A complex interplay: -
Seizures and Sleep
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Sleep affecting distribution and frequency of
interictal epileptiform discharges (IEDs)

. . . Sleep
* Total sleep deprivation activates disorders

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
e “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
* 1.75 times
* 1.69 times
* 2.46 times
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Sleep and Interictal Epileptiform Discharges (IEDs)

Generalized epilepsy

Patients with IGE often have |[EDs in wakefulness and
sleep, but often increase through sleep stages and
decrease in REM

Focal epilepsy

Patients with Focal epilepsy often have |IEDs that
increase through sleep stages and decrease
substantially in REM

10PM 2AM 6AM 10AM 2FPM 6PM 10PM

Time

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



Sleep Related Hypermotor Epilpesy (SHE)

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

* Brief (< 2min)

e Abrupt onset and offset

* > 90% sleep (NREM) related
e Several episodes per night

 Level of awareness; not a crucial clinical signs



Mechanism of SHE

* Cholinergic hyperactivation

* Enhanced GABAergic function

e Cortical and subcortical networks involved in the mechanism of
arousal = epileptogenesis of ADSHE

» Defects in CLOCK expression—> preferential occurrences of seizures

during sleep
e Circadian Locomotor Output Cycles Kaput
 a transcription factor that regulated the circadian rhythm and the mTOR

pathway



Circadian Rhythm Genes

CLOCK gene % 6 )

CLOCK

e 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 sl
discharges

eep-related epileptic

| Ictal discharges/seizures

1

Interictal epileptic discharges

Daytime symptoms;
nonrestorative sleep,
fatigue, sleepiness

i1 1

Microarousal/sleep instability

{4

| -

Parasomnia, sleep related motor events




Sleep and Occurrence of Seizures

Generalized epilepsy

Wike Seizures

REM Patients with IGE (especially |ME) are more likely to

NREMI have seizures on waking
NREMZ

MNREM3Z

Mesial Temporal Lobe Epilepsy

Wake

REM to have
NREM|
NREM?2
% NREM3
B e Extra-Temporal Lobe Epilepsy
o
2 REM : : :
% KIRER] F'a_tlenu WII'.I:'I extra-TLE are more likely to have
NREMZ scizures on in slecp
NREM3 :
Frontal Lobe Epilepsy
Wake
REM Patients with FLE are more likely to have seizures in
NREM| sleep, specifically in NREM stages
NREMZ
NREM3
10 PM 6 AM 10 PM

Time

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



Sleep affecting Epilepsy

Sleep state modulates

epileptic seizures and

interictal epileptiform
discharges.

Wake Seizures
REM Patients with IGE (especially JME) are more likely to
NREM! have seizures on waking
NREMZ
NREM3
Wake
REM More
NREMI likely
NREM?2
@ NREM3
&
w
&
% Patients with extra-TLE are more likely to have
. : ]
scizures on in sleep =
a
)
[+]
Q
Patients with FLE are more likely to have seizures in =
sleep, specifically in NREM stages :2
=

Patients with IGE often have IEDs in wakefulness and
sleep, but often increase through sleep stages and
decrease in REM

Less
likely

Patients with Focal epilepsy often have IEDs that
increase through sleep stages and decrease
substantially in REM

10PM 2AM 6AM

Time

10AM 2PM 6PM

10PM



“Turning blue” during seizures

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

e 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

EEG onset Tonic-clonic seizure
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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 hea rt Fig. 1. SUDEP. The hypothesis that disruption of the autonomic system and SUDEP could be

related to the occurrence of OSA in people with refractory epilepsy. (From Andersen ML,

1 Tufik S, Cavalheiro EA, et al. Lights out! It is time for bed. Warning: obstructive sl
central or obstructive apnea e it el <ttt e b g




Sleep disorders affecting epilepsy

lee
* Sleep disordered breathing

e Obstructive sleep apnea (OSA)
* Common comorbidity in epilepsy , \

patients
~




Epilepsy patients more susceptible to OSA than
healthy controls (OR 2.36; 95 % Cl 1.33—4.18)

Studies Estimate (95% C.I.) O8A/Total

Malow 1997 0.714 (0.5032, 0.826) 45/63 : -

Manni 2003 0.102 (0.067, 0.138) 29/283 S =

Marzec 2003 0.125 (0.000, 0.287) 2/16 = !

Weatherwax 2003 D.552 (0.465, 0.639) 69,125 , ]

Becker 2004 0.367 (0.194, 0.539)  11/30 =

Khurana 2007 0.077 (0.000, 0.179) 2/26 B X

Kaleyias 2008 0.200 (0.076, 0.324) 8/40 = .

Abd E| Kader 2010 0.140 (0.044, 0.236) 7/50 | ] !

Foldvary 2012 0.423 (0.338, 0.508) 55/130 , ]

Li 2012 0.152 (0.102, 0.202)  30/197 —

Zanzmera 2012 0.100 (0.007, 0.192) 4/40 ] ;

Hashim 2013 0.093 (0.015, 0.170) 5/54 SR S

Jain 2013 0D.417 (0.324, 0.510) 45/108 : -

Phillips 2013 0.488 (0.339, 0.638) 21/43 I =

Economou 2014 0.444 (0.342, 0.547) 40/90 ' |

Ng 2014 0.444 (0.312, 0.577) 24 /54 ' -

Pornsriniyom 2014 0.576 (0.491, 0.660) 76/132 -

Vendrame 2014 0.757 (0.716, 0.798) 315/416 ! ——

Zambrelli 2014 0.174 (0.019, 0.329) 4/23 = :

Overall (1*2=97.9 % ,P<0.001) 0.334 (0.208, 0.461) 79%2/1920 e ——
T T ’ T T 1
o oz 0.4 06 0.8

Prevalence of mild—to-severe OSA in patients with epilepsy

Lin Z,et al. Sleep Breath 2017



————— B e Sl el T

Subgroup No. of studies  No.of OSA  No. of PWE  Prevalence (%, 95 % CI) or OR (95 % CI)  Heterogeneity P value

F,% Pvale

Al =5 19 792 1920 33.4 (20.83-46.1) 979 <0001  <0.001
AHI =15 10 26 B36 9.7 (5.1-14.4) 861 <0001  <0.001
AHT =30 9 34 726 4.4 (1.8-6.9 66.1 0.003  <0.001
OR (PWE vs control) 5 94 650 2.36(1.33-4.18) 29.6 022 0.003
Gender

Male 11 229 536 44.8 (27.5-62.2) 956 <0001  <0.001

Female 11 173 712 25.5(15.4-35.0) 92.6 <0001 <0001
OR (MvsF) 11 402 1248 3.00(2.25-3.99) 0 0.89 <0.001
Age

Aduls 11 641 1447 40.1 (21.6-58.6) 986 <0001  <0.001

Children 4 66 204 26.3 (9.1-43.4) 88.2  <=0.001 0.003
Seizure types

Focal 7 160 560 32.2(167-47.7) 946 <0001 <0001

Generalized 6 46 175 28.2(12.1-44.3) 89.7 <0001 <0001
OR (focal vs G) o 201 681 1.24 (0.80-1.92) 0 0.59 032
RE 4 37 188 19.5 (12.0-26.9) 37.2 0.18 <0.001
OR (RE vs CE) 3 41 287 1.61 (0.48-5.40) 22.3 027 043
ATEDs
=1 7 116 481 23.2(11.4-34.9) 90.6 <0001  <0.001
=2 3 103 410 25.6(13.6-37.7) 894 <0001 <0001
OR (=1 va =2) 7 217 875 0.83 (0.59-1.17) 0 0.71 031
After VNS 4 26 70 43.1 (16.7-69.5) 836  =0.001 0.001
Sample size
< 100 12 173 529 27.9 (15.83-40.0) 924  <0.001 0.06
=100 7 619 1391 42.5(19.3-65.8) 99.1 <0.001 0.001
Study quality
<5 10 520 9355 358 (17.1-54.6) 97.5 <0001  <0.001
=5 9 272 965 0.8 (16.9-44.6) 966 <0001  <0.001

(J5A obstructive sleep apnea, PWE patients with epilepsy, CT confidence interval, OR odds ratio, AHT apnoea’hypopnoea index, M male, F female, G

generalized, RE refractory epilepsy, CE controlled epilepsy, AEDs antiepileptic dmgs, VNS vagus nerve stimulaton )
Lin Z,et al. Sleep Breath 2017
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Sleep disorders affecting epilepsy
Sleep OSA - hypoxia, frequent
disorders arousals, sleep fragmentation
Treatment of OSA
improve seizure outcome
-

Poor seizure control

Daytime sleepiness
Poor tolerance to AEDs
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Effect of positive airway pressure therapy on seizure control in patients @Cmm
with epilepsy and obstructive sleep apnea
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Keywards:

Ohstructive sleep apnea
Positive ainesay pressure therapy
Palysommography

Selzure ouboomE

Epilepsy

Comorbedities

ABSTRACT

Previous studies sugeest that treatment for obstructive sleep apnea [(05A) in patients with epilepsy can improve
seizure control. We investigated the effect of positive airway pressure (FPAF) therapy on seizures in adults with
epilepsy referred to the Cleveland Clinic for polysomnography (PSG) from 1997 to 2010, Seizure oubcome at
baseline and 1 year later was compared in patients with no 05A (apnea-hypopnea index [AHI] <5), patients
with PAP-treated O5A, and patients with untreated 05A. One hundred thirty-two subjects (age: 40,2 4 13
[18-T6) years, 65.4% female) were included. Seventy-six [57.6%) subjects had OSA; of these, 43 (56.6%) were
on PAP therapy, and 33 (43 4%) were not on PAP therapy (either PAP-intolerant or refused therapy). Of the
group with PAP-treated O5A, 83.7% were adherent (use =4 h/night at least 5 nightsweek ). The percentage of
subjects with = 50% seizure reduction and the mean percentage of seizure reduction were significantly greater
in the group with PAP-treated OSA (73.9%; 58.5%) than in subjects with untreated O5A [ 14.3%; 17.0%). There
wiere significantly more subjects with successful outcomes (with = 50% serzure reduction or seizure-free at
both baseline and follow-up) in the group with PAP-treated O5A (83.7%) than in the groups with no 05A
[53.6%) and untreated 05A (39.4%). After adjusting for age, gender, body mass index, AHI, and epilepsy duration,
wie found that the odds of successful outoomes in subjects in the group with PAP-treated OSA were 99 and 3.91
times those of the groups with untreated 054 and no O5A, respectively. The group with PAP-treated O5A had 323
times the odds of having a = 30% serzure reduction compared with the group with untreated 05A and 613 times
compared with the group with no OSA. Positive airway pressure therapy appears to produce beneficial effects on
setzures in adult patients with epilepsy and 05A

© 2014 Elsevier Inc. All rights reserved.




Talde 4

Seizure outcome in the groups with PAP-treated 054, unimeated 054, and o 054 at follow-up.

PAP Rx-OSA —  Untreated-OSA No OSA . P
Total 52 /o 011
Mean + 50 43 i + 247 33 497 + 896 -t 269 + 6.3F
Median [F25, P75] 43 oo, 2.25] 13 0.17 o, 7] 56 0,04 |0, 1.62]
Focal ‘dialeptic 0.060
Mean 4 50 a3 1.05 £ 219 33 308 4+ 617 il 133+ 5
Median [F25, P75] 43 0 [0, 0.5] 13 0.17 o, 4] 56 oo, 0.17]
Generalized motor 0.66
Mean 4 50 a3 41 + 1.01 313 1.B9 4+ V2B ] 1.1/ + 361
Median [F25, F75] 43 oo, o] 33 oo, o] 56 oo, o
52 change® 0.004
Mean + 50 43 —3.F + BB 33 0.37 + 1.08 -t — 14 + 1.51
Median [F25, FT5] 43 0]—2 0] 33 oo, 0] 56 0 [— 0.2, 0]
52 change — 5F 0.40
Mean + 50 Al 0 + DdS 12 0.7 + Dl 19 0u0ed + DU
Median [F25, P75] i oo, o] 12 oo, 0] 14 oo, o
52 change — NSF" <0001
Mean + 50 £3 — 6.0 + 1086 21 048 + 1.31 ¥ —023 4+ 203
Median [P35, P75 £ — 3 [—275 —i.17] g'l 0 [0, 0] 37 —IJ.'I]"|—IJ.T.|'.I|
004
Mean + 50 £3 3852 4+ 5036 21 — 16497 4 10042 ¥ 185 4+ 13417
Median [F25, P75] i T2.7 [45.8, 100 | 0 [0, o] 37 35 [0, 100]
Responder, &° <0.001"
Yes 17 341 3 1d 2 15 4054
Il [+] i.lﬂ 18 35_.?1 A2 LG
Sucressiul owicome” —0.001"
Yag b B35 13 30354 30 5357
I i 1628 20 Bl 2 dbd3

Mean + 50, median P25, F75)] for continuous variables, otherwise percentage.

Abbreviations: 5F = seizure; mo = month; $F = seizure-free at baseline; NSF = not seizure-free ar baseline; responder = 540 seizure reduction; © = Pearson's chi-squared rest.
Kruskal-YWallis rank sum test unless otherwise indicated.
4 sing a 0017 sgnificance level, the group with PAP-treated 054 differs from the group with untreated 054 (p = 0.001); the groups with PAP-reated 054 and no 054 do not differ
(p = 0.057); the groups with untreated 054 and no 054 do not differ (p = 0060
b The growp with PAP-Treated 0%A differs from the other two groups (p < 0001 v unireated 054 and p = 00002 ws. no O5A); the groups with untreated O5A and no 054 do not differ

(p = 0.020).

© The group with PAP-treated O5A differs from the group with untreated O5A (p = 0.001); the groups with PAP-treated 054 and no 0%A do not differ (p = 0.17); the groups
with untreated 054 and no 054 do not differ (p = 0L0d&).
4 The groups with PAP-treated O%5A and unireated 054 differ (p < 0001 ). The groups with PAP-treated 054 and no O5A do not differ (p = 0.024); the groups with untreated O5A and

no 054 do not differ (p = 0U075).

? The groups with PAP-treated O5A and unireated 054 differ [ p = 0,001 ); the groups with PAP-meated 054 and no 05A differ (p = 0.003); the groups with untreated 054 and no 054

do not differ (p = 028).

Contents lists avadable at ScienceDiroct
g Epilepsy & Behavior

Journal homepage: www.elsevier.com/locate/yebeh

Effect of positive airway pressure therapy on seizure control in patients @W_m
with epilepsy and obstructive sleep apnea

Darakul Pornsriniyom **, Hu won Kim <, James Bena ¢, Noah D. Andrews *,
Douglas Moul *, Nancy Foldvary-Schaefer **

PAP-treated OSA
had 32.3

times the odds
of having a 250%
seizure reduction
compared with
the group with
untreated OSA

Pornsiriniyom D, et al. Epilepsy & Behavior 2014



Sleep Breath (2017) 21:263-270 @C— it
DOT 10.1007/11325-016-1391-3 )

SLEEP BREATHING PHY SIOLOGY AND DISORDERS « ORIGINAL ARTICLE

Obstructive sleep apnoea in patients with epilepsy:
a meta-analysis

Zhang Lin" - Qi Si’ + Zou Xiaoyi'

Studies Eastimate (95% C.I.) CBAP No-CPAP :

Pornsriniyom 2014 17.000 (3.658, 79.002) 17/23 3/z21 B

Malow 2008 1.964 (0.318, 12.124) 5/1% 2413 ] !

Subgroup 1 (1*2=68.29 % , P=0.076) 6&.120 (0.741, 50.577) 22/42 5/34 :

Malow 2008* 3.200 (0.315, 32.532) 4/19 1/13 u

Vendrame 2011 4.444 (1.000, 18.752) 16/28 3/13 B

Subgroup 2 (1*2=0 % , P=0.815) 4.037 (1.151, 14.154) 20/47 i/28 e

Overall (1*2=16.38 % , P=0.310) 5.265% [2.045, 13.578) 42/89 9/60 e —
| T T T T T T L
031 063 1.57 115 52T 15.74 4B G285 78

The efficacy of CPAP on seizure control

Fig. 3 The efficacy of CPAP on seizure control. Subgroup 1 = 50 % seizure reduction rate. Subgroup 2 = seizure-free rate. CPAP continuous positive
arway pressure

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

Lin Z,et al. Sleep Breath 2017
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Snoring

Contants lists availabla at www.sciencedirect.com

Tiredness
Observed

Blood Pressure
Short communication Bl\/”

@ Crosshark Age

Anumeha Sharma*®, Jennifer Molano ", Brian D. Moseley " NeCk circu mfe Frence

# Department of Newrology, George Washington University, 2150 Pernsylvania Avenue, 9th Foor, Boam 9-400, Washirgton, DC 20037, UsA
U Pepartment of Neurolagy and Rehobilitation Medicine, University of Cincinnari, 260 Stetson Street, Suite 2300, Clncinnati, OH 45267-0525 1154 G e n d e r

Epilepsy Research

journal homepage: www.elsevier.com/locate/epilapsyres

The STOP-BANG questionnaire improves the detection of epilepsy
patients at risk for obstructive sleep apnea

Table 1
The Snoring, Tiredness during daytime, Observed apnea, high blood Pressure, Body
mass index, Age, Meck circumiference, and Gender [STOP-BANG ) questionnaire.

ARTICLE INFO ABSTRACT
1. Snoring
Do you snore loudly ( louder than talking or loud enough to be
Articte fistory: Patients with epilepsy and obstructive sleep apnea (0SA) are at risk for worsened seizure control and heard through clased doors)?
Received 24 August 2016 quality of life. We performed a quality improvement project, evaluating for improvements in the screen-  Yes. bo
Received in revised form 4 Movember 2016 2. Tired

ing of O5A in epilepsy patients using the STOP-BANG questionnaire. The electronic medical records of [ you often feel tired, fatigued, o sleepy during daytime?
patients seen in our epilepsy clinic were screened for 4 months prior to the intervention. We subsequently Yes, No
implemented the STOP-BANG questionnaire for 3 months. Only 22664 patients (3.3%) had their sleeping 3. Observed

Has anyone observed you stop breathing during your sleep?
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PPV of the STOP-BANG questionnaire
81.8% in epilepsy clinic population. et
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on the STOP-BANG questionnaire saw sleep medicine; 11 (91.7%) were referred for polvsomnography  ves s

{PSG). Of the 10 patients who underwent PSG, 9 (90%) were diagnosed with 0SA and offered treatment | Neck drcumference -
Neck circumference greater than 40cm?

with continuous positive airway pressure [CPAP). Yes, Mo
i 2016 Elsevier BV. All rights reserved. 8. Gender

Gender male?
Yes, Mo




Epilepsia, 49(8):1457-1459, 2008 Table |I. Polysomnographic parameters
doi: 10.1111/j.1528-1167.2008.01677.x
PSG PSG
Resolution of obstructive sleep apnea with epilepsy Body mass index (kg/m?) 21.2 23.1
surgery? Expanding the relationship between Recording time (min) 374 1.9
Total sleep time (min) 367.4 367.0
sleep and epilepsy Supine sleep time (%) 100.0 97.0
*fNancy Foldvary-Schaefer, jLisa Stephenson, and *William Bingaman Sleep efficiency (%) 98.2 74.7
) ) . ) Sleep latency (min) 0.2 I11.0
*Epilepsy Center, {Sleep Disorders Center, Cleveland Clinic, Cleveland, Ohio, U.S.A. .

REM latency (min) 301.5 76.0
Stage | (%) 7.3 3.8
Stage 2 (%) 37.3 53.0

Stages 3—4 (%) 52.3 22.1

Stage REM (%) 3.1 21.1
Arousal index 1.3 14.4

[[AHT 243 L I

REM AHI 47.1 2.3
Mean/Minimum SaO, 92/62 98/91

% TST with SaO, < 90% 30.6 0
Periodic limb movement index 1.0 15.2
Periodic limb movement arousal index 0 29

No. of recorded seizures I 0

Spike rate“ 867 27

?Interictal epileptiform discharges per hour, quantified over
the first sleep cycle.

Foldvary-Schafer N, et al. Epilepsia 2008



Epilepsy affecting Sleep
disorders
- B

Insomnia
Daytime sleepiness
OSA

Anxiety

Nocturnal seizures

Epilepsy treatment
Anticonvulsants: hypotonia, wt gain
Vagal nerve stimulator




Epilepsy affecting Sleep

-0

Insomnia

Excessive daytime
sleepiness

* 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

Table 1

Sleep Disorders

Contribution of AED on sleep disorders and sleep architecture

Sleep Architecture

sleep apnea

AED Positive Effects _MNegative Effects Positive Effects Negative Effects
Phenobarbital Imsomnia Obstructive sleep  [5L | REM
apnea
Benzodiazepines Imsomnia, Willis  Obstructive sleep |51, | arousals, IREM | N3
Ekbom disease, apnea | CAP rate
REM sleep
disorder
Carbamazepine Willis Ekbom Mone None JREM, 15leep
disease stage shifts
Valproate Willis Ekbom Obstructive sleep Sometimes no 11N Reduction
disease apnea effect in REM
Gabapentin Willis Eklbom Obstructive sleep TN3, |arousals MNone
disease, apnea isleep
INsomnia efficiency
Lamotrigine Consolidating Insomnia; REM | 5leep stage | M3ipossible)
sleep reducing sleep behavior shifts,
arousals stage disorder | arousals,
shifts [REM
Lewvetiracetam Willis Ekbom Insomnia [ M3 Stage shifts None
disease and wake after
{case reports) sleep onset
were significanthy
decreased
Pregabalin Willis Ekbom Obstructive sleep  THN3, TREM, None
disease, apnea | arousals
IMSOMinia,
daytime
attention
Topiramate Weight loss, Willis Ekbom Mo changes Mo changes
Obstructive dizease

Zonisamide

Obstructive sleep
apnea

Willis Ekbom
disease

Mo changes No changes

Abbreviations: AED, anti epileptic drugs; CAP, cyclic alternating pattern (A marker of sleep insta-
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VNS affecting Sleep Disordered Breathing = = _

J— Generator

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

e 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

e 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.
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VNS affecting Sleep Apnea: Management

* Pre VNS implantion OSA; improved with PAP treatment
e 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.

e Screening for OSA prior to VNS implantation?

) Epilepsy & Behavior Reports bt
£k Volume 12, 2019, 100325 ‘
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Treatment of vagus nerve stimulator-

| induced sleep-disordered breathing: A case
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Take home message

 Complex interplay epilepsy, sleep and sleep disorder
* Better sleep, better seizure outcome

e Screen for sleep problems particularly OSA in epilepsy patients



