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A B S T R A C T

This study aimed to compare carbamazepine (CBZ) and perampanel (PER) in terms of the efficacy against clinical 
seizures and electroencephalographic abnormalities such as interictal epileptiform discharges (IEDs) and safety 
as initial monotherapy in children with non-lesional focal epilepsies. This retrospective review included par
ticipants recruited from among epilepsy outpatients treated at the authors’ hospital between January 01, 2000, 
and December 31, 2019 in the CBZ group and between January 01, 2020, and December 31, 2022 in the PER 
group. The inclusion criterion in both groups was ≥12 months of follow-up. Responders were identified as 
participants demonstrating complete disappearance (100 % reduction in seizures or IEDs) or response (>50 % 
reduction in seizure frequency or IEDs). Safety primary outcome was defined as appearance rate of AEs. The 
study group comprised 247 participants treated with CBZ and 46 participants treated with PER. Total efficacy 
rate for clinical seizures was significantly higher with PER than with CBZ (p = 0.0148). Moreover, the rate of 
complete disappearance was significantly higher with PER than with CBZ (p = 0.0133). Total efficacy rate for 
IED was again significantly higher with PER than with CBZ (p < 0.0001). The appearance of adverse events was 
significantly lower with PER than with CBZ (p = 0.023). PER may be useful as initial monotherapy in children 
with non-lesional focal epilepsies.

1. Introduction

In the therapeutic approach to children with epilepsy, seizure control 
and the risk of adverse events (AEs) from antiseizure medications 
(ASMs) should be balanced. Because many seizures in epileptic children 
are benign and childhood epilepsies are often readily treatable with easy 
remission, the choice of ASM must be carefully considered to minimize 
the risk of AEs. The consensus first-choice treatment for focal epilepsies 
(FEs) in both children and adults has been carbamazepine (CBZ). Ran
domized controlled trials and a Cochrane review have recommended 
CBZ as a first choice for FEs including self-limited epilepsies [1–3]. 
However, several ASMs have recently entered the market. Insufficient 
data have been accumulated concerning the effectiveness of new ASMs, 

including perampanel (PER). On the other hand, AEs are not uncommon 
in epileptic patients administered CBZ [4]. Dermatological reactions can 
be severe, leading to CBZ discontinuation. Skin rash is seen as an AE of 
CBZ in approximately 10 % of cases [5,6]. Moreover, CBZ may lead to 
seizure exacerbation and electroencephalographic abnormalities. In 
contrast, new ASMs may be less toxic and may result in fewer AEs 
compared to conventional ASMs [7]. This would make new ASMs ad
vantageous for use as initial monotherapy.

PER is a highly selective, non-competitive α-amino-3-hydroxy-5- 
methyl-4-isoxazolepropionic acid (AMPA) glutamate receptor antago
nist [8], and in 2020 was approved for use as a monotherapy in children 
≥ 4 years old for focal-onset seizures in Japan. PER tends not to lead to 
severe AEs, such as the skin rash, thrombocytopenia, or abnormality in 
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hepatic function seen with CBZ or valproate sodium [9–11]. PER is also 
associated with fewer AEs such as dermatological or hypersensitivity 
reactions [10,11]. PER may thus be appropriate as initial monotherapy 
for children with FE. However, PER may present AEs such as serious 
psychiatric and behavioral reactions [12], whereas these AEs are 
remotely related with CBZ. CBZ may thus be appropriate as initial 
monotherapy in this respect. The utility of PER as initial monotherapy 
has not been sufficiently evaluated in children with FE.

Pharmacotherapy must ultimately be judged in accordance with data 
obtained from clinical research and experience. The aims of this study 
were to evaluate efficacy against clinical seizures and abnormalities on 
the electroencephalogram (EEG) such as interictal epileptiform dis
charges (IEDs), and safety as an initial monotherapy in children with 
non-lesional FE, comparing CBZ as a conventional ASM with PER as a 
new ASM.

2. Materials and methods

2.1. Participants

Eligible participants were those diagnosed with FEs including self- 
limited epilepsy with centrotemporal spikes (SeLECTS) or self-limited 
autonomic seizures (SeLEAS). In addition, FE children not fitting any 
defined syndrome were also included if no structural or underlying 
metabolic cause of epilepsy was present. Thus, participants with mag
netic resonance imaging (MRI) abnormalities such as mesial temporal 
abnormalities or focal cortical abnormalities were not included.

Participants were classified into two groups based on the results of 
initial monotherapy by CBZ or PER. Participants in the CBZ group had 
been seen in our hospital between January 01, 2000, and December 31, 
2019. Participants in the PER group had been seen between January 01, 
2020, and December 31, 2022. All patients were reviewed retrospec
tively and were included if follow-up was ≥ 12 months. Exclusion 
criteria were as follows: 1) unreliable information from parents/care
givers regarding seizure frequency and AEs; 2) poor compliance with 
attending necessary visits; 3) inability to set the baseline of clinical 
manifestations including seizure frequency; 4) need for any medication 
other than ASM due to the presence of severe medical and/or progres
sive neurological disorders; 5) less than one seizure in the 12 months 
prior to ASM initiation; 6) poor adherence to pharmacotherapy; 7) ev
idence of using > 1 ASM; or 8) presence of non-epileptic seizures or 
other chronic disorders.

Demographic data, epileptic syndrome, seizure type, and seizure 
frequency before and after ASM administration for each participant 
were reviewed. For all participants in both groups, blood biochemistry 
before ASM initiation was obtained as baseline data.

Among PER group participants > 6 years old, cognitive scores 
measured using the Wechsler Intelligence Scale for Children, fourth 
edition (WISC-IV) were monitored before and 12 months after ASM 
initiation. Intellectual disability (ID) was defined as a full-scale intelli
gent quotient (FSIQ) < 70 from the WISC-IV.

2.2. Strategy for ASM administration

2.2.1. CBZ group
The dose titration schedule for CBZ was based on the clinical prac

tice, summarized as follows. Participants started CBZ at a dose of 3 mg/ 
kg/day. Doses were increased by 3 mg/kg/day per visit if seizures were 
still present, and maintained if seizure disappearance had been ob
tained. Doses could also be decreased if AEs were present. Based on the 
judgement of the attending clinician, the dose of CBZ could be increased 
up to 20 mg/kg/day.

2.2.2. PER group
PER administration was performed in accordance with the thera

peutic strategy based on the clinical practice, summarized as follows. 

The starting PER dose was 0.5 mg/day in children <8 years old or 1 mg/ 
day in children ≥8 years old, maintained for the first 2 weeks. Based on 
the judgement of the attending clinician, PER dose was increased by 0.5 
mg/day per 2 weeks, up to 12 mg/day. Dose of PER was unchanged if 
seizure disappearance was obtained and could be decreased if AEs were 
present. The treatment goal in the present study was ≥50 % seizure 
reduction without AEs. The final PER dose was kept stable during the 
first 3 months of the monitoring period. Modification was then possible 
in cases of inappropriate seizure control or presence of AEs.

2.2.3. EEG procedures
Electroencephalographic examinations were performed in a similar 

manner to our previous report [13]. Briefly, EEGs were recorded every 3 
months as a regular schedule. The duration of each EEG tracing was at 
least 20 min. In principle, EEGs were recorded in both awake and sleep 
states without drug sedation.

EEG data were analyzed by two or three epileptologists or pediatric 
neurologists blinded to the information of the participant. Reader 
agreement with respect to the presence of IEDs was needed for partici
pant inclusion.

2.2.4. Clinical seizure analysis
Baseline data concerning seizure frequency, type, and duration were 

recorded by the parents and caregivers of participants prior to ASM 
initiation. Information about the frequency of seizures both at home and 
during the day at nursery/kindergarten/school was obtained from the 
parents, caregivers, and teachers of participants. Seizure frequency was 
defined as the mean number of seizures per month. The presence or 
absence of AEs and their symptoms were also obtained from an epilepsy 
diary completed by parents and/or caregivers.

Seizure response to ASMs was divided into the categories defined in 
our previous report [14]: complete disappearance, 100 % reduction in 
seizure frequency; response, ≥50 % but <100 % reduction in seizure 
frequency; minimal response, ≥25 % but <50 % reduction in seizure 
frequency; no response, <25 % reduction to <50 % increase in seizure 
frequency; or exacerbation, ≥50 % increase in seizure frequency. Re
sponders in terms of clinical seizures were identified as those partici
pants presenting with either complete disappearance or response.

2.2.5. EEG analysis
Frequency of IEDs on EEGs was analyzed as briefly outlined below. 

Frequency of IEDs was calculated in sleep stages 1 and 2 for at least 15 
min and identified as the number of epileptiform discharges per minute. 
IEDs present on bipolar montage were counted, and the correlation 
between EEG score and treatment response was evaluated. The fre
quency of IEDs prior to ASM initiation was used as the baseline score. 
Comparisons of IED frequency for each participant were performed 
within the same sleep stage. Treatment response was evaluated 12 
months after starting ASM administration. In comparison with baseline 
score, EEG response was divided into four groups according to our 
previous report [15]: complete disappearance, 100 % reduction in IED 
frequency; response, ≥50 % reduction in IED frequency; no response, 
<50 % reduction to <50 % increase in IED frequency; or exacerbation, 
≥50 % increase in IED frequency. EEG responders were identified as 
those participants presenting with complete disappearance or response.

2.2.6. Analysis of tolerability and AEs
Safety primary outcome was defined as the appearance rate of AEs. 

Tolerability and presence of AEs were evaluated by self-reports or lab
oratory examinations. AEs were divided into categories of major or 
minor according to content and severity. Major AEs were identified as 
events resulting in discontinuation of ASMs. Tolerable AEs resulting in 
dose modification or necessity for any management were identified as 
minor AEs. Participant adherence was evaluated by self- or parent- 
report and serum concentrations of ASMs.
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2.2.7. Statistical analysis
The various statistical analyses in the present study were performed 

using SPSS statistical software (version 19; IBM, New York, USA). Data 
such as continuous variables are presented as mean ± standard devia
tion. Group differences in variables were analyzed using the chi-square 
test or Fisher’s exact test, as appropriate, and continuous variables were 
analyzed using analysis of variance with Bonferroni correction. Statis
tical significance was determined at the level of p < 0.05.

2.2.8. Ethics committee approval
The present study was carried out in accordance with the Declaration 

of Helsinki. The study protocol was approved by the ethics committee at 
Toho University Medical Center Sakura Hospital (approval no. S23069). 
Research information was posted on the hospital website and potential 
participants were given the opportunity to decline to be included in the 
study (opt-out).

3. Results

The CBZ group comprised 271 children treated between January 01, 
2000 and December 31, 2019. Among these, 24 were excluded because 
of loss to follow-up. The remaining 247 children were included in this 
study. The PER group comprised 48 children treated between January 
01, 2020 and December 31, 2022. Among these, 2 were excluded 
because of loss to follow-up. The remaining 46 children (mean age, 7.1 
years) were included in this study. Clinical manifestations for partici
pants from both groups are shown in Table 1. Mean ages at onset were 
5.4 years (range, 1.8–10.4 years) in the CBZ group and 5.2 years (range, 
3.9–8.1 years) in the PER group, showing no significant difference (p =
0.39). No significant difference in sex distributions was evident between 
groups, with 128 boys (51.8 %) in the CBZ group and 24 boys (52.2 %) in 
the PER group (p > 0.99). ID was present in 25 children (10.1 %) in the 
CBZ group and 5 children (10.9 %) in the PER group. Twenty-eight 
children (11.3 %) in the CBZ group and 6 children (13.0 %) in the 
PER group presented with a psychiatric history, including autism spec
trum disorder. No significant differences in frequency of ID or psychi
atric history were seen between groups (p = 0.80 each).

When classified by epileptic seizures with overlapping, 46 children 
(18.6 %) in the CBZ group and 8 children (17.4 %) in the PER group 
showed focal motor seizures. Two hundred and five children (83.0 %) in 
the CBZ group and 39 children (84.8 %) in the PER group had focal 

impairment awareness seizure. One hundred and forty-eight children 
(59.9 %) in the CBZ group and 31 children (67.4 %) in the PER group 
had focal to bilateral tonic-clonic seizures. No significant differences in 
the proportions of seizure types were evident between groups (p > 0.99, 
p > 0.99, and p = 0.41, respectively).

When classified according to electroclinical syndromes, 41 children 
(16.6 %) in the CBZ group and 7 children (15.2 %) in the PER group had 
SeLECTS. Twenty-three children (9.3 %) in the CBZ group and 4 children 
(8.7 %) in the PER group had SeLEAS. Twenty children (8.1 %) in the 
CBZ group and 7 children (15.2 %) in the PER group had frontal lobe 
epilepsy (FLE). One hundred and thirty-one children (53.0 %) in the CBZ 
group and 25 children (54.3 %) in the PER group had unclassified FEs. 
No significant difference in the proportions of electroclinical syndromes 
was evident between groups (p = 0.94).

Mean dosages and concentrations in the CBZ group were 5.9 ± 2.1 
mg/kg/day (range, 3.9–8.1 mg/kg/day) and 6.7 ± 1.0 μg/mL (range, 
4.2–9.1 µg/mL). Mean dosages and concentrations in the PER group 
were 3.4 ± 1.2 mg/day (range, 1.5–6 mg/day) and 319.6 ± 89.4 ng/mL 
(range, 114–524 ng/mL), respectively.

Clinical efficacy of each ASM is shown in Table 2. Overall, 134 
children (54.2 %) in the CBZ group showed complete disappearance of 
seizures at the end of 12 months of treatment. Moreover, another 12 
children (4.9 %) showed a seizure response. In the PER group, 34 chil
dren (73.9 %) showed complete disappearance of seizures at the end of 
12 months of treatment, and another 4 children (8.7 %) showed a 
seizure response. The frequency of seizure responders was significantly 
higher in the PER than in the CBZ group (p = 0.0148). Moreover, the 
rate of complete disappearance of seizures was significantly higher in 
the PER group than in the CBZ group (p = 0.0133).

The effect of ASMs on the frequency of IEDs differed between groups. 
In 31 of the 247 children (12.6 %) treated with CBZ, a > 50 % decrease 
was observed in IED frequency. Among responders in CBZ group, com
plete disappearance of IEDs was observed in only 4 children (12.9 % of 
responders; 1.6 % of total CBZ recipients). In contrast, 30 (65.2 %) of the 
46 children in the PER group were considered as EEG responders. 

Table 1 
Clinical characteristics of participants in the present study.

Characteristics CBZ(n = 247) PER(n = 46) p-value

Sex ​ ​ ​
Male 128 24 >0.99
​ ​ ​
Female 119 22
Age at onset (yrs) 5.4 ± 1.7 5.2 ± 1.2 0.39
Presence of Intellectual disability 25 5 0.8
Presence of prior psychiatric history 28 6 0.8
Epileptic seizure ​ ​ ​
FMS 46 8 >0.99
FIAS 205 39 >0.99
FBTCS 148 31 0.41
Total ​ ​ 0.89
Epileptic syndrome ​ ​ ​
SeLECTS 41 7 >0.99
SeLEAS 23 4 >0.99
FLE 20 7 0.56
Unclassified 131 25 >0.99
Total ​ ​ 0.94
Drug serum concentration 6.7 ± 1.0 319.6 ± 89.4 ​

CBZ, carbamazepine; PER, perampanel; FMS, focal motor seizure; FIAS, focal 
impairment awareness seizure; FBTCS, focal to bilateral tonic-clonic seizure; 
SeLECTS, self-limited epilepsy with centrotemporal spikes; SeLEAS, self-limited 
epilepsy with autonomic seizure; FLE, frontal lobe epilepsy.

Table 2 
Clinical efficacy and adverse events in each treatment group.

Treatment response CBZ(n =
247)

PER(n =
46)

p-value

Seizure response ​ ​ ​
Complete disappearance 134 34 0.0133
Responder 12 4 0.293
Total responder 146 38 0.0148
Responders rate by epilepsy syndrome 

type (%)
​ ​ ​

SeLECTS 34/41 
(82.9)

7/7 (100) 0.5725

SeLEAS 21/23 
(91.3)

4/4 (100) >0.9999

FLE 6/20 (30.0) 6/7 (85.7) 0.0237
Others 85/163 

(52.1)
21/28 
(75.0)

0.0381

EEG response ​ ​ ​
Complete disappearance 4 18 <0.0001
Responder 27 12 0.0055
Total responder 31 30 <0.0001
Responders rate by epilepsy syndrome 

type (%)
​ ​ ​

SeLECTS 1/41 (2.4) 7/7 (100) <0.0001
SeLEAS 1/23 (4.3) 4/4 (100) 0.0003
FLE 2/20 (10.0) 6/7 (85.7) 0.0006
Others 27/163 

(16.6)
13/28 
(46.4)

0.0009

AE ​ ​ ​
Major 18 1 0.327
Total 72 6 0.023

CBZ, carbamazepine; PER, perampanel; EEG, electroencephalogram; AE, 
adverse event; SeLECTS, self-limited epilepsy with centrotemporal spikes; 
SeLEAS, self-limited epilepsy with autonomic seizure; FLE, frontal lobe epilepsy.
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Moreover, 18 of these children demonstrated complete disappearance of 
IEDs (60.0 % of responders; 39.1 % of total PER recipients). The fre
quency of IEDs responders was significantly higher in the PER group 
than in the CBZ group (p < 0.0001). Moreover, the rate of complete IED 
disappearance was significantly higher in the PER group than in the CBZ 
group (p < 0.0001). All EEG responders were also seizure responders in 
both groups.

AEs were identified in 72 children (29.1 %) treated with CBZ and 6 
children (13.0 %) treated with PER. Major AEs were observed in 18 
children (7.3 %) in the CBZ group, comprising: skin rash (13 children, 
5.3 %), neutropenia (3 children, 1.2 %), and severely elevated levels 
(>100 IU/L) of aspartate aminotransferase/alanine aminotransferase (2 
children, 0.8 %). Other minor AEs consisted of drowsiness (35 children), 
learning difficulties (6 children), mildly elevated levels of aspartate 
aminotransferase/alanine aminotransferase (6 children), nausea and 
anorexia (4 children), fatigue (4 children), and transient auditory 
cognitive impairment (2 children). Meanwhile, a major AE was observed 
in one child (2.2 %) treated with PER. The cause of ASM discontinuation 
in this participant was severe drowsiness. The dose and concentration of 
PER in this participant were 5.5 mg/day and 514 ng/mL, respectively. 
Other minor AEs were mild drowsiness in 5 children (10.9 %) and 
lightheadedness in 1 child (2.2 %). Mean dosage and concentrations of 
PER in these participants were 3.3 mg/day (range, 1.5–4.5 mg/day) and 
339.8 ng/mL (range, 197–454 ng/mL), respectively. In addition, mean 
FSIQs in the 12 participants in the PER group for whom this information 
was available before and 12 months after PER initiation were 85.6 and 
86.3, respectively. No declines in cognitive functions were observed in 
this study. Similarly, no children in the PER group presented with 
behavioral problems during the entire treatment period. The frequency 
of AEs was significantly lower in the PER group than in the CBZ group (p 
= 0.023).

In the majority (27 participants, 87.1 %) of the 31 seizure-and-EEG 
responders in the PER group, the effective dosage of PER was ≤ 4 mg/ 
day. The mean effective dose of PER was 3.0 mg/day (range, 1.5–5.5 
mg/day). Similarly, in the majority (26 participants, 76.5 %) of the 34 
participants with complete disappearance of seizures, the effective 
dosage of PER was < 4 mg/day. However, a relatively high (≥5 mg/day) 
effective dosage was required in 4 responders. No correlation was noted 
between PER dose and seizure/IED responder status (p = 0.9615 and p 
= 0.2349, respectively) (Fig. 1). Moreover, no correlation was identified 
between blood concentration of PER and seizure/IED responder status 
(p = 0.3933 and p = 0.1146, respectively) (Fig. 2).

4. Discussion

The pharmacological mechanism of action for PER is new and unique 
among ASMs. PER acts as a non-competitive antagonist of the AMPA 

glutamate receptor, which can lead to positive effects for clinical sei
zures and IEDs on EEG [8,16]. In adults with epilepsy, PER monotherapy 
has been shown to be effective [17]. However, little is known about the 
efficacy of PER as initial monotherapy for children with epilepsy.

The purpose of this study was to evaluate the efficacy and safety of 
PER as initial monotherapy in children with non-lesional FE in com
parison with CBZ. Our findings confirmed good response for clinical 
seizures, IEDs on EEG and the safety profile of PER in FE children. Our 
study also showed that treatment with PER was more effective and 
better tolerated in comparison with CBZ. Previous studies have indi
cated that novel ASMs offer non-inferior efficacy and similar tolerability 
in comparison with conventional ASMs [18]. However, our findings 
showed the usefulness of PER for children with FE. This positive finding 
supports the consideration of PER as initial monotherapy for non- 
lesional FE children.

Children presenting with uncontrolled seizures are at greater risk of 
unfavorable functioning in daily life, even in cases of self-limited FE in 
childhood. Prompt and adequate treatment can prevent cognitive de
clines and behavioral impairments in children with FE [19]. However, 
paradoxical responses in the form of increased seizures or EEG abnor
malities may also be induced by ASM treatment [20,21]. In patients with 
SeLECTS, CBZ sometimes caused an increase in IEDs and negative 
myoclonus [20]. In addition, seizure and EEG exacerbations were oc
casionally induced by CBZ in cases of SeLEAS [21]. Accordingly, CBZ is 
not recommended in cases with generalized or extensive spike-and-wave 
discharges on EEG [20,22]. In contrast, previous findings have indicated 
that PER could reduce the frequencies of both seizures and secondary 
bilateral synchrony (SBS) on EEG [16]. Moreover, PER monotherapy 
showed good retention, seizure-free and responder rates among children 
with focal-onset seizures [23]. These findings indicate that PER may 
represent a favorable option in the treatment of children with FE.

In this study, IEDs completely disappeared in about 53 % of children 
who achieved complete seizure disappearance in the PER group. All 
participants with complete IED disappearance were also found to be 
seizure responders. This finding may indicate that children with early 
EEG normalization are more likely to achieve seizure improvement. 
Reductions in IED could be associated with seizure improvements in 
various epilepsies [13,16,24].

The suppression of interictal IEDs on EEG may lead to the prevention 
of neuropsychological impairments such as cognitive and behavioral 
deterioration in at least some children with epilepsy [19]. Among the 
various ASMs, treatment with PER may lead to a reduction in IEDs. PER 
could decrease duration of after-discharge and the degree of synchro
nized discharges in postsynaptic neurons of the primary motor cortex 
[25,26]. Our previous study demonstrated that among 8 seizure re
sponders of 14 epileptic children presenting with SBS on EEG by treat
ment with PER, 6 children were considered responders for EEG and 

Fig. 1. Relationships between PER dose and seizure reduction (A) and IED reduction (B). No correlation was present between PER dose and seizure/IED responder 
status (p = 0.9615 and p = 0.2349, respectively). PER, perampanel; IED, interictal epileptiform discharge.
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behavioral problems [16]. Thus, PER may prove effective in reducing 
IEDs.

The efficacy of PER against IEDs may be associated with the dosage. 
Wu et al. reported that the efficacy of PER on the threshold of after- 
discharge depended on the dosage [25]. Moreover, our previous study 
demonstrated that EEG responders in patients presenting with SBS were 
treated using comparatively high doses [16]. However, participants in 
the present study were treated using comparatively low doses of PER. 
The early initiation of PER may lead to prompt improvements in seizures 
and EEG findings; however, no definitive conclusions can be drawn from 
the present study. Further investigations with larger samples are needed 
to clarify this aspect.

Epileptic patients with sleep-related seizures have reportedly ob
tained higher rates of seizure disappearance after PER monotherapy 
[23]. Our recent study showed that atypical evolution of SeLECTS, 
which is considered a sleep-related epilepsy, achieved greater benefits 
from PER [16]. In addition, PER may have a preferential effect on 
clinical seizures and IEDs in FLE [27], which is also considered a sleep- 
related epilepsy. In the present study, PER monotherapy showed efficacy 
in 6 of 7 children with FLE, and 5 of these 6 responders became seizure- 
free. Children with FLE thus obtained higher benefit from PER mono
therapy. In addition, all 7 children with SeLECTS treated using PER were 
seizure/EEG responders. These findings may indicate that PER has a 
positive effect in children with sleep-related epilepsies.

In this study, the tolerability of PER was good without reported or 
expected safety issues. ASM treatment can cause various AEs, including 
drug eruption or abnormal laboratory findings. No children treated with 
PER displayed such AEs in the present study. ASMs can also cause 
various types of neuropsychiatric impairments, including somnolence, 
irritability and aggressiveness. Only one participant in the PER group of 
the present study discontinued treatment due to the appearance of 
somnolence. Severe neuropsychiatric impairments including behavioral 
reactions are listed as AEs of PER. Meanwhile, neuropsychiatric disor
ders including epilepsy are considered to involve pathophysiological 
mechanisms contributing to inhibitory/excitatory imbalances due to 
AMPA receptor dysfunctions. Moreover, anxious behavior could be 
prevented with non-competitive AMPA receptor antagonists. AMPA re
ceptor antagonists could thus show an anxiolytic effect [28]. In addition, 
AMPA receptor antagonists could modulate neuronal activity, avoiding 
the excitotoxicity resulting from glutamate excess [29]. PER may also 
reduce behavioral problems related to improvements in EEG and clinical 
seizures [16,27]. However, many studies have reported psychiatric 
symptoms and behavioral problems in some patients treated with PER. 
Even in patients with seizure responders, behavioral symptoms could 
appear [30]. Further research with larger samples will be needed to 
clarify behavioral effects by PER treatment.

The dose of PER may affect the appearance of AEs. In one meta- 

analysis, PER doses of 4 and 8 mg/day appeared tolerable in patients 
≤12 years old [11]. The same dose of PER can be administered to pa
tients of all ages without requiring dose adjustment [11]. Thus, the 
pharmacokinetics of PER are considered independent of age and weight. 
The initial and maintenance doses reported in several studies were 1–2 
mg/day and 8–12 mg/day, respectively [23]. On the other hand, 56.1 % 
of responders presented with serum concentrations in the range of 
180.0–610.0 ng/mL, with AEs occurring in only a small proportion of 
children [31]. That study indicated a serum concentration of PER of 
180.0–610.0 ng/mL may be adequate in epileptic children. In another 
study of 44 Japanese children, all participants with serum PER con
centrations >400 ng/mL experienced AEs such as somnolence [32]. Our 
study showed mean PER doses and serum concentrations of 3.4 mg/day 
and 319.6 ng/mL, respectively. The PER dose was comparatively lower 
than in other studies and serum PER concentrations were within the 
reference range identified by above previous studies, potentially 
contributing to the high responder rate and low incidence of AEs. In 
addition, this low incidence of AEs might have been facilitated by the 
relatively slow titration. However, the present results showed no cor
relation between PER dose/concentration and seizure/IED reduction. 
These findings indicate that adequate dosages and serum concentrations 
of PER may differ between individual children with FE.

Our findings also indicate that PER may not have negative influences 
on cognitive function. Operto reported that PER never affected execu
tive functions negatively [33]. Treatment with PER may be tolerated in 
terms of cognitive function in children with FE.

The frequency of IEDs can be influenced by the sleep state during 
EEG recording. EEG examinations were performed during awake and 
asleep state in this study. In addition, a comparison of IED frequencies 
was performed in the same sleep stage in each participant. Thus, our 
findings for EEG might not have been influenced by sleep state.

The results of this study provide new insights into the efficacy and 
safety of PER in children with non-lesional FE based on clinical expe
rience. However, ASMs were selected by clinicians according to their 
experience. Thus, selection bias regarding ASMs could have been pre
sent for individual participants. Baseline data were retrospectively ob
tained from medical records for the CBZ group. However, the 
therapeutic protocol before the initiation of ASM therapy has been 
standardized in our hospital, including baseline laboratory examina
tions, EEG, neuroradiological examinations, and follow-up visits. Cli
nicians obtained information on the appearance of AEs as reported by 
the child or their parents on every visit. In addition, the treatment and 
evaluation periods of the present study were comparatively short, and 
the PER group was small. PER has recently started to see use in the initial 
treatment of FEs in children in Japan, and therefore, this significant 
difference in the sample size between 2 groups was caused. This might 
obscure the ability of present study to identify differences of treatment 

Fig. 2. Relationships between PER concentration and seizure reduction (A) and IED reduction (B). No correlation was present between serum concentration of PER 
and seizure/IED responder status (p = 0.3933 and p = 0.1146, respectively). PER, perampanel; IED, interictal epileptiform discharge.
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effects between ASM groups, and no definitive conclusions can be 
drawn. Moreover, the absence of assessments of other conventional and 
new ASMs was another limitation to our study. The efficacy and toler
ability of PER should be compared with those of other new ASMs in 
children with FE. Further research is needed to clarify these issues.

5. Conclusions

The present study provides information on the utility of PER as initial 
monotherapy in children with non-lesional FE. PER appears to have 
preferential efficacy for seizure reduction and EEG improvement and a 
lower risk of AEs in comparison with CBZ. Our results suggest that 
administering PER as initial monotherapy may represent a useful ther
apeutic strategy in children with non-lesional FE.
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