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Sleep affecting distribution and frequency of 
interictal  epileptiform discharges (IEDs)

• Total sleep deprivation activates 
interictal epileptiform discharges in 
23% to 93% of patients with definite 
or suspected seizures.
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Occurrence of IEDs in Different Sleep stages

• Increased synchronization during NREM
• “slow oscillation”

• Enhance IED activity

• Extensive and widespread IED

• Desynchronization during REM
• “cholinergic modulation”

• Enhance suppression effects of IEDs

• Relatively suppressed and restricted IEDs
• More accurate in localizing epileptogenic zone

Relative focal IED 
occurrence rate 

(compared to REM) 

• 1.11 times higher in W

• 1.75 times higher in N1

• 1.69 times higher in N2

• 2.46 times higher in N3



Sleep and Interictal Epileptiform Discharges (IEDs) 

Badawy RA, Freestone DR, Lai A, et al. Epilepsy: ever-changing states of cortical excitability. Neuroscience 2012;222:89–99
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Sleep Related Hypermotor Epilpesy (SHE)

• Different intensity and durations ranging from paroxysmal arousals to 
nocturnal wandering that could occur in a single patient, during a 
single night

• Brief (< 2min)

• Abrupt onset and offset

• > 90% sleep (NREM) related

• Several episodes per night

• Level of awareness; not a crucial clinical signs



Mechanism of SHE

• Cholinergic hyperactivation

• Enhanced GABAergic function

• Cortical and subcortical networks involved in the mechanism of 
arousal → epileptogenesis of ADSHE

• Defects in CLOCK expression→ preferential occurrences of seizures 
during sleep
• Circadian Locomotor Output Cycles Kaput 

• a transcription factor that regulated the circadian rhythm and the mTOR
pathway



CLOCK gene 

• Reduced expression of the CLOCK gene 

in epileptic brain specimens (FCD, TSC) compared to control tissue

• Mice with conditional deletion of CLOCK in the excitatory neurons, 
exhibits sleep-related seizures 

• Disruption of the function of the core-clock genes may play an 
important role in the generation of focal epilepsy. 

• However, most experiments are conducted on temporal lobe 
epilepsy; further studies on extratemporal lobe epilepsy are 
warranted.



Vicious loop of sleep-related epileptic 
discharges

Ictal discharges/seizures

Interictal epileptic discharges

Microarousal/sleep instabiIity

Parasomnia, sleep related motor events

Daytime symptoms;
nonrestorative sleep, 

fatigue, sleepiness



Sleep and Occurrence of Seizures  

Badawy RA, Freestone DR, Lai A, et al. Epilepsy: ever-changing states of cortical excitability. Neuroscience 2012;222:89–99
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Generalized epilepsy

Mesial Temporal Lobe Epilepsy

Extra-Temporal Lobe Epilepsy

Frontal Lobe Epilepsy



Sleep affecting Epilepsy

Sleep state modulates 
epileptic seizures and 
interictal epileptiform 

discharges. 



“Turning blue” during seizures

• 1899: Hughlings Jackson report that respiratory arrest could occur in 
humans during temporal lobe seizures originating near the uncus, 
leading to patients “turning blue.” 

• 1996: During vEEG: 10 of 17 PWE (59%) during 47 seizures developed 
apnea (mean, 24 s; longest, 64 s) and six had seizures with oxygen 
desaturations in the range of 55% to 83%.

• Apnea was typically central; obstructive events were observed in only 
30%

• Electrical stimulation of the amygdala and hippocampal head in 3 
patients undergoing stereotactic depth electrode evaluation: elicited 
central apnea during the expiratory phase (ie, inhibiting inspiration).



Seizure induced apnea and desaturation

Somboon T. Chest 2019



SUDEP 
(Sudden Unexplained Death in EPilepsy)
• Risk of 1% per decade in patients with 

uncontrolled epilepsy. 

• “Prone position, sleep, refractory 
epilepsy”

• Potential etiologic factors
• cardiac arrhythmia, myocardial ischemia, 

arrhythmogenic medications
• electrolyte disturbances
• transmission of the epileptic activity via the 

autonomic nervous system to the heart
• central or obstructive apnea 



Sleep disorders affecting epilepsy

• Sleep disordered breathing

• Obstructive sleep apnea (OSA)

• Common comorbidity in epilepsy 
patients
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Epilepsy patients more susceptible to OSA than 
healthy controls (OR 2.36; 95 % CI 1.33–4.18)

Lin Z,et al. Sleep Breath 2017



Lin Z,et al. Sleep Breath 2017





Sleep disorders affecting epilepsy
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OSA → hypoxia, frequent 
arousals, sleep fragmentation

Poor seizure control
Daytime sleepiness
Poor tolerance to AEDs 

Treatment of OSA 
improve seizure outcome





PAP-treated OSA 
had 32.3
times the odds 
of having a ≥50% 
seizure reduction 
compared with 
the group with 
untreated OSA

PAP Rx-OSA Untreated-OSA No OSA

Pornsiriniyom D, et al. Epilepsy & Behavior 2014



Lin Z,et al. Sleep Breath 2017

Patients treated by CPAP have an increase in successful outcomes as compared to 
the untreated patients (OR 5.26; 95 % CI 2.04–13.5; P < 0.001)



Snoring

Tiredness

Observed

Blood Pressure

BMI

Age

Neck circumference

Gender

PPV of the STOP-BANG questionnaire 
81.8% in epilepsy clinic population.



Foldvary-Schafer N, et al. Epilepsia 2008



Epilepsy affecting Sleep
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Insomnia
Daytime sleepiness
OSA

Anxiety
Nocturnal seizures
Epilepsy treatment
Anticonvulsants: hypotonia, wt gain
Vagal nerve stimulator



Epilepsy affecting Sleep

Excessive daytime 
sleepiness

OSA

Nocturnal 
seizures*

AEDs

Insomnia

Anxiety

AEDs

* Sleep fragmentation from increased arousal



Anticonvulsants 
affecting Sleep

Sleep architecture change

Daytime sleepiness*

Insomnia: Lamotrigine, levetiraceam

Increased OSA

- Increased airway floppiness : 
benzodiazepine

- Excessive wt gain: valproate

Increased RLS: Topiramate, Zonisamide



VNS affecting Sleep Disordered Breathing

• Experimental stimulation of the vagus nerve in humans: → partial/complete 
inhibition of inspiration, prolongation of expiratory time, and modest changes 
inarterial pressure and bradycardia 

• Patients with VNS can have central apneas, obstructive hypopneas, and 
obstructive apneas.

• Prevalence of OSA increased from 17% to 65% after VNS

• Awake endoscopic laryngoscopy postimplantation showed left vocal cord 
adduction during the stimulation ON phase

• Suggesting that reduction of the glottal space or lack of coordination between 
inspiration and the glottal aperture may have a role in OSA after VNS therapy.





VNS affecting Sleep Apnea: Management

• Pre VNS implantion OSA; improved with PAP treatment

• Post VNS implantation OSA; decreased stimulation of VNS 

• Respiratory events during VNS ON time can usually be reduced or 
eliminated by 
• lengthening the duration of OFF time (increasing the cycling time to 300 s)

• reducing the stimulation intensity from 30 to 20 Hz, and if needed 10 Hz. 

• Screening for OSA prior to VNS implantation?



Take home message

• Complex interplay epilepsy, sleep and sleep disorder

• Better sleep, better seizure outcome

• Screen for sleep problems particularly OSA in epilepsy patients


