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Abstract
Objective Selective upper airway stimulation (sUAS) is a new treatment modality for patients with obstructive sleep apnea
(OSA) and continuous positive airway pressure (CPAP) failure. The aim of this study was to analyze therapy adherence and
to structure patient experience reports.
Methods Patients from two German implantation centers were included. Besides demographic and OSA characteristics of that
cohort, patients answered a questionnaire on subjective sensation of the stimulation, use of different functions, side effects, and an
inventory for the description of the attitude towards sUAS. The use of the sUAS was evaluated as a read-out of the implanted
system.
Results The overall apnea-hypopnea-index (AHI) of that 102 assessed patients reduced from initially 32.8/h to 12.6/h at the last
available assessment. The responder rate was 75%. There was an objective therapy usage of 5.7 h and subjective reports of 6.8
nights per week. The attitude resulted in strong agreement towards the statement BUAS reduces the problems caused by my sleep
apnea^. Information on sensing the stimulation and usage habits could be gathered such as that stimulation is only sensed by
67.9% of the patients upon waking in the morning and that 73.6% of the patients do not change the voltage in general.
Conclusion This investigation on the sUAS therapy revealed a high adherence to the therapy. The AHI or daytime sleepiness do
not have obvious influence on adherence. Patients expressed a positive attitude towards sUAS. These patient reports upon
stimulation experiences are of great help to consult candidates for sUAS in future.
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Introduction

Obstructive sleep apnea is a common sleep-related breathing
disorder, characterized by recurrent upper airway (UAW)
narrowing and collapse during sleep, resulting in intermittent
oxyhemoglobin desaturation and sympathetic activation [1].
This results in recurrent apneas and hypopneas with oxygen
desaturations, which lead to sleep fragmentation and induce a
decrease of slow wave sleep [2–4]. Consequently, patients
suffer from excessive daytime sleepiness and an impaired
quality of life [5]. With a rising prevalence of 6% in women

and 13% in men in the USA, OSA represents the most com-
mon sleep-related breathing disorder [6, 7]. A growing body
of evidence shows an association between OSA and cardio-
vascular and metabolic comorbidities such as hypertension,
ischemic heart disease, stroke, congestive heart failure, and
diabetes [8–12].

While continuous positive airway pressure (CPAP)
treatment has been proven to be effective in the treat-
ment of OSA and represents the current standard, the
adherence to treatment is heterogeneous among patients
[13–15]. After 5 years, merely 68% of patients continue
to use CPAP therapy [15]. Recently, the main results of
the SAVE (Sleep Apnea Cardiovascular Endpoints)
study, which was designed to evaluate the effectiveness
of CPAP therapy in the reduction of cardiovascular
events among patients with OSA, were published [16].
One thousand three hundred fifty-nine patients with
CPAP therapy, who were compared to 1358 patients
who only received advice on healthful sleep habits and
lifestyle changes to minimize OSA, used their CPAP an
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average of 3.3 h per night [16]. Within this large group,
the use of CPAP therapy constitutes low adherence,
which is, however, consistent with the CPAP use in
clinical practice. This amount of usage had no signifi-
cant effect on the prevention of recurrent serious cardio-
vascular events in comparison to the so-called Badvice^
arm [16, 17].

Unilateral respiration-synchronized selective stimulation of
the hypoglossal nerve as treatment for patients with non-
compliance with CPAP therapy has been developed and suc-
cessfully implemented in the routine clinical management of
OSA. The STAR (Stimulation Treatment for Apnea
Reduction) trial proved the effectiveness of selective upper
airway stimulation (sUAS) in the treatment of OSA and sev-
eral further studies have demonstrated the beneficial effects of
sUAS both respiratory parameters, sleep architecture and
arousals [18–23].

The aim of this study was to analyze patient reported ef-
fects of the selective upper airway stimulation and to identify
possible side effects of the nightly neurostimulation.

Material and methods

Patient selection

Patients with moderate to severe OSA (AHI > 15/h and < 65/
h, central apnea index < 25%) and non-adherence to CPAP
therapy were eligible for enrollment. CPAP non-compliance
was determined in patients who attempted to use CPAP for
several days but were not willing to proceed with therapy and
already had several tries of CPAP. All consecutive patients
from July 2014 to December 2016 who received an implanta-
tion of an sUAS system (Inspire II Upper Airway Stimulation
System, Inspire Medical Systems, Maple Grove, MN, USA)
at the two participating centers (Otorhinolaryngology/Head
and Neck Surgery, Klinikum rechts der Isar, Technical
University Munich and Otorhinolaryngology/Head and Neck
Surgery, University Hospital Schleswig-Holstein, University
Luebeck) were included in this trial. Screening included inpa-
tient polysomnography, clinical examination, and a drug-
induced sleep endoscopy (DISE) [24]. The Epworth
Sleepiness Scale (ESS) was used for the evaluation of exces-
sive daytime sleepiness [25]. Patients were excluded if the
body mass index (BMI) exceeded 35 kg/m2. Patients were
excluded if pronounced anatomical abnormalities preventing
the effective use of sUAS were identified during clinical ex-
amination (e.g., enlarged tonsils). Informed consent was ob-
tained for each patient. The study was approved by the local
ethics committee (Fakultät für Medizin, Ethikkommission,
Technische Universität München, Germany) and registered
as NCT02293746 on clinicaltrials.gov as a multicenter sub-
investigation of the German post-market study.

Upper airway stimulation system—implantation,
follow-up, and therapy titration

The sUAS system was implanted on the patient’s right side
under general anesthesia according to the previously pub-
lished update on the surgical technique [26, 27]. The device
was activated approximately 1 month after implantation for
the detection of sensation and functional thresholds. Sensation
threshold is defined as the level of voltage at which the patient
first feels the stimulation. Functional threshold is defined as
the level of voltage at which the patient’s tongue motion is
observed. Following 1 month of nocturnal accommodation,
inpatient polysomnography was performed to individualize
sUAS therapy by performing a titration night (month 2 post-
implantation). Atmonth 3 post-implantation, another inpatient
polysomnography was conducted to ensure the stability of
sUAS efficiency. Further follow-up visits, which included
home sleep polygraphies (PG), were scheduled at month 6,
12, and from then on, every 12 months.

Data collection and questionnaire

Patient characteristics (age, sex, and pre- and post-
implantation BMI) were collected. Two months post-implan-
tation, an 18-channel inpatient polysomnography (PSG) ac-
cording to the American Academy of Sleep Medicine
(AASM) guidelines from 2012 was used for the titration of
the sUAS [28]. Mean and minimal oxyhemoglobin saturation
were recorded. Self-reported sleepiness was assessed using
the ESS score with a score less than 10 being considered the
threshold for normal subjective sleepiness. The outcome mea-
surements and the classification of responders were defined in
accordance with the criteria postulated by Sher et al. [29].

As there is no standardized protocol, a self-designed ques-
tionnaire both for the subjective amount of usage and utiliza-
tion of the different function aswell as the subjective sensation
of the stimulation was established. The amount of use and the
use of the different functions of the sUAS system were eval-
uated with the questions presented in Table 1. The subjective
sensation of the stimulation was measured by the questions

Table 1 Questions for the evaluation of the use and the use of different
functions of the sUAS

1. How many days per week do you use the sUAS? (7, 6, 5, 4, 3, 2, 1, 0)

2. How many hours per night do you use the sUAS? (more than 8, 7–5,
4–2, less than 2)

3. Do you use the pause function if you wake up during the night?
(yes/no)

4. How often do you modify the stimulation intensity? (never, once per
month, once per week, several times per week, every day)

5. If yes: What are the reasons for the modification? (free text)
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presented in Table 2. Side effects of the sUAS were recorded
with the questions included in Table 3. The attitude to sUAS
was measured by adopting the attitudes to CPAP treatment
inventory (ACTI) containing the questions presented in
Table 4 [30].

Statistical analysis

Version 24.0 of the Statistical Package for the Social Sciences
software (SPSS, Chicago, IL, USA) was used. Descriptive
statistics were calculated for demographic variables. Paired t
test was used to compare baseline and post-implantation
values. Data are given as mean ± standard deviation.
Spearman’s rank correlation coefficient (r) was used for the
analysis of correlations (0.80–1.00 = very strong correlation,
0.60–0.79 = strong correlation, 0.40–0.59 = moderate corre-
lation, 0.20–0.39 = weak correlation, and 0.00–0.19 = very
weak correlation). P values of ≤ 0.05 were considered statis-
tically significant.

Results

Patients’ characteristics and clinical outcome

The study population consisted of 102 participants who re-
ceived an sUAS device at one of the two participating centers

(Munich n=57, Lübeck n=45). The mean age was
56.7 ± 11.3 years and the mean BMI was 29.4 ± 4.3 kg/m2.
The mean BMI remained stable during the study period. The
meanAHI score on pre-operative polysomnography was 32.8/
h (± 13.9) and decreased at the last follow-up to 12.6/h
(± 13.4; p < 0.001). The mean ODI decreased from a baseline
value of 27.6/h (± 17.6) to 12.0/h (± 14.0; p < 0.001) at the last
follow-up. The subjective sleepiness decreased from an ESS
of 12.9 (± 4.6) at baseline to 7.0 (± 4.6) at the last follow-up.
On average, patients were implanted 10.1 months before the
investigation on adherence of OSA was conducted. Table 5
provides an overview on the number of patients at the different
time points during the follow-up after the implantation.
According to Sher criteria, 75% were responders to the
sUAS regarding the reduction of the baseline AHI at the time
of follow-up.

Objective and self-reported adherence to sUAS

Patients used sUAS on average 40.0 h per week (± 14.2)
which results in a daily adherence of 5.7 h (± 2.0) since the
sUAS device was activated 1 month after the implantation.
The duration of daily activation correlated moderately both
with the declared weekly and nightly use (r = 0.433 and r =
0.485 respectively, with p values of 0.024 and < 0.001), with
patients stating that they activated the system an average of
6.8 days (± 0.9) per week and usually used it for 5 to 7 h per
night. In patients, who declared to activate the therapy on 0–
4 days per week, an objective usage of 3.9 h (± 2.7) was
observed compared to patient, who declared to activate the
therapy on 5–7 days per week, in whom an objective usage
of 5.8 h (± 2.0) per night was observed (p = 0.124, Fig. 1). The
analysis of the UAS device showed that 25.5% of the patients

Table 2 Questions for the evaluation of the subjective sensation of the
stimulation

1. Can you feel the stimulation when activating the therapy? (yes/no)

2. Can you feel the stimulation during the night? (yes/no)

3. If yes: Do you wake up due to the stimulation? (yes/no)

4. Can you feel the stimulation when you wake up at night? (yes/no)

5. If yes: How do you experience the stimulation? (disruptive,
non-disruptive, variable)

6. How often do you turn off the stimulation during the night and
continue to sleep without sUAS? (never, once per week, more than
once per week, every day)

7. If yes: What are the reasons for turning off the therapy? (free text)

8. Do you feel the stimulation in the morning? (yes/no)

9. How often do you forget to turn off the therapy in the morning?
(never, once per week, more than once per week, every day)

Table 4 Description of the attitude to sUAS treatment inventory
adopted from the ACTI (1 = strongly agree, 2 = agree, 3 = undecided, 4
= disagree, 5 = strongly disagree) [Broström et al. [30]

1. sUAS reduces the problems caused by my sleep apnea.

2. sUAS improves my health.

3. sUAS improves my quality of life.

4. sUAS is the best treatment for my sleep apnea.

5. I can use the sUAS as expected for me.

Table 3 Questions for the evaluation of side effects of sUAS

1. Do you have any impairment after turning off the therapy in the
morning? (never, once per week, several times per week, every day)

2. If yes: What kind of impairment do you have? (free text)

3. If yes: How long does the impairment last? (free text)

4. Is your movement of the neck impaired? (yes/no)

5. Is your movement of the chest impaired? (yes/no)

Table 5 Illustration of the number of patients at the different time points
in the follow-up after the implantation

Follow-up Month
2

Month
3

Month
6

Month
12

Month
24

Month
36

Patients
(n)

102 84 83 58 11 1
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in the reported cohort used the sUAS therapy less than 4 h per
night, 74.5% for 4 h and more per night, and 50% of the
patients for more than 6 h per night. The duration between
the implantation and the follow-up correlated with the re-
sponder rate (r = 0.388, p < 0.001). There were significant cor-
relations between the responder rate according to Sher and the
absolute and relative reduction of the AHI (r = 0.228 and r =
0.543) and postoperative ODI (r = − 0.521). Elder patients
revealed a better adherence to the stimulation therapy (r =
0.211, p = 0.42).

The pause function is used by 59.4% of the patients during
the night. In patients, who use the pause function, the nightly
objective usage is less (5.4 ± 1.9 h) compared to patients, who
do not use the pause function (6.2 ± 2.1 h, p = 0.041). The vast
majority of patients (73.6%) reported never to change the
intensity of the stimulation while 17.0% change the intensity
once per month and 7.5% once per week. Only 2 patients
change the intensity several times per week or daily. The main
reasons why patients changed the stimulation intensity were
infections of the upper airway, changes in the sleep environ-
ment or curiosity.

Subjective sensation and side effects of sUAS

Most patients (93/102) sense the stimulation during the
activation but only 49.0% sense the stimulation during
the night (50/102) with 14 out of 102 patients (13.7%)
were sometimes awoken by therapy. None of the reported
sensations had an influence on the objective nightly us-
age. When patients wake up during the night due to other
reasons, 80.2% sense the stimulation. However, 22.6% of
the patients found the stimulation to be disruptive. With
fewer patient finding the stimulation disruptive with

increasing duration between the implantation and the fol-
low-up, a negative correlation was observed (r = − 0.200,
p = 0.045). Twenty out of 102 patients (19.6%) turn the
therapy off during the night and continue to sleep without
therapy once per week, 10 out of 102 patients (9.8%)
several times per week and 2 out of 102 patients (2.0%)
every night, mainly as a consequence to discomfort from
the stimulation. The objective nightly usage is in patient,
who turn of the therapy during the night, lower than in
patients, who never turn the therapy of (4.7 ± 1.9 h versus
6.2 ± 1.9 h, p = 0.001). The stimulation is sensed by
67.9% of the patients upon waking in the morning with
10.8% of patients forgetting to turn therapy off in the
morning (11 out of 102 patients once per week, and six
of those 11 forgetting several times per week.

Twelve patients reported some kind of impairment of
the tongue in the morning after a night of stimulation,
with eight of the twelve reporting impairment less than
once per week, three patients more than once per week
and one patient daily. The most reported impairment
regards movability of the tongue. Patients reported these
impairments to usually persist for a few minutes. The
implanted system causes an impaired movement of the
neck in 4 patients (3.9%) and of the chest in 6 patients
(5.9%). With fewer patient reporting impaired movement
of the chest with increasing duration between the implan-
tation and the follow-up, a negative correlation was ob-
served (r = − 0.266, p = 0.007). The information on sensa-
tion and side effects of the sUAS did not correlate with
the adherence to therapy.

Attitude towards sUAS treatment

The evaluation of the attitude towards sUAS treatment re-
sulted in a mean value of 1.44 for question 1 (coding for
strong agreement towards the statement BsUAS reduces the
problems caused by my sleep apnea^), a mean value of
1.52 for question 2 (coding for agreement towards the
statement BsUAS improves my health^), a mean value of
1.51 for question 3 (coding for agreement towards the
statement BsUAS improves my quality of life^), a mean
value of 1.27 for question 4 (coding for strong agreement
towards the statement BsUAS is the best treatment for my
sleep apnea^), and a mean value of 1.37 for question 5
(coding for strong agreement towards the statement BI
can use the sUAS as expected for me^). The results of
question 1 correlated with the relative and absolute reduc-
tion of the pre-operative AHI (r = − 0.299, p = 0.003 and
r = − 0.244, p = 0.018) and the responder rate (r = − 0.280,
p = 0.006). Questions 2–5 correlated weakly with the
amount of nightly usage (r ranging from − 0.299 to −
0.238, p value ranging from 0.022 to 0.027). The results
on the attitude towards the sUAS are illustrated in Fig. 2.

Fig. 1 The objective therapy usage per night in the group of patients
subjectively using the therapy for 0–4 days per week compared to
patients using the therapy for 5–7 days per week
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Discussion

Surgical procedures for the treatment of OSA usually do not
require the patient’s adherence, per se, since the surgical mod-
ifications of the upper airway (e.g., the velum or the tonsils)
are permanent. In selective upper airway stimulation however,
a voluntary adherence to the therapy is necessary to guarantee
an effective treatment, since the patient needs to activate the
therapy every evening—similar to CPAP therapy, whose ef-
fectiveness also depends on the patient’s adherence. As sUAS
represents a comparatively new treatment alternative for OSA,
no detai led investigations on side effects of the
neurostimulation have yet been conducted and published.

The monitoring of the objective adherence to sUAS re-
vealed a mean usage of 5.7 h per night in our patient cohort.
In some previous studies, the amount of the nightly usage has
been reported. In 2014, Kezirian et al. published the 12-month
results of 31 patients with an sUAS and observed that the
therapy was used by the patients in 86% of the nights for
5.4 h (SD = 1.4), which is very similar to the results of our
investigation [22, 31]. In 2016, Kent et al. published a single-
center experience after the implantation of 20 patients and
polysomnographic evaluation 2–6 months after surgery. In
this cohort, the patients used the device for 7.0 h per night
(SD = 2.2) [32]. In 2017, Steffen et al. published the 12-month
results of the German post-market study containing 60 pa-
tients. Again, a nightly voluntary use of the device of 5.6 h,
similar to the results of the findings presented above (with a
partly overlap in the patients cohort), was observed [33].

In the SAVE study, the adherence to the therapy in the
CPAP group was 4.4 h per night (SD = 2.2) after the first

month and decreased to 3.3 h per night (SD = 2.4) after 1 year
amongst the 1359 included patients. Only 42% of these pa-
tients used the CPAP therapy formore than 4 h per night during
the follow-up period [16]. Similar results have previously been
published, for example by Weaver et al., who observed an
adherence to CPAP therapy in 17–54% of patients when using
the same definition for adherence [17]. In our cohort, 74.5% of
the patients activated the sUAS for more than 4 h per night and
50% of the patients for more than 6 h per night. There are no
comparable rates from previously published studies on sUAS.
Contrary to the observation of a decrease in nightly usage of
CPAP in the SAVE study, we did not observe any decline in the
adherence of patients after 2, 3, 6, 12, 24, or 36 months. A
possible explanation for the superior adherence to sUAS is the
intensive support which is applied to the patients, since espe-
cially during the first year several in- and outpatient visits
(drug-induced sleep endoscopy, surgical procedure, post-op
visits, activation of the sUAS, titration of the sUAS, and home
sleep studies) are necessary and additionally, patients are of-
fered a telephone-linked communication. These two interven-
tions are known to promote adherence to CPAP therapy [14].
Another point might be that the access to sUAS in Germany is
still restricted and only a few hospitals are certified to perform
this procedure, which could increase the appreciation of the
patients towards therapy. Usually, patients who apply for an
implantation of an sUAS device are better educated about their
disease and the associated risks of OSA—characteristics which
also differentiate the adherent from the non-adherent CPAP
user [14]. At our both centers, patients have a close connection
to caretaking surgeons and sleep technologists, what helps to
identify usage problems at an early stage or technical problems
and increases chances to overcome misunderstandings.
Additionally, these patients are in general probably higher mo-
tivated compared to CPAP patients in first line situation as
here, patients with a higher interest to get sufficient reduction
of their OSA burden came to sleep centers to evaluate whether
they are candidates for sUAS or not. Those patients who have
CPAP problems but as well no benefit or no subjective disease
understanding would not take the demanding selection process
for sUAS. Our patients are convinced of the therapy at a high
amount what reflects very low scoring in the modified ACTI.
This finding is nonetheless of further interest by virtue of non-
compliance with CPAP being a necessary precursor to indica-
tion for this therapy, thereby skewing the population with a de
facto Bfailure bias.^

Considering the results from various studies on the effect of
CPAP therapy, which could show that for normalization of
sleepiness (evaluated with the ESS), improvement of quality
of life and the neurocognitive function, four of more hours of
use are necessary, all the reported adherence observations for
sUAS in this study are well above that value [14, 34–36].
Cardiovascular disorders and diabetes have shown greater im-
provements in patients with a usage of more than 4 h of CPAP

Fig. 2 Results on the attitude towards sUAS treatment adopted from the
ACTI (1 = strongly agree, 2 = agree, 3 = undecided, 4 = disagree, 5 =
strongly disagree) [Broström et al. [30]. The figure shows the average
result and the 95% confidence interval for the particular question (mean
values: question 1 = 1.44, question 2 = 1.52, question 3 = 1.51, question 4
= 1.27, question 5 = 1.37)
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per night [37–39]. Five hours of use have been shown to
improve the neurobehavioral performance [35]. Six hours of
use are reported to be necessary to normalize the level of
objective alertness in the multiple sleep latency test [34]. For
the normalization of the daytime functioning on the
Functional Outcomes of Sleep Questionnaire (FOSQ), a reg-
ular use of 7.5 h per night is required [34]. There is no reason
to believe that these numbers cannot be transferred to the
effect of an effective sUAS therapy program. In this study
and our other previously published results, the reported adher-
ence rates were sufficient to decrease the elevated ESS values
at baseline to normal limits during the therapy. Soose et al.
observed a significant improvement regarding the FOSQ scale
after 24 months in patients with sUAS [40].

In our cohort of 102 patients, 14 patients (13.7%) reported
to wake up because of sUAS. However, in a previous pub-
lished study on the effect of sUAS on sleep architecture, con-
taining partly the same patients as in this investigation, we
demonstrated that the electrical stimulation of the hypoglossal
nerve did not provoke arousals but rather induced a significant
overall decrease of arousals, sleep stage changes and changes
during wakefulness [41]. These seeming discrepancies might
be explained by an incorrect association between awake pe-
riods during the night including sensation of the stimulation,
which however might not have been the cause of the awaken-
ing, rather secondary awareness upon awakening for some
other reason. A possible disadvantage of our survey might
be the fact that we had to established self-designed question-
naires as there is none which reflects the need intended here.
As responded from the patients, many could fill in them quite
easy without further explanations. Nonetheless, all the an-
swers are done subjectively from patient’s perspective.
Future technology process for better data collection about
voltage changes, night-to-night usage, or the number of re-
starts and pause function are needed for an improved insight
and better therapy adherence interventions in sUAS.

In conclusion, this investigation on side effects of sUAS
therapy in patients with OSA revealed a high adherence to the
therapy. The usually applied thresholds, which define adher-
ence in CPAP therapy, were achieved by 74.5% of the pa-
tients. The reported adherence rates did not differ during the
observation period and neither AHI, ODI, nor ESS seemed to
have an influence on adherence. Patients expressed a positive
attitude towards sUAS. Information on the nightly
neurostimulation could be gathered. Future studies should
evaluate if high adherence to sUAS has the same effect as high
adherence to CPAP therapy on cardiovascular disorders, dia-
betes, and neurobehavioral performance.
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