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Abstract
Novel antiseizure medications are thought to be safer than their conventional counterparts, though no dedicated analysis of
movement disorder risk among pediatric populations using novel antiseizure medications has been completed. We report a sys-
tematic review with meta-analysis describing the relationship between novel antiseizure medications and movement disorders in
pediatrics.

MEDLINE, EMBASE, and the World Health Organization’s International Clinical Trials Registry Platform were searched up to
October 2020 for randomized controlled trials investigating novel antiseizure medications in pediatric populations. Antiseizure
medications included lacosamide, perampanel, eslicarbazepine, rufinamide, fenfluramine, cannabidiol, and brivaracetam.
Outcomes were pooled using random effects models; risk difference (RD) and 95% confidence intervals (CIs) were calculated.

Twenty-three studies were selected from 1690 nonredundant manuscripts (n= 1912 total). There was a significantly
increased risk of movement disorders associated with perampanel (RD 0.07, 95% CI 0.01-0.13; n= 133), though only 1 relevant
trial was found. No increased risk of movement disorders was found with other antiseizure medications.

Our findings indicate most novel antiseizure medications are safe to use in pediatric populations with respect to movement
disorders. However, findings were limited by quality of adverse event reporting.
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The number of approved and marketed anti-seizure medications
has drastically increased in recent years,1 providing more
options than ever for managing epilepsy. Concomitant with
this diversity, further guidance is necessary to aid clinicians
and patients in the rational choice of treatments. The pharmaco-
kinetic implications of the patient’s age must also be considered
when assessing the adverse event profile of a drug.

Many antiseizure medications exert their effect on GABAergic
spiny projection neurons of the striatum as well as cholinergic and
GABAergic interneurons.2,3 These, in addition to dopaminergic
and cholinergic neurons, regulate the basal ganglia,3,4 and this
connection may explain the mechanism of antiseizure medica-
tions treating and causing movement disorders.

The risk of movement disorders secondary to use of older
antiseizure medications in children has been studied. Valproic
acid has been reported to cause tremor in a dose-dependent
manner in 15% of children.5 Phenytoin and carbamazepine
have also been shown to cause tremor in 14% and 1% of

children, respectively.5 Ataxia is recognized as a complication
of various antiseizure medications including primidone, pheno-
barbital, phenytoin, carbamazepine, and lamotrigine.6,7 Various
other movement disorders have been reported in association
with older antiseizure medications, including choreoathetosis,5

dystonia,5,6 and asterixis.6 Novel antiseizure medications are
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thought to be better tolerated than their conventional counterparts
but have also been shown to cause movement disorders.8–12

The risk of treatment-emergent movement disorders second-
ary to novel antiseizure medication use in adults has been well
documented,13,14 but data specific to pediatric populations
remains sparse. There are, to our knowledge, no dedicated
assessments of the risk of movement disorders secondary to
novel antiseizure medications in pediatric populations. To
address this knowledge gap, we performed a systematic
review with meta-analysis of all randomized clinical trials
that quantitatively and exhaustively report adverse event inci-
dence of novel antiseizure medications in pediatric populations.
We sought to investigate whether pediatric populations receiv-
ing novel antiseizure medications have an increased risk of
movement disorders relative to placebo.

Method
Protocol
A protocol was prepared according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines for reporting harms15 and with consultation from
the Cochrane Handbook for Systematic Reviews and
Interventions16 in best practice for producing and disseminating
a protocol. The study protocol was registered with the Open
Science Framework.17 Ethics committee approval was not
sought for this study as per the Tri-Council Policy Statement:
Ethical Conduct for Research Involving Humans.18

Eligibility Criteria
Eligible studies were randomized controlled trials of pediatric
populations in which a novel antiseizure medication was used
and where adverse events were reported quantitatively.
Studies were excluded if (1) the mean or median participant
age was greater than 19 years unless a pediatric subgroup anal-
ysis was performed, (2) the study was not published in English,
and (3) the study was not performed on humans. For the
purpose of this review, novel antiseizure medications included
lacosamide, perampanel, eslicarbazepine, rufinamide, fenflur-
amine, cannabidiol, cannabidiol with low-dose tetrahydrocan-
nabinol (≥20:1), and brivaracetam. These antiseizure
medications were selected as they have most recently entered
clinical practice in our region; a review to date of adverse
events was consequently deemed very timely.

Search Strategy
We searched for randomized controlled trials meeting our crite-
ria in 2 bibliographic databases, MEDLINE and EMBASE,
supplemented by a search for unpublished studies through the
World Health Organization International Clinical Trials
Registry Platform (WHO ICTRP). The search used in
Medline is given in Table 1 and includes validated search
terms19 for identifying pediatric studies, special Ovid filters to
identify adverse drug events based on guidelines by the

European Medicines Agency, and validated filters to screen
for randomized controlled trials.16 An analogous set of terms
were used for Embase.20 The WHO ICTRP was exported and
locally sorted by drug and participant age. Relevant studies
without published data were contacted by the authors.

Study Selection
Article screening and data extraction was performed using
Covidence (Victoria, Australia). Two authors (DP, JY) inde-
pendently screened all titles and abstracts of studies identified
by the initial search. The 2 reviewers independently evaluated
the selected full-text articles for inclusion in the systematic
review. Inclusion at either stage was determined by consensus.

Data Extraction and Risk of Bias
Data from each included study were independently extracted by
2 reviewers (DP, JY). Extracted data included study design;
sample size; antiseizure medication dose and duration;
number of concomitant antiseizure medications; participant
age at baseline; study inclusion and exclusion criteria; epilepsy
syndrome, seizure etiology, or seizure type; prevalence of
treatment-emergent movement disorders; study funding
source; and study primary objective. When adverse event inci-
dence was not reported exhaustively in the trial’s published
manuscript but were exhaustively reported in public clinical
trials databases such as clinicaltrials.gov, outcomes from the
latter were extracted.

Risk of bias was assessed using the revised Cochrane
risk-of-bias tool for randomized trials (RoB 2).21 No limitations
were set in our protocol on how movement disorders were ascer-
tained, and so we used the Smyth Adapted ADE scale22 to eval-
uate the quality of adverse drug event reporting. This tool
assesses study design, methods for identifying adverse drug reac-
tions, methods for determining causality, methods for determin-
ing avoidability, and methods for determining severity.

Data Synthesis and Analysis
The meta-analyses were performed using Stata S/E, version 16.23

The primary outcome, risk difference of treatment-emergent
movement disorders compared to placebo, was first calculated
as a proportion in both treatment and control groups, and then
presented as the risk difference as a measure of effect size. In
addition, the risk difference, as opposed to relative risk, allows
for “0%” proportions to be included in the analysis, which was
likely to occur with this type of outcome. The overall risk differ-
ences and 95% confidence intervals, pooled by antiseizure med-
ication, were calculated using Stata’s metan command, which
presents pooled estimates with inverse-variance weights obtained
from a random effects model. A forest plot was generated to
display data from all included studies, along with pooled esti-
mates, to visually explore the agreement between study-specific
proportions, how close they are to the overall estimates, as well
as inspect studies with large weights. Heterogeneity between esti-
mates was assessed using the I2 statistic, which indicates the
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percentage of variance that is attributable to study heterogeneity.
An I2 value >75% will indicate high heterogeneity.24 In addition,
Eggers test was used to formally test for small study effects.

Protocol Deviations
We deviated from protocol to adjust for finding fewer relevant
studies and fewer cases of treatment-emergent movement disor-
ders than expected. As such, we pooled all movement disorders
as a single outcome instead of assessing each type of movement
disorder individually. Additionally, it was also not feasible to
assess for publication bias, and we did not perform meta-
regression to understand movement disorder risk as a function
of number of concomitant antiseizure medications, epilepsy syn-
drome or seizure etiology, age, risk of bias, and quality of
adverse drug event content. We performed a subanalysis for
the risk of included antiseizure medications on movement disor-
ders only among children with epilepsy. We also analyzed the
primary outcome by risk difference instead of prevalence to
better account for any increased risk of movement disorders com-
pared to placebo.

Results
The searches were performed during October 2020 and returned
1690 citations after duplicates were removed (Figure 1). After
full-text screening, 23 studies represented by 23 publications
were included for meta-analysis; no unpublished trials met crite-
ria. Agreement between authors for full-text screening yielded
kappa= 0.65 (95% CI= 0.4, 0.86), indicating substantial agree-
ment.25 Main characteristics of studies included for meta-analysis
are described in Supplementary Table S1. Risk of Bias as per the
RoB2 tool is represented in Figure 2, and quality of adverse event
reporting is summarized in Supplementary Table S2. No studies
met criteria using brivaracetam.

Cannabidiol
Six studies of cannabidiol were included with doses ranging from
5 to 20 mg/kg/d, including a total of 460 treated participants26–31

(Supplementary Table S1). These included 5 add-on studies of
children with epilepsy (Lennox-Gastaut syndrome or Dravet syn-
drome) and 1 monotherapy study of children with intellectual
disability and severe behavioral problems. All citations were
low risk of bias as per the RoB 2 (Figure 2). No significant
increased risk difference of treatment-emergent movement disor-
ders was found at 5, 10, or 20 mg/kg/d among any children
receiving cannabidiol, and after subanalysis including only chil-
dren with epilepsy (Figure 3). Heterogeneity of the primary
outcome was moderate and significant at 20 mg/kg/d, nonsignif-
icant at 10 mg/kg/d, and unable to be calculated at 5 mg/kg/d.24

Eslicarbazepine
Two studies of eslicarbazepine add-on therapy for focal-onset sei-
zures were included at 20 to 30 mg/kg/d, including a total of

Table 1. Medline Search Terms.

Line
number Search term

Section 1. Terms related to population
1 exp adolescence/ or exp adolescent/ or exp child/ or exp

childhood disease/ or exp infant disease/ or
(adolescen* or babies or baby or boy? or boyfriend or
boyhood or child or child* or child*3 or children* or
girl? or infant* or juvenil* or juvenile* or kid? or
minors or minors* or neonat* or neonat* or
newborn* or new-born* or paediatric* or peadiatric*
or pediatric* or perinat* or preschool* or puber* or
pubescen* or school or school child* or school* or
schoolchild* or schoolchild* or teen* or toddler? or
underage? or under-age? or youth*).ti,ab,kw,hw.

Section 2. Terms related to outcome
2 exp adverse drug reaction/ or adverse.ti,ab,kw. or side

effect?.ti,ab,kw. or side effect.fs. or exp drug overdose/
or overdos*.ti,ab,kw. or exp drug misuse/ or misus*.ti,
ab,kw. or exp drug abuse/ or exp substance abuse/ or
abus*.ti,ab,kw. or exp pregnancy/ or pregnan*.ti,ab,
kw. or exp pregnancy complications/ or exp lactation/
or exp breast feeding/ or (exp milk human/ and exp
secretion/) or exp fertility/ or exp infertility/ or exp
reproduction/ or exp fetus/ or exp embryo/ or
terat*.ti,ab,kw. or exp drug efficacy/ or exp drug
withdrawal/ or exp medication error/ or exp death/ or
death*.ti,ab,kw. or fatal*.ti,ab,kw. or exp drug
interaction/ or exp carcinogenicity/ or carcinogen*.ti,
ab,kw. or mutagen*.ti,ab,kw. or exp ‘off label drug
use’/ or exp occupational exposure/ or exp toxicity/
or toxic*.ti,ab,kw. or pharmacotox*.ti,ab,kw. or
neurotox*.ti,ab,kw. or cardiotox*.ti,ab,kw. or
nephrotox*.ti,ab,kw. or immunotox*.ti,ab,kw. or
hepatotox*.ti,ab,kw. or cytotox*.ti,ab,kw. or
immunocytotox*.ti,ab,kw. or exp intoxication/ or exp
congenital disorder/ or exp drug treatment failure/ or
exp case report/ or case report?.ti,ab,kw. or exp
environmental exposure/ or exp treatment
contraindication/ or exp drug contraindication/ or exp
injury/ or suicid*.ti,ab,kw. or exp poisoning/ or exp
drug tolerance/ or exp treatment failure/ or exp drug
resistance/ or exp substance-related disorders/ or
drug resistance.fs.

Section 3. Terms related to intervention
3 (Lacosamide or vimpat or Perampanel or Fycompa or

Eslicarbazepine or Aptiom or Rufinamide or Banzel or
Fenfluramine or Pondimin or cannabidiol or Epidiolex
or Brivaracetam or Briviact).ab,ti.

Section 4. Terms related to study design
4 randomized controlled trial.pt.
5 controlled clinical trial.pt.
6 randomi?ed.ti,ab.
7 Placebo.ti,ab.
8 Clinical Trials as Topic/
9 randomly.ti,ab.
10 Trial.ti.
11 4 or 5 or 6 or 7 or 8 or 9 or 10
12 (animals not humans).sh.
13 11 not 12
Section 5. Final search term
14 1 and 2 and 3 and 13
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217 participants with focal-onset seizures32,33 (Supplementary
Table S1). One citation was low risk of bias while there were
some concerns with the other (Figure 2). No significant increased
risk difference of treatment-emergent movement disorders was
found (Figure 3).

Fenfluramine
Nine studies of fenfluramine were included in meta-analysis
describing the use of 0.5 to 2.0 mg/kg/d among participants
with autism spectrum disorder and/or attention-deficit hyperactiv-
ity disorder, including a total of 142 participants.34–42 No studies
including children with epilepsy were found that met inclusion
criteria. The most recent citation was published in 1990. Five cita-
tions had high risk of bias, there were some concerns in 3, and 1
was low risk as per the RoB2 (Figure 2); the latter were all high
risk for bias in selection of the reported result No significant

increased risk difference of treatment-emergent movement disor-
ders was found (Figure 3). No included trial of fenfluramine
treated more than 20 participants.

Lacosamide
One study was found matching our inclusion criteria.43 This
was a trial of lacosamide at 6 to 12 mg/kg/d for 12 weeks
including 171 children with focal seizures. No significant
increased risk difference of treatment-emergent movement dis-
orders was found.

Perampanel
One study was found in which perampanel at 8 to 12 mg/d was
given to 85 adolescents with partial onset seizures.44 There was
a significant increased risk difference of treatment-emergent

Figure 1. Manuscript selection, including number of manuscripts retrieved, screened, and selected for meta-analysis.
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Figure 2. Quality of adverse event reporting among studies included for meta-analysis.
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movement disorders among participants treated with perampa-
nel (0.07, 95% CI 0.01-0.13).

Rufinamide
We found 2 studies using rufinamide among participants with
Lennox-Gastaut syndrome. The average treated ages were
16.0 and 2.4 years.45,46 Rufinamide given to 28 adolescents at
1000 to 3200 mg/d was compared to placebo, whereas rufina-
mide given to 25 children at 45 mg/kg/d was compared to
any other antiseizure medication at the investigator’s discretion.
No significant increased risk difference of treatment-emergent
movement disorders was found.

Discussion
We present the first systematic review of novel antiseizure medi-
cations with focus on treatment-emergent movement disorder risk
in a pediatric population. We also provide an up-to-date listing of
all randomized controlled trials in which novel antiseizure medi-
cations were used in pediatrics and in which the incidence of any
adverse events are exhaustively and quantitatively reported.

Of the drugs investigated in this review, only perampanel
was associated with a significant increased risk of movement

disorders compared to placebo (95%CI 1-13 percentile increase).
Most abnormal movements reported were ataxia or tremor.
Notably, only 1 randomized controlled trial exists investigating
perampanel that met our inclusion criteria. The present meta-
analysis assessed 9 different drugs, and so correcting for multiple
hypothesis testing renders the perampanel finding not statistically
significant. The clinical significance of increased movement dis-
order risk secondary to perampanel use in children will be better
understood when more controlled data are made available. It is
notable that an open-label trial of perampanel in children with
focal seizures also found a 6.7% incidence of movement disor-
ders, in agreement with the randomized controlled trial data.47

Treatment emergent movement disorder risk reported in
placebo-controlled trials is generally consistent with safety
data reported in longer-term open label trials for cannabidiol,48,49

eslicarbazepine,32 fenfluramine,50 perampanel,47 and rufina-
mide.51,52 An open-label trial of lacosamide reported a total
movement disorder prevalence of 10.6%, which is discordant
with the prevalence of 0% reported in the randomized controlled
trial.53 The open-label lacosamide trial was performed with the
same strength and a comparable age group, but with fewer chil-
dren who were observed for a shorter period. The reason for the
discrepancy is unclear but could be related to different standards

Figure 3. Risk difference (RD) of developing movement disorders among novel antiseizure medications compared to control among (A) all
children or among (B) children with epilepsy.
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in reporting adverse events. A recent case series has also demon-
strated a dose-dependent relationship between lacosamide
administration and dyskinesias of the face and/or upper extremity
in children with histories suggestive of opercular dysfunction.54

Two modern randomized controlled trials of fenfluramine in
Dravet syndrome have been reported, though neither reports
the incidence of treatment-emergent adverse events occurring
in less than 10% of children.55,56 Brivaracetam was approved
for use in pediatric populations based on a randomized controlled
trial including participants as young as 16 years and data showing
similar pharmacologic properties in pediatrics as in adults. These
data are supported by an open-label trial wherein 149 children
with focal seizures or generalized tonic-clonic seizures were
treated for 2 years and reported no movement disorders,
though adverse events were only reported if they had an inci-
dence of >10% or >2% if considered drug-related.57

Postmarketing surveillance data also exist for the included
drugs, but interpretation of these with respect to movement dis-
order risk is challenging as reporting of adverse events is typi-
cally voluntary and from a population of uncertain size.

This review is the first of its kind to systematically assess the
risk of movement disorders associated with novel antiseizure
medications in pediatric populations. It is, however, limited
by study type and fulsomeness of reporting in the primary liter-
ature. To maintain high standards of evidence in the present
review, we excluded observational studies such as open-label
extensions of included studies and postmarketing safety surveil-
lance data. We also did not include manuscripts written in lan-
guages other than English; this may have resulted in bias toward
including publications with positive outcomes.58 Patient-level
data were not available to us for larger trials, and so it is possible
that multiple types of abnormal movements may have origi-
nated from a single patient. As such, we reported the number
of abnormal movements rather than number of affected partic-
ipants. Our analysis did include trials with very low sample
sizes, for which imbalances in randomization could affect the
risk of reported adverse events. In the case of fenfluramine,
which would be most affected by this, outcomes were generally
consistent. Additionally, large open-label studies of fenflur-
amine in children with Dravet syndrome were also consistent
with the randomized controlled trial findings.50 Additionally,
we did not include in meta-analysis any studies that did not
exhaustively report treatment-emergent adverse events; this
led to the exclusion of both modern randomized controlled
trials investigating fenfluramine in children. Pooled analyses
of otherwise unpublished randomized controlled trials
describing the use of novel antiseizure medications in children
were also excluded as sufficient information from the study
sponsors could not be obtained to perform risk-of-bias
assessment.

Our analysis was unable to ascertain the effect of various
factors that could contribute to risk of treatment-emergent
adverse events such as participant age, number and type of con-
comitant antiseizure medications, epilepsy syndrome or seizure
etiology, age, risk of bias, and quality of adverse drug event
content because of the limited number of included studies. We

performed a subanalysis by which all nonepilepsy indications
for the included antiseizure medications were excluded; no
meaningful difference was observed. We also separated quantita-
tive analysis for different drugs, different drug strengths, and sub-
stantially different participant age groups. The result is a limited
quantitative understanding of how the above factors influence
movement disorder risk secondary to antiseizure medication
use in children, but still provides an important first step in under-
standing their relationship. Future analyses may be able to ascer-
tain further risk factors for movement disorder development in
children using antiseizure medications when more data are avail-
able, and particularly if the labeled indications for these antisei-
zure medications expands to pathophysiologies with different
underlying risks of developing treatment-induced movement
disorders.

The amount of safety information from randomized double-
blind controlled trials describing the safety of each novel antisei-
zure medication in children is sparse and often without rigorous
assessment of drug safety. Methods of identifying adverse events
were often detailed, but assessment of causality was almost
exclusively relegated to clinical judgment without the use of stan-
dardized methods such as the Naranjo59 or the WHO-UMC
scales.60 Assessment of adverse event preventability was not per-
formed in any included citation. The use of reproducible methods
for assessing causality and preventability of adverse events
would allow us to generalize the safety of interventions more
accurately.

Conclusion
Using a rigorous study design, we found that perampanel was
the only novel antiseizure medications in our set associated
with more movement disorders than placebo though only 1
trial of perampanel was found. No increased risk of movement
disorders was found in association with cannabidiol, eslicarba-
zepine, fenfluramine, lacosamide, or rufinamide. No conclusion
could be made regarding brivaracetam because of no random-
ized controlled trial meeting inclusion criteria. We maintained
rigorous standards of evidence by not including observa-
tional data, though clinical reliance on these reports would
be less if randomized controlled trials were powered for
safety rather than efficacy. We have also identified multiple
problems in existing literature including the assessment of
adverse events and transparency of findings. From this, we
advocate for improved monitoring of movement disorders
in children treated with antiseizure medications by
powering studies for safety, including standardized assess-
ment of causality, and by including analyses of adverse
event preventability.
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32. Jóźwiak S, Veggiotti P, Moreira J, Gama H, Rocha F,
Soares-da-Silva P. Effects of adjunctive eslicarbazepine acetate
on neurocognitive functioning in children with refractory focal-
onset seizures. Epilepsy Behav. 2018;81:1-11. doi:10.1016/j.
yebeh.2018.01.029

33. Kirkham F, Auvin S, Joana M, et al. Efficacy and safety of eslicar-
bazepine acetate as adjunctive therapy for refractory focal-onset sei-
zures in children: a double-blind, randomized, placebo-controlled,
parallel-group, multicenter, phase-III clinical trial. Epilepsy Behav.
2020;105:106962. doi:10.1016/j.yebeh.2020.106962

34. Ross DL, Klykylo WM, Hitzemann R. Reduction of elevated
CSF beta-endorphin by fenfluramine in infantile autism.
Pediatr Neurol. 1987;3(2):83-86. doi:10.1016/0887-8994(87)
90032-4

35. Stern LM, Walker MK, Sawyer MG, Oades RD, Badcock NR,
Spence JG. A controlled crossover trial of fenfluramine in
autism. J Child Psychol Psychiatry. 1990;31(4):569-585. doi:10.
1111/j.1469-7610.1990.tb00798.x

36. Ho HH, Lockitch G, Eaves L, Jacobson B. Blood serotonin concen-
trations and fenfluramine therapy in autistic children. J Pediatr.
1986;108(3):465-469. doi:10.1016/S0022-3476(86)80903-9

37. Kohler JA, Shortland G, Rolles CJ. Effect of fenfluramine on
autistic symptoms. Br Med J. 1987;295(6603):885. doi:10.1136/
bmj.295.6603.885

38. Ekman G, Miranda-Linné F, Gillberg C, Garle M, Wetterberg L.
Fenfluramine treatment of twenty children with autism. J Autism
Dev Disord. 1989;19(4):511-532. doi:10.1007/BF02212855

39. Donnelly M, Rapoport JL, Potter WZ, Oliver J, Keysor CS,
Murphy DL. Fenfluramine and dextroamphetamine treatment of
childhood hyperactivity. Arch Gen Psychiatry. 1989;46(3):205-
212. doi:10.1001/archpsyc.1989.01810030011002

40. Court JM. A trial of fenfluramine in children with obesity associ-
ated with reduced muscle activity. South African Med J.
1972;46(6):132-133.

41. Campbell M, Adams P, Small AM, et al. Efficacy and safety of fen-
fluramine in autistic children. J Am Acad Child Adolesc Psychiatry.
1988;27(4):434-439. doi:10.1097/00004583-198807000-00010

42. Beeghly JHL, Kuperman S, Perry PJ, Wright GJ, Tsai LY.
Fenfluramine treatment of autism: relationship of treatment response
to blood levels of fenfluramine and norfenfluramine. J Autism Dev
Disord. 1987;17(4):541-548. doi:10.1007/BF01486969

43. Farkas V, Steinborn B, Flamini JR, et al. Efficacy and tolerability
of adjunctive lacosamide in pediatric patients with focal seizures.
Neurology. 2019;93(12):E1212-E1226. doi:10.1212/WNL.00000
00000008126

44. Lagae L, Villanueva V, Meador KJ, et al. Adjunctive perampanel
in adolescents with inadequately controlled partial-onset seizures:
a randomized study evaluating behavior, efficacy, and safety.
Epilepsia. 2016;57(7):1120-1129. doi:10.1111/epi.13417

45. Ohtsuka Y, Yoshinaga H, Shirasaka Y, Takayama R, Takano H,
Iyoda K. Rufinamide as an adjunctive therapy for
Lennox-Gastaut syndrome: a randomized double-blind placebo-
controlled trial in Japan. Epilepsy Res. 2014;108(9):1627-1636.
doi:10.1016/j.eplepsyres.2014.08.019

46. Arzimanoglou A, Ferreira J, Satlin A, et al. Evaluation of long-
term safety, tolerability, and behavioral outcomes with adjunctive
rufinamide in pediatric patients (≥1 to <4 years old) with
Lennox-Gastaut syndrome: final results from randomized study
303. Eur J Paediatr Neurol. 2019;23(1):126-135. doi:10.1016/j.
ejpn.2018.09.010

47. Fogarasi A, Flamini R, Milh M, et al. Open-label study to inves-
tigate the safety and efficacy of adjunctive perampanel in pediatric
patients (4 to <12 years) with inadequately controlled focal
seizures or generalized tonic-clonic seizures. Epilepsia.
2020;61(1):125-137. doi:10.1111/epi.16413

48. Thiele E, Marsh E, Mazurkiewicz-Beldzinska M, et al.
Cannabidiol in patients with Lennox-Gastaut syndrome: interim
analysis of an open-label extension study. Epilepsia.
2019;60(3):419-428. doi:10.1111/epi.14670

49. Devinsky O, Nabbout R, Miller I, et al. Long-term cannabidiol
treatment in patients with Dravet syndrome: an open-label
extension trial. Epilepsia. 2019;60(2):294-302. doi:10.1111/
epi.14628

50. Specchio N, Pietrafusa N, Doccini V, et al. Efficacy and safety of
fenfluramine hydrochloride for the treatment of seizures in
Dravet syndrome: a real-world study. Epilepsia. 2020;61(11):
2405-2414.

51. Ohtsuka Y, Yoshinaga H, Shirasaka Y, Takayama R, Takano H,
Iyoda K. Long-term safety and seizure outcome in Japanese patients
with Lennox-Gastaut syndrome receiving adjunctive rufinamide
therapy: an open-label study following a randomized clinical
trial. Epilepsy Res. 2016;121:1-7. doi:10.1016/j.eplepsyres.
2016.01.002

52. Kluger G, Glauser T, Krauss G, Seeruthun R, Perdomo C, Arroyo
S. Adjunctive rufinamide in Lennox-Gastaut syndrome: a long-
term, open-label extension study. Acta Neurol Scand.
2010;122(3):202-208. doi:10.1111/j.1600-0404.2010.01334.x

53. Ferreira JA, Le Pichon JB, Abdelmoity AT, et al. Safety and tol-
erability of adjunctive lacosamide in a pediatric population with
focal seizures – an open-label trial. Seizure. 2019;71:166-173.
doi:10.1016/j.seizure.2019.05.016

54. Madani N, O’Malley JA, Porter BE, Baumer FM. Lacosamide-
induced dyskinesia in children with intractable epilepsy. J Child
Neurol. 2020;35(10):662-666. doi:10.1177/0883073820926634

55. Lagae L, Sullivan J, Knupp K, et al. Fenfluramine hydrochloride for
the treatment of seizures in Dravet syndrome: a randomised, double-
blind, placebo-controlled trial. Lancet. 2019;394(10216):2243-
2254. doi:10.1016/S0140-6736(19)32500-0

56. Cross JH, Lagae L, Scheffer I, et al. Efficacy and safety of low
dose fenfluramine hydrochloride oral solution in the treatment of
Dravet syndrome: pooled analysis of two phase 3 clinical
studies. Dev Med Child Neurol. 2020;62(S1):11.

57. Patel AD, Badalamenti V, Gasalla T, Elmoufti S, Elshoff JP.
Safety and tolerability of adjunctive brivaracetam in children
with focal seizures: interim analysis of pooled data from two

532 Journal of Child Neurology 37(6)

http://doi.org/10.1056/NEJMoa1611618
https://doi.org/10.1111/bcp.14399
http://doi.org/10.1016/j.yebeh.2018.01.029
http://doi.org/10.1016/j.yebeh.2018.01.029
http://doi.org/10.1016/j.yebeh.2020.106962
http://doi.org/10.1016/0887-8994(87)90032-4
http://doi.org/10.1016/0887-8994(87)90032-4
http://doi.org/10.1016/0887-8994(87)90032-4
http://doi.org/10.1016/0887-8994(87)90032-4
http://doi.org/10.1111/j.1469-7610.1990.tb00798.x
http://doi.org/10.1111/j.1469-7610.1990.tb00798.x
http://doi.org/10.1111/j.1469-7610.1990.tb00798.x
http://doi.org/10.1016/S0022-3476(86)80903-9
http://doi.org/10.1016/S0022-3476(86)80903-9
http://doi.org/10.1016/S0022-3476(86)80903-9
http://doi.org/10.1136/bmj.295.6603.885
http://doi.org/10.1136/bmj.295.6603.885
http://doi.org/10.1007/BF02212855
http://doi.org/10.1001/archpsyc.1989.01810030011002
https://doi.org/10.1097/00004583-198807000-00010
http://doi.org/10.1007/BF01486969
http://doi.org/10.1212/WNL.0000000000008126
http://doi.org/10.1212/WNL.0000000000008126
http://doi.org/10.1111/epi.13417
http://doi.org/10.1016/j.eplepsyres.2014.08.019
http://doi.org/10.1016/j.ejpn.2018.09.010
http://doi.org/10.1016/j.ejpn.2018.09.010
http://doi.org/10.1111/epi.16413
http://doi.org/10.1111/epi.14670
http://doi.org/10.1111/epi.14628
http://doi.org/10.1111/epi.14628
http://doi.org/10.1016/j.eplepsyres.2016.01.002
http://doi.org/10.1016/j.eplepsyres.2016.01.002
http://doi.org/10.1111/j.1600-0404.2010.01334.x
http://doi.org/10.1111/j.1600-0404.2010.01334.x
http://doi.org/10.1016/j.seizure.2019.05.016
http://doi.org/10.1177/0883073820926634
http://doi.org/10.1016/S0140-6736(19)32500-0
http://doi.org/10.1016/S0140-6736(19)32500-0
http://doi.org/10.1016/S0140-6736(19)32500-0


open-label trials. Eur J Paediatr Neurol. 2020;25:68-76.
doi:10.1016/j.ejpn.2019.11.007

58. Jüni P, Holenstein F, Sterne J, Bartlett C, Egger M. Direction and
impact of language bias in meta-analyses of controlled trials:
empirical study. Int J Epidemiol. 2002;31(1):115-123. doi:10.
1093/ije/31.1.115

59. Naranjo C, Sellers E, Sandor P, et al. A method for estimating the
probability of adverse drug reactions. Clin Pharmacol Ther.
1981;30(2):239-245. doi:10.1038/clpt.1981.154

60. The Uppsala Monitoring Centre. Accessed January 12, 2021.
https://www.who.int/medicines/areas/quality_safety/safety_efficacy/
WHOcausality_assessment.pdf

Peacock et al 533

http://doi.org/10.1016/j.ejpn.2019.11.007
http://doi.org/10.1093/ije/31.1.115
http://doi.org/10.1093/ije/31.1.115
https://doi.org/10.1038/clpt.1981.154
https://www.who.int/medicines/areas/quality_safety/safety_efficacy/WHOcausality_assessment.pdf
https://www.who.int/medicines/areas/quality_safety/safety_efficacy/WHOcausality_assessment.pdf
https://www.who.int/medicines/areas/quality_safety/safety_efficacy/WHOcausality_assessment.pdf

	 
	 Method
	 Protocol
	 Eligibility Criteria
	 Search Strategy
	 Study Selection
	 Data Extraction and Risk of Bias
	 Data Synthesis and Analysis
	 Protocol Deviations

	 Results
	 Cannabidiol
	 Eslicarbazepine
	 Fenfluramine
	 Lacosamide
	 Perampanel
	 Rufinamide

	 Discussion
	 Conclusion
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


