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Sleep and Epilepsy
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Since Aristotle and Hippocrates noted the occurrence of epileptic seizures
during sleep, the relationship between sleep and epilepsy has intrigued
physicians and researchers. In the late nineteenth century, Gowers [1]
commented on the relationship of seizures to the sleep-wake cycle. In 1929,
Langdon-Down and Brain [2] observed that nocturnal seizures peaked
approximately 2 hours after bedtime and between 4 AM and 5 AM, whereas
daytime seizures were most prevalent in the ﬁrst hour after waking. Berger’s
discovery of the electroencephalogram (EEG) in the 1920s provided a
diagnostic tool for studies researching the interrelationship of sleep and
epilepsy [3]. Gibbs and Gibbs [4] demonstrated that interictal epileptiform
discharges were activated by sleep, and obtaining sleep during an EEG
recording remains a standard activating procedure today. Janz [5]
diﬀerentiated awakening, nocturnal, and diurnal/nocturnal epilepsies, and
Niedermeyer [6] described the activating inﬂuence of arousal on epilepsy.
This review summarizes the basic mechanisms of epilepsy and the inﬂuence of sleep on epileptic seizures, highlights several epileptic syndromes that
occur commonly during sleep, outlines the diﬀerential diagnosis of paroxysmal events and diagnostic tests for epilepsy, summarizes the evidence for
sleep disorders in patients who have epilepsy, and discusses the management
of sleep-related epilepsy.
Mechanisms
Epilepsy is a chronic disorder characterized by recurrent seizures. During
seizures, abnormal electrical discharges are synchronized throughout
a localized or distributed population of neurons in the brain [7]. Seizures
may be partial, originating in a focal area of cortex, or generalized, arising
diﬀusely from both hemispheres. Experimental models of partial and
generalized epilepsy can be produced by applying chemicals, such as
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penicillin, directly to cortical tissue or by electrical stimulation. In the
generalized epilepsies, spike and wave discharges seen in the human surface
EEG are generated by thalamocortic neurons, with excitatory action
potentials alternating with periods of inhibition [8], although cortical
mechanisms also seem to be involved [9]. In experimental models of the
partial epilepsies, the cellular correlate of the interictal spike is the paroxysmal depolarizing shift (PDS), a prolonged high-amplitude depolarization
followed by a hyperpolarization [7]. A large excitatory postsynaptic potential
underlies the PDS. A variety of mechanisms (including membrane receptor
alterations and neurochemical release) operating at local (eg, hippocampal)
and more widespread (eg, thalamocortic) levels are implicated in amplifying
excitatory postsynaptic potential enhancement and PDS generation. The
onset of seizure activity seems to be linked to attenuation of the hyperpolarizing membrane potential.
Sleep is an example of a physiologic state capable of modulating seizures
through the involvement of widespread circuits, including thalamocortic
networks [10]. The inﬂuence of sleep on epilepsy is supported by observation
that, in speciﬁc epileptic syndromes, seizures occur exclusively or primarily
during non–rapid eye movement (NREM) sleep. In almost all epileptic
syndromes, interictal epileptiform discharges are more prevalent during
NREM sleep and less prevalent during rapid eye movement (REM) sleep.
Neuronal synchronization within thalamocortic networks during NREM
sleep results in enhanced neuronal excitability, leading to more diﬀuse
distribution of focal discharges and facilitation of seizures and interictal
epileptiform discharges in many persons who have partial epilepsy.
Neuronal synchronization is disrupted on arousal or transition to REM
sleep, and focal discharges become more localized [11]. The biochemical
pharmacology of sleep and arousal is under intensive study; the involvement
of a variety of neurotransmitters is likely. The preoptic area of the
hypothalamus is a major sleep-promoting system that uses g-aminobutyric
acid (GABA) as a neurotransmitter. Sleep-active neurons in the preoptic
area project to brainstem regions that contain neurons involved in arousal
from sleep and, by inhibiting these regions, in turn promote sleep. These
regions include the pedunculopontine and laterodorsal tegmental nuclei, the
locus coeruleus, and the dorsal raphe [12].
Epileptic syndromes associated with sleep
The proportion of patients who have seizures that occur exclusively or
predominantly during sleep ranges from 7.5% to 45% in several series
studying sleep-related epilepsy [13,14]. This wide variation in prevalence may
reﬂect diﬀerences in epileptic syndromes among patient populations, with
seizures more likely to occur during sleep in certain epileptic syndromes. The
1989 Classiﬁcation and Terminology of the International League Against
Epilepsy [15], the most widely used classiﬁcation of the epilepsies,
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distinguishes a variety of epileptic syndromes primarily on the basis of clinical
characteristics, epidemiology, and EEG and neuroimaging studies.
A major discriminating factor is whether or not seizures originate in
a group of neurons within one hemisphere (partial, focal, or localization
related) or within neurons throughout both hemispheres (generalized).
Speciﬁc partial and generalized epileptic syndromes associated with sleep are
described in this article and outlined in Table 1. Two probable epileptic
syndromesdparoxysmal nocturnal dystonia and epileptic arousals from
sleepdalso are discussed.
Partial seizures
Crespel and colleagues [16] found that frontal lobe seizures are more
common during sleep and temporal lobe seizures more common during
wakefulness. Herman and coworkers analyzed 613 seizures in 133 patients
who had partial seizure and underwent video-EEG monitoring [17]. Fortythree percent of all partial seizures began during sleep, the majority during
stages 1 and 2 sleep and none during REM sleep. Temporal lobe seizures
were more likely to generalize secondarily during sleep than wakefulness
compared with frontal lobe seizures, which were less likely to generalize
secondarily during sleep. Frontal lobe seizures were most likely to occur
during sleep, with temporal lobe seizures next, and occipital or parietal lobe
seizures occurring rarely during sleep. Minecan and coworkers [18] show
that seizures statistically were more common during NREM stages 1 and 2,
at least for isolated seizures occurring in one night. Some seizures did occur
during REM sleep, but this was the least frequent sleep stage for seizures to
occur. Log delta power, an automated measure of sleep depth, increased in
the 10 minutes before seizures, suggesting that seizures occur as sleep is
deepening within NREM stages 1 and 2 sleep.
Temporal lobe epilepsy
Complex partial seizures that begin focally and impair consciousness are
the predominant seizure type in temporal lobe epilepsy (TLE) [19]. Staring,
Table 1
Epilepsy syndromes associated with sleep-related seizures
Epilepsy syndrome

Age of onset

TLE
Frontal lobe epilepsy
Benign childhood epilepsy with centrotemporal spikes
Epilepsy with GTCS on awakening
Juvenile myoclonic epilepsy
Absence epilepsy
Lennox-Gastaut syndrome
Continuous spike and slow wave discharges during sleep

Late childhood to early adulthood
Late childhood to early adulthood
3–13 y (peak 9–10 y)
6–25 y (peak 11–15 y)
12–18 y (peak 14 y)
3–12 y (peak 6–7 y)
1–8 y (peak 3–5 y)
8 mo–11.5 y
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orofacial or limb automatisms, and head and body movements occur
frequently. The most common cause is idiopathic; trauma, tumor, stroke, and
other focal lesions must be considered and are detectable with brain MRI.
Idiopathic cases often show hippocampal sclerosis on MRI. Most patients
continue to have seizures and require antiepileptic drug therapy; many
patients, however, are controlled easily.
Because TLE is the most common type of partial epilepsy in adults, seizures
during sleep commonly are of temporal lobe origin. In most patients who have
TLE, however, seizures are more likely to occur during wakefulness than
sleep. Bernasconi and colleagues [20] identiﬁed a group of 26 patient who had
nonlesional refractory TLE and in whom seizures occurred exclusively or
predominantly (O90%) after they fell asleep or before they awakened. These
patients manifested the typical clinical manifestations of TLE, and in
addition, some also exhibited sleepwalking as a manifestation of their seizure
activity. Their prognosis for seizure freedom after epilepsy surgery was more
favorable than in patients who had nonlesional TLE and seizures during
wakefulness.
Although temporal lobe seizures occur more frequently during NREM
than REM sleep [17], they may occur occasionally during REM sleep [18].
Interictal epileptiform activity is more common during NREM sleep than
during wakefulness and REM sleep. Sammaritano and colleagues [21] found
that 78% of subjects had increases in the frequency of spikes recorded by
surface electrodes during NREM stages 3 and 4 and that the ﬁeld of spiking
increased in NREM sleep compared with wakefulness and REM sleep.
Increased spiking during deep NREM sleep also was found in depth
electrode studies [22,23]. Overnight sleep recordings may reveal interictal
foci not present on routine EEGs, thus providing prognostic information for
the epilepsy surgery evaluation, especially in cases where the interictal
spiking remains unilateral [24]. Examples of interictal epileptiform activity
are shown in Figs. 1 and 2.
Frontal lobe epilepsy
As with temporal lobe epilepsy, the most common cause of frontal lobe
epilepsy is idiopathic, although focal lesions also may be the cause. As the
clinical manifestations of nocturnal frontal lobe seizures often include
prominent tonic or motor manifestations, they are more likely to be noticed
by the patient or family than complex partial seizures of temporal lobe
origin; however, the brevity, the minimal amount or lack of postictal
confusion, the psychogenic-appearing features (including kicking, thrashing,
and vocalizations), and the frequently normal interictal and ictal recordings
may complicate diagnosis. Nocturnal episodes may suggest diagnoses of
sleep terrors, REM sleep behavior disorder (RBD), psychogenic spells, or
paroxysmal nocturnal dystonia (discussed later). Scheﬀer and colleagues [25]
describe an autosomal dominant nocturnal frontal epilepsy syndrome
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Fig. 1. Right anterior temporal interictal epileptiform discharge with phase reversal at F8
electrode during stage 2 NREM sleep. Calibration symbol: 150 mV, 1 s.

(ADNFLE) with clustering of nocturnal motor seizures documented by
video-EEG monitoring. Many of the 39 individuals from six families had
been misdiagnosed with nonepileptic disorders. This large Australian
kindred showed a missense mutation in the alpha-4 subunit of the neuronal

Fig. 2. Bilateral independent interictal epileptiform discharges from temporal depth electrode
contacts RT1–RT2, RT2–RT3 (right anterior hippocampus) and LT1–LT2, LT2–LT3 (left
anterior hippocampus). Note absence of interical epileptiform activity on simultaneously
recorded scalp electrodes. Calibration symbols: 30 mV, 1 s (surface electrodes); 150 mV, 1 s
(intracranial electrodes).
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nicotinic acetylcholine receptor gene, located on chromosome 20q. This
aberrant acetylcholine receptor may be related to the preferential occurrence
of ADNFLE during sleep, in that physiologic sleep mechanisms are
disrupted [26]. This model is complicated; independent investigators have
determined that ADNFLE is a genetically heterogeneous disorder, however,
with other families not showing linkage to chromosome 20q [27].
Frontal lobe seizures arise from a variety of structures, including the
supplementary motor area; the cingulate gyrus; the anterior frontopolar,
orbitofrontal, dorsolateral, and opercular regions; and the motor cortex.
Correlation between anatomic location and clinical characteristics has
limitations because of rapid propagation, although an anatomic classiﬁcation
still is used because of its simplicity. One example of frontal lobe epilepsy is the
syndrome associated with supplementary sensorimotor area seizures that
originate in or spread to involve area 6 on the medial surface of the cerebral
hemisphere [28]. These seizures, which often occur in sleep, begin abruptly
with tonic posturing of one or more extremities, sometimes followed by
rhythmic or clonic movements. A sensation of pulling, pulsing, heaviness,
numbness, or tingling may precede tonic posturing. The surface EEG often is
normal, although interictal epileptiform activity or ictal patterns may occur in
electrodes at or adjacent to the midline (ie, Cz). Seizures of sensorimotor area
origin may be mistaken for psychogenic spells because of thrashing behavior,
preservation of consciousness, absence of postictal confusion, and absence of
interictal or ictal EEG activity. Diagnostic points supporting sensorimotor
area seizures include (1) short duration (less than 30 seconds to a minute), (2)
stereotyped nature, (3) tendency to occur predominantly or exclusively during
sleep, and (4) tonic contraction of the arms in abduction. Psychogenic spells
usually are longer in duration (1 to several minutes), are nonstereotypic, and
occur in the awake or drowsy state [29]. Withdrawal of antiepileptic
medications to promote generalized tonic-clonic seizures (GTCS) during
in-patient evaluation with continuous video-EEG monitoring is a useful
diagnostic maneuver [30].
Partial seizures with complex automatisms
Pedley and Guilleminault [31] describe six patients who had unusual
sleepwalking episodes involving screaming or other vocalizations and
complex, often violent automatisms. They distinguished these probable
epileptic spells from NREM sleep confusional arousals (described previously) on the basis of several characteristics. Probable epileptic spells
occurred in a slightly older age group (adolescents and young adults) in
association with complex behaviors and complete unresponsiveness to the
environment, with a family history for confusional arousals lacking.
Epileptiform EEG abnormalities and responsiveness to antiepileptic
medications also supported a diagnosis of epilepsy. Montagna and
colleagues [32] performed EEG polysomnography in six patients who had
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complex arousals from NREM sleep characterized by wandering, motor
agitation, and screaming. One patient experienced GTCS after an EEG
arousal, and two responded to carbamazepine, supporting a diagnosis of
epilepsy.
Benign epilepsy of childhood with centrotemporal spikes
Also known as benign rolandic epilepsy, this common childhood seizure
disorder, which accounts for 15% to 20% of childhood epilepsy, responds
favorably to antiepileptic medication [33,34]. The cause is idiopathic, with
a genetic predisposition. Seizures occur predominantly during sleep.
Oropharyngeal signs, including hypersalivation and guttural sounds, are
the most common manifestations. Speech arrest, clonic jerks, tonic
contraction of the mouth, and occasionally clonic jerks of the arm or leg
also are common. Consciousness is preserved in most cases unless secondary
generalization occurs. The EEG usually shows centrotemporal or rolandic
spikes or sharp waves, reﬂecting the anatomic areas underlying the most
common clinical manifestations (Fig. 3).

Fig. 3. Runs of interictal epileptiform with a centrotemporal dominance in benign rolandic
epilepsy. Calibration symbol: 500 mV, 1 s.
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Generalized seizures
Epilepsy with generalized tonic-clonic seizures on awakening
In this idiopathic syndrome, which most likely has a genetic basis, GTCS
occur exclusively or predominantly (O90%) shortly after awakening
(regardless of time of day) or in the evening period of relaxation [13]. Myoclonic or absence seizures may coexist. Photosensitivity is common, and sleep
deprivation is a frequent precipitant. The EEG shows interictal generalized spike-wave activity. Complete seizure control with medication occurs
in most patients, although most relapse if medication is withdrawn.
Juvenile myoclonic epilepsy is a related syndrome. It is one of the most
common forms of idiopathic generalized epilepsy, and consists of
a combination of myoclonic seizures that occur shortly after awakening,
GTCS, and absence seizures [35]. When questioned, patients may report
being clumsy and dropping items while carrying out their morning activities
of daily living, including shaving, applying cosmetics, or preparing
breakfast. Brain MRI and neurologic examination are normal. Interictal
EEGs in untreated patients are characterized by diﬀuse polyspike and slow
wave complexes of 4 to 6 Hz. Response to antiepileptic medications usually
is excellent, although lifelong treatment often is necessary.
Absence epilepsy
Absence epilepsy is another genetically determined form of generalized
epilepsy. Seizures are brief spells, usually lasting less than 10 seconds,
characterized by the abrupt cessation of ongoing activity, a blank stare, and
abrupt return to awareness with resumption of activity [36]. Mild clonic,
atonic, or tonic components or automatisms may be associated. They often
are precipitated by hyperventilation, photic stimulation, and drowsiness and
are suppressed by attention. The brevity of the attacks and the lack of an
aura or postictal confusion help to distinguish these spells from complex
partial seizures [37]. The waking EEG correlate to absence seizures is the
classical 3-second spike and wave discharge. Drowsiness and sleep activate
spike and wave discharges, which are most marked during the ﬁrst sleep
cycle, maximal during NREM sleep, and rare or absent in REM sleep [38].
The morphology of spike and wave discharges also is aﬀected by NREM
sleep, with irregular polyspike-wave discharges predominating. Prognosis
with treatment is excellent. The seizures decrease with advancing age, and
medications can be withdrawn from most patients by late adolescence,
although some patients continue to require treatment for life.
Lennox-Gastaut syndrome
This syndrome is characterized by generalized tonic, atonic, and atypical
absence seizures, slow background on interictal EEG with slow (usually
2.0–2.5 Hz) spike and wave complexes, and mental retardation [39]. There
are cryptogenic forms with no prior neurologic abnormality, normal
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development, and normal neuroimaging and symptomatic forms of other
neurologic abnormalities, abnormal development, or abnormal neuroimaging. NREM sleep is associated with increased spikes and rhythmic
10-Hz spikes that may be accompanied by tonic seizures.
Other epilepsies
In some epilepsy syndromes, it is uncertain if seizures are focal or
generalized. Epilepsy with continuous spike-waves during slow wave sleep
(CSWS) is one such syndrome, Patry and colleagues [40] described
‘‘subclinical’’ electrical status epilepticus induced by sleep in children with
almost continuous spike and slow wave discharges during NREM sleep. The
disorder aﬀects only 0.5% of children with epilepsy, and its cause is unclear,
although approximately one-third of children have neurologic abnormalities
[41]. It is a striking form of epilepsy because of the markedly abnormal state
dependent EEG: 2.0- to 2.5-Hz generalized spike and wave discharges occur
during at least 85% of NREM sleep, whereas during REM sleep and
wakefulness, spike-wave discharges are less continuous and more focal.
Seizures are not universal, although they frequently occur in CSWS and may
be manifested as nocturnal partial motor seizures or GTCS, atypical
absence, or myoclonic jerks. Progressive behavioral disturbances are
common. Although treatment of seizures is partially or completely eﬀective,
cognitive impairment usually persists.
Probable epileptic disorders
Nocturnal paroxysmal dystonia
This syndrome, initially termed hypnogenic paroxysmal dystonia and
subsequently, nocturnal paroxysmal dystonia (NPD), is characterized by
brief (15–45 seconds) stereotyped motor attacks consisting of dystonic
posturing, ballistic or choreic dyskinesias, and vocalizations during NREM
sleep without clear ictal or interictal EEG changes that are responsive to
carbamazepine [42]. Although the lack of EEG changes might seem to make
epilepsy an unlikely cause, the lack of surface EEG abnormalities does not
exclude epilepsy; seizures originating in deep mesial frontal generators often
lack interictal and ictal correlates and require invasive monitoring for
deﬁnitive diagnosis. Tinuper and colleagues [43] report two patients who
had ‘‘typical’’ NPD attacks that culminated in GTCS with electrographic
ictal correlates. The attacks of NPD resemble frontal lobe seizures in their
brevity and motor involvement. In evaluating a patient who has a history
consistent with NPD, EEGs during wake and sleep should be performed.
Additional supraorbital electrodes should be placed to increase frontal lobe
coverage. Care should be taken to identify and diﬀerentiate central spikes
from physiologic vertex sharp waves of sleep. Intracranial monitoring may
be required for refractory cases in which there is a high suspicion of epilepsy.
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Fig. 4. Combined surface electrode (ﬁrst 10 channels) and intracranial montage (last 12 channels). Calibration symbols: 30 mV, 1 s (surface electrodes); 150
mV, 1 s (intracranial channels). (A) Prior to seizure onset, sleep spindles (asterisk) are apparent in the surface electrodes, and frequent interictal epileptiform
discharges are observed in the left and right temporal depth electrode contacts (RT1–RT2, RT2–RT2 and LT1–LT2, LT2–LT3). (B) At the open arrow, the
earliest deﬁnite intracranial ictal discharge (spike and wave complex in the right temporal depth electrode contacts leading to rhythmic sinusoidal alpha
frequency activity) is seen, preceding the clinical arousal from sleep (solid arrow, indicating myogenic activity) and the earliest deﬁnite scalp ictal discharge
(bracket, indicating myogenic activity with emerging right temporal rhythmic theta activity). (From Malow BA, Varma NK. Seizures and arousals from
sleepdwhich comes ﬁrst? Sleep 1995;18:783–6; with permission.)
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‘‘Epileptic’’ arousals from sleep
Athough most arousals from sleep are not the result of epilepsy, epileptic
seizures and interictal epileptiform activity sometimes may be associated
with arousals and excessive daytime somnolence. In two of the epilepsy
syndromes described previouslydepilepsy with GTCS on awakening and
juvenile myoclonic epilepsydtransition from the sleep to wake state is
a clear precipitant. Peled and Lavie [44] describe 14 patients who had
hypersomnolence and paroxysmal epileptic discharges during stages 2 and 3
of NREM sleep that were associated with arousals, fragmentation of sleep,
and reduction in sleep eﬃciency, in particular REM sleep. Three of these
patients responded to anticonvulsant agents with a clinical and polysomnographic improvement in sleep patterns.
It is important to recognize the shortcomings of surface EEG when
investigating the relationship between arousals and seizures. In cases in
which seizures seem to follow clinical arousals, the onset of ictal activity
may be delayed on the surface EEG compared with the intracranial EEG
[45]. Fig. 4 illustrates an example from combined surface intracranial
monitoring in which the surface EEG does not demonstrate ictal activity
until several seconds after a clinical arousal from sleep. The concomitant
intracranial EEG reveals seizure onset just before the clinical arousal from
sleep.

Diﬀerential diagnosis
The diﬀerentiation of nocturnal seizures from nonepileptic spells during
sleep can be challenging for several reasons (Box 1). First, in partial seizures
occurring during wakefulness, patients may report postictal confusion or
recall the beginning of a seizure (aura) that precedes loss of consciousness.
These elements of the history support the diagnosis of epilepsy and
frequently are absent in seizures occurring during sleep. Second, nocturnal
events may not be observed properly. Bed partners may not be present or, if
present, may not be fully awake and coherent. Complex partial seizures of
temporal lobe origin in particular may lack vigorous motor activity and may
fail to wake the bed partner. Third, a variety of sleep disorders (discussed
later) are characterized by vigorous movements and behaviors that mimic
seizures. Finally, certain types of seizures, particularly those of frontal lobe
origin, are manifested by bizarre movements suggestive of a psychiatric
disorder, including kicking, thrashing, and vocalizations. These epilepsies
may be associated with normal ictal and interictal EEGs and normal
imaging studies, making deﬁnitive diagnosis diﬃcult.
Non–rapid eye movement arousal disorders
NREM arousal disorders include a spectrum of confusional arousals,
somnambulism (sleepwalking), and night terrors. These three disorders share
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Box 1. Differential diagnosis of nocturnal spells
Epileptic seizures
Frontal lobe epilepsy
TLE
GTCS
Benign rolandic epilepsy
Probable epileptic seizures
NPD
Epileptic arousals from sleep
NREM arousal disorders
Confusional arousals
Night terrors
Somnambulism
REM sleep behavior disorder
Sleep-related movement disorder
PLMS
Sleep-onset myoclonus
Bruxism
Rhythmic movement disorder
Psychiatric disorders
Nocturnal panic disorder
Post-traumatic stress disorder
Psychogenic seizures

the following features: (1) they usually arise from NREM stages 3 or 4 sleep
and, therefore, occur preferentially in the ﬁrst third of the sleep cycle when
NREM stages 3 and 4 are predominant; (2) they are more common in
childhood; and (3) a positive family history frequently is elicited, suggesting
a genetic component. Broughton [46] contrasted confusional arousals,
characterized by body movement, autonomic activation, mental confusion
and disorientation, and fragmentary recall of dreams with the nightmares of
REM sleep, in which subjects became lucid almost immediately and usually
recalled dreaming. Somnambulism is a related NREM arousal disorder in
which patients may wander out of the bedroom or house during confusional
episodes. Night terrors begin with an intense scream followed by vigorous
motor activity. Children often are inconsolable and completely amnestic for
the event. The subject appears to be awake but is unable to perceive the
environment. If mental activity preceding the event is recalled, the images are
simple (eg, face, animal, or ﬁre) compared with the complex plots of REM
nightmares. Patients often report an oppressive experience, such as being
locked up in a tomb, or having rocks piled on their chests. Intense autonomic
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activation results in diaphoresis, mydriasis, tachycardia, hypertension, and
tachypnea [47]. In contrast to seizures, NREM arousal disorders are less
stereotyped and commonly occur in the ﬁrst third of the night.
Rapid eye movement sleep behavior disorder
Patients who have this disorder often present with vigorous motor
activity during sleep [48]. Patients may injure themselves or their bed
partners. In RBD, the physiologic muscle atonia present during REM sleep
is absent; persistence of muscle tone enables patients to act out their dreams.
Episodes of RBD are less stereotyped, longer in duration, and more likely to
begin after age 50 compared with epileptic seizures. Apart from seizures, the
other major consideration in patients presenting with vigorous motor
activity is obstructive sleep apnea with resulting arousals from sleep.
Diagnosis is conﬁrmed by video-EEG polysomnography (VPSG), demonstrating either a behavioral episode consistent with RBD or the persistence
of muscle tone during REM sleep.
Sleep-related movement disorders
Movement disorders occurring during sleep that may resemble seizures
include periodic limb movements, sleep-onset myoclonus, bruxism, and
rhythmic movement disorder. Periodic limb movements in sleep (PLMS)
may result in vigorous kicking or thrashing. A history of restless legs
syndrome commonly is elicited [49]. In contrast to seizures, PLMS occur
at periodic intervals (usually every 20 to 40 seconds) and involve a characteristic ﬂexion of the leg, although the upper extremities occasionally may be involved. Sleep-onset myoclonus, also known as sleep starts,
sleep jerks, or hypnic jerks, is a normal physiologic event occurring at
the transition from wakefulness to sleep, often associated with sensory
phenomena, including a sensation of falling. In contrast to myoclonic
seizures, sleep-onset myoclonus is limited to sleep onset. Bruxism,
manifested as stereotyped teeth grinding resembling rhythmic jaw movements of epilepsy, may lead to excessive tooth wear, which does not occur in
epilepsy [50]. Rhythmic movement disorder, also known as head banging or
body rocking, can occur during any sleep stage [51]. It is manifested in
a variety of ways, including recurrent banging of the head while the patient
is prone or rocking of the body back and forth while on hands and knees.
Vocalizations may accompany the repetitive movements. Rhythmic
movement disorder can occur at any age, although it is more common in
children than adults and is associated with mental retardation. Although
complex partial seizures, particularly those of frontal lobe origin, may
include similar behaviors, bilateral body rocking is more characteristic of
rhythmic movement disorder. Body rocking also may occur in psychogenic
seizures.
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Psychiatric disorders
Psychiatric disorders occurring during sleep that resemble seizures
include panic attacks during sleep, post-traumatic stress disorder, and
psychogenic seizures. Some patients who have panic disorder present
exclusively or predominantly with panic episodes that cause multiple abrupt
awakenings from sleep. Symptoms on awakening include apprehension
and autonomic arousal, with palpitations, dizziness, and trembling [52]. In
contrast to nightmare of REM sleep, dreams are not recalled. In contrast to
night terrors, which arise out of deep NREM sleep, sleep panic usually
occurs in the transition from NREM stages 2 to 3 [53]. Although a history of
daytime panic attacks can be useful diagnostically, panic attacks may occur
exclusively during sleep. An abrupt return to consciousness and autonomic
arousal is more characteristic of panic disorder than seizures, although these
features may occur in seizures. Simple partial seizures of parietal lobe origin
may manifest occasionally as panic symptoms [54].
Post-traumatic stress disorder occurs after major psychologic trauma,
such as combat situations and physical abuse. Repetitive rocking or head
banging may occur, and the characteristic nightmares or ﬂashbacks may
arise from any stage of sleep [55]. In contrast to seizures, patients often
experience the recall of true traumatic experiences.
Psychogenic seizures may occur during apparent sleep [56]. The diagnosis
of these nonepileptic events is supported by the presence of a well-organized
posterior alpha rhythm immediately before the onset of clinical changes
despite the appearance of sleep and the lack of ictal or postictal EEG
changes. Provocative testing with suggestion may be helpful in conﬁrming
the diagnosis of psychogenic seizures.
Video-electroencephalogram polysomnography
VPSG combines video-EEG monitoring with standard polysomnographic
recordings and can be helpful in distinguishing epilepsy from other sleep
disorders (Fig. 5) [57]. The video component is essential in characterizing
spells; a stereotyped behavioral pattern, such as consistent head turning to one
side, or a consistent automatism is highly suggestive of epilepsy. The stage of
sleep from which the spells emerge can be useful in supporting the diagnosis of
confusional arousals or RBD. Seizures, however, may emerge from any stage
of sleep and may coexist with sleep disorders. The extensive EEG coverage
provided by VPSG may detect interictal epileptiform activity or seizures;
nonetheless, EEG studies may be completely normal in epilepsy. Finally, the
coexisting standard PSG monitoring may detect coexisting sleep disorders,
such as obstructive sleep apnea, which may exacerbate an underlying seizure
disorder (discussed later) or mimic RBD.
An important limitation of VPSG is that the patient’s habitual events,
even if nightly, may not occur in the sleep laboratory; a similar phenomenon
is observed in epilepsy monitoring units and may be related to the
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Fig. 5. EEG polysomnogram showing the onset of a partial seizure recroded at 10 mm/s paper
speed. Clinically, the seizure began with an abrupt arousal, followed by turning of head and
eyes to the left and movements of the arms beneath the bedclothes. On EEG, there is an initial
electrodecremental event followed by a progressive increase in the amplitude of the ictal
discharge over the left hemisphere and a spread to the right hemisphere derivations. The
underlined activity (A) from the F3–C3 derivation seems to be muscle artifact; however, in (B),
at 30 mm/s paper speed, the same underlined segment is the initial focal surface representation
of the ictal discharge. Additional polysomnographic measurements recorded on channels
14 to 21 are not shown. (From Aldrich MS, Jahnke BA. Diagnostic value of video-EEG
polysomnography. Neurology 1991;41:1060–6; with permission.)
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unfamiliar surrounding or a change in the usual routine. Sleep deprivation
may be useful in provoking events consistent with NREM arousal disorders.
In patients who have suspected RBD, it is not necessary to capture
a behavioral event; the persistence of chin EMG with increased phasic
activity during REM sleep in the setting of compelling history is suﬃcient.
In patients who have suspected epileptic seizures, subclinical ictal and
interictal seizures in the absence of behavioral events support the diagnosis
of epilepsy but are not diagnostic.

Sleep disorders and epilepsy
Sleep disorders are common, treatable conditions that frequently coexist
with epilepsy. Epilepsy and its treatment, including antiepileptic drugs, may
aﬀect sleep organization and contribute to daytime sleepiness, insomnia, or
sleep disorders, such as obstructive sleep apnea. Conversely, treatment of
a coexisting sleep disorder may improve seizure control, daytime alertness,
or both. Sleep disorders are covered in detail in articles elsewhere in this
issue; the focus of this discussion is on the overlap of sleep disorders with
epilepsy.
Antiepileptic medications may inﬂuence sleep. The barbiturates and
benzodiazepines, which are sedating and suppress REM sleep [58], should be
avoided if possible. In two independent studies of lamotrigine in patients who
have epilepsy, this medication enhanced REM sleep [59] or did not suppress
REM sleep [60]. Therefore, lamotrigine may be a useful antiepileptic drug in
patients who have suppressed REM sleep at baseline. Gabapentin increases
slow wave sleep in healthy adults [61] and may be useful in patients who have
epilepsy and suppressed slow wave sleep at baseline. A provocative question is
whether or not part of the beneﬁcial eﬀect of antiepileptic drugs on seizure
control is related to consolidation of sleep.
Vagus nerve stimulation, a novel treatment option for refractory partial
seizures, improved daytime sleepiness in 16 patients who had epilepsy [62].
This improvement may result from vagal aﬀerents projecting to brainstem
regions that promote alertness, such as the parabrachial nucleus.
Alternatively, vagus nerve stimulation produces decreases in respiratory
airﬂow and eﬀort during sleep, and may exacerbate obstructive sleep apnea
[63,64]. The etiology of these sleep-related respiratory eﬀects might be either
peripheral (vagal eﬀerents to upper airway musculature) or central (vagal
input to brainstem nuclei that regulates breathing).
Symptoms of drowsiness in a patient on antiepileptic drugs that do not
seem dose-dependent or related to frequent seizures may be the result of
a sleep disorder. In a study of predictors of sleepiness in patients who have
epilepsy, symptoms of obstructive sleep apnea or restless legs syndrome were
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more signiﬁcant predictors of elevated scores on the Epworth Sleepiness
Scale than the number or type of antiepileptic medication, seizure frequency,
epilepsy syndrome, or the presence of sleep-related seizures [65]. In
a separate study, patients who had refractory epilepsy had a high prevalence
of obstructive sleep apnea, one third with an apnea-hypopnea index of 5 or
more episodes an hour on polysomnography. Increased age, male gender,
and seizures during sleep were associated with obstructive sleep apnea [66].
Of note, treatment of obstructive sleep apnea in case series [67–69] and
open-label trials [70] has led to improvements in seizure frequency and
daytime sleepiness. The mechanism underlying the improvement in seizure
frequency is not clear and may be related to amelioration of sleep deprivation or consolidation of sleep with reductions in sleep stage shifts, which
tend to facilitate seizures [18].
Management considerations in patients who have sleep-related seizures
The treatment of nonepileptic sleep disorders mimicking epilepsy is
described in this article and in detail elsewhere in this issue. The reader is
referred to a standard textbook on epilepsy for treatment of epileptic
seizures, including medications, epilepsy surgery, and other modalities [71].
In patients who have sleep-related seizures, it often is helpful for the largest
dose to be taken before bedtime to maximize seizure control. Avoidance of
sleep deprivation is recommended. Somnolence is a common adverse eﬀect
of antiepileptic medications; small initial doses of medication with gradual
increases as needed minimize but do not eliminate somnolence.
In patients who have rare seizures limited to sleep, the decision to initiate
medication therapy should be individualized. Some patients prefer to have
an occasional seizure and avoid the side eﬀects of daily antiepileptic
medication. Patients who have seizures during sleep should be counseled
about state driving restrictions; some licensing authorities may permit those
who have seizures occurring only during sleep to drive, although requirements vary greatly among states [72].
The prognosis of seizures is inﬂuenced by the epilepsy syndrome and the
underlying cause. For example, benign epilepsy of childhood with
centrotemporal spikes has an excellent prognosis, and antiepileptic drugs
can be discontinued in most cases by late adolescence. Patients who have
complex partial seizures of temporal or frontal lobe origin have an
intermediate and variable prognosis. Lennox-Gastaut syndrome is poorly
responsive to medications in most cases.
Summary
This article examines the relationship between sleep and epilepsy, an
association that has been recognized since antiquity. The mechanisms
whereby sleep facilitates seizures are under investigation, although the
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synchronizing role of thalamocortic networks seems contributory. Recognition of the variety of generalized and partial epileptic syndromes
associated with sleep, familiarity with the diﬀerential diagnosis of nocturnal
spells, and awareness of the role that antiepileptic drugs and sleep disorders
may play in epilepsy are helpful in evaluating patients presenting with
behavioral and motor disturbances of sleep.
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