
337© Springer International Publishing Switzerland 2017 
S. Nevšímalová, O. Bruni (eds.), Sleep Disorders in Children, 
DOI 10.1007/978-3-319-28640-2_15

    Chapter 15   
 Sleep and Epilepsy                     

     Sejal     V.     Jain       and     Sanjeev     V.     Kothare     

    Abstract     Sleep and epilepsy are common bedfellows. Sleep infl uences seizures 
and epilepsy in terms of frequency and occurrence of interictal spikes and occur-
rence, timing, and threshold of seizure. On the other hand, epilepsy can worsen 
sleep architecture and severity of sleep disorders. Thus a vicious cycle is set. 
Additionally, antiepileptic drugs also infl uence sleep. So sleep complaints/disorder 
also should be considered when selecting appropriate antiepileptic drugs. Moreover, 
sudden unexpected death in epilepsy (SUDEP) occurs in sleep and is most likely 
associated with cardiorespiratory changes in sleep, occurring ictally or postictally. 
Furthermore, poor sleep is associated with worsened quality of life, neurocognitive 
and behavioral functioning, and memory defi cits on top of preexisting worsening 
due to epilepsy itself. Improving sleep and treatment of sleep disorders improve 
seizure frequency and overall well-being in patients with epilepsy. Hence, sleep 
evaluation and management are important in patient with epilepsy. In this chapter, 
we have discussed these interactions.  

  Keywords     Sleep architecture   •   Obstructive sleep apnea   •   SUDEP   •   BECTS   •   Sleep 
disorders   •   ESES   •   NFLE   •   JME   •   Serotonin   •   Cyclic alternating pattern  

   Epilepsy affects 1 % of the population in the USA and causes signifi cant impact on 
society [ 1 ]. In layman’s terms, recurrent unprovoked seizures defi ne epilepsy. A few 
years ago, the International League Against Epilepsy (ILAE) redefi ned epilepsy to 
be more inclusive and to advocate early treatment. Based on the new defi nition, (1) 
two or more unprovoked seizures, occurring more than 24 h apart, or (2) a single 
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unprovoked seizure (refl ex seizure) with at least 60 % chances of recurrence or (3) 
diagnosis of an epileptic syndrome is diagnosed as epilepsy [ 2 ]. The diagnosis is 
based on clinical history and specifi c diagnostic tests that identify patterns for sei-
zure occurrence. One such testing modality is electroencephalogram (EEG), which 
as the name suggests measures the electrical potentials of the pyramidal neurons. 
The abnormal activity which is linked to epilepsy is spike-wave discharges or inter-
ictal epileptiform discharges (IEDs), the presence of which may be helpful in diag-
nosing an event as a seizure. Based on the cerebral location, frequency of occurrence, 
morphology, and amplitude of abnormalities on EEG, certain epilepsy syndromes 
are identifi ed. One example is benign epilepsy with centrotemporal spikes [BECTS 
or benign Rolandic epilepsy (BRE)], which is discussed later in the chapter. 
Additionally, rhythmic, evolving EEG patterns that disrupt the normal electrical 
background activity constitute most seizures electrographically. In the last two 
decades, there has been signifi cant advancement in treatment of epilepsy as several 
new drugs and a few new devices have become available. Despite these, epilepsy 
largely remains incurable and in about a third of the patients, uncontrollable. 
Moreover, signifi cant comorbidities have also been reported, one of which is coex-
isting sleep disorders and sleep problems. 

 Sleep and epilepsy are interrelated. This is well known since the ancient times. 
Aristotle wrote that sleep is similar to epilepsy and in the same way that sleep is to 
epilepsy. In 1885, Gower described that 21 % of children had nocturnal seizures. He 
also reported that nocturnal seizures occurred at specifi c times in sleep. Ferre 
described that seizures affected sleep [ 3 – 5 ]. The effects of sleep and epileptiform 
discharges were fi rst described by Gibbs and Gibbs in 1947 [ 3 – 5 ]. In this chapter, 
we discuss these interactions. 

    Effect of Sleep on EEG, Seizures, and Epilepsy 

 Sleep activates interictal epileptiform discharges (IEDs). Studies in adults with 
focal epilepsy show that the spike frequency increases with increasing depth of 
NREM sleep besides the fi eld of discharge, which also increases [ 6 ,  7 ]. On the other 
end, spike frequency and the fi eld are reduced in REM sleep [ 8 ]. Due to both of 
these phenomena, REM-related IEDs can help to identify the seizure focus [ 9 ,  10 ]. 
Studies in children have shown that some children may have spikes only during 
sleep [ 11 ]. In children, the IEDs in focal epilepsies are more common during N1 
and N2 stages of sleep [ 12 ]. 

 Seizures are also known to occur during specifi c sleep stages. It is well docu-
mented that seizures are rare in REM sleep. A recent study reevaluated and con-
fi rmed that REM sleep was protective for seizure occurrence by reviewing 42 
studies. The study showed that seizures in N1, N2, and N3 were 87, 68, and 51 
times more common than in REM sleep, respectively. Even compared to wakeful-
ness, both generalized and focal seizures were less common in REM sleep. 
Moreover, EEG of certain epilepsy syndromes such as BECTS and electrical status 
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epilepticus during sleep (ESES) had marked improvement in REM sleep [ 13 ]. 
Additionally, sleep also infl uences epilepsy based on the location of seizure origin. 
In a study, 78 % of frontal lobe seizures were sleep related, while only 20 % of tem-
poral lobe seizures were sleep related [ 14 ]. The temporal lobe seizures were more 
likely to generalize in sleep [ 15 ]. Furthermore, sleep can provide a differential diag-
nosis for psychogenic non-epileptic seizures (PNES) from epileptic seizures as 
PNES do not occur in sleep, so occurrence of events during sleep helps to diagnose 
seizures [ 16 ]. 

 Just like sleep and other bodily functions, seizures also follow circadian rhythms. 
Studies show that tonic and tonic-clonic seizures occurred more frequently in sleep, 
while clonic, absence, atonic seizures and myoclonic seizures occurred in wakeful-
ness. Epileptic spasms had two peaks at 6–9 am and 3–6 pm in wakefulness [ 17 ]. 
Seizures of temporal lobe origin occurred mainly between 1100 and 1700, while 
frontal seizures were seen mostly between 2300 and 0500 [ 18 ]. In another study, 
occipital seizures peaked at 1600–1900, parietal and frontal peaked at 0400–0700, 
and temporal seizures peaked bimodally at 0700 and 1600–1900 [ 19 ]. The proof 
that this is not just time based but actually based on circadian rhythm was provided 
by a study correlating dim light melatonin onset (DLMO) with seizure occurrence. 
In the study, temporal seizures occurred most frequently during the times 6 h before 
DLMO and frontal seizures mainly in 6–12 h after the DLMO [ 20 ]. Since these 
studies were performed in a hospital epilepsy monitoring unit setting, which may 
not represent a true sleep-wake cycle for subjects, a study evaluated circadian pat-
tern of seizure occurrence on ambulatory EEG where patients are in the home envi-
ronment. In this cohort, frontal lobe seizures occurred more frequently between 12 
am and 12 pm, and temporal lobe seizures occurred more frequently between 12 pm 
and 12 am. Moreover, frontal lobe seizures clustered between 5:15 and 7:30 am, 
while temporal lobe seizures clustered between 6:45 and 11:56 pm [ 21 ]. Furthermore, 
sunlight may also affect seizure occurrence as complex partial seizures were less 
likely to occur on bright sunny days, than dull days in a study [ 22 ]. 

 This information on circadian pattern of seizure occurrence is very helpful for 
treatment strategies. There is possibility of light therapy and changing the circadian 
pattern for treatment of epilepsy. Additionally, a study suggested that differential 
dosing with two-third dose in the evening for predominantly nocturnal seizures led 
to seizure freedom in 64.7 % of patients, while 88.2 % experienced more than 50 % 
reductions in seizures [ 23 ]. There was mild increase in nocturnal peak levels as 
compared to daytime levels with the differential dosing. This approach may also be 
helpful in reducing side effects of antiepileptic drugs (AEDs). 

 Sleep deprivation is one of the most commonly reported seizure precipitating 
factors in children with intractable epilepsy [ 24 ]. Additionally, patients with JME 
are very sensitive to seizure occurrence due to sleep deprivation. However, there is 
still some controversy whether sleep deprivation increases IEDs. In general, activa-
tion is seen even if no sleep is recorded on the EEG, and hence, most EEG labora-
tories have established protocols for sleep-deprived EEGs. Sleep deprivation is also 
known to induce seizures in certain epilepsies and in patients with no history of 
seizures [ 12 ,  25 ,  26 ]. 
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 There are several mechanisms hypothesized to explain the activated IEDs and 
seizures in sleep. During NREM sleep neuronal networks are hypersynchronized. 
This helps to propagate the IEDs which are also believed to be generated by the 
same thalamocortical circuit similar to the sleep-specifi c architecture such as spin-
dle and slow waves. During REM sleep, this synchronization is absent which 
reduces the spread of IEDs. 

 The second theory relates to a cyclic alternating pattern (CAP), described in 
sleep EEG which is a marker of unstable sleep. This pattern is present in NREM 
sleep and at the transition from NREM to REM sleep. The pattern is defi ned by two 
phases, fi rst is phase A, of transient events, and second is phase B, the background 
rhythm in between. Additionally, CAP phase A is further divided into (1) phase of 
synchrony (A1 subtype), which comprises of delta bursts, K-complex sequences, 
vertex sharp transients, and polyphasic bursts with <20 % of EEG desynchrony; (2) 
phase of a mixture of slow and fast rhythms (A2 subtype), which includes polypha-
sic bursts with 20–50 % of EEG desynchrony; and (3) phase of rapid low-voltage 
rhythms (A3 subtype), which includes K-alpha, EEG arousals, and polyphasic 
bursts with >50 % of EEG desynchrony. Each CAP cycle begins with phase A and 
ends with phase B and lasts 2–60 s in duration. At least two such cycles form CAP 
sequence. CAP sequences are intermixed with non-CAP, which is the absence of 
CAP for more than 60 s, and represent stable sleep. CAP sequences, particularly, 
phases A2 and A3, have 87 % of the arousals seen in NREM sleep. CAP rate is cal-
culated as the percentage ratio of total CAP time to non-REM sleep time, which is 
a measure of arousal instability and has been used as a measure for restorative sleep 
in sleep disorders [ 27 ]. 

 CAP cycles have also been evaluated in patients with epilepsy. In genetic 
generalized epilepsy, higher CAP rate is reported along with spikes occurring 
during phase A1. In lesional temporal lobe epilepsy, higher IEDs are seen during 
CAP cycle, specifi cally, during phase A1 as compared to non-CAP. Ninety-one 
percent of secondarily generalized focal lesional bursts are identifi ed in CAP, 
while 96 % of all the generalized IEDs are found in CAP phase A [ 28 ]. 
Additionally, seizures also occurred during CAP cycle and in phase A than in 
phase B [ 29 ]. Moreover, in children with BECTS, CAP analysis showed reduced 
instability due to the presence of spikes which replaced the phase A1 and sug-
gested that the centrotemporal spikes may disrupt the physiological synchroniza-
tion mechanism [ 30 ]. In children with drug-resistant epilepsy, an increase of 
CAP rate in N2 was noted as compared to children with BECTS. Additionally, 
an increase in A1 index in N1 and N2 and signifi cant reduction of A3 index in 
N1 were noted [ 31 ]. 

 Based on these data, it is hypothesized that both CAP and IEDs are derived from 
similar if not the same anatomical pathways (thalamocortical). It is believed that 
CAP sequence triggers paroxysmal bursts like IEDs and IEDs promote the genera-
tion of phase A and, hence, increase instability. On the other hand, non-CAP part of 
sleep is unfavorable to IED generation due to reduced arousals [ 28 ]. 

 Adenosine is also implicated in the complex relationships of sleep and epilepsy. 
Extracellular adenosine is antiepileptic, exerting its effects through pre- and 
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postsynaptic adenosine receptors. The adenosine level depends upon the adenosine 
kinase (ADK) activity. Increased activity of ADK reduces adenosine and increases 
neuronal excitability. This endogenous adenosine mechanism is disrupted in chronic 
epilepsy. In studies, ADK activity was found to be overexpressed in mesial temporal 
sclerosis and temporal lobe epilepsy. Additionally, there was decreased expression 
of level of A 1  receptors [ 32 ]. Moreover, adenosine is essential in regulation of sleep 
homeostasis. In the event of disrupted system, poor sleep is noted [ 33 ]. So dysregu-
lated adenosine system may also be a factor causing poor sleep in patients with 
chronic epilepsy.  

    Sleep-Related Epilepsy Syndromes 

 Certain epilepsy syndromes are related to sleep-wake cycle or occur depending on 
sleep state or arousal from sleep. These are termed sleep-related epilepsies and 
include the following. 

    West Syndrome [ 34 ] 

 It is characterized by epileptic spasm, hypsarrhythmia, and developmental delay. 
The onset occurs at 3–12 months of age. The spasms are fl exor or extensor move-
ments of the head, trunk, and limbs, which are brief and typically occur in clusters. 
The classic EEG pattern of hypsarrhythmia is characterized by very high amplitude 
multifocal spikes occurring over a chaotic background. This pattern is often seen in 
NREM sleep at the onset of the disorder and sometimes exclusively. Additionally, 
the associated epileptic spasms occur in clusters soon after awakening, which is 
pseudo-normalization of the EEG during that time. Treatment is recommended as 
early as possible after the diagnosis. Adrenocorticotrophic hormone and vigabatrin 
are approved treatment options.  

    Panayiotopoulos Syndrome [ 34 ] 

 It is an age-related benign focal epilepsy syndrome with usual onset between 3 and 
6 years of age. Seizures are characterized by nausea, visual changes, and prominent 
autonomic symptoms with preserved consciousness. Majority of seizures occur in 
sleep (70 %) or up on awakening (13 %). These seizures can last from 30 min to 
several hours (autonomic status). EEG most commonly shows occipital discharges; 
however, temporal and parietal discharges are also seen. The ictal EEG shows theta 
waves intermixed with spikes or fast activity in anterior or posterior head region. 
The prognosis is good with resolution within 1–2 years of onset.  
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    Benign Epilepsy with Centrotemporal Spikes (BECTS) [ 34 ] 

 BECTS or benign Rolandic epilepsy is the most common epilepsy in childhood. 
The onset occurs between 3 and 13 years of age and remission occurs by 16 years 
of age. The typical seizures are hemifacial sensory or motor and associated with 
speech slurring and drooling. Consciousness is typically preserved. They may 
progress to unilateral arm and leg and occasionally to generalization. About 70 % 
of seizures occur in sleep. EEG shows characteristic spikes and wave discharges 
in fronto-central and temporal head region occurring independently or synchro-
nously with a horizontal dipole. The IEDs are amplifi ed in NREM sleep. The 
seizure frequency and severity is disproportionate to the amount of IEDs. 
Cognitive behavioral and sleep problems have been associated with the syn-
drome. Treatment with focal antiepileptic drugs is effective and long-term prog-
nosis is good.  

    Electrical Status Epilepticus During Sleep (ESES) and Related 
Disorders [ 34 ] 

 ESES is characterized by spike and wave discharges occurring almost continuously 
during slow-wave sleep. This pattern is associated with seizures and cognitive dys-
function. The term continuous spike-wave discharges during sleep (CSWS) was 
coined to dissociate clinical connotation from “status epileptics” in the ESES termi-
nology. These terms are used interchangeable in literature many times. The syn-
dromes are age-dependent epileptic encephalopathies with peak onset at 2–4 years 
of age. The seizure onset is prior to typical EEG pattern. Generalized tonic-clonic 
seizures as well as daytime atypical absences are seen. Tonic seizures are not seen. 
Cognitive defi cits and behavioral problems are associated with the syndrome and 
may occur as an acute regression or insidious development after months of seizure 
onset. Daytime EEG may show focal or generalized spikes and sleep EEG shows 
spike-wave index of 85–100 % during NREM sleep. Additionally, recognition of 
normal sleep architecture is diffi cult. Treatment of spikes may improve cognitive 
function and should be started immediately and aggressively after the diagnosis. 
Treatment options are high-dose benzodiazepines, steroids, valproic acid, leveti-
racetam, immunoglobulins, etc. The prognosis is dependent upon etiology, dura-
tion, and treatment response. 

  Landau-Kleffner Syndrome     It is a disorder characterized by acquired receptive 
aphasia due to auditory agnosia and epilepsy. The EEG shows almost continuous 
spike and wave discharges in unilateral or bilateral temporal region during NREM 
sleep. In addition to language, cognitive and behavioral problems can also be asso-
ciated. Onset is between 2 and 8 years with regression. Treatment of EEG spikes 
improves language function. Treatments are similar to ESES treatments.  

S.V. Jain and S.V. Kothare



343

  Atypical Benign Partial Epilepsy/Pseudo-Lennox Syndrome     The syndrome is 
characterized by similar presentation as benign focal epilepsies but associated 
ESES EEG pattern and mental defi cits. The prognosis and treatments are similar 
to ESES.  

 The presence of GRIN2A mutations in ESES, Landau-Kleffner syndrome, and 
BECTS suggests that these syndromes possibly occur as a continuum.  

    Juvenile Myoclonic Epilepsy [ 34 ] 

 JME affects 1–2 % of general population worldwide. It is closely linked to sleep as 
most seizures occur upon awakening and sleep deprivation is a strong trigger for 
seizure occurrence. The age of onset is from 12 to 18 in 79 % of patients. The char-
acteristic seizures are myoclonic jerks that occur upon or soon after awakenings and 
may progress to generalized tonic-clonic seizures. The myoclonic seizures may be 
missed at the onset as they are thought to be clumsiness (dropping things) or tics/
twitches. The diagnosis is typically made after a generalized tonic-clonic seizure 
(GTC), and upon obtaining further history, the myoclonic seizures become evident. 
About 20 % of patients have absence seizure which may suggest a poor prognosis 
for seizure freedom if these occur at the onset of the epilepsy. The characteristic 
EEG pattern is polyspikes and waves and/or spike and wave discharges occurring at 
2.5–3.5 Hz. Treatment with valproic acid and other broad-spectrum AEDs is recom-
mended. Prognosis for seizure control on AEDs is good, with majority of the 
patients requiring lifelong treatment.  

    Nocturnal Frontal Lobe Epilepsy [ 34 ] 

 Nocturnal frontal lobe epilepsy represents an epilepsy syndrome which is misdiag-
nosed as parasomnia often. The onset is in adolescence or young adulthood. Three 
clinical seizure patterns were described which are (1) paroxysmal arousals, (2) 
nocturnal paroxysmal dystonia, and (3) episodic nocturnal wandering. The autoso-
mal dominant type, called as autosomal dominant nocturnal frontal lobe epilepsy 
(ADNFLE), is associated with mutations in nicotinic acetylcholine receptor 
(CHRNA4) and in other genes (KCNT1 and DEPDC5). The clinical manifesta-
tions can vary between individuals in the family, but for the same individual, the 
seizures are stereotypic. Complex behaviors and sleep-related violent behaviors 
may also be present in addition to above-described pattern. The corresponding 
EEG fi ndings include ictal epileptiform abnormalities predominantly over frontal 
areas in 31.6 % of patients or rhythmic ictal slow-wave activity over larger anterior 
cortical areas in another 47.4 %. A third of patients also have associated non-REM 
parasomnias [ 35 ].   
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    Effect of Seizures and Epilepsy on Sleep 

 A seizure occurring in sleep causes signifi cant reduction of REM sleep and sleep 
effi ciency and increases N1. If the seizure occurs before the fi rst REM cycle, the 
REM sleep and sleep effi ciency are further reduced. Decrease in total sleep time due 
to reduced REM sleep and increased wake times have also been reported [ 36 ]. 

 Epilepsy also affects sleep. In adults with epilepsy, increased N1 and decreased 
N3 and REM were seen [ 37 ]. Additionally, increase in sleep instability in terms of 
stage shifts and sleep fragmentation caused by increased arousals and wake times 
was seen [ 36 ]. Fragmented sleep was more common in temporal lobe epilepsy as 
compared to frontal lobe or generalized epilepsy [ 36 ,  38 ]. In children with refrac-
tory focal epilepsy, decreased time in bed, total sleep time, and increased N3 were 
seen [ 39 ]. In children with generalized epilepsy, increased N1% and REM sleep 
latency were seen [ 40 ]. In children with epileptic encephalopathies, fragmented 
sleep, increased REM latency, and reduced total sleep times were seen [ 41 ]. In chil-
dren with refractory epilepsy with a brain lesion, reduction in total sleep time and 
sleep latency and an increase in REM latency and wake times have been described 
[ 31 ]. In children with tuberous sclerosis, increased arousals, wake time, increased 
N1, and reduced REM sleep were seen [ 42 ]. As discussed above, poor quality of 
sleep essentially creates a sleep-deprived state which then can precipitate seizures. 
Additionally, reduction in REM sleep and increased N1 sleep also perpetuates sei-
zures, which further reduces REM sleep.  

    Effect of Antiepileptic Drugs (AEDs) on Sleep 

 Various studies in healthy adults and patients with epilepsy show that AEDs also 
affect sleep architecture. In healthy adults, clobazam reduced sleep latency. 
Clobazam also reduced arousals and wake time, similar to levetiracetam, phenobar-
bital, tiagabine, and pregabalin. Carbamazepine reduced sleep latency, arousal, and 
wake times. Gabapentin increased REM sleep, while carbamazepine, levetiracetam, 
and phenobarbital reduced it. Levetiracetam, carbamazepine, tiagabine, and prega-
balin enhanced slow-wave sleep. Lacosamide did not affect sleep architecture in 
healthy adults [ 43 ]. The effects of antiepileptic drugs in patients with epilepsy are 
shown in Table  15.1 . Even though there are reports of AEDs increasing sleepiness, 
in objective studies this was not identifi ed for zonisamide, lamotrigine, topiramate, 
and vigabatrin. Valproic acid, phenobarbital, and high-dose levetiracetam objec-
tively caused sleepiness in studies [ 44 ].

   Non-medication treatments of epilepsy have also been shown to infl uence sleep. 
VNS improved daytime sleepiness and slow-wave sleep. Epilepsy surgery improved 
total sleep time (TST) and reduced arousals if the seizure frequency was also 
improved. Ketogenic diet also improved nocturnal sleep. As discussed above, 
improved seizure frequency may affect the sleep architecture by itself. Hence, when 
evaluating effects of AEDs on sleep architecture, it is important to note that many of 
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these studies did not analyze effects on sleep independent of improved seizure fre-
quency [ 44 ]. 

 Several AEDs have been implicated in either precipitating or worsening of sleep 
disorders. Vagus nerve stimulator use has been associated with sleep-related breath-
ing disorders such as obstructive sleep apnea and central apneic patterns [ 45 ,  46 ]. 
AEDs such as benzodiazepine and phenobarbital have been suggested to worsen 
obstructive sleep apnea [ 47 ]. Depakote is also suggested to worsen OSA; however, 
this was not found in a study [ 48 ]. Felbamate and lamotrigine have been thought to 
worsen insomnia [ 47 ]. A recent study suggested that zonisamide by affecting car-
bonic anhydrase activity and causing weight loss may improve obstructive sleep 
apnea in obese adults with epilepsy [ 49 ]. 

 Antiepileptic drugs signifi cantly affect sleep architecture; hence the selection of 
AED for an individual patient should be customized, i.e., in a patient with insomnia, 
gabapentin may be useful. In a patient with higher risk of sleep apnea, proper sleep 
evaluation and treatment should be undertaken and continued before VNS is 
implanted and stimulation is increased to rapid cycling. Felbamate and possibly 
lamotrigine should be avoided or administered early in the evening in patients with 
insomnia. Valproic acid and phenobarbital should be avoided in children with exces-
sive sleepiness in addition to sleep evaluation.  

    Sleep Disorders in Epilepsy and Impact of Treatment 
of Sleep Disorders on Epilepsy 

 Sleep disorders are common in epilepsy and many of the disorders have a higher 
prevalence than the general population. 

   Table 15.1    Effect of antiepileptic drugs on sleep architecture   

 TST  N1  N2  N3  REM  SL  WASO  Arousals  Sleepiness 

 Carbamazepine  –  –  –  ↑  –  –  –  –  NA 
 ETH  –  ↑  –  ↓  ↑  –  –  –  NA 
 Gabapentin  –  ↓  –  ↑  ↑  –  –  ↓  NA 
 Lamotrigine  –  –  ↑/–  ↓/–  ↑/–  –  –  –  – 
 Levetiracetam  –  –  ↑  ↓  –  –  –  –  ↑ 
 Phenobarbital  –  –  ↑  –  ↓  ↓  –  ↓  ↓ 
 Phenytoin  –  ↑  ↓  ↓/↑  ↓  ↓  –  –  NA 
 Pregabalin  –  ↓  –  ↑  –  –  –  –  NA 
 Topiramate  –  –  –  –  –  –  –  –  – 
 Valproic acid  ↑  ↑  –  –  ↑  ↓  ↓  ↓  ↑ 
 Vigabatrin  –  –  –  –  –  –  –  –  – 
 Zonisamide  –  –  –  –  –  –  –  –  – 

   TST  total sleep time (also included is sleep effi ciency in this column),  SL  sleep latency,  WASO  
wakefulness after sleep onset; sleepiness was measured by mostly multiple sleep latency test 
(MSLT), but also maintenance of wakefulness test (MWT)  
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    Questionnaire-Based Studies for Sleep Problems 

 Studies using questionnaires have shown that children with epilepsy have higher 
sleep problems than siblings or healthy controls. Diffi culty initiating and maintain-
ing sleep and co-sleeping were more common in children with epilepsy as com-
pared to siblings [ 50 – 54 ]. Even in children with new onset seizures, sleep problems 
were present in 45 % and were associated with worse neuropsychological function-
ing [ 51 ]. Among epilepsy-related factors, nocturnal seizures and seizure frequency 
contributed toward higher sleep problems [ 50 ]. In younger children, sleep-related 
anxieties were more common, while in older children, poor sleep was associated 
with poor daytime behavior [ 55 ]. Additionally in a study, higher sleep problems 
were associated with worse quality of life [ 53 ].  

    Sleep Apnea 

 In adults with refractory epilepsy, obstructive sleep apnea was noted in a third of the 
patients [ 56 ]. Several other studies have suggested higher prevalence of OSA in epi-
lepsy as compared to general population [ 22 ,  48 ]. In children with epilepsy, screened 
with clinical history and questionnaires for OSA, 80 % had obstructive apnea [ 57 ]. In 
retrospective studies in patients referred to sleep lab, sleep-disordered breathing is 
reported in 40 % of children [ 58 ]. In another study, uncontrolled epilepsy was a risk 
factor for obstructive sleep apnea as compared with primary snoring [ 48 ]. Obstructive 
index increased with increasing number of antiepileptic drugs [ 48 ]. Additionally, 
children with epilepsy had higher number of arousals, prolonged sleep latency, and 
higher O 2  desaturations as compared to controls with higher severity of OSA [ 58 ].  

    Central Sleep Apnea (CSA) 

 A retrospective study suggested that children with abnormal MRI of the brain are at 
higher risk of central sleep apnea [ 59 ]. No other data exist in children. In adults with 
epilepsy, OSA and mixed apnea were more prevalent than CSA. CSA was more common 
in males and in focal epilepsy [ 60 ]. Central apneas are also associated with seizures [ 31 ].  

    Restless Leg Syndrome (RLS)/Periodic Limb Movement 
Disorder (PLMD) 

 In retrospective studies in cohort of children referred to sleep lab, PLMs/PLMD was 
found in 5–10 % [ 58 ,  61 ]. In studies in adults with epilepsy, 15 % had PLMD and 17 % 
had PLMs in sleep [ 62 ,  63 ]. In adult patients with epilepsy, RLS was identifi ed in 
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18–35 % [ 62 ,  64 ]. No data exist on RLS in children with epilepsy. This may be due to 
diffi culties in diagnosing children with RLS due to diffi culty obtaining history from 
younger children, confusing the diagnosis with growing pains and studies focusing on 
referrals to sleep lab. As RLS and PLMD coexist in children, it is possible that some 
of the studies may have included the children with combination of the disorders.  

    Insomnia 

 Insomnia is under-recognized in children with epilepsy. In a study, 82 % of surveyed 
providers used melatonin or a hypnotic for sleep problems, prior to referral to a sleep 
specialist [ 61 ]. In children with epilepsy referred for sleep evaluation, insomnia was 
identifi ed in 11 % [ 61 ]. In adult with epilepsy, 40–55 % subjects had insomnia [ 51 , 
 65 ]. Sleep maintenance insomnia is more common (52 %) than sleep onset insomnia 
(34 %) [ 64 ]. Insomnia correlates with number of AEDs and higher scores on depres-
sion scales. Insomnia and poor sleep quality predict poorer quality of life [ 66 ].  

    Parasomnia 

 Parasomnias are common in children, especially in younger children. Hence, just by 
mere association, these are common in children with epilepsy also. This presents 
challenges for diagnosis in nocturnal epilepsy. Additionally, in patients with noctur-
nal frontal lobe epilepsy (NFLE), 30 % also have arousal parasomnia [ 67 ]. Hence, 
evaluation with careful history and video EEG monitoring may be needed for accu-
rate diagnosis in these children. Some of the differentiating features include onset 
parasomnia seen in children younger than 10 years of age, whereas seizures of 
NFLE start at a later age, and parasomnia events are longer, have different behavior 
patterns, and occur during earlier part of the night, out of N3. On the other end, 
NFLE seizures are brief and highly stereotypic, may occur multiple times in the 
night, and are usually out of N1/N2 [ 68 ].  

    Sleepiness 

 Sleepiness is very common in children with epilepsy, present in 28–48 % of patients. 
However, referrals for sleep evaluations are limited for this complaint. The reason 
may be that most neurologists attribute sleepiness to antiepileptic drugs [ 61 ]. 
However, prospective studies in adults with epilepsy suggest that sleepiness is cor-
related with sleep apnea and RLS symptoms, habitual snoring, observed apneas, 
recurrence of seizures, neck circumference, and anxiety also [ 62 ,  69 ,  70 ]. Similarly, 
in children with epilepsy, 46.2 % of children with epilepsy had sleepiness which 
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was associated with sleep disorders and not with the epilepsy syndrome, AEDs, and 
the presence or absence of seizure freedom [ 71 ].  

    Impact of Treatment of Sleep Disorders 

    OSA 

 There are several studies showing that treatment of OSA improves seizure fre-
quency. A retrospective review in adult patients with OSA and epilepsy, treated with 
CPAP at least for 6 months, showed decreased seizure frequency. More than half of 
the CPAP-compliant subjects became seizure-free. In the non-compliant group, no 
signifi cant differences were seen [ 72 ]. CPAP also improved IEDs in wakefulness 
and sleep except for REM sleep [ 73 ]. In a randomized study, 50 % responder rate 
was 28 % on CPAP as compared to 15 % of controls [ 74 ]. A recent study showed 
that the odds of more than 50 % reduction or seizure freedom in PAP-treated sub-
jects were 9.9 and 3.91 times compared to untreated OSA and no OSA, respectively. 
PAP-treated subjects had 32.3 times the odds of having 50 % or more seizure reduc-
tion compared with the untreated OSA and 6.13 times compared with no OSA [ 75 ]. 
Additionally, treatment of underlying OSA with adenotonsillectomy resulted in 
improvement in seizure frequency [ 76 ].  

    Melatonin 

 A few randomized studies evaluated the effect of treatment of insomnia with melato-
nin in epilepsy. In a study, signifi cant improvement was seen in sleep questionnaire 
total sleep score on melatonin [ 77 ]. In a study in children and young adults, no 
improvement was seen on actigraphy or sleep diary [ 78 ]. However, seizure frequency 
was signifi cantly reduced. In another study, sleep latency was reduced on melatonin 
on sleep logs [ 79 ]. In a class I study, sleep latency and WASO were improved signifi -
cantly. Additionally, there was some improvement in sleep effi ciency (3.8 %) on 
polysomnography, total sleep time on actigraphy, and sleep duration and later wake 
times based on sleep diary on melatonin. Moreover, N3% was increased on melato-
nin. There was a trend toward improvement in epileptiform discharges [ 80 ].    

    Sudden Unexpected Death in Epilepsy (SUDEP), Sleep, 
and Cardiorespiratory Abnormalities 

 SUDEP is defi ned as a “sudden, unexpected, witnessed or unwitnessed, non- 
traumatic and non-drowning death in patients with epilepsy with or without evi-
dence for a seizure and excluding documented status epilepticus in which 
postmortem examination does not reveal a toxicologic or anatomic cause for death” 
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[ 81 ]. The incidence depends on the age, the seizure frequency, and the type of epi-
lepsy and could be as high as 6.0–9.3 per 1000 patient-years among patients with 
refractory surgery evaluated for or treated with epilepsy surgery or vagus nerve 
stimulation for epilepsy [ 82 ]. The incidence in children is estimated to be 1–2/10,000 
patient-years, with a slight male preponderance [ 83 ]. Up to 70 % of these deaths 
occur in sleep, and hence, it is a concern for sleep providers as they may be evaluat-
ing patients at risk for it. A variety of risk factors and mechanisms have been sug-
gested and there is no one accepted theory for causation. In children, the risk factors 
are believed to be major neurological impairment, refractory seizures, and general-
ized tonic-clonic seizures. In a study, half of the children with SUDEP had symp-
tomatic epilepsy [ 83 ]. In children with epilepsy but without neurological handicap, 
risk of death was similar to general population [ 84 ]. Since most deaths occur after 
seizures, it is believed that it is related to events occurring during or after seizures. 
One of the mechanisms thought to be responsible for SUDEP is respiratory and 
cardiac changes during seizures. The respiratory abnormalities include central and 
obstructive apneas, hypoventilation, hypercapnia, and desaturation with acidosis, 
bradypnea, and tachypnea [ 85 ]. Respiratory abnormalities such as central apnea or 
hypopneas were noted in 53 % of the seizures, and oxygen desaturation below 90 % 
occurred in a third of the seizures. Additionally, there was substantial increase in 
CO 2  levels [ 86 ]. In studies in pediatric epilepsy, risk factors for ictal central apnea 
were younger age, temporal lobe seizures, left hemispheric seizures, symptomatic 
generalized seizures, longer seizures, desaturation, ictal bradycardia, and more anti-
epileptic drugs. Similarly, desaturation was more prevalent in longer-duration sei-
zures, ictal apnea, ictal bradycardia, and more AEDs [ 87 ]. The cardiac abnormalities 
include postictal changes in heart rate variability caused by sympathetic activation, 
ictal bradycardia, asystole, repolarization, anomalies (prolonged or shortened QTc 
interval), and atrial fi brillation [ 85 ]. In pediatric epilepsy, ictal bradycardia was 
more prevalent in male patients, longer-duration seizures, desaturation, and more 
AEDs [ 87 ]. Additionally, children with Dravet syndrome have also been shown to 
be at higher risk due to decrease in heart rate variability presumably caused by 
sodium channel mutations [ 88 ,  89 ]. Moreover, postictal EEG suppression may be 
another mechanism which is more common in adults [ 85 ,  90 ]. Dysfunction in the 
serotonin system has been linked to epilepsy. Additionally, respiratory changes such 
as apnea or hypoventilation are common with generalized seizures. Serotonergic 
system also plays an important role in breathing control. Additionally, in animal 
model of epilepsy, SSRIs have been shown to reduce post-seizure respiratory arrest 
[ 86 ]. Hence, SSRIs may have a role in SUDEP prevention.  

    Behavior, Quality of Life, and Memory, Sleep, and Epilepsy 

 Poor memory, behavior, and quality of life along with psychiatric problems are 
common in patients with epilepsy. Sleep problems can worsen these [ 25 ]. Even 
in children with new onset seizures, sleep disturbances are associated with higher 
behavioral problems as well as poorer neuropsychological function [ 51 ]. 
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Other studies have shown more behavioral problems and poorer psychological 
functioning in children with sleep problems than without sleep problems [ 25 , 
 55 ]. Additionally, psychiatric problems and depression are also associated with 
epilepsy. In a recent study, suicidal ideation was also linked to poor sleep quality 
in patients with epilepsy [ 91 ]. Moreover, patients with epilepsy and sleep prob-
lems have poorer quality of life as compared to patients without sleep problems 
[ 92 – 94 ]. These have been seen in the domains of physical cognitive and social 
function [ 53 ]. Furthermore, sleep enhances memory consolidation. Slow-wave 
sleep enhances declarative memories, while REM sleep improves procedural and 
emotional memory. Hence, poor sleep can affect memory in children with epi-
lepsy. In a recent study, children with idiopathic focal epilepsies had poorer 
sleep-related memory consolidation. This also correlated with IEDs in NREM 
sleep [ 95 ]. Hence, sleep problems worsen the other comorbidities of epilepsy, 
and adequate treatments should be performed for sleep problems and sleep 
disorders.  

    Conclusion 

 Sleep and epilepsy are interrelated and worsening of one worsens the other and sets 
up a vicious cycle. Epilepsy comorbidities of poor behavior, quality of life, and 
memory are further worsened by poor sleep. Moreover, sleep disorders are very 
common and treatment of them may improve seizure control. Hence, education on 
improving sleep quality and screening, evaluation, and treatment for sleep problems 
should be a part of routine care in patients with epilepsy.     
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