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Disclosure

• I have no actual or potential conflict of interest in relation to this 
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Learning Objectives

• Understand obstructive sleep apnea (OSA) and its prevalence
• Discuss previous treatment options for OSA
• Knowledge of location and mechanics of upper airway 

stimulation (UAS) devices
• Review UAS data, patient care and therapy options 
• Anesthesia considerations
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The Basics…..
• Obstructive sleep apnea (OSA) is 

characterized by repetitive upper 
airway collapse during sleep 
which leads to oxygen 
desaturation and hypercarbia.
• These intermittent desaturations 

lead to nighttime awakening; 
manifesting into chronic sleep 
deprivation and subsequent 
daytime somnolence. 

Kuna, S.T.; Sant’Ambrogio, G. Pathophysiology of upper airway closure during sleep. JAMA 1991, 266, 1384–1389.
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The Numbers….
•OSA is extremely common. Prevalence = diabetes or 

asthma worldwide.
•25 million in the USA. Over 1 billion people 

worldwide.
•Only 25% are currently being treated. 
•Gold standard is Continuous Positive Airway Pressure 

(CPAP)
Motamedi, K. K., McClary, A. C., & Amedee, R. G. (2009). Obstructive sleep apnea: a growing problem. The Ochsner journal, 9(3), 149–153
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The 
Numbers….

https://www.gminsights.com/industry-analysis/sleep-apnea-implants-market
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Why Do We Need 
An Alternative To 
CPAP?
•≥10 million patients own CPAP 
machines in North America.
•Studies have shown that almost half 
do not comply with CPAP (Weaver et 
al. 2008)
1. Mask discomfort
2. Claustrophobia
3. Pressure intolerance
4. Dry or irritated nasal membranes
5. Eye irritation from air leakage 

around the mask (Pavwoski & 
Shelgikar, 2017).

.
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Untreated OSA
Ø If left untreated, OSA can result 

in
• Hypertension
• Diabetes mellitus
• Coronary artery disease
• Stroke
• Congestive heart failure
• Atrial fibrillation
• Death

Ø Increased cancer incidence, 
increased mortality, and 
increased neurodegeneration 
(Lim & Pack, 2017)
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Alternatives To CPAP For 
Treating Sleep Apnea

1. Weight Loss and Exercise
2. Sleep Position
3. Avoiding Alcohol
4. Mandibular Advancement 

Devices
5. Tongue Retaining Devices
6. Myofunctional Therapy
7. Surgery (variable success 35-

75%)
a) Maxillomandibular 

advancement
b) Uvulopalatopharyngoplasty 

(UPPP)
c) Adenotonsillectomy

Holty, J.E.; Guilleminault, C. Surgical options for the treatment of obstructive sleep apnea. Med. Clin. N. Am. 2010, 94, 479–515.
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Introduction Of The Hypoglossal Nerve Stimulator (HGNS)

• Initial patents filed in the 1990s with Inspire founded in 2007 and FDA approval in 
2014 for the treatment of OSA.

Hassan F, Kaplish N (2021) Hypoglossal nerve stimulator: a novel treatment approach for OSA—overview of treatment, including diagnostic and patient criteria and procedural terminology codes. Chest 160(4):1406–1412
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Components Of The Inspire System
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How It Works

• The stimulation electrode is 
placed on the hypoglossal nerve 
to recruit tongue-protrusion 
function
• The sensing lead is placed 

between the internal and 
external intercostal muscles to 
detect ventilatory effort
• The neurostimulator is 

implanted in the right ipsilateral 
mid-infraclavicular region.

Strollo PJ Jr, Soose RJ, Maurer JT, et al; STAR Trial Group. Upper-airway stimulation for obstructive sleep apnea. N Engl J Med. 2014;370(2):139-149. doi:10.1056/NEJMoa1308659
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http://dx.doi.org/10.1056/NEJMoa1308659
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The Hypoglossal Nerve Innervation

From: Netter FH. Atlas of Human Anatomy.
Drake RL et al. Gray’s Anatomy for Student.

Ø All the intrinsic muscles and all but one of the 
extrinsic muscles (genioglossus, styloglossus, and 
hyoglossus) of the tongue.

Mild Stimulation to Select Distal Branches during inspiration
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Hypoglossal Nerve Stimulation Effect An 
Increase In Cross Sectional Size Of Airway

No Stimulation Mild Stimulation

Base of Tongue Palate Base of Tongue Palate

14

Requirements for HGNS Consideration

50% reduction in AHI to a value of <20

Non- Pregnant 
Adults >18yo Intolerant of CPAP

Moderateàsevere 
OSA 

AHI ≥15/h and 
<65/h

No more than 25% 
of central or mixed 

events
BMI ≤35 kg/m2 

Absence of 
complete 

concentric palatal 
collapse at DISE 
(Drug induced 

sleep endoscopy) 
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Pre-op Anatomical Assessment 
Drug Induced Sleep Endoscopy (DISE)
• Used to determine eligibility for device implantation. 
• patients are excluded if DISE reveals complete concentric collapse
• tongue's protrusion will not resolve this pattern of airway obstruction. 
   (Gupta et al., 2018).

• Propofol (midazolam and dexmedetomidine) are the drugs of choice 
for DISE. 
• The degree of sedation is important (BIS score in the mid 60’s); a light 

sedation that most closely mimics sleep is ideal for accurate 
assessment of the upper airway.
• Collaborate with surgery PRIOR to the procedure.
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Pre-op Anatomical Assessment 
Drug Induced Sleep Endoscopy (DISE)

AP collapse at palate Complete concentric collapse at palate

Good Candidate Not a Good Candidate

X

Assess lateral wall collapse at genu of the soft 
palate

Posterior wall

Lateral 

walls
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68%

70%

Inspire STAR Trial (The Stimulation Therapy for 
Apnea Reduction Trial) Multicenter trial
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Woodson et al Upper Airway Stimulation for Obstructive Sleep Apnea: 5-Year Outcomes. Otolaryngol Head Neck Surg. 2018 Jul;159(1):194-202. doi: 
10.1177/0194599818762383. Epub 2018 Mar 27. PMID: 29582703.

ADHERE Registry - Enrollment goal of 5,000
Goal: Collect real-world outcomes data

20

ADHERE Registry 

• 1017 patients (2016-2019) 
• 6–12 month f/u
• …analysis shows that the 

therapy effect is durable and 
adherence is high.

Thaler E, et al. Results of the ADHERE upper airway stimulation registry and predictors of therapy efficacy. Laryngoscope. 2020 May;130(5):1333-1338. doi: 10.1002/lary.28286. Epub 2019 Sep 14. PMID: 31520484; PMCID: PMC7217178.
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Post-operative Complication Rate Comparison 
Between Airway Surgery and Upper Airway 
Stimulation Using NSQIP and ADHERE

….the study concluded that 
hypoglossal nerve stimulator 
patients had… 
• shorter hospital stays
• lower 30-day return to the 

operating room (0.1% of HNS vs. 
4.8%)
• lower surgical site infections 

(0.13% HNS vs. 0.9%) 
• All despite an older HNS cohort 

and subsequent higher prevalence 
of comorbidities.

1623 UAS procedures in ADHERE 
310 in NSQIP (National Surgical 
Quality Improvement Program 
NSQIP) . 

Van Daele DJ, Cromwell JW, Hsia JK, Nord RS. Post-operative Complication Rate Comparison Between Airway Surgery and Upper Airway Stimulation Using NSQIP and ADHERE. OTO Open. 2021 Oct 11;5(4):2473974X211051313. doi: 10.1177/2473974X211051313. PMID: 34661042; PMCID: 
PMC8512284.
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• Neruntarat et al. (2021) performed the most recent meta-analysis
• 990 patients participating in randomized trials or observational 

studies.
• Inspire HNS implant vs traditional OSA surgeries (UPPP, Transoral 

robotic surgery and various palatal procedures). 
• Hypoglossal nerve stimulation>>traditional OSA surgeries. 
• AHI reduction (23.9 vs.15.8, P< 0.001)
• They also had shorter hospital stays, lower readmission rates, and a lower 

incidence of adverse events. 
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Anesthetic Management Concerns
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Anesthetic Management concerns

• Similar to a patient with a cardiac pacemaker
• Preoperative radiologic films

Inspiresleep. Inspire® patient manual. 2020. Updated July 14, 2020. Accessed May 29, 2021. https://manuals.inspiresleep. com/content/widgets/manual.php?MzA1fDF8MQ==
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Anesthetic Management concerns
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Anesthetic Management concerns
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Anesthetic Management concerns

• To avoid the risk of infection and damage to the implanted components, a 
15cm (6 inches) separation between the components and the surgical 
procedure site is recommended by the manufacturer.

• If less call manufacturer for device interrogation
• Bipolar cautery preferred. If mono usedàplacement of pad important

• Postoperatively, electrolyte disturbances can affect lead sensing, and as 
such, checking a basic metabolic panel after surgery may be indicated. 
(Preston et al. Am J Cardiology)
• Check the device function post op prior to discharge!!!
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Anesthetic Management concerns

Hemi-diaphragmatic Transient Phrenic Nerve Palsy 

Paralysis resulting from local anesthetic traveling over 
the anterior scalene muscle to the phrenic nerve. 

Decrease in diaphragm function of 0 to 25% normal
Decrease of 25 to 75% is partial paralysis 
Decrease of 75% or greater defines complete paralysis.
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Anesthetic Management concerns

• Leuzinger K et al. (2021) 
• Hypoglossal nerve palsies, both isolated and in conjunction with other nerves, 

have been linked to numerous anesthesia-related iatrogenic etiologies 
including laryngeal manipulation during intubation or with ENT suspension 
cases, prolonged placement of the endotracheal tube, use of laryngeal mask 
airways, bronchoscopy, and shoulder surgery with utilization of chin straps.

• Bharati S et al. (2014) Ipsilateral paralysis of hypoglossal nerve 
following interscalene brachial plexus block.    
•                                                                                                     Fritz et al. (2014)

Case Reports in Anesthesiology Volume 2021, Article ID 8842503, 3 pages https://doi.org/10.1155/2021/8842503

…compression of the lateral tongue 
base during prolonged surgery or 
intubation. 

30


