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Abstract

Objective. To evaluate the costs, time to surgery, and clinical

outcomes associated with implementing a streamlined

hypoglossal nerve stimulator (HGNS) implantation pathway.

Study Design. Retrospective cohort study.

Setting. Single tertiary care center in the United States from

2016 to 2023.

Methods. Patients with a lack of complete concentric collapse

of the velum during volitional snore on in-office laryngoscopy

qualified for the streamlined HGNS pathway. This pathway

consisted of confirmatory drug-induced sleep endoscopy

(DISE) followed immediately by HGNS implantation during

the same surgical encounter. Outcomes were compared to

patients in the traditional pathway (standalone DISE followed

by HGNS implantation on a later date).

Results. A total of 68 patients (13 streamlined, 55 traditional)

with obstructive sleep apnea who underwent HGNS implanta-

tion were included. Patients were predominately male (70.6%)

and White (95.6%) and had a mean (SD) age of 63.5 (10.0)

years. The streamlined pathway was associated with a significant

reduction in both hospital costs (mean difference $9258,

95% confidence interval [CI]: 3690-14,825; P = .002) and time

to surgery (mean decrease of 3.82 months, 95% CI: 0.83-6.80

months; P = .013) compared to the traditional pathway. Patients

in both groups had reduction in apnea-hypopnea index and

Epworth Sleepiness Scale score, with no significant differences

in comparisons between groups.

Conclusion. In select patients, the streamlined HGNS pathway

may expedite time to surgery and reduce hospital costs

with comparable clinical outcomes to a traditional 2-stage

pathway. Further research is warranted to validate patient

selection and better understand longitudinal outcomes.
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Anestimated 25% of adults in the United States, or
65 million individuals,1 suffer from obstructive
sleep apnea (OSA). Patients with OSA experience

not only sleep deprivation, impaired cognitive function, and
altered mood but also an increased risk of hypertension,
heart disease, stroke, arrhythmias, and motor vehicle
accidents.2,3 Additionally, OSA can exacerbate metabolic
disorders, contributing to insulin resistance and type
2 diabetes.4 There is not enough evidence to support that
treatment of OSA can reduce the risk of cardiovascular
outcomes or all‐cause mortality.3,5,6 Although continuous
positive airway pressure (CPAP) reduces disease severity in
OSA and improves sleep‐related quality of life,7 it is limited
by poor adherence, with an estimated 25% of patients with
OSA who do not tolerate CPAP.8

High‐level evidence supports the efficacy of hypoglossal
nerve stimulation in treating OSA that is refractory to
positive airway pressure modalities.9‐13 Since its approval
by the Food and Drug Administration in 2014, over 50,000
patients have been implanted.14 However, before under-
going hypoglossal nerve stimulator (HGNS) implantation,
patients are required to undergo a drug‐induced sleep
endoscopy (DISE) to rule out complete concentric collapse
(CCC) of the palate,15 which was associated with inferior
HGNS outcomes in early studies.16 DISE is typically
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performed as a standalone procedure in an operating room
or endoscopy suite as a prerequisite to HGNS implanta-
tion. This 2‐stage process can introduce barriers to HGNS
implantation due to the associated costs,17 extra time
required away from work or caregiving responsibilities, and
delays in implantation due to surgery scheduling. To
address these barriers, our team piloted a streamlined
DISE‐HGNS protocol, in which select patients could
undergo a DISE followed by HGNS implantation during
the same surgical encounter if DISE confirmed a lack of
CCC of the palate.18

Our primary aim for this study was to evaluate costs and
time to surgery in the streamlined DISE‐HGNS protocol
compared to the traditional pathway. A secondary aim
was to evaluate differences in OSA outcomes based on
polysomnography and Epworth Sleepiness Scale (ESS). We
hypothesized that the streamlined DISE‐HGNS protocol
would be associated with reduced costs and earlier HGNS
implantation, and that there would be no significant
difference in postimplantation OSA parameters.

Methods
This study was approved by the University of Michigan
Institutional Review Board (IRB#: HUM00189394).

Patient Sample
We retrospectively identified patients 18 years or older
who underwent HGNS implantation at our institution
through October 2023. Two study authors (P.T.H. and
J.J.S.) performed all of the surgeries for this sample.
Patients were excluded if cost data were not available.

Streamlined Versus Traditional HGNS Pathways
Potential candidates for HGNS were first evaluated
through a multidisciplinary sleep clinic that provided a
comprehensive assessment of sleep disorders from both a
sleep surgeon and a sleep medicine physician. Patients
were considered potential candidates for HGNS if they
had moderate‐to‐severe OSA based on a sleep study (and
less than 25% central events), inability to tolerate positive
airway pressure treatment, and body mass index (BMI)
less than 32.0. Other nonsurgical (eg, weight loss,
positioning, mandibular advancement devices, etc) and
surgical (eg, palate surgery, tonsillectomy, hyoid suspen-
sion, maxillomandibular advancement, etc) treatment
options for OSA were considered based on patient and
clinical factors. The decision to proceed with HGNS
implantation was based on a combination of clinical
factors and multidisciplinary discussion between the
patient and treatment team.

In 2021, our team initiated a streamlined HGNS
pathway in which select patients could undergo DISE
immediately followed by HGNS implantation during the
same surgical encounter. To qualify for this pathway,
patients had to demonstrate a lack of CCC of the soft

palate during in‐office volitional snore with flexible
laryngoscopy, which has a high sensitivity and positive
predictive value for predicting DISE outcomes.18 Patients
also had to meet the same criteria for HGNS implanta-
tion by the sleep surgeon based on comprehensive clinical
evaluation. Patients were counseled preoperatively that if
confirmatory DISE showed CCC of the soft palate, the
surgeon would not proceed with HGNS implantation.
The streamlined pathway was approved by Blue Cross
Blue Shield (BCBS) of Michigan; therefore, only patients
with BCBS of Michigan were offered this pathway.

Patients enrolled in the traditional HGNS pathway
included patients who met criteria for HGNS implantation
based on comprehensive clinical evaluation by the sleep
surgeon, and who subsequently underwent standalone
DISE followed by HGNS implantation on a future date.
This group included both patients who presented prior to
the implementation of the streamlined HGNS pathway as
well as those who were selected for the traditional pathway
based on insurance carrier (any insurer other than BCBS of
Michigan) or based on patient or surgeon preference.

Exposure and Outcome Variables
We abstracted demographic and clinical variables, in-
cluding age, sex, self‐identified race and ethnicity, BMI,
clinical encounter dates, ESS scores, and polysomnographic
data from patient charts.

Primary outcome variables included cost and time to
surgery. Cost variables included total insurance payment,
total patient costs, and total hospital costs for each surgical
encounter. Insurance payments were the dollar amount
paid to the hospital by the insurance company after
negotiating the final price. Patient costs were the out‐of‐
pocket costs paid by the patient, including deductibles,
copays, and co‐insurance. Hospital costs were the total
amount of spending reported by the hospital for each
surgical encounter. Hospital costs were distinct from
“hospital charges.” Hospital costs were calculated as the
sum of all professional and facility costs for the surgical
encounter, including professional costs for both surgeons
and anesthesiologists. The facility costs that were incorpo-
rated into the total hospital costs included items such as
equipment, operating room supplies, and pharmaceuticals.
For the traditional pathway, costs for the 2 surgical
encounters (DISE and HGNS implantation) were added
to obtain the total costs. All financial data was adjusted for
the regional wage index and inflation based on 2023 dollars
using publicly available data.19,20 Adjustment for inflation
used a multiplier based on the relative consumer price
index for each year compared to 2023. Time to HGNS
implantation was defined as the time from the initial
clinic visit with the sleep surgeon to the date of HGNS
implantation.

Secondary outcomes included changes in the apnea‐
hypopnea index (AHI), Sher20 responder status, and ESS.
We abstracted sleep study data from the most recent
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preoperative sleep study and the most recent sleep study
available after HGNS implantation. Postoperative sleep
studies included both titration polysomnograms and
home sleep apnea tests. AHI calculation was based on the
American Academy of Sleep Medicine hypopnea definition
of at least a 30% reduction in airflow and a 3% reduction
in oxygen saturation or arousal.21 Responder status
was defined based on the Sher20 criteria (at least a 50%
reduction in AHI and postoperative AHI< 20 events/h).22

Statistical Analysis
We summarized patient demographic and clinical char-
acteristics using descriptive statistics. For patients with
available preoperative and postoperative sleep studies, we
used χ2 tests, Fisher's exact test, and 2‐sided t tests to
compare patient characteristics between the streamlined
and traditional pathways. Next, we used 2‐sided t tests to
evaluate differences in costs (insurance payments, patient
costs, and hospital costs) and time to surgery between the
streamlined and traditional pathways.

For patients with available sleep study data, we used the
two one‐sided t tests (TOSTs) procedure with an equiva-
lence margin of ±15 events/h to evaluate for differences in
change in AHI between the streamlined and traditional
pathways. We used TOST with an equivalence margin of
±2 points to evaluate differences in change in ESS between
the 2 pathways. For TOST, statistical equivalence can be
inferred if the 95% confidence interval (CI) for the mean
difference between groups is contained within the equiva-
lence margin and the P value is less than .05. We assessed
differences in Sher20 responder status between the 2 groups
using Fisher's exact test.

Statistical significance was set at P< .05 for all analyses.
We used SAS software version 9.4 for all analyses and
GraphPad Prism version 9.1.0 (GraphPad Software) to
create the figures.

Results

Baseline Characteristics
A total of 68 patients who underwent HGNS implanta-
tion from 2016 to 2023 were included. Patients had a
mean (SD) age of 63.5 (10.0) years. Most patients were
male (n = 48, 70.6%) and white (n = 65, 95.6%). A total of
55 patients (80.9%) were included in the traditional
HGNS pathway, and 13 patients (19.1%) were included
in the streamlined HGNS pathway. All patients in the
streamlined protocol had BCBS of Michigan insurance.
In the traditional pathway, 28 patients (50.9%) had
BCBS, 24 (43.6%) had Medicare, 2 (3.6%) had Medicaid,
and 1 (1.8%) had Tricare insurance.

Differences in Costs and Time to Surgery
Among all patients, the mean (SD) insurance payment
was $52,555 (SD 39,402), the mean (SD) patient cost was

$306 (SD 724), and the mean (SD) hospital cost was
$41,026 (SD 9496).

When stratified by pathway, the mean (SD) insurance
payment was $63,871 (35,205) in the streamlined group
and $49,880 (40,159) in the traditional group (mean
difference $−13,990, 95% CI: −38,191 to 10,210;
P= .253). The mean (SD) patient cost was $446 (1001)
in the streamlined group and $273 (651) in the traditional
group (mean difference $−172, 95% CI: −620 to 276;
P= .446). The mean (SD) hospital cost was $34,039
(2058) in the streamlined group and $43,297 (8967) in the
traditional group (mean difference $9258, 95% CI: 3690
to 14,825; P= .002) (Figure 1).

The mean (SD) time from the initial clinic visit with a
sleep surgeon to HGNS implantation was 3.62 (2.48)
months in the streamlined group and 7.44 (5.21) months
in the traditional group (mean difference of 3.82 months,
95% CI: 0.83‐6.80 months; P= .013) (Figure 2).

Figure 1. Differences in hospital costs by pathway.

Figure 2. Differences in time to HGNS implantation by pathway.

HGNS, hypoglossal nerve stimulator.
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Sensitivity Analysis Among Patients With BCBS
Insurance
Among patients with BCBS‐based plans (n = 41), the
mean (SD) insurance payment was $63,871 (35,205) in the
streamlined group and $69,721 (47,257) in the traditional
group (mean difference $5851, 95% CI: −23,953 to 35,654;
P= .694). The mean (SD) patient cost was $445 (1001) in
the streamlined group and $396 (807) in the traditional
group (mean difference $−49.5, 95% CI: −641 to 542;
P= .866). The mean (SD) hospital cost was $34,039
(2058) in the streamlined group and $43,252 (5363) in
the traditional group (mean difference $9213, 95% CI:
6043 to 12,384; P< .001).

HGNS Outcomes
There were 42 patients (10 streamlined, 32 traditional) with
available pre‐ and postoperative sleep study data. There
was no significant difference in age, sex, preoperative AHI,
preoperative oxygen nadir, preoperative ESS score, type of
postoperative sleep study, or time from HGNS implanta-
tion to a postoperative sleep study or ESS score between the
streamlined and traditional groups (Table 1). Patients in
the streamlined group had a lower preoperative BMI
compared to patients in the traditional group (mean [SD]:
26.9 kg/m2 [4.2] vs 29.7 kg/m2 [3.3]; P= .037).

The mean (SD) change in AHI was −18.8 (19.1) events/
h in the streamlined group and −21.2 (21.6) events/h in the
traditional group (mean difference −2.41 events/h, 95%
CI: −17.8 to 13.0; TOST P= .053 for an equivalence
margin of ±15 events/h). There was no significant
difference in responder status based on the Sher20 criteria
(60.0% in the streamlined group vs 62.5% in the
traditional group; P= 1.000). The mean (SD) change in
ESS score was −3.9 (4.7) points in the streamlined group
and −3.0 (4.8) points in the traditional group (mean

difference 0.89 points, 95% CI: −3.0 to 4.7; TOST
P= .280 for an equivalence margin of ±2).

Discussion
Our study highlights the potential for significant hospital
cost savings and improved time to surgery using a
streamlined HGNS protocol for select patients with
OSA. Compared to the traditional pathway, which
involves a staged DISE and HGNS on a later date, we
found that the streamlined pathway was associated with
an average savings of $9258 in hospital costs and 3.8
months improvement in time to surgery from the initial
clinic visit. The polysomnogram and ESS outcomes
between the traditional and streamlined groups did not
differ significantly. Collectively, these findings suggest
that the streamlined HGNS pathway is a viable alter-
native to the traditional pathway and may confer benefits
to patients and the health care system.

In patients who are good candidates for HGNS
implantation based on clinical factors and have the
probability of favorable DISE findings based on in‐
office volitional snore, the streamlined HGNS pathway
might expedite their care and save an extra trip to the
operating room. Patients undergoing sleep surgery con-
sultation often experience delays in the diagnosis of OSA
or referral to a specialist.23 Untreated OSA is associated
with higher health care utilization and costs,24,25 and it
confers significant patient morbidity in the form of
increased cardiovascular risk, neurocognitive impairment,
and diminished quality of life.3 Expediting definitive
surgical treatment of OSA can, therefore, can have
important downstream benefits for both the patient and
the health care system.

By reducing the number of trips to the operating
room, the streamlined HGNS pathway may also improve
access for patients with long travel distances, limited

Table 1. Baseline Characteristics in Streamlined and Traditional Groups for Patients With Pre- and Postoperative Sleep Studies

Streamlined (n = 10) Nonstreamlined (n = 32) P value

Age (mean, SD) 58.4 (10.8) 64.3 (10.4) .126

Sex 1.000

Male 7 (70.0%) 24 (75.0%)

Female 3 (30.0%) 8 (25.0%)

BMI (mean, SD) 26.9 (4.2) 29.7 (3.3) .037

Preoperative AHI (mean, SD) 37.5 (16.7) 38.4 (15.8) .873

Preoperative O2 nadir (mean SD) 82.0 (7.1) 78.6 (7.7) .249

Preoperative ESS (mean, SD) 8.4 (5.6) 8.2 (6.0) .910

Type of most recent sleep study 1.000

Home sleep apnea test 5 (50%) 16 (50%)

Titration polysomnogram 4 (40%) 12 (37.5%)

Nontitration polysomnogram 1 (10%) 4 (12.5%)

Days from HGNS implantation to most recent sleep study (mean, SD) 264.2 (192.5) 473.4 (467.0) .178

Days from HGNS implantation to most recent ESS score (mean, SD) 382.0 (236.7) 635.2 (556.1) .199

Abbreviations: AHI, apnea-hypopnea index; BMI, body mass index; ESS, Epworth Sleepiness Scale; HGNS, hypoglossal nerve stimulator.
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transportation, difficulty taking time off work, and
caregiving responsibilities. One mixed methods study
identified transportation and childcare as key barriers to
accessing surgical care, and the prevalence of these barriers
was higher in non‐white participants.26 There is already
some indirect evidence to suggest that there are access
barriers to HGNS implantation. For example, despite a
higher prevalence of OSA among Black and Hispanic
individuals compared to White individuals,27,28 a recent
study of patients undergoing HGNS implantation in the
Adherence and Outcome of Upper Airway Stimulation for
OSA International Registry (ADHERE) registry identified
only 125 non‐White patients (4.5%) out of 2755 patients in
the entire registry.29 Further research is warranted to better
understand upstream access barriers for HGNS implanta-
tion and the role of potential interventions.

Our study demonstrated that hospitals saved, on
average, $9258 in costs per patient with the streamlined
HGNS protocol. This would equate to 1 million dollars in
direct health care savings after just 108 surgeries. Although
the magnitude of insurance payments and patient out‐of‐
pocket costs were higher in the streamlined pathway, these
differences were not statistically significant and were largely
diminished in the sensitivity analysis limited to BCBS
patients. These findings suggest that the type of insurance
may be a major driver of the differences in insurance
payments and patient costs. In contrast, the clinical care
pathway may be the major driver of differences in hospital
costs. Other studies have found significant price variation
within and between hospitals for the same procedures,30‐32

including HGNS implantation,33 and one contributor to
this is private versus government‐sponsored insurance.34

Importantly, our findings suggest that streamlined
HGNS was not associated with worse surgical outcomes.
Although it did not meet the threshold for statistical
equivalence, the magnitude of the mean difference in the
change in AHI and ESS scores between the 2 groups
(−2.41 events/h of 0.89 points, respectively) is small and
likely not clinically meaningful. Furthermore, there was
no significant difference in Sher20 responder status
between the 2 groups (60.0% in the streamlined group
vs 62.5% in the traditional group; P= 1.000).

Overall, these findings suggest that the streamlined
HGNS pathway can reduce hospital costs and expedite
surgery without compromising quality of care. Given the
potential benefits of the streamlined HGNS pathway,
additional research is warranted to better define patient
selection and outcomes. Specifically, more data is needed
to validate the test characteristics of in‐office volitional
snore in predicting DISE findings and evaluate long-
itudinal patient‐reported outcomes and objective sleep
quality in the streamlined pathway. This could be
accomplished via a multi‐institutional trial.

There is a growing body of evidence of factors beyond
DISE that can be used to help guide optimal patient
selection for HGNS, such as BMI,35,36 Friedman tongue
position,37 supine pharyngeal width,38 hypopharyngeal

cross‐sectional area on tongue protrusion,35 preoperative
AHI,39,40 arousal threshold,41 and loop gain.41 In a pilot
study of 41 patients, our team found that the pattern of
collapse at the level of the soft palate during volitional
snore had a high correlation with DISE findings
(sensitivity 93.5%, positive predictive value 82.9%).18

Based on this growing collection of data, stakeholders
in sleep medicine could conceivably develop a protocol
for HGNS candidacy based on favorable phenotypic
criteria (eg, integrating volitional snore, supine pharyn-
geal width, BMI, and PSG data), and reserving standa-
lone DISE for patients who do not meet these criteria.

Our study is limited by its relatively small sample size,
skewed toward patients in the traditional pathway. Due
to the limited statistical power, the findings from our
study should be interpreted with caution. Furthermore,
the sample is from a single institution cohort with an
overrepresentation of White patients relative to adult
OSA patients in the United States,3 so it may not be
generalizable to our target population. The overrepre-
sentation of White patients in our study is similar to the
ADHERE database,29 and it suggests that there may be
upstream access barriers for the surgical treatment of
OSA. A potential confounder in our analysis of HGNS
outcomes was BMI, which was lower in the streamlined
group. Furthermore, although not statistically significant,
patients in the traditional pathway had longer times
to postoperative sleep studies and ESS scores, which
could plausibly affect outcomes. Additional potential
unmeasured confounders include socioeconomic vari-
ables, patient comorbidities, and changes in populations
or practices over time.

Despite the limitations, this analysis provides data on
early outcomes of a novel clinical care pathway. Although
the findings from this study are preliminary, they provide
a rationale for larger‐scale studies, potentially exploring
the streamlined pathway across other payors and
populations. Finally, although the streamlined pathway
may help reduce barriers to care for patients, deliberative
efforts are needed to mitigate upstream access barriers
and ensure that it is accessible to all potential candidates.

Conclusion
The streamlined HGNS pathway was associated with
reduced hospital costs and expedited surgery for select
patients with OSA. More research is warranted to
validate patient selection for the streamlined HGNS
pathway and assess longitudinal outcomes.
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