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HNS mechanism

* Base of tongue pulled forward
* Pulls soft palate forward
* Turned on at bedtime

* Treats every breath, not apneic
pauses

» Stiffening of airway dilators
persists briefly after
stimulation off

* May keep airway less
collapsible when off
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Hypoglossal Nerve Stimulation Effect

No Stimulation Stimulation

Base of Tongue Base of Tongue
Palate Palate
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Inspire vs. Genio

Inspire
* Fully implanted

 Electrode

 |Lead wire
* |PG with battery

e Turned on with handheld remote

Jordan Weiner, M.D.

Genio

* Partially implanted
 Dual electrodes with antenna

* Pulse generator (“Activation
Chip”) and battery not
iImplanted

 Placed on skin with adhesive
patch over the implanted
electrodes

* Patches are disposable
* AC charged on charging stand
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Inspire vs. Genio

Inspire Genio
* |PG battery lasts 10-12 years * AC replaced as needed or with
« Surgically replaced newer generation models
* Full-body 1.5T MRI * No additional surgeries
* 3.0T MRl except shoulders and * Full-body 3.0T MRI
chest « Men must keep upper central
neck shaved
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Outcome predictors: what do we know?

Better outcomes:
e Significant insomnia predicts poorer
outcomes
* Low arousal thresholds
* Decreased tolerance

* Therapeutic voltage causes
arousals

* Poor adherence

* |Increasing obesity reduces AHI
reduction

‘ PREle:Tlﬁc HNS OU'I:C(')M.ES i
0 G =  Lateral and concentric collapse
(pending publication of ACCCESS trial)
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Better outcome predictors

* Large pharyngeal width (SPW)

* HNS does not widen the oropharyngeal airway significantly
* Older age
* Lower BMI

* Lower tPAP pressure

e Females
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Postoperative device manageme

* Postoperative activation
* Inspire in 4 weeks
* Genio in 8 weeks

e

VALLEY

Jordan Weiner, M.D.



John Doe
1D: 123456-78

Observe Waveform Initial Activation (2 of 3)

1. Set amplitude to desired value. Starting with the functional level is recommended. Amplitude V

2. Start the waveform and observe for 3 minutes.
3. Adjust the amplitude for patient comfort. 1.8

Functional Level: 1.8V

b

) Stop Waveform > > 00:00:50 Live i.: Screenshot

4 Previous Step l)) Test Connection Next Step »

Demonstration Mode 9 December 2020 01:43
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. John Doe
Therapy is Off ID: 123456-78

Stimulation Summary

De-1D: MPLS-062 Serial #: AIR

Initial Activation (3 of 3)

Review Recommendations and Configure Initial Therapy Settings

Stimulation Settings

Stimulation settings are based on saved
stimulation levels and patient comfort during
testing

Recommended Stimulation Settings
Amplitude 1.8V

Lower Limit 1.8 V

Upper Limit 2.8 V

Timing Settings
Recommended Timing Settings
Start Delay 30 m

Pause Time 15m
Therapy Duration 8 h

4 Previous Step l)) Test Connection

Demonstration Mode

Amplitude V

+ Enable Patient Control

Start Delay m

30 E

1)) Test Stimulation

Upper Limit V

Bl -

(+1v)

Pause Time m Therapy Duration h

1s @ v g @ «

9 December 2020 01:44
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Programmability | Therapy Ramp

Multiple Configurable Parameters

Ramp-up at therapy initiation
Ramp duration (min) — Range: 0-30 min

Ramp-up Duration: 30 min

* Treatment

End of Delay Time
Im_m_m_mm—”_”—”_u_ﬂ "“"P'“““e

Ramp within Step-down

For Physician Presentation Only. MM25_15 Rev A G E ﬂ | O
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Genio post-activation

* Therapy intensity is gradually
Increased as tolerated by pt
using remote or by clinician at
follow up
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Troubleshooting: awake endoscopy

* Intolerance and/or inadequate apnea reduction

* Performed in office with awake pt

* Simultaneous viewing of retropalatal and retroglossal airway
* Programs A-E evaluated (Inspire)

* Allows visual assessment of movement of base of tongue and
palate with stimulation

* |dentify program/settings with best observed motion AND pt

comfort
> R
VALLEY




Awake endoscopy

e Can assess for over-titration

* Can assess for impact of nasal vs. oral breathing

* |[f nasal breathing improves HNS effect:
* Mouth tape or chin strap
* Address nasal obstruction

e Can assess for cervical extension
* |[f extension improves HNS effect, consider cervical pillow

 Can assess for jaw thrust
* |If improves HNS effect, consider dual therapy with MAD

P \\
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12 Jun 2024, O

Oxygen Level Avg. 96 %

o 2 -r-'r-—*rm*r"-" r—-—*r- yrr—w

Start time 12 Jun 2024, 00:11

Measurement time 07:19:27

O2 Score —_— A

Drops over 4%

Drops per hou

Drops over 3%

Drops per hour

Oxygen Level Range 85-98
Pulse Rate Range 42-90 /min
Oxygen Level Distribution

Range Duration 2% Total
©952%6-100% Zh1Tmis °8.08%
7m 39 s 1.74%

a6 s 0.a7%%
Pulse Rate Distribution

Range Duration %6 Total
=120 /min Oos 0.00%
50-120 /min Z3h28ms8s A7.37%

=50 /min 3hs51miss 52.63%
Add notes

Enter to add
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DISE with HNS

* Performed if adequate apnea reduction not achieved

* At maximal intensity tolerated for each program A-E (Inspire)
preop
* Repeat baseline DISE to confirm site(s) of airway collapse

* Turn on HNS and test with each program

* Helps determine why HNS not opening airway with incoming
program

* May identify a more effective program (Inspire)
* May suggest value of other surgical interventions

Jordan Weiner, M.D. ‘%\
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The NEW ENGLAND JOURNAL of MEDICINE

Upper-Airway Stimulation
for Obstructive Sleep Apnea

Patrick ). Strollo, Jr., M.D., Ryan J. Soose, M.D., Joachim T. Maurer, M
Nico de Vries, M.D., Jason Cornelius,
Ronald D. Hanson, ; t
M. Boyd Gillespi cke on, M.D, Paul H. Van de Heyning, M.D., Ph.D,,
Mark G. Goetting livier M. Vanderveken, M.D., Ph.D., Neil Feldm.

ABSTRACT

BACKGROUND
Obstructive sleep apnea is associated with considerable health risks. Although con-
tinuous positive airway pressure (CPAP) can mitigate these risks, effectiveness can
be reduced by inadequate adherence to treatment. We evaluated the clinical safety
and effectiveness of upper-airway stimulation at 12 months for the treatment of
moderate-to-severe obstructive sleep apnea.
METHODS
Using a multicenter, prospective, single-group, cohort design, we surgically im-
planted an upper-airway stimulation device in patients with obstructive sleep apnea
who had difficulty either accepting or adhering to CPAP therapy. The primary
outcome measures were the apnea-hypopnea index (AHI; the number of apnea or
hypopnea events per hour, with a score of 215 indicating moderate-to-severe apnea)
and the oxygen desaturation index (ODI; the number of times per hour of sleep that
the blood oxygen level drops by 24 percentage points from baseline). Secondary
outcome measures were the Epworth Sleepiness Scale, the Functional Outcomes
of Sleep Questionnaire (FOSQ), and the percentage of sleep time with the oxygen
saturation less than 90%. Consecutive participants with a response were included
in a randomized, controlled therapy-withdrawal trial.
RESULTS
The study included 126 participants; 83% were men. The mean age was 54.5 years,
and the mean body-mass index (the weight in kilograms divided by the square of
the height in meters) was 28.4. The median AHI score at 12 months decreased 68%,
from 29.3 events per hour to 9.0 events per hour (P<0.001); the ODI score decreased
70%, from 25.4 events per hour to 7.4 events per hour (P<0.001). Secondary outcome
asures showed a reduction in the s of sleep apnea and improved quality of
life. In the randomized pl the mean AHI score did not differ significantly from
the 12-month score in the nonrandomized phase among the 23 participants in the
therapy-maintenance group (8.9 and 7.2 events per hour, respectively); the AH
was significantly higher (indicating more severe apnea) among the 23 particip:
in the therapy-withdrawal group (25.8 vs. 7.6 events per hour, P<0.001). The ODI
results followed a similar pattern. The rate of procedure-related serious adverse
events was less than 2%.
CONCLUSIONS
In this uncontrolled cohort study, upper-airway stimulation led to significant im-
provements in objective and subjective measurements of the severity of obstructive
sleep apnea. (Funded by Inspire Medical Systems; STAR ClinicalTrials.gov number,
NCT01161420.)

NENGL MED 370i2 NEJM.ORG JANUARY 9, 2014

The authors' affiliations are listed in the
Appendix. Address reprint requests to Dr.
strollo at University of Pittsburgh Medical
Center Montefiore, Suite $639.11, 3459
Fifth Ave., Pittsburgh, PA 15213-2582, or
atstrollopj@upmc.edu.

*The complete list of investigators in the
stimulation Therapy for Apnea Reduc-
tion (STAR) Trial Group is provided in
the Supplementary Appendix, available
at NEJM.org,

This article was updated on August 7, 2014,
atNEM.org

N Engl) Med 2014;370:139.43,

DOL: 10.1056/NEJMoal 308659

Coppigh © 2014 Massachuserts Medcal Sciey.
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Outcomes: Inspire

* 66% Sher20 response rate
* AHI decreased 68%

* ODIl decreased 70%

e FOSQ increased 2.9

* ESS decreased 4.7

* T90 decreased 2.5%

Jordan Weiner, M.D.
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J Clinical Sleep Medicine

SCIENTIFIC INVESTIGATIONS

Bilateral hypoglossal nerve stimulation for obstructive sleep apnea:
a nonrandomized clinical trial

B. Tucker Woodson, MD'; David T. Kent, MD?; Colin Huntley, MD*; Melyssa K. Hancock, MD*; Douglas J. Van Daele, MD®; Mauris S. Boon, MD?;

Tod C. Huntley, MD®; Sam Mickelson, MD”; M. Boyd Gillespie MD, MSc?; Maria V. Suuma, MD®; Ashutosh Kacker, MD, MBBS, MS™; Asim Roy, MD'";

Stuart MacKay, BSc{Med), MBBS, FRACS'%; Kirk P. Withrow, MD™; Raj C. Dedhia, MD, MSCR™; Phillip Huyett, MD'®; Clemens Heiser, MD, PhD'®;

Syvie di Nicola, MS™; Fatima Makori, MS'"; Oivier M. Vanderveken, MD, PhD'; Tapan A. Padyha MD'; Ulysses J. Magalang, MD?; Eugene Chio, MD*";
Eric J. Kezirian, MD, MPH?; Richard Lewis, MBBS, FRACS™

"Medical College Wiscansin, Miwaukee, Wisconsin; ?Vanderbill Univ. Medical Center, Nashville, Tennessee; *Thomas Jefferson Universiy, Philadeiphia, Pennsyhvania; “ENT &
Allergy Associates of Flonida, Boca Raton, Florida; Unwersity of lowa, lowa City, lowa; *Center for ENT & Allergy, Carmel, Indvana; "Advanced ENT Asscciates, Afianta,
Georgia; “The Universiy of Tennessee Health Science Center, Memphis, Tennessee; University of Mami Medical Center, Mami, Flords; "“Weil Comel Medicine, New York,
New York: "' Sleep Medicine institute, Nebraska Ohio Medical University, Dublin, Ohio; "Head & Neck Clinic, Mawarra ENT, Wollangong, New South Wales, Ausfralia;
"niversty of Alabama at Birmingham, Bimingham, Alabama; ““Universty of Pennsylvania, Phiadelphia, Pennsyivani; “*Harvard Universty, Mass Eye & Ear, Boston,
Massachusetts; "“Technische Universitat Munchen, Miinchen, Gemmany: "'nferential Premium Biometry, Paris, France: "*Facutty of Medicine, Transtatinal Newosciences,
Antwerp University Hospital and University of Antwerp, Antwerp, Belgium; *University of South Flovida, Tamps, Fiorida; The Ohio State Unersity Wexner Medical Cenfer,
Columbus, Ohio; Ohio ENT and Allergy Physicians, Columbus, Ohio; ““Department of Head and Neck Surgery, David Geffen School of Medicine at Universiy of Calfomia,
Los Angeles, Los Angeles, Calfornia: “*Perth Head & Neck Surgery. Porth, Westem Australia, Austraka

Study Objectives: To evaluate the safety and efficacy of a novel bilateral hypoglossal nerve stimulation (HNSg ) device for the treatment of cbstructive sleep apnea.
Methods: Adult patients with moderate-to-severe obstructive sleep apnea who refused, failed, or did not tolerate positive ainway pressure therapy underwent
implantation and nightly use of HNSg. The coprimary endpoints at 12 months were (1) a minimum of 50% reduction in the 4% apnea-hypopnea index (AHI) from
basefine with a final AHI of less than 20 eventsth, and (2) a minimum of 25% reduction in the 4% oxygen desaturation index. Objective secondary endpoints
included changes in mean AHI, oxygen desaturation index, and sleep time with biood oxygen saturation less than 90%. Self-reported secondary endpoints
included changes in Epworth Sieepiness Scale, the short Functional Outcomes of Sleep Questionnaire score, the Symptoms of Nocturnal Obstruction and
Related Events score, and bedpartner assessment of snoring.

Results: HNSg, was implanted in 113 participants. Eleven serious adverse events occurred in 10 (8.7%) participants. The coprimary endpoints were completed
by 89 (77.4%) participants. AHI and oxygen desaturation index responses were achieved in 63.5% (73/115, P=_002) and 71.3% (82/115, P < .001), respectively.
Secondary endpoint analyss revealed significant changes in mean AHI (- 18.3 £ 11.8 eventsh, P < 001), axygen desaturation index (— 17.7 £ 14.6 eventsh, P< 001),
and sleep time with blood oxygen saturaion less than 90% (6.9 4 10.7%, P < 001). Significant changes were observed in all secondary endpoints (P < 001).
Conclusions: This pivotal clinical trial of HNSg, demonstrated an acceptable safety profile with clinically significant improvements in obstructive sleep apnea
severity and quality-of-ife metrics. HNSsy is a promising new treatment option for select patients with obstructive sleep apnea.

Clinical Trial Registration: Registry: ClinicalTrials.gov; Name: Dual-sided Hypoglossal NeRVE StimulAtion for the TreatMent of Obstructive Sleep Apnea
(DREAM); URL: hitps:/iclinicaltials, gov/study/NCT03868618; Identifier: NCTO3868618.

Keywords: obstructive sleep apnea, hypoglossal nerve stimulation, sieep surgery

Citation: Woodson BT, Kent DT, Huntley C. et al. Bilateral hypoglossal nerve stimulation for obstructive sleep apnea: a nonrandomized clinical trial. J Clin Seep
Med. 2025;21(11):1883-1891.

BRIEF SUMMARY

Current Knowledge/Study Rationale: Bilateral hypoglossal nerve stimulation is a novel approach to treat patients who have failed, refused, or not
tolerated positive ainvay pressure or positional therapy. Therapy eficacy and safety were assessed over 12 months in 115 participants in a praspective,
multicenter clinical trial.

Study Impact: The coprimary outcomes documented significant treatment response rales for decrease in the apnea-hypopnea index (63.5%; 73115,
P = .002) and the oxygen desaturation index (71.3%; 82/115, P < .001). Eleven serious adverse events occurred in 10 (8.7%) participants of which
3(2.8%) were device related, 5 (4.3%) were procedure related, and 3 (2.6%) were unrelated to the device or the procedure,

INTRODUCTION people worldwide,” and has been associated with an increased

risk of cardiovascular mortality and decreased quality of
Obstructive sleep apnea (OSA) is a common discase character-  life.'~~* Positive airway pressure (PAP) is well established as

ized by recurrent episodes of upper airway obstruction during  the first-line treatment modality for OSA, but ma
sleep.’ Moderate ere OSA aff nearly a half-billion  struggle to maintain adherence due to myriad side cffes

Journal of Clinical Sleep Medicine, Vol. 21, No. 11 November 1, 2025
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Outcomes Genio:

* 81.2% Sher20 responder rate
(per protocol group), 63.5%
(intention to treat group)

* AHI| decreased 66.1%

* ODl decreased 65.8%

* Supine AHI decreased 55.1%
* T90 decreased 58%

* FOSQ increased 2.2

* ESS decreased 3.5

Jordan Weiner, M.D.
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AHI outcomes ESS outcomes

Mean treatment AHI: 8.9 (N=192)
Median treatment AHI: 5.3

Practice utilization

Mean treatment ESS: 5.8 (N=176) Mean adherence: 6.5 (N=356)

Nights used = 4 hours: 77.1%
Treatment AHI < 15: 86%

N =250 N =192

N =119 N =176
Pre-Implant Treatment

N = 356
Pre-Implant Treatment

Treatment

Jordan Weiner, M.D.
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My own thinking on these
therapies after implanting more
than 600 devices.




Longitudinal CPAP Adherence & Retention Rates Over Time
(Synthesis of Published Clinical Trials & Real-World Registry Data)

100

90 Rapid Drop-off Window

(First 30-90 Days)

~25-35% Non-compliance
80
70

1-Year Threshold
60 \ ~48-60% Adherence
,
N Long-Term Plateau (5-10 Years)
50 ~30-45% Lifelong Adherence
~ -~
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40 -
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I [ — *

20

10 —@= CPAP Retention / Continuation Rate (% patients continuing therapy)
== CMS Standard Adherence Rate (= 4 hrs/night on = 70% of nights)
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My thoughts: HNS

* HNS

* Good option for non-adherent
users

e Safe

* Well-tolerated

* Acceptable AHI reduction
* High adherence

Jordan Weiner, M.D. %\
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Thoughts on HNS: patient selection

* Patient selection is critical Poorer Better
* FDA criteria is only first step sEnelekliE SElelRElE

* Not all CPAP-intolerant patients
are good candidates

* Patient selection is important for
good outcomes
* Think about prognostic indicators
* Meticulous surgical technique is
also vital for better outcomes

* Only protrusion branches are
included

* Even one tiny late exclusion branch
will reduce optimal tongue motion

Jordan Weiner, M.D. > \é_‘\
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