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Alternative selected therapy 
• Behavioral 

• Positioning therapy
• Weight loss
• Alcohol cessation

• Oral appliance 

• Surgical 
• Bypass upper airway
• Upper airway procedure

• Adjunctive 
• Oxygen
• Medication 
• Bariatric surgery

Nerve stimulation 



History and evolution of HGNS concepts

• In 1978, Guillieminault1 was attempt to improve 
upper airway patency in humans via 
transcutaneous submental and intraoral electrical 
simulation of UA muscle with limited success.

• In 1996, Schwartz et al.2 report preliminary 
successful human studies by intramuscular 
stimulation of the lingual muscle in 9 patients, the 
frequency of airway collapse decreased without 
causing sleep arousal 

1. Guilleminault C, Hill MW, Simmons FB, Dement WC (1978) Obstructive sleep apnea: electromyographic and fiberoptic studies. Exp Neurol 62(1):48 –67
2. Schwartz AR, Eisele DW, Hari A, Testerman R, Erickson D, Smith PL (1996) Electrical stimulation of the lingual musculature in obstructive sleep apnea. J Appl Physiol

81(2):643 –652



History and evolution of HGNS concepts

• A pilot study3 in 2001 proposed that unilateral 
electrical stimulation of the HGN was feasible and 
potential therapeutic option of OSA

• In 2010, Efficacy of OSA treatment was shown in 7 
of 8 HGNS implanted patients (Inspire Medical systems, 

Maple Grove MN). For 6-month continuation of the 
study, the results were consistent. They were not 
successful in the long term due to technical defects 
that led to device dysfunction4

3. Schwartz AR, Bennett ML, Smith PL, De Backer W, Hedner J, Boudewyns A et al (2001) Therapeutic electrical stimulation of the hypoglossal nerve in obstructive sleep 
apnea. Arch Otolaryngol Head Neck Surg 127(10):1216 –1223

4. Kezirian EJ, Boudewyns A, Eisele DW, Schwartz AR, Smith PL, Van de Heyning PH et al (2010) Electrical stimulation of the hypoglossal nerve in the treatment of 
obstructive sleep apnea. Sleep Med Rev 14(5):299 –305



Tongue anatomy and physiology







The anatomy and rationale for cuff placement. Left image shows the hypoglossal nerve and its 
branches to the retractors (styloglossus and hyoglossus) or protrudors (genioglossus and geniohyoid) 

muscles. Right image shows the two cuff placement sites, where the proximal site results in both group 
activations while the distal site selectively activates protrudors. Colors denote this difference (proximal 

results in all four arrows, distal only green arrows)

DOI: https://doi.org/10.1016/j.chest.2018.08.1070
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HGNS devices and device concepts
• Apnex (St. Paul, MN, USA)

• Unilateral inspiratory stimulation to the medial branch of the hypoglossal 
nerve

• Double impedance sensor positioned over the lower rib of both 
hemithoraces. 

• Inspire (Maple Grove, MN, USA)
• Unilateral inspiratory stimulation to the medial branch of the hypoglossal 

nerve
• Effort sensor placed between the intercostal muscle

• Aura6000 (ImThera Medical, San Diego, CA, USA)
• No chest sensing 
• Main trunk and targeted all muscles in the hemi-lateral tongue

• Genio™ system (Nyxoah SA, Mont-Saint-Guibert, Belgium)
• Bilateral stimulation
• No any leads



SLEEP, Vol. 34, No. 11, 2011

• 21 patients implanted

• AHI between 20 and 100 
event/hour (at least 80% 
hypopnea), BMI < 40 kg/m2, 
age between 21 and 70 years

• 6 month follow up yielded 
successful result with more 
than 50%  reduction in AHI



SLEEP, Vol. 34, No. 11, 2011



Box and whisker plot of the apnea-hypopnea index at baseline and at 3, 6, and 12 months post implantation, shown separately for BMI 
≤ 35 kg/m2 and BMI > 35 kg/m2 . The median values are noted by horizontal white lines, and the boxes represent the intraquartile

range. The whiskers represent the 1.5x the intraquartile range (or the minimum or maximum value if < 1.5x the intraquartile range). 
The Xs represent outlier values.
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• The result from 6-month clinical trial 
with the Inspire II device

• First part with wide inclusion 
• 20 patients implanted
• AHI >25 event/hour, BMI < 35 kg/m2

• 14 patients showed the predicted 
outcome

• 6 patients showed greater than 50% 
reduced AHI

Laryngoscope, 122:1626–1633, 2012



Apnea hypopnea index (AHI) response of part 1 subjects is shown. AHI was reduced significantly in the 
responder group at 2-, 4-, and 6-month postimplant visits (marked by asterisks) compared with the 

baseline. The responder group had a significantly lower AHI and body mass index (BMI) than the 
nonresponder group

Laryngoscope, 122:1626–1633, 2012



• Second part with narrowed the criteria base on the finding 
from part one and included drug-induced sleep endoscopy 
(DISE) as a diagnosis modality
• AHI between 20 and 50 event/hour

• BMI < 32 kg/m2

• Absence of complete concentric collapse (CCC) 

of the velum as seen during DISE

Laryngoscope, 122:1626–1633, 2012





Laryngoscope, 122:1626–1633, 2012

Summary of part 2 subjects’ apnea hypopnea index (AHI) at baseline and 6 months 
postimplant is shown



• The result from 1-year clinical trial with Aura6000 

in 13 implanted patient

• Inclusion criteria
• BMI between 25 and 40 kg/m2

• AHI  20 event/hour

• Mallampati score 1-3

• Palatine tonsils grade 0-2

• Primary outcome : mean change in AHI in PSG performed 3 and 
12 months relative to presurgical baseline

Eur Respir J 2013; 41: 360–367 DOI: 10.1183/09031936.00042412



Eur Respir J 2013; 41: 360–367 DOI: 10.1183/09031936.00042412

Mean AHI decrease from 45.2 to 21 events/hour



N Engl J med 370;2 nejm.org january 9, 2014



STAR trial

• Inclusion criteria
• Adult with moderate to severe OSA if they had difficulty 

accepting or adhering to CPAP treatment

• BMI < 32 kg/m2

• Exclusion criteria 
• AHI < 20 or > 50 

• Central /mixed apnea ≥ 25%

• Non-supine AHI < 10

• Complete concentric collapse at retropalatal airway by 
endoscopy during drug induces sleep

• No neuromuscular disease, hypoglossal nerve palsy, severe restrictive or obstructive pulmonary 
disease, moderate to severe pulmonary hypertension, sever valvular heart disease, NYH class III or IV 
heart failure, recent MI or severe cardiac arrythmia (within past 6 month), persistent uncontrolled 
hypertension, active psychiatric disease

N Engl J med 370;2 nejm.org january 9, 2014



STAR trial

• All case was done in lab PSG and endoscopy during 
drug induced sleep

• Eligible patient was implant INSPIRE®
• Excluded patient with tonsil size of 3 or 4 

• 1 month after surgery , in lab PSG for secondary 
baseline and immediately activation of the device 

• Follow up at month 2,3,6 and 12 

N Engl J med 370;2 nejm.org january 9, 2014





STAR trial

• Primary outcome : change for severity of AHI and ODI

• Secondary outcome : self reported sleepiness and 
disease-specific quality of life as assessed with the 
use of the Epworth Sleepiness Scale, Functional 
Outcomes of Sleep Questionnaire and the percentage 
of sleep time with the oxygen saturation less than 
90%.

N Engl J med 370;2 nejm.org january 9, 2014



• A responder
• AHI reduction of at least 50% from baseline and AHI 

score on the 12 months PSG less than 20

• ODI reduction of at least 25% from baseline

• Participants who did not complete the 12 months 
visit were considered not to have a response.

• randomized controlled therapy withdrawal trial , 
AHI was compared between the therapy-
maintenance group and therapy-withdrawal group

STAR trial

N Engl J med 370;2 nejm.org january 9, 2014









The U.S. Food and Drug Administration (FDA) 
approved Inspire® Medical Systems' pacemaker-like 

hypoglossal nerve stimulator for patients with
moderate to severe obstructive sleep apnea 

(OSA) who cannot tolerate continuous positive 
airway pressure (CPAP).







Sixty-month outcome of AHI, sleep quality of life (FOSQ), and daytime sleepiness (ESS). Values are presented as mean 6 SD. Response rates
(in percentages) are based on the following parameters: AHI .50% reduction to >20 events/hour, ESS score <10, and FOSQ score .17.9. AHI, apnea 
hypopnea index; ESS, Epworth Sleepiness Scale; FOSQ, Functional Outcomes of Sleep Questionnaire.



Bed partner report of snoring intensity over time









Eur Respir J 2020; 55: 1901320



• Prospective, open-label, non-randomized, single-
arm treatment, ENT department  

• 8 centers in three countries (Australia, France and 
UK)

• Primary outcome
• Device-related serious adverse events

• Change in the AHI 

• Secondary outcome
• Change in ODI

Eur Respir J 2020; 55: 1901320



• Inclusion criteria
• Age 21-75 years

• BMI  32 kg/m2

• AHI 20-60 events/hr (central/mixed AHI < 10)

• No positional OSA (non-supine AHI<10, supine AHI non 
supine AHIx2)

• Absence of soft palate complete concentric collapse 
(CCC) during drug induced sleep endoscopy

• Not tolerated or accepted CPAP 

Eur Respir J 2020; 55: 1901320



• 22 out of 27 implanted participants (63% male, aged 
55.9±12.0 years, body mass index (BMI) 27.4 ±3.0 kg·m−2 ) 
completed the protocol. 

• At 6 months BMI was unchanged (p=0.85); AHI decreased 
from 23.7 ±12.2 to 12.9±10.1 events·h−1 , a mean change of 
10.8 events·h−1 (p5 days per week, and 77% reported use 
for >5 h per night. 

• No device-related serious adverse events occurred during 
the 6-month post-implantation period

Eur Respir J 2020; 55: 1901320
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Eur Respir J 2020; 55: 1901320

Change in apnoea–
hypopnoea index 
(AHI) for each 
participant from 
baseline to 6 months 
post-implantation. 
Each line represents 
an individual 
participant using 
modified intention-
to-treat analyses 
(n=22).

Eur Respir J 2020; 55: 1901320



Take home messages

• The Inspire HGNS device remains the only FDA-
approved neurostimulation therapy for OSA

• CPAP-non-responders with a BMI <32 kg/m2, and 
AHI < 50  and favorable pattern of upper airway 
collapse on DISE

• HGNS therapy is not currently considered a first-
line treatment option. 


