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Effects of Vagus Nerve Stimulation on Sleep-Disordered
Breathing, Daytime Sleepiness, and Sleep Quality in
Patients With Drug-Resistant Epilepsy
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Background and Purpose This study aimed to determine the long-term effects of vagus
nerve stimulation (VNS) on sleep-disordered breathing (SDB), daytime sleepiness, and sleep
quality in patients with drug-resistant epilepsy (DRE). It also investigated the relationships

B among these main effects, clinical characteristics, and VNS parameters.

Kwang Ik Yang® Methods Twenty-four patients were recruited. Paired #-tests and multiple linear regression
Seung Bong Hong® analyses were performed to determine how the demographic and clinical characteristics of the

. patients influenced the variables that changed significantly after VNS treatment.
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INTRODUCTION

Vagus nerve stimulation (VNS) involves stimulating the vagus nerve with electrical impulses,
and is a clinically safe and effective treatment for patients with epilepsy (PWE). It has been
used primarily for focal epilepsy, as well as for certain types of generalized epilepsy as an ad-
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and/or turning VNS on and off"*"" induces significant chang-
es in SDB. One retrospective study found VNS-related ob-
structive sleep apnea (OSA) in eight of nine (89%) pediatric
patients.® Another study found that 4 of 26 (15%) pediatric
PWE had sleep apnea after the implantation of a VNS device.”
Also, one prospective study found that OSA was associated
with VNS treatment in 5 of 16 adult PWE." In addition to
potentially causing SDB, VNS promoted both wakefulness
and rapid eye movement (REM) sleep in a cat depending on
the balance between cholinergic and noradrenergic linkag-
es.'* However, a study of 10 adult PWE demonstrated that
VNS treatment both significantly increased daytime alertness
and significantly decreased nocturnal REM sleep."” Another
study of 16 PWE found that VNS at a low intensity (<1.5 mA)
decreased daytime sleepiness and daytime REM sleep, even
in patients with no reductions in seizure frequency.”® In sum-
mary, VNS influences the interrelated network of SDB, epi-
lepsy, and sleep, and so the present study investigated effects
of long-term VNS treatment on OSA, sleep quality, and day-
time sleepiness in patients with DRE.

METHODS

Patients

This prospective study was approved by the Samsung Medi-
cal Center Institutional Review Board (No. 2016-05-055) and
obtained informed consents from the PWE undergoing VNS
treatment. Twenty-four patients who underwent two over-
night polysomnography (PSG) and completed a set of sleep-
related questionnaires both at baseline and at follow-up were
included in this study. All patients were asked to keep accu-
rate seizure logs during the period between the baseline and
follow-up PSG investigations. There were no drug changes in
any patients throughout the study, including at the 2-month
baseline assessment. All of the patients were drug-resistant
and underwent a presurgical evaluation such as long-term
video-EEG (electroencephalography) monitoring and brain
magnetic resonance imaging (MRI). The patients had various
types of seizures, including aura episodes, motor simple par-
tial seizures (SPS), complex partial seizures (CPS), second-
ary generalized tonic-clonic seizures (2GTCS). Patients
were excluded if they had cognitive impairments that were
sufficiently severe to interfere with their ability to provide in-
formed consent or to participate in the study.

Study design

This study was designed to evaluate the effects of VNS on the
seizure outcome and sleep-related variables (SDB, daytime
sleepiness, insomnia, and sleep quality). Baseline assessments
were performed the day before the VNS device was implant-
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ed. All of the assessments performed at baseline were repeat-
ed when the output current of each patient reached >1.5 mA
at least 3 months (range: 7-12 months) after surgery.

VNS treatment

VNS treatment was applied using the NeuroCybernetic Pros-
thesis stimulating electrode and stimulator manufactured by
LivaNova (previously Cyberonics, Houston, TX, USA). The
VNS device was implanted subcutaneously in the left chest
and neck under general anesthesia, and the stimulator was
switched on at 2-4 weeks after surgery when the surgical
wounds had healed and showed no sign of infection. The ini-
tial stimulation started with an output current of 0.25 mA, a
frequency of 30 Hz, a pulse width of 500 ps, and on/off cycles
of 30 s on and 5 min off. The output current was gradually
increased at each visit (i.e., every 2—4 weeks) over several weeks
from 0.25 to 21.5 mA, depending on the tolerance and sei-
zure outcome. Patients were supplied with a handheld VNS
magnet that could be used to activate stimulation when they
experienced an aura, to prevent its progression to seizure.
When a patient complained about an adverse event related
to stimulation, the pulse width was reduced to 250 ys or the
output current was temporarily reduced with or without also
decreasing the signal on-time to 21 or 25 .

Overnight PSG

All patients were asked to abstain from alcohol and caffein-
ated beverages on the day before the sleep studies were con-
ducted. Sleep recordings were made using the Somnologica
device (Embla, Denver, CO, USA). PSG was performed us-
ing six-channel EEG (F3/A2, F4/A1, C3/A2, C4/A1, O1/A2,
and O2/A1), four-channel electrooculography, electromyog-
raphy (on submental, intercostal, and anterior tibialis mus-
cles), and electrocardiography with surface electrodes. The
following devices were also attached to the patients: therm-
istor (for monitoring oronasal airflow), nasal air pressure sen-
sor, oximeter (for measuring oxygen saturation), piezoelectric
bands (for determining thoracic and abdominal wall mo-
tions), and body-position sensor. Patients went to bed at 23:00
and were awakened at 07:00 the next day. Sleep architecture
was scored in 30 s epochs, and sleep staging was interpreted
in accordance with the criteria of Rechtschaffen and Kales."
Apnea and hypopnea episodes were defined based on stan-
dard scoring scales.”” The American Academy of Sleep Medi-
cine (AASM) rules published in version 2.0 of the AASM man-
ual”® were used for scoring a hypopnea episode as follows:
>30.0% reduction in nasal pressure signal excursions from
baseline that lasted >10 s with >3.0% desaturation from the
pre-event baseline or arousal. An apnea episode was defined
as a reduction in airflow of >90.0% in the thermistor lasting



210 s during which there was evidence of persistent respira-
tory effort. To grade the severity of sleep apnea, the total num-
ber of apnea and hypopnea episodes per hour was reported
as the apnea-hypopnea index (AHI). OSA severity was defined
as follows: AHI <5/hr, normal; AHI=5-15/hr, mild; AHI=15-
30/hr, moderate; and AHI >30/hr, severe. The respiratory
disturbance index (RDI) in this study was the sum of the AHI
and the respiratory-effort-related arousal (RERA) index (num-
ber of RERAs per hour of sleep).” The oxygen desaturation
index (ODI) was the number of times per hour of sleep that
blood oxygen level decreased by 23.0% from baseline.

Sleep-related variable assessments

This study evaluated three sleep-related variables (daytime
sleepiness, insomnia severity, and sleep quality) twice before
and after VNS treatment. Excessive daytime sleepiness (EDS)
was measured using the Epworth Sleepiness Scale (ESS),”
insomnia severity was measured using the Insomnia Severity
Index (ISI),” and sleep quality was measured using the Pitts-
burgh Sleep Quality Index (PSQI).” The ESS has been widely
used to measure the sleep propensity of a subject across dif-
ferent situations in daily life during the preceding month with
a simple self-administered eight-item questionnaire. Total ESS
scores are divided into five subcategories: 0-5, lower-normal
daytime sleepiness; 6-10, higher-normal daytime sleepiness;
11 or 12, mild EDS; 13-15, moderate EDS; and 16-24, severe
EDS.* The ISI is measured using a self-report questionnaire
of a subject’s perception of insomnia severity. Total ISIs are
divided into four subcategories: 0-7, no clinically significant
insomnia; 8-14, subthreshold insomnia (mild severity); 15—
21, clinical insomnia (moderate severity); and 22-28, clini-
cal insomnia (severe).” The PSQI comprises 19 questions that
are combined to form the following 7 components: subjective
sleep quality, sleep latency, sleep duration, habitual sleep ef-
ficiency, sleep disturbances, use of sleep medication, and day-
time dysfunction. These seven components are combined to
form a global score that varies from 0 to 21, where 0 indicates
no difficulty and 21 indicates extreme difficulty. A common
cutoff for the global score is 5.7

Seizure measurement

Seizure frequencies of aura episodes, SPS, CPS, and 2GTCS
were assessed by analyzing the seizure diaries of patients
throughout the study period. For all patients, changes in the
frequencies of different seizure types at the follow-up were
analyzed by comparing the post-VNS seizure frequency with
the baseline seizure frequency.

Statistical analysis
Paired t-tests were used to assess changes in all variables (sei-
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zure frequency, PSG, and sleep questionnaires) between before
and after long-term VNS treatment. In addition, two-samples
independent t-tests were used to compare demographics, ep-
ilepsy-related, sleep-related, and VNS-related variables be-
tween patients with and without an increased AHI. Multiple
linear regression analyses were used to identify the factors po-
tentially associated with significant changes in PSG parame-
ters, daytime sleepiness, insomnia severity, and sleep quality
after VNS treatment. The dependent variables were changes
in AHI, RDI, apnea index, the lowest arterial oxygen satura-
tion (SaO; nadir), and ODI. Independent variables included
age, sex, ESS score, ISI, and PSQI at baseline, epilepsy-relat-
ed variables, and VNS-related variables. The epilepsy-related
variables were age at the onset of seizures, duration of epilep-
sy, type of epilepsy and seizures, EEG findings, and existence
of MRI lesions. The VNS-related variables were whether a
VNS magnet was used, the stimulation voltage, and the du-
ration of VNS treatment.

The associations between dependent and independent vari-
ables were quantified as the mean and 95.0%-confidence-in-
terval values of unstandardized linear regression coeflicients.
All significant associations were ranked according to the ab-
solute values of their standardized effects, quantified as stan-
dardized regression coeflicients. The tests of statistical signifi-
cance were two-tailed, and significance was defined by p<0.05.
All statistical analyses were performed with SPSS software
(version 25.0, IBM Corp., Armonk, NY, USA).

RESULTS

The demographic and clinical characteristics of the 24 includ-
ed patients are summarized in Table 1. Their age at the time of
implanting the VNS device was 30.6+9.6 years (mean+standard
deviation), while the age at the onset of seizures was 9.9+7.3
years, the duration of epilepsy was 20.2+11.2 years, the num-
ber of antiepileptic drugs (AEDs) was 4.4+1.2, and the inter-
val between baseline and follow-up PSG investigations was
11.0£1.9 months (range: 7-12 months). There was no signifi-
cant change in body weight between the baseline and follow-
up visits. All patients had bilateral or multifocal epilepsy. Fif-
teen patients experienced adverse events of VNS, comprising
hoarseness (1=7), cough (n=2), shortness of breath (n=1), and
neck tingling pain (n=>5).

Paired t-tests revealed significant changes between before
and after VNS treatment in AHI (4.9/hr to 8.7/hr, p=0.009),
RDI (6.0/hr to 10.0/hr, p=0.013), apnea index (0.4/hr to 1.0/hr,
p=0.021), hypopnea index (4.5/hr to 7.7/hr, p=0.015), SaO,
nadir (90.6% to 88.0%, p=0.004), and ODI (4.3/hr to 8.3/hr,
p=0.018). The baseline PSG revealed mild OSA (5<AHI<15)
in 2 patients, moderate OSA (15<AHI<30) in 2, and normal
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AHI (<5) in 17. Among 20 patients who showed increased AHI
after VNS, this increase was within the normal range in 11 of
them (mean AHI: 0.64/hr to 1.76/hr). After implanting the
VNS device, four out of seven patients with pre-existing mild
(n=5) and moderate (n=2) OSA worsened to moderate OSA
(n=3) and severe OSA (n=1), respectively, and five patients
with normal AHI developed mild OSA. The findings are sum-
marized in Tables 2 and 3. Compared with those without an
AHI increase, patients exhibiting an AHI increase showed
higher body mass index (BMI) (p=0.008), AHI (p=0.016), ODI
(p=0.022), RAI (p=0.029), ISI (p=0.043), and lower stage-3
sleep (p=0.019). There was no significant change in ESS (7.2 to
6.1, p=0.484), ISI (8.3 to 6.5, p=0.261), or PSQI (7.0 to 5.9, p=
0.354) between before and after VNS treatment (Refer Table 4).

The results of multiple regression analyses are presented in
Table 5. The predictor of larger increases in AHI and RDI was
being older at baseline, and the predictor of a larger increase
in apnea index was a longer epilepsy duration at baseline. The
strongest predictor of a larger increase in ODI was a higher
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frequency of aura episodes at baseline, followed by a longer
epilepsy duration at baseline. The strongest predictor of a larg-
er decrease in SaO, nadir was a higher frequency of aura epi-
sodes at baseline, followed by a longer epilepsy duration.

After long-term VNS treatment, the number of aura or sei-
zure episodes per month was remarkably reduced (aura: 4.77
to 1.83, p=0.059; CPS: 6.98 to 3.38, p<0.001; 2GTCS: 0.67 to
0.04, p=0.006). The percentage seizure reductions in aura,
CPS, and 2GTCS were 65.9%, 51.6%, and 93.8%, respectively.
Seven of 14 patients reported that using the VNS magnet
could stop seizure progression.

DISCUSSION

This prospective study has provided further evidence that
long-term VNS treatment is associated with an increase in
OSA in patients with DRE. Furthermore, changes in AHI, ap-
nea index, RDI, and SaO, nadir were significantly associated
with age, epilepsy duration, and frequency of aura episodes

Table 2. Apnea-hypopnea index (AHI) before (pre) and after (post) VNS treatment

Supine position (%) AHI (fhr) Supine AHI (/hr) Lateral AHI REM-sleep AHI  NREM-sleep AHI
Pt no. (/hr) (/nr) (/hr)

Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post

1 85.1 100.0 0.0 0.3* 0.0 0.3 0.0 - 0.0 1.5 0.0 0.0
2 74.0 72.0 0.7 2.0* 0.7 2.8 0.7 0.0 33 3.8 0.4 1.7
3 75.3 66.0 0.6 0.0" 09 0.0 0.0 0.0 1.6 0.0 0.4 0.0
4 29.8 44.5 6.6 17.5* 22.1 389 0.0 0.3 0.0 0.0 7.5 20.6
5 73.2 100.0 0.0 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0 0.0
6 100.0 84.6 8.7 14.8" 8.7 13.6 - 21.4 280 29.2 6.0 12.4
7 100.0 100.0 0.8 1.9* 0.8 19 - - 3.8 4.1 0.2 1.0
8 76.5 84.9 1.4 3.2% 1.8 34 0.0 1.8 6.0 12.1 0.4 0.7
9 99.6 100.0 9.6 0.6" 9.7 0.6 0.0 - 1.4 0.0 10.7 0.7
10 98.5 100.0 28.3 19.8 28.7 19.8 0.0 - 60.5 60.0 22.4 16.8
n 84.4 379 1.8 14.4* 2.0 19.8 1.1 10.7 0.0 1.5 2.2 15.1
12 100.0 100.0 25.7 42.5% 25.7 425 - - 0.0 0.0 25.7 425
13 90.4 69.9 0.7 3.2% 0.7 4.0 0.0 15 0.0 0.0 0.7 3.8
14 57.7 84.9 0.0 0.7* 0.0 09 0.0 0.0 0.0 2.7 0.0 0.0
15 62.3 84.7 7.2 26.1% 11.0 29.9 09 49 5.7 343 7.5 252
16 86.7 69.4 0.4 0.6* 0.2 0.7 1.5 0.5 0.0 1.0 0.4 05
17 86.3 69.3 1.6 8.6* 1.9 1.5 0.0 1.8 2.4 30 1.4 10.3
18 100.0 100.0 0.3 0.4* 03 0.4 - - 1.7 1.5 0.0 0.2
19 76.6 76.7 29 12.4* 3.8 14.1 0.0 6.7 9.1 30.4 1.0 4.6
20 100.0 78.7 3.7 8.8" 3.7 9.9 - 4.8 0.0 0.0 3.7 10.2
21 54.1 81.9 12 2.6° 1.9 3.0 0.3 0.8 0.0 6.7 1.3 19
22 I55 100.0 10.3 15.5% 25.7 155 1.8 - 3.0 30.0 12.5 14.3
23 100.0 96.0 15 3.6* 1.5 33 - 10.3 0.0 17.1 1.7 1.9
24 74.5 100.0 33 9.3* 4.5 9.3 0.0 - 10.4 18.7 19 8.3

Mean+SD 80.0+20.3 83.4+178 49+75 87+104 65%93 103%12.3 0.3%0.5

*Increased AHI in follow-up polysomnography (PSG); *Decreased AHI in follow-up PSG.
NREM, non-REM; Pt, patient; REM, rapid eye movement; SD, standard deviation; VNS, vagus nerve stimulation.

27%51 57%13.1 11.2%£154 45+70 80%+105
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at baseline.

The mean AHI in patients with DRE increased significant-
ly after VNS treatment. About 83.0% of our patients showed
an increase in AHI after VNS treatment. Our findings for the
AHI changes induced by VNS are partly consistent with the
results of previous studies.>”* 22426 Applying VNS treatment
to PWE has been shown to induce mild OSA or increase the
severity of pre-existing OSA, accompanied by not only in-
creases in the respiratory rate and AHI, but also decreases in

Table 3. Polysomnography findings

Sleep parameter Baseline Follow-up p
361.9+76.6 392.1£78.1 0.043*

417.4£36.2 456.3137.8 <0.001*

Total sleep time (min)
Time in bed (min)

Sleep latency (min) 85+11.0 9.0%155 0.883
REM sleep latency (min) 115.1£69.9 119.8£62.1 0.759
Arousal index (/hr) 97+60 122+78 0086
Sleep efficiency (%) 87.41169 86.5-16.5 0913
Stage 1 (% of total sleep time) 9.8+6.6  11.6+7.8 0204

64.6110.9 63.3£12.3 0.668
Stage 3 (% of total sleep time) 11.9+120 88+83 0.240
Non-REM sleep (% of total sleep time) 85.7£7.2  84.7+7.4 0.502
REM sleep (% of total sleep time) 139+7.1  150%7.4 0.498

Stage 2 (% of total sleep time)

Apnea (/hr) 0.4+0.8 10+£18 0021*
Hypopnea (/nr) 45+69 77188 0.015*
AHI (/hr) 49175 8.7£10.4 0.009*
RDI (/hr) 6.0t7.6 100£11.0 0.013*
Sa0, nadir (%) 90.6+4.7 88.0%+6.8 0.004*

0Dl 4316.2 831104 0.018*
WASO (min) 458+723 5341711 0.802
WASO (%) 120£17.1  12.1£15.7 0978
Snoring, number of episodes 1.8+3.2 3.6£59 0.104
Data are meantstandard deviation values.

*Statistically significant at p<0.05.

AHI, apnea-hypopnea index; hr, hour; ODI, oxygen desaturation index;
RDI, respiratory disturbance index (apnea+hypopnea-+respiratory-ef-
fort-related arousals); REM, rapid eye movement; Sa0, nadir, lowest
arterial oxygen saturation; WASO, wake time after sleep onset.

the respiratory amplitude, tidal volume, and oxygen satura-
tion.”""** A recent study of 18 PWE who underwent awake en-
doscopic laryngoscopy after VNS treatment for 4 years showed
left-vocal-cord adduction in 11 patients with new-onset or
worsened OSA during VNS.” This suggests that reduction of
the glottal space or lack of laryngeal-respiratory coordination

Table 4. Insomnia severity index (ISI), Epworth sleepiness scale (ESS)
score, and Pittsburg sleep quality (PSQI) of all participants

Patient ISI ESS score PSQl
no. Pre Post Pre Post Pre Post
1 n n 10 17 n 10
2 5 15 6 5 10 16
3 9 9 7 7 3
4 13 6 0 8 7
5 19 3 4 1 " 3
6 4 " 6 2 6 7
7 5 4 24 13 5 6
8 2 7 13 6 8 6
9 15 6 8 " 3 6
10 8 5 5 " 8 3
11 2 15 " 17 4 9
12 13 8 3 2 2 2
13 6 4 9 9 7 9
14 10 21 7 8 8 14
15 1 n 3 4 8 9
16 6 9 1 7 3
17 1 7 6 3 2
18 10 4 2 2 9 10
19 5 8 3 6 5 8
20 21 4 19 9 10 4
21 16 4 0 5 13 1
22 0 1 2 0 6 3
23 9 1 6 4 4 1
24 5 2 0 0 6 0

Mean+SD 83%57 65+52 72%56 6.1£50 7.0%+2.8 59+4.1

Post, after VNS treatment; Pre, before VNS treatment; SD, standard de-
viation; VNS, vagus nerve stimulation.

Table 5. Results from multiple regression analyses of predictors associated with worsening obstructive sleep apnea (OSA), as well as new onset of 0SA

Dependent variable Predictor Standardized coefficient p R?

Change in AHI Age at baseline 0.429 0.038* 0.287

Change in apnea Epilepsy duration 0.280 0.012* 0.794

Change in RDI Age at baseline 0.440 0.020* 0.366

Change in ODI Frequency of aura episodes at baseline 0.371 0.013* 0.618
Epilepsy duration 0.311 0.039*

Change in Sa0, nadir Frequency of aura episodes at baseline -0.399 0.031* 0.350
Epilepsy duration -0.386 0.037*

*Statistically significant at p<0.05 in a multiple regression analysis after adjusting for the effects of the reduction in seizure frequency (aura, CPS, and
2GTC) on the changes in AHI, apnea, RDI, ODI, and Sa0, nadir after VNS treatment.

AHI, apnea-hypopnea index; CPS, complex partial seizure; ODI, oxygen desaturation index; RDI, respiratory disturbance index (apnea+hypopnea+
respiratory-effort-related arousals); Sa0, nadir, lowest arterial oxygen saturation; VNS, vagus nerve stimulation; 2GTC, secondary GTC.
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influence the exacerbation of OSA after VNS. Another study
of 16 adult patients with DRE found that 5 patients with nor-
mal AHI values worsened to mild OSA after VNS treatment
for 3 months." Based on these previous VNS studies, OSA
might be induced by VNS not only via the airway obstruction
secondary to the stimulation effects of VNS on respiratory
centers of central nervous system, but also by the morpholog-
ical alteration of neuromuscular transmission to laryngeal and
pharyngeal muscles induced by the peripheral stimulation of
vagus nerve afferents.>**’

The multiple regression analyses performed in this study
revealed that older patients with a higher frequency of aura
episodes and a longer epilepsy duration have a higher risk of
worsening OSA after a VNS device is implanted. There have
been no reports of risk factors affecting the worsening of re-
spiratory variables after VNS. Although not directly related
to our findings, a previous study found that the risk factors
for OSA included a wide range of clinical and sleep-related
variables, such as being older, being male, and having obesity,
larger neck circumference, loud snoring, EDS, depression, hy-
pertension, and diabetes.”® One Canadian study found age to
be an independent risk factor for OSA.” Those authors sug-
gested that the decrease in the muscle tone with aging and the
consequent reduction in the dimensions of upper airway lu-
men are pathogenic mechanisms for OSA. Another study of
60 adult PWE demonstrated that older patients and those with
alonger epilepsy duration tend to have a higher AHI.* Those
authors suggested that age and the duration of epilepsy play a
role in the pathogenesis of worsened OSA, because the BMI
was not higher in PWE with a higher AHI than in nonapneic
patients. DRE patients who participated in this study were tak-
ing a mean of 4.4 AEDs (range: 3-7 AEDs) at baseline, and
taking multiple AEDs is associated with weight gain, which
potentially exacerbates or increases the risk of OSA.” The risk
of obesity in patients with DRE might be higher in those re-
ceiving AED polytherapy than in those receiving monother-
apy. These results support our finding that the patients with
increased AHI showed higher BMI compared with the pa-
tients without an increased AHI.

Benzodiazepines, such as clobazam and clonazepam, are
often used to treat DRE.*” The use of these drugs is associat-
ed with reduced upper airway muscle tone and respiratory
responses to hypoxia.” Two studies have shown that admin-
istering benzodiazepines for OSA may be associated with an
increase in and prolongation of apnea episodes.*** Respira-
tion can be affected by the input from limbic regions to the
respiratory center located in the brainstem. Stimulating mul-
tiple cortical areas including the amygdala, hippocampus, ven-
tral and medial temporal pole, and anterior insular and an-
terior limbic gyrus due to frequent seizures induces respiratory

wsas JCN [N

inhibition.**” However, focal seizures that do not spread to
these areas can also cause respiratory disturbances. These find-
ings might be consistent with the results of the present study.

This study found that daytime sleepiness symptoms de-
creased slightly after VNS treatment (mean ESS score: 7.2
to 6.1), although the change was not statistically significant.
This is partially consistent with the results of the previous two
studies showing that VNS with a low stimulation intensity of
<1.5 mA improved daytime sleepiness symptoms.'”** The
vagus nerve projects via the nucleus tractus solitarius into many
brainstem regions, including the parabrachial nucleus (PBN)
and locus coeruleus. The PBN connects to the thalamus, basal
forebrain, hypothalamus, and cerebral cortex. Low-intensity
VNS is transmitted to the PBN via afferent nerves, which in
turn stimulates orexin (hypocretin) neurons that promote
awakening, and consequently reduced daytime sleepiness."”

In conclusion, the present study showed that VNS reduces
the seizure frequency in PWE, but increases OSA. Further-
more, the increase in OSA is correlated with being older and
a longer duration of epilepsy. Therefore, careful monitoring
of OSA is recommended in patients implanted with a VNS
device, with OSA being treated if it occurs.
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