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absTracT

Introduction: Migraine headaches have a negative impact on daily living activities in children. Many chil-
dren with migraine need prophylactic medications in addition to biobehavioural measures. Until now, only 
topiramate has been approved by the FDA (US Food and Drug Administration) as a prophylactic medication 
in children with migraine. However, topiramate has many unacceptable adverse cognitive effects, therefore, 
conducting well-designed trials to show the efficacy of safer medications has been recommended.
Aim of the study: We conducted a trial to assess the efficacy and safety of levetiracetam in the prophylaxis of 
migraine headaches in children.
Material and methods: In an open-label, randomised, controlled trial, we assessed the efficacy and safety of 
levetiracetam in the prophylaxis of migraine headaches in children compared to a well-known prophylac-
tic agent, amitriptyline. The primary outcome measure was reduction of monthly headache frequency. The 
secondary outcome measures were reduction in headache duration and severity. In addition, we studied the 
effect of these medications on headache disability score using the Paediatric Migraine Disability Assessment 
(PedMIDAS) questionnaire, as well as their adverse side effects. The trial was continued for three months after 
administering the medications.
Results: We enrolled 66 children with migraine, and 60 of them completed the study (30 in each arm). Ninety 
per cent (27/30) of children in each arm showed more than 50% reduction in monthly headache frequency. 
Duration and severity of headaches were also significantly decreased at the end of the trial. In addition, the 
safety profile of medications was acceptable, and headache disability score was significantly improved at the 
end of the trial.
Conclusions: These results indicate that levetiracetam might be effective and safe in the prophylaxis of 
migraine headaches in children. It deserves to be considered in the prophylaxis of migraine headaches in 
children.
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inTrOducTiOn

Migraine is common among children and adolescents. 
According to epidemiological studies, about 10% of chil-
dren and 28% of adolescents experience these headaches. 
Many children with migraine headaches experience social 
isolation and lose many school days. In addition, these 
headaches have a severe impact on different aspects of 
quality of life of children and their families. Therefore, ef-
fective management of these headaches is required [1–3].

By improving the quality and quantity of sleep, having 
appropriate and timely meals, living in a safe and calm 
environment, and using proper analgesics or NSAIDs, 
a large number of children with migraine could manage 
their headaches without using daily prophylactic agents. 
However, these measures are not effective in a significant 
portion of children with migraine and they need daily 
prophylactic agents. According to the consensus, children 
with migraine headaches need daily prophylactic agents 
if they have the following criteria: at least four migraine 
attacks per month, especially when headaches have mod-
erate to severe intensity or they last more than four hours, 
or they have poor response to acute treatments [1].

Many studies have shown the efficacy and safety of 
different medications in the prophylaxis of migraine 
headaches in children, even though until now only topi-
ramate has FDA approval as a prophylactic agent in chil-
dren with migraine [4]. Interestingly, results of the Child-
hood and Adolescent Migraine Prevention (CHAMP) 
trial indicate that both topiramate and amitriptyline are 
not more effective than placebo in reduction of headache 
frequency or headache-related disability in childhood and 
adolescent migraine [5]. In addition, many studies have 
been concluded that the placebo effect in both adult and 
child migraine is high, and the placebo effect should be 
considered in every new study [5].

To select a medication as a prophylactic agent in 
children with migraine the medication should not only 
reduce both the frequency and severity of headaches ef-
fectively, but must also have the fewest adverse effects [1]. 
Topiramate might be effective in reducing the frequency 
and severity of headaches but unfortunately has signifi-
cant negative cognitive effects such as inattention, mem-
ory problems, information processing speed disorders, 
and verbal fluency difficulties in both children and adults 
[6]. Therefore, new effective agents without serious ad-
verse effects have to be studied in children with migraine. 
Recently, a number of studies have indicated the efficacy 
and safety of levetiracetam as a prophylactic agent in both 
adults and children with migraine [2, 7–12].

Levetiracetam is an anticonvulsive agent that has 
different mechanisms of action. Levetiracetam has been 
approved by the FDA to be used in both focal and gen-
eralised seizures in adults and children [12]. It has only 
a few adverse side effects such as somnolence and mood 
disorders, particularly irritability, which can easily be 

managed by decreasing the dose. Although some studies 
have shown its efficacy and safety in the prophylaxis of 
migraine headaches in adults and children, a recent sys-
tematic review concluded that the role of levetiracetam 
for the prophylactic treatment of chronic migraine is not 
well established and further well-designed studies need 
to be conducted [12].

In our country, Iran, levetiracetam is available in 
forms of tablet and syrup, and almost all health insur-
ance companies support its usage. In addition, to our 
knowledge, no controlled study with an acceptable sam-
ple size has been conducted in our country to show its 
efficacy and safety as a prophylactic agent in children 
with migraine. Therefore, we carried out a randomised, 
controlled trial to assess its efficacy and safety in children 
with migraine as a prophylactic agent. 

MaTerial and MeThOds

StUDY DESIGN AND lOCAtION

We conducted a randomised, parallel-group con-
trolled, open-label trial to assess the efficacy and safety of 
levetiracetam in children with migraine as a prophylactic 
agent. After reviewing of the trial design, the review board 
of the centre did not agree with a placebo arm as the con-
trol group, so we administered another well-recognised 
migraine prophylactic agent, amitriptyline. As we men-
tioned earlier, the CHAMP trial showed that the effect of 
amitriptyline in children with migraine is not more than 
placebo [5]. Therefore, we administered amitriptyline in 
the control group to get the board’s opinion. The study was 
conducted at Imam Hossein Children’s Hospital, Isfahan, 
a tertiary university-affiliated children’s hospital located al-
most in the centre of Iran, and provides medical services 
not only to Isfahan province but also to eight provinces 
with a population of more than six million. This study was 
approved and registered with the Iranian Registry of Clin-
ical Trials, number IRCT20171212037850N1. The study 
was conducted between October 2017 and July 2018. 

PARtICIPANtS, AND INClUSION AND ExClUSION 
CRItERIA

All children aged between five and 15 years with mi-
graine headaches according to the International Classifi-
cation of Headache Disorders, third edition, were eligible 
for recruitment [13]. We included all those children with 
migraine headaches with and without aura, who had at 
least four attacks of headache per month that either last-
ed at least two hours or had moderate to severe inten-
sity. Recruited children had had headaches for at least 
six months before enrolment and had not been admin-
istered a migraine prophylactic agent. We excluded all 
those children who had the following criteria: epilepsy, 
complicated migraine, history of adverse reactions to 
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tricyclic antidepressants, children with severe psychiat-
ric problems like depression and ADHD, and those who 
were taking analgesics more than four times per week to 
control migraine attacks. We also excluded all those who 
were unable to record the frequency, duration, and se-
verity of headaches, or had been administered migraine 
prophylactic agents.

RANDOMISAtION

All children who were eligible for recruitment and 
their parents were interviewed, and after obtaining writ-
ten, informed consent they were randomly assigned to 
levetiracetam or amitriptyline groups. The randomisa-
tion was performed using a random number table, and 
all the consecutive patients were randomised to allocate 
into quaternary blocks. After randomisation, the med-
ications in generic form were taken to the participants 
using packages made by central pharmacy of the centre. 
These packages had identical shape and colour, and their 
contents were provided by the central pharmacy of the 
centre. After opening the packages, the parents could see 
the instructions for taking the medications.

INtERvENtION AND DOSAGES 
Of thE MEDICAtIONS

Each child was randomised into either the levetirac-
etam or the amitriptyline group. In this study, we used 
generic forms of levetiracetam and amitriptyline. In both 
groups, the dose of the medication administered was 
based on the body weight. In the levetiracetam group, 
the starting dose of levetiracetam was 10 mg/kg/day (di-
vided in two doses q 12 h) and increased to 20 mg/kg/
day (divided in two doses q 12 h) after one week. In the 
amitriptyline group, the starting dose was 0.25 mg/kg/
day (bedtime), and this was increased by 0.25 mg/kg/day 
weekly to final dose of 1 mg/kg/day (bedtime). The in-
structions for using medications were carefully written in 
plain language and placed inside the packages. 

OUtCOME MEASURES

The primary outcome measure was the effect of the 
medications on the frequency of headaches per month, 
and more than 50% reduction in headache frequency 
compared to baseline was considered as the significance 
cut-off point. The secondary outcome measure was the 
effect of the medications on the severity and duration of 
headaches. More than 50% reduction in the duration and 
severity of headaches was considered significant. To as-
sess these outcomes correctly, we divided the trial into 
two phases. In the first phase of the study, which lasted 
one month for each participant, all the children and their 
parents were carefully instructed by trained interviewing 
staff to accurately record the frequency (on a monthly 

basis), duration (in hours), and severity (using a scale) 
of headaches in the prepared charts that were given to 
them. To ensure a better objective measure of the severity 
of headaches we used the Wong-Baker Faces Pain Rat-
ing Scale. Skilled staff instructed the children and their 
parents to familiarise them with this scale and how to 
use it. The validity and reliability of this scale have been 
confirmed in our population in previous studies [14]. At 
the end of the first phase of the study and after obtaining 
written, informed consent, all the children who had the 
inclusion criteria were randomised to receive one of the 
medications. After randomisation, all the participants 
were followed for three months more and an interview-
ing staff member called them at weekly intervals to as-
sess their adherence to the study protocol. In the second 
phase of the trial, all the children and their parents were 
asked to accurately record the frequency, duration, and 
severity of headaches in the prepared charts that were 
given to them. We also measured the disability score of 
the participants using the PedMIDAS questionnaire. The 
validity and reliability of this scale have been confirmed 
in our population in previous studies [15]. All the chil-
dren and their parents were visited and interviewed at the 
end of each month after randomisation. All the children 
and their parents were also asked to accurately record any 
adverse effects after taking the medications, especially any 
sedation, irritability, and changes in appetite. 

StAtIStICS

According to previous studies, and assuming a 50% 
reduction in headache frequency in the amitriptyline 
group and 65% reduction in headache frequency in leve-
tiracetam group and the required power of 80%, the sam-
ple size was calculated to be 32 in each study arm [14]. 
All the data including the frequency, duration, severity of 
headaches, and PedMIDAS scores were carefully recorded 
in prepared charts and then entered into a central com-
puterised database. All the quantitative data were tested 
for normality using the Shapiro-Wilk test. Normal data 
were described using mean ±SD, and non-normal data 
were described using median and range. The differences 
between two study arms were tested using independent 
sample t-test when data were distributed normally, oth-
erwise we used non-parametric equivalent tests. Quan-
titative data were analysed using χ2 test. In all statistical 
assessments, p < 0.05 was considered significant. To re-
duce the bias in data analysis, a biostatistician who was 
not aware of the study groups analysed all data.

EthICS

The review board of the centre approved the study 
protocol, and we performed the study in accordance with 
the ethical standards as laid down in the 1964 Declara-
tion of Helsinki and its later amendments. All the parents 
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read and signed written, informed consent forms before 
enrolment.

resulTs

BASElINE ChARACtERIStICS

During the first period of the trial about 100 chil-
dren with migraine were eligible for recruitment, but we 
could obtain written, informed consent from only 66 of 
them, who were randomised to one of the trial groups 
(34 children were in the levetiracetam arm and 32 in the 
amitriptyline arm). From these 66 children, 60 complet-
ed the trial. We lost two children because of relocation 
to another part of the country and four children because 
of non-adherence to the trial protocol. Of note, none of 
children was lost to follow-up because of the adverse ef-
fects of the medications. Table 1 shows the baseline char-
acteristics of the children in both groups. As has been 
shown, both groups had no significant difference in terms 
of gender, age, headache frequency and severity, and Ped-
MIDAS score. However, the median headache duration 
in the first period of the study was significantly longer in 
the levetiracetam group (p = 0.031, Mann-Whitney rank 
sum test) (Table 1).

EffICACY Of thE MEDICAtIONS

The main efficacy measure of the medications was the 
effect of them on the frequency of headaches during the 
trial period. Analysis of the results indicated that com-
pared to the baseline and at the end of the trial, in both 
groups, the medications reduced the headache frequency 
per month by more than 50% in 90% (27/30) of children. 
The other efficacy measures of the medications were the 
effect of them on the duration and severity of headaches. 
In the levetiracetam group, the duration and severity 
of headaches were reduced by more than 50% in 90% 
(27/30) of children. In the amitriptyline group, the dura-

tion of headaches was reduced by more than 50% in 90% 
(27/30) of children. However, the headache severity was 
reduced by more than 50% in 80% (24/30) of children. 
These results indicated that both medications are effec-
tive in controlling of the frequency, duration, and severity 
of headaches in children with migraine as prophylactic 
agents after a three-month period at the mentioned dos-
ages. We also measured the PedMIDAS disability score, 
and the results indicated that the median PedMIDAS 
score was significantly improved in both groups during 
the trial, and at the end of the third month after taking 
medications, the median PedMIDAS score in both groups 
was 0, compared to the first period of the trial (Table 1)  
(p < 0.001, Mann-Whitney rank sum test).

ADvERSE EffECtS

During the study, children and their parents reported 
a number of side effects; however, none of these adverse 
effects led to withdrawal of the medication by the chil-
dren. In the levetiracetam group, five children developed 
irritability and bad temperament that had an impact on 
the family condition; however, no dosage adjustment was 
required. All the parents reported that irritability and bad 
temperament disappeared during the trial. In the ami-
triptyline group, six children developed drowsiness in 
the first month after taking the medication, which disap-
peared during follow-up.

discussiOn

Results of this open-label, randomized, parallel, 
group-controlled trial indicate that both levetiracetam 
and amitriptyline might be effective as prophylactic 
agents in a highly selected group of children with un-
complicated migraine. Evidence of efficacy is that both of 
these medications after a three-month period and at the 
mentioned dosages significantly reduced the frequency 
of headaches as the primary outcome measure in 90% 
of our children (27/30). They also significantly reduced 
the duration and severity of headaches in both groups 
at the end of the trial. Our results also indicate that both 
of these medications could improve migraine disability 
score after a three-month period. Evidence of improved 
disability score is that both of these medications sig-
nificantly reduced the median PedMIDAS scores from  
66 (12–102) in the levetiracetam group and 52 (12–109) 
in the amitriptyline group to almost zero at the end of the 
trial. In addition, our results indicate that both of these 
medications are safe. Evidence of safety is that none of the 
children discontinued the medication because of adverse 
effects; however, a number of our participants reported 
bad temperament in the levetiracetam group and drows-
iness in the amitriptyline group.

Levetiracetam has been approved by FDA as an anti- 
seizure medication in both focal and generalised seizures. 

Table 1. Baseline characteristics of the both groups in the first pe-
riod of the trial

Characteristics Levetiracetam
(n = 30)

Amitriptyline 
(n = 30)

Gender Boys: 
16 (53.3%)

Boys: 
21 (30%)

Age: mean ±SD 10.6 ±2.6 9.6 ±2.6

Headache frequency 
(per month), median (range)

12 (4–30) 11 (4–30)

Headache duration
(in hours), median (range)

4.5 (1–72) 2 (1–24)

Headache severity, median 
(range)

8 (4–10) 8 (4–10)

PedMIDAS, median (range) 66 (12–102) 52 (12–109)
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In addition, a number of studies in both adults and chil-
dren showed the efficacy of levetiracetam as an effective 
and safe prophylactic agent [7–12]. It has different mech-
anisms of action, but the main mechanism of action in 
migraine prophylaxis has not been defined yet. Moreover, 
a systematic review has concluded that levetiracetam 
could be considered as a prophylactic agent in patients 
with migraine, but the authors of this systematic review 
have recommended conducting well-designed studies to 
show its efficacy and safety in children [12].

To our knowledge, only three studies have been 
conducted in children to show the efficacy of levetirac-
etam as a migraine prophylactic agent. Two of the stud-
ies were retrospective and were based on chart review  
[7, 16]. Both of these studies had small sample sizes. The 
third study was conducted by Pakalnis et al. in children 
[9]. In this open-label, uncontrolled study 22 children 
were enrolled and 20 completed the study. They were 
aged between seven and 16 years. The starting dose was  
20 mg/kg/day and was increased to 40 mg/kg/day in the 
second month of the follow-up. The study was continued 
for two months after administering the medication. At the 
end of the study, 90% (18/20) of children showed more 
than 50% reduction in monthly headache frequency. In 
addition, PedMIDAS score were significantly improved. 
The results of this study are in accordance with ours. In 
addition, our study was a randomised, controlled study 
with a reasonable sample size. 

In this study, we decided to administer levetiracetam 
by 20 mg/kg/day (divided in two doses q 12 h) as a main-
tenance dosage. We could administer levetiracetam at 
higher dosages as in previous studies, but we know that 
levetiracetam at higher dosages could have more side ef-
fects, especially irritability and behavioural problems. In 
addition, our results indicate that levetiracetam 20 mg/
kg/day (divided in two doses q 12 h) is effective in 90% of 
children with uncomplicated migraine and is safe. There-
fore, it seems that 20 mg/kg/day (divided in two doses  
q 12 h) is an acceptable dosage of levetiracetam as a pro-
phylactic medication in children with migraine.

As mentioned in the introduction section, in order 
to select a medication as a prophylactic agent in children 
with migraine, that medication not only should reduce 
both the frequency and severity of headaches effectively 
but must also have minimal adverse effects. According to 
the previous studies and our study, levetiracetam could be 
considered as an effective and safe prophylactic medica-
tion in children with migraine.

Although until know only topiramate has been ap-
proved by the FDA as a prophylactic medication in chil-
dren with migraine, previous studies showed the efficacy 
of a number of anticonvulsive medications in children 
with migraine. The main medication among these ef-
fective agents is sodium valproate. Sodium valproate is 
a broad-range anticonvulsant and has different mecha-
nisms of action. The main mechanism of action in mi-

graine prophylaxis is unknown, but different mechanisms 
have been proposed. Sodium valproate could increase 
gamma-aminobutyric acid (GABA) levels, and higher 
GABA levels could suppress migraine related events in 
the cortex. Other proposed mechanisms are inhibition 
of voltage-sensitive calcium channels (T-type), reducing 
the inflammatory effect of serotoninergic neurons, thus 
reducing the central trigeminal nerve activation [17, 18]. 
Studies in children and adults have indicated its efficacy 
in migraine prophylaxis, but adverse effects such as tired-
ness, drowsiness, dizziness, tremor, hair loss, skin rash, 
and nausea, and especially weight gain, limit its usage. 

The results of our study should be interpreted in the 
face of certain limitations. This is an open-label trial. 
In addition, because of ethical issues our board did not 
agree with a placebo arm; however, we tried to control 
our results by administering a well-known migraine pro-
phylactic agent, amitriptyline. As mentioned earlier, the 
CHAMP trial showed that amitriptyline is not more effec-
tive than placebo in reduction of headache frequency or 
headache-related disability in childhood and adolescent 
migraine [5]. In our study, the children who took ami-
triptyline showed a 90% response. We have no explana-
tion for these results, but we think that our sample size 
was very small in comparison to the CHAMP trial, and 
we also enrolled a group of highly selected children with 
migraine, and this kind of selection could lead to better 
response compared to placebo effect.

cOnclusiOns

Our results indicate that levetiracetam could be a pro-
phylactic option in reasonably selected children with un-
complicated migraine. When levetiracetam administered 
at a starting dosage of 10 mg/kg/q 12 h and increased to 
20 mg/kg/q 12 h, it could be effective in a three-month 
period in reducing the frequency, duration, and severity 
of headaches. Levetiracetam could also improve headache 
disability scores after a three-month period. In addition, 
its safety profile is acceptable, and adverse side effects are 
manageable. Therefore, it deserves to be considered in the 
prophylaxis of migraine headaches in children.
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