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DURABILITY OF UPPER AIRWAY STIMULATION TREATMENT FOR OSA
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Objective: To determine the stability of improvement in polysomnographic measures of sleep disordered breathing, patient reported
outcomes, the durability of hypoglossal nerve recruitment and safety at 18 months in the Stimulation Treatment for Apnea Reduction (STAR)
trial participants.

Design: Prospective multicenter single group trial with participants serving as their own controls.

Setting: Twenty-two community and academic sleep medicine and otolaryngology practices.

Measurements: Primary outcome measures were the apnea-hypopnea index (AHI) and the 4% oxygen desaturation index (ODI). Secondary
outcome measures were the Epworth Sleepiness Scale (ESS), the Functional Outcomes of Sleep Questionnaire (FOSQ), and oxygen saturation
percent time < 90% during sleep. Stimulation level for each participant was collected at three predefined thresholds during awake testing.
Procedure- and/or device-related adverse events were reviewed and coded by the Clinical Events Committee

Results: The median AHI was reduced by 67.4% from the baseline of 29.3 to 9.7/h at 18 mo. The median ODI was reduced by 67.5% from 25.4 to
8.6/h at 18 mo. The FOSQ and ESS improved significantly at 18 mo compared to baseline values. The functional threshold was unchanged from
baseline at 18 mo. Two participants experienced a serious device-related adverse event requiring neurostimulator repositioning and fixation. No
tongue weakness reported at 18 mo.

Conclusion: Upper airway stimulation via the hypoglossal nerve maintained a durable effect of improving airway stability during sleep and
improved patient reported outcomes (Epworth Sleepiness Scale and Functional Outcomes of Sleep Questionnaire) without an increase of the
stimulation thresholds or tongue injury at 18 mo of follow-up.
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INTRODUCTION

Untreated obstructive sleep apnea (OSA) is a significant
public health problem.! Upper airway stimulation (UAS) has
been shown to be safe and effective in participants with mod-
erate-to-severe OSA, who could not adhere to positive airway
pressure therapy.” The mechanism of action of UAS involves
unilateral stimulation of the hypoglossal nerve to recruit the
genioglossus muscle generating anterior displacement of the
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tongue, and dilation of the pharynx, leading to relief of airway
obstruction during sleep.’-°

In a previous report,” improvement in the primary outcome
measures consisting of the apnea- hypopnea index (AHI) and
the 4% oxygen desaturations index (ODI), and the secondary
outcome measures consisting of self-reported sleepiness using
the Epworth Sleepiness Scale (ESS), the Functional Outcomes
of Sleep Questionnaire (FOSQ), and the percentage sleep time
Sa0, <90% were demonstrated at 12 mo after implantation. In
a separate report of participants in a randomized therapy with-
drawal portion of the study (n = 46), suspension of therapy for 1
w led to return of OSA severity and self-report ESS and FOSQ
to the baseline level, and reactivation of therapy-maintained
therapy efficacy at 18 mo. ” The current report focuses on the
stability of the primary and secondary outcome measures, the
durability of hypoglossal nerve recruitment, and overall safety
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Figure 1—Upper airway stimulation (UAS) system for obstructive sleep
apnea. The neurostimulator delivers electrical stimulating pulses to
the hypoglossal nerve through the stimulation lead, synchronized with
ventilation detected by the sensing lead. Stimulation lead: the main
trunk of the hypoglossal nerve (XII) was exposed through a horizontal
upper neck incision at the inferior border of the submandibular gland.
The nerve was followed anteromedially until it branched into a lateral
(I-XI1) and a medial (m-XII) division. The stimulation lead was placed
on the m-XII branch. The cuff section of stimulation lead includes three
electrodes that can be configured in a variety of unipolar of bipolar
electrode manner for optimal UAS. Appropriate placement of the
stimulation lead was confirmed by observing tongue protrusion upon
stimulation. Sensing lead: a second incision was made horizontally at
the fourth intercostal region. The dissection was aimed at the upper
border of the underlying rib. A 5-cm tunnel was created from posterior
to anterior between the external and internal intercostal muscle. The
ventilatory sensor was placed in the tunnel, with the sensing side
facing inward. Neurostimulator: a third incision was made horizontally
2 cm inferior to the right clavicle. A pocket was created inferior to the
incision and superficial to the pectoralis major muscle to accommodate
the neurostimulator (implanted pulse generator or IPG). With a
subcutaneous tunneling device, the leads of the stimulation electrode
and the pressure sensor were led into the infraclavicular pocket space
and connected to the IPG. Adequate functioning of the system was
confirmed before closure.

of all study participants at 18 mo in the STAR (Stimulation
Treatment for Apnea Reduction) trial.

METHODS

Participants

The STAR trial cohort included adults with a diagnosis of
moderate to severe OSA who would not accept or adhere to
treatment with continuous positive airway pressure (CPAP)
therapy. The STAR trial study design was an international
prospective multicenter single group trial with participants
serving as their own controls. Participants were recruited
from 13 community and nine academic sleep medicine and
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otolaryngology practices. The trial protocol was approved by
the individual institutional review boards (in the United States)
or the medical ethics committees (in Europe) at each center.
All participants provided written informed consent before en-
rollment. Key exclusion criteria included body mass index > 32
kg/m?, neuromuscular diseases (including hypoglossal nerve
palsy or injury), severe cardiopulmonary disorders (chronic
obstructive pulmonary disease, pulmonary arterial hyperten-
sion, heart failure, persistent uncontrolled hypertension de-
spite medications, a recent myocardial infarction (within 6 mo)
or severe cardiac arrhythmias), active psychiatric disease, and
comorbid nonrespiratory sleep disorders that would confound
functional assessments related to sleep.

Participants who met inclusion/exclusion criteria underwent
three screening tests: in-laboratory attended polysomnography
(PSG), a surgical consultation visit, and drug-induced sedated
endoscopy (DISE). Participants were excluded after the PSG
for an AHI less than 20 or greater than 50; a central and/or
mixed apnea index > 25% of the AHI; or a nonsupine AHI < 10.
Participants were excluded during surgical consultation if pro-
nounced anatomical abnormalities would prevent effective use
or assessment of the device (e.g., tonsil size 3 or 4). DISE ex-
cluded any participant with observed complete concentric col-
lapse at the level of the velopharynx because individuals with
this particular pattern of airway obstruction responded poorly
to UAS therapy in a prior feasibility study.®

Surgical Procedures

Qualified participants who met preimplant screening cri-
teria underwent device implantation. Details of the surgical
technique are described in a prior publication.’ The implanted
system consists of three components: a stimulation cuff elec-
trode which encircles a distal branch of the right hypoglossal
nerve; a pressure sensing lead placed within the fourth or fifth
right intercostal space to detect ventilatory effort; and an im-
plantable pulse generator inserted into a subcutaneous pocket
beneath the right mid-clavicle contralateral to the region com-
monly used in cardiac pacemaker implantation (Figure 1). The
therapy is designed to sense ventilatory effort and provide
synchronized stimulation to the hypoglossal nerve in order to
increase airway muscle tone and luminal diameter.

Study Procedures

All participants had their device activated after a second
baseline PSG, 1 mo following the implant procedure. PSGs
and self-reported questionnaires were collected at both 12-
and 18-mo follow-up visits. The primary outcomes assessed
were changes in AHI and ODI from baseline to follow-up.
Secondary outcome measures included patient reported out-
comes, using the ESS and the FOSQ and percentage sleep time
Sa0, < 90%. Clinical variables, including body mass index
(BMI), neck circumference, and awake blood pressure, were
measured at scheduled study visits in order to assess for any
changes over the course of the study.

To determine whether there was a change in nerve recruitment
over time, the stimulation level for each participant was collected
at three predefined functional thresholds: sensation (minimal
stimulation level perceived by the participant); bulk motion of the
tongue; and discomfort (highest stimulation level tolerated by the
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participant) during awake testing. For consistency, all stimula-
tion thresholds were collected at the same bipolar electrode con-
figuration, stimulation frequency (33 Hz), and pulse duration (90
for all participants. Device parameters were adjusted for optimal
therapy during titration PSG studies prior to the 12-mo follow-up.
All reported adverse events were reviewed and coded by the
Clinical Events Committee. Serious adverse events were defined
as any events that led to death, life-threatening illness, perma-
nent impairment, or new or prolonged hospitalization. Adverse
events were categorized as procedure related if they were due
to the surgical procedure or the device after therapy activation.

Statistical Analysis

The sample size was calculated on the basis of previous
studies.” Approximately 108 participants were required for
the primary endpoint evaluation using the exact one-sided bi-
nomial test at a significant level of 2.5% with 80% power. For
primary endpoints, the AHI and ODI were compared to the
baseline measurement, which was the average of the preimplant
and 1 mo preactivation measurements. For post-12 mo results,
post hoc paired t-tests were used to evaluate the difference be-
tween baseline and 12 mo and between 12 mo and 18 mo at the

authors), an independent statistician (Teri Yurik, NAMSA),
and the sponsor vouch for the accuracy and completeness of
the data and analyses.

RESULTS

Characteristics of the Implanted Participants

The study population at implantation consisted of 126 par-
ticipants, mostly Caucasian (97%) males (83%) with a mean
age of 54.5 y (range, 31 to 80 y) and mean BMI of 28.4 kg/m?
(range, 18.4 to 32.5). Demographics of the initial study popu-
lation are presented in Table 1. A total of 124 and 123 par-
ticipants completed follow-up at 12 and 18 mo respectively
(Figure 2), and their mean BMI was 28.5 kg/m? at both 12 and
18 mo, which was unchanged from baseline.

Primary Outcomes

The primary outcomes measures (AHI and ODI) were im-
proved at both 12 and 18 mo compared to baseline (Table 2).
The median AHI was reduced by 67.4% from the baseline of
29.3/h to 9.7/h at 18 mo. The median ODI was reduced by 67.5%

5% significant level. No adjustments for multiplicity were made. Table 1—Base line demographics.
Role of the Funding Source Characteristics Participants (n = 126)
The STAR trial was funded by Inspire Medical Systems Age, years 54.5+102
(Clinical Trials.gov number, NCTO01161420). The protocol Male sex, n (%) 105 (83)
was developed by the company, study investigators, and the White race, n(%) 122 (97)
US Food and Drug Administration. An independent clinical Body mass index, kg/m? 28426
events committee and a data and safety monitoring board Neck size, cm 41.2£32
provided review and adjudication of safety data. Verification Blood pressure, mmHg
of source data was performed by independent monitors. The Systolic 128.7 £ 16.1
study investigators had full access to the data and had the right Diastolic 815197
to submit the manuscript for publication without input from Uvulopalatopharyngoplasty, n (%) 22 (17)
the sponsor. The writing committee (the first, second, and last
Table 2—Primary and secondary outcome measures.
Outcome Baseline (n = 126) 12 mo (n = 124) 18 mo (n =123) P* p**
Primary outcomes
AHI, events/h 320+ 11.8 15.3+16.1 141 +144 <0.001 0.33
Median 29.3 9.0 9.7
Interquartile range 23.710 38.6 4210225 36t018.2
0D, events/h 289+120 13.9+15.7 12.7+£13.5 <0.001 0.32
Median 254 74 8.6
Interquartile range 19.5t0 36.6 3.5t020.5 2910 16.6
Secondary outcomes
FOSQ score 143+3.2 17.3+£29 17.3+£3.0 <0.001 0.97
Median 14.6 18.2 18.4
Interquartile range 12.1t017.0 16.2t0 19.5 16.5t019.5
ESS score 116+£50 7042 7.0+4.0 <0.001 0.61
Median 11.0 6.0 6.0
Interquartile range 8.0t015.0 401095 4.0t010.0
Sleep time, % Sa0, < 90% 8.7+10.2 59+124 56+11.9 0.01 0.91
Median 54 0.9 12
Interquartile range 2110109 0.2t05.2 0.2t05.1
*Compare baseline vs. 12 mo. **Compare 12 mo vs. 18 mo.
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consistent with normalization
of the measure (i.e., ESS < 10).

Enrolled (n = 929)

Excluded (n = 478)

Withdrew consent (n = 60)

\/

\/

Excluded at enrollment (n = 205)
Inclusion criteria or exclusion criteria not met (n = 108)

Study implantation limit was reached (n = 21)
Lost to follow-up before implantation (n = 13)
Other reason for withdrawal before implantation (n = 3)

Among therapy nonresponders,
63% had a clinical meaningful im-
provement in FOSQ (> 2 in FOSQ
increase) and 78% had a clinical
meaningful improvement in ESS
(> 2 in ESS reduction). The per-
cent time for Sa0, < 90% of total

sleep was reduced from a baseline

Screened (n = 724)

Excluded (n = 598)
Polysomnography
AHI score < 20 (n = 347)
AHI score > 50 (n = 87)

\J

Surgeon consultation
Tonsil size 3or4 (n = 4)

\/

Implanted (n = 126) Sleep endoscopy

Other reason (n = 2)

Central sleep apnea (n = 50)
Positional obstructive sleep apnea (n = 45)

Other unfavorable anatomical feature (n = 9)

Complete concentric palatal collapse (n = 54)

value of 5.4% to 1.2% at 18 mo.

Durability of Therapy Response
and Stimulation Parameters

All primary and secondary out-
come measures were similar at 12
and at 18 mo. The average differ-
ence was —1.06/h (95% confidence
interval (CI) —3.2 to 1.1/h) for AHI,
and —1.02/h (95% CI =3.0 to 1.0/h)
for ODI from 12 to 18 mo. Simi-

\/

1-mo follow-up (n = 126)

larly, no difference was observed
in FOSQ, ESS, and Sa0, between
the two time points (Figure 3).

To address whether there was
a change in device function over
time, stimulation levels for each
participant were collected at three
predefined thresholds (sensation,

\/

Device removal (n = 1)

Death due to unrelated cause (n = 1)

bulk motion, and discomfort). The
values for amplitude in volts at

\/

12-mo follow-up (n = 124)

each threshold from initial therapy
activation at 1 mo postimplan-
tation, to 12 and 18 mo are dis-
played in Table 3. The functional
threshold was unchanged from
baseline at 18 months.

\J

Death due to unrelated cause (n = 1)

Adverse Events

\/

18-mo follow-up (n = 123)

Figure 2—Study flow diagram. AHI, apnea-hypopnea index.

The average duration of follow
up for safety after implant was
911.3 + 137.8 days (range, 310 to
1,197 days) after implant among
all 126 participants. Two par-
ticipants experienced a serious
device-related adverse event that
was related to the implanted pulse

from 25.4 to 8.6/h at 18 mo. Response to therapy defined as, at
least a 50% reduction and AHI < 20/h, was achieved in 64% of
participants at 18 mo using intent-to-treat analysis. There were
29%, 52%, and 69% of participants with AHI less than 5, 10, or
15 at 18, respectively.

Secondary Outcomes

The FOSQ and ESS improved significantly at 18 mo com-
pared to baseline values (Table 2). The improvement of FOSQ
exceeded a two-point or more point increase, considered clini-
cally meaningful improvement °; similarly the ESS score was
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generator only. One participant
reported discomfort 1 mo postimplant with a downward mi-
gration of the implanted pulse generator. The discomfort was
resolved with repositioning and fixation of the device. The
other event reported between 12 and 18 mo with a similar com-
plaint of discomfort with a device that was in a non-standard
lateral infraclavicular position. The discomfort was resolved
after the device was placed in the standard mid-infraclavicular
position. As presented in the previous report of safety after
12 mo follow-up,? most procedure-related nonserious adverse
events (86%) occurred within 30 days postimplant, and were
expected postsurgical events. There was no tongue weakness
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reported at or after 12 months. Among device-related nonse-
rious events reported after 12 months, 12% of the participants
reported some discomfort associated with stimulation, and 3%
of participants reported tongue soreness including abrasion
on the lower side of the tongue. These events were related to
the functional stimulation of the tongue muscles and/or the re-
sulting tongue motion over the lower rough or missing teeth.
The majority of these events resolved after the participants ac-
climated to the UAS therapy or through a device reprogram-
ming to optimize stimulation parameters.

DISCUSSION

Upper airway stimulation of the hypoglossal nerve resulted
in significant and clinically meaningful improvements in OSA
severity, self-reported sleepiness, and quality of life measures
at 18 mo after implantation. There were no changes in all pri-
mary and secondary outcome measures from 12 to 18 mo, dem-
onstrating a consistent and sustained therapy response. The
stimulation level required to pro-

reduced AHI by approximately 33% (95% CI 23% to 42%)),
with residual AHI averaging 29.8/h in follow-up from 3 to 12
mo. Similarly, upper airway radiofrequency ablation of the soft
palate, the base of the tongue or multiple levels showed an AHI
reduction of 34% (95% CI 19% to 46%). There were 22 par-
ticipants (22%) who had a UPPP at enrollment. At 18 mo, the
average AHI among these 22 participants with prior UPPP was
12.3 + 11.0, which was similar to the AHI of 14.5 + 15.1 among
those without prior UPPP (P = 0.52). By comparison to these
primary and “rescue” anatomic procedures, upper airway stim-
ulation, while relatively new, has an established selection pro-
file, a low morbidity, and a relatively high efficacy. Continuous
objective device use at night is not recorded with the current
generation of the device; however, pulse generation time as a
measure of general use was consistent with patient self-report.>

The population that was implanted with the device was 83%
male 97% Caucasian. No sex or racial differences had been iden-
tified to date relating to the response to upper airway stimulation.

duce predefined tongue activation
remained stable from 1 mo post- W Baseline M Month12 B Monih 18
implant to 18 mo. The safety pro-
file remained excellent, with two 80 t 304 *
elective device-related adverse t - 5 x
events (pocket revisions for the B0+ T - 60 + T . x
stimulator) resolved completely by £ 40 i N 5 404 % "
outpatient procedures. Minor dis- < ©
comfort related to stimulation and 204 209
tongue movement could be ad- 0 0-
dressed by clinical assessment and . ! : : : ;
minor programming adjustment. Baseline Month 12 Month 18 Baseline Month 12 Maonth 18
Between 12 and 18 mo, no addi- (N=128) (N=124) {N=121) {N=126) {N=124) {h=121)
tional PSG studies were required. o - =T 3

There are limited treatment al-
ternatives for patients with mod- 15 15 +
erate to severe OSA who cannot % - - -
adhere to CPAP. Oral appliances T i ¥ w
(OAs) are generally reserved for 5 * " 5 -
patients with mild to moderate - 0 i
OSA."™!" There is increasing evi- . . ; : : :
dence of OA benefit in more severe Baseline  Month12  Month 18 Baseline  Month12  Month 18
OSA™B with follow-up ranging (N=128) (N=123) (N=123) {N=126) (N=123) (N=123)
ff:rr:ni t;n d6 orlrllt?:'orig:g;erori ii_ Figure 3—Change iq polysomnographic measures of sleep disordered breathing and patient r.eported

. measures from baseline to 18 mo. Tukey Box Plots: the box marks out the 25th to 75th percentiles; the

moderate to severe OSA remain line within that box marks the median; a line marks the outer part of the distribution, and outliers are
unclear. A substantial portion of represented as an o, x, or +. (A) Apnea-hypopnea index (AHI) at baseline, month 12, and month 18. (B) 4%
patients seek surgical modifica- oxygen desaturation index (ODI) at baseline, month 12, and month 18. (C) Functional Outcomes of Sleep
tions of the upper airway."” Uvulo- Questionnaire (FOSQ) scores at baseline, month 12, and month 18. (D) Epworth Sleepiness Score (ESS)
palatopharyngoplasty (UPPP), as at baseline, month 12, and month 18. N, number of participants.
shown in a recent meta-analysis,"”

Table 3—Stimulation threshold.

Sensation threshold
Functional threshold
Discomfort threshold

Stimulation threshold unit in volts. *1 mo vs. 12 mo. **12 mo vs. 18 mo.

1mo (n = 126) 12 mo (n = 123) 18 mo (n = 123) p* p
115+ 0.64 1134 0.62 1.07 £0.55 1.00 0.02
1794079 1.80 £ 0.80 176+0.73 0.51 0.38
247 +0.85 2.85+1.02 2.69 +0.96 <0.001 0.02
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However, until additional data are examined the conclusion that
the responses would be similar is only speculative.

Adverse events reported after 12 mo resulted from routine
device use associated with functional stimulation. The rate of
occurrence of these events was reduced after the first 12 mo of
follow-up (see supplemental material). The daily use of UAS
was 86% at 12 mo and 84% at 18 mo based on self-report. One
participant requested elective explant due to lack of clinical
improvement. The explant was completed without complica-
tions. No other participant discontinued therapy, even if their
PSG results placed them in a “nonresponder” group (n = 46).
Considering the nonadherent history of the participants with
CPAP, the high usage with the neurostimulator suggested im-
proved therapy adherence with the implanted device.

The voltage required for hypoglossal nerve stimulation and
its muscle recruitment properties was stable over 18 mo. Spe-
cifically, the stimulation level required to produce predefined
tongue activation was unchanged from 1 mo to 18 mo. Although
longer term follow-up (e.g., 5 y) would be desirable to examine
habituation or degradation of efficacy, the current data suggest
that the nerve electrode interface became mature after 1 mo,
and remained stable after 18 mo. In vagus nerve stimulation
for medically refractory epilepsy, follow-up studies from 1 to
6 y'*'" have demonstrated overall stability of stimulation of the
peripheral nerve for long-term therapy.

In conclusion, upper airway stimulation via hypoglossal nerve
maintained a durable effect of improving airway stability during
sleep and patient reported outcomes (ESS and FOSQ) without
the need to increase the stimulation thresholds at 18 mo of follow-
up. In patients with moderate to severe OSA who are intolerant
or nonadherent to CPAP, upper airway stimulation provides a vi-
able treatment option for many months after implantation.
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List of Study Contributors (continued)

Inspire Medical Systems (Sponsor): Quan Ni, PhD., Kris
Selander

Medical Research Biostatistician: Teri Yurik (Namsa, Inc)
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ment of Otolaryngology, University of Minnesota
(retired); KSW Consulting (current)), Markus Gapany,
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Procedure and Device Related Nonserious Adverse Events
See Table S1.

Responder and Nonresponder Analysis

We have compared baseline characteristics between therapy
responders and non-responders using measurements collected
at 18 mo, and summarize the results in Table S2.

In comparison with responders, nonresponders had similar
baseline characteristics in BMI and neck size, slightly younger
in age, similar AHI and ODI at baseline, slightly lower pro-
portion with prior UPPP, and similar baseline FOSQ and ESS.
There were no statistically significant associations between
these characteristics and therapy outcome at 18 mo. These con-
clusions were consistent with the outcome data at 12 mo. Ad-
ditional physiological studies of upper airway mechanics are
necessary to understand the mechanical coupling between the
velopharynx and the tongue-base, which may be the mecha-
nism responsible for the multi-level response among therapy
responders.

Among therapy nonresponders, 73% had a reduced level
of snoring based on self-report, and 83% had reduced level of

snoring based on partner report. These observations are likely
to account for the improvement in the patient reported out-
comes (FOSQ and ESS) in the nonresponders (see main text
Results section — Secondary Outcomes).

Individual Data Points of Responders
See Figure Sl.

Indvidual Date Points of Nonresponders
See Figure S2.

Device Adjustments

The upper airway stimulation system is activated 1 mo after
the implant procedure. The stimulation amplitude thresholds
for sensation, functional tongue response, and subdiscomfort
level are obtained during wakefulness. The patient is sent
home with a patient remote that allows the patient to turn the
Inspire device on at night and to make adjustments the stimula-
tion voltage within a certain range predefined by the physician.
Follow-up visits are necessary during the first year to adjust
the Inspire device settings.

A key characteristic of upper airway stimulation, as with
CPAP and other neurostimulation therapies, is that it is adjust-
able in order to optimize therapy response and patient com-
fort. Specifically, the physician adjusts sensing parameters
to deliver stimulation during the late expiratory phase and
throughout the inspiratory phase of respiration. Amplitude,
rate, pulse width, and electrode configuration can be adjusted
to provide a patent airway without disturbing sleep.

The most common adjustment is amplitude. Stimulation
amplitude is measured in volts and can be adjusted in 0.1-V in-
crements from 0.0 V to 5.0 V. Titration of amplitude is similar
in concept to the AASM guidelines for the titration of positive
airway pressure in that during PSG studies the amplitude is

Table S1—Procedure and device related nonserious adverse events.
Number of Events Par?igin;;::trso\fvith
Adverse Events 0-12 mo 12-18mo  Post 18 mo Total Event, n (% of 126)
Procedure-related nonserious adverse event
Postoperative discomfort related to incisions 47 1 1 49 36 (28.6%)
Postoperative discomfort independent of incisions 4 0 0 41 33 (26.2%)
Temporary tongue weakness 35 0 0 35 23 (18.3%)
Intubation effects 18 0 0 18 15 (11.9%)
Headache 8 0 0 8 8 (6.3%)
Other postop symptoms 22 0 0 22 14 (11.1%)
Mild infection 1 0 0 1 1(0.8%)
Device-related non-serious adverse event
Discomfort due to electrical stimulation 80 16 15 1M1 65 (51.6%)
Tongue abrasion 28 8 5 4 30 (23.8%)
Dry mouth 10 5 1 16 15 (11.9%)
Mechanical pain associated with presence of the device 8 2 1 " 11 (8.7%)
Temporary internal device usability or functionality complaint 12 5 3 20 17 (13.5%)
Temporary external device usability or functionality complaint " 4 " 26 20 (15.9%)
Other acute symptoms 21 8 6 35 28 (22.2%)
Mild infection 1 0 0 1 1(0.8%)
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Table S2—Characteristics of responders and non-responders at 18 mo.
Responder Non-responder P
Number of patients 80 41
Age 55.1+£10.0 524 +10.6 0.16
Sex (male %) 83% 85% 0.69
BMI 286+25 280+28 0.19
Neck size (cm) 412+32 411+£33 0.83
Baseline AHI 309+ 11.2 323+ 117 0.52
Baseline ODI 27.3+11.3 30.0+12.0 0.23
Prior UPPP (%) 20.0% 14.6% 0.47
Baseline FOSQ 147+32 13.7+£31 0.10
Baseline ESS 11.5+49 11.8+5.2 0.77
AHI, apnea-hypopnea index; BMI, body mass index; ESS, Epworth
Sleepiness Scale; FOSQ, Functional Outcomes of Sleep Questionnaire;
ODI, oxygen desaturation index; UPPP, uvulopalatopharyngoplasty.

slowly increased in the presence of obstructive apneas and hy-
popneas until a stable airway is established.

The patient amplitude control limits are selected by the phy-
sician to allow an appropriate and effective range of amplitude
selections. The lower amplitude limit is selected to ensure an
effective level of stimulation. The upper amplitude limit is se-
lected to provide a reasonable number of amplitude choices for
the patient, typically 5 (0.1 V changes) or fewer. For example a
physician may choose therapy amplitude of 2.0 V and a patient
control range of .§ Vto 2.2 V.

Patient amplitude control is a common feature of other
neurostimulation systems such as spinal cord stimulation for
pain and sacral nerve stimulation for incontinence. This fea-
ture allows patients to fine-tune their therapy and to be actively
engaged in their treatment. This feature is similar conceptually
to auto-positive airway pressure (PAP), which allows for ad-
justments to PAP within physician selected limits.
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Figure S1—Individual data points of responders. Among the 83
participants who met responder criteria (AHI < 20 and at least 50%
reduction from baseline) at 12 mo (n = 83), 19 (23% of 83) did not meet
responder criteria at 18 mo.
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Figure S2—Individual data points of nonresponders. Among the 43
participants who did not met responder criteria at 12 mo, a total of 16
(37% of 43) met criteria at 18 mo. The overall responder rate was similar

at 12 and 18 mo.
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