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ABSTRACT
Introduction  Epilepsy causes serious suffering in children 
and is associated with high morbidity and increased 
mortality. It impairs children’s quality of life and places 
a heavy burden on healthcare resources. Levetiracetam 
has been used to prevent and treat paediatric epilepsy 
for years. To date, a number of systematic reviews have 
been performed to assess the efficacy and safety of 
levetiracetam in a variety of clinical settings. Conflicting 
outcomes have been reported for the same clinical issues. 
Our objective is to provide a comprehensive overview 
of the literature for clinicians and policymakers via an 
umbrella review that assesses the efficacy and safety of 
levetiracetam in children with epilepsy.
Methods and analysis  We will follow the Joanna 
Briggs Institute’s guidelines for umbrella reviews and the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses statement. The following seven databases 
will be searched from 1990 to February 2019: PubMed, 
Embase, Cochrane Database of Systematic Reviews, 
JBISRIR, EPPI, Epistemonikos and PROSPERO. We will 
provide evidence from existing systematic reviews and 
meta-analyses of randomised controlled trials regarding 
the use of levetiracetam in children with epilepsy. The 
intervention of interest is levetiracetam monotherapy and 
add-on therapies for prevention or treatment purposes. 
Studies will be individually selected and assessed by two 
reviewers. The primary outcomes of interest are epilepsy 
control, the efficacy of prophylaxis for provoked seizures 
and the mortality rate of children with epilepsy who received 
levetiracetam treatment. The secondary outcomes are 
adverse events and withdrawal rates due to adverse effects. 
The methodological quality of all reviews will be individually 
assessed by two reviewers using the ‘A Measurement Tool 
to Assess Systematic Reviews’ instrument. The Grading of 
Recommendations Assessment, Development and Evaluation 
assessment will be applied to evaluate the quality of 
evidence for each outcome of interest. A narrative description 
of an analysis of the systematic reviews will be tabulated 
to address objective and specific questions. Information 
from each review will be detailed in a table including the 
population, number of studies, total number of participants, 
year range of the trials, study designs of the primary trials, 
countries and settings of the trials, heterogeneity of results 
and assessment tools. Recommendations regarding each 

outcome of levetiracetam will be categorised based on a 
protocol.
Ethics and dissemination  This umbrella review will inform 
clinical and policy decisions regarding the efficacy and 
safety of levetiracetam for preventing and treating paediatric 
epilepsy. The results will be disseminated through a peer-
reviewed publication and conference presentations. Ethical 
approval is not required for this study.

Background
Epilepsy is one of the most common neuro-
logical diseases globally. It affects more than 
50 million people worldwide with a preva-
lence of 0.5%–1%.1 People of all ages could be 
affected by epilepsy and there is a prominent 
distribution among children, especially in the 
age range from 1 to 12 years.2 Fortunately, 
epilepsy is one of the few treatable neurological 

Strengths and limitations of this study

►► This protocol was designed following Joanna Briggs 
Institute’s guidelines for umbrella reviews and re-
ported following the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses statement.

►► The methodological quality of all reviews will be 
individually assessed by two reviewers using the 
A Measurement Tool to Assess Systematic Reviews 
instrument, which evaluates the methods used in a 
review against 11 distinct criteria and assesses the 
degree to which the review methods are unbiased.

►► The Grading of Recommendations Assessment, 
Development and Evaluation assessment will be 
used to evaluate the quality of evidence for each 
outcome of interest with the following criteria: qual-
ity of primary studies, design of primary studies, 
consistency and directness.

►► The results of this review will inform clinicians and 
policy-makers of the efficacy and safety of levetirac-
etam in children with epilepsy.

►► Only systemic reviews and meta-analyses of ran-
domised   controlled trials will be included.
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diseases. Over 80% of children with new-onset epilepsy 
respond to the right treatment, and nearly 50% remain 
seizure-free after therapy is weaned.3 The remaining 20% 
of children are usually considered to have drug-resistant 
epilepsy and experience a greater risk for sudden unex-
pected death in epilepsy, adverse effects of anti-epileptic 
drugs and comorbidities such as neuropsychiatric prob-
lems, mood disorders, behavioural issues, attention defi-
cits, psychosis and cognitive impairments. Drug-resistant 
epilepsy results in serious psychosocial, educational and 
vocational, as well as social, consequences, which often 
significantly reduces the quality of life of patients.4 5 Addi-
tionally, epileptic encephalopathies, embodying a variety 
of epilepsy syndromes such as Ohtahara syndrome, infan-
tile spasms and Lennox-Gastaut syndrome, are able to 
cause profound nervous system sequelae such as devel-
opmental delay, cognitive impairments and intellectual 
diseases due to the epileptic activity.6 Moreover, neonatal 
seizures are special types of seizures with an incidence 
of 0.1%–0.3% for full-term babies and much higher in 
preterm babies. Neonatal seizures are associated with a 
very high risk of mortality and morbidity, including intel-
lectual disability, mental retardation, cerebral palsy and 
autistic spectrum disorders.7 8 For infants, accumulating 
evidence demonstrates that prolonged febrile seizures 
are associated with hippocampal sclerosis and temporal 
lobe epilepsy.9 10 Repetitive and prolonged provoked 
seizures resulting from trauma, tumour, parasites, high 
fever and craniotomy can increase the possibility of struc-
tural epilepsy and jointly contribute to the enormous 
global burden of epilepsy.11 Status epilepticus is the most 
extreme form of seizure with a mortality rate ranging 
between 3% and 40%, which may be the highest among 
seizures or epilepsies.12 All these severe epilepsies in chil-
dren will cause serious suffering for children, impair their 
quality of life and result in increased health costs.13 

Anti-epileptic drugs are the cornerstone in the treat-
ment of epilepsy. Levetiracetam is a second-generation 
anti-epileptic drug approved by the US Food and Drug 
Administration in 1999 for adjunctive therapy for focal-
onset epilepsy in adults.14 15 Although not clearly defined, 
the unique pharmacologic mechanism of levetiracetam 
works through binding to a protein called synaptic vesicle 
protein 2A, which reduces the rate of calcium-depen-
dent vesicular neurotransmitter release.16 Levetiracetam 
is rapidly absorbed, highly bioavailable, not metabolised 
by the cytochrome P450 system and has a low protein 
binding rate, which means there is no competition for 
protein binding sites with other drugs.17 Two-thirds of 
the levetiracetam is excreted by the kidneys in its orig-
inal form. Due to its efficacy and safety profile, leveti-
racetam has become popular worldwide and is available 
in three formulations (tablet, liquid solution and liquid 
injection). Currently, as add-on therapy, levetiracetam 
is approved for children 1 month and older with focal 
seizures, children 12 years and older with myoclonic 
seizures from juvenile myoclonic epilepsy and children 6 
years and older with generalised tonic-clonic epilepsy. In 

Europe, it is approved for the treatment of focal seizures 
as a monotherapy. Occasionally, levetiracetam has been 
used in an off-label manner to treat status epilepticus or 
as prophylaxis for seizures associated with neurological 
disorders.16 18 Additionally, levetiracetam has been widely 
used as prophylaxis for provoked seizures resulting from 
febrile,19 20 trauma,21–23 aneurysm,24 tumour24 25 and crani-
otomy.24 26 Regarding the dosage for infants and children, 
40–60 mg/kg daily is recommended based on age. The 
most common adverse effects of levetiracetam include 
somnolence, dizziness, headache, coordination difficulty, 
irritability, infection, insomnia, nausea, loss of appetite, 
ataxia and loss of energy, which usually occur in the 
first month of therapy.27 Less common but serious side 
effects include severe skin reactions, suicidal thoughts or 
behaviour, death and birth defects.28 Behavioural prob-
lems are more frequently reported in children than in 
adults.29 However, levetiracetam is still regarded as one of 
the safest antiepileptic drugs.

Why it is important to do this review
Epilepsy ranked in the top four among the world’s neuro-
logical disorders burden.30 The prevalence in children 
is quite high, and the treatment of epilepsy has practical 
significance in reducing the global health and socioeco-
nomic burden.2 Levetiracetam has become one of the most 
important and commonly used drugs, as the 89th most 
prescribed medication in the USA in 2016 with more than 
8 million prescriptions. There are an increasing number 
of prescriptions by paediatricians around the world.29 A 
number of systematic reviews regarding the efficacy and 
safety of levetiracetam in children with epilepsy have been 
published. When examining the same clinical issues, there 
have been contradictory outcomes. For example, the 
efficacy and safety of levetiracetam versus phenytoin for 
provoked seizure prophylaxis remains controversial.22–24 31 
Whether levetiracetam plays the same role in different types 
of patients, such as newborns, children and adolescents, 
is also worthy of attention. Additionally, levetiracetam is 
widely used in an off-label manner as a monotherapy for 
epilepsy and seizures due to the narrow indication of the 
US Food and Drug Administration. This practice requires 
comprehensive evidence for further clinical guidance. To 
date, there is no ‘overview’ or umbrella review of system-
atic reviews or meta-analyses regarding the efficacy and 
safety of levetiracetam in children with epilepsy. There is 
an urgent need to systematically evaluate the benefit and 
potential harm of levetiracetam in children with epilepsy 
for better application of this drug.32 Therefore, we will use 
the most rigorous methods to summarise the currently 
known evidence from systematic reviews and meta-analyses 
of randomised controlled trials (RCTs).

Is an overview the right approach?
The following editorial decision tree from the Cochrane 
Comparing Multiple Interventions Methods Group will 
be applied.
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1.	 Only systematic reviews and meta-analyses will be se-
lected for review, rather than individual trials.

2.	 Multiple interventions will not be compared with con-
clude the comparative effectiveness of these interven-
tions.

3.	 The evidence from systematic reviews will be mapped 
without ranking the interventions.

Based on the above points, an overview is the right 
approach for this study as the editorial decision tree 
recommends.

Objectives
To systematically summarise the evidence from existing 
systematic reviews and meta-analyses of RCTs regarding 
the use of levetiracetam for preventing seizures and 
treating children with epilepsy. Specifically, the review 
will address the following questions:
1.	 The effectiveness of levetiracetam in children with 

epilepsy.
2.	 The safety of levetiracetam in children with epilepsy.

Inclusion criteria
Participants
The proposed umbrella review will consider systematic 
reviews and meta-analyses that include children with 
epilepsy aged 0–16 years old. There will also be no restric-
tions on the types of epilepsy. All types of epilepsy will 
be searched, including but not limited to, generalised 
and focal epilepsies, motor and non-motor epilepsies, 
epileptic encephalopathy, refractory epilepsy, provoked 
seizures and status epilepticus.

Interventions
This review will consider systematic reviews and meta-anal-
yses that relate to the use of levetiracetam in children with 
epilepsy, aiming to evaluate the efficacy and tolerability 
of levetiracetam. There will be no limitations based on 
dosing, formulation or mode of administration (intrave-
nous, oral and so on).

We will include all levetiracetam therapies, including 
the following:

1.  Levetiracetam used as a monotherapy and add-on 
therapy.

As a monotherapy, we will investigate the following 
comparisons.

►► Levetiracetam only versus no treatment.
►► Levetiracetam only versus sham treatment.
►► Levetiracetam only versus another drug therapy.
►► Levetiracetam only versus non-pharmacological 

therapy.
As an add-on therapy, we will investigate the following 

comparisons.
►► Levetiracetam plus baseline treatment versus the same 

baseline treatment alone.
►► Levetiracetam plus baseline treatment versus sham 

treatment plus the same baseline treatment.

►► Levetiracetam plus baseline treatment versus other 
drugs plus the same baseline treatment.

►► Levetiracetam plus baseline treatment versus 
non-pharmacological therapy plus the same baseline 
treatment.

2.  Levetiracetam used both for the prevention of 
seizures and treatment of children with epilepsy.

Comparator
This umbrella review will consider systematic reviews and 
meta-analyses that compared the levetiracetam interven-
tion to placebo, no treatment, other drugs or non-phar-
macological therapy, such as ketogenic diet, vagus nerve 
stimulation therapy, deep brain stimulation therapy and 
surgery.

Outcomes of interest
This umbrella review will consider systematic reviews 
and meta-analyses that include the following outcome 
measures:

Primary outcomes
1.	 The efficacy of prophylaxis and treatment for epilep-

sy (both idiopathic and provoked seizures) outcomes, 
including (1) the absence of seizures, (2) a 50% re-
sponder rate after levetiracetam treatment and (3) sei-
zure recurrence after the withdrawal of levetiracetam.

2.	 The efficacy of treatment for idiopathic epilepsy sei-
zure outcomes, including (1) the absence of seizures, 
(2) a 50% responder rate after levetiracetam treatment 
and (3) seizure recurrence after the withdrawal of le-
vetiracetam.

3.	 The efficacy of prophylaxis/treatment for provoked 
seizures resulting from fever, trauma, aneurysm, tu-
mour, stroke and craniotomy.

Secondary outcomes
1.	 The total number and subgroups of adverse events: (1) 

most common and important adverse effects of leve-
tiracetam including but not limited to, somnolence, 
dizziness, depression, hyperactivity, headache, coordi-
nation difficulty, irritability, severe skin reactions, sui-
cidal thoughts or behaviour; (2) other adverse effects 
such as infection, loss of energy, insomnia, nausea, loss 
of appetite and ataxia and (3) mortality in children 
with epilepsy.

2.	 Withdrawal rate due to adverse effects.
3.	 Withdrawal rate due to lack of efficacy.

If the systematic review provided data regarding 
outcomes at different time points of follow-up, we will 
only use data for the longest follow-up.

Context
There will be no context constraints in this umbrella 
review.

Types of studies
This umbrella review will only enrol quantitative systematic 
reviews and meta-analyses with a clear and comprehensive 
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search strategy and critical evaluation of bias risk. Only 
systematic reviews and meta-analyses with RCTs published 
in English will be considered. General literature reviews, 
critical reviews, narrative reviews, integrative reviews 
and primary research or solely qualitative reviews will be 
excluded from this umbrella review. Only the quantitative 
results, and not the qualitative results, will be extracted 
when incorporating mixed-method reviews.

Method
Search strategy
The search strategy is designed to retrieve both published 
and unpublished (grey literature) systemic reviews and 
meta-analyses of RCTs regarding the use of levetiracetam 
in children with epilepsy. There will be restrictions on 
the search strategy which will limit publications to those 
that were published in English and published between 
1990 and February 2019. Endnote will be used to manage 
literature retrieval. A three-phase search strategy will be 
applied in this review. An initial limited search of PubMed 
was undertaken to identify the initial keywords, followed 
by analysis of the text words in the title and abstract and of 
the index terms used to describe each article, to develop 
a search strategy. A second search using the mature 
attached search strategy (online supplementary appendix 
I) will then be undertaken across all included databases: 
PubMed, Embase, Cochrane Database of Systematic 
Reviews, JBISRIR, EPPI, Epistemonikos and PROSPERO. 
Third, the reference lists of all identified reports and arti-
cles will be searched for additional studies. Databases such 
as Google Scholar will be searched for the grey literature.

Two independent experienced reviewers (JG and TX) 
will independently examine the titles and abstracts and 
select studies that need a review of the full article for eligi-
bility assessment. Disagreements will be resolved through 
discussion or with the third reviewer (DM) by performing 
an additional independent evaluation.

Full-text studies failing to meet the inclusion criteria 
will be excluded and the reasons for exclusion will be 
described in detail. The search results will be reported 
in the final report with a Preferred Reporting Items for 
Systematic Reviews and Meta-analyses flow diagram.33

Assessment of methodological quality
Methodological quality of all reviews will be individually 
assessed by two reviewers using the instrument A Measure-
ment Tool to Assess Systematic Reviews (AMSTAR), which 
evaluates the methods used in a review against 11 distinct 
criteria and assesses the degree to which review methods 
are unbiased.34 Each item on AMSTAR is rated as ‘yes’ 
(clearly done), ‘no’ (clearly not done), ‘cannot answer’ 
or ‘not applicable’ (online supplementary appendix II).

We will define the quality of each review based on the 
following cut-offs: scores of 0–3 as low quality; scores of 
4–7 as medium quality; scores of 8–10 as high quality; and 
adequately met all of the 11 criteria as the highest quality. 
A threshold score for inclusion is set as 4, which means 

that reviews with low quality will be excluded. Consensus 
following disagreements will be achieved by a discussion 
between the two reviewers or with a third reviewer. If two 
or more studies were published within 2 years for the 
same intervention and same outcome, the study with the 
highest number of RCTs and the highest AMSTAR score 
will be included.

Data extraction
The JBI Data Extraction Form for Review for Systematic 
Reviews and Research Syntheses (online supplementary 
appendix III) will be used for data extraction from the 
eligible articles,35 within which the following characteris-
tics of the studies will be described.

►► Study details such as author/year/journal, objec-
tives, participants (characteristics/total number), 
setting/context (cultural factors: ethnicity, socioec-
onomic status, minority group)and description of 
interventions.

►► Search details such as the number of databases/
sources searched, date range of included studies, 
a detailed description of the included studies 
(number/type/country of origin of included 
studies).

►► Appraisal instrument used and ratings.
►► Analysis details such as the method of analysis, 

outcomes assessed, the results (including pooled 
effects (risk ratios, ORs or mean differences with 95% 
CIs), significance, heterogeneity and comments.

Authors of the reviewed paper will be contacted in case 
of missing information to seek clarification.

Subgroups
If available, efficacy and safety estimates will be extracted 
separately for clinically important subgroups based on the 
types of participants (eg, newborns, infants, children and 
adolescents), types of epilepsies (eg, generalised epilepsy, 
focal epilepsy, refractory epilepsy, infantile spasms and 
provoked seizures) and modes of interventions (eg, 
monotherapy and add-on therapy, treatment and preven-
tion strategy).

Assessing certainty in the findings
The Grading of Recommendations Assessment, Develop-
ment and Evaluation (GRADE) assessment will be used 
to evaluate the quality of evidence for each outcome of 
interest with the following criteria: quality of primary 
studies, design of primary studies, consistency and 
directness.36 The GRADE approach categorises evidence 
from systematic reviews and meta-analyses into ‘high’, 
‘moderate’, ‘low’ or ‘very low’ quality. Rather than being 
reassessed, the quality of evidence will be reported 
according to review authors’ assessments by using the 
GRADE Pro ‘Summary of findings’ tables if provided, 
which will be collected during the data extraction process. 
Otherwise, the quality of evidence will be constructed by 
us using GRADE Pro Tool.

https://dx.doi.org/10.1136/bmjopen-2019-029811
https://dx.doi.org/10.1136/bmjopen-2019-029811
https://dx.doi.org/10.1136/bmjopen-2019-029811
https://dx.doi.org/10.1136/bmjopen-2019-029811
https://dx.doi.org/10.1136/bmjopen-2019-029811
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Data summary
A narrative description of the analysis of the systematic 
reviews will be tabulated, describing the objective of the 
review and the specific questions addressed. The overall 
effect sizes will be presented. Information from each 
review will be detailed in a table including the popula-
tion, number of studies, total number of participants, 
year range of those trials; study designs of the primary 
trials; countries and settings of those trials, heteroge-
neity of results and assessment tools. Pooled estimates 
will be reported if there is a high level of homogeneity. 
The recommendations of each outcome of levetiracetam 
will be categorised into one of the following five cate-
gories: (1) Effective or safe: indicating that the review 
found high-quality evidence of effectiveness or safety; (2) 
possibly effective or safe (more evidence needed): indi-
cating that the review found moderate-quality evidence 
of effectiveness or safety, but more evidence is needed; 
(3) ineffective or harmful: indicating that the review 
found high-quality evidence of lack of effectiveness or 
high-quality evidence of adverse effects; (4) possibly 
ineffective or harmful: indicating that the review found 
moderate-quality evidence suggesting a lack of effective-
ness or moderate-quality evidence of adverse effects for 
an intervention, but more evidence is needed and (5) 
no conclusions possible: indicating that the review found 
low- or very low-quality evidence or insufficient evidence 
to comment on the effectiveness or safety.

Patient and public involvement
This study is a systemic review and meta-analysis that 
involves no patients or the public.

Dissemination
In this umbrella review, we will undertake a comprehen-
sive review of previously published systematic reviews and 
meta-analyses assessing the efficacy and safety of levetirac-
etam for the prevention of seizures and treating children 
with epilepsy, by which we expect to draw a conclusion 
regarding the optimal levetiracetam treatment. The 
results of this study will be of interest to clinicians, poli-
cy-makers and patients. We plan to disseminate our 
findings through peer-reviewed journal publication and 
conference presentations. This review does not require 
ethical approval .
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