
Epilepsia Open. 2022;00:1–13.	﻿	     |  1wileyonlinelibrary.com/journal/epi4

Received: 11 August 2022  |  Accepted: 23 October 2022

DOI: 10.1002/epi4.12666  

O R I G I N A L  A R T I C L E

Medical treatment in infants and young children with 
epilepsy: Off-label use of antiseizure medications. Survey 
Report of ILAE Task Force Medical Therapies in Children

Jo Sourbron1   |   Stéphane Auvin2,3,4   |   Alexis Arzimanoglou5,6   |    
J. Helen Cross7,8   |   Hans Hartmann9  |   Ronit Pressler7,8   |   Kate Riney10,11   |   
Kenji Sugai12  |   Jo M. Wilmshurst13   |   Elissa Yozawitz14   |   Lieven Lagae1

1Section Pediatric Neurology, Department of Development and Regeneration, University Hospital KU Leuven, Leuven, Belgium
2A PHP, Service de Neurologie Pédiatrique, Hôpital Robert Debré, Paris, France
3INSERM NeuroDiderot, Université de Paris, Paris, France
4Institut Universitaire de France (IUF), Paris, France
5Epilepsy Department, Member of the ERN EpiCARE, Sant Joan de Déu Hospital, Barcelona, Spain
6Department of Pediatric Clinical Epileptology, Sleep Disorders and Functional Neurology, University Hospitals of Lyon (HCL), Lyon, France
7Great Ormond Street Hospital for Children, London, UK
8Programme of Developmental Neurosciences, UCL NIHR BRC Great Ormond Street Institute of Child Health, London, UK
9Clinic for Pediatric Kidney, Liver, and Metabolic Diseases, Hannover Medical School, Hannover, Germany
10School of Medicine, University of Queensland, Brisbane, Queensland, Australia
11Neurosciences Unit, Queensland Children's Hospital, Brisbane, Queensland, Australia
12Department of Child Neurology, National Center Hospital, National Center of Neurology and Psychiatry, Kodaira, Japan
13Department of Pediatric Neurology, Red Cross War Memorial Children's Hospital, Neuroscience Institute, University of Cape Town, Cape Town, 
South Africa
14Isabelle Rapin Division of Child Neurology of the Saul R Korey Department of Neurology, Montefiore Medical Center, New York City, New York, 
USA

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any 
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2022 The Authors. Epilepsia Open published by Wiley Periodicals LLC on behalf of International League Against Epilepsy.

Correspondence
Lieven Lagae, UZ Herestraat 49 – box 
7003, 3000 Leuven, Belgium.
Email: lieven.lagae@uzleuven.be

Abstract
Objective: Antiseizure medications (ASMs) remain the mainstay of epilepsy 
treatment. These ASMs have mainly been tested in trials in adults with epilepsy, 
which subsequently led to market authorization (MA). For treatment of – espe-
cially young – children with epilepsy, several ASMs do not have a MA and guide-
lines are lacking, subsequently leading to “off-label” use of ASMs. Even though 
“off-label” ASM prescriptions for children could lead to more adverse events, it 
can be clinically appropriate and rational if the benefits outweigh the risks. This 
could be the case if “on-label” ASM, in mono- or polytherapy, fails to achieve 
adequate seizure control.
Methods: The Medical Therapies Task Force of the International League 
Against Epilepsy (ILAE) Commission for Pediatrics performed a survey to study 
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1  |   INTRODUCTION

Epilepsy is one of the most common neurological diseases 
worldwide, with over 10 million children affected by this 
disease.1 The target of epilepsy treatment is to achieve sei-
zure control with antiseizure medications (ASMs). These 
drugs modulate different pathways and subsequently 
decrease neuronal excitation and/or increase neuronal 
inhibition. The first ASM to be used was phenobarbital 
in 1912. Subsequently, ASM development increased ex-
ponentially in the past 30 years leading to over 25 ASMs 
being registered.2,3 Novel ASMs have led to more tailored 
treatment choices to the individual's characteristics, al-
though they have not significantly reduced the number of 
patients with drug-resistant epilepsy.3 For example, up to 
28% of children with epilepsy have insufficient control of 
their seizures managed with the currently available ASMs 
due to the lack of efficacy and/or tolerability issues.1,4 The 
heterogeneity of response to the existing ASMs underlines 
the high need for tailored treatment options. Due to our 
increasing understanding of the pathogenesis of epilepsy, 
we are able to choose/avoid specific ASMs in certain 
cases. This constellation is especially true for monogenic 
epilepsy syndromes for which individualized medicine 
approaches are possible (e.g. everolimus for tuberous scle-
rosis complex [TSC]).5

While regulatory incentives have been promoted to 
stimulate pediatric trials by pharmaceutical companies, 
therapeutic options for pediatric epilepsies remain rel-
atively scarce. Numerous pediatric epilepsy syndromes 
are still not considered for ASM development trials or 
do not include young children,6 and/or the ASM is only 
marketed as add-on therapy for older pediatric and adult 
populations,7 which results in the “off-label” prescription 

of ASMs by child neurologists worldwide. Hence, there 
remains an unmet need for studies on (younger) children 
with epilepsy.

“Off-label” refers to the use of a drug beyond the mar-
ket authorization (MA) specifications in terms of age, in-
dication, categories of patients, pharmaceutical form and 
dose frequency/regimen.1,8,9 Some research has shown a 
clear correlation between the “off-label” drug use and ad-
verse drug reactions,10 e.g. leading to an adverse drug reac-
tion increase of 33%11 or 70%.12 However, in a recent joint 
position statement,13 the European Academy of Pediatrics 
(EAP) and the European Society for Developmental 
Perinatal and Pediatric Pharmacology (ESDPPP) have 
recommended that “off-label” drug prescription can be 
rational and clinically appropriate for children if the ben-
efits outweigh the risks. In addition, the World Health 

the current treatment practices in six classic, early life epilepsy scenarios. Our 
aim was not only to study first- and second-line treatment preferences but also to 
illustrate the use of “off-label” drugs in childhood epilepsies.
Results: Our results reveal that several ASMs (e.g. topiramate, oxcarbazepine, 
benzodiazepines) are prescribed “off-label” in distinct scenarios of young chil-
dren with epilepsy. In addition, recent scientific guidelines were not always 
adopted by several survey respondents, suggesting a potential knowledge gap.
Significance: We report the relatively common use of “off-label” prescriptions 
that underlines the need for targeted and appropriately designed clinical tri-
als, including younger patients, which will also result in the ability to generate 
evidence-based guidelines.

K E Y W O R D S

children, epilepsy treatment, International League Against Epilepsy, off-label, questionnaire

Key Points

•	 Epilepsy treatment usually involves antiseizure 
medications (ASMs) that have been mainly 
tested in adult clinical trials.

•	 The lack of proper guidelines and clinical trials 
in – especially very young – children with epi-
lepsy leads to the “off-label” use of ASMs.

•	 Our survey shows that several ASMs are pre-
scribed “off-label”, especially in the very young 
children with epilepsy.

•	 Including younger age groups in trials of ASMs 
would lead to evidence-based guidelines and a 
reduction of “off-label” ASM use.
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      |  3SOURBRON et al.

Organization (WHO) launched a campaign named “make 
medicines child size”, in which they share the same aims 
as the EU regulation: “to improve availability of age-
appropriate medicines for children, to make information 
available and to increase high-quality ethical research, 
without conducting unnecessary trials in children”.1,14 
The European Medicines Agency (EMA) and the Food 
and Drug Administration (FDA) have provided a frame-
work to extrapolate the efficacy results of drug trials from 
adults to children. This extrapolation is defined as “ex-
tending information and conclusions available from stud-
ies in one or more subgroups of the patient population 
(source population[s]), or in related conditions or with re-
lated medicinal products, in order to make inferences for 
another subgroup of the population (target population), 
or condition or product, thus reducing the amount of, or 
general need for, additional information (types of stud-
ies, design modifications, number of patients required) 
needed to reach conclusions”. These ambitions should 
lead to an increase of “on-label” ASMs for the pediatric 
population1 and could be stimulated by pharmaceutical 
companies focusing on one or more subgroups of a patient 
population. In return, the companies can obtain several 
incentives, e.g. exclusive marketing and patent extension 
to test medications in children.15

To investigate the occurrence of “off-label” ASM use, 
we analyzed the prescription behavior of over 500 neu-
rologists worldwide in six different epilepsy scenarios in 
infants and young children.

2  |   MATERIALS AND METHODS

On behalf of the Medical Therapies Task Force of the 
ILAE Commission for Pediatrics, we constructed a survey 
and distributed this to (pediatric) neurologists with an in-
terest in pediatric epilepsy (i.e. patients with epilepsy from 
0-18 years of age). Pediatric neurologists were defined as 
medical doctors who are treating children with epilepsy 
below 18 years of age.

In August 2020, the survey was distributed world-
wide using the channels of ILAE, International Child 
Neurology Association (ICNA), European Pediatric 
Neurology Society (EPNS) and Asian and Oceanian Child 
Neurology Association (AOCN) to reach as many respon-
dents as possible.

In total, the questionnaire contained 27 questions (see 
Appendix S1). The first seven questions concerned general 
(demographic) information and the current situation of 
clinical practice. Subsequently, 20 different questions fol-
lowed involving medical treatment options in six distinct 
cases: (a) neonatal seizures, (b) febrile seizures, (c) TSC, 
(d) focal seizures, non-structural, (e) infantile epileptic 

spasms, and (f) Dravet syndrome. The questionnaire con-
tained mostly open-ended questions for which only one 
answer was allowed, although one question allowed multi-
ple answers (i.e. concerning the intervention for febrile sei-
zures). For the ASMs, generic names were used. The aims 
were (a) to understand first- and second-line use in the six 
typical scenarios and (b) to illustrate the use of “off-label” 
drugs in childhood epilepsies. Overall, no statistics were 
used for this study and figures were made by Microsoft 
Excel 16.16.27 for the scenarios with questions regarding 
first- and second-line ASM, i.e. scenarios 3, 4, 5 and 6.

3  |   RESULTS

3.1  |  General information

A total of 515 people responded to the survey. The ma-
jority of the respondents (343/515, 66.6%) were pediatric 
neurologists. Others included adult neurologists, pediat-
ric/adult epileptologists, residents/fellows in (pediatric) 
neurology/epilepsy, pediatricians or general practitioners 
involved in epilepsy care (Table S1). About 71.3% (367/515) 
obtained training in an Epilepsy Unit for at least 6 months 
and more than half of the respondents (299/515; 58.1%) 
had more than 10 years of practice in epilepsy care. Nearly 
54% (278/515) of the respondents were practicing in 
Europe and Central Asia (Figure S1). Although we reached 
out to respondents in Africa and South America as well, 
only very few clinicians did reply and completed the sur-
vey. These respondents were practicing in Japan (96/515; 
18.6%), Spain (63/515; 12.2%), USA (35/515; 6.8%), UK 
(32/515; 6.2%), France (14/515; 2.7%), Italy (12/515; 2.3%), 
the Netherlands (12/515; 2.3%), Croatia (11/515; 2.1%), 
Hungary (11/515; 2.1%), India (10/515; 1.9%), Switzerland 
(10/515; 1.9%), and Zimbabwe (10/515; 1.9%). For the other 
countries, less than 10 respondents were noted (Table S2).

About 68.5% (353/515) of the respondents were active at a 
University/Academia or teaching hospital/Tertiary Referral 
center. One hundred and nineteen respondents (119/515; 
23.1%) were practicing at a regional non-academic hospital 
and 27/515 (5.2%) were active at a private clinic. More than 
half of the respondents (312/515; 60.6%) indicated that they 
were based in a setting where limited resources would not 
affect their decisions in this survey.

3.2  |  Scenarios

3.2.1  |  Neonatal seizure follow-up

A 6-week-old boy with a prior history of hypoxic is-
chemic encephalopathy at birth, Apgar 1, 2, 6, is seen for 
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4  |      SOURBRON et al.

follow-up. He presented with frequent clinical and elec-
trographic seizures on the first day of life and was treated 
initially with phenobarbital (PB), without seizure control, 
so levetiracetam (LEV) was added. He became seizure 
free on day 4. EEG performed prior to discharge revealed 
generalized background slowing and brain MRI showed 
bilateral basal ganglia and thalamus hyperintensity on T1, 
T2, and FLAIR with diffusion restriction, consistent with 
hypoxic–ischemic injury. At follow-up, he remains on 
both medications and still is seizure free. Neurologic ex-
amination shows mild hypotonia and poor visual tracking.

Most of the respondents would repeat the EEG (317/467; 
67.9%). One out of four respondents would repeat the MRI 
(120/467; 25.7%). Regarding medical management, about 
half of the respondents (219/467; 46.9%) were in favor 
of continuing levetiracetam for a longer time. As shown 
in Table  1, 36.6% (34.9% + 1.7%) respondents wanted to 
taper both drugs (one after the other or both at once, re-
spectively). About half of the respondents (181/393; 46%) 
would use the ASMs for less than 6 months. The others 
would use them for 6-12 months (110/393; 28%), 1-2 years 
(58/393; 14.8%) or longer than 2 years (44/393; 11.2%).

3.2.2  |  Febrile seizures

A 14-month-old child with normal development presents 
with a history of three short lasting, self-limited bilat-
eral tonic–clonic febrile seizures, which occurred as iso-
lated events during febrile illnesses at the ages of 6, 8 and 
13 months. Parents ask whether medication is necessary 
and if so, what drug you would prescribe?

Sixty-two of the respondents skipped this ques-
tion, leading to 453 responses. Most of the respondents 
(268/453; 59.2%) would use rescue therapy with a benzo-
diazepine to be given only for febrile seizures lasting lon-
ger than 5 minutes. One out of 10 respondents (45/453; 
9.9%) would start prophylactic ASM treatment at the start 
of each febrile illness. The majority of these respondents 

were from Asia (30/45; 66.7% [Japan: 25/45; 55.6%]), were 
pediatric neurologists/epileptologists (34/45; 75.6%), had 
more than 10 years of experience (28/45; 62.2%), were 
situated at a University/Academia or teaching hospital/
Tertiary Referral center (28/45; 62.2%) and would start di-
azepam suppository or gel as an ASM (31/35; 88.6%; only 
35 responses for this question).

About one fifth of the respondents (86/453; 19%) would 
start antipyretic medication to specifically reduce the 
risk of febrile seizures. Only the minority (19/453; 4.2%) 
would start regular/chronic ASM treatment. In contrast, 
43.3% (196/453) would not use any ASMs, would reassure 
parents and discuss when to seek emergency care. The re-
ported ASMs (regular/chronic/prophylactic) were sodium 
valproate (9/48; 18.8%), levetiracetam (2/48; 4.2%), carba-
mazepine (1/48; 2%), and perampanel (1/48; 2%). Other 
drugs that were used were diazepam (31/48; 64.6%), cloba-
zam (3/48; 6.3%), and clonazepam (1/48; 2%).

3.2.3  |  Tuberous sclerosis complex

A 2-year-old child with TSC, diagnosed after antenatal 
detection of cardiac rhabdomyomas and MRI confirm-
ing cortical tubers, presents with frequent events charac-
terized by quietening of activity, fearful expression and 
cyanosis. These events had been noted for 2 months, but 
not recognized as seizures. The child has mild motor and 
speech impairments. A video EEG showed multifocal epi-
leptic discharges interictally and captured these events, 
confirming they are focal onset seizures. Which first-line 
ASM would you use?

Seventy-five of the respondents skipped this question, 
leading to 440 responses. Most respondents chose vigaba-
trin, levetiracetam, carbamazepine, oxcarbazepine or so-
dium valproate (Figure 1A).

If seizures continued during the next 4 weeks, most 
respondents (256/440; 58.2%) would add a second ASM 
to the first ASM. The remainder (184/440; 41.8%) would 
try a second ASM in monotherapy (weaning the first drug 
whilst increasing the second drug). Most of these respon-
dents selected levetiracetam, sodium valproate, vigabatrin 
oxcarbazepine, carbamazepine, lamotrigine, clobazam, 
topiramate, lacosamide, or everolimus as second line 
(Figure 1B). The second-line ASMs which were chosen for 
the two most common first-line ASMs (vigabatrin and le-
vetiracetam) are shown in the Figures S2 and S3.

3.2.4  |  Focal seizures, non-structural

A 6-month-old developmentally normal female infant 
presents with high frequency of afebrile focal to bilateral 

T A B L E  1   Treatment strategy (case 1 neonatal seizures)

Total 100% N = 467

Continue LEV monotherapy for a longer 
time

46.9% 219

Continue PB monotherapy for a longer 
time

3.4% 16

Continue both drugs for a longer time 13.1% 61

Taper both drugs now (taper one after the 
other)

34.9% 163

Taper both drugs now (taper both at once) 1.7% 8

Abbreviations: LEV, levetiracetam; PB, phenobarbital.
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      |  5SOURBRON et al.

tonic–clonic seizures, with five seizures seen within the 
last 48 hours. Her neurological examination is normal. Her 
mother had a history of seizures as an infant that remit-
ted with age. There is no family history of developmental 
or learning disorders. MRI and interictal EEG (which in-
cludes sleep) are normal. Which first-line ASM would you 
use?

Eighty-five of the respondents skipped this question, 
leading to 430 responses. Most respondents chose leveti-
racetam, carbamazepine, sodium valproate, oxcarbaze-
pine or phenobarbital (Figure 2A).

If seizures continued during the next 4 weeks, one 
third of the respondents (153/431; 35.5%) would add a 
second ASM to the first ASM. Most respondents (278/431; 
64.5%) would try a second ASM in monotherapy (weaning 
the first drug while increasing the second drug). Most of 
these respondents chose levetiracetam, sodium valproate, 
carbamazepine oxcarbazepine, lamotrigine, topiramate, 
clobazam, lacosamide or zonisamide as second line 
(Figure 2B).

We also analyzed which drug was chosen as second-
line ASM. We studied these second-line ASMs when the 
first-line ASM was levetiracetam (Figure S4) and when the 
first-line ASM was carbamazepine (Figure S5).

3.2.5  |  Epileptic spasms

A 6-month-old boy has definite epileptic spasms com-
mencing 2 weeks prior to presentation. EEG confirms 
epileptic spasms and hypsarrhythmia. There is also de-
velopmental regression/stagnation since the start of 
the spasms. No MRI is available yet. Assuming that the 
child has no features of TSC, what is your first treatment 
choice?

Eighty-eight of the respondents skipped this question, 
leading to 427 responses. Most respondents chose ACTH 
or oral steroids, vigabatrin, sodium valproate or pyridox-
ine. The combination of vigabatrin and ACTH/steroids 
was proposed by 20% of the respondents (Figure 3A).

Follow-up scenario 1 (Epileptic spasms)
The MRI reveals periventricular leukomalacia, the pa-
tient has fewer epileptic spasms 2 weeks after your first 
treatment choice commenced and has not regained prior 
developmental ability. An EEG recorded a few epileptic 
spasms. The background is abnormal, but is not hypsar-
rhythmic anymore.

Over half of the respondents (217/427; 50.8%) would 
continue the same treatment during the next 2 weeks. The 

F I G U R E  1   Case 3 tuberous sclerosis 
complex. (A) First antiseizure medication 
(n = 440, 100%); (B) second antiseizure 
medication if seizures would continue 
during the next 4 weeks (n = 435, 100%). 
CDP, cannabis derived products; steroids, 
e.g. cortisone or ACTH.
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6  |      SOURBRON et al.

other half (210/427; 49.2%) would add or switch to an-
other treatment option.

Three hundred of the respondents skipped the ques-
tion regarding second ASM treatment, leading to 215 re-
sponses. For second line in this follow-up scenario 1, most 
respondents chose vigabatrin, ACTH or oral steroids, so-
dium valproate, topiramate, levetiracetam, zonisamide or 
clobazam (Figure 3B).

Follow-up scenario 2 (Epileptic spasms)
The MRI is normal, the patient has fewer epileptic 
spasms 2 weeks after starting the first treatment and 
developmental skills he had before the start of spasms 
have returned. An EEG recorded no epileptic spasms. 
The background remains abnormal but is not hypsar-
rhythmic anymore.

Over half of the respondents (247/423; 58.4%) would 
continue the same treatment during the next 2 weeks. 
One out of four respondents (107/423; 25.3%) would add 
or switch to another treatment option. The same drugs 
were preferred for second-line treatment: sodium val-
proate, vigabatrin, ACTH or oral steroids, levetiracetam, 
topiramate, zonisamide or clobazam (Figure 3C). The re-
maining respondents (69/423; 16.3%) would stop the first 
treatment.

3.2.6  |  Dravet syndrome

A 15-month girl is admitted after a short lasting (2 min-
utes) generalized tonic clonic seizure without fever. She 
was recently diagnosed with Dravet syndrome (DS), 
after having had unilateral prolonged (both > 7 minutes) 
seizures at the ages of 8 and 13  months, both in peri-
ods of fever and illness. Which first-line ASM would you 
use?

One hundred and three of the respondents skipped 
this question, leading to 412 responses. Most respon-
dents chose sodium valproate, levetiracetam, stiripentol 
or clobazam (Figure 4A). Sodium valproate was the pre-
ferred first-line drug for 74% of the respondents.

If seizures continued during the next 4 weeks, most 
of the respondents (371/415; 89.4%) would add a second 
ASM to the first ASM. The remainder (44/415; 10.6%) 
would try a second ASM in monotherapy (weaning the 
first drug whilst increasing the second drug). Most of these 
respondents chose clobazam, stiripentol, topiramate, so-
dium valproate, levetiracetam, clonazepam or cannabidiol 
(Figure 4B), with a clear preference for clobazam (44%). 
The second ASMs that were chosen for the two most com-
mon first-line ASM (sodium valproate and levetiracetam) 
are shown in the Figures S6 and S7.

F I G U R E  2   Case 4 focal seizures, 
non-structural. (A) First antiseizure 
medication (n = 430, 100%); (B) second 
antiseizure medication if seizures 
would continue during the next 4 weeks 
(n = 421, 100%). CDP, cannabis derived 
products; steroids, e.g. cortisone or ACTH.

 24709239, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/epi4.12666 by U

niversity C
ollege L

ondon U
C

L
 L

ibrary Services, W
iley O

nline L
ibrary on [26/02/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



      |  7SOURBRON et al.

4  |   DISCUSSION

In children with epilepsy, an appropriately chosen ASM 
in monotherapy is the preferred treatment approach. If 
monotherapy trials of two ASMs fail, add-on treatment 
is usually offered to the patient. In 2010, the ILAE pro-
posed the definition of drug-resistant epilepsy as “fail-
ure of adequate trials of two tolerated, appropriately 
chosen and used ASM schedules (whether as monother-
apies or in combination) to achieve sustained seizure 
freedom”.16 Since more than 30% of the patients with 
epilepsy have drug-resistant epilepsy, clinicians world-
wide are hampered in finding the best treatment option 
for their patients.1

One of the goals of the Medical Therapies in Children 
Task Force of the ILAE Commission for Pediatrics (2017-
2021) was to better understand treatment options in 
young children with epilepsy. Especially in infants and 
young children, randomized controlled trials (RCTs) re-
main scarce and in many cases “off-label” use of ASMs is 
current clinical practice. The existing guidelines on best 
treatment options for many of these early-onset epilepsies 
do not take into account that some of the proposed drug 

treatments are “off-label”. Within the Task Force we con-
structed this short survey focusing on six “typical” clinical 
scenarios. The herein presented scenarios illustrate that 
“off-label” drugs in childhood epilepsies are sometimes 
chosen as first- and second-line treatment preferences.

Overall, we did not encounter major deviations from 
what is known based on literature data and/or guide-
lines. This is most likely due to the apparent high level 
of clinical experience in majority of the respondents, 
which could be a bias to our study. Since our survey was 
completed by several health care providers worldwide, 
stratification of the answers by demographics of the re-
spondents could unravel regional differences. However, 
this was beyond the scope of our study but should be in-
cluded in future studies with a preset power and sample 
size estimation to allow statistically substantiated results 
and conclusions.

With regard to the neonatal seizure follow-up, most 
respondents chose to continue levetiracetam for less than 
6 months (46.9%) for the treatment of (symptomatic) neo-
natal seizures (scenario 1). In this patient, phenobarbital 
was initially started as it is recommended and common 
clinical practice.

F I G U R E  3   Case 5 epileptic spasms. 
(A) First antiseizure medication (n = 427, 
100%); (B) second antiseizure medication 
scenario 1 (n = 215, 100%); (C) second 
antiseizure medication scenario 2 
(n = 107, 100%). CDP, cannabis derived 
products; steroids, e.g. cortisone or ACTH.
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8  |      SOURBRON et al.

More recently, many centers have started to favor le-
vetiracetam as first- or second-line ASM in neonatal sei-
zures due to its favorable pharmacokinetics and excellent 
tolerability.17–20 In addition, preclinical studies have led to 
concerns about safety of phenobarbital20,21 as well as its 
efficacy in the neonatal period.22,23 However, a recent RCT 
comparing phenobarbital vs. levetiracetam has provided 
first class evidence that phenobarbital is the most effective 
ASM in this age group: the primary outcome measure (sei-
zure control at 24 hours) was achieved in 24/30 neonates 
in the phenobarbital group vs. only 15/53 neonates in the 
levetiracetam group (RR 0.35, CI: 0.22, 0.56). Although 
more adverse effects occurred in the phenobarbital group, 

the difference was not significant. Thus, there is no evi-
dence from (prospective) RCTs that levetiracetam is as ef-
fective or safer than phenobarbital.24

Levetiracetam is approved for the treatment of focal 
seizures from 1 month of age onwards. Hence, it is not 
surprising that the majority of respondents would switch 
to levetiracetam monotherapy (46.9%). On the other hand, 
there is an ongoing controversy regarding the duration of 
treatment after acute provoked seizures. In fact, a recent 
study (published after the survey) of 303 children from nine 
centers with neonatal seizures comparing those in whom 
the ASMs were maintained at hospital discharge after 
neonatal seizures resolved vs. those where the ASMs were 

F I G U R E  4   Case 6 Dravet syndrome. (A) First antiseizure medication (n = 412, 100%); (B) second antiseizure medication (n = 412, 
100%). CDP, cannabis derived products; steroids, e.g. cortisone or ACTH.
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discontinued, did not show any difference in epilepsy or 
functional neurodevelopment at 2 years of age between 
these two groups.25 Even early withdrawal of phenobar-
bital after 12  hours of seizure freedom is not associated 
with a higher risk of seizure recurrence.26 In our survey, 
most respondents (83.5%) would limit the treatment to 
6 months (46.9%) or would taper one or both (one after 
the other) ASMs immediately (36.6%). However, new 
evidence suggests that in neonates with acute provoked 
seizures who respond to initial treatment, ASM should be 
stopped before discharge from the neonatal unit.27

A recent ILAE paper provides clear guidance on the 
classification of neonatal seizures.28 Regarding the treat-
ment, however, the ILAE Neonatal Seizure Guideline Task 
Force is updating the World Health Organization (WHO) 
guidelines of 2011.29

Hence, phenobarbital remains the first line of treat-
ment, although levetiracetam is an attractive alternative. 
The ASM choice in the management of neonatal seizures 
is based on the consensus of local experts.30,31

In the case of febrile seizures (scenario 2), most respon-
dents (59.2%) would use rescue benzodiazepine therapy 
to be given only if seizures are longer than 5 minutes. 
Together with the large group who would reassure par-
ents and discuss when to seek emergency care, 86% would 
not start any regular ASM. This finding is consistent with 
the fact that continuous ASMs for the prevention of febrile 
seizures or intermittent ASM usage is not recommended,32 
underlining the self-limiting nature of the phenomenon. 
Of interest, nearly one out five respondents (86/453; 19%) 
would start antipyretic medication to specifically reduce 
the febrile seizures risk even though antipyretics have no 
proven preventive role in febrile seizures.33 Furthermore, 
almost 10% indicated they would start prophylactic ASM 
treatment at fever of which 55.6% of the respondents 
were from Japan. This finding is not surprising since the 
guidelines in Japan have only recently changed, now rec-
ommending not to utilize prophylactic ASMs, and our 
findings indicate that they have likely not been taken up 
by all providers.34

Based on the published guidelines by the ILAE from 
2009,35 combined with the current knowledge,32,33 it is 
recommended not to start (regular) ASM and educate the 
parents/caregivers about febrile seizures and when to ad-
minister rescue benzodiazepine therapy.

For the 2-year-old patient with TSC (scenario 3), pre-
senting with focal seizures, most chose vigabatrin (27.3%). 
This is a relatively low percentage considering vigabatrin, 
although it is the first choice for the treatment of seizures 
in TSC patients, also when focal seizures occur.36 The 
other respondents preferred levetiracetam, carbamaze-
pine and oxcarbazepine, following recent guidelines.36 
Interestingly, oxcarbazepine, which was chosen by one 

out of six of the respondents, is only approved in children 
older than four or even 6 years of age in most countries 
(vs. 2 years of age in the USA), thus used “off-label”. Even 
though no consensus regarding the start of a second-line 
ASM is present, the relatively high occurrence (60% of the 
respondents in our survey) of add-on treatment is prob-
ably linked to the diagnosis of TSC, which frequently re-
sults in treatment-resistant seizures.37 Nearly, one out of 
five would use sodium valproate (19.1%; second most cho-
sen ASM) as second-line ASM.

Based on the recent literature, vigabatrin is recom-
mended for the initial treatment of TSC-related seizures, 
even if they are focal of origin.36 The use of second-line 
ASM for TSC-associated seizures should follow that of 
other epilepsies. Even though everolimus and cannabi-
diol formulation are approved by regulatory authorities, 
there are no comparative effectiveness data to recommend 
certain ASM over one another in a specific subset of TSC 
patients.38

For the treatment of (non-structural) focal seizures in 
a 6-month-old infant (scenario 4), levetiracetam was most 
frequently chosen (35.8%). This is an expected finding 
since it is an EMA- and FDA-approved for the treatment 
of focal epilepsy in children from 1 month of age.39,40 The 
second most chosen ASM was carbamazepine (27.2%), 
while less than 18% would use sodium valproate. In line 
with these findings, a meta-analysis, involving children 
and adults, previously found that carbamazepine was 
more effective compared to sodium valproate as first-line 
ASM for focal seizures. With regards to the “off-label” use, 
over one out of 10 respondents (10.7%) chose oxcarbaze-
pine, despite that this ASM is not approved at this age.

Based on the aforementioned literature and National 
Institute for Health and Clinical Excellence (NICE) 
guidelines, levetiracetam is recommended as first-line 
monotherapy for focal seizures. If the first choice is unsuc-
cessful, other ASMs include lamotrigine, carbamazepine, 
oxcarbazepine and zonisamide; although these treatment 
options are not approved for the treatment of focal sei-
zures in the (very) young.41

The treatment of epileptic spasms in an infant (sce-
nario 5) should include ACTH or steroid therapy com-
bined with vigabatrin, since this combination treatment 
is more effective than either of the drugs alone, according 
to the International Collaborative Infantile Spasms Study 
(ICISS).42 Only in cases of TSC, isolated administration of 
vigabatrin is the preferred treatment.43 Therefore, the re-
sults of our survey were surprising since more than 80% 
did not select the aforementioned combination treatment 
option. Moreover, following the United Kingdom Infantile 
Spasms Study (UKISS), one should assess the efficacy of 
treatment within 2 weeks and change the treatment strat-
egy if no improvement is noted since there is a significantly 
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increased risk for drug-resistance when seizures remain 
uncontrolled for over 2 weeks.44 However, half of the re-
spondents (49.2%) would add or switch to another treat-
ment regimen in our survey. Notwithstanding the above, 
there are no studies available regarding the preferred ASM 
to use after the failure of first-line drugs (ACTH or steroids 
and/or vigabatrin).

Therefore, combination treatment with oral steroids 
and vigabatrin as first-line therapy for infantile spasms is 
recommended. If the child has TSC or is at relatively high 
risk of steroid-related side effects, vigabatrin alone treat-
ment should be considered.41

Sodium valproate and clobazam are first-line ASMs 
for Dravet syndrome (scenario 6) patients.45 Accordingly, 
our survey shows that nearly three out of four respon-
dents (73.8%) would start sodium valproate treatment. 
This finding is in line with recently published treatment 
protocols,45–47 indicating that Dravet syndrome treatment 
practice is relatively consistent in several clinical centers.

Initial treatment with clobazam was suggested by 6.1% 
of the respondents. If one is concerned to use sodium val-
proate in the very young, clobazam could be an alternative 
ASM in line with the American guidelines.45,46 The second 
most chosen ASM was levetiracetam (8.5%), even though 
this is proposed as a third-line ASM by many guidelines.45 
Nearly 7% of the respondents (6.8%) would use stiripentol 
as first line, but this ASM is not available in all countries.

Clobazam was added by 43.9% of the respondents 
to the treatment regimen when seizures were not con-
trolled. Stiripentol or topiramate was prescribed as second 
line by 15.1% and 9.0% of the respondents, respectively. 
Topiramate was chosen as first-line (1.5%) or second-
line ASM (9.0%), though this drug is also not approved 
for treating Dravet syndrome patients under the age of 
2 years.48,49 Our survey shows that stiripentol and topira-
mate are prescribed “off-label”, especially in very young 
patients. In addition, clobazam has no MA as an ASM in 
many countries.

The aforementioned literature and NICE guidelines ad-
vise sodium valproate as first-line treatment, partially due 
to the paucity of data for other effective first-line ASMs.41 
If sodium valproate alone is unsuccessful; triple therapy 
with stiripentol and clobazam, or topiramate, or ketogenic 
diet should be considered. From 2 years of age onwards 
cannabidiol or fenfluramine can also be considered as 
second-line ASM.50,51 Since the therapeutic landscape of 
Dravet syndrome is expanding, we must underline that the 
current treatment recommendations can alter over time. 
As such, add-on treatment options for Dravet syndrome 
currently include stiripentol, levetiracetam, fenfluramine, 
and cannabidiol.52 Moreover, genetic therapies are being 
developed and clinical trials are currently ongoing to eval-
uate their potential in Dravet syndrome treatment.53

5  |   CONCLUSION

The purpose of this study was to investigate the occurrence 
of “off-label” use of ASM in the pediatric population. Our 
study included a survey of six typical early onset epilepsy 
scenarios. Although the results are mainly confirmatory 
with treatment options following national and interna-
tional guidelines, some minor deviations were noted. Not 
all respondents were aware of recent guidelines and some 
guidelines/studies were only available after the survey was 
circulated. This was especially the case for febrile seizures, 
but also for the infantile epileptic spasms scenario. In 
three out of six (50%) scenario's “off-label” use of ASM was 
reported. For the 2-year old girl with TSC, 11.6% would 
use “off-label” oxcarbazepine. The 6-month-old female in-
fant with non-structural focal seizures would be treated 
by an “off-label” ASM by 38.4% of the respondents (i.e. ox-
carbazepine, lamotrigine or carbamazepine). Regarding 
the 15-month-old girl with Dravet syndrome 8.3% and 
24.1% would use “off-label” ASM, topiramate and stirip-
entol, as first- and second-line ASM respectively. There 
are known potential risks in prescribing “off-label” ASMs. 
Hence, pharmaceutical companies should include infants 
and young children in new clinical trials. Improvement of 
the design of clinical trials and methods promoting small 
groups would be helpful for both rare epilepsies and trials 
in infants.
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