome will be reported.
The pooled prevalence of neonatal seizures, 95 % CI,
standard error, P values, and relative weights assigned to
studies and heterogeneity tests will be included in the
forest plots. A table of quality scores and risk of bias of
each eligible study will be done. Forest and regression
plots to show sub-group analysis will be included.
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Discussion
The pooled prevalence of neonatal seizures as well as
the pooled prevalence in preterm and term neonates will
be discussed. The discussion will also examine the type
of neonatal seizure, method of its detection, and outcome in neonates. Extensive discussion on the causes of
neonatal seizures and ways of prevention will also be
done. The final study will be published in a peer-review
journal and the findings will be submitted to relevant
health authorities to guide policy decision making.

204

Authors Contributions
OE and EA conceived the project. OE, EA, DB and DO
designed the study. IA and IO did PubMed, AJOL, and
Google Scholar searches, screening, and review; DB and
DO did searches, screening, and review for CINAHL,
Scopus, and Web of Science searches while OA and OD
performed EMBASE, PsychInfo and Research Gate
searches, screening and review screening, and review.
Conflict of interests: none
Funding: none

References
1.

2.

3.

4.

5.

6.

7.

Han JY, Moon CJ, Youn YA,
Sung IK, Lee IG. Efficacy of
levetiracetam for neonatal seizures in preterm infants. BMC
Pediatr. 2018 Dec;18(1):131.
Clancy RR. Summary proceedings from the neurology group
on neonatal seizures. Pediatrics. 2006 Mar;117(3 Pt 2):S23
-27.
Abend NS, Wusthoff CJ. Neonatal seizures and status epilepticus. J ClinNeurophysiol. 2012
Oct;29(5):441–8.
Sharma D, Pandita A, Murki S,
Pratap OT. Neonatal seizures:
an emergency condition commonly seen in neonatal intensive care unit. BMJ Case Rep.
2014 Oct 31;2014.
Andreolli A, Turco EC,
Pedrazzi G, Beghi E, Pisani F.
Incidence of Epilepsy after
Neonatal Seizures: A Population-Based Study. Neuroepidemiology. 2019;52(3–4):144–51.
Nagarajan L, Ghosh S,
Palumbo L. Ictal Electroencephalograms in Neonatal Seizures: Characteristics and Associations. Pediatric Neurology. 2011 Jul;45(1):11–6.
Pressler RM, Cilio MR, Mizrahi EM, Moshe SL, Nunes
ML, Plouin P, et al. The ILAE
classification of seizures & the
epilepsies: modification for
seizures in the neonate. Proposal from the ILAE task force
on neonatal seizures [Internet].
ILAE; 2018 [cited 2020 May
22]. Available from: https://
www.ilae.org/guidelines/
definition-and-classification/
neonatal-seizure-classification

8.

9.

10.

11.

12.

13.

AL-Zwaini I. Neonatal Seizures. In: PetelinGadze Z, editor. Epilepsy in Children Clinical and Social Aspects.
InTech; 2011 [cited 2020 May
21]. Available from: http://
www.intechopen.com/books/
epilepsy-in-children-clinicaland-social-aspects/neonatalseizures
Vasudevan C, Levene M. Epidemiology and aetiology of
neonatal seizures. Seminars in
Fetal and Neonatal Medicine.
2013 Aug;18(4):185–91.
Lanska MJ, Lanska DJ,
Baumann RJ, Kryscio RJ. A
population-based study of neonatal seizures in Fayette
County, Kentucky. Neurology.
1995 Apr 1;45(4):724–32.
Nemati H, Karimzadeh P, Fallahi M. Causes and Factors
Associated with Neonatal Seizure and its Short-term Outcome: A Retrospective Prognostic Cohort Study. Iran J
Child Neurol. 2018;12(3):59–
68.
Mwaniki M, Mathenge A,
Gwer S, Mturi N, Bauni E,
Newton CR, et al. Neonatal
seizures in a rural Kenyan District Hospital: aetiology, Incidence and outcome of hospitalization. BMC Medicine.
2010 Mar 17;8(1):16.
Gebremariam A, Gutema Y,
Leuel A, Fekadu H. Early-onset
neonatal seizures: types, risk
factors and short-term outcome.
Annals of Tropical Paediatrics.
2006 Jun;26(2):127–31.

14. Ronen GM, Penney S, Andrews W. The epidemiology
of clinical neonatal seizures in
Newfoundland: A populationbased study. J Pediatrics.
1999 Jan;134(1):71–5.
15. Omene JA, Longe AC, Okolo
AA. Seizures in the Nigerian
neonate: Perinatal factors.
International J Gynecology &
Obstetrics. 1981 Aug;19
(4):295–9.
16. Airede KI. Neonatal Seizures
and a 2-Year Neurological
Outcome. J Tropical Pediatrics. 1991 Dec 1;37(6):313–7.
17. Udo J, Eyong M, Anah M,
Etuk I, Uzomba C, Asindi A.
Neonatal seizures in Calabar:
A revisit. GloJnl Med Scie
[Internet]. 2009 Oct 19 [cited
2020 May 21];7(1–2). Available from: http://
www.ajol.info/index.php/
gjms/article/view/46928
18. Kuti BP, Oseni SB, Owa JA.
Pattern, etiological factors and
determinants of mortality
among sick newborns with
seizures in Ilesa, Nigeria. J
Pediatr Neurosci. 2015;10
(3):227–34.
19. Holanda MRR, Melo ÁN de.
Comparative clinical study of
preterm and full-term newborn neonatal seizures. Arq
Neuro-Psiquiatr. 2006
Mar;64(1):45–50.
20. Glass HC, Shellhaas RA, Tsuchida TN, Chang T, Wusthoff
CJ, Chu CJ, et al. Seizures in
Preterm Neonates: A Multicenter Observational Cohort
Study. Pediatric Neurology.
2017 Jul;72:19–24.

A protocol for systematic review and meta-analysis on the burden of neonatal seizures in
Nigeria Ezeanosike Obumneme et al
21. Asindi AA, Antia-Obong OE,
Ibia EO, Udo JJ. Neonatal seizures in Nigerian infants. Afr J
Med Med Sci. 1995 Sep;24
(3):243–8.
22. Panayiotopoulos CP. Neonatal
Seizures and Neonatal Syndromes. Bladon Medical Publishing; 2005 [cited 2020 May
22]. Available from: https://
www.ncbi.nlm.nih.gov/books/
NBK2599/
23. Rehman Malik A, Iqbal Quddusi A, Naila null. Neonatal
seizures, experience at Children
Hospital and Institute of Child
Health Multan. Pak J Med Sci.
2013 Sep;29(5):1128–31.
24. Volpe JJ. Neonatal seizures:
current concepts and revised
classification. Pediatrics. 1989
Sep;84(3):422–8.
25. Murray DM, Boylan GB, Ali I,
Ryan CA, Murphy BP, Connolly S. Defining the gap between electrographic seizure
burden, clinical expression and
staff recognition of neonatal
seizures. Arch Dis Child Fetal
Neonatal Ed. 2008 May;93
(3):F187-191.

26. Agarwal R. Guidelines on neonatal seizures. WHO; 2011.
27. Amare HT, Amare AT. Etiology, Clinical Features, And
Short-Term Outcome Of Seizures In Newborns Admitted
To The University Of Gondar
Hospital, Ethiopia. Pediatric
Health, Medicine and Therapeutics. 2019 [cited 2020 May
21]. Available from: https://
www.dovepress.com/etiologyclinical-features-and-short-term
-outcome-of-seizures-in-newbo
-peer-reviewed-article-PHMT
28. Bergman I, Painter MJ, Hirsch
RP, Crumrine PK, David R.
Outcome in neonates with convulsions treated in an intensive
care unit. Ann Neurol. 1983
Dec;14(6):642–7.
29. Pisani F, Spagnoli C. Neonatal
Seizures: A Review of Outcomes and Outcome Predictors.
Neuro pediatrics. 2015 Nov
20;47(01):012–9.
30. Tekgul H. The Current Etiologic Profile and Neurodevelopmental Outcome of Seizures
in Term Newborn Infants. PEDIATRICS. 2006 Apr 1;117
(4):1270–80.

205

31. Pisani F, Piccolo B, Cantalupo
G, Copioli C, Fusco C, Pelosi
A, et al. Neonatal seizures and
postneonatal epilepsy: a 7-y
follow-up study. Pediatr Res.
2012 Aug;72(2):186–93.
32. Moher D, Shamseer L, Clarke
M, Ghersi D, Liberati A, et al.
Preferred reporting items for
systematic review and metaanalysis protocols (PRISMAP) 2015 statement. Syst Rev.
2015 Dec;4(1):1.
33. Munn Z, Moola S, Riitano D,
Lisy K. The development of a
critical appraisal tool for use
in systematic reviews addressing questions of prevalence.
Int J Health Policy Manag.
2014 Aug;3(3):123–8.
34. The Newcastle-Ottawa Scale
(NOS) for assessing the quality of nonrandomised studies
in meta-analyses [Internet].
Available from: http://
www.ohri.ca/programs/
clinical_epidemiology/
oxford.asp

