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Abstract

The relationship between epilepsy and sleep is complex and dynamic. Sleep
complaints and concomitant sleep disorders are common in people with epilepsy.
Seizures and antiepileptic drugs can alter sleep architecture.There have been
conflicting findings on the impact of sleep deprivation on seizures; however there is
evidence to support the improved specificity of epilepsy diagnosis when a negative
routine EEG is followed with a sleep-deprived study. The timing of seizure occurrence
may be influenced by seizure onset localization; however much remains to be
investigated regarding the impact of circadian rhythms and sleep patterns on seizure
control. Lastly, epilepsy surgery has been shown to improve sleep quality in patients
who remain seizure free. There have been advances in epilepsy and sleep research
in light of newer investigational techniques, improved awareness of comorbid sleep
disorders and the increasing prevalence of surgically-cured epilepsy patients. This
article reviews the impact of sleep hygiene and obstructive sleep apnea on seizures,
sleep deprivation on seizures, the circadian pattern on seizures, and finally the impact

* Sleep deprivation
e Circadian rhythm
* Epilepsy surgery

of epilepsy surgery on sleep.

ABBREVIATIONS

AED: Antiepileptic Drug; AHI: Apnea-Hypopnea Index; EDS:
Excessive Daytime Sleepiness; EEG: Electroencephalogram; ESS:
Epworth Sleepiness Scale; GABA: y-Amino butyric Acid; IED:
Interictal Epileptiform Discharge; IGE: Idiopathic Generalized
Epilepsy; I1A: Interictal Epileptiform Abnormality; JME: Juvenile
Myoclonic Epilepsy; NREM: Non Rapid Eye Movement; OSA:
Obstructive Sleep Apnea; PSG: Polysomnogram; PWE: People
With Epilepsy; REM: Rapid Eye Movement; TLE: Temporal Lobe
Epilepsy; TMS: Transcortical Magnetic Stimulation; WASO: Wake
After Sleep Onset

INTRODUCTION

Epilepsy and sleep share a bidirectional relationship with
aspects of each affecting the other. In 2011, the NIH Sleep
Disorders Research Plan suggested a 25-30% prevalence of sleep
and circadian disorders amongst the general adult population [1-
4]. Subjective sleep disturbances are twice as prevalent amongst
people with epilepsy and include insufficient sleep, increased
nocturnal and early morning awakenings, impaired sleep

initiation and most commonly, excessive daytime sleepiness
[1,3,4]. Sleep disorders and epilepsy can have an additive
negative impact on quality of life, work productivity and overall
health [1,5].

Interrelation of epilepsy and sleep

Sleep can affect the expression of epilepsy by activating
interictal epileptiform discharges and seizures [6]. IEDs occur
most oftenduring NREM sleep (particularly stage N2 and to a
lesser degree N3 sleep) possibly due to thalamocortical hyper
synchrony [2,3]. Their mediation occurs via the same projections
responsible for generation of sleep spindles, K-complexes
and slow waves during NREM sleep [6]. Conversely, during
REM sleep seizures and IEDs are less frequent and IEDs
manifestwith a more constricted field [7]. The protective role of
REM sleep is likely mediated by increased GABA ergic activity
inhibiting spread of epileptiform discharges, phasic cholinergic
neuron activation of the ponto-mesencphalic tegmentum and
inhibition of thalamocortical synchronization resulting in EEG
desynchronization [6,8-10].
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Epilepsy itself, individual seizures, IEDs and epilepsy
treatments including AEDs can disrupt sleep architecture and
increase sleep fragmentation [7,11-13]. Seizures during sleep are
associated with increased N1 sleep and a reduction in daytime
alertness [12]. Both diurnal and nocturnal seizures result in
a reduction of REM sleep during the subsequent sleep period.
Polysomnographic studies in patients with refractory epilepsy
show abbreviated sleep time, increased sleep fragmentation,
prolonged sleep onset and REM latency, increased stage shifts
and more frequent awakenings [3]. Worse sleep efficiency, delay
in sleep and REM latency, increased WASO and more frequent
arousals were demonstrated on PSG in patients with medically
refractory epilepsy compared to patients with controlled epilepsy
[14]. These chronic effects may increase the risk of breakthrough
seizures in some PWE [5].

Sleep hygiene, obstructive sleep apnea and epilepsy

Sleep hygiene encompasses the habits, behaviors and
environment that impact the duration and quality of sleep.
Inadequate sleep hygiene can result in poor quality sleep which
may facilitate epileptic seizures [15]. There is a paucity of
published studies evaluating sleep hygiene in PWE. Khatami, et
al. evaluated mean total sleep time and mean time in bed during
the week and weekends in PWE versus controls and found no
statistical difference between the groups; however sleep-wake
behaviors were not reported [16]. In another questionnaire-
based study, Manni, et al. investigated the adherence to proper
sleep hygiene in PWE, specifically evaluating consumption of
caffeinated products and alcohol or tobacco smoking before
bedtime, irregular sleep or frequent deprivation, evening
napping,sleeping environment (temperature, brightness, noise
level), and participation in stressful activities before bedtime.
Although there was no statistical correlation between seizure
frequency and sleep hygiene factors, PWE reported better sleep
hygiene compared to normal controls, suggesting that PWE may
avoidactivities known to promote breakthrough seizures, many
of which overlap with good sleep hygiene practices [17].

Sleep disorders commonly occur in PWE and can lead to
EDS and contribute to intractable epilepsy [3,18]. Initially felt
to be symptomatic of AEDs or seizures, EDS has been found to
be associated with undiagnosed sleep disorders such as sleep-
disordered breathingand restless legs symptoms independent
of seizure frequency or AED side effects, with symptoms
of the disorders more closely correlating with severity of
EDS thanseizure frequency or drug therapy [5,16]. There is
increasing evidence that OSA is more prevalent in adults with
epilepsy compared to the general population [19-21]. Malow,
et al. observed that 33% of 39 patientswith refractory partial
epilepsy who underwent PSG unselected for sleep disturbances
demonstrated at least mild OSA (AHI> 10) and ~13% with
moderate or severe OSA [21]. A similar prevalence of OSA, 30%
with AHI > 10 and 16% with moderate or severe OSA,was found in
aretrospective study of PWE unselected for sleep complaints and
epilepsy severity [20]. Chihorek, et al. demonstrated an increased
prevalenceof OSA amongst older adults with worsening seizure
control or new onset seizures, proposing that chronic sleep
deprivation unmasks seizures in susceptible persons [22]. The
mechanisms underlying these findings are not known, however

impaired sleep quality (sleep fragmentation, frequent stage shifts
and frequent arousals in addition to sleep deprivation) and the
impact of acute and chronic effects of intermittent hypoxia and
sympathetic activation on epileptogenic regions of the brain
may be contributory [14,21]. AED therapy may also impact
prevalence of OSA in PWE [23], however additional studies are
needed to explore this relationship further. Both retrospective
[24-27] and prospective [28,29] studies suggest that treating
sleep apnea reduces seizure burden. One prospective pilot study
demonstrated feasibility for a multisite randomized, double-
blind design to screen for and treat OSA with CPAP in patients
with refractory epilepsy and concomitant OSA to evaluate the
impact on seizure control [29]. Larger controlled trials utilizing
this design have not yet been published.

Sleep deprivation and epilepsy

For more than 50 years, sleep deprivation has been used
as an activating technique for seizures, with studies published
since the early 1960’s suggesting its importance in improving
the yield of EEG in diagnosing epilepsy [30,31]. Although this
practice for EEG continues [32], a standardized sleep deprivation
protocol does not exist. Day long sleep deprivation has increased
IIA in patients with partial epilepsy [33]. Early afternoon EEGs
following shortened overnight sleep (8 hours for <4 y/o, 6 hours
for 4-14 y/o, and 5 hours for >14 y/o) resulted in 53% EEGs
positive for IIA in people with suspected epilepsy [34]. Giorgi,
et al. demonstrated [1As on EEG following at least six hours of
sleep deprivation in 41% of de novo patients with suspected
seizures and previous normal routine EEG with 91% specificity
for epilepsy diagnosis.Patients with focal epilepsyhad increased
positive yield on sleep deprived EEG following a normal initial
routine EEG compared to a second routine EEG [35].

Controversyexists over whether EEG activation is related to
effects of increased neuronal excitability or merely induction
of sleep [3]. Badawy, et al suggests that the result is due to
an imbalance between neuronal excitation and inhibition in
the setting of sleep deprivation [36]. Studies utilizing TMS
objectively determined levels of cortical excitability in PWE
before and after sleep deprivation. Sleep deprivation increased
cortical excitability in the bilateral cerebral hemispheres in
idiopathic generalized epilepsies and unilateral hemispheres
in focal epilepsy syndromes in people with newly diagnosed
epilepsy naive to AEDs. TMS findings are thought to represent
an imbalance between inhibitory GABA, mediated circuits
and excitatory glutamate-mediated circuits, although the net
effect has been disputed [36]. TMS studies in patients with JME
demonstrated a more pronounced disruption in the balance
between inhibitory and excitatory circuits of the primary motor
cortex patients with JME when compared to normal controls [37,
38].

There is also evidence to suggest that selective loss of REM
sleep has a proconvulsant role, although the exact mechanisms
are not clearly understood [39]. Recent animal studies have
shown that with REM sleep loss a complex cascade of intracellular
and molecular events leads to increased noradrenalin levels and
activation of Na-K ATPase activity which ultimately increases
brain excitability [40].
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Although several experimental studies in animal models,
healthy controls, and PWE highlight the role of sleep deprivation
and sleeping during an inappropriate circadian phase (i.e., in the
morning) in enhancing sleep instability and possibly causing the
occurrence of 1IAs and epileptic seizures, there is disagreement
over the precise benefitand application of this practice [35].
One study in patients with medically intractable focal epilepsy
undergoing inpatient video-EEG monitoring randomized
patients to every other night sleep deprivation (awake from 10
PM to 6 AM) or to normal sleep with both groups remaining
awake from 6 AM to 10 PM. There was no difference in seizure
frequency or secondarily generalized seizures in either group,
thus it was suggested that acute sleep deprivation may not affect
seizure frequency during inpatient monitoring in this population
of PWE [41]. Scientific papers addressing sleep deprivation
as an activating technique vary significantly by way of patient
population and study design including length and type of EEG
performed, timing of EEG after sleep deprivationand duration
of sleep deprivation [6,35]. Other important variables such as
timing of EEG since last seizure, concurrent AED therapy, patient
age and use of activating techniques during EEG recording
limit the comparison across distinct studies. Regardless, high
specificity of sleep-deprived EEG has been demonstrated and
the above questions do not negate its utility in the diagnosis and
presurgical evaluation of patients [42]. These inconsistencies
merely highlight need for future research and standardization of
practice.

Circadian pattern and seizures

Studies have demonstrated a time-based distribution of
peak incidence of seizure occurrence and interictal epileptiform
abnormalities within a 24-hour day that correlates with certain
epilepsy syndromes [43,44]. In patients with temporal lobe
epilepsy, the peak incidence of seizures occurs in the late
afternoon to early evening with a peak of 1500 hours in people
with mesial temporal epilepsy [45,46]. Seizures, however, are
more likely to generalize during sleep [12]. Frontal seizures
occurred more often between 9PM and 5AM. Parietal seizures
occurred most often from 4PM to 9PM. There were greater
proportion of waking seizures between 5AM-11AM and 4PM-
9PM with sleep-related seizures occurring from 11AM-4PM and
9PM-5AM [47]. The results of these studies, performed in an
inpatient video EEG monitoring unit setting, correlated with the
results of both an outpatient study utilizing ambulatory EEG [48]
and an intracranial video EEG study [49].

Further evidence of circadian influences on epilepsy has been
demonstrated, with one study showing an increased night time
heart rate variation in people with localization-related epilepsy
[50]. PWE have been shown to have a morningness chronotype
in which individuals tend to go to bed and wake earlier and are
more alert in the first part of the day [45]. Thus, chronotype has
been demonstrated to influence timing of taking antiepileptic
medications [51]. Despite differing time-based distributions of
peak seizure incidence among epilepsy syndromes, chronotypes
do not differ significantly between patients with specified
epilepsy syndromes. It has been suggested that epilepsy itself
rather than timing of seizures has a significant influence on
chronotype and subjective sleep parameters [45].

An endogenously-mediated circadian pattern to limbic
seizures has been demonstrated in rat models [52].

One study by Quigg, et al. suggests the circadian pattern to
seizure occurrence is the result of passive entrainment [53],
while a study by Stanley, et al. indicates that the 24-hr rhythm
may be actively driven by aberrant circadian regulation
promoting periods of excitatory and inhibitory balance
throughout the day [54]. This latter concept is demonstrated
by a phase shift of approximately 12 hours in the 24-hour
rhythm of hippocampal spikes in an animal model of limbic
epilepsy and elicits consideration of the impact of epilepsy
itself on circadian patterns. It has been proposed that PWE have
permanent structural changes that may impair normal circadian
rhythms. This thought is supported by the finding of circadian
abnormalities (impaired sleep-wake cycle, increased core
temperature variability recordings and alterations in melatonin
release) amongst animal models.Altered circadian input to the
epileptic brain regions may have direct causality on excitatory-
inhibitory imbalances associated with seizures [1,54,55].

Common methods to objectively evaluate individual human
circadian rhythm phase include actigraphy (an indirect measure
of sleep patterns) and biological markers such as variations in
core body temperature, cortisol levels and the gold standard dim
light melatonin onset (DLMO) [56,57]. In one study, correlating
biological markers of circadian rhythm with time-based
dispersion of seizure occurrence in PWE, temporal lobe seizures
occurred more frequently 6 hours prior to DLMO and frontal lobe
seizures mostly 6-12 hours after DLMO suggesting that seizure
occurrence is synchronized to circadian rhythm phase in a non-
random pattern [58]. The impact of individual circadian rhythms
on chronotype in PWE is not well known [59]. It is also unknown
whether subjective chronotypes align with objective sleep
patterns and circadian rhythms and how each impacts seizure
frequency in PWE.

Effects of epilepsy surgery on sleep

Vagus nerve stimulation has been associated with increased
AHI andinducing OSAwhile improving daytime vigilance in PWE.
Low VNS stimulus intensities and increasing off time can reduce
AHI and improve quality of life in some PWE [60-63]. Less is
known about the impact of epilepsy surgery on sleep. One study
reported resolution of preoperative, PSG-diagnosed moderate
OSA associated with an oxygen saturation as low as 62% in a
patient with medically intractable epilepsy who underwent left
frontal lobe resection. Postoperatively, the patient had marked
reduction in IEDs and seizures with normalization of baseline
oxygen saturation and resolution of OSA suggesting that IED
and seizures may play a role in modulating upper airway control
during sleep [64]. In 2010, Carrion, et al. assessed subjective
sleep quality and EDS in a 48 patients with refractory TLE
undergoing epilepsy surgery at 2 days and 3 months following
surgical resection and found improved subjective sleep quality
independent of gender, AED class, age or seizure frequency [65].
Zanzmera, et al. demonstrated improved objective sleep quality,
sleep architecture and AHI on PSG three months following
epilepsy surgery compared to preoperative baseline in patients
with medically intractable refractory focal epilepsywho had
Engel class I and II surgical outcomes [66]. A similar result was
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demonstrated by Serafini, et al. who report a reduction in IIA
in all study participants following temporal lobectomy for TLE.
They verified an increase in total sleep time and REM sleep at 1
year follow-up with further increase in percentage of REM sleep
at 2 years in patients who were seizure-free and controlled for
significant AED changes during time observed. Their findings
support improved sleep macrostructure (sleep onset latency,
total sleep time, sleep efficiency index, number of awakenings
duration of sleep stages and REM latency) following reduction
of seizure and IIA burden after epilepsy surgery [67]. These
studies indirectly confirm the role of epilepsy in disrupting
sleep organization and may provide future insight into degree of
reversibility of changes.

DISCUSSION AND CONCLUSION

While it is clear that an interaction between sleep and
epilepsy exists—with sleep impacting the expression of IED
and seizure activity and seizures, substrates underlying epilepsy
and epilepsy treatments modulating sleep quality and sleep
architecture—there are many unanswered questions regarding
this dynamic reciprocal relationship. The current evidence
demonstrates that PWE have better sleep hygiene than controls
and suggests that worse sleep hygiene may be associated with
worse seizure control. More comprehensive investigations into
sleep hygiene measures in PWE are needed to relate underlying
pathologies that disrupt sleep with factors such as sleep-wake
behaviors, subjective and objective sleep measures, AED use, and
seizure type and frequency. Obstructive sleep apnea and epilepsy
are common disorders that are both associated with disrupted
sleep and chronic sleep deprivation. Investigations have shown
an increased prevalence of OSA in PWE with smaller studies
suggesting improved seizure control after treating OSA. Larger
prospective randomized, placebo-controlled studies are needed
to definitively determine the impact of OSA treatment on seizure
control in PWE.

Sleep deprivation can increase positive findings of IIA and
seizures on EEG in some PWE, thus improving diagnoses of
specific epilepsies. Although sleep deprivation increases cortical
excitability as demonstrated in multiple TMS studies, further
studies are needed to determine these underlying mechanisms.
It may be the combination of increased excitability and capturing
sleep that leads to increased yield of IIA and seizures on
sleep deprived EEG.Additionally, it may be that chronic sleep
deprivation has a larger impact on seizure frequency than acute
sleep deprivation. Investigations controlling for age, amount of
sleep deprivation, type and timing of EEG, activation techniques
during EEG and AED use may help determine answers to these
questions.

Investigations on the timing of seizures demonstrate that
temporal lobe seizures occur most often during the day while
frontal lobe seizures occur more commonly during sleep. Further
investigation is needed to determine if individual circadian
rhythms are aligned with sleep patterns in PWE and if adjusting
these patterns affects seizure control.

While VNS has shown to improve daytime vigilance, high
rates of stimulus intensities have been associated with increased
incidence of OSA. In the few published studies in PWE following

epilepsy surgery, sleep quality was improved as documented
by PSG in patients with a good surgical outcome. The cortical
control of OSA mechanisms needs to be investigated further
to understand the impact epilepsy surgery may have on sleep-
disordered breathing.Overall, increased diagnosis and thus
treatment of sleep disorders is likely to improve seizure control
and may have additive improvements in quality of life in PWE.
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