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Learning Objectives 

1. Provide an overview of OSA management .
2. Highlight Non-PAP OSA treatment strategies.
3. Discuss the approach to the CPAP intolerant 

patient.
4. Review the use of HGNS in the treatment of 

OSA
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Prevalence of Sleep Apnea 

Prevalence of Sleep Apnea

 Approximately 42M Adults have SDB
 An estimated 26% of adults have at least mild SDB
 9% of Middle-aged women and 25% of middle-aged 

men suffer from OSA
 Prevalence is like asthma (20M) and diabetes (26M) of 

US population
 75% of severe SDB cases remain undiagnosed
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Prevalence of Sleep Apnea in Comorbidities



Obstructive Sleep Apnea

Repeated episodes of upper airway collapse 
during sleep that restrict/reduce airflow despite 
the effort to breathe.
• Associated with a reduction in blood oxygen saturation 

or an arousal from sleep
• Severity determined by the Apnea-Hypopnea Index 

(AHI)



Determination of AHI

Rate of apneas and hypopneas per hour
• Obstructive Apnea: >90% reduction in airflow 

for >10 seconds with associated respiratory effort

EFFORT

FLOW



Consequences of OSA



Consequences of OSA



Consequences of OSA

Excessive daytime sleepiness secondary to untreated 
OSA leads to increased accidents and lost workplace 
productivity totaling $119.6 billion



OSA in Surgical Patients

Direct influence on post-operative 
outcomes
• Increased rate of cardiac events
• Increased rate of respiratory events
• Increased ICU transfer rate
• Increased Infection Rate in OHNS Patients

Kaw et al. Association between OSA and post operative outcome. Br J Anaesth 2012
Cadby et al. Severity of OSA is an Independent Predictor of Atrial Fibrillation. Chest  2015
Riss et al. Risk of Complications among patients with OSA undergoing ENT surgery. 2022



Assessing Risk in the OSA 
patient

Mild OSA: AHI 5-15/hr 
Moderate OSA: AHI 15-30/hr 
Severe OSA: AHI >30/hr 

Risk of Stroke 

Shahar et al. Sleep-disordered breathing and CVD. AJRCCM 2001



Why do we treat OSA?

1. Risk Mitigation 
– Attempt to mitigate the known 

cardiometabolic sequela. 
2. Sleep Quality 

– Attempt to improve sleep quality related to 
OSA. 



Treatment of OSA

Goal: Preventing upper airway collapse to 
stabilize breathing during sleep.



CPAP is First Line Therapy for 
OSA

Sanders. Nasal CPAP effect on patterns of sleep apnea  Chest; 86(6):839-44, 1984.

Continuous Positive Airway Pressure (CPAP)



CPAP therapy has evolved 



CPAP Compliance is Poor

CPAP non-compliance rates between 35-
50% 3 years after OSA diagnosis. 
• Large population still subjected to OSA risks
• Effective non-PAP treatment strategies are 

needed. 

Pang. Trends in CPAP adherence over twenty years of data collection. OHNS 2016.

Compliance:
>4hrs on 70% of nights

~35% of total sleep 



Non-PAP alternatives for OSA

• Positional Therapy
• Oral Appliance Therapy
• Weight Loss
• UPPP surgery
• Hyoid Suspension
• Maxillary expansion
• Maxillomandibular 

advancement
• Advancement genioplasty

• Tongue base reduction
• Midline glossectomy 
• Transpalatal advancement
• Hypoglossal Nerve 

Stimulation



Limited rates of success for 
non-PAP alternatives
Oral Appliance: 29-71%
Hyoid myotomy and suspension:17-61%%
Uvulopalatalpharyngoplasty: 40-70.8% 
Expansion pharyngoplasty:  82%
Midline glossectomy: 42-77%
Genioglossus advancement: 39-78%
Maxillomandibular advancement: 80-92%
Hypoglossal Nerve Stimulation (Inspire): 66-85%



Multi-level Surgery improves 
success rate

Pharyngoplasty + Tongue base Excision: 82.3%
Pharyngoplasty + Hypoid Myotomy and 
Suspension: 76.9%
Pharyngoplasty + Hypoglossal nerve stimulation: 
100% (limited patient cohort)

Tassel et al. Hyoid Suspension with UPPP for the Treatment of OSA. ENT 2021
Weidenbecher et al. Efficacy of expansion pharyngoplasty and HGNS in treating sleep apnea.  Am. J Otolaryngo  2022

**Sher Criteria: AHI <20 and 50% 
AHI reduction 



OSA Surgery Carries Risk

• Bleeding
• Pain
• Dysphagia
• Nasopharyngeal reflux
• Malocclusion 
• Respiratory failure
• Death 
• Treatment failure



Finding treatment solutions for
the CPAP intolerant patient 

1. Acknowledging the risk of untreated 
OSA.

2. Accepting risk related to treatments.
3. Understanding the risk of treatment 

failure.
4. Reassurance that we will find a 

solution(s) that works for them. 



Providing tailored treatment 
for the CPAP intolerant patient

Patient selection is critical:
- The correct patient for treatment.
- The correct treatment for that patient.  

 Characterization
  



Determining the Correct Patient 

1. Assessing OSA Severity and Risk 
– Does it medically need treated?

• What risk does it pose to the patient?
– Age of patient 
– Medical Comorbidities 

• Patient reported symptoms
– Daytime sleepiness

2. CPAP Averse or CPAP Intolerant 
3. Define the Expected Outcome



What OSA requires treatment?

Punjabi et al. Sleep-Disordered Breathing and Mortality: A Prospective Cohort Study. Plos Med 2009
Cadby et al. Severity of OSA is an Independent Predictor of Atrial Fibrillation. Chest  2015

Mortality Atrial Fibrillation 

High AHI (>20)
Younger Age
Presence of OSA associated comorbidities 

Risk by AgeRisk by Severity



Accurate characterization of 
OSA severity is critical

Multiple platforms for assessing AHI 
severity exist
• In-lab Polysomnography
• Home sleep testing
• WatchPAT testing

Disclaimer: Not all sleep testing is created equal



Heterogeneity in sleep testing 
is prevalent
• Night to night variability 

– Dependent on body position and sleep stage

• Variability in scoring algorithms (CMS vs AASM)
– AHI differences >20 events/h in >10% of patients 

• Difference in testing platforms (In-lab PSG vs Home 
sleep testing)
– Home sleep testing does not monitor sleep/wake and 

underpredicts severity

Huang & Motz et al.  Variability in sleep apnea testing.  In press 2022



Determining the Correct Patient 

1. Assessing OSA Severity and Risk
2. CPAP Averse or CPAP Intolerant? 

1. CPAP Intolerant: Has tried and is consistently 
unable to wear CPAP 

      → Needs an alternative treatment to mitigate OSA risk
2.   CPAP Averse: Tolerates CPAP, but is looking for 
QOL improvement 

      → Consider alternative treatment if favorable outcome is likely 

3. Define the Expected Outcome



CPAP is First Line Treatment

Understanding the nature of the patients 
CPAP non-compliance is critical.

– CPAP usage patterns
– Claustrophobia, PTSD, mask leak, 

insomnia
– Efforts should be made to help patients 

become compliant with CPAP before non-
PAP alternatives are explored



Determining the Correct Patient 

1. Assessing OSA Severity and Risk 
2. CPAP Averse or CPAP Intolerant 
3. Define the Expected Outcome

What is the likelihood of reducing the patients 
OSA severity to a range that improves symptoms 
and does not impose cardiometabolic risk?



Who is going to respond to 
treatment?
Response rates to Oral Appliance therapy



Success with HGNS therapy

4% increase per year 

9% change per BMI point 

Heiser et al. Post-approval upper airway stimulation predictors of treatment effectiveness in the ADHERE 
registry. Eur Respir J 2019



What factors influence the 
success of Non-PAP therapies

1. OSA Severity
2. Body Mass Index
3. Age 



Case 1

39 y/o M with HTN and severe OSA (AHI4: 59, 
02 nadir: 74, Time <88% Sp02: 92.3 minutes) 
presents for HGNS consult as due to failing 
CPAP.
• BMI 33, Neck Circumference 18 in, MMP 4, with 1+ 

tonsils and tongue ridging. 
• Gained 25 pounds over the last 2 years 
• PMHx: HTN poorly controlled on HCTZ 



Management

Drug-induced sleep endoscopyDrug-induced sleep endoscopy  NO!
1. Determine the nature and reason the 

patient failed PAP therapy.
– Type of mask
– Type of CPAP
– Insomnia 
– Anatomic factors (nasal obstruction)



CPAP Optimization 

• Trial of nasal masks
• PAP/BIPAP titration 
• Management of comorbid sleep 

disordered (RLS/Insomnia/CRD)
• Treatment of nasal obstruction



CASE 1

The patient reports trying only a full facemask, 
endorses frank left sided nasal obstruction 
secondary to prior lacrosse injury, and has a hard 
time falling asleep due to work and family stress. 
• Obtain nasal mask
• Start Flonase and azelastine
• Manage insomnia 



CASE 1

He returns with mild improvement in CPAP 
utilization but struggles to tolerate the mask due to 
nasal obstruction.  
• Due to daytime nasal obstruction, as well as 

difficult with CPAP, he elects to undergo 
septoplasty and turbinate reduction.  



Nasal Surgery and OSA

Nasal surgery can improve CPAP compliance, daytime 
sleepiness, snoring intensity but does not change OSA 
severity 



Case 1

8 weeks s/p septoplasty and turbinate 
reduction – using CPAP nightly for 7 
hours

OR
Breathing well through his nose, but still 
cannot initiate and maintain sleep with 
CPAP



Moving past CPAP 

SURGERY!!!! SURGERY!!!! STILL NO
Exhaust all non-surgical options first
• Oral appliance therapy 
• Positional therapy 
• Weight loss

– Pharmacological, Surgical, Behavioral
 



Weight loss, GLP1, and OSA

Modest changes in BMI 
can influence the AHI 
dramatically.









Case 1

Achieved a 30-pound weight loss over 7 
months.
BMI now 29.8
Titrated to 7.5mg – did not tolerate higher 
doses.

Repeat HST demonstrated an 
improvement in AHI4 to 29.8 



Case 1: 

Patient is counseled on the need for 
additional OSA treatment and is referred 
for oral appliance therapy. 



Background: oral appliance therapy
Mandibular advancement devices  are  the  main oral appliance used for OSA

Ma ndibula r a dva ncement
a ◘ℓĊ ľ◘▓▓◘■ ĊŦ♫ś ⁭ / ĵ ℓĊ◘▓ Ċ╜ĊŉĂĊĂĽ▄ś 
ŕ śℓ╜┼■ℓ Ăŉś  Ċ╙ś  ┼ĵ╜ŕś▄╜■ś�♫ŉśźśŉŉś ŕ ◘♫Ċ╜◘■ 
◘ōśŉ Ľ◘╜▄�Ă■ŕ�Ľ╜Ċś  ŕ śō╜ľśℓ⁭

Tongue -re ta ining
Hold the tongue forward by suction. 
Rarely used; discomfort drives higher 
discontinuation.

Pa la ta l lift
Elevate  the soft palate . Virtually 
obsolete  for OSA because of poor long-
term tolerance.

Mecha nism
Advancing the  mandible  pulls  the  tongue and soft palate  
forward and enlarges the  pharyngeal airway, mostly laterally, 
which lowers  upper airway collapsibility.

Ca re  pa thway
!  ℓ▄śś♫ ♫╙Ŧℓ╜ľ╜Ă■ ŕ╜Ă┼■◘ℓśℓ h{!⁪ Ă ĳĵ Ă▄╜ź╜śŕ ŕ ś ■Ċ╜ℓĊ ź╜Ċℓ Ă■ŕ Ċ╜ĊŉĂĊśℓ 
Ċ╙ś  ŕśō╜ľś ⁪ Ă■ŕ ź◘▄▄◘Ŏ�ĵ ♫ ℓ▄śś♫ ĊśℓĊ╜■┼ ľ◘■ź╜ŉ▓ℓ ŉśℓ♫◘■ℓś⁭

Sources : AASM/AADSM guideline  2015; Sleep Med Res  2023 review; ADA evidence brief





Indications and contraindications

Ind ica t ions
• Adults  with primary snoring who request 

treatment

• OSA with CPAP intolerance, or a preference 
for an alternative

• Often cited as  favorable : mild to moderate  
OSA, younger age, lower BMI; none re liably 
predicts  success

• Severe  OSA: AASM 2015 offers  CPAP first, 
while  AADSM 2025 standards list mild, 
moderate  and severe  OSA

Contra indica t ions
• Too few teeth, severe  decay, loose  teeth or 

active  periodontitis

• Temporomandibular joint disease
• Inadequate  mandibular protrusion or 

severe  micrognathia

• Relative: nasal obstruction, large  tonsils , 
long palate  or uvula

• Follow-up: every 6 months in year 1, then 
yearly, watching for bite  change

Sources : AASM/AADSM guideline  2015; AADSM standards  2025 (JDSM); Sleep Med Res  2023 review



Case 1:

Patient is successful treated with a 
custom fabricated MAD

However, he experiences severe TMJ 
pain 3 months into therapy and 
discontinues therapy. 

He wishes to pursue surgical therapy and 
is recommended DISE



Drug-Induced Sleep Endoscopy (DISE)

First described in 1991

Obstructive Sleep Apnea Evaluation
– PSG: AHI
– DISE

DISE Limitations
• Subjective
• Visual impression of site of collapse 
• Limited predictive capacity

Qian et al, Classification of the Excitation Location of Snore Sounds in the Upper Airway by Acoustic Multi-feature Analysis, IEEE, 2017.

Physiologic measures of airflow reduction, the gold standard for 
diagnosis of OSA, are not included 



Drug-Induce Sleep Endoscopy







* *
* *

Assessing the soft palate, oropharynx, 
and velopharyngeal airway

Assessing the lateral pharyngeal walls



Assessing the Velopharynx during DISE



Case 1:

Patient undergoes DISE exam with 
Propofol 
V:1 (AP with 50% lateral wall collapse)
O:2L
T:2
E:0





Case 1:

Patient is counseled he is a candidate for 
HGNS but does have evidence of lateral 
wall collapse and may want to consider a 
lateral wall stabilizing procedure prior to 
HGNS. 

Advised given tongue base collapse on 
DISE, he may still need HGNS therapy to 
treat tongue base obstruction. 









Surgically addressing the velopharynx
in OSA



Case 1:

Does well with ESP surgery, snoring is 
improved and at 3 months post surgery 
his AHI4 is reduced to 17.8 events/hr.

He is counseled on additional weight loss 
or HGNS therapy.  He elects to proceed 
with HGNS. 





Devices for Hypoglossal Stimulation

Serghani M…Amatoury J, Sleep Med Rev 2024



Hypoglossal Stimulation
Devices

Indication Inspire Nyxoah Genio LivaNova aura6000

AHI (<25% 
CAI/MAI)

15-100/hour 15-65/hour 20-65/hour; AI < 30; <15/hr 
with SpO2 decrease >10%

BMI <40 kg/m2 <32 kg/m2 <35 kg/m2

DISE No CCC Under investigation for 
CCC

Not required

Implant 2 incisions, 10 year 
battery

1 incision, external battery 2 incisions, 10-15 year 
battery

MRI Up to 1.5T Up to 3.0T Not compatible

Adapted from Serghani M…Amatoury J, Sleep Med Rev 2024



Hypoglossal Nerve Anatomy

Heiser C…Hofauer B, Head & Neck 2017



FDA Indications

Inspire (Adult) Inspire (Pediatric)

Age 18+ 13+ (Down syndrome)

BMI <40 <40
AHI 15 ≤ AHI ≤ 100 10 ≤ AHI ≤ 50
CAI/MAI <25% <25%
Treatment PAP intolerance PAP intolerance; after 

T&A
DISE No circumferential 

palatal collapse
No circumferential 
palatal collapse



Inspire Therapy

• Unilateral HGNS with IPG and Respiratory lead
• First FDA approved device in USA 



Inspire HGNS Targets 
Lingual Muscle Activation

HGNS therapy targets the genioglossus 
and geniohyoid muscle.

Retractors Protrusors



Inspire HGNS: Background

• STAR Trial (2010-2013)  --Strollo et al. 
2014 NEJM
– 126 patients with OSA
– BMI <32, AHI: 20-50 (<25% CA and non 

positional)
– No complete concentric collapse on DISE



Inspire HGNS: Background



Effect of Inspire Therapy on 
Reversing Obstructive Events



Effect of Inspire Therapy on 
Reversing Obstructive Events

EOG

EEG

EMG
Sp02

Flow

Effort



Case 1: Key Take Aways

Well that was a lot…..  
1. No therapy is perfect (accept it)
2. CPAP is still the gold standard 
3. Try to exhaust non-surgical therapies
4. Acknowledge the need for multi-modal 

treatment/surgery 



How do we get better?

Development a systematic approach for 
characterizing upper airway collapse during 
sleep that allows for the delivery of tailored 
treatment and prognosticates outcomes in 
OSA surgery.

What does this even look like????



Fundamentals of OSA 
Treatment

Successful OSA surgery is predicated on overcoming 
upper airway collapse to restore airflow during sleep.

Interventions for OSA must stabilize the upper airway 
from collapse.
1. How collapsible is the airway?
2. How much can my intervention change that collapse?

This is critical to how we talk to patients about treatment



Methods for measuring airway 
collapsibility?

Obstructive 
Apnea

Obstructive 
Hypopnea

Snoring

Normal

PCRIT

(cm H2O)

0

-5

-10

Airway critical closing pressure (PCrit): the pressure at 
which the airway closes (no flow).



Nasal CPAP pressure is 
surrogate for PCrit

Therapeutic Nasal CPAP pressure is the pressure 
(cmH20) required to abrogate airway collapse.
• Inverse of PCrit:(Open pressure vs. Closing 

pressure)



Hypopnea:Apnea ratio (HAR) 
is a surrogate for PCrit

Higher HAR is associated with lower (more 
negative) PCrit and Lower therapeutic nasal 
CPAP pressure

Obstructive 
Apnea

Obstructive 
Hypopnea

Snoring

Normal

PCRIT

(cm H2O)

0

-5

-10



Nasal CPAP pressure predicts 
response to HGNS therapy 

Seay et al. Evaluation of Therapeutic PAP as a HGNS Predictor in Patients with OSA. JAMA OTO 2020



Nasal CPAP pressure predicts 
HGNS success

Seay et al. Evaluation of Therapeutic PAP as a HGNS Predictor in Patients with OSA. JAMA OTO 2020



PCPs

Sleep 
Physicians Outside 

ENT

JHSOM
Multidisciplinary

CPAP Intolerance 
Program

OHNS

Obesity 
Medicine

FPRS Dental 
Medicine

OMFS

Behavioral
Sleep 

Medicine

Multidisciplinary Team



Questions?
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