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Sleep in Seizure Disorders

Silvia Miano

�Introduction

The importance of sleep in epilepsy is well known since ancient times. Aristotele 
wrote that sleep is similar to epilepsy and epilepsy to sleep, and sleep deprivation 
was a known trigger for seizures [1]. At the end of the nineteenth century, Gower 
described patients with seizures exclusively during sleep [2], while the effects of 
sleep on epileptiform discharges (IEDs) were described for the first time by Gibbs 
and Gibbs in 1947 [3, 4]. Nowadays, it is well known that IEDs are activated by 
non-rapid eye movement (NREM) but decrease significantly and are more localized 
during REM sleep [5]. Mirroring the behaviour of IEDs, nocturnal seizures occur 
mostly during stages N1 and N2 NREM and very rarely during REM sleep [6]. The 
majority of generalized seizures occur during sleep-wake transitional states, while 
the majority of frontal lobe seizures occur during sleep. Only 20% of temporal lobe 
seizures occur during sleep. Although the atonia during REM sleep may inhibit the 
motor activation of a seizure, it is not clear how REM sleep really inhibits the ictal 
event or, in the case of temporal lobe seizures, increases the rate of secondary gen-
eralization [5]. In addition, the occurrence of partial seizures induces a suppression 
of REM sleep, lasting for one night, while status epilepticus induces a stronger sup-
pression, lasting for days [5]. Sleep may help to discriminate real seizures from 
psychogenic ones, since the latter do not occur in sleep [6].

When correlated with dim light melatonin onset (DLMO), temporal lobe sei-
zures occurred most frequently 6 hours before DLMO and frontal lobe seizures 
mainly in the 6–12-hour window after the DLMO, suggesting that seizures are syn-
chronized to the circadian rhythm [7]. Information on the circadian nature of sei-
zures can help physicians to choose the right therapies (administered at bedtime), 
including a future possibility of light therapy [6].
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In this chapter, a description of sleep-related epilepsy, along with co-morbidity 
and differential diagnosis with sleep disorders, is presented. The impairment of cog-
nitive capabilities and the role of sleep-epileptic network are also additionally 
discussed.

�Sleep-Related Epilepsy

Specific epilepsies occur primarily during sleep and others primarily upon awaken-
ing. The American Academy of Sleep Medicine created the term sleep-related epi-
lepsy (SRE) to define those epilepsies in which more than 70% of seizures occur 
during sleep [8]. Epilepsies with seizures occurring upon awakening from sleep are 
primary generalized seizures upon awakening and juvenile myoclonic epilepsy 
(JME), while SRE are sleep-related hypermotor epilepsy, benign focal epilepsy of 
childhood with centrotemporal spikes, Panayiotopoulos syndrome, tonic seizures of 
Lennox-Gastaut syndrome, electrical status epilepticus/continuous spike-waves 
during sleep and Landau-Kleffner syndrome.

�Sleep-Related Hypermotor Epilepsy

Nocturnal frontal lobe epilepsy (NFLE) involves the attractive world of sleep [9]. It 
was discovered in Bologna in 1981 when Lugaresi and Cirignotta described five 
patients with frequent and clustering sleep episodes, characterized by bizarre move-
ments and/or dystonic-tonic posturing of the limbs, strongly suspected to be epilep-
tic, considering the optimal response to carbamazepine [10].

NFLE have been recently renamed as sleep-related hypermotor epilepsy (SHE), 
in accordance with a consensus conference of sleep and epileptology experts, who 
defined the diagnostic criteria [11]. The term “nocturnal” was considered mislead-
ing because it implies a circadian rather than a state specificity of the occurrence of 
seizures during sleep. The typical seizures may arise from other cerebral regions 
such as temporal or parietal regions. Finally, the original name did not specify the 
typical clinical hypermotor pattern of seizures [11]. According to the consensus 
conference, SHE is a rare disease, with an estimated prevalence of 1.8/100,000 
individuals, without a gender predominance, and with a peak onset during child-
hood and adolescence. Seizures are abrupt in onset and offset, typically brief (2 
minutes), and have a highly stereotyped hypermotor pattern, usually accompanied 
to vegetative signs, vocalization, emotional facial expression and asymmetric tonic/
dystonic seizures with or without head/eye deviation. Awareness of seizure is com-
mon. More rarely, protracted ambulatory behaviour known as epileptic nocturnal 
wandering (ENW) has been described (lasting more than 2 minutes).

Patients have usually several episodes per night, but this is not regular. Patients 
may also complain of non-restorative sleep and excessive daytime sleepiness.

The majority of patients are of normal intelligence. However, intellectual dis-
ability and behavioural disorders have been reported. Carbamazepine is effective at 
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low doses in two-thirds of patients. Identified aetiologies are heterogeneous and 
include structural anomalies, acquired injuries and genetic causes. When genetic, 
sporadic is the most frequent form. In some patients with drug-resistant SHE, the 
aetiology may involve a surgically treatable lesion, in particular type II focal corti-
cal dysplasia (TFCD), which does not exclude a genetic origin. Nobili et al. found a 
strong association between nocturnal epilepsy and TFCD in drug-resistant epileptic 
patients, ascribed to the particular firing pattern of TFCD during NREM sleep [12]. 
During NREM sleep, the interictal activity is mainly organized in pseudoperiodi-
cally recurrent short bursts of fast discharges, often spreading to surrounding non-
lesion-related regions and subsequently developing into a seizure [13].

A minority of familial cases has a known genetic mutation. Scheffer et  al. 
described a large Australian family with autosomal dominant NFLE (named 
ADNFLE, now renamed ADSHE). CHRNA4 was the first epilepsy gene discov-
ered, coding the alpha4 subunit of the neuronal nicotinic acetylcholine receptor 
(nAChR) [14]. Until now, other mutations in genes (CHRNA2 and CHRNB2) cod-
ing for other subunits (alpha2 and beta2) of the nAChR have been identified [15]. 
The dysfunction of nAChRs is probably at the origin of the additional major neuro-
logical or psychiatric symptoms observed in many patients, such as intellectual dis-
ability, regression, depression, psychosis, aggression and personality disorder [16, 
17]. Furthermore, severe ADSHE has been associated with mutations of the sodium-
activated potassium channel encoded by KCNT1, which is also mutated in a severe 
epileptic encephalopathy with migrating focal seizures of infancy (MFSI). Similarly, 
in some families with ADSHE, mutations have been found in DEPDC5, another 
gene implicated in MFSI, encoding a repressor of the mammalian target of rapamy-
cin (mTOR) pathway, a key regulator of cell growth.

Seizures may be preceded by a sudden arousal or a distinct aura. A warning sen-
sation (consisting of fear, especially associated with epigastric discomfort or déjà 
vu) and auditory aura seem to be more suggestive of a temporal onset [18, 19]. 
Patients with nocturnal insulo-opercular epilepsy often reported viscero-sensitive 
(laryngeal and throat sensations, breathing discomfort, unpleasant or rising epigas-
tric sensations) and somatosensory (unpleasant or electrical paresthesiae, diffused 
or restricted to a small cutaneous area) manifestations and auditory hallucinations. 
Visual hallucinations are indicative of occipital involvement [20]. Infrequent feeling 
of levitation has been described in a patient with cortical dysplasia in the right prae-
cuneus region [21].

Considering that epileptic foci are located in deeper areas of the brain like the 
orbitofrontal or mesial structures, difficult to detect with scalp EEG, stereo-EEG 
studies on patients who underwent surgery have provided much more information 
on the anatomo-electro-clinical correlations of SHE. Patients with an asymmetric 
tonic or dystonic posturing showed an early activation of the supplementary motor 
area and involvement of the posterior mesial and cingulated frontal cortex. Patients 
with hyperkinetic ictal behaviour showed the involvement of mesial-dorsolateral, 
orbitopolar, opercular or larger lobar cortical regions. The epileptic manifestations 
characterized by fear and prolonged organized motor behaviours, i.e., ENW, involve 
the activation of anterior cingulate, orbitopolar and temporal regions. In other 
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words, a network including frontal, and possibly extrafrontal, limbic structures is 
responsible for these complex epileptic manifestations [15, 19]. The increasing 
complexity of ictal motor behaviours reflects a different duration and propagation of 
the discharge within the frontal lobe [15]. Apart from the ictal semiology, a long 
delay (10–20 s) between the electrical and the clinical onset of motor seizure sug-
gests an extrafrontal origin of SHE [19]. Recently a stereo-EEG study revealed that 
the mean electrographic seizure duration was shorter (38.5 sec vs. 61.8 sec), the 
mean elapsed time from EEG onset to the first video detectable movement was 
lower (4.3 sec vs. 9.5 sec), the delay between the first movement and the onset of 
hypermotor manifestation was shorter (2.2  sec vs. 11.4  sec) and the duration of 
clinical manifestation was shorter (32.3 sec vs. 52 sec) in frontal than in extrafrontal 
SHE [22]. Once the hypermotor manifestation began, no differences in seizure phe-
notype were observed, supporting the hypothesis of a seizure induced-frontal 
release of central pattern generators (CPGs) [19, 22].

Even though many of SHE’s core features have been clarified, some critical 
issues remain: the semiological overlap between SHE and sleep disorders is chal-
lenging even for sleep and epilepsy experts (see Fig. 11.1). The behavioural patterns 
of NREM arousal parasomnias, REM behaviour disorders and SHE have some 
similarities. Ictal motor sequences in SHE contain either epileptic features like dys-
tonic posturing and choreic or ballistic movements, either more parasomnic behav-
iours like repetitive rocking or rolling, deambulation and even pseudoperiodic 
patterns [15], reflecting the release of the abovementioned CPGs [23]. CPGs are 
innate motor patterns present in all organisms and localized in the spinal cord and 
mesencephalon pons and bulb, essential for survival [24]. In adults, these motor 
sequences are normally under the control of the mature neopallium but may re-
emerge during transient loss of neocortical control, such as during an epileptic sei-
zure, cerebral anoxia or parasomnia [23]. Many of these behaviours should be 
automatically present when the neomammalian cortex is still “in progress”. Indeed 

Fig. 11.1  Paroxysmal arousal from N3: dissociative state with slow frontal rhythm activity, mixed 
activity posteriorly and dystonic posture
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alimentary, locomotory and grasping behaviours occur “spontaneously” in foetuses 
and newborns [25]. This hypothesis is supported by the widely acknowledged exis-
tence of different frontal-subcortical circuits reciprocally connecting frontal lobe, 
striatum, globus pallidus/substantia nigra and thalamus in humans [8, 26]. Another 
critical topic challenging the differential diagnosis is the high prevalence of arousal 
disorders in the personal and family histories of patients with SHE, suggesting a 
common impairment of the pathway controlling physiologic arousal for both condi-
tions [15]. Stereo-EEG case studies revealed a specific dissociative pattern during a 
NREM sleep parasomnia, with increased sleep-like delta waves over fronto-parietal 
associative networks, spindles in the hippocampus and wake-like patterns over 
motor cortex and limbic structures. A GABAergic and nociceptive dysfunction has 
been hypothesized, similar to SHE, and a similar increase of sleep instability during 
slow wave sleep responsible for triggering the episodes was found [27]. Other find-
ings showed a significant overlap between NFLE and parasomnias; muscle and 
movement artefact, rhythmic non-epileptiform θ or δ activity (arousal patterns) over 
the frontal regions and diffuse attenuation in EEG amplitude (a manifestation of 
seizure onset or state change) are common findings in both conditions, and did not 
have a real discriminatory value [28] (Fig. 11.1).

Two instruments have been developed to help clinicians to discriminate para-
somnia from SHE: the Frontal Lobe Epilepsy and Parasomnias (FLEP) scale [29] 
and the Structured Interview for NFLE [30]. The FLEP scale was found to be asso-
ciated with a real risk of misdiagnosis in some patients, especially subjects present-
ing ENWs, which were misinterpreted as arousal parasomnias, lowering sensitivity; 
meanwhile, in patients with REM behaviour disorder, the scale gave misleading 
epileptic diagnosis, lowering its specificity [31].

�The Clinical Spectrum of Benign Epilepsy During Sleep

Based on the current knowledge, some authors postulated the concept of “system 
epilepsies”, responsible of the clinical spectrum of benign epilepsy during sleep [32].

Panayiotopoulos syndrome (PS) is a common idiopathic childhood-specific epi-
lepsy, characterized by seizures, often prolonged, with predominantly autonomic 
symptoms and shifting and/or multiple foci, often with occipital predominance on 
EEG [32]. Onset is from age 2 to 11 years. The hallmark of PS is ictal autonomic 
emesis, associated to other autonomic manifestations, such as pallor, sphincteric 
incontinence, hypersalivation, cyanosis, mydriasis or miosis, coughing, abnormali-
ties of intestinal motility, breathing, cardiac irregularities and syncopal-like mani-
festations [32]. PS is a model of childhood autonomic epilepsy [33] (Fig. 11.2).

Benign epilepsy with centrotemporal spikes (BECTS), also called self-limited 
epilepsy with centrotemporal spikes or childhood epilepsy with centrotemporal 
spikes (CECTS), is the most common type of focal epilepsy in children, presumably 
genetic. Age of onset ranges from 1 to 14 years, and the prevalence is about 15–20% 
of epilepsy in children younger than 15 years of age [34]. BECTS is characterized 
by infrequent hemifacial sensorimotor seizures during sleep, which may 
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secondarily generalize in half of the cases or rarely induce a status epilepticus, usu-
ally reflecting non-lesion cortical excitability from Rolandic regions. These seizures 
are often associated with oro-pharyngo-laryngeal symptoms, such as making 
strange noises, speech arrest and salivation. The seizures predominantly occur dur-
ing sleep, often in the early morning hours; their frequency is low, typically 2–5 
total seizures, but also quite variable, ranging from a single lifetime episode to mul-
tiple seizures per day [35]. Interestingly, children with BECTS may present with 
autonomic seizures referable to PS, while others may alternately have autonomic 
and Rolandic seizures [32]. Drowsiness and sleep increase the rate of discharges, 
and an extreme discrepancy between rarity of seizures and the abundant activity of 
the EEG foci is common [35]. The onset of focal seizures is frequently preceded in 
early childhood by various developmental deficits, including speech dyspraxia and 
impairments in language, literacy, attention and behaviour. These neuropsychologi-
cal deficits cluster in families of BECTS patients, who do not have epilepsy them-
selves [35].

The prognosis is usually excellent, notwithstanding the abovementioned neuro-
psychological deficits. Neuroimaging studies have shown subtle cortical abnormali-
ties in the frontal-temporal, perisylvian and parietal region [36]. It seems that 
neuroimaging abnormalities precede BECTS onset and evolve over time as a marker 
of a more complex cerebral maturation problem, responsible for both seizures and 
learning disabilities [35]. These data suggest an association between BECTS and 
systemic brain disorganization with functional defects in Rolandic areas leading to 
neurocognitive impairments [37].

The atypical evolution of BECTS can result in:

	1.	 Atypical benign childhood focal epilepsy (ABCFE)
	2.	 Status epilepticus of BECTS (SEBECTS)

Fig. 11.2  A case of Panayiotopoulos syndrome, with excessive sweating during sleep, and dys-
lexia. Right centrotemporal sharp waves during sleep with a good response and reduction of spik-
ing with sulthiame, disappearing of sweating and improvement of reading
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	3.	 Landau-Kleffner syndrome (LKS)
	4.	 Epileptic encephalopathy with continuous spikes and waves during sleep (CSWS)

All of the above are considered part of a single spectrum of disorders [34]. 
Notwithstanding epileptic encephalopathies being within the spectrum of CSWS 
syndromes, ABFEC and SEBECTS have a favourable outcome when right thera-
peutic measures are taken. Prognosis of LKS and CSWSS syndrome instead is not 
so good in terms of full recovery [32].

Atypical features in BECTS comprise many clinical and electrophysiological 
findings: seizures only occur in the daytime, are associated to Todd’s paralysis or 
even present as status epilepticus. Besides hemifacial contraction, the seizures may 
present with dysfunctions of the lip, tongue and pharynx, including speech arrest, 
dysarthria, excessive drooling, oromotor dyspraxia and swallowing difficulties 
(pseudo-opercular syndrome), further including generalized tonic-clonic seizures, 
atypical absence, myoclonic seizures, atonic seizures and negative myoclonus at a 
later stage (pseudo Lennox-Gastaut). The associated seizures tend to be resistant to 
many antiepileptic drugs; however, they disappear before adolescence, along with 
the neuropsychological deficits. SEBECTS refers to status epilepticus that can be 
convulsive or non-convulsive and either generalized or focal. Although some 
patients remain mentally retarded even after the remission of the seizures, ultimate 
neurocognitive outcome appears good when the disorder is treated [34] (Fig. 11.3). 
The EEG usually shows a marked increase and a bilateral synchronization of epilep-
tiform discharges in the Rolandic area or otherwise ripples (80–250 Hz), superim-
posed on Rolandic spikes [38], which may become continuous during NREM sleep 
or may evolve in CSWS. Recently, two types of HFO have been distinguished: (a) 
ripples with slower frequency (80–160 Hz) as physiological activity and (b) fast 
ripples with higher frequency (200–500 Hz) as a pathological activity, associated 
with epilepsy [39]. Spike dipole was directed anteriorly in patients with good 

Fig. 11.3  Example of atypical benign epilepsy with centrotemporal spikes, attention deficit dis-
orders and obstructive sleep apnoea, with remission of attention disorders and improvement of 
epileptiform activities after treatment with ethosuximide and adenotonsillectomy
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outcome (seizure control), whereas dipole orientation headed posteriorly was 
observed in patients with poor seizure control or neurocognitive deficits [40].

LKS, known as acquired epileptic aphasia, is an epileptic encephalopathy char-
acterized by various types of seizures and insidious or sudden-onset acquired apha-
sia with verbal auditory agnosia. More than half of these children have problems 
with receptive language, auditory processing, auditory working memory and verbal 
memory, as well as learning difficulties and attentional and behavioural problems. 
Benign EEG patterns, like focal epileptiform discharges, may evolve into CSWS 
sleep in about half of children with LKS. Adequate and early medical intervention 
may avoid language and cognitive impairments. Acquired opercular epilepsy with 
oromotor dysfunction is a condition that is difficult to categorize because the clini-
cal features look similar to SEBECTS and LKS [34].

Epileptic encephalopathy with CSWS is a rare childhood epilepsy syndrome and 
may represent between 0.2% and 2% of the epilepsies. Tassinari et al. first intro-
duced these terms in 1977 [41]. CSWS is the extreme end of atypical BECTS. The 
onset of seizures varies, but the seizures tend to peak at about 5 years of age, before 
evolving into epileptic encephalopathy within 1–2 years. Seizure types are not spe-
cific. Linguistic, neurocognitive decline and neuropsychiatric features are com-
monly associated with this condition. It appears that the longer the duration of 
CSWS, the poorer the outcome is [34]. The EEG pattern at time of diagnosis shows 
almost continuous slow (typically 1.5–3 Hz) spikes and waves, seen in slow sleep. 
Some authors provide percentages of slow wave sleep that must be occupied by 
continuous spikes and waves, e.g., >50% or >85%. The Commission on Classification 
and Terminology of the International League Against Epilepsy (1989) does not 
require these criteria [42]. A recent review found that approximately 68% of the 
cases were diagnosed with CSWS epilepsy-aphasia spectrum when they had spike-
wave index >50% clearly activated during sleep [43]. The abnormal EEG activity 
interferes with sleep-related physiological functions and possibly neuroplasticity 
processes mediating higher cortical functions, such as learning and memory con-
solidation [44]. CSWS can concur with other syndromes like Rett syndrome, tuber-
ous sclerosis complex and autism spectrum disorder [43]. The underlying aetiology 
is unknown although brain malformations, immune disorders and genetic factors 
have been reported. Immunity disorders with evidence of onconeuronal antibodies 
have been reported [43]. The SCN2A gene encodes subunits of voltage-gated 
sodium channel, whereas KCNB1, KCNQ2 and KCNA2 genes encode for subunits 
of the potassium channel which is highly expressed in brain neurons. The GRIN2A 
gene encodes N-methyl-D-aspartate (NMDA) glutamate receptor α2 subunit. The 
NMDA receptor is a glutamate-activated ion channel permeable to sodium, potas-
sium and calcium and found at excitatory synapses throughout the brain. CNKSR2 
gene encodes connector enhancer of KSR2 which is a synaptic protein involved in 
Ras signalling-mediated neuronal proliferation, migration and differentiation. The 
SLC6A1 gene encodes voltage-dependent gamma-aminobutyric acid (GABA) 
transporter 1 (GAT-1), one of the main GABA transporters in the central nervous 
system. Several mutations (in terms of copy number variations) of these transporters 
have been found in CSWS epilepsy-aphasia spectrum. Therefore, channelopathy 
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may play a major role in pathogenesis of CSWS/epilepsy-aphasia spectrum [43, 
45]. The recommendation is to avoid the classic AEDs (phenobarbital, phenytoin 
and carbamazepine) and some of the new AEDs, such as oxcarbazepine, lamotrig-
ine, topiramate and levetiracetam and to start treatment with ethosuximide, benzo-
diazepines or sulthiame. In refractory cases, a ketogenic diet, corticosteroids such as 
methylprednisolone pulse therapy or dexamethasone, intravenous immunoglobulin 
and even surgical interventions are suggested [32, 34].

�Sleep Macrostructure

Epilepsy per se and/or the seizures themselves may promote sleep disruption and 
significantly affect the quality, quantity and the architecture of sleep [46]. Increased 
sleep fragmentation and higher percentage of wakefulness and light sleep, with a 
decrease in SWS and REM sleep, are common polysomnographic findings in indi-
viduals with epilepsy [47, 48]. When seizures occur during the nocturnal period, in 
addition to a decrease in the duration of REM sleep and increase in REM sleep 
latency, sleep efficiency and total sleep time drop, causing sleep fragmentation [49]. 
Generally, a good outcome and response to treatment is accompanied with a signifi-
cant amelioration of sleep quality, as it has been demonstrated in children with 
childhood absence epilepsy [50].

Few data are available on sleep macrostructure alterations related to specific epi-
leptic syndromes.

In a group of patients with SHE, a significant increase in wake after sleep onset, 
SWS duration and REM latency were found, whereas REM sleep duration was sig-
nificantly lower [51].

A systematic review and meta-analysis of the polysomnographic aspect of sleep 
in children with epilepsy with centrotemporal spikes showed a longer sleep latency 
as the strongest outcome associated to the epilepsy [52]. Some studies report that 
children affected by symptomatic partial epilepsy show permanent modifications in 
sleep architecture, including a significant decrease of slow wave sleep [53, 54, 55].

�Sleep Microstructure

During NREM sleep, phasic EEG events, such as K-complexes, vertex waves, delta 
wave bursts, and short-lasting arousals, show a peculiar time arrangement, indicated 
as ”cyclic alternating pattern” or CAP. CAP has been described as consisting of 
transient complexes (phase A) that periodically interrupt the tonic theta/delta activi-
ties of NREM sleep (phase B). Functionally, CAP is thought to translate a condition 
of sustained arousal instability oscillating between a greater arousal level (phase A) 
and a lesser arousal level (phase B). CAP oscillations are maximally expressed over 
the frontal areas [56] and may imply that epileptogenic foci could be more prone to 
be activated by these oscillatory mechanisms. CAP has been analysed in several 
forms of epilepsy. In genetic generalized epilepsy, a higher CAP rate is reported, 
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along with spikes occurring during phase A1, and similar findings have been 
reported in lesional temporal lobe epilepsy. In patients with SHE, a significant 
increase of CAP time, CAP rate, CAP cycles and mean duration of a CAP sequence 
has been reported, with a significant increase in the number of all CAP phase A 
subtypes and, in particular, of A1 subtype. The majority of the motor epileptic 
events are associated with the occurrence of phase A [51, 57], although the minor 
motor events, coupled to arousal and CAP A phases, have not been considered true 
epileptic manifestations [58].

In children with BECTS, CAP analysis showed reduced CAP instability due to 
the presence of spikes which replaced phase A1 and suggested that the centrotem-
poral spikes may disrupt the physiological synchronization mechanism [59], in con-
trast with children with drug-resistant epilepsy, in whom an increase of CAP rate 
was found [55, 60].

�Sleep Disorders, Co-morbidity, Differential Diagnosis 
and Consequences

Approximately one-third to one-half of patients with epilepsy will have a sleep-
related complaint. Co-morbid sleep disorders may aggravate the epileptic state, 
facilitating spikes as well as nocturnal seizures, increasing daytime sleepiness and 
reducing quality of life [61]. Studies regarding epilepsy and sleep disturbances fre-
quently lack descriptive and statistical analysis for specific sleep disorders (such as 
insomnia, parasomnia and sleep apnoea) and rather focus on sleep complaints and 
sleep quality more generally [62]. The most common sleep-wake complaint among 
adults with epilepsy is sleep maintenance insomnia, occurring with a prevalence of 
up to 79%, whereas the second sleep-wake complaint is excessive sleepiness [62]. 
Complaint of insomnia or sleepiness in adults with epilepsy warrants consideration 
of co-morbid depression, anxiety and suicidal ideation [61, 63]. Insomnia severity 
and poor sleep quality may be significantly related to the number of antiepileptic 
medications, and amelioration of insomnia is accompanied by remission of [61]. 
Specific evidence for the usefulness of cognitive behavioural therapy for insomnia 
(CBTi) in epilepsy is currently lacking. CBTi can be recommended as an initial 
treatment strategy although sleep restriction should be considered cautionary in epi-
leptic population [61].

Despite the increase in studies regarding sleep disorders in children with epi-
lepsy over the last decade, none evaluated insomnia as the primary endpoint, and 
few assessed risk factors and treatment outcomes related to sleep disturbances [62]. 
Insomnia symptoms were more common in children with epilepsy and developmen-
tal delay [62], mostly related to bedtime resistance and co-sleeping. Higher fre-
quency of co-sleeping and room sharing in epileptic children could be explained by 
parental concern, especially relating to nocturnal seizures [62]. Lower melatonin 
levels have been found in patients with refractory epilepsy compared with healthy 
controls [64], and melatonin has been demonstrated to be an optional treatment for 
insomnia [65]. In a randomized placebo-controlled study, melatonin improved sleep 
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with non-significant improvement in IEDs and seizure frequency [66]. However, 
negative effects have also been noted, including EEG abnormalities in patients with 
temporal lobe epilepsy and increased seizure activity in neurologically disabled 
children.

After the discussion of 26 papers reporting an association between melatonin 
and epilepsy or seizures, a recent review suggests that in view of conflicting results 
from earlier work, more large-scale, double-blind, randomized, placebo-controlled 
clinical trials were needed [67].

Recently, an anecdotal report demonstrated the efficacy of pitolisant, a drug used 
to treat refractory diurnal sleepiness, to suppress generalized IEDs for 4 hours, in 6 
patients out of 14 photosensitive adults [68].

Sleep-related breathing disorders may trigger paroxysmal events during sleep 
and may exacerbate pre-existing seizures. Sleepiness, a common complaint of 
patients with epilepsy that is frequently attributed to antiepileptic drugs, may be 
linked to undiagnosed sleep disorders such as restless legs syndrome or OSA [69]. 
Patients with epilepsy should be questioned about the presence of other sleep disor-
ders, such as OSA, restless legs syndrome (RLS), insomnia and disorders of hyper-
somnia, such as narcolepsy. Although it has not been validated in epilepsy patients, 
the Epworth Sleepiness Scale (ESS) can be used in the evaluation of EDS in epi-
lepsy patients for the presence of these sleep disorders [4].

�Co-morbid Sleep-Disordered Breathing in Epilepsy

Both obstructive sleep apnoea (OSA) and central sleep apnoea (CSA) have been 
reported in epilepsy patients, but CSA has received less attention [61]. At least mild 
severity OSA (AHI ≥5) was found in nearly 30% of patients, while moderate-to-
severe OSA (AHI ≥15) was seen in 10% of patients. Men were three times more 
likely to have OSA [70]. The prevalence of OSA did not significantly differ accord-
ing to seizure type (focal versus generalized seizures), epilepsy control (refractory 
versus controlled epilepsy) or number of antiepileptic drugs [70]. The sleepiness 
and cognitive dysfunction caused by OSA are usually ignored in epilepsy [65]. 
Patients with epilepsy and co-morbid OSA were more likely to experience seizures 
during sleep than patients without OSA; the onset of OSA symptoms may tempo-
rally coincide with a change in seizure control – either an increase in seizure fre-
quency or a new onset of seizures or status epilepticus [61]. PSG should be 
considered when a patient exhibits refractory sleep-related epilepsy [65]. According 
to a recent meta-analysis, epilepsy patients treated with continuous-positive airway 
pressure (C-PAP) were >5 times more likely to have a significant reduction in sei-
zure frequency and daytime sleepiness compared to untreated patients [70]. It has 
been recently described that a 50-year-old man with focal epilepsy controlled by 
AEDs during daytime underwent PSG for suspected OSA and daytime somnolence. 
The video PSG revealed many breathing events appearing immediately after falling 
asleep, suggesting a pattern of so-called sleep-onset central apnoea hypopneas 
(SOCA). Most of the breathing events ended with brief (2–8  s), stereotyped 
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paroxysmal motor episodes characterized by a ventral flexion of the head, eyes 
opening, dystonic upper limb extension and mild abduction. Bilateral frontal syn-
chronous bursts of spikes or 2-Hz spike-wave complexes started around 1 s before 
the onset of each event. Normalization of the respiratory pattern was obtained on 
adaptive servo-ventilation. The motor events also disappeared, and a striking 
improvement of sleep was achieved [71]. Interestingly, successful epilepsy surger-
ies improve OSA symptoms, apnoea hypopnea index and related sleep parameters 
[65]. Treatment with a compound containing carbonic anhydrase inhibitor proper-
ties such as topiramate, zonisamide and acetazolamide may improve both CSA and 
OSA and should be taken into consideration when a sleep respiratory disorder is 
co-morbid to epilepsy [65]. Treatment of excessive daytime sleepiness with 
modafinil is warranted in adults with epilepsy and OSA, which may have benefit 
also in seizure control, reducing the deleterious effect of drowsiness [65].

The relation between OSA and epilepsy is complex, especially in developmental 
age: OSA and epilepsy may be in co-morbidity, or recurrent hypoxia and sleep frag-
mentations may increase the risk to develop epilepsy, and finally OSA may be a mis-
leading diagnosis for epilepsy, and finally OSA as a misleading diagnosis for epilepsy. 
The prevalence of OSA is nearly 40% in children with refractory epilepsy [72, 73]. 
Children with neurodevelopmental disability and epilepsy, with or without specific 
syndromes (such as Angelman syndrome), have higher prevalence of co-morbid OSA 
(more than 30% of cases) and numerous periodic limb movements during sleep (more 
than 40% of cases) [74, 75]. As for adults, the precocious diagnosis and treatment of 
OSA (mostly adenotonsillectomy) may reduce seizure frequency [76].

Few reports showed activation of epilepsy by OSA in children without a previous 
history of epilepsy. A preliminary study showed IEDs during sleep in 18 of 127 
(14.2%) children with OSA.  IEDs during sleep are mostly represented by CTS, 
occipital in the younger and frontal on the older. Children with IEDs and OSA were 
older and had a longer OSAS duration of disease [77]. Considering that PSG record-
ings revealed an epileptiform activity during sleep in 1.45% of otherwise healthy 
children [78], OSA may represent an additional risk factor to develop epilepsy. 
Subjects with IEDs had a high occurrence of perinatal injuries, suggesting the pos-
sibility that a primary brain insult may predispose to both OSAS and the paroxys-
mal EEG activity [77]. Furthermore CAP analysis showed findings similar to 
BECTS: a lower CAP rate and A1 index during SWS and a lower A2 index during 
total NREM sleep, similar to CAP [77]. The same results were replicated in a popu-
lation of 298 children with OSA or snoring: 48 (16.1%) children were found to have 
IEDs, whereas 3 were also found to have nocturnal seizures (2 females diagnosed 
with Rolandic epilepsy and a male diagnosed with SHE). After 6 months, the IEDs 
had disappeared in those subjects who reported improvement of OSA, while it 
appeared or persisted in those without changes in OSA parameters [69]. These find-
ings suggest that the risk of developing IEDs, which may or may not be associated 
with nocturnal seizures, increases if sleep-disordered breathing persists. A similar 
finding was found in a cohort of Spanish children who underwent nap or standard 
PSG for suspected OSA: 6 of 25 met the criteria for sleep-disordered breathing and 
also had PA/IEDs and/or seizure [60]. Four of them (16% of all the samples) met the 
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criteria for OSAS and epilepsy, with IEDs and seizures during sleep. In one patient, 
the video PSG showed many IEDs with minor motor events, mostly during SWS, 
and a diagnosis of SHE was established. The magnetic resonance imaging (MRI) 
showed signs of focal cortical dysplasia involving the right Sylvian fissure. A fur-
ther two cases met the criteria for BECTS, with partial motor seizures during sleep. 
The last case received a diagnosis of focal symptomatic epilepsy, and the MRI per-
formed after the PSG study revealed the presence of a malacic area on the left sub-
cortical white matter. These results suggest that children with SBD and neurological 
conditions may have an additional risk of developing IEDs and/or epilepsy [60]. 
Another study found higher apnoea hypopnea index in children with BECTS com-
pared to normal control, as well as a trend towards lower oxygen saturation and 
longer duration of apnoea [79].

A case report of an obese child with severe OSA in whom nocturnal frontal lobe 
seizures started within a week after he began nasal C-PAP therapy corroborated the 
hypothesis about a complex relationship between OSA and epilepsy. In this case, 
treatment caused a rebound of SWS, in particular, of slow wave activity, in terms of 
significant increase of A1 component of CAP, triggering motor seizure, which was 
masked by the sleep fragmentation caused by respiratory events. MRI disclosed 
signs of focal cortical dysplasia involving the right inferior frontal circumvolution. 
The diagnosis was NFLE, and antiepileptic treatment was started with topiramate 
(3 mg/kg per day). Topiramate induced a decrease of CAP rate and of arousal index 
(already decreased by ventilation therapy), suggesting that the control of the sei-
zures was mediated by decreasing SWS-CAP sleep instability [80].

Some symptoms of seizures (e.g., snoring and/or apnoea; vocalizations; cough-
ing; tachypnea; tachycardia; bruxism; salivation; and head, body or limb move-
ments during sleep) can mimic OSA, thus leading clinicians to mistake symptoms 
of epileptic seizures for obstructive sleep respiratory events [60, 81], especially in 
patients with SHE from frontal, temporal or insular origin [65]. PSG with extended 
EEG and video is the gold standard tool to evaluate patients with apnoea due to 
suspected seizures [69]. Epilepsy in children can be difficult to diagnose, when the 
only manifestation is central apnoea: in a case report, seizure was documented as 
the cause of apnoea and desaturation in an otherwise healthy 24-month-old child. 
The aetiology of the spells was partial seizures originating in the right anterior mid-
temporal region. In this case, the absence of associated bradycardia to central 
apnoea is a red flag for seizure [81]. Choking, air hunger and agitation, from SWS 
associated to desaturation, were the only symptoms of nocturnal seizure of SHE in 
a 4-year-old girl with a long history for episodes of choking, four to five times per 
night [82]. A similar case diagnosis was described in a 3-year-old girl referred for 
snoring and apnoea, who underwent a cardiorespiratory PSG revealing the presence 
of atypical obstructive sleep apnoea with stereotyped artefact. A following sleep 
EEG revealed a motor seizure with ictal discharge from frontal regions. For this 
reason, she performed a full PSG recording which showed several ictal obstructive 
apnoea before the onset of motor component of the seizures [83]. Parrino et  al. 
demonstrated that an unattended cardiorespiratory PSG showing repeated ictal 
polygraphic patterns may indicate the presence of seizures during the night [84]. A 
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video polysomnography should be performed to confirm the ictal nature of such 
patterns. After being referred for OSA and parasomnias at night, a paediatric 
Spanish cohort of 24 out of 190 children were diagnosed with SHE, because of 
repeated recorded motor seizures demonstrated by the attended PSG recording [85].

�Co-morbid Restless Legs Syndrome (RLS) in Epilepsy

RLS co-morbidity appears to be frequent, yet highly variable, in different epileptic 
patient cohorts, and diagnosis was based on symptoms, ranging from 10% to 30% 
of population investigated [61]. Very rarely, aura symptoms of focal seizures may 
mimic RLS symptoms, as reported in a single case of right posterior frontal focal 
cortical dysplasia that presented with nocturnal unilateral left leg paresthesias and 
cramps that preceded generalized tonic clonic seizures [86].

�Co-morbid Parasomnia in Epilepsy

The NREM parasomnia has been discussed in the differential diagnosis and com-
mon features of SHE. Co-morbidity with REM behaviour disorder (RBD) has been 
poorly described in epilepsy [61]. In one large Turkish outpatient epilepsy-clinic 
cohort [87], 12% of epilepsy patients had probable RBD in response to a survey-
based instrument, compared to only 6% of controls. RBD was relatively frequently 
seen (12.5%), especially in elderly epilepsy patients when systematically investi-
gated for concurrent parasomnias, with RBD prevailing in cryptogenic epilepsy 
[88]. Conversely, 26.6% of patients with idiopathic RBD had interictal epileptiform 
activity on EEG [89]. Rarely, autoimmune encephalitis, especially when paraneo-
plastic, may concomitantly give rise to RBD and focal epilepsy, accompanied by 
other syndromic cognitive, motor or autonomic features typical of limbic encepha-
litis. RBD may be treated with clonazepam or melatonin [61].

�Association of Sleep with Sudden Unexpected Death 
in Epilepsy (SUDEP)

SUDEP is a rare but tragic phenomenon, defined as death in people with epilepsy 
occurring in the absence of a known structural cause of death. The frequency of 
SUDEP is 1.2 per 1000 patient-years in people with epilepsy overall [90].

SUDEP risk factors have been identified, including a major association with 
uncontrolled tonic-clonic seizures, as well as medication non-compliance, male sex, 
epilepsy onset before 16 years and duration of epilepsy >15 years [90]. Patients at 
particularly high risk are those with developmental and epileptic encephalopathies 
due to sodium channel (SCN) gene mutations, such as Dravet syndrome. A recent 
systematic review and meta-analysis found that 69.3% of all reported SUDEP cases 
occurred during sleep and 30.7% of them occurred during wakefulness [91]. Patients 
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were 6.3 times more likely to die in the prone position during sleep than during 
wakefulness. These circumstances of SUDEP are remarkably similar to those of 
sudden infant death syndrome (SIDS) and suggest that sleep might be an important 
risk factor for SUDEP [91]. Nocturnal seizures are associated with more prominent 
autonomic dysfunction than are diurnal seizures. Generalized tonic-clonic seizures 
(GTCS) are the most important risk factor for SUDEP, as they have been observed 
in a vast majority of witnessed and monitored SUDEP cases. The low incidence of 
SUDEP in people with NFLE might reflect the low occurrence of GTCS [91]. In the 
MORTEMUS study, GTCS preceded all SUDEP cases. An expert panel discovered 
a consistent pattern of tachypnea (18–50 breaths per min) immediately after seizure 
termination, which was followed by a transient or terminal cardiorespiratory arrest 
within 3  min [92]. Postictal generalized EEG suppression (PGES) is associated 
commonly with GTCS, with impaired postictal arousal and with immobility, which 
may compromise the brainstem autoresuscitation mechanism [91].

�The Effect of Antiepileptic Drugs (AEDs) on Sleep

The effect of treatment is summarized on Table 11.1 [4]. The effect on sleep archi-
tecture may be mediated by the remission of epilepsy [6]. Ketogenic diet, successful 
epilepsy surgery and vagus nerve stimulator improved nocturnal sleep. The latter 
also improved daytime sleepiness, and it may increase the rise of OSA and central 
apnoeic patterns during sleep [93].

Table 11.1  The effect of antiepileptic treatment of sleep and sleep disorders

Sleep parameter/
disorder Reduction Increase
Sleep onset Benzodiazepines, phenytoin

Gabapentin, phenobarbital
Felbamate (rarely levetiracetam, 
lamotrigine, topiramate, 
zonisamide)

Stage 2 NREM Phenobarbital, benzodiazepines 
(with increase of spindle activity)

Slow wave sleep Benzodiazepines, ethosuximide
Levetiracetam

Gabapentin, pregabalin
Carbamazepine

REM sleep Benzodiazepines, phenytoin
Phenobarbital, carbamazepine

Gabapentin, ethosuximide

Arousals Phenytoin, gabapentin, carbamazepine Phenobarbital
Excessive 
daytime 
sleepiness

Vagus nerve stimulation Phenobarbital, acid valproic, 
levetiracetam

Sleep apnoea Topiramate, zonisamide (both decrease 
weight), acetazolamide (for central 
apnoea)

Benzodiazepines, pregabalin 
(increase weight), valproate 
(increase weight)
Vagus nerve stimulation

Restless legs 
syndrome

Lamotrigine Carbamazepine, gabapentin, 
pregabalin
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Medication selection can be tailored towards sleep complaints. Patients with 
difficulties sleeping at night may benefit from a higher dose of a sedating agent, 
and individuals with hypersomnia may benefit from alerting AEDs during the 
day [4]. If seizures tend to occur during the transition from wakefulness to sleep, 
immediate-release formulations can be more effective than extended-release 
ones, which would be more efficacious in seizures happening later at night or 
during sleep-wakefulness transition [94].

�Sleep and System Epilepsy: The Cognitive Impact

ADHD is the most prevalent neuropsychiatric co-morbidity in epileptic patients, 
especially in the refractory cases, presented in up to 60–70% of patients, worsening 
the psychosocial prognosis [95]. It is less difficult to explain cognitive deficits asso-
ciated with symptomatic epilepsies when they are the result of recognizable cere-
bral lesions rather than of epilepsy per se or inducing encephalopathic epilepsy. 
More difficult to explain is why the so-called idiopathic benign epilepsies are asso-
ciated with cognitive impairment starting at the onset of or during the natural course 
of epilepsy [96].

Over the last years, several new aspects have been elaborated contributing to 
understand better the activation of interictal and ictal epileptic phenomena by sleep: 
the interrelationship between the sleep-wake circuitry and the different epileptic 
networks, and the microstructure of sleep associated with epileptic activation, iden-
tified within the system of CAP [39].

In summary, IED seems to follow either sigma or delta power, depending on 
the type of epilepsy. IED rate (ISR) was correlated with sigma power in child-
hood epilepsy syndromes such as BECTS or CSWS whereas followed delta 
power in adults with structural temporal or frontal epilepsy (inducing decreasing 
or increasing of CAP instability, respectively). Recently, the classical dichotomy 
of partial and generalized epilepsy has been replaced by the unifying network 
concept. The so-called “generalized” epilepsies involve a bilaterally represented 
large cerebral system, namely, the thalamocortical system. “Focal” epilepsies 
involve more or less wide, sometimes bilateral regional circuitries [39]. Activation 
during sleep is related to the network properties of the particular epileptic syn-
dromes, with interference with cognitive process: (1) via the thalamocortical sys-
tem as main route and (2) other ways like (a) frontal epilepsy by epileptic 
transformation of the cholinergic arousal system in NREM sleep and (b) activa-
tion of temporal-limbic epilepsy by NREM and REM sleep via hippocampal 
changes during sleep [39].

In the idiopathic generalized epilepsy (IGE), several studies proved that during 
interictal spike-wave discharges, a transient cognitive impairment is detectable 
[97]. The working mode of the system by which the spike pattern develops is 
proved to be the same that works during NREM sleep opposed to waking and 
REM state [39]. There is a close relationship between vigilance level and 
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expression of spike-wave paroxysms. Spontaneous paroxysms are promoted by 
transitory decreases of vigilance level during awake state, after awakening, after 
lunch, in evening sleepiness, during a boring task and after sleep deprivation [39]. 
Both in deep NREM sleep and in absences the cortical activity is reduced in cer-
tain (mainly frontal) areas. The functional neuroimaging, neurophysiologic and 
clinical data point to the thalamocortical network as a common substrate of 
NREM sleep and IGE. Spike-wave discharges and sleep spindles can also be 
interpreted by the different degrees of GABAergic inhibition in the thalamus. 
According to the slogan of Steriade – “sleep and epilepsy are bedfellows” – spike-
wave discharges of IGE represent the epileptic exaggeration of the bursting mode 
of the thalamocortical system [39]. Association of generalized spike-wave pattern 
in IGE with sleep instability in NREM sleep can be measured by CAP rate, usu-
ally increased, proportional with sleep instability [98].

Heterogeneous cognitive deficits have been described since the 1990s in typi-
cal BECTS, affecting both non-verbal cognitive functions (visual, executive, 
fine motor execution, attention, memory and speed processing) and verbal func-
tions, during the active phase of the epilepsy. BECTS is associated with a high 
frequency of learning disorders (10–40%) and academic underachievement 
[32]. In a prospective study of 44 children with BECTS, the atypical group had 
significant lower full-scale IQ and verbal IQ [99]. Some patients, especially 
those in whom the epileptic process is localized around the perisylvian cortex, 
present with features of autistic spectrum disorder, but unlike primary autism, 
there is no loss of social interaction [100]. Functional magnetic resonance imag-
ing (fMRI) data support a functional deficit of the default mode network (DMN). 
This dysfunction is most apparent in the precuneus, a key region of the DMN. In 
particular, children with BECTS show reduced activation of the DMN during 
the rest condition and a deactivation during cognitive effort. In addition, reduced 
functional connectivity was demonstrated between the sensorimotor network 
and the left inferior frontal gyrus (Broca’s area) [32]. This functional decou-
pling might be a clue to understand language impairment in typical RE and is in 
line with the identified neuropsychological profile of anterior language dysfunc-
tion [101]. The nature and severity of interictal cognitive symptoms are closely 
related to localization within the network and amount of epileptic interictal dis-
charges during sleep [39]. The brain tissue responsible for the disorder is local-
ized around the Sylvian fissure and strongly correlated with speech function and 
cognition. Several authors have reported a higher incidence of nocturnal epilep-
tiform EEG discharges in children with specific language impairment, without 
epilepsy. The benefit of antiepileptic drug treatment remains questionable in 
this case [32].

In PS, a slightly different network is implicated. Autonomic symptoms are usu-
ally generated by activation or inhibition of parts of the central autonomic network 
that involves the insular cortex, medial prefrontal cortex, amygdala, hypothalamus 
and ventrolateral medulla. Thus, irrespective of the localization of their onset, ictal 
discharges may activate the lower threshold autonomic centres [32].
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In benign epilepsy during sleep, the amount and persistence time of interictal 
discharges seem to correlate with the degree of cognitive deficits, and there is a cor-
relation between the degree of spiking during sleep and the degree of cognitive defi-
cits across syndromes. The epileptic discharges are accompanied with a slow wave 
component, associated with cognitive deficits rather than frequent seizures. This 
characteristic situation has been called “cognitive epilepsy”. The slow wave compo-
nents of the discharges may protect against conventional sustained, depolarization-
based seizures but on the other hand interfere with normal cortical functioning. This 
assumption is strongly supported by several new results showing that sleep has a 
use-dependent homeostatic function, connected with sleep slow wave activity, 
needed for the plastic functions, impaired when abundant IEDs interfere. CSWS 
affects auditory discrimination and may have a long-lasting impact on cognitive 
function, whereas in typical children with BECTS with a lower degree of IEDs, 
plastic brain reorganization or the preservation of networks may prevent such diffi-
culty [102] or reduce the impact of cognitive deficits. Slow wave downscaling mea-
suring according to amount of slow wave activity, amplitude of slow waves, slope 
of waves and amount of multipeak waves during night sleep are impaired in CSWS 
patients [102, 103]. After remission of CSWS, the slope decreased significantly 
overnight. Analysis of slow waves might serve as a prognostic factor regarding cog-
nitive outcome [104].

Recently, the characteristic feature of NREM sleep in Lennox-Gastaut syndrome 
(LGS), namely, the runs of generalized paroxysmal fast activity (GPFA), has been 
demonstrated to be a distortion of physiological leading to giant pathological spin-
dles [39]. In Doose syndrome, where GPFA is not present, mental deterioration is 
less frequent and not as severe as in LGS. GPFA may have a special worsening 
effect on memory consolidation and can be considered a malignization marker of 
primary and secondary generalized epilepsies (also induced by benzodiazepine 
drugs and barbiturates) [39].

Temporo-limbic network epilepsy (TLNE) is the most frequent epilepsy type in 
adulthood. The main substrate of TLNE is held to be the hippocampus; however, 
more widespread temporal structural damage plays a role. Within NREM sleep, the 
activation of temporal spiking was found to be the highest during SWS. The char-
acteristic cognitive deficit conjoining TLNE is disturbance in declarative memory, 
due to hippocampal dysfunction which is in a certain extent side specific related to 
verbal memory in the dominant side and to visuospatial memory in subdominant 
side. There are only some lines of evidence for the role of IEDS during NREM 
sleep in the memory deficit interfering with hippocampal-cortical dialog during 
NREM sleep [39].

The role of the frontal lobe during memory process has gained attention in the 
last years: several studies showed that specific areas within the frontal cortex are 
involved in long-term memory, contrary to the traditional view that the frontal lobe 
role is limited to working memory [105]. A systematic neuropsychological study 
on a representative sample of patients affected by SHE showed neuropsychological 
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deficits in more than half of cases (53.33%), associated with mental disability in 
11.7% or a concomitant cognitive decline in 15% of them. A discrepancy strongly 
emerged between verbal and non-verbal IQ, irrespective of lateralization of seizure 
foci. A significant worse total IQ mean score was found in patients carrying muta-
tions in the known genes for SHE compared to patients without mutations, inde-
pendently of the specific gene involved [105]. Even among patients with normal 
intelligence, deficits involving memory, visuospatial abilities and selected execu-
tive functions (phonemic fluency, inhibitory control and working memory), with 
preserved shifting abilities and planning [105], were found. The finding of memory 
deficits can be readily explained by both the possible origin of hypermotor seizures 
from extrafrontal (temporal) networks and the main involvement of frontal areas 
[105]. In the SHE, similar to parasomnia, the ACh mutation within the frontal sys-
tem is mainly affected. The number of microarousal during NREM sleep is 
increased [51], but with opposite function compared to the IGE networks, since the 
cholinergic arousal system inhibits the thalamic reticular activity [39], inducing a 
frontal-temporal altered networking. One study reveals a different network struc-
ture and inter-area connectivity characterized by a higher connectivity in the occip-
itoparietal regions and lower values in the frontal areas [106]. Furthermore, an 
alteration of homeostatic process has been hypothesized in patients with SHE. It 
has been found that ictal events occur almost exclusively in SWS (72%), with a 
predominance in the first sleep cycle and decreasing in frequency together with the 
exponential decay of SWS across the night. In the first sleep period, the repetitive 
interruptions due to epileptic facilitation produce a sleep fragmentation with a sig-
nificant increase of REM latency and a homeostatic rebound of deep sleep in the 
second part of the night, resulting in an unexpected enhancement of SWS. No other 
untreated sleep disorders, including insomnia, share such a long REM latency with 
high amount of SWS [51].

Finally, in humans, only 1% of seizures occurred in REM sleep, and the rate of 
seizures, focal and generalized IEDs and focal high-frequency oscillations (HFOs) 
was all lowest in REM sleep. Cortical desynchronization in REM sleep suppresses 
seizure, IEDs and HFO distribution. Cortical desynchronization makes it harder 
for spontaneously occurring aberrant activity to organize into an IED and then 
harder still for IEDs to organize into seizures [107]. REM sleep has also been 
shown to selectively and persistently rebound after successful surgery of epilepsy. 
The absence of orexinergic activity in REM sleep, which is characterized by dif-
fuse cortical desynchronization, may be overall protective against IEDs and sei-
zures [107]. On the contrary, the presence of orexinergic activity in wakefulness, 
SWS and state transitions, which are characterized by a relatively greater degree 
of cortical synchronization, is overall less protective against IEDs and sei-
zures [107].

In Table 11.2, the different states of vigilance implicated in sleep-related epi-
lepsy, the NREM sleep instability related and the suggested appropriate treatment 
are summarized.
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