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Use of Hypoglossal Nerve Stimulation for
Treating OSA in Military Patient Populations
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Background: Failure to effectively treat obstructive sleep apnea
(OSA) and its symptoms is incompatible with military readiness.
Continuous positive airway pressure (PAP) is the gold standard
treatment for OSA, but it is impractical in austere environments.
Another OSA treatment, hypoglossal nerve stimulation (HGNS),
which is implanted, could have advantages for military patients
but is unclear whether HGNS is efficacious.

Methods: We conducted a review of randomized controlled
trials and controlled trials published from 2013 to 2023. Primary
outcome measures included the Apnea-Hypopnea Index and
Epworth Sleepiness Scale. The quality of evidence was assessed
using a rating of 1 to 5 based on a modification of the Oxford
Centre for Evidence-based Medicine Levels of Evidence and
Grades of Recommendation.

Results: We identified 334 studies; 318 did not meet inclusion
criteria. The remaining 16 articles were classified into 9 cohorts.
Six articles were based on data from the STAR trial and 4 were
based on data from a German postmarket long-term follow-up of
upper airway stimulation for OSA efficacy. The remaining cohorts
were smaller studies that examined moderate-to-severe OSA
with nonadherence or failure, a randomized controlled crossover
trial, and 1 direct comparator with PAP treatment.

Conclusions: HGNS feasibility in military settings has not
been adequately studied, considering the specific demands of
operational settings and patient demographics. Understanding
risks and benefits specific to military context will help guide
practices and determine the suitability of HGNS for OSA in
diverse military settings.
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bstructive sleep apnea (OSA), the

repetitive collapse of posterior oro-

pharynx during sleep resulting in
hypoxia and/or arousals from sleep, is the
most common form of sleep disordered
breathing and a common chronic respira-
tory disorders among middle-aged adults.
OSA can lead to significant health prob-
lems, such as worsened cardiometabolic
disease and cognitive impairment, which
can increase morbidity and mortality:'

The gold standard for OSA diagno-
sis is polysomnography (PSG), although
home sleep studies can be performed for
select patients. OSA diagnoses are based
on the number of times per hour of sleep
a patient’s airway narrows or collapses,
reducing or stopping airflow, scored as hy-
popnea or apnea events, respectively. An
Apnea-Hypopnea Index (AHI) score of 5
to 14 events/hour is considered mild OSA,
15 to 30 events/hour moderate OSA, and
> 30 events/hour severe OSA.*

Treatment commonly includes posi-
tive airway pressure (PAP) but more
than one-half of patients are not ad-
herent to continuous PAP (CPAP)
treatment after about 90 days.® Ef-
ficacy of treatments vary as a func-
tion of disease severity and etiology,
which—in addition to the classic presen-
tation of obesity with large neck/narrow
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upper airway—includes craniofacial
abnormalities, altered muscle function in
the upper airway, pharyngeal neuropathy,
and fluid shifts to the neck.

BACKGROUND

The American Academy of Sleep Medi-
cine (AASM) estimates that 10% to 17%
of adults in the United States have OSA.*
Compared with civilians, the military pop-
ulation generally is younger and health-
ier. Service members have access to regular
health care with yearly physical examina-
tions, exercise scheduled into the workday,
and mandatory height/weight and fitness
standards. Because obesity is a major risk
factor for OSA, and the incidence of obe-
sity is relatively low in the military popula-
tion (estimated at 18.8% in 2021 vs 39.8%
among all US adults aged 20 to 39 years),
it might be expected that incidence of OSA
would be correspondingly low.>® However,
there is evidence of a rapidly increasing in-
cidence of OSA in military populations. A
2021 study revealed that OSA incidence
rates increased from 11 to 333 per 10,000
between 2005 and 2019 across all military
branches and demographics, with the high-
est rate among Army personnel.” An earlier
study revealed a 600% increase in OSA in-
cidence among Army personnel between
2003 and 2011.8
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Several factors likely contributed to this
increase, including expanding obesity and
greater physician awareness and availabil-
ity of sleep study centers. Rogers and col-
leagues found that 40% to 50% of incident
OSA diagnoses among military personnel
occur within 12 months of separation, sug-
gesting that the secondary gains associated
with military disability benefits might mo-
tivate OSA evaluation.’ It is possible that
secondary gain is a factor because an OSA
diagnosis can range from a 0% to 100%
disability rating, depending on the sever-
ity.!® This disability claim is based on evi-
dence that untreated OSA can negatively
affect long-term health and mission read-
iness.® For example, untreated OSA can
lead to hypertension, which contributes to
a long list of adverse health and wellness
consequences. Most importantly for the
military, OSA has been shown to increase
daytime sleepiness and reduce cognitive
performance.®®

The current first-line treatment for OSA
is CPAP, which improves symptoms of day-
time sleepiness, hypertension management,
and daytime alertness.!! Despite its effi-
cacy, nonadherence rates range from 29% to
83%.'*'> Nonadherence factors include life-
style changes, adverse effects (eg, nasal con-
gestion), and lack of education on proper
use.! Lifestyle changes needed to increase
the likelihood of successful therapy, such
as regular sleep schedules and proper CPAP
cleaning and maintenance, are difficult for
military personnel because of the nature
of continuous or sustained operations that
might require shift work and/or around-
the-clock (ie, 24-hour, 7 days a week)
task performance. Traveling with CPAP is
an added burden for service members de-
ployed to combat operations (ie, added
luggage, weight, maintenance). Although
alternate treatments such as oral appliances
(ie, custom dental devices) are available,
they generally are less effective than CPAP?
Oral appliances could be a reasonable al-
ternative treatment for some patients who
cannot manage their OSA with behavioral
modifications and are intolerant or unable
to effectively use CPAP. This could include
patients in the military who are deployed to
austere environments.

Surgically implanted hypoglossal nerve
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stimulator (HGNS) treatment may provide
long-term health benefits to service mem-
bers. After the device is implanted near the
hypoglossal nerve, electrical stimulation
causes the tongue to move forward, which
opens the airway in the anteroposterior di-
mension. The most important consider-
ation is the mechanism of airway collapse.
HGNS is not effective for patients whose
OSA events are caused by circumferential
collapse of other airway muscles. The cause
of airway collapse is ascertained before sur-
gery with drug-induced sleep endoscopy, a
procedure that allows visualization of con-
formational changes in the upper airway
during OSA events.

The US Food and Drug Administration
(FDA) approved HGNS in 2014. However,
it is not considered a first-line treatment for
OSA by the AASM. Original candidate crite-
ria for HGNS included an AHI score of 15 to
65 events/hour, age > 18 years, failed CPAP
use, body mass index (BMI) < 32, absence
of palatal complete concentric collapse, and
central apneas comprising < 25% of total
events.'® In June 2023, the FDA expanded
approval to increase the upper limit of AHI
to 100 events/hour and the BMI to < 40."7
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TABLE 1 Hypoglossal Nerve and Upper Airway Stimulation Study Patient Characteristics

Study Baseline age (SD),y Sex (Male/Female), No. White race, No. (%) Baseline BMI (SD)
STAR trial2>-24 54.5 (10.2) 105/21 122 (97) 28.4 (2.6)
German postmarket?5-28 56.8 (9.1) 58/1 — 28.8 (3.6)
Munich single cohort?® 59.6 (10.9) 30/1 — 28.8 (3.1)
Kezirian et al*® 52.4 (9.4) 20/11 28 (90) 32.4 (3.6)
TJU 60.9 (9.4) 30/18 = 29.3 (3.7)
ups2 62.8 (10.8) 30/19 — 27.7 (3.7)
Pordzik et al® 55.5 (8.6) 20/9 - 30.1 (3.9)
Stimulation/sham RCCT* 57.5 (9.8) 72/17 89 (100) 29.2 (4.4)
Comparator® 57.3 (12.2) 56/7 61 (97) 29.2 (4.1)

Abbreviations: BMI, body mass index; RCCT, randomized controlled crossover trial; TJU, Thomas Jefferson University; UP, University of Pittsburgh.

HGNS has been reported to be
effective in appropriately selected patients
with OSA at tertiary care centers with es-
tablished multidisciplinary sleep surgical
programs. These benefits have not been con-
firmed in larger, community-based settings,
where most of these surgeries occur. In com-
munity practice, there is significant confu-
sion among patients and clinicians about
the optimal pathway for patient selection
and clinical follow-up. Many patients view
HGNS as a viable alternative to CPAP, but
initially do not understand that it requires
surgery. Surgical treatments for OSA, such as
HGNS, are appealing because they suggest a
1-time intervention that permanently treats
the condition, without need for follow-up or
equipment resupply. HGNS might be an ap-
pealing treatment option because it is less
obtrusive than CPAP and requires fewer re-
sources for set-up and maintenance. Also, it
does not cause skin irritation (a possible ad-
verse effect of nightly use of a CPAP mask),
allows the individual to sleep in a variety of
positions, has less impact on social and sex
life, and does not require an electric outlet.
In the long term, HGNS might be more cost
effective because there is no yearly physi-
cian follow-up or equipment resupply and/or
maintenance.

The military population has specific
demands that impact delivery and effec-
tiveness of health care. Among service
members with OSA, CPAP treatment can
be challenging because of low adherence,
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required annual follow-up despite frequent
moving cycles that pose a challenge for
care continuity, and duty limitations for
affected service members (ie, the require-
ment for a waiver to deploy and potential
medical separation if symptoms are not
adequately controlled). As the incidence of
OSA continues to increase among service
members, so does the need for OSA treat-
ment options that are efficacious as CPAP
but better tolerated and more suitable for
use during military operations. The aim of
this review is to assess the effectiveness of
HGNS and its potential use by the military
OSA patient population.

METHODS

To identify eligible studies, we employed
PICOS: Population (patients aged > 18 years
with a history of OSA), Intervention (HGNS),
Comparator (standard of care PAP therapy),
Outcome (AHI or Epworth Sleepiness Scale
[ESS], and Study (randomized control trial
[RCT] or clinical trial). Studies were ex-
cluded if they were not written in Eng-
lish or included pediatric populations. The
ESS is a subjective rating scale used to de-
termine and quantify a patient’s level of
daytime sleepiness, using a 4-point scale
for the likelihood of falling asleep to-
taled across 8 different situations.'® Day-
time sleepiness is considered lower normal
(0-5 points), higher normal (6-10 points),
mild or moderate excessive (11-15 points),
and severe excessive (16-24 points).
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Literature Search

We conducted a review of PubMed and
Scopus for RCTs and controlled trials pub-
lished from 2013 to 2023 that included the
keywords and phrases: obstructive sleep
apnea and either hypoglossal nerve stimula-
tion or upper airway stimulation. The final
literature search was performed December
8,2023.

Two authors independently assessed the
titles and abstracts of studies identified in the
literature search based on the predefined in-
clusion criteria. If it was not clear whether
an article met inclusion criteria based on its
title and/or abstract, the 2 review authors as-
sessed the full text of study and resolved any
disagreement through consensus. If consen-
sus was not obtained, a third author was con-
sulted. No duplicates were identified. The
PRISMA study selection process is presented
in the Figure.

Data extraction was performed by 1 inde-
pendent reviewer. A second author reviewed
the extracted data. Any identified discrepan-
cies were resolved through discussion and
consensus. If consensus was not obtained,
a third author was consulted. Study data in-
cluded methods (study design and study ob-
jective), participants mean age, inclusion
criteria, exclusion criteria, interventions and
comparators, and primary study outcomes.

The quality of evidence was assessed
using a rating of 1 to 5 based on a mod-
ified version of the Oxford Centre for
Evidence-based Medicine Levels of Evidence
and Grades of Recommendation.!® A rating
of 1 indicated a properly powered and con-
ducted RCT, 2 demonstrated a well-designed
controlled trial without randomization or
prospective comparative cohort trial, 3 des-
ignated a case-control study or retrospective
cohort study, 4 signified a case series with
or without intervention or a cross-sectional
study, and 5 denoted an opinion of respected
authorities or case reports. Two reviewers
independently evaluated the quality of evi-
dence. Any identified discrepancies were re-
solved through discussion and consensus. If
consensus was not obtained, a third review
author was consulted.

RESULTS
We identified 30 studies; 19 articles
did not meet inclusion criteria. The
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remaining 11 articles were divided into 4 co-
horts. Five articles were based on data from
the STAR trial, a multicenter study that in-
cluded adults with moderate-to-severe OSA
and inadequate adherence to CPAP*** Four
articles used the same patient selection crite-
ria as the STAR trial for a long-term German
postmarket study of upper airway stimula-
tion efficacy with OSA.?>?® The third and
fourth cohorts each consist of 31 patients
with moderate-to-severe OSA with CPAP
nonadherence or failure.?*° The STAR
trial included follow-up at 5 years, and the
German-postmarket had a follow-up at
3 years. The remaining 2 cohorts have 1-year
follow-ups.

The Scopus review identified 304 studies;
299 did not meet inclusion criteria and 1 was
part of the STAR trial.*! The remaining 4 arti-
cles were classified as distinct cohorts. Hunt-
ley and colleagues included patients from
Thomas Jefferson University (TJU) and Uni-
versity of Pittsburgh (UP) academic medical
centers.>” The Pordzik and colleagues cohort
received implantation at a tertiary medical

center, an RCCT, and a 1:1 comparator trial
(Table 1).3>3

STAR Trial

This multicenter, prospective, single-group
cohort study was conducted in the US, Ger-
many, Belgium, Netherlands, and France.
The STAR trial included 126 patients who
were not CPAP therapy adherent. Patients
were excluded if they had AHI < 20 or > 50,
central sleep apnea > 25% of total AHI, ana-
tomical abnormalities that prevent effective
assessment of upper-airway stimulation,
complete concentric collapse of the retro-
palatal airway during drug-induced sleep,
neuromuscular disease, hypoglossal-nerve
palsy, severe restrictive or obstructive pul-
monary disease, moderate-to-severe pulmo-
nary arterial hypertension, severe valvular
heart disease, New York Heart Association
class I1I or IV heart failure, recent myocar-
dial infarction or severe cardiac arrhythmias
(within the past 6 months), persistent un-
controlled hypertension despite medication
use, active psychiatric illness, or coexisting
nonrespiratory sleep disorders that would
confound functional sleep assessment. Pri-
mary outcome measures included the AHI
and oxygen desaturation index (ODI) with
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TABLE 2 Literature Review Study Results

No.: mean (SD) [median]

Trial name Measure Baseline 12 mo 36 mo 60 mo
STAR trial?0-24 AHI 126: 32.0 (11.8) [29.3] 124:15.3 (16.1) [9.0] 98: 11.5 (14.0) [6.0] 71:12.4 (16.3) [6.2]
ESS 126: 11.6 (5.0) [11] 123: 7.0 (4.3) [6] 113: 7.0 (5.0) [6] 92: 6.9 (4.7) [6]
German AHI 60: 31.2 (13.2) [28.6] 56: 13.8 (14.8) [9.5] 38:13.1 (14.1) [10.0]
postmarket?®-28
ESS 60: 12.8 (5.3) [13.0] 56: 7.0 (4.5) [6.5] 38: 6.0 (3.2) [6.0]
Munich AHI 31:32.9 (11.2) 31:7.1 (5.9)
single cohort?®®
ESS 31:12.6 (5.6) 31:5.9 (5.2
Kezirian et al*° AHI 31:45.4 (17.5) 311:25.3 (2.6)
ESS 12.1 (4.6) 7.9 (3.8)
Baseline 2 mo
Thomas Jefferson  AHI 48: 35.9 (20.8) 48:6.3 (11.5)
University3!
ESS 48:11.1 (3.77) 48: 5.8 (3.3)
University of AHI 49: 35.3 (15.3) 49: 6.3 (6.1)
Pittsburgh??
ESS 49:10.9 (4.9) 49: 6.6 (4.5)
Baseline 69-123 d
Pordzik et al®® AHI 29: 38.6 (12.7) 29:24.4 (13.3)
Baseline 21d
Stimulation/sham  AHI 89: 32.3 (11.4) 89: 8.3 (8.9)
RCCT34
ESS 89: 10.6 (3.8) 89:7.0 (4.4
Baseline 12 mo
Comparator® AHI 63: 33.9 (15.1) 63: 8.1 (6.3)
ESS 63: 15.4 (3.5) 63:7.5(4.7)

Abbreviations: AHI, Apnea-Hypopnea Index; ESS, Epworth Sleepiness Scale; RCCT, randomized controlled crossover trial.

secondary outcomes using the ESS, the
Functional Outcomes of Sleep Question-
naire (FOSQ), and the percentage of sleep
time with oxygen saturation < 90%. Of 126
patients who received implantation, 71 un-
derwent an overnight PSG evaluation at
5-year follow-up. Mean (SD) AHI at base-
line was reduced with HGNS treatment to
from 32.0 (11.8) to 12.4 (16.3). Mean (SD)
ESS for 92 participants with 2 measure-
ments declined from 11.6 (5.0) at baseline
t0 6.9 (4.7) at 5-year follow-up.
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The STAR trial included a randomized
controlled withdrawal study for 46 patients
who had a positive response to therapy to
evaluate efficacy and durability of upper
airway stimulation. Patients were randomly
assigned to therapy maintenance or ther-
apy withdrawal groups for > 1 week. The
short-term withdrawal effect was assessed
using the original trial outcome measures
and indicated that both the withdrawal and
maintenance groups showed improvements
at 12 months compared with the baseline.
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However, after the randomized withdrawal,
the withdrawal group’s outcome measures
deteriorated to baseline levels while the
maintenance group showed no change. At
18 months of therapy, outcome measures
for both groups were similar to those ob-
served with therapy at 12 months.?* The
STAR trial included self-reported outcomes
at baseline, 12 months, and 24 months that
used ESS to measure daytime sleepiness.
These results included subsequent STAR
trial reports.?*-2*3!

The German Postmarket Cohort

This multicenter, prospective, single-arm
study used selection criteria that were based
on those used in the STAR trial and in-
cluded patients with moderate-to-severe
OSA and nonadherence to CPAP. Patients
were excluded if they had a BMI > 35, AHI
< 15 or > 65; central apnea index > 25%
of total AHI; or complete concentric col-
lapse at the velopharynx during drug-in-
duced sleep. Measured outcomes included
AHI, ODI, FOSQ, and ESS. Among the 60
participants, 38 received implantation and
a 3-year follow-up. Mean (SD) AHI de-
creased from 31.2 (13.2) at baseline to 13.1
(14.1) at follow-up, while mean (SD) ESS
decreased from 12.8 (5.3) at baseline to 6.0
(3.2) at follow-up.>>28

Munich Cohort

This single-center, prospective clinical trial
included patients with AHI > 15 and < 65,
central apnea index < 25% of total AHI, and
nonadherence to CPAP. Patients were ex-
cluded if they had a BMI > 35, anatomical
abnormalities that would prevent effective
assessment of upper-airway stimulation; all
other exclusion criteria matched those used
in the STAR trial. Among 31 patients who
received implants and completed a 1-year
follow-up, mean (SD) AHI decreased from
32.9 (11.2) at baseline to 7.1 (5.9) at follow-
up and mean (SD) ESS decreased from 12.6
(5.6) at baseline to 5.9 (5.2) at follow-up.”®

Kezirian and Colleagues Cohort

This prospective, single-arm, open-
label study was conducted at 4 Australian
and 4 US sites. Selection criteria included
moderate-to-severe OSA with
failure of CPAP, AHI of 20 to 100 with
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> 15 events/hour occurring in sleep that was
non-REM (rapid eye movement) sleep, BMI
<40 (Australia) or < 37 (US), and a predom-
inance of hypopneas (= 80% of disordered
breathing events during sleep). Patients were
excluded if they had earlier upper airway
surgery, markedly enlarged tonsils, uncon-
trolled nasal obstruction, severe retrognathia,
> 5% central or mixed apneic events, incom-
pletely treated sleep disorders other than
OSA, or a major disorder of the pulmonary,
cardiac, renal, or nervous systems. Data were
reported for 31 patients whose mean (SD)
AHI declined from 45.4 (17.5) at baseline
to 25.3 (20.6) at 1-year follow-up and mean
(SD) ESS score declined from 12.1 (4.6) at
baseline to 7.9 (3.8) 1 year later.*®

TJU and UP Cohorts

The TJU and UP cohorts are composed of
patients who underwent implantation be-
tween May 2014 and August 2016 at 2 ac-
ademic centers.?'*? Selection criteria was
consistent with that used in the STAR
trial, and patients completed postopera-
tive titration PSG and outpatient follow-up
(48 patients at TJU and 49 at UP). Primary
outcomes included AHI, ESS, and O, nadir.
Secondary outcomes consisted of surgical
success and percentage of patients tolerat-
ing optimal titration setting at follow-up.
Postoperative outcomes were assessed
during the titration PSG. Time from ini-
tial ESS to postoperative PSG at TJU was
1.7 years and at UP was 1.9 years. Time
from initial AHI to postoperative PSG at
TJU was 90.4 days and 85.2 days at UP. At
TJU, mean (SD) AHI and ESS dropped from
35.9 (20.8) and 11.1 (3.8), respectively
at baseline to 6.3 (11.5) and 5.8 (3.4), re-
spectively at follow-up. At UP, mean (SD)
AHI and ESS fell from 35.3 (15.3) and
10.9 (4.9), respectively at baseline to
6.3 (6.1) and 6.6 (4.5), respectively at fol-
low-up. There were no site-related dif-
ferences in rates of AHI, ESS, or surgical
success.’!

Pordzik and Colleagues Cohort

This cohort of 29 patients underwent implan-
tation between February 2020 and June 2022
at a tertiary university medical center with both
pre- and postoperative PSG. Selection cri-
teria was consistent with that of the German
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postmarket cohort. Postoperative PSG was
completed a mean (SD) 96.3 (27.0) days
after device activation. Mean (SD) AHI
dropped from 38.6 (12.7) preoperatively to
24.4 (13.3) postoperatively. Notably, this
cohort showed a much lower decrease of
postoperative AHI than reported by the
STAR trial and UP/TJU cohort.*?

Stimulation vs Sham Trial

This multicenter, double-blinded, ran-
domized, crossover trial assessed the ef-
fect of HGNS (stim) vs sham stimulation
(sham) in 86 patients that completed both
phases of the trial. Primary outcomes in-
cluded AHI and ESS. Secondary out-
comes included FOSQ. No carryover effect
was found during the crossover phase.
The difference between the phases was
—15.5 (95% CI, —18.3 to —12.8) for AHI and
-3.3(95% CI,—4.4 to —2.2) for ESS.>*

Comparator

The comparator study used propensity
score matching to compare outcomes of
HGNS and PAP therapy. Primary outcomes
included sleepiness, AHI, and effective-
ness with outcome measures of AHI and
ESS collected at baseline and 12 months
postimplantation. The article reported that
126 of 227 patients were matched 1:1. Both
groups showed improvement in AHI and
ESS. Mean (SD) AHI for the HGNS group
at baseline started at 33.9 (15.1) and de-
creased to 8.1 (6.3). Mean (SD) ESS for the
HGNS group at baseline was 15.4 (3.5) and
decreased to 7.5 (4.7). In the PAP compar-
ator group, mean (SD) baseline AHI was
36.8 (21.6) and at follow-up was 6.6 (8.0)
and mean (SD) ESS was 14.6 (3.9) at base-
line and 10.8 (5.6) at follow-up.*

DISCUSSION
The current clinical data on HGNS suggest
that this treatment is effective in adults with
moderate-to-severe OSA and effects are sus-
tained at long-term follow-up, as measured
by AHI reduction and improvements in
sleep related symptoms and quality of life
(Table 2). These results have been consis-
tent across several sites.

The STAR trial included a randomized
control withdrawal group, for whom HGNS
treatment was withdrawn after the 12-month
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follow-up, and then restored at 18 months.*!
This revealed that withdrawal of HGNS
treatment resulted in deterioration of both
objective and subjective measures of OSA
and sleepiness. The beneficial effects of
HGNS were restored when treatment was
resumed.”* Additionally, the RCCT revealed
that therapeutic stimulation via HGNS sig-
nificantly reduced subjective and objective
measures of OSA.>* These studies provide
definitive evidence of HGNS efficacy.

Currently, a diagnosis of OSA on PAP is
classified as a 50% military disability rat-
ing. This rating is based primarily on epi-
demiologic evidence that untreated OSA is
a costly disease that leads to other chronic
illnesses that increases health care utiliza-
tion.” HGNS requires an initially invasive
procedure and higher upfront costs, but it
could result in reduced health care use and
long-term costs because of improved adher-
ence to treatment—compared with CPAP—
that results in better outcomes.

Limitations to OSA Studies

The reviewed studies have several limita-
tions that warrant caution when determin-
ing the possible benefits of HGNS treatment.
The primary limitation is the lack of active
control groups, therefore precluding a di-
rect comparison of the short- and long-term
effectiveness of HGNS vs other treatments
(eg, CPAP). This is especially problematic
because in the reviewed studies HGNS treat-
ment efficacy is reported as a function of the
mean—and SD—percent reduction in the
AHI, whereas the efficacy of CPAP treatment
usually is defined in terms of “adequacy of
titration” as suggested by the AASM.* It has
been reported that with CPAP treatment,
50% to 60% of OSA patients achieve AASM-
defined optimal improvement of respiratory
disturbance index of < 5/hour during a poly-
somnographic sleep recording of = 15 min-
utes duration that includes REM sleep in the
supine position.*” In most of the reviewed
studies, treatment success was more liber-
ally defined as a decrease of AHI by > 50%,
regardless of the resulting AHI. It is nota-
ble that among the reviewed HGNS studies,
the TJU and UP cohorts achieved the best
outcome in short-term follow-up of 2 months
with a mean (SD) AHI of 6.3 (11.5) and
6.4 (6.1), respectively. Among those cohorts
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assessed at a 12-month follow-up, the
Munich cohort achieved the best outcome
with a mean (SD) AHI of 7.1 (5.9).
Although the metrics reported in the re-
viewed studies are not directly comparable,
the reported findings strongly suggest that
HGNS generally is less effective than CPAP.
How important are these differences? With
findings that HGNS “reliably produces clin-
ically meaningful (positive) effects on day-
time sleepiness, daytime functioning, and
sleep quality,” does it really matter if the out-
come metrics for HGNS are a little less pos-
itive than those produced by CPAP?*® For
individual military OSA patients the answer
is yes. This is because in military operational
environments—especially during deploy-
ment—sleep restriction is nearly ubiquitous,
therefore any mild residual deficits in sleep
quality and daytime alertness resulting from
nominally adequate, but suboptimal OSA
treatment, could be exacerbated by sleep re-
striction, therefore placing the service mem-
ber and the mission at increased risk.*
Another limitation is the narrow inclu-
sion criteria these studies employed, which
limits the generalizability of the findings.
Participants in the reviewed clinical trials
were selected from a patient population that
was mostly middle-aged, White, and obese
or overweight. In a Medical Surveillance
Monthly Report study, OSA was found to be
highest among service members aged > 40
years, male, obese, and Black/non-Hispanic
(although it should be noted that more than
one-half of enlisted service members aged
< 25 years).**# Obesity has been noted as a
growing concern for the military as the mil-
itary population is beginning to mirror the
civilian population in terms of being over-
weight or obese despite height and weight
standards. HGNS might not be as successful
in military populations with different demo-
graphics. Moreover, HGNS has been shown
to have greater AHI reduction among those
with higher BMI.>° Although obese ser-
vice members have a 6-fold higher 12-year
incidence rate of OSA than service mem-
bers without obesity, this nevertheless sug-
gests that general level of HGNS efficacy
might be lower among the military patient
population, because obesity is less prevalent
in the military than the general population.’
Ethnicity has been found to be a relevant
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factor, with the highest incidence rate of OSA
among non-Hispanic Black males, a demo-
graphic that was underrepresented in cohorts
included in this review. Further studies will
be needed to determine the extent to which
findings from HGNS treatment studies are
generalizable to the broader OSA patient pop-
ulation.

HGNS Implementation Challenges
Current impediments to widespread use
of HGNS as an OSA treatment include no
standardized guidance for titration and
follow-on care, which varies based on the
resources available. Titrating a new de-
vice for HGNS requires experienced sleep
technicians who have close relationships
with device representatives and can trou-
bleshoot problems. Technical expertise,
which currently is rare, is required if there
are complications after placement or if ad-
justments to voltage settings are needed
over time. In addition, patients may re-
quire multiple specialists making it easy
to get lost to follow-up after implantation.
This is particularly challenging in a tran-
sient community, such as the military, be-
cause there is no guarantee that a service
member will have access to the same spe-
cialty care at the next duty station.

Although some evidence suggests that
HGNS is a viable alternative treatment for
some patients with OSA, the generalizabil-
ity of these findings to the military patient
population is unclear. Specialized facilities
and expertise are needed for the surgical
procedure and follow-up requirements,
which currently constitute significant lo-
gistical constraints. As with any implant-
able device, there is a risk of complications
including infection that could result in
medical evacuation from a theater of oper-
ations. If the device malfunctions or loses
effectiveness in a deployed environment,
the service member might not have imme-
diate access to medical support, potentially
leading to undertreatment of OSA. In fu-
ture battlefield scenarios in multidomain
operations, prolonged, far-forward field
care will become the new normal because
the military is not expected to have air
superiority or the ability to quickly
evacuate service members to a higher level
of medical care.*
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In deployed environments, the potential
limitations of HGNS become increasingly
risky for the service member and the over-
all mission. Considering these factors, it
will be important to evaluate the practical-
ity of HGNS as a treatment option in mili-
tary populations. Military-specific challenges
associated with HGNS that require fur-
ther study, include guidance for patient se-
lection outside academic centers, guidance
on long-term postsurgical care and device
maintenance, duty limitation and military
retention considerations, and limitations in
training and combat environments. The mili-
tary medical community needs to conduct its
own studies in appropriately selected service
members to guide clinical practice.

CONCLUSIONS

HGNS treatment results in improvement
of both AHI and ESS scores and could be
a deployable treatment option for military
patients with OSA. However, HGNS has
not been found to be as effective as CPAP,
although the current literature is lim-
ited by small sample sizes, homogeneous
populations that do not reflect the demo-
graphics of the military, and mostly short
follow-up periods. Future studies should
be focused on collecting data on HGNS
from demographic groups that are more
representative of the military OSA patient
population and identifying the subpopu-
lation of patients who derive the greatest
benefit from HGNS, so that this treatment
can be better individually targeted. Until
data on existing military patients is pub-
lished, it is not possible to fully weigh
risks and benefits in this population and
generalize civilian guidance to the military.
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