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Abstract

Ancient philosophers and theologians believed that altered consciousness freed the mind to
prophesy the future, equating sleep with seizures. Only recently has the bidirectional influences of
epilepsy and sleep upon one another received more substantive analysis. This article reviews the
complex and increasingly recognized interrel ationships between sleep and epilepsy. NREM sleep
differentially activates intericta epileptiform discharges during slow wave (N3) sleep, whileictal
seizure events occur more frequently during light NREM stages N1 and N2. The most commonly
encountered types of sleep-related epilepsies (those with preferential occurrence during sleep or
following arousal) include frontal and temporal |obe partial epilepsiesin adults, and benign
epilepsy of childhood with centrotemporal spikes (benign rolandic epilepsy) and juvenile
myoclonic epilepsy in children and adolescents. Comorbid sleep disorders are frequent in patients
with epilepsy, particularly obstructive sleep apneain refractory epilepsy patients which may
aggravate seizure burden, while treatment with nasal continuous positive airway pressure often
improves seizure frequency. Distinguishing nocturnal events such as NREM parasomnias
(confusional arousals, sleep walking, and night terrors), REM parasomnias including REM sleep
behavior disorder, and nocturnal seizuresif frequently difficult and benefits from careful history
taking and video-EEG-polysomnography in selected cases. Differentiating nocturnal seizures from
primary sleep disordersis essential for determining appropriate therapy, and recognizing co-
existent sleep disorders in patients with epilepsy may improve their seizure burden and quality of
life.
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Parallels between sleep and epilepsy have been recognized since antiquity. Philosophers and
theologians from Aristotle to Aquinas believed that states of altered consciousness allowed
dissociation of the soul and the body, freeing the mind to prophesy the future, including
sleep and seizures.! While others have speculated on the similarities and contrasts between
sleep and epilepsy, no objective scrutiny of their interwoven nature unfolded until the later
nineteenth century. Gowers found that approximately twenty percent of those with epilepsy
experienced seizures solely during sleep, while over one-third of epilepsy patients had
diurnal seizures.2 During the dawn of EEG, Gibbs and Gibbs recognized that epileptiform
activity increased significantly during sleep.3 Sleep and sleep deprivation have since become
standard laboratory activating techniques for EEG recordings. Dieter Janz noted that 45% of
patients with generalized tonic-clonic seizures had nocturnal predominance.* Aside from
these tantalizing earlier clinical observations, more substantive study of epilepsy and sleep
has evolved predominantly over the last two decades.
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This article reviews the increasingly recognized interrel ationships between sleep and
epilepsy, emphasizing activation of spikes and seizures during sleep, the sleep-related
epilepsies, and several sleep disorders that may mimic or complicate epilepsy.
Differentiating nocturnal seizures from primary sleep disordersis essential for determining
appropriate therapy, and recognizing co-existent sleep disorders in patients with epilepsy
may improve seizure burden and quality of life.

Of Seizures, Spikes, and Sleep

An epileptic seizure is caused by paroxysmal hyperexcitability of a population of neurons,
resulting in an alteration of either subjective or objective behavior. Seizures may either be
provoked or spontaneous. Epilepsy isthe tendency toward recurrent, unprovoked seizures.
Epilepsies are further classified as either generalized when they arise synchronously from
the bilateral cerebral cortices, or partial when they begin from a particular region of the
brain. Partial seizures begin locally but may spread beyond the original seizure focus, and
when a partial seizure spreads bilaterally, it becomes a secondary generalized seizure.
Electroencephal ography (EEG) is an electrophysiologic measure of brain function, and is
most often utilized to eval uate patients with epilepsy or altered consciousness, and is an
integral part of polysomnography (PSG) in the evaluation of patients with sleep disorders, in
which EEG together with chin electromyography (EMG) and electroocul ography (EOG) is
useful for staging human sleep. EEG is useful for the detection of interictal epileptiform
discharges (IEDs) such as spike discharges (<70 msec duration) or sharp waves (70-200
msec duration). |EDs disrupt the normal interictal (between seizure episodes) EEG
background, and are usually although not invariably correlated with underlying
epileptogenicity, the capacity to generate epileptic seizures. IEDs may be focally distributed
over one brain region in partial epilepsies, or generalized in primary generalized epilepsies.
No clinical accompaniment is usually evident during brief IEDs. Ictal (during seizure) EEG
changes are heterogeneous, and vary from rhythmic waveforms, to background attenuation,
to repetitive generalized spike-wave discharges depending on the epileptic syndrome.

Sleep clearly resultsin significant activation of both IEDs and seizures. In general, IEDs and
seizures are facilitated during non-REM (NREM) sleep and relatively inhibited during REM
sleep.>9 (See Figure 1 and Figure 2) Thalamocortical circuitry responsible for the neuronal
hypersynchronization of NREM sleep, which normally generates sleep spindles and high
amplitude delta waves, also may activate epileptic foci. In temporal 1obe epilepsy, IEDs
predominate during slow-wave sleep.58 The density of IEDs increases directly with
descending sleep depth as measured by log depth power (quantity of delta activity in 30-
second epochs), but |EDs do not increase further above baseline frequency in the hour
before seizure onset.10 Depth electrode single neuron recordings demonstrate clear state-
dependent increases in firing rates and hypersynchronous burst-firing during both slow-
wave sleep and REM in the epileptic focus as compared to non-seizure generating regions,
while there is no such difference in firing during the waking state.11-12 NREM sleep
microarchitecture, amethod for NREM sleep staging that analyzes spindle and K complex
regularity, has been correlated to |ED facilitation. Generalized |EDs occur most commonly
during descending depth and increasing synchronization during NREM sleep, especially
during cyclic alternating pattern (CAP) type A1, and decrease in frequency during the
ascending (lightening and relatively desynchronizing) limb of NREM sleep.13 NREM CAP
microarchitecture rhythms have been suggested to represent the scalp EEG correlate of
underlying infraslow cortical oscillations, intrinsic cortical rhythms within the frequency
range of 0.02 — 0.2 hz which have been shown to underlie both the physiological sleep
paroxysms of K-complexes and pathophysiologic |EDs.14-15 Conversely, REM IEDs are
more restricted in electrical field and thus more localizing to the epileptic focus.® Despite the
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usual limitation of IEDs and seizures during REM, REM sleep-onset seizures may be rarely
16
seen.

The peak prevalence of IEDs and seizures during sleep differs. IEDs are most prevalent in
slow wave sleep, while seizures occur more frequently in lighter stages of NREM
sleep.>17-18 Over one-third of partial seizures arise from sleep (See Figure 3a, Figure 3b,
Figure 3c and Figure 3d), most frequently during stages 1 or 2, and nocturnal complex
partial seizures are more likely than awake complex partial seizures to propagate and
undergo secondary generalization.1’~18 Seizures from slow wave sleep tend to last longer.>
The anatomy of the epileptic focus correlates with sleep seizure occurrence, since frontal
lobe seizures are more likely to arise from sleep than are temporal lobe seizures.17:19

Some patients experience seizures only during sleep. Most pure sleep-onset seizures are
partial onset.20 Nocturnal partial seizures correlate with medical intractability, while
generalized tonic-clonic seizures without focality carry a more benign prognosis.2 Normal
dleep or its disruption may significantly impact occurrence of both IEDs and seizures.
Primary sleep disorders may worsen seizure control by increasing seizure frequency or
severity. Sleep deprivation activates |EDs but recently was found not to promote seizuresin
epilepsy patients undergoing inpatient video-EEG monitoring.22

Some seizures appear to be activated by arousal. The prototypical idiopathic primary
generalized epilepsy syndromes of adolescent onset, such as juvenile myoclonic epilepsy or
generalized tonic-clonic seizures upon awakening, often produce myoclonic or generalized
tonic-clonic seizures within the first hour after awakening.* Exceptional patients selectively
activate their sleep-related partial seizures following arousal rather than directly during

seep.’

While many studies have presented compelling evidence for sleep facilitation of IEDs and
seizures, circadian mechanisms may be an even more important determinant of seizure
occurrence rather than any specific effect of the sleep-wake cycle itself. In one pivotal study
examining limbic onset seizure frequency in predominantly nocturna rats and diurnal
humans, peak seizure frequency was found to be in-phase for both species, occurring during
daytime hours maximally in the mid-afternoon, suggesting circadian rhythms rather than
sleep cycles played the major role in determining timing of seizure occurrence.2® Several
other recent studies have also confirmed day or night patterns for seizure periodicity,
varying by lobe of onset in the partial epilepsies with most studies suggesting either an
afternoon or bimodal morning and afternoon peak for temporal lobe seizures and an evening
peak for frontal lobe seizures.2429 Thus, circadian factors appear to also play a significant
role in the timing of seizure occurrence.

The Common Sleep-related Epilepsies

Representative epilepsy syndromes that have an intimate relationship to the sleep cycle are
summarized in Table 1. Nocturna epileptic seizures frequently arise outside the temporal
lobe and initially may be misdiagnosed as psychogenic given lack of obvious EEG change,
variably preserved consciousness, bizarre movements, and lack of a postictal state.
However, stereotypic spells arising directly out of sleep occurring multiple times per night
should be considered epileptic until proven otherwise.

The spectrum of pediatric sleep-related epilepsy syndromes spans both clinically indolent
and malignant epilepsies. The most common is benign epilepsy of childhood with
centrotemporal spikes (BECTS), or benign rolandic epilepsy (BRE). BRE features simple
partial seizures with hypersalivation, hemifacial focal motor clonic and secondary
generalized tonic-clonic seizure activity, often occurring exclusively during sleep. Family
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history is common. Mean age of onset is approximately age seven, ranging from 3to 13
years, with recovery by mid- adolescence and males more commonly affected.3° Seizures
are confined to sleep in approximately three-quarters of patients. In itstypical presentation,
children enjoy normal development and may have only infrequent seizures, but occasionally
treatment is necessary if seizures become frequent enough to disrupt the patient's or family's
sleep. Treatment is usually with antiepileptic drugs (AEDs) effectivein partial epilepsy
syndromes, such as carbamazepine, oxcarbazepine, gabapentin, or levetiracetam. EEG
shows high-voltage spike-wave discharges over the ipsilateral, centrotemporal region,
although discharges may occur contralaterally or bilaterally. These dischargesincreasein
frequency and complexity during sleep.

The Landau-Kleffner syndrome (LKS) typically presents with subacutely progressive
language regression following previously normal language development, accompanied by
CSWSwith or without clinical seizures. LKS usually presents within the middle of the first
decade, most commonly in children 2—10 years of age. Which patients with LKS are at
greatest risk for a benign outcome or autistic regression remains unclear.3! Treatment iswith
AEDs, courses of immunosuppressive therapy, or in dire medically refractory cases,
epilepsy surgery utilizing multiple subpial transections in the eloquent neocortical language
regions.32

The Lennox-Gastaut syndrome typically beginsin the first decade of life, often preceded by
ahistory of infantile spasms with hypsarrhythmic EEG findings (West syndrome). Multiple
primary generalized seizure types, including prominent nocturnal tonic, astatic/atonic,
atypical absence, myoclonic, and generalized tonic-clonic seizures with accompanying
psychomotor and cognitive maldevelopment are usual. EEG typically demonstrates slow
spike and wave complexes at 1.5-2.5 Hz, multifocal epileptiform abnormalities, and
generalized background slowing.

Most nocturnal epileptic phenomena with prominent motor features are extratemporal partial
onset seizures, of which frontal lobe onset is particularly common. Episodic nocturnal
wanderings, an unusual parasomniainvolving ambulation, unintelligible speech, screaming,
and complex and variably violent behavior, are also often ultimately found to be an
expression of nocturnal partial epilepsy.33 Nocturnal paroxysmal dystonia (NPD) was
previously thought to be a distinctive non-epileptic parasomnia, but is now in most instances
found to actually represent extratemporal partial epilepsy, although afew cases of
particularly prolonged spells may represent nonepileptic, neurological movement
disorders.33

Nocturnal frontal l1obe epilepsy (NFLE) may be characterized by varying phenotypes:
paroxysmal arousals with brief hypermotor movements, motor attacks with complex
dystonic and dyskinetic features, or episodic nocturnal wandering often mimicking
sleepwalking.3*-37 NFLE predominates in males, typically with onset in infancy through
adolescence, and 6-40% of cases are familial. Autosomal dominant nocturnal frontal |obe
epilepsy (ADNFLE) is associated with genetically heterogeneous mutations in the neuronal
nicotinic acetylcholine receptor in severa international kindreds.38 Video-EEG
polysomnography is necessary for definitive diagnosis, confirming abrupt awakening, and
stereotypical motor behavior with vocalization and violent or dystonic-dyskinetic
movements. There are often multiple attacks per night. Asisfrequently the casein
extratemporal partial seizures, approximately 50% of patients have normal accompanying
ictal and interictal EEGs. Response to carbamazepine or other antiepileptic drugsis usually
excellent, although up to one-third of patients may prove medically intractable.34-38
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Supplementary sensorimotor area (SSMA) epilepsy is another distinctive subtype of frontal
lobe epilepsy. SSMA seizures typically begin with somatosensory auras, then progress to
abrupt assumption of a"fencer" posture (arm contralateral to seizure focus relatively
extended, ipsilateral arm abducted and flexed), speech arrest or vocalization, and flailing or
thrashing limb movements.

Sleep-related temporal obe seizures are quite frequent, representing approximately one-
third of overall temporal lobe seizures recorded in epilepsy monitoring units.1® Nocturnal
temporal lobe epilepsy (NTLE) is a subtype of medically refractory temporal 1obe epilepsy
with nearly exclusive seizures at nighttime.3% Approximately 70% of these patients may
awaken from sleep with an aura, then progress to a complex partial seizure involving
amnesia and automatisms. Most also have secondary generalized tonic-clonic seizures.
Compared to age-matched, non-lesional, temporal 1obe subjects with diurnal seizure
patterns, the nocturnal subgroup has less frequent seizures that do not cluster, rarer family
history of seizures, and less frequent history of childhood febrile convulsions. A subset of
patients undergoing epilepsy surgery enjoyed a favorable seizure-free outcome
postoperatively.

Juvenile myoclonic epilepsy is an idiopathic primary generalized epilepsy syndrome
characterized by myoclonic, absence, and generalized tonic-clonic seizures, usually
occurring shortly after arousal.#39 Seizures may also occur during sleep or throughout the
daytime hours. Mean age of onset isin mid-adolescence. EEG typically demonstrates
primary generalized epileptiform discharges. Valproic acid or other newer broad spectrum
AEDs such as levetiracetam, lamotrigine, topiramate, or zonisamide may lead to excellent
seizure control in patients who adhere to rigid compliance and avoid seizure precipitant such
as sleep deprivation and a cohol binges. Medication requirement typically endures
throughout life, with few patients being successfully weaned from therapy long-term in later
adulthood. A closely related primary generalized epilepsy syndrome, generalized tonic-
clonic seizures upon awakening (GTCOA), has asimilar pattern of occurrence of
convulsions but lacks myaoclonic seizures.

Co-morbid Sleep Disorders

Causes of excessive daytime sleepiness (EDS) in patients with epilepsy may include
nocturnal seizures, sedative effects of AEDS, poor sleep hygiene, and co-morbid primary
sleep disorders.#! Patients with epilepsy that have EDS should be evaluated for a concurrent
primary sleep disorder, which may worsen a patient's seizure burden.

EDS is common in patients with intractable epilepsy and is frequently mistakenly attributed
to AED toxicity, when oftentimes an underlying primary sleep disorder is the true cul prit.
One study found epilepsy patients were significantly sleepier than neurology outpatients
without epilepsy, while perhaps surprisingly, the number and type of AEDS, seizure
frequency, epilepsy syndrome, and nocturnal seizures were not significantly associated with
EDS.#2 Co-morbid primary sleep disorders should be aggressively sought and treated to
achieve optimal management in patients with epilepsy and EDS.43-46

Sleep-disordered breathing may exacerbate seizure burden in as many as one-third of
patients with medically intractable epilepsy undergoing presurgical evaluation, and may be a
particularly important and treatable problem in elderly with refractory seizure
disorders.#>-46 OSA is the most common cause of sleep-disordered breathing. EDS and
heavy snoring with or without witnessed apneas or nocturnal gasping are the cardinal

clinical features. Predisposing factors include older age, male gender, obese body habitus,
and oropharyngeal airspace narrowing; an independent predictor for OSA in epilepsy shown
in one recent study was thickened neck circumference.4” OSA is particularly important to
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identify given therisk of injury while driving with EDS, aswell as potential cardiovascular
and genera health complications. When there is a high index of suspicion for sleep-
disordered breathing, polysomnography is the test of choice. Several retrospective and
prospective studies have demonstrated the benefit of nasal continuous positive airway
pressure (CPAP) therapy for seizure reduction in patients with refractory epilepsy and co-
morbid OSA.48-50 One recent study suggests that the level of benefit toward seizure
reduction provided by nasal CPAP treatment in epilepsy patients with co-morbid OSA is
comparable to the effect of adding on an adjunctive antiepileptic drug for seizure treatment;
approximately 50-60% of patients experienced a 50% or greater seizure reduction.>0

Seizures and Antiepileptic Drug Therapies Fragment Sleep

Seizures themselves also may interrupt sleep, leading to poorly restorative sleep and EDS.
The limbic system participates in the neural networks underlying sleep organization, sleep
induction, and arousal. Temporal lobe pathology therefore may be an important cause of
disturbed sleep. In an animal model of epilepsy known as amygdala kindling, disturbed
sleep patterns with sleep fragmentation and a shift toward lighter sleep are seen.®® In
epilepsy patients, formal sleep evaluation demonstrates significantly reduced REM and
stages 2 and 4 sleep, and objective EDS on a modified maintenance of wakefulness test
(MWT). Patients having nocturnal seizures show reduced sleep efficiency, increased time to
first REM period, and increased drowsiness on the MWT .52

Many epilepsy therapies appear to have additional independent effects on sleep. All of the
older and some newer AEDs have important modulatory effects on sleep physiology. Most
of the older AEDs reduce REM and slow wave sleep, shorten sleep latency, and increase the
percentage of Stage 1 and 2 NREM sleep.53 Following initiation, carbamazepine transiently
reduces REM sleep but otherwise has little effect on sleep architecture.>* Lamotrigine
reduces slow wave sleep while increasing stage 2 sleep, but is also associated with reduced
arousals and stage shifts and an increase in REM periods without significant subjective
insomnia. 5> Whether AEDs have any specific or independent effects on sleep-disordered
breathing hasn't yet been explored, but isin need of study.

Parasomnias Mimic Epilepsy

Video-EEG polysomnography combines the seizure-localizing properties of video-EEG
monitoring with sleep staging by polysomnography, alowing for confident specific
diagnosis of epileptic seizures and the ability to distinguish these from non-epileptic
nocturnal events, such as parasomnias, which may share similar clinical features.

An expanded EEG montage with particular coverage of the fronto-temporal regions and
wide bandpass filter settings is essential to allow appropriate capture of electrophysiologic
features, and time-synchronized video telemetry should be employed.56-57 Review of the
clinical behavior by video analysisis critical in al patients with nocturnal events.
Withdrawing anti-epileptic drugs (AEDs) may increase the yield of capturing seizures, while
sleep deprivation increases the yield for parasomnias.>® The effect of sleep deprivation on
seizure activation remains controversial, although a recent study suggested that sleep
deprivation had little impact on precipitating seizures in an inpatient epilepsy monitoring
unit.%9 Medication should not be withdrawn in outpatient settings in an attempt to provoke
seizure or spell occurrence, and physicians should only consider careful antiepileptic drug
withdrawal in a safe, continuously supervised, inpatient epilepsy monitoring unit setting
given the risks of precipitating severe seizures including status epilepticus.

The differentiation of nocturnal epilepsy from other nonepileptic dissociated states of
wakefulness and sleep is of extreme importance. Many parasomnias are easily confused with
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seizures by their similar clinical phenomenology of episodic confusion and movement. (See
Table 2.) Clinical features of multiple recurrences within a single sleep episode, relative
stereotypy, postictal behavior and rhythmic EEG abnormalities are more commonly seen
with epileptic events.

Video-EEG polysomnography allows for confident specific diagnosis in most instances
when clinical history isinconclusive, and it rarely reveals evidence for partial epilepsy when
the history is otherwise suggestive of nonepileptic parasomnias.f%-62 Formal diagnostic
assessment should be pursued for any nocturnal spell involving potentially injurious
behavior, disturbance of the patient or partner's sleep, or when the diagnosis is unclear on
clinical grounds.

Nonepileptic parasomnias in the differential diagnosis of nocturnal events include REM
sleep behavior disorder, NREM parasomnias, non-state dependent parasomnias, periodic
limb movements of sleep, and nocturnal panic attacks. Formal diagnostic assessment should
be considered for any nocturnal spell that may involve potentially injurious or dangerous
behavior, disturbance of the patient or partner's sleep, or when the diagnosisis unclear from
clinical grounds.

Disorders arising from REM dleep include nightmares and REM dleep behavior disorders.
Nightmares usually occur during REM sleep, and may awaken the sleeper. Dream recall isa
common feature, and patients are alert, coherent, and well oriented. Night terrors of NREM
sleep, in contrast, involve a confusional arousal characterized by prominent vocalization and
movement.

REM sleep behavioral disorder (RBD) is characterized by complex, often violent behavior
occurring most commonly in the second half of the night when REM sleep is most
prevalent.54 Behavior may be dramatic and extreme, leading cliniciansto initially suspect a
psychogenic cause. Making the diagnosis of RBD isimperative given risk for severe injury
to the patient (which may include cervical fractures or concussion) or sleeping partner.%°
RBD results from acting out of dreams enabled by |oss of the normal skeletal muscle atonia
of REM dleep. Frequently, RBD may herald or accompany parkinsonism and most
commonly presentsin elderly men. RBD may also present in younger individuals with
narcolepsy or become provoked by use of selective serotonin reuptake inhibitor (SSRI)
antidepressants. Video-EEG polysomnography is useful for making the diagnosis, and may
support aclinical diagnosis of RBD, evenif clinical spellsare not captured, by documenting
features of REM dleep without atonia (Figure 4). When there is a precipitating agent, for
example, SSRI antidepressants such as fluoxetine (Prozac), discontinuance of the offending
agent is usually necessary. Treatment for RBD is with bedtime melatonin or clonazepam,
and ensuring safety in the bedroom.

The etiology and pathophysiology of NREM parasomnias is poorly understood. The NREM
parasomnias are a continuum of different behavioral disorders associated with abnormal
arousal from NREM sleep, particularly slow-wave sleep. Whether the arousal disorders
result from an excess of sleep maintenance or an insufficiency of arousal mechanismsin the
brain remains unclear. Since NREM parasomnias are more common in children than adults,
maturational factors are felt to be important, and hereditary factors likely play an important
role since familial history isfrequent. Arousal disorders tend to occur most commonly in the
first third of the night, when most slow-wave sleep occurs.

A diverse range of paroxysmal behavior is possible, the common features being a sudden
arousal from slow-wave sleep followed by poor reactivity and amnesia for the event, clinical
features overlapping substantially with epilepsy. Early reports on the clinical
neurophysiology of NREM parasomnias were conflicting and limited by daytime interictal
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recording without substantive polysomnographic data. M ore recent findings appear to
confirm that NREM parasomnias are nonepileptic phenomena resulting from a dissociated
state, as the patient awakens they are caught between sleep and arousal. Thistheory is
supported by single photon emission computed tomography (SPECT) during a sleepwalking
episode, which demonstrated activation of thalamocingulate pathways and deactivation of
other thalamocortical arousal systems.® Patients with NREM parasomnias usually manifest
sudden arousals during slow-wave sleep, and show delta hypersychronization prior to slow-
wave sleep arousals more commonly than age-matched controls.%6

The range of behavior seen with NREM parasomnias include night terrors, confusional
arousals, sleep walking and talking, nocturnal eating syndrome, nocturnal panic disorder,
and complex nocturnal visual hallucinosis. Pavor nocturnusis usually due to a confusional
arousal, but proven epileptic causes have been documented.57-98 Sleepwalking may be more
easily confused with ictal or postictal behavior of nocturnal seizures; video-EEG
polysomnography should be employed in most cases to differentiate epileptic and non-
epileptic parasomnias. Superimposed complex motor behavior, stereotypy, post-ictal
confusion, and ictal EEG manifestations are supportive of an epileptic etiology for episodic
nocturnal wandering, a more extreme form of sleep walking with bizarre behavior and AED
responsiveness.5%-70 However, prolonged confusion suggestive of post-ictal confusion (of
20 to 45 minutes duration) has been also noted in exceptional patients with non-epileptic
parasomnias, |eading to added diagnostic confusion on clinical grounds alone.”! Stereotypy,
multiple episodes per night, prolonged post-ictal confusion, or incontinence, and focally
abnormal ictal EEG recording al favor an epileptic etiology.

Typically, NREM parasomnias represent arousals from slow-wave sleep, with three varying
patterns seen on EEG following arousal: diffuse rhythmic delta, diffuse delta-theta with
intermixed alpha and beta, or prominent alpha and beta activity.”2 Commonly, rhythmic
delta persists during aclinical arousal (Figure 5). Analysis of delta power prior to sleep
walking episodes suggests increases of relative low-frequency delta power (in the 0.75-2 Hz
bandwidth) immediately preceding confusional arousals.”3 Sleepwalkers may have altered
slow-wave power spectrum during NREM sleep, particularly in the early part of the night
when most pathologic arousals from slow- wave sleep occur, in comparison with normal
age-matched controls, suggesting they may harbor an abnormality in the neural mechanisms
underlying regulation of slow-wave sleep.”*

Pharmacotherapy and behavioral therapies are the mainstay of management options for the
arousal disorders. Long-acting benzodiazepines such as clonazepam are typically most
effective, and addressing environmental safety precautionsis of vital importance. In
particular, ensuring that access to doors and windows is secured and that injurious obstacles
or stairs are isolated from the patient, and various behavioral measures such as tethering
patients to bed with a belt, scheduled anticipatory awakenings, and avoidance of precipitants
(sleep deprivation or sleep disorders, drugs and acohol, or febrile illness) should be
discussed. In selected patients, hypnosis may be beneficial.”

Rhythmic movement disorder (RMD) consists of stereotyped, semi-rhythmic movements of
large muscle groups, such as head banging or body rocking. RMD may occur during any
stage of sleep or wakefulness, is most frequently seen in cognitively disabled individuals,
and is unaccompanied by a change in the EEG background other than muscle and movement
artifact. Sometimes RMD is outgrown, but if violent, recommendation for protective bed
padding or head gear is necessary, and benzodiazepines may be utilized. Bruxismisa
similar phenomenon, involving tooth grinding. Dental appliances are helpful to reduce wear
and protect the teeth and gums.
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Enuresisis normal in childhood and typically outgrown by age five, athough it may persist
in up to 10% of boys and nearly 5% of girlsto age 12. Various behavioral trestments are the
mainstay of treatment, although nasal vasopressin (ddA VP) and imipramine are effective
temporarily.

A very rare and unusual nocturnal parasomniaof children is benign nocturnal alternating
hemiplegia of childhood (BNAHC). Clinical featuresinclude early life onset, typically
before or shortly following age three, with episodic attacks of hemiplegialasting 5 to 20
minutes and occurring numerous times per month.”® Thereis a frequent family history of
migraine, and unlike classic alternating hemiplegia of childhood (AHC), which has diurnal
attacks, no patient with exclusively nocturnal attacks has yet experienced devel opmental
regression of motor or cognitive function. Treatment with anticonvul sants or flunarizine, a
calcium channel blocker used with good effect in the classic diurnal form of AHC, has
shown inconsistent results. BNAHC may represent a variant of hemiplegic migraine, but
further clinical and genetics datawill be necessary to clarify its nature.

Periodic limb movements of sleep (PLMS) may be normal if limited in number, but if
associated with frequent arousals may present as a primary sleep disorder associated with
excessive daytime sleepiness. Polysomnography demonstrates periodically recurring limb
movements. The cause of PLM S remains unclear. Correlation between the degree of
subjective daytime sleepiness and arousals is often poor. Treatment with dopaminergic
agents or clonazepam is usual. Sleep starts, sensory starts, and hypnic myoclonic jerks may
occur at the transition between sleep and wakefulness. These are brief, often singular motor
or sensory phenomena such as an isolated limb jerk, or perception of a bright flash of light
or loud noise. Hypnic jerks are a physiologic form of myoclonus. They are bilateral,
sometimes asymmetrical and usually single, brief body jerks that coincide with sleep onset.
On occasion, they can be confounding when occurring in epileptic subjects, especialy in
children, but they are still abenign finding of no clinical significance and should be
recognized as such to avoid overzealous treatment or misdiagnosis as another parasomnia.
Video-EEG polysomnography can be helpful to establish the diagnosis when it is unclear
from clinical history alone.

Other sleep-related movements that may be rarely seen include abnormal motor phenomena
associated with severe sleep disordered breathing. In this case, hypoxia becomes so extreme
that it mediates brain anoxia with cortical "release” of subcortically generated movements,
including tonic posturing or clonic-like movements, akin to what may be seen in convulsive
syncope. Propriospinal myoclonus is a sleep-wake transition disorder characterized by single
or briefly repetitive myoclonic jerks.”’

Although it isunusual for psychogenic or functional disturbances to arise from sleep,
nocturnal panic attacks or conversion disorders that may resemble partial seizures can occur
rarely. Nocturnal panic attacks are common amongst those with diurnal panic disorder but
may occur as a distinctive and isolated nighttime episode of arousal from NREM sleep.’8
Cognitive-behavioral therapy and selective serotonin reuptake inhibitor (SSRI)
antidepressants are effective. Psychogenic non-epileptic spells (PNES) may be difficult to
distinguish from atrue epileptic seizure; eye closure and non-physiologic spread of
movements (i.e., from face to leg to opposite arm) are typical in PNES, and a helpful
observation during video-EEG polysomnography allowing the distinction of psychogenic
from epileptic seizuresis“ pre-ictal pseudosleep” (awaking EEG pattern of normal apha
activity, accompanied by a behavioral state of eye closure and apparent sleep that precedes
behavior consistent with a psychogenic spell).”® Medical disorders such as nocturnal
gastroesophageal reflux and nocturnal asthma or paroxysmal nocturnal dyspneafrom
congestive heart failure also enter the differential diagnosis, but are usually easily
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distinguished from seizures or the neurological parasomnias by associated clinically evident
symptoms or medical co-morbidities. Nocturnal electrocardiographic telemetry and
esophageal pH monitoring may be helpful in some instances.

Conclusions

Sleep and epilepsy are connected in several ways: (1) NREM sleep may activate spikes and
seizures; (2) seizures and AEDs may lead to sleep fragmentation, (3) co-morbid primary
sleep disorders may further impair quality of life and increase medical risk in patients with
epilepsy, and (4) the parasomnias may mimic epileptic seizures, leading to inaccurate
diagnosis and ineffective therapy.

Recognizing and effectively treating primary sleep disorders in patients with epilepsy
frequently may improve seizure frequency and overall functioning. The diagnostic
evaluation of nocturnal events benefits from a collaborative approach by epilepsy and sleep
speciaists and utilization of video-EEG polysomnography for confident and accurate
diagnosis. Epilepsy and sleep are interwoven in many respects, leading to many fascinating
intersections in the patient bedroom and physician office.
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Figure 1.

EEG in a 24-year-old woman, showing a left temporal interictal epileptiform discharge
during stage 2 sleep, in the form of a spike with maximal electronegativity at T1-T3.
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Figure 2.

EEG in a46-year-old man with partial seizures characterized by atingling feeling in the
right hand, progressing to a partial motor seizure affecting the right body. Note the
prolonged train of interictal epileptiform discharges arising from the left central region, with
maximal electronegativity at C3, occurring during stage 1 sleep.
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Figure 3.

a—d. Ictal EEG in a 26-year-old man with medically intractable partia epilepsy. Figure 3a
shows the patient's interictal background immediately before the seizure, with frequent
interictal left temporal spike discharges. Figure 3b shows onset of arhythmic theta-delta
discharge in the right fronto-temporal region (seventh second), with further spatio-temporal
evolution and maximal seizure discharge over the right temporal region in Figure 3c, and
eventual propagation more diffusely to the left hemisphere in Figure 3d.
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Figure4.

REM sleep without atoniain a 75 year-old man with parkinsonism and dream enactment
behavior. Note the elevated muscle tone in channels 6, 7, and 8 corresponding to the chin,
arm, and leg EMG leads, respectively.
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