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Introduction: Average adherence to hypoglossal nerve stimulation (HGNS) therapy is more than 5 h/night. Reported data on HGNS 
therapy adherence is often based on studies that performed in-lab titration of the neurostimulation parameters and may therefore not 
represent real-world therapy outcomes. Adherence to HGNS therapy is a major determinant of success of this kind of therapy. Factors 
with the potential to influence adherence to HGNS therapy should be further elucidated. The aims of this study were to investigate 1) 
details regarding therapy adherence under HGNS therapy and 2) the possible association between age, insomnia, daytime sleepiness, 
polysomnography (PSG)-based metrics, neurostimulation parameters and HGNS-therapy adherence.
Methods: Forty-three consecutive patients with detailed information about therapy adherence time were included. About 225 ± 191 
days after implantation, a PSG without any in-lab titration was performed. Adherence was assessed by interrogating the impulse 
generator’s data at that time. Patient-reported insomnia was assessed using the insomnia severity index (ISI) and the Epworth 
Sleepiness scale (ESS) was used to assess daytime sleepiness before and after HGNS treatment.
Results: An increased adherence in a real-world setting with 48.72 ± 14.74 hours per week (6.96 hours per night) was found. A strong 
negative correlation between preoperative ESS score and adherence time (r = - 0.43; p<0.005) was found. Neither pre-operative 
insomnia nor sleepiness had any impact on neurostimulation amplitude. A positive association between preoperative age and 
therapeutic amplitude levels could be shown.
Discussion: In this cohort, average adherence was much higher than previously reported. We provide evidence that pre-operative 
excessive daytime sleepiness may seriously impair adherence to HGNS therapy.
Keywords: obstructive sleep apnea, hypoglossal nerve stimulation, adherence, sleepiness, insomnia, positive airway pressure therapy

Introduction
Hypoglossal nerve stimulation (HGNS) is a second-line therapy for patients not tolerating positive airway pressure 
therapy (PAP). Previously high success rates for polysomnography (PSG)-based respiratory parameters could be shown 
in most published reports. However, the reports with the highest improvement rates in PSG-based parameters performed 
titration of the neuro-stimulation parameters during the overnight in-lab post-operative PSG.1–6 Only few studies 
represent the real-world outcome after implantation of an inspiration coupled unilateral HGNS.7,8 Therapy adherence 
is reported to be more than 5 h per night on average.6,9–11 However, only one of these studies aimed to investigate the 
association between insomnia-related symptoms and therapy adherence.6 Insomnia may be associated with lower PAP 
therapy adherence.12 Comorbid insomnia and sleep apnea (COMISA) may affect between 30% and 50% of patients 
presenting with OSA-related complaints and is more difficult to treat than insomnia alone or OSA alone13 In this respect, 
it is necessary to specifically target distinct combinations of both insomnia (initial, middle, late) and OSA (mild, 
moderate, severe) phenotypes using both cognitive behavioural therapy for insomnia (CBTi) and PAP-therapy.14 
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Obstructive sleep apnea is associated with excessive daytime sleepiness (EDS). Although EDS in OSA may be captured 
using multimodal signal analysis of the specific electroencephalographic patterns of these patients,15 it is routinely 
assessed clinically by means of the patient-reported Epworth sleepiness scale.16 More specifically, in PAP-intolerant 
patients with OSA that have been eventually treated with HGNS, insomnia severity (as depicted by the insomnia severity 
index, ISI)17 correlated very strongly with EES both preoperatively and postoperatively.18 Therefore, there is evidence 
that in this specific subgroup of patients with OSA insomnia features may play a significant role in the mechanisms 
promoting EDS.

Non-adherence or intolerance to PAP therapy is a major indication for evaluating HGNS treatment. Therefore, 
patients undergoing HGNS therapy may suffer preoperatively more insomnia than patients tolerant to PAP-therapy, 
which may also potentially lead to lower HGNS therapy adherence.

One study that aimed to investigate the impact of insomnia on the HGNS therapy adherence6 showed that 62% of the 
patients included an insomnia severity-index (ISI) score of ≥15 (moderate/severe insomnia). However, in this study, no 
significant difference in HGNS therapy adherence between the subgroup of patients with an ISI score <15 points and ≥15 
could be observed. Previously, it could be shown that insomnia was associated with a lower reduction in AHI in the 
short-term follow-up.18

Two further studies investigated the impact of insomnia of adherence to HGNS therapy. One study proved that in 
patients with COMISA, compared to patients with OSA, a reduced device usage (4.9 vs 5.8 h/night) and higher frequent 
pauses in therapy (1.4 vs 0.4 pauses/night).19 The other study showed no statistically significant difference concerning 
device usage in patients with insomnia.20

Additionally, to the best of our knowledge, there are no studies investigating the impact of insomnia, daytime 
sleepiness and age on the HGNS neurostimulation parameters.

The aim of this study was 1) to gather data on therapy adherence under HGNS therapy on our cohort of patients, 2) to 
investigate the association between age, patient-reported insomnia and daytime sleepiness and HGNS-therapy adherence and 3) 
to investigate the association between age, patient-reported insomnia and daytime sleepiness and neurostimulation parameters.

Methods
Data from a cohort of forty three consecutive patients, treated between January 1st 2020 and December 31st 2023, in 
whom the complete information on adherence (use) time was available, were evaluated retrospectively. All patients met 
the indication criteria for implantation of an inspiration-coupled unilateral HGNS system (Inspire Medical Systems Inc., 
Golden Valley, MN).21 More specifically, inclusion/indication criteria for HGNS implantation were an intolerance to PAP 
therapy, an apnea/hypopnea index (AHI) >15 respiratory events (ie, apneas and hypopneas) per hour sleep with less than 
25% central apneas, as recorded on full-night diagnostic polysomnography (PSG), a body mass index (BMI) <35 kg/m2. 
Exclusion criteria for HGNS implantation were a complete concentric collapse at the velar level during drug-induced 
sleep endoscopy (DISE) a chronic neurodegenerative condition, pregnancy or planned pregnancy, presence of severe 
psychiatric disease and a recent (<6 months) myocardial infarction.

Before implantation, PSG was performed and scored in all patients according to the American Academy of Sleep 
Medicine (AASM, 2012) standard guidelines.22 Also, a drug-induced sleep endoscopy (DISE) using propofol was done. 
Eventually, 225 ± 191 days after implantation a PSG without any in-lab titration was performed in a board – accredited 
sleep lab. No titration PSG study was performed at all in this patient cohort. Furthermore, data on the adherence time and 
stimulation amplitude were assessed at this time. The adherence data is automatically read from the system as soon as the 
medical programming device (physician programmer) connects to the patient’s impulse generator via a wireless 
connection. Adherence is indicated by the system as usage time in hours per week. This is calculated from the time of 
connection between the physician programmer and the patient’s impulse generator. The data was collected in the morning 
after the PSG.

The following PSG-based metrics were evaluated: AHI, apnea index (AI), hypopnea index (HI), cumulative time of 
apnea and hypopnea during sleep, snoring index, oxygen desaturation index (ODI), mean oxygen desaturation, percen-
tage of sleep time with blood oxygen desaturation lower than 90% (t90) and number of arousal events per hour (arousal 
index).
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Insomnia-related symptoms were assessed pre- and post-operatively using the ISI score.23 The ISI is a validated 
questionnaire containing seven items covering different aspects of insomnia. Each item is scored with a range of 0 points 
(= no problems at all) to 4 points (= very severe problems with this issue). This results in a total score ranging between 0 
and 28 points. Zero to 7 points is defined as no clinically significant insomnia, 8–14 points as sub-threshold clinical 
insomnia, 15–21 as moderately severe insomnia and 22–28 as severe clinical insomnia. Epworth Sleepiness Scale (ESS) 
was used pre- and post-operatively to detect daytime sleepiness.24 The ESS is a questionnaire containing 8 items on 
a 4-point Likert scale (0 = no sleepiness at all, 1, 2, 3 = very increased likelihood of falling asleep) resulting a total score 
between 0 and 24. Higher self-reported ESS score values represent more pronounced daytime sleepiness.

Statistical Analysis
SPSS (IBM, Armonk, NY, USA) software was used for statistical analysis. All parameters were presented as mean ± 
standard deviation. Within-group comparisons were done by using Wilcoxon’s signed rank test. Spearman’s correlation 
coefficients were calculated. Multivariate regression model was performed for therapy adherence as dependent variable 
and therapeutic amplitude as dependent variable including ESS, ISI, age, BMI and AHI as independent variables. Results 
with p<0.05 were regarded as statistically significant. In the study by Kaffenberger et al,19 a standard deviation of 2.8 h/ 
night for the adherence to HGNS usage was found. Based on these findings, our present study had a power of 80% to 
detect a difference in adherence to the use of HGNS of 1.23 h/night with a two-sided significance level 5% by using 
a one-sample t-test.

Ethical Statement
In this study, only health data that is collected in the clinical routine was analyzed retrospectively. So-called “third 
parties” did not have access to the data and publication occurs exclusively in anonymized form. The Ethics Committee of 
the local Medical Association (Central Ethics Committee of the Medical Association of Rhineland-Palatinate) clearly 
states, that patient informed consent can be waived in this kind of studies and furthermore refrains from providing advice 
in such cases, citing the State Hospital Act (§36 and §37). All study procedures comply with the Declaration of Helsinki 
for studies in humans.

Results
The study cohort included data from 10 females and 33 males (23.3% and 76.7% of the cohort, respectively).

A significant reduction of AHI, apnea index, hypopnea index, cumulative time under apnea or hypopnea, snoring 
index, oxygen desaturation index, ISI-score and ESS-score has been observed in this patient cohort after HGNS therapy. 
A reduction in the arousal index and t90 (% time with peripheral blood oxygen saturation <90%) after HGNS therapy 
was observed, although it did not reach statistical significance at the 0.05-level. In parallel, a statistically non-significant 
at the 0.05-level increase in mean peripheral blood oxygen saturation has been found (Table 1). We also calculated the 
post hoc power for the AHI metric from our data. The post-hoc power for the AHI amounts to 99.5%.

Pre- and postoperative PSG-related results are presented in Table 1.
Quite a high adherence time in a real-world setting with 48.72 ± 14.74 hours per week, corresponding to 6.96 hours of 

device usage per night has been found in this patient cohort.
Less sleepy patients of this cohort (ESS score ≤10; N=17) had a mean adherence time of 55.06 h/week (range: 31–70 

h/week). Patients who reported on significant sleepiness (ESS > 10) showed a mean adherence time of 44.58 h/week 
(range: 10–62 h/week).

Significant correlations were observed between preoperative ESS score and adherence time (r = - 0.43; p<0.005) and 
between preoperative ISI score and preoperative ESS core (r=0.53; p<0.001) (Table 2). No significant correlations were 
observed between preoperative ISI, adherence time, stimulation amplitude and ∆ AHI, ∆ ODI, ∆ t90 (Table 2).

The multivariate regression model revealed a significant regression coefficient for preoperative ESS and therapy adherence 
(r=−1.14; p=0.04) and for age and therapeutic amplitude (r=0.03; p=0.02) (** if p < 0.01)(Table 3, Figures 1 and 2).
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Table 1 Age, BMI (Body Mass Index), Stimulation Amplitude, ESS Score, ISI Score and 
PSG Related Pre- and Postoperative Values of HGNS Patients

Pre-Operative Post-Operative p- value

BMI (kg/m2) 29.76 ± 3.10 29.57 ± 3.24 0.24

Age (years) 56.16 ± 9.77

AHI (n/h) 38.53 ± 12.83 28.92 ± 14.11 < 0.001

AI (n/h) 14.12 ± 12.21 10.36 ± 9.43 0.03

HI (n/h) 24.40 ± 8.63 18.57 ± 9.59 < 0.01

Cumulative apnea and hypopnea time (min) 79.67 ± 35.26 53.60 ± 27.75 < 0.001

Snoring index (n/h) 305.39 ± 182.60 191.24 ± 175.64 <0.01

ODI (n/h) 35.29 ± 14.03 30.24 ± 15.89 0.02

Mean oxygen saturation (%) 93.11 ± 1.76 93.43 ± 1.57 0.15

t90 (%) 8.83 ± 11.17 5.82 ± 8.66 0.08

Arousal index (n/h) 24.94 ± 14.05 20.61 ± 14.51 0.19

Compliance mean time over 7 days (h) 48.72 ± 14.74

Stimulation amplitude (V) 2.13 ± 0.61

ISI 18.08 ± 5.22 10.24 ± 6.19 < 0.001

ESS 12.17 ± 5.63 7.50 ± 5.07 < 0.001

Table 2 Correlation Between Adherence Time (h/Week); Stimulation Amplitude (V); Age (Years) and 
Preoperative Epworth Sleepiness Scale (ESS), Insomnia Severity Index (ISI), Numerical Difference in Apnea- 
Hypopnea Index (∆AHI), Numerical Difference in Oxygen Desaturation Index (∆ODI) and Numerical 
Difference in t90 Index (∆t90)

Adherence Time  
(h/week)

Stimulation  
Amplitude (V)

Age (years)

Spearman-Rho ISI Correlation coefficient −0.14 0.03 −0.04

p value 0.40 0.86 0.82
N 40 40 40

ESS Correlation coefficient −0.43** 0.13 −0.32

p value 0.005 0.41 0.04
N 41 41 41

∆AHI (n/h) Correlation coefficient 0.14 −0.07 −0.03

p value 0.37 0.65 0.85
N 43 43 43

∆ODI (n/h) Correlation coefficient 0.09 0.07 −0.09

p value 0.59 0.65 0.57
N 43 43 43

∆t90 (%) Correlation coefficient 0.21 0.15 0.08

p value 0.17 0.35 0.61
N 43 43 43
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Discussion
In this study, we provide evidence for a quite high adherence time in a real-world setting. A strong negative association 
between daytime sleepiness and adherence time could be shown. Also, a strong positive association between preoperative 
age and therapeutic amplitude levels could be shown.

With 6.96 hours per night, adherence in our cohort was much higher (>1 hour more per night) than previously 
reported.6,9–11 This increased adherence in our study representing real-world data without in-lab titration of stimulation 
parameter is surprising. One possible explanation is the close connection and engagement between the patients and our 
implantation centre. There is a regular phone or Email contact with the patients during the first four weeks after device 
activation and hence patients are advised on any uncertainties that arise with the neurostimulation at its early stages.

Table 3 Multivariate Regression Model With Therapy Adherence and Stimulation Amplitude as 
Dependent Variables and Pre-Operative ISI, ESS, BMI and AHI as Independent Variables

Therapy Adherence Therapeutic  
Stimulation Amplitude

Preoperative ISI Regression coefficient 0.34 −0.02

Error 0.54 0.02
p value 0.53 0.42

Preoperative ESS Regression coefficient −1.14 0.03

Error 0.54 0.02
p value 0.04 0.16

Preoperative BMI Regression coefficient 1.37 −0.04
Error 0.76 0.032

p value 0.08 0.28

Preoperative age Regression coefficient 0.27 0.03
Error 0.25 0.01

P value 0.29 0.02

Preoperative AHI Regression coefficient −0.11 0.00
Error 0.18 0.01

P value 0.55 0.64

Figure 1 Scatterplot between adherence h/week (dependent variable) and ESS (independent variable). The respective regression line with confidence intervals is also 
depicted.

Nature and Science of Sleep 2025:17                                                                                               https://doi.org/10.2147/NSS.S495106                                                                                                                                                                                                                                                                                                                                                                                                    255

Pordzik et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



First-line therapy for OSA is a positive airway pressure (PAP) therapy. However, we know that adherence to PAP 
therapy is challenging. One review including 80 studies proved an overall night use of 4.7 hours with a non-adherence 
rate of 34.1% for PAP therapy.25 This means that HGNS therapy was used 48% more compared to the patients using 
PAP-therapy in the aforementioned review. It should be highlighted that only patients who (almost) do not use PAP 
therapy, which means whose adherence to PAP therapy was almost close to zero hours per night, are eligible for HGNS. 
This makes the high usage time of HGNS therapy within the same cohort even more remarkable. The higher adherence 
during HGNS therapy in our cohort may provide a valid explanation for the excellent improvement concerning patient- 
reported outcomes such as insomnia-related symptoms and daytime sleepiness after HGNS therapy. A continuously 
performed therapy may have a greater impact on patient-reported outcomes even if the improvement in respiratory PSG- 
based metrics is higher in PAP therapy compared to HGNS therapy. Previous studies concerning the outcome of PAP 
therapy showed an AHI reduction between 72% and 87%.26,27 Interestingly, the adherence time did not significantly 
correlate with ∆ AHI at the time of the performed PSG. However, little use of HGNS therapy over one week may 
therefore have no influence on AHI reduction if therapy is interrupted during therapy.

We observed a strong negative association between daytime sleepiness and therapy adherence. Despite a significant 
benefit in daytime sleepiness, usage of HGNS therapy is reduced in highly symptomatic (sleepy) patients. Based on the 
results of the present study, the indication for HGNS therapy in very sleepy patients not tolerating PAP therapy should be 
evaluated more carefully in the future, because their excessive sleepiness may negatively impact on therapeutic 
adherence to HGNS therapy.

It seems surprising that insomnia, including symptoms such as difficulty falling asleep and staying asleep, did not 
significantly correlate with the adherence time. The impact of insomnia on HGNS therapy outcomes, including objective 
PSG-based as well as subjective patient-reported outcomes, remains unclear. One study proved insomnia was associated 
with objective PSG-related outcomes.18 However, most of the published studies showed no significant difference in the 
PSG-related outcome of patients with comorbid insomnia and OSA (COMISA).28,29 Concerning patient-reported out-
comes, one study showed insomnia was associated with worse daytime sleepiness and sleep-related quality of life.30 As 
previously stated, there are two studies investigating the impact of insomnia on adherence to HGNS therapy. One study 
showed a reduced device usage and more frequent pauses in therapy in patients with COMISA compared to patients with 
OSA without insomnia.19 The other study showed no statistically significant difference concerning device usage in 
patients with insomnia compared to those without insomnia.20

Figure 2 Scatterplot between stimulation amplitude (dependent variable) and age (independent variable). The respective regression line with confidence intervals is also 
depicted.
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Age was positively associated with stimulation amplitudes. This is not surprising, since with increasing age the nerve 
excitability and hence the neural response may be reduced.31 Therefore, higher stimulation amplitude may be necessary 
and higher stimulation amplitude may be accepted. It is well known that stimulation parameters such as voltage 
amplitude,32 pulse width and frequency,33 electrode configuration affecting tongue motion patterns,34,35 and respiratory 
sensing quality36 influence HGNS therapy outcomes. However, no study has investigated the influence of insomnia- 
related symptoms on neurostimulation amplitudes.

No significant association was observed between insomnia-related symptoms and stimulation parameters. Therapy 
adherence to PAP therapy is largely reduced in patients with comorbid insomnia,12 and the effect of insomnia on HGNS 
therapy outcomes remains unclear so far.18,28,29 There is evidence that difficulty falling asleep is associated with poorer HGNS 
therapeutic outcomes.37 Additionally, there is evidence for a differential effect of PAP therapy and HGNS on sleepiness and/or 
insomnia, because a much higher improvement in daytime sleepiness and insomnia was observed after HGNS compared to 
PAP therapy, despite a significantly less AHI reduction after HGNS therapy.8 Therefore, we hypothesized that patients with 
insomnia may be affected significantly faster by increased therapy amplitudes. Our experience is that patients under HGNS 
therapy with concomitant insomnia often need to be monitored over a longer period of time in order to find the optimal 
therapeutic amplitude by adjusting the stimulation parameters (pulse width, frequency, electrode configuration). In addition, 
patients with concomitant insomnia must be very confident in the use of the therapy, as they must be able to switch the therapy 
on and off if they have difficulty falling asleep or sleeping through the night, or the stimulation must be tolerable even when 
they are awake, which can be difficult, particularly at the start of therapy.

However, our study clearly showed that there is no significant association between insomnia-related symptoms and 
stimulation amplitude. In this context, it is important to understand that the stimulation amplitude does not automatically 
refer to the exact energy received by the hypoglossal nerve. The stimulation amplitude is one among other parameters 
that influences the energy received by the hypoglossal nerve. Further parameters such as pulse width and frequency and 
electrode configuration affecting tongue motion patterns influence the stimulation amplitude and may influence the 
tolerance of HGNS therapy.33 Besides these configuration parameters, the electrode position may also affect the exact 
energy received by the hypoglossal nerve. In addition, individual factors such as the stiffness of the tissue, the position of 
the hyoid bone, but also the patient’s age and preferred sleeping position play a role in the experience of the stimulation 
and thus influence the outcome of the therapy.38 How all these factors affect the perception of the individual patient 
during sleep has been poorly investigated.

In future trials, the use of further insomnia-related questionnaires (eg SCI-Sleep Condition Indicator), that may 
capture other insomnia-related features than ISI does, could provide further evidence on this specific topic.39

Also, assessment of patient-reported excessive daytime sleepiness using other instruments than the ESS (eg use of the 
Stanford Sleepiness Scale – SSS) may also decipher further aspects on sleepiness-related issues in these patients.40

Our study has some important limitations. The study was conducted retrospectively. Only 40 of the 43 patients included 
filled in the ISI questionnaire and 41 of the 43 patients included filled in the ESS questionnaire. Data on adherence may not 
be easily obtained in the European “Inspire Setting”. There is no cloud or “Inspire Sleep Sync” available, like in the US. 
The only available data is the mean usage time in hours per week since the previous consultation in our department. It is 
therefore unclear whether a patient regularly uses the therapy for a similar number of hours per night on average or uses it 
more in some nights but not at all in other nights. In addition, there has been a large variability (225± 191 days) in the time 
point of PSG after implantation. This large variability may have added a certain degree of bias in the results. This issue 
should be considered in future studies, in order to reduce the respective bias.

For future studies, a larger HGNS patient cohort with comorbid clinically confirmed insomnia should be considered, 
to allow investigating the relationships between insomnia, adherence and treatment success in more detail.

Conclusion
We showed a high therapy adherence to HGNS therapy in a real-world setting. With 6.96 hours per night, the adherence 
in this cohort was much higher than previously reported. A strong negative correlation between daytime sleepiness and 
HGNS adherence time was found. Furthermore, preoperatively insomnia severity had a strong positive correlation with 
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excessive daytime sleepiness. Insomnia-related symptoms showed no correlation with neurostimulation amplitude levels, 
although age did.

Disclosure
Haralampos Gouveris reports funding of his institution (University Medical Center Mainz) for research not related to this 
manuscript by Inspire Medical Systems, Inc. (Golden Valley, MN, USA). All other authors have no conflicts of interest to 
declare.
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