UNIL | Université de Lausanne
Faculté de biologie

et de médecine

Mémoire de Maitrise en médecine No 4125

Impact of the vagus nerve stimulation on sleep-
related breathing disorders in patients with

epilepsy

Etudiante
Salvadé Aude

Tuteur
Professeur Rossetti Andrea
Département de neurologie

Expert
Professeur Ryvlin Philippe
Département de neurologie

Lausanne, 28.06.2017

Acknowledgments
| wish to thank Andrea Rossetti for his help and support, the patients
who participated, as well as the technologist and medical staff of the
sleep center of the CHUV (CIRS) for technical support.



Abstract

Background

Vagus nerve stimulation (VNS) is a palliative treatment for refractory epilepsy that can
induce a sleep apnea syndrome (SAS). Until now, prevalence of VNS-induced SAS and
risk factors for developing it have barely been studied. The purpose of this study is to
estimate the prevalence of a VNS-induced SAS and to identify if any clinical variable
correlates with development of SAS after VNS implantation.

Methods

We analyzed the computerized medical records of 18 adults treated for refractory
epilepsy who were implanted with a VNS at the University Hospital of Lausanne (CHUV),
Switzerland between May 2008 and May 2017. The patients underwent a polygraphy
(PG) or a polysomnography (PSG) before and after VNS implantation to screen for SAS.
We compared retrospectively demographic variables, variables related to the epilepsy,
and to the device’s parameters between the patient with and without SAS.

Results

In out cohort the prevalence of VNS-induced SAS was 27.8%. We did not find any
statistically significant difference between the variables in the two groups but we found
some trends in terms of medication, intensity of the stimulation and OFF time of the
device.

Conclusion

The relatively high SAS prevalence that we observed and the lack of identified risk
factors for developing SAS suggest that a screening for SAS before and after VNS
implantation may represent a reasonable practice for every adult patient.
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Introduction

The vagus nerve stimulation (VNS) is a palliative therapy for refractory epilepsy and
depression. It can be used to decrease seizure frequency in patients not responding to
antiepileptic drugs (AED). The VNS sends stimulations produced by a generator usually
placed subcutaneously in the left anterior axillary region, in front of the great pectoral
muscle, and reaches the left vagus nerve. The mechanism by which the VNS works has
not been fully explained; several possibilities have been postulated, among others
stimulation of the nucleus of the tractus solitarius [1,2,3,4]. Several variables have to be
adjusted, such as ON and OFF times of stimulation, output current, frequency and pulse
width. An example of typical target settings would be a pulse of 0.5ms repeated at 20-
30Hz for 30s, every 300s, with a current of 1.0-1.5mA [5]. The firsts randomized
controlled trials (RCT) were performed in the early 1990s, showing that it was safe, well
tolerated and effective as a treatment of refractory epilepsy [6,7,8,9]. It is approved by
the Food and Drug Administration (FDA) since 1997, and is reimbursed in Europe and in
Switzerland since several years.

A study about the effect of the VNS on sleep published in 2000 [2] analyzed
polysomnographies (PSG) of four patients with VNS before and after treatment. This
study (and several others since then [3,5,10,14]) revealed an apnea-hypopnea index
(AHI), defined as the number of apneas or hypopneas divided by the number of hours
asleep, to be significantly higher when the VNS was activated. It also showed that VNS
decreased airflow and increased both respiratory effort and airways obstruction during
its activation [2,3,10,11,12,13,14]. Both peripheral and central mechanisms would be
possible explanations for changes in respiratory patterns. The peripheral mechanism
would be explained by stimulation of the upper airway musculature producing a
narrowing [2,3,12,15]. The central mechanism is also plausible, since the vagus nerve
has projections to the brainstem respiratory control centers [2,3,12,15]. Even if changes
in respiratory patterns are found in many patients, they do not seem clinically relevant
in most. Only a few patients develop a sleep apnea syndrome (SAS) defined as an AHI =5
(SAS is considered mild if AHI=5-10/h, moderated if AHI=10-15/h and severe if AHI=15)
[16]: a seminal study [3] reported changes in respiratory patterns in 14/16 patients; 2
of them developed SAS. Another assessment [12] reported changes in respiratory
patterns in 9/26 patients, with 5 developing SAS; in a further study [13] 8/9 patients
changed their respiratory patterns and 3 had SAS. In another analysis [17] changes in
respiratory patterns were observed in 7/8 patients but none of them developed SAS.

To this day, to the best of our knowledge, prevalence of changes in respiratory patterns
and SAS in patients with VNS is basically unknown. This is due to the fact that the
aforementioned studies have included relatively little groups of patients selected from a
sleep medicine angle, which are not necessarily representative of the general population
of patients with epilepsy implanted with VNS. However, this side effect seems to be
frequent enough so that many authors recommend a screening by PSG before and after
the stimulator’s implantation [5,10,12,13,19,20]. Screening after the implantation could
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be important, since it is known that VNS increases daily wakefulness [23], which can
compensate one of the cardinal symptoms of the SAS, daytime somnolence [2,4,22,24].

There are many treatment options for patients who suffer from SAS due to VNS. The
more frequently used are the continuous positive airway pressure (cPAP), efficacious if
the compliance is good [5,10,13,15,19,20,25], and/or changes in stimulator settings
[2,5,18,19,20]. SAS improvement by increasing OFF time of the VNS or by decreasing
stimulation frequency has indeed been reported [18], the objective being to set the
stimulator to optimize seizure control while limiting side effects on sleep. A case report
has suggested that introducing cPAP and changes in the VNS settings might further
enhance the impact of cPAP treatment [15]. In severe cases, some authors even
recommend to deactivate the VNS at night [5,19,20], which however practically may not
prove very easy. Other modifications might be considered, such as changing the AED if
they increase weight [10,19], or positional therapy [5,10]. To date, none of those
therapies is considered as evidence-based in this particular patients’ setting, and the
choice has to be individualized. Treating SAS seems important for the quality of life of
the patient but also because it is well known that sleep disruption can increase seizure
frequency [2,5,20], besides representing a cardiovascular risk factor [21,22].

To summarize, a link between the VNS and sleep respiratory disorders is described but
the prevalence of this side effect is unknown. Risk factors for developing sleep disorders
have not been clearly elucidated to this day. Only one recent study [20] postulates left
vocal cord abduction as a predisposing factor. Identifying other predictors would be
relevant for many reasons: it would help selecting which patients need a sleep screening,
and could even prevent the development of SAS if it were possible to eliminate those
factors.



Material and methods

The purpose of this retrospective cohort study is to assess the prevalence of a VNS-
induced SAS, and to identify if any clinical variable correlates with development of SAS
after VNS implantation in adults. The study was approved by our ethics committee (CER-
VD).

Patients

In this cohort study, we analyzed the computerized medical records of consecutive
adults (>18 years old) treated for refractory epilepsy with AED and who were implanted
with a VNS at the University Hospital of Lausanne (CHUV), Switzerland between May
2008 and May 2017.

We divided the cohort in two groups: one of patients who developed SAS after
implantation and the other with those who did not. All patients underwent a sleep study
before implantation to screen for SAS. This was performed since SAS would have needed
treatment before the implantation, or might even have represented a contraindication.
Their results, as those of control sleep studies, were retrieved, and the evolution in SAS
prevalence assessed. Sleep studies were scored according to existing guidelines [26]. All
studies but one were conducted at the sleep center of the CHUV and interpreted by AOR,
a sleep certified neurologist.

We compared retrospectively several potentially explanatory variables related to SAS
development between the two groups. Firstly, demographic variables such as gender,
age, overweight (defined as a BMI>25), and history of arterial hypertension or diabetes.
Secondly, variables related to epilepsy diagnosis, such as the main type of seizures (focal
or generalized), the effect of VNS on decrease in seizures frequency and medication
(presence of valproate, VPA). Thirdly, VNS parameters such as current intensity, pulse
frequency, duration, and ON and OFF times. We also compared the efficacy of the
magnet (defined as an effect in at least 30% of seizures in term of shortening of the
episode or of the postictal state) and the subjective increase in vigilance (reported by
the patient or his caregiver).

Statistical analysis

Since we studied two small groups of patients, we used Fisher’s exact tests to analyze
dichotomous variables, and Mann-Whitney U-tests to search for significant differences
between the two groups in continuous variables, using two-tailed analyses. We used the
online application « socscistatistics » to perform the tests, and considered p-values
<0.05 to be statistically significant. Correction for multiple comparisons was not
performed in view of the exploratory character of the study.



Results

Prevalence

In the study period of 9 years, 19 adult patients received VNS in the CHUV, of whom 1
died after 4 years. Due to the lack of information, we excluded him from the study. We
therefore analyzed 18 patients; 4 developed a SAS de novo and 1 already had it before
implantation and worsened. Therefore the prevalence of the VNS-induced SAS was
27.8%.

Characteristics and clinical evolution
The main clinical variables of each patient are summarized in table 1.

Sixteen out of 18 subjects underwent a control sleep study after implantation, after a
median latency of 36 months (from 6 months to 7 years). The types of sleep studies
performed and the observed AHI are summarized in table 2. Most sleep studies were
ambulatory polygraphies, chosen as they are more convenient both for patients and
costs than polysomnographies, and they retain comparable sensitivity in SAS diagnosis
[27,28].

Patients 1, 4, 9, 13 and 15 suffered from SAS induced by VNS. The majority of respiratory
events were hypopneas, mostly of obstructive nature, although a central component was
observed in 5-25% of them. Patients 6 and 13 were already suffering from SAS before
VNS implantation. The condition of patient 6 remained constant after implantation;
therefore we included him in the second group. As the condition of patient 13 worsened,
he was included in the first group. Patients 3 and 14 did not undergo a control sleep
study after implantation due to the severe cognitive impairment they were suffering and
the wish of their families. They were neither snoring nor showing any symptom of SAS
and therefore were included in the second group.

The SAS of patient 1, whose husband complained about new-onset snoring and apneas,
resolved by changing the device parameters: intensity and pulse frequency were
reduced and a high duty cycle mode was activated. She underwent two sleep studies: the
first with the parameters unchanged showed an AHI at 12.7/h, the second one with
modified parameter showed an AHI at 0/h. Patient 4 was not treated for SAS since this
had no clinical impact. Patient 9 was already treated with cPAP before implantation and
continued it. Patient 13 had an increased seizure frequency after VNS was started
because of the SAS. The situation improved by decreasing the current intensity from
1.75 mA to 1.25 mA. Patient 15 had no complaint related to SAS.. He was treated by
changing parameters; he had OFF-time increased from 3 to 5 minutes.

SAS associated factors

As exposed in table 3, there was no statistical difference between the two groups; we
only found some trends in terms of medication, intensity of the stimulation and OFF
time of the device. Demographic variables, those related to the epilepsy (type,
frequency), and the VNS stimulation parameters (frequency, time ON, vigilance, magnet

effect) were far from significant.
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Discussion

To the best of our knowledge, our study is the first to estimate the prevalence of a VNS-
induced SAS in a non-selected adult population, and to investigate if any clinical variable
correlates for the development of a SAS after a VNS implantation. Our main findings
were that the VNS induced or aggravated SAS in 27.8% of our patients with epilepsy; we
did not find any statistically significant variable related to the development of a VNS-
induced SAS.

Our results confirm the link between VNS and SAS, and therefore seems to justify a
routine post-implant screening in our view. The prevalence of SAS before VNS
implantation in our cohort (2/18 patients, 11%) appears somewhat lower than that
reported in a recent population based study conducted with polysomnography in our
area [29]. This may be related to the younger age of our patients and their low
prevalence of specific risk such as arterial hypertension, diabetes, obesity; it is in fact
unlikely that the methods used to detect SAS in our cohort underestimated significantly
its prevalence [27]. It seems thus that established risk factors for sleep apnea outside a
VNS context, such as male gender, age, metabolic syndrome [29,30,31,32] do not apply
for a VNS-induced SAS. These observations support the idea that the still unclear
pathophysiologic mechanisms causing a VNS-induced SAS are somewhat different from
those causing SAS in subjects with no VNS or epilepsy.

We noticed that only one out of the five patients who developed a SAS had an increase in
seizures frequency. Nevertheless, we feel that despite this relatively uncommon
worsening of epilepsy control, screening for SAS in this particular population is
warranted, since it also represents an important cardiovascular risk factor [21,22].

None of the potential predictor variables we explored was statistically significant for the
development of a SAS. We only found some trends, firstly concerning medication: no
patient suffering from VNS-induced SAS was on valproate (VPA) at implant, as opposed
to 6/13 patients of the other group. This seems counterintuitive, as VPA is known to
increase weight, and requires further exploration in larger cohorts. Concerning variables
related to the VNS parameters, our analysis shows that higher intensity and shorter OFF
time might possibly have an impact on SAS development. These observations appear
logical, since increasing OFF time and decreasing the intensity of stimulation are known
to improve SAS.

In addition, our study confirms some previously known information. Firstly, we
observed that the respiratory events were more frequently obstructive than central
[2,3,13], although the mechanisms have not been fully explained yet. Secondly,
concerning treatment, all the 3 patients whose VNS parameters were changed to treat
the SAS had their condition improved. This confirms that increasing OFF time and
reducing intensity of the stimulation are effective [18]. Thirdly, the VNS is already
known to increase vigilance [23], which can be observed despite of the SAS. As
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demonstrated in our population, 4/5 of our patients suffering from SAS had such as
subjective favorable effect.

The study is limited to a restricted number of patients, which may have limited its
statistical power, but the fact that the population was non-selected by sleep criteria
represents a strength. This study was not designed to assess the type of SAS induced by
VNS. A further limitation is that two of our patients did not undergo any control sleep
study after the implantation.

Conclusion

The relatively high SAS prevalence that we observed, the effect on vigilance, which can
mask SAS symptoms, and the lack of identified risk factors for developing SAS, suggest
that a screening for SAS before and after VNS implantation may represent a reasonable
practice for every adult patient, besides from those already suffering from SAS.

Further studies with larger cohorts seem necessary to shed light on the existence of any
risk factors for developing a SAS in this clinical setting. It would be especially relevant
to investigate the trends we found in terms of VPA co-medication, OFF time and current
intensity.



Table 1: characteristics of the patients

N°- Epilepsy type Etiology % Parameters of Medication
Age- Reduction of VNS device (at
Gender seizures time of the sleep
with VNS study)
1. 50-F Focal Adult Rasmussen >75% 2.5mA, 30 Hz, 250 LTG, PGB, LEV, *
us, 30 sec on, 05 CLZ
mn off
2. 34-F Focal/ Ring 20 0% 0.5maA, 20 Hz, 250 0XC, CLZ
generalized chromosome us, 30 sec on, 5 mn
off
3. 27-M  Generalized Dravet >75% 2.25mA, 20 Hz, PHT, VPA, LEV,
250 ps, 30 sec on, CLZ
5 mn off
4. 31-F Focal Unknowm >75% 2 mA, 20 Hz, 250 LTG, FBM, PGB *
us, 21 sec on, 0.8
mn off
5. 39-M  Generalized Unknowm >50% 1.75 mA, 20 Hz, VPA, LEV, LTG,
250 ps, 30 sec on, CLZ
5 mn off
6. 37-M  Focal Polymicrogyria 2.25mA, 30 Hz, LTG, VPA,
0%, shorter 250 ps, 30 sec on, CLBZ
1.8 mn off
7. 52-F Focal Hippocampus 0% 2mA, 20 Hz, 250 LTG, TPM
sclerosis us, 30 sec on, 1.8
mn off
8. 52-M  Focal Perinatal hypoxia 1.75 mA, 20 Hz, LEV, PGB
0%, shorter 250 ps, 30 sec on,
5 mn off
9. 26-M Focal Cortical dysplasia >90% 2 mA, 20 Hz, 250 PHT, OXC, *
us, 7 sec on, 0.3 RTG, CLZ
mn off
10. 35-F Focal Hippocampus 50%, shorter  1.75 mA, 20 Hz, CBZ, TPM, PGB
sclerosis 250 ps, 30 sec on,
5 mn off
11. 28-F Focal CDKL5 >70%, 1.5mA, 20 Hz, 250 LTG, VPA,
shorter us, 30 sec on, 5 mn CLBZ
off
12. 31-M  Generalized Cryptogenic >90% 1.5mA, 20 Hz, 250 VPA, RUF, ZNS
us, 30 sec on, 5 mn
off
13. 26-F  Focal Perinatal hypoxia 50% 1.75 mA, 20 Hz, OXC,LTG,LEV  *
250 ps, 30 sec on,
1.8 mn off
14. 25-M  Focal/ Unknown >50% 1.75 mA, 20 Hz, TPM, OXC,
generalized 250 ps, 30 sec on, RUF, CLZ
1.1 mn off
15. 34-M  Generalized Unknown >50% 2 mA, 20 Hz, 250 PB, RUF,CLBZ *
us, 30 sec on, 3 mn
off
16. 25-M  Generalized Unknown >90% 1.25mA, 20 Hz, LTG, TPM, VPA
250 ps, 30 sec on,
5 mn off
17. 23-M  Focal Cortical dysplasia >75% 1.5mA, 30 Hz, 250 LEV, CBZ,
us, 30 sec on, 5 mn TPM, PER
off
18. 22-M  Generalized Genetic >90% 1.25mA, 20 Hz, VPA, 0XC, SUL,
250 ps, 30 sec on, CLZ
1.1 mn off

*Patients 1, 4, 9, 13 and 15 (highlighted lines) were suffering from SAS induced by the VNS.

CLBZ: clobazam,, CLZ: clozapine, LTG :lamotrigine, LEV : levetiracetam, FBM : felbamate OXC :
oxcarbazepine, , PER : perampanel PB : phenobarbital, PHT : phenytoin , PGB : pregabaline, RTG : retigabine,,
RUF : rufinamide, VPA : valproic acid ,ZNS : zonisamide
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‘ Table 2: diagnosis and treatment of SAS ‘

Sleep study before AHI Sleep study after =~ AHI Treatment
VNS implantation VNS implantation
1. PG 0.4/h PG (twice)* 12.7/h - 0/h Change of parameters
2. PG 0.4/h PSG 0.4/h
3. PSG 2/h - -
4. PG 1.5/h PG 13.5/h None
5. PG 1.6/h PG 3.8/h
6. PG 9.5/h PG** 3.6/h Positional
7. PG 0.4/h PSG 0.8/h
8. PG 29/h PG 29/h
9. PG 17.7/h PG 68/h cPAP
10. PG 0.5/h PG 0.9/h
11. PG 0.1/h PG 0/h
12. PG 3.7/h PSG 3.4/h
13. PSG 1.1/h PG 45.5/h Change of parameters
14. PG 0.8/h - -
15. PG 3.8/h PG 11.1/h Change of parameters
16. PG 0.8/h PG 1.2/h
17. PG 0.8/h PG 0.1/h
18. PSG 22/h PG 1.8/h

Patients 1,4,9, 13, 15 were diagnosed and treated for a VNS-induced SAS.

PSG: polysomnography; PG: polygraphy; AHI: apnea-hypopnea index

* Patient 1 underwent two PG after the VNS implantation, the first one with standard stimulation and the
second one with low intensity.

** Patient 6 underwent the second PG under positional treatment
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Table 3: characteristics of each group and result of the statistical analysis

Patients with SAS  Patients without
Characteristics (n=5) SAS (n=13) p-value
Gender Female 3 4 0.326 *
Male 2 9
Age (median ; 31; 26-50 31; 22-52 1 **
range)
BMI Overweight 1 2 1*
Diabetes or 0 0 1*
hypertension
Epilepsy type Focal 4 7 0.595*
Generalized 1 6
Seizures Baseline 100; 1-300 13;0-75 0.258 **
frequency Focal (per
(median ; month)
range)
Baseline 0;0-36 0; 0-48 0.960**
generalized
(per year)
Effect of VNS  Decrease of >75%; Decrease of >70%; 0.459 **
on seizures 50-90% 0-90%
VPA medication VPA 0 7 0.101*
at implant
Intensity 2.0 mA; 1.75-2.5 1.75 mA; 0.5-2.25 0.055 **
Parametiers of mA mA
VNSdevice(at — “p ey 20Hz;20-30Hz 20 Hz;20-30 Hz  0.920%*
time of the sleep
study) (median; Pulse 250 ps; 250-250 us 250 ps; 250-250 us  0.960 **
range) duration
Time ON 30s;7-30s 30s;30-30s 0.219 **
Time OFF 1.8 mn; 0-3-5 mn 5mn; 0.8-5 mn 0.139 **
Magnet effect Yes 3 9 1*
No 2 4
Vigilance Better 4 11 1*
Unchanged 1 2

mass index

SAS : sleep apnea syndrome, VNS : vagus nerve stimulation, VPA : valproic acid, BMI : body

The p-values were calculated with *Fisher’s exact test and **Mann-Whitney U-test

12




References

1.

10.

11.

12.

13.

14.

15.

16.
17.

Atkinson PB, Labiner DM. Shocking de wandering nerve - vagus nerve
stimulation after a decade of widespread use. European neurological disease
2007;14-16.

Malow, BA, Edwards ], Marzec M, Sagher O, Fromes G. Effects of vagus nerve
stimulation on respiration during sleep: a pilot study. Neurology 2000;55:1450-4.
Marzec M, Edwards ], Sagher O, Fromes G, Malow BA. Effects of vagus nerve
stimulation on sleep-related breathing in epilepsy patients. Epilepsia
2003;44:530-5.

Rossetti AO, Vuillémoz S. Traitement des épilepsies réfractaires : role de la
stimulation électrique. Rev Med Suisse 2012;8:930-4.

Parhizgar F, Nugent K, Raj R. Obstructive sleep apnea and respiratory
complications associated with vagus nerve stimulators. ] Clin Sleep Med
2011;7(4):401-407.

Uthman BM, Wilder B], Hammond E]J, Reid SA. Efficacy and safety of vagus nerve
stimulation in patients with complex partial seizures. Epilepsia 1990;31 Suppl
2:544-50.

Holder LK1, Wernicke JF, Tarver WB. Treatment of refractory partial seizures:
preliminary results of a controlled study. Pacing Clin Electrophysiol. 1992
Oct;15(10 Pt 2):1557-71.

Ben-Menachem E, Mafion-EspaillatR, RistanovicR, Wilder BJ, Stefan H, Mirza W,
Tarver WB, Wernicke JF. Vagus Nerve Stimulation for Treatment of Partial
Seizures: 1. A Controlled Study of Effect on Seizures. Epilepsia 1994;35;616-626.
The vagus nerve stimulation study group. A randomised controlled trial of
chronic vagus nerve stimulation for treatment of medically intractable seizures.
Neurology 1995;45;224-230.

Holmes MD, Chang M, Kapur V. Sleep apnea and excessive daytime somnolence
induced by vagal nerve stimulation. Neurology 2003;61:1126-9.

Tecoma ES, Iragui VJ. Vagus nerve stimulation use and effect in epilepsy: What
have we learned? Epilepsy & Behavior 2006;8:127-136.

Khurana DS, Reumann M, Hobdell EF, et al. Vagus nerve stimulation in children
with refractory epilepsy: unusual complications and relationship to sleep-
disordered breathing. Childs Nerv Syst 2007;23:1309-12.

Hsieh T, Chen M, McAfee A, Kifle Y. Sleep-related breathing disorder in children
with vagal nerve stimulators. Pediatr Neurol 2008;38:99-103.

Gschliesser V, Hogl B, Frauscher B, Brandauer E, Poewe W, Luef G. Mode of vagus
nerve stimulation differentially affects sleep-related breathing in patients with
epilepsy. Seizure 2009;18:339-342.

Ebben MR, Sethi NK, Conte M, Pollak CP, Labar D. Vagus nerve stimulation, sleep
apnea, and CPAP titration. ] Clin Sleep Med 2008;4:471-3.

International classification of sleep disorders. Darien 2014.

Nagarajan L, Walsh P, Gregory P, Stick S, Maul ], Ghosh S. Respiratory pattern

changes in sleep in children on vagal nerve stimulation for refractory epilepsy.
Can ] Neurol Sci. 2003 Aug;30(3):224-7.

13



18.Bhat S, Lysenko L, Neiman ES, Rao GK, Chokroverty S. Increasing off-time
improves sleep-disordered breathing induced by vagal nerve stimulation.
Epileptic Disord 2012;14(4):432-7.

19. El-Kersh K, Senthivel E. An 18-years old woman with snoring and refractory
epilepsy. CHEST 2015;148(2):e48-e51.

20. Zambrelli E, Saibene AM, Furia F, Chiesa V, Vignoli A, Pipolo C, Felisati G, Canevini
MP. Laryngeal motility alteration: A missing link between sleep apnea and vagus
nerve stimulation for epilepsy. Epilepsia 2016;57(1):e24-e27.

21.Shamsuzzaman AS, Gersh B], Somers VK. Obstructive sleep apnea: implications
for cardiac and vascular disease. JAMA 2003;290:1906-1914.

22.Young T, Peppard PE, Gottlieb D]. Epidemiology of obstructive sleep apnea. Am ]
Respir Crit Care Med 2002;165:1217-1239.

23. Malow B, Edwards ], Marzec M, Sagher O, Ross D, Fromes G. Vagus nerve
stimulation reduces daytime sleepiness in epilepsy patients. Neurology
2001;57:879-884.

24.Upadhyay H, Bhat S, Gupta D, Mulvey M, Ming S. The therapeutic dilemma of
vagus nerve stimulator-induced sleep disordered breathing. Ann Thorac Med
2016;11:151-154.

25. Hollinger P, Khatami R, Gugger M, Hess CW, Bassetti CL. Epilepsy and Obstructive
Sleep Apnea. Eur Neurol 2006;55:74-79.

26.Iber C, American Academy of Sleep Medicine. The ASSM manual for the scoring of
sleep and associated events : rule, terminology, and technical specifications.
Westchester, IL : American Academy of Sleep Medicine, 2007.

27.Vat S, Haba-Rubio ], Tafti M, Tobback N, Andries D, Heinzer R.

Scoring criteria for portable monitor recordings: a comparison of four hypopnoea

definitions in a population-based cohort. Thorax. 2015 Nov;70(11):1047-53.
28.Masa JF, Corral ], Pereira R, Duran-Cantolla J, Cabello M, Hernandez-Blasco

L, Monasterio C, Alonso A, Chiner E, Rubio M, Garcia-Ledesma E, Cacelo L, Carpizo

R, Sacristan L, Salord N, Carrera M, Sancho-Chust JN, Embid C, Vazquez-Polo

F], Negrin MA, Montserrat JM. Effectiveness of home respiratory polygraphy for

the diagnosis of sleep apnoea and hypopnoea syndrome. Thorax. 2011

Jul;66(7):567-73.

29. Heinzer R, Vat S, Marques-Vidal P, Marti-Soler H, Andries D, Tobback N, Mooser
V, Preisig M, Malhotra A, Waeber G, Vollenweider P, Tafti M, Haba-Rubio ].
Prevalence of sleep-disordered breathing in the general population:
the HypnoLaus study. Lancet Respir Med. 2015 Apr;3(4):310-8.

30. Heinzer R. Epidémiologie, populations a risque et phénotypes cliniques du
syndrome des apnées du sommeil. Presse Med. 2017;46:388-394.
31.Young T, Peppard PE, Taheri S. Excess weight and sleep disordered breathing. ]

Appl Physiol 2005;99(4):1592-1599.
32.Young T, Skatrud ], Peppard PE. Risk factors for obstructive sleep apnea in adults.
JAMA 2004, pp. 2013-2016.

14



