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A B S T R A C T

Purpose: Among patients with epilepsy, sleep disturbances can worsen seizure control. This prospective open-
label study determined the effect of the antiepileptic drug perampanel on sleep architecture in patients with
refractory epilepsy.
Methods: Adult patients with refractory epilepsy received add-on perampanel, starting at 2mg/day at bedtime,
increased by 2mg after 2 weeks and then monthly until the target dose of 4–8mg/day was reached. The median
dose of perampanel used was 6mg (SD 1.2). Polysomnographic (PSG) recordings were scheduled 1 week before
starting perampanel and the control PSG after 12 weeks under perampanel treatment and at least 4 weeks on
stable perampanel dose; patients completed the Epworth Sleepiness Scale (ESS) and Pittsburgh Sleep Quality
Index (PSQI) questionnaires. The main endpoints were change from baseline in the ESS and PSQI scores, and PSG
variables.
Results: Of 25 patients included (aged 18–65 years, 56 % female) only 17 completed the study. Perampanel
caused a modest decrease from baseline in mean ESS score (n=13 patients; p=0.126) and PSQI score (n=12
patients; p=0.127). Treatment significantly improved sleep parameters (n=17 patients) including total sleep
time (p=0.037), sleep latency (p=0.022), sleep efficiency (p=0.015), sleep maintenance index (p=0.005),
wake time after sleep onset (p=0.015), and duration of N3 sleep stage (p=0.026). Patients with altered sleep
efficiency parameters at baseline showed a significant increase in sleep maintenance index (p=0.015), and 77.8
% achieved sleep efficiency> 85 % (p=0.016 vs baseline).
Conclusion: Perampanel improved sleep architecture in patients with focal refractory epilepsy without wor-
sening daytime sleepiness.

1. Introduction

In the modern society, focused on performance and achievement,
the importance of sleep for good health is frequently ignored. The as-
sociation between lack of sleep and the manifestation of epilepsy is also
neglected, and physicians treating patients with epilepsy often do not
have time and the necessary context to evaluate specific sleep disorders
and associated symptoms. However, the impact of sleep on epilepsy
(and vice versa) is complex and multifaceted [1]. Poor sleep quality or
duration can worsen seizure control; seizures and epilepsy may also
worsen sleep quality, thus establishing a vicious cycle [2,3]. Patients
with epilepsy are also twice as likely to develop sleep disorders such as
obstructive sleep apnea (OSA) and restless legs syndrome (RLS)

compared with healthy individuals, contributing to further impairment
of their quality of life [4].

The impact of antiepileptic drugs (AEDs) on sleep varies depending
on the type of epilepsy [1,5]. Therefore, understanding the effects of
AEDs on sleep may contribute to optimizing the management of epi-
lepsy and its associated sleep disorders. Perampanel is a selective and
non-competitive α-amino-3-hydroxy-5-methyl-4-isoxazole propionic
acid (AMPA) receptor antagonist. In Europe, perampanel is approved as
adjunctive therapy of partial-onset seizures with or without secondary
generalization in adult and adolescent patients from 12 years of age and
of primary generalized tonic-clonic seizures in patients with idiopathic
generalized epilepsy in the same age group [6]. Additionally, in the
USA, perampanel has been approved as monotherapy or adjunctive
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therapy in the treatment of partial-onset seizures, with or without
secondarily generalized seizures, in young patients with epilepsy (≥4
years of age) [7,8]. The efficacy and safety of perampanel (4–12mg
once daily [q.d.]) in the management of epilepsy has been reported
[9–13], with its most common adverse event (AE) being somnolence
[8,14]. Somnolence with perampanel may be due to the fact that its
inhibitory target, the AMPA receptor, has a potential role in sleep
regulation. Moreover, this effect of perampanel may be clinically ben-
eficial, owing to the high prevalence of sleep disorders in patients with
epilepsy and the protective effect of sleep maintenance in seizure pre-
vention [3].

Preliminary evidence suggests that adjunctive perampanel in pa-
tients with focal seizures does not worsen sleep quality or daytime
sleepiness after 3 months of treatment, and in fact reduces daytime
sleepiness after 6 months of continued treatment [15]. In addition, low-
dose perampanel is also reported to be a potential drug candidate for
the treatment of idiopathic RLS [16]. The aim of the present study was
to further understand the effects of perampanel on sleep in patients
with focal epilepsy by assessing patient-reported daytime sleepiness
and sleep quality, and the polysomnography-electroencephalography
(PSG-EEG) recordings of patients taken before and after 12 weeks of
treatment with perampanel (4–8mg q.d.) and at least after 4 weeks
under stable dose of perampanel.

2. Methods

2.1. Study design and participants

This prospective, open-label pilot study was conducted at the
Epilepsy Monitoring Unit of Hospital del Mar, Barcelona, Spain.
Patients were eligible for the study if they met the clinical criteria for
epilepsy according to the International League Against Epilepsy (ILAE)
[17] and were prescribed perampanel as an add-on therapy to routine
treatment due to the lack of seizure control. The main exclusion criteria
were: prior or current history of abuse/dependence on any substance
with abuse potential according to the Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition, Text Revision (DSM-IV-TR™);
current diagnosis or history of psychotic disorder as defined in DSM-IV-
TR™; clinical criteria of OSA or RLS; body mass index (BMI)> 30 kg/
m2; severe/acute respiratory failure or compromised respiratory func-
tion, or myasthenia gravis; sleep-wake cycle with a daytime sleep
period of> 1 h on>2 days a week; use of psychoactive or hypnotic
drugs (including herbal medicines), antihistamines, opiates and opiate
derivatives, itraconazole or rifampicin< 1 week prior to screening
visit; use of depot antipsychotics< 6 months prior to screening visit;
use of an investigational drug< 1 month prior to screening visit; con-
sumption of> 5 caffeine-containing beverages or the nicotine equiva-
lent of> 15 cigarettes a day; and taking> 3 AEDs prior to adjunctive
perampanel therapy.

Baseline characteristics of patients who met the inclusion criteria
were noted at their first visit to the outpatient clinic, along with their
classification of epilepsy, current drug therapy, treatment compliance,
and daytime sleepiness and sleep quality, as reported by patients using
the Epworth Sleepiness Scale (ESS) [18] and the Pittsburgh Sleep
Quality Index (PSQI) [19], respectively. The ESS has a maximum score
of 24, with scores> 12 indicating moderate to severe daytime sleepi-
ness [20]. The maximum PSQI score is 21 and scores< 5 are indicative
of normal sleep quality [19,21].

All patients included in the study had their first PSG-EEG scheduled
1 week before starting perampanel therapy. Patients received a starting
dose of 2mg perampanel q.d. at bedtime, which was increased by 2mg
after 2 weeks and then monthly until it reached the primary target dose
of 4–8mg/day, depending on seizure control and tolerability. Patients
underwent a second PSG-EEG per protocol after 3 months under per-
ampanel treatment and at least 4 weeks after the target dose of 4–8mg
q.d. was achieved, and were also requested to complete the ESS and

PSQI questionnaires. Provided that the main sleep disturbances re-
ported in epilepsy are quality and duration, we arbitrarily chose a
pattern of PSG abnormalities as specifically relevant that corresponded
to an increased latency or decreased efficiency. The presence of those
altered sleep parameters in PSG at baseline was defined as sleep effi-
ciency<85 % and/or sleep latency of> 20min according to normal
sleep parameters [22].

All AEDs taken by the patients before the study were maintained
unchanged during the study period. The dose and titration schedule for
perampanel were designed on a case-by-case basis depending on clin-
ical criteria, and perampanel was never used with the intention of
improving or modifying sleep characteristics. All collected data were
stored securely using a database designed ad hoc and accessible only to
the investigators to meet the privacy requirements for clinical data
established by the Spanish laws.

The study was approved by the Spanish Agency of Medicines and
Health Products (AEMPS) with code RRO-PER 2015-01 and was con-
ducted in accordance with the Declaration of Helsinki code of ethics as
adopted by the 18th World Medical Assembly in 1964 and subsequent
amendments, and in accordance with Good Clinical Practice (GCP)
guidelines, January 1997. The project was evaluated and approved by
the Clinical Research Ethics Committee (CEIC-Parc de Salut Mar). All
patients included in the study provided written informed consent.

2.2. Study endpoints

Primary endpoints of the study were the change in i) daytime
sleepiness, as measured by ESS, and ii) quality of sleep assessed using
PSQI; these were compared from baseline to the time point after which
the patient had received 4 weeks of perampanel treatment with a target
dose of 4–8mg q.d. and per protocol always after 12 weeks under
treatment with perampanel and 4 weeks on stable perampanel treat-
ment. Secondary endpoints included: change from baseline in PSG-EEG
variables such as time spent lying in bed, total sleep time (TST), sleep
latency, sleep efficiency (the ratio of time spent lying in bed to actual
time spent asleep), sleep maintenance index (SM), wake time after sleep
onset (WASO) and duration of sleep stages.

As part of the clinical evaluation of the patients, the efficacy of the
clinical response was monitored and the patients were classified as
responders (≥50 % of seizure frequency reduction), seizure-free and
non-responders (worsening, no change or< 50 % seizure frequency
change). Similarly, the tolerability of the drug was evaluated based on
the type and form of the adverse effects, as well as causes of dis-
continuation.

2.3. Statistical analyses

Measures of central tendency (mean and median) and variability
(range and standard deviation [SD]) were used to describe the structure
of sleep parameters before and after treatment with perampanel. ESS
and PSQI scores were described numerically by the absolute frequency
before and after perampanel treatment. Sleep parameters and sleep
scores were compared using the Wilcoxon signed rank test or
McNemar’s test with the threshold of significance of p < 0.05. All
statistical analyses were performed using SPSS version 19.0 (IBM
Corporation, Armonk, NY, USA).

3. Results

3.1. Patient characteristics

A total of 25 patients (aged 18–65 years; 56 % female) met the study
inclusion criteria. Eight patients never initiated/discontinued per-
ampanel treatment due to the following reasons (note one patient met
two of the following criteria): diagnosis of severe OSA not detected by
the questionnaires (n=1); increase in seizure frequency with
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perampanel (n=2); status epilepticus before perampanel initiation
(n=1); refused perampanel treatment due to spontaneous control of
seizures (n=1); adverse effects such as somnolence (n=2) or not
specified (n=1); and refused to perform second PSG after perampanel
initiation (n=1). All patients had refractory epilepsy with un-
controlled seizures, and all but one had focal onset seizures (Table 1).
Seven patients had a diagnosis of temporal lobe epilepsy, seven frontal,
one parietal, one with multifocal and generalized epilepsy, respectively
(n=17). The mean age was 36.5 years (SD 10.3), 9 were female. Of the
17 patients, 12 (70.6 %) were responders, defined as patients with a
reduction in the baseline seizure-frequency higher than 50 %, and three
(17.6 %) became seizure-free at 3 months with a median perampanel
dose of 6mg/day (SD 1.2).

A total of 17 patients completed the second PSG-EEG, and ESS and
PSQI scores before and after perampanel treatment were obtained from
13 and 12 patients, respectively. Five patients had missing or in-
complete questionnaires after their first PSG-EEG. All but one of the
patients who completed the study presented with focal onset refractory
epilepsy.

3.2. Daytime sleepiness

Of the initial 25 patients included, two dropped out due to reported
daytime somnolence. For the remaining 17 patients who completed the
study, ESS data were available for 13 patients, five of which reported
daytime somnolence before perampanel. At the second evaluation, five
out of 14 patients reported somnolence but only one of them was of new
development; three patients maintained altered ESS scores and symp-
toms normalized in two patients. The mean (± SD) baseline ESS score
was 9.2 ± 4.1 (n=13) and 30.8 % of patients (n=4) had a baseline
ESS score of> 12 (Fig. 1). Treatment with perampanel did not cause a
significant change from baseline in the mean ESS score (7.9 ± 3.9;
p=0.126). Only 15.4 % of patients (n=2) experienced moderate-to-
severe daytime sleepiness (ESS > 12) with perampanel; this effect was
not statistically significant (p=0.5).

3.3. Quality of sleep

The mean (± SD) baseline total PSQI score was 8.6 ± 6.6
(n=12), and 50 % of patients (n=6) had scores> 5 indicating global
sleep quality reduction. Treatment with perampanel did not cause a
significant change from baseline in the mean PSQI score (7.0 ± 4.8;
p=0.127).

When the PSQI components were analyzed separately in patients
with normal (< 5) and abnormal (> 5) scores before perampanel

treatment, no significant differences were observed in subjective sleep
quality (p=0.129), sleep latency (p=0.527), sleep duration
(p=0.408), sleep efficiency (p=0.102), sleep disturbances
(p=0.564), use of hypnotics (p=0.892) or daytime somnolence in
either group (p=0.589; Supplementary Fig. 1). Perampanel also did
not cause a significant change from baseline in the number of patients
with abnormal global sleep quality score (n=6; p=1.000).

3.4. Polysomnographic recordings

Among the 17 patients whose PSG-EEG were available before and
after perampanel treatment, 52.9 % patients (n=9) presented with
baseline pathological sleep parameters of sleep latency or sleep effi-
ciency as previously defined before perampanel treatment.

Time spent lying in bed was similar at baseline and during per-
ampanel treatment (mean duration before vs. after: 425.0 ± 38.9 min
vs. 439.1 ± 39.4min; p=0.093). This duration was also similar after
perampanel treatment among patients with pathological
(428.6 ± 36.2min vs. 440.4 ± 46.1 min; p=0.314) or normal
(422.1 ± 44min vs. 437.7 ± 33.5 min; p=0.208) sleep parameters
at baseline.

Total sleep time increased significantly with perampanel treatment
(mean duration before vs. after: 362.8 ± 47.1min vs.
399.8 ± 52.2 min; p=0.037). A similar trend was seen in the sub-
groups of patients with versus without pathological sleep, but the
change from baseline in these subgroups did not reach statistical sig-
nificance: total sleep time among patients with pathological sleep
(341.2 ± 40.2min vs. 387.4 ± 52.2 min; p=0.110) or normal
(387 ± 44.3 min vs. 413.8 ± 39.2min; p=0.208) sleep at baseline.

Sleep latency was also significantly reduced with perampanel
treatment (mean duration before vs. after: 15 ± 6.9min vs.
6.2 ± 5.7min; p=0.022). Of the 17 patients, four (23.5 %) took≥ 20
min to fall asleep at baseline versus one (5.9 %) after perampanel
treatment. Perampanel treatment did not cause significant differences
in sleep latency among patients with pathological sleep parameters at
baseline (19.2 ± 22.5min vs 7.8 ± 6.3min; p=0.314). Among

Table 1
Baseline characteristics of patients included in the study (n=17).
Data from ESS and PSQI were available in 13 patients.

Patient characteristics n (%)

Age, years
Mean ± SD 36.5 ± 10.3

Female 9 (52.9)
Type of epilepsy
Focal onset seizures 16 (94.1)
Temporal lobe epilepsy 7 (41.2)
Frontal lobe epilepsy 7 (41.2)
Multifocal epilepsy 1 (5.9)
Parietal lobe epilepsy 1 (5.9)
Generalized epilepsy 1 (5.9)
Daytime sleepiness (ESS) 4 (30.8)

Quality of sleep (PSQI) 6 (46.2)
Subjective quality 10 (76.9)
Sleep latency 9 (69.2)
Duration of sleep 7 (53.8)

ESS= Epworth Sleepiness Scale; PSQI=Pittsburgh Sleep Quality
Index; SD= standard deviation.

Fig. 1. Proportion of patients with daytime sleepiness. A. ESS score of> 12 and
B. PSQI score ≥ 5 at baseline.
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patients with normal sleep at baseline, treatment with perampanel led
to a significant reduction in sleep latency (10.2 ± 4.5min vs.
4.5 ± 4.6min; p=0.012).

Sleep efficiency increased significantly with perampanel treatment
(before vs. after: 85.3 ± 7.7 % vs. 91.9 ± 7.8 %; p=0.015). The
proportion of patients with normal and reduced sleep efficiency (de-
fined as< 85 %) in the two conditions is shown in Fig. 2. Patients with
pathological or normal sleep parameters at baseline did not show sig-
nificant differences in the mean sleep efficiency after perampanel
treatment. Among patients with altered parameters at baseline (n=9),
77.8 % achieved sleep efficiency>85 % after perampanel treatment
(p=0.016 vs baseline).

Perampanel also caused a significant increase in the sleep main-
tenance index, defined as the total time asleep as a proportion of total
time in bed after sleep onset (mean before vs. after: 88.7 ± 7.4 % vs.
94 ± 4.9 %; p=0.005). A significant increase in the sleep main-
tenance index was also observed among patients with abnormal para-
meters at baseline (84.4 ± 7.5 % vs. 92.6 ± 4.7 %; p=0.015) but not
among patients with normal sleep at baseline (93.6 ± 3 % vs.
95.4 ± 5 %; p=0.161).

The duration of WASO (not including sleep latency) also decreased
significantly with perampanel treatment (mean duration before vs.
after: 63.2 ± 34.1min vs. 39.7 ± 36.3min; p=0.015). The decrease
in WASO among patients with abnormal sleep parameters (mean
duration before vs. after: 87.8 ± 28.1 min vs. 53.3 ± 42.7 min;
p=0.110) and normal sleep at baseline (35.4 ± 10.1min vs.
24.4 ± 20.5 min; p=0.123) was not statistically significant.

There were no significant differences in the number of awakenings
(transitions from sleep to awakening) or micro-awakenings (short
duration awakenings lasting a fraction or few seconds which did not
lead to a full awakening) among patients treated with perampanel, ir-
respective of their pathological or normal sleep status at baseline
(Supplementary Fig. 2).

3.5. Analysis of sleep phases

Perampanel significantly increased the duration of the N3 sleep
stage (n=17; p=0.026); (Fig. 3). This increase in the duration of deep
sleep (N3) was achieved concomitantly with a significant reduction in
awake time (n=17; p=0.015). The duration of N1, N2 or rapid eye
movement (REM) stages of sleep showed no significant changes from
baseline with perampanel (Fig. 3). No significant difference was ob-
served in REM sleep latency among the total study population, and
among patients with normal or pathological sleep at baseline (data not
shown).

4. Discussion

This prospective pilot study determined the effect of perampanel
treatment on sleep architecture in 17 patients with refractory epilepsy.
After being titrated to 4 weeks of treatment with perampanel 4–8mg
q.d. and per protocol after 12 weeks under treatment with perampanel
(and 4 weeks with stable perampanel treatment), total sleep time, sleep
efficiency, sleep maintenance index, and duration of the N3 sleep stage
significantly increased, while wake time, sleep latency and WASO sig-
nificantly decreased. Modest and non-significant changes from baseline
were observed in daytime somnolence and sleep quality among the
treated patients, although the study was not primarily designed to
evaluate those parameters.

Lack of sleep has deleterious effects on daily cognitive function. One
potential mechanism that may be altered by sleep deprivation is the
function of glutamatergic AMPA receptors, the receptors that mediate
the majority of fast excitatory transmission in the central nervous
system and are closely involved in mnemonic processes and hippo-
campal synaptic plasticity [23]. Sustained increases in extracellular
glutamate concentrations have been reported in patients with epilepsy,
measured prior to and during seizure activity [24]. Monti and collea-
gues reported increased slow wave sleep and prevention of the REM
suppression using NMDA and AMPA/kainate receptor antagonists in rat
models [25]. However, scarce data are currently available regarding the
effect of glutamate antagonism on sleep physiology in humans. The
results of the present study show that 12-week treatment with per-
ampanel (4–8mg q.d.), an AMPA antagonist, increased total sleep time
and reduced sleep latency in these patients, as seen in their PSG re-
cordings. Perampanel also significantly increased the duration of deep
sleep (N3 phase) coupled with a significant reduction of wake time
during the night, and improved sleep efficiency and the sleep main-
tenance index, particularly among patients with low sleep efficiency,
and reduced WASO, but did not affect the number of awakenings or
micro-awakenings. However, classic PSG analysis as performed in our
work, is not the most appropriate for assessing the stability of sleep, so
we prefer not to draw conclusions in this regard. To further understand
this a study could be performed to analyze cyclic alternating patterns
(CAP) that reflects specifically the stability of the physiological reg-
ulation of the sleep structure; but it was outside the scope of our initial
evaluation.

These results suggest that perampanel may have a positive profile in
the modulation of sleep patterns in this patient population, although
further studies in larger patient populations are required to confirm this
effect.

The efficacy and tolerability of perampanel in patients with re-
fractory partial-onset seizures has been reported in randomized dose-
escalation studies [24]. Despite somnolence being one of the most

Fig. 2. Proportion of patients with normal and reduced sleep efficiency (< 85
%) before and after 12 weeks of perampanel treatment and 4 weeks under
stable treatment (target dose 4–8mg q.d.).

Fig. 3. Median duration of wake and sleep stages (N1, N2, N3 and REM) before
and after 12 weeks of perampanel treatment and 4 weeks with a stable dose
(4–8mg q.d.). *p < 0.05.
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common side effects reported with perampanel [8,14], the EES and
PSQI scores obtained during the present study indicate that perampanel
did not increase daytime sleepiness or reduce the quality of sleep in
patients with refractory epilepsy with focal-onset seizures. Indeed,
measures of daytime somnolence were relatively stable throughout the
study: prior to perampanel treatment five patients reported daytime
somnolence; at the second evaluation, five patients also reported day-
time somnolence, though somnolence presented for the first time/was a
new development during perampanel treatment in one of these pa-
tients. This incongruence in the prevalence of daytime sleepiness be-
tween our study and previous reports is probably related to use of
specific sleep questionnaires in which patients can discriminate symp-
toms like dizziness or fatigue from somnolence itself. However, it
should also be noted that our study was not designed to evaluate change
in ESS.

Results of the present study were based on outcomes after patients
with focal epilepsy had received 12 weeks of perampanel treatment
with target dose of 4–8mg q.d.; however, the onset of these effects was
not studied. In a similar study, de Hass and colleagues compared the
effect of 300mg/day of pregabalin on sleep in patients with epilepsy
[26]. In this randomized case-control study, the authors found after a 4-
week treatment that WASO tended to improve in the pregabalin group
compared with placebo. However, no change in self-reported seizures
was found.

Therefore, further studies are needed to determine the onset of the
effect of perampanel on sleep architecture, and whether the AEs of
perampanel decrease with prolonged treatment. Also, the duration of
this effect of perampanel needs to be determined, along with under-
standing whether these effects are likely to wear off with long-term
perampanel treatment.

Due to the study design with only 17 cases evaluated, our analysis
did not allow establishing a clear relationship between responders
(reduction in self-reported seizure frequency ≥50 %) and sleep mod-
ulation. In the whole group, 12 patients were considered responders
and 3 were seizure-free, and due to the small number of patients in each
group we did not perform any statistical analysis. However, the global
clinical impression was that the effect of perampanel was similar in
both groups.

Therefore, it is possible that the mechanism of the effect of per-
ampanel on sleep may be independent of its antiepileptic effect, similar
to the study by García-Borreguero and colleagues, which suggested that
the efficacy of perampanel in idiopathic RLS may be due to its gluta-
matergic mechanism of action [16]. Once the effects of perampanel on
sleep architecture are confirmed, perampanel could be a suitable can-
didate for the management of patients with focal epilepsy who have
sleep complaints, specifically those related to poor sleep quality or in-
somnia.

This is the first study to examine PSG recordings of patients before
and after perampanel treatment in patients with focal epilepsy who had
normal and pathological sleep at baseline. However, the study has
several limitations. Firstly, the study included a small sample size,
uncontrolled study design and allowed the use of concomitant AEDs
that may have caused specific sleep modifications. Moreover, the lack
of prolonged recordings through video-EEG and the reduced sample did
not allow us to improve neurophysiological effects on seizure control.
However, such a design would have made the study difficult to perform
because it was specifically focused on the physiology of sleep. On the
other hand, although epileptic seizures were specifically ruled out
during the PSG evaluation, due to the montage of a sleep study we
cannot completely rule out the presence of epileptic arousals. To rule
out this aspect, the use of a 10–20 assembly such as the classic video-
EEG would have been necessary. Secondly, limb activity was not
monitored during the study to determine the effect of perampanel on
periodic leg movements. Finally, the study used a single PSG at each
assessment (before and after 12 weeks of perampanel) which may have
introduced bias of first-night effect.

5. Conclusion

Perampanel (4–8mg q.d.) significantly decreased sleep latency and
WASO, and increased sleep efficiency and deep sleep, but did not affect
subjective parameters of sleep quality or daytime sleepiness. These data
suggest that perampanel may be an AED with sleep-promoting effects,
which are especially important considering the prevalence of sleep
disorders in patients with epilepsy, and the potential protective effect of
sleep maintenance on seizure prevention. Further studies with a larger
patient population are warranted.
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