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AIM The purpose of this review was to examine the possible pathophysiological links between
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epilepsy, cognition, sleep macro- and microstructure, and sleep disorders to highlight the contributions and interactions of sleep and epilepsy on cognitive functioning in children with epilepsy.
METHOD PubMed was used as the medical database source. No language restriction was placed
on the literature searches, and citations of relevant studies in the paediatric age range (0–18y) were
checked. Studies including a mixed population but with a high percentage of children were also
considered.
RESULTS The searches identified 223 studies. One reviewer scanned these to eliminate obviously
irrelevant studies. Three reviewers scanned the remaining 128 studies and their relevant citations.
The review showed that several factors could account for the learning impairment in children with
epilepsy: aetiology, electroencephalographic (EEG) discharges, and persistence and circadian distribution of seizures, etc. EEG discharges may affect cognition and sleep, even in the absence of
clinical or subclinical seizures. The sleep deprivation and ⁄ or sleep disruption affect the neurophysiological and neurochemical mechanisms important for the memory–learning process, but also
influence the expression of EEG discharges and seizures. Learning and memory consolidation can
take place over extended periods, and sleep has been demonstrated to play a fundamental role in
these processes through neuroplastic remodelling of neural networks. Epilepsy and EEG paroxysms may affect sleep structure, interfering with these physiological functions.
INTERPRETATION Improvement in the long-term cognitive–behavioural prognosis of children with
epilepsy requires both good sleep quality and good seizure control. The antiepileptic drug of
choice should be the one that interferes least with sleep structure and has the best effect on sleep
architecture – thus normalizing sleep instability, especially during non-rapid eye movement sleep.

LIST OF ABBREVIATIONS

AED
CAP
ESES

Antiepileptic drug
Cyclic alternating pattern
Electrical status epilepticus during
sleep
IED
Interictal epileptic discharge
NREM Non-rapid eye movement
REM Rapid eye movement
SWS Slow-wave sleep

The spectrum of epilepsy in children is different from that in
adults in terms of clinical presentation, pathogenetic aspects,
and prognostic implications. Pathogenic and prognostic
aspects are closely related to ‘developmental status’, which is
intrinsically linked to the child’s age. In the developmental
period, in addition to socioeconomic status and parental
education, all possible comorbid conditions associated with
epilepsy (such as sleep disorders, headache, behavioural disorders, mood disorders, autism, attention-deficit–hyperactivity
disorder, etc.) have a huge potential impact on cognitive,
educational, and sociobehavioural skills.1
Academic, cognitive, and behavioural complications in paediatric epilepsy are often assumed to be the consequences of
recurrent seizures or anticonvulsant treatments or primary
fundamental characteristics of the disorder. However, in the
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last decade, relevant published papers are accumulating data
on the role of ‘sleep disruption’ in individuals with epilepsy as
a cause of cognitive impairment and the data are mainly
related to nocturnal electroencephalographic (EEG) discharges or to nocturnal subclinical seizures.2
The purpose of this review is to examine the possible
pathophysiological links between epilepsy, cognition, sleep
macro- and microstructure, and sleep disorders to determine
the contribution of sleep and epilepsy to cognitive functioning
in children with epilepsy and their interaction, if any.

METHOD
Literature search strategy
In October 2009, a comprehensive search was undertaken
to identify all kinds of articles (randomized controlled trials,
DOI: 10.1111/j.1469-8749.2010.03662.x 805

clinical controlled trials, open-label studies, meta-analysis,
reviews, expert opinion, and series and case reports), existing
and ‘in press’, particularly (but not only) in the last decade
(from 2000–2009), using the following terms: ‘epilepsy and
cognition’ (824 papers), ‘epilepsy and sleep’ (441 papers), ‘cognition and sleep’ (402 papers), and ‘sleep and memory and
learning’ (56 papers) as key words. More relevant papers out
of the considered range were also taken into account. PubMed
was used as the source of literature; no language restriction
was placed on the literature searches, and citations of relevant
studies were checked. In addition, the search was limited to all
paediatric (0–18) age groups. Articles were also considered if
the study group was mixed population but included a high
percentage of individuals less than 18 years old. As exclusion
criteria, trials recruiting only individuals with a single seizure,
status epilepticus, seizures after surgery, or febrile convulsions
were not considered. After searching and selecting the literature, two reviewers independently abstracted the data and a
third reviewer resolved discrepancies. The searches identified
223 studies. One reviewer scanned these to eliminate obviously irrelevant studies. Three reviewers scanned the remaining 128 studies and their relevant citations (46).

RESULTS
The relationship between sleep and epilepsy in children
To evaluate the relationship between epilepsy and sleep, it is
necessary to consider several factors: (1) the presence of generically defined sleep disturbances (changes in sleep habits, such
as co-sleeping or parental presence at sleep onset, etc.); (2) the
presence of specific sleep disorders with codified clinical and
polysomnographic diagnostic criteria, such as rapid eye movement (REM) behaviour disorders, sleepwalking, sleep terrors,
and confusional arousals; (3) ‘interference’ of epileptiform
activity and seizures with sleep macro- and ⁄ or microstructure
(cyclic alternating pattern; CAP); and (4) positive or negative
effects on both sleep and coexisting sleep disorders of antiepileptic drugs (AEDs). All these factors can coexist and
interact (in a positive or negative way) with each other,
complicating the clinical picture.
Sleep activates both focal and generalized spikes in about
one-third of all individuals with epilepsy. Some types of
epilepsy are closely sleep-related with clinical onset exclusively
or mainly during sleep (i.e. Rolandic epilepsy), whereas other
epileptic syndromes are associated with a pathognomonic
sleep-related EEG pattern (e.g. electrical status epilepticus
during sleep [ESES] as in Landau–Kleffner syndrome or
rhythmic fast EEG activity during nocturnal tonic seizures as
in Lennox–Gastaut syndrome).2
Sleep problems in children with epilepsy
Several studies of sleep problems in children with epilepsy
have been conducted.3–9 The parents of children with epilepsy
commonly report a higher rate of sleep problems, disturbed
daytime behaviour, poor-quality or non-restorative sleep, and
anxieties about sleeping.7–9 In a study of sleep disturbances in
79 schoolchildren with epilepsy by means of parental questionnaires, a higher than normal rate of sleep disorders was
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What this paper adds
• Improvement in the long-term cognitive–behavioural prognosis in children with
epilepsy depends on both good sleep quality and good seizure control.
• Sleep disruption linked to the epileptic condition influences the expression
of electroencephalographic discharges and seizures and affect the neurophysiological and neurochemical mechanisms underlying the memory–learning
processes.
• The antiepileptic drug chosen should be one that interferes least with sleep
structure.

documented, particularly in children aged 5 to 11 years; disturbed daytime behaviour, poor-quality sleep, and anxieties
about sleeping showed a significant association with poor seizure control.7 In another study of 89 children with partial and
generalized idiopathic epilepsy, a higher incidence of parasomnia and night-waking, longer sleep latency, increased daytime drowsiness, and changes in sleeping habits (co-sleeping
or parental presence at sleep onset) compared with healthy
comparison individuals was documented.8 In addition, a
higher paroxysmal activity density and a short seizure-free period were significantly associated with an increased rate of sleep
disturbances.8 In another study in children with epilepsy,
using a validated sleep questionnaire, neurobehavioural problems were also suggested to be, in part, due to an underlying
sleep disturbance.9
Nocturnal seizures, polytherapy, developmental delay,
refractory epilepsy, and epileptic syndromes with unfavourable
outcomes are associated with poor sleep habits, sleep disorders
such as recurrent nightmares, and disorders of arousal.10,11
The few polysomnographic studies available have shown
sleep structure alterations in individuals with epilepsy. In children with epilepsy of different aetiologies, the main sleep
macrostructure abnormalities are a reduction in total sleep
time, sleep efficiency, and REM sleep and an increase in stage
shifts, number of arousals, and waking after sleep onset. In
children with refractory epilepsy, a decrease in stage 2 sleep
and an increase in slow-wave sleep (SWS) have also been
reported.12,13 Further, in malignant epileptic syndromes such
as West and Lennox–Gastaut syndromes, a loss of normal
non-rapid eye movement (NREM) sleep patterns is common;
as in refractory epilepsy, there is a decrease in stage 2 NREM
and REM.14 Moreover, specific sleep disorders such as
obstructive sleep apnoea syndrome,15–18 restless leg syndrome,
and periodic limb movements19 are reportedly common in
children with epilepsy. More recently, an occasional association with REM behaviour disorder has been reported.4

Treatment of sleep disorders to improve epilepsy
From a therapeutic point of view, evidence is accumulating
that treatment of obstructive sleep apnoea may improve seizure control, at least in adults,17,18 and may reduce interictal
epileptogenic activity.18 In contrast, one study suggests that
obstructive sleep apnoea may play a role in increasing epileptogenicity in children.15
Melatonin, a hormone secreted by the pineal gland, is
thought to play an important role in many behavioural processes, and to have sedative, anxiolytic, and anticonvulsant

properties. There are both older20 and more recent21,22 data
showing that in individuals with intractable epilepsy baseline
melatonin levels are low (but increase dramatically after the
seizure period).20
Corroborating these data, it has been shown that, in a
model of chronic epilepsy, ramelteon, a selective melatonin
receptor agonist, has anticonvulsant properties.20 In addition,
melatonin therapy may help control seizures in children and
adolescents with epilepsy, improving sleep efficiency and
reducing sleep disruption.21 The mechanism whereby treatment of a sleep disorder improves a seizure disorder is
unknown, but is probably linked to stabilization of sleep as a
result of preventing the unsteadiness of EEG oscillations
(which facilitate the occurrence of epileptic discharges and seizures). In individuals with obstructive sleep apnoea syndrome,
this process could also be linked to the resolution of chronic
sleep deprivation, to the improvement in cerebral hypoxaemia,
and to the reduction in arousals from sleep.23

AED effects on sleep
AEDs may have beneficial or detrimental effects on sleep
structure.24,25 Individuals with epilepsy taking anticonvulsants
known to disrupt sleep (i.e. phenobarbital, phenytoin, carbamazepine, or valproic acid) have increased drowsiness compared with individuals with epilepsy who are not taking
anticonvulsants.26 Studies on newer AEDs, although often discordant, in general suggest fewer detrimental effects on sleep.
Lamotrigine was found in one study to have no effect on
sleep,27 but another study found a decrease in SWS.28 Gabapentin, pregabalin, and tiagabine enhance SWS and sleep continuity in individuals with epilepsy.24,27 A study of
levetiracetam in individuals with epilepsy found little effect on
sleep structure.29 The effects of topiramate, oxcarbazepine,
zonisamide, and rufinamide on sleep and sleep disorders have
not yet been reported. A recent actigraphic study30 monitoring
46 children (age range 1y 8–17y 5mo) before and after discontinuation of valproic acid monotherapy documented a
decrease in sleep duration after discontinuation.
Cognitive impairment in paediatric epilepsy
Cognitive impairments are frequently reported in children
with epilepsy, but their timing and pathogenesis is still a matter of debate. Examination of the rate of provision of diverse
special school services for children with academic difficulties
shows that about 25% of children with epilepsy received these
services before their first recognized seizure.31,32
The presence of neurobehavioural comorbidities at the time
of epilepsy onset would be a significant marker of abnormal
cognitive development both before and after the onset of epilepsy.31 Subnormal global cognitive function is recognizable
in approximately one in four children with epilepsy. Young
age at onset, symptomatic cause, epileptic encephalopathy,
and continued treatment, despite their strong intercorrelations, are independently associated with this outcome.32 It is
less difficult to explain cognitive deficits associated with symptomatic epilepsies when they are the result of recognizable
cerebral lesions (related or not to well-known diseases) rather

than of epilepsy per se. More difficult to explain is why several,
so-called, ‘idiopathic benign epilepsies’ are associated with
cognitive impairment occurring at the onset of or during the
natural course of epilepsy.
Among idiopathic ‘benign’ epileptic syndromes of infancy
and childhood, the so-called ‘benign epilepsy with centrotemporal spikes’ is without doubt the one for which the outcome is still ‘under judgement’ for residual, transitory, or
persistent32 cognitive impairment. In fact, from a clinical and
EEG point of view, benign epilepsy with centrotemporal
spikes shows a continuum of clinical features from typical,
apparently benign forms at one end of the spectrum to nonbenign entities, such as pseudo-Lennox and Landau–Kleffner
syndromes, at the other.33–37
Even in typical benign epilepsy with centrotemporal spikes,
subtle deficits in reading, writing, or calculation may be
detected by specific neuropsychological testing alone38,39 (e.g.
by means of tasks of visual discrimination between words and
pseudo-words).40 Further, in children with idiopathic
syndromes, a Full-scale IQ of 80 or more does not seem to
guarantee that the individual is cognitively ‘normal’, as subtle
and ⁄ or specific cognitive disturbances could be masked by a
global score.33 Recently,41 supporting the findings of previous
studies on smaller samples, a broad range of untreated cognitive, linguistic, and behavioural–emotional comorbidities, even
in childhood absence epilepsy, has been reported.
Children with frontal lobe epilepsy have been shown to be
impaired in memory strategies and complex motor planning,
with higher severity in those with an early age at epilepsy
onset. Compared with those with temporal lobe epilepsy,
children with frontal lobe epilepsy manifest more problems in
planning, impulse control, verbal fluency, motor coordination, and executive functions, but they have better memory
performances.42

Role of sleep in cognitive functioning
There is growing evidence that sleep in general and specific
sleep stages such as REM and ⁄ or SWS are involved in memory formation and cognitive performances.
Recent studies on non-sleep-deprived typically developing
individuals have shown that sleep after learning enhances consolidation of declarative, procedural, and emotional memories.
SWS particularly enhances declarative memories,43 whereas
REM sleep preferentially supports procedural and emotional
memory aspects. Declarative memory profits from rather short
sleep periods (1–2h), whereas procedural memory benefits
seem to depend on the amount of sleep the day after learning.
Children’s sleep, with large amounts of SWS, distinctly
enhances declarative memories, whereas, in elderly and psychiatric individuals with disturbed sleep, sleep-associated
consolidation of declarative memories is impaired.44 A critical
role for SWS in the off-line consolidation of episodic facts is
suggested by investigation demonstrating that, on inducing
sleep, slow oscillations (by transcranial application of
slowly oscillating potentials) intensifies SWS and enhances
consolidation of declarative memory.45 Also, other studies
have found that daytime-learning-dependent activation of the
Review
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hippocampal region re-emerges during SWS,46 and that the
amount of SWS reactivation in the hippocampus is correlated
with the next-day task improvement.47 Consolidation during
subsequent sleep probably relies on the cortico-hippocampal
dialogue; the slow oscillations of SWS originating primarily
from the prefrontal cortex stimulate the reactivation of hippocampal memories, and these memories, in a system consolidation process, become redistributed to neocortical and other
networks.47
The EEG slow oscillations that appear during SWS are also
a component of the A1 subtypes of the so-called CAP and
map over the frontal and prefrontal regions of the scalp.48
CAP is an endogenous rhythm present in NREM sleep and is
characterized by periodic EEG activity with sequences of transient electrocortical activation (phase A of the cycle) that are
distinct from the background EEG activity (phase B of the
cycle). These sequences are repeated several times during the
night and organized in a cyclic pattern interrupted by the presence of a stable sleep lasting longer than 60 seconds, without
oscillations, called non-CAP. Sequences of CAP are orderly
distributed in NREM sleep, and the ratio of CAP time to
NREM sleep time (CAP rate) is considered to be a physiological marker of NREM sleep instability.49
Overall, the different studies reveal a direct involvement of
CAP in sleep-related learning and memory; in particular, during the A1 phase of CAP (characterized by EEG slow oscillations and mainly represented during SWS), EEG
synchronization shows quasi-optimal network organization
for information processing.50,51 This correlation has also been
reported in individuals with Asperger syndrome52 and in
hypermnesic individuals.53 Further, a correlation between
CAP rate and A1 index in SWS with Verbal IQ, Full-scale IQ,
and the Memory and Learning Transfer Reading test (which
is a measure of dyslexic impairment) has been found in a group
of children with dyslexia;54 also, a reduction in NREM sleep
instability in terms of CAP rate, mainly during SWS, has been
found in children with learning disability.* In addition to the
suggested role for SWS, increases in spindle activity, numbers
and density of spindles and in the duration of stage 2 NREM
sleep are prominent after learning of verbal memory tasks,55,56
as well as after visuospatial learning and learning of complex
procedural motor skills.55,57
It is, therefore, probable that both SWS and spindles are
involved in memory and learning. Learning before sleep modulates the regional expression of slow-wave activity, and spindle density during subsequent NREM sleep is important for
plastic modifications underlying memory formation.43,55,56

Considerations on the cognitive consequences of sleep
disruption in children with epilepsy
Given that brain lesions could affect bioelectrical activity
either by modifying the EEG patterns that contribute to build
a ‘normal’ sleep structure and ⁄ or by triggering a spike activity,
it is virtually impossible to keep separate the contribution of
central nerve system lesions to sleep and epilepsy.
*North American usage: mental retardation.
808 Developmental Medicine & Child Neurology 2010, 52; 805–810

Common polysomnogram findings in individuals with epilepsy are represented by enhanced sleep fragmentation and
higher proportions of wakefulness and light sleep, with a
decrease in stages 3 and 4 and REM.58 On the other hand,
CAP analysis shows that individuals with epilepsy exhibit
marked sleep instability, even in the absence of nocturnal seizures.59,60 Brief bursts of spikes, polyspikes, and spike–wavelike discharges are frequently associated with phase A1 of the
CAP, which has an activating effect on epileptiform discharges61,62 (whereas phase B exerts a powerful and prolonged
inhibitory action).59
EEG synchronizing activity, either during SWS63–65 or in
stage 2 NREM,63,66 facilitates the occurrence of epileptic discharges in both symptomatic and idiopathic tonic–clonic generalized epilepsy, whereas, in other idiopathic epilepsies, such
as benign epilepsy with centrotemporal spikes or childhood
absence epilepsy, discharges are mainly modulated by sigma
and spindling activity.67
This interaction between EEG synchronizing events during
sleep and EEG discharges could explain the relationships
between cognitive deficit and epilepsy in children. The influence of epileptiform discharges on EEG sleep phasic events,
e.g. slow-wave activity and spindles (whose orderly representation serves as building blocks for memory consolidation),
could be responsible for the cognitive impairment in epilepsy,2
even in the absence of associated seizures.68
Based on this assumption, even apparently subclinical epileptic discharges (not only ‘subtle’ seizures) during sleep may
disrupt cognitive functions because of sleep structure disruption. It has also been postulated that many developmental or
acquired defects of language (such as acquired epileptic aphasia or Landau–Kleffner syndrome) and behaviour (such as
autism) in children are a consequence of apparently subclinical
spikes during sleep.2
It has been suggested that the cognitive functions of a specific cortical area might be affected by the concomitant presence of epileptic focal discharges during sleep in the same
area.2 This disruption has been demonstrated even in a benign
form of epilepsy, when abundant spike–wave activity persists
during sleep and in ESES.2,69 We hypothesize, therefore, that
epileptiform activity may interfere with neuroplasticity processes when it occurs in a specific area involved in learning
activity during sleep, thus disturbing the natural occurrence of
learning-dependent slow wave activity or spindle activity.
Specific models supporting this hypothesis are the temporary cognitive deficits reported in children with ESES (in
which the prolonged focal epileptic activity during sleep interferes with local slow-wave activity),2 the linguistic skills
impairment observed in children with Landau–Kleffner syndrome showing a persistent left frontotemporal epileptic
focus,2 and the cognitive impairment observed in nocturnal
frontal lobe epilepsy.42
Unfortunately, interictal epileptic discharges (IEDs) continue to be unaffected by most currently used AEDs at a therapeutic level.70 Thus, there is a need to assess the effects of
IEDs on typical cerebral activity, to determine the blood levels
of AED that prevent or reduce IED, and to arrange a

standardized battery to evaluate the detection of IED-associated cognitive impairment.71 In this regard, benzodiazepines,
such as clobazam72 and nitrazepam,73 have been suggested to
be useful in preventing the spread of IEDs during sleep, both
in children with refractory frontal lobe epilepsy73 and those
with ESES clinical spectrum,72 but these preliminary results
need to be confirmed in a larger cohort of children with epilepsy.

CONCLUSIONS
Prolonged focal epileptic activity during sleep would, per se,
interfere with NREM and REM sleep physiology, thus
impairing, at multiple levels, the neural-related learning

processes and, possibly, the local plastic changes associated
with learning and other cognitive functions. The ‘timing
exposure concept’ (age at onset) clearly makes the condition at
developmental age markedly different from what occurs in
adults. An early recognition and therapeutic intervention
devoted to seizures and epileptiform discharges reduction,
with a careful choice of AEDs and with the stabilization of
sleep structure, should represent the main goals to prevent
the negative effects of epilepsy on cognitive functioning in
children. Unfortunately, to our knowledge strong evidence is
not available in the literature, and there is great need for
randomized controlled studies in this popular topic.
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70. D’Antuono M, Köhling R, Ricalzone S, Gotman J, Biagini

60. Terzaghi M, Sartori I, Mai R, et al. Coupling of minor motor

G, Avoli M. Antiepileptic drugs abolish ictal but not interictal

events and epileptiform discharges with arousal fluctuations

epileptiform discharges in vitro. Epilepsia 2009; (Epub ahead

in NFLE. Epilepsia 2008; 49: 670–6.

of print) DOI: 10.1111 ⁄ j.1528–1167.2009.02273.x.

functional connectivity of different EEG bands moves

61. Ulbert I, Heit G, Madsen J, Karmos G, Halgren E. Laminar

71. Parisi P. News on the horizon is not good: interictal epileptic

towards small-world network organization during sleep. Clin

analysis of human neocortical interictal spike generation and

discharges continue to be unaffected by the therapeutic level

Neurophysiol 2008; 119: 2026–36.

propagation: current source density and multiunit analysis in
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