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Obstructive Sleep Apnea

American Academy of Sleep Medicine (AASM) Definition

• The obstructive RDI is the number of obstructive apneas, obstructive 

hypopneas, and RERAs per hour of sleep

• OSA is defined as either of the following:

• An obstructive respiratory disturbance index (RDI) ≥15 events per hour 

of sleep

• RDI >5 and <15 events per hour that is accompanied by any of the 

following:

• sleepiness, 

• fatigue, 

• insomnia, or other symptoms leading to impaired sleep-related 

quality of life

• waking up with breath-holding, gasping, or choking; 

• habitual snoring or breathing interruptions during sleep

American Academy of Sleep Medicine. International Classification of Sleep Disorders, 3rd ed, text

revision, 



Obstructive Sleep Apnea Treatment

• OSA is a prevalent health condition that affects over a billion

individuals worldwide.

• The primary physiologic issue is the collapse of the upper airway

during sleep.

• However,other pathophysiologic processes beyond airway obstruction

can be crucial in treating OSA



What is the

best

treatment for

sleep apnea?

Positive airway pressure (PAP) therapy?

Upper airway surgery

Weight loss?

Diet, exercise, and comprehensive lifestyle intervention

Bariatric surgery

Weight loss pharmacotherapy

Oral Appliances?

Hypoglossal nerve stimulation?

Neuromuscular electrical stimulation (NMES)?

Altered sleep position?

Others ( Pharmacologic)



Multimodal Treatment Strategy

• A multimodal treatment strategy that targets the specific

physiology of OSA and other contributing factors to the patient’s

symptoms is necessary.

• This may include addressing ;

• anatomic abnormalities, 

• secondary sleep disorders

• specific OSA-endotyping.

• Such an approach requires the integration of complementary

therapies to ensure a comprehensive treatment plan. 



Labarca G, et al Multimodal Treatment of Sleep Apnea. Sleep Med Clin. 2025

Patient-centric Precision OSA 

Care



PAP Therapy

• PAP is an effective therapy for OSA.

• Guidelines generally recommend using PAP 

devices

• However, residual hypersomnia, poor

tolerance, or the emergences of central 

apneas are important problems.

• In situations where PAP proves

insufficient, a more personalized

approach becomes necessary



Indications For PAP Therapy in Adults with

OSA
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Four Key Phenotypes That Cause OSA and 

Potential non- CPAP Targeted Therapies

Danny J. Eckert. Phenotypic approaches 

to obstructive sleep apnoea.  New

pathways for targeted therapy. Sleep 

Medicine Reviews 37 (2018) 45e59

HNS = hypoglossal nerve

stimulation, 

MAS = mandibular advancement

splint, 

UA = upper airway



PAP Compared with Other Therapies

• Limited studies have compared PAP with other OSA therapies.

• A network meta-analyses of 80 randomized trials reported that:

• PAP was the most effective therapy for reducing AHI when compared 
with other OSA therapies including MADs, exercise training, and 
weight loss. 

• Data on the efficacy of surgical therapy was not included in the 
analysis.

• CPAP has not been directly compared with HNS or other surgical 
therapies

• Surgical trials generally enroll patients who fail CPAP.



Mode Selection, Titration, Initiation

CPAP

• CPAP (Flex – EPR)

• Oto-CPAP (APAP)

BPAP

• BPAP-S

• BPAP-ST

• Oto-BPAP

• AVAPS – IVAPS

• Servo-Ventilator (ASV)

• ACMV



Goals of PAP Therapy

• Resolve signs and symptoms of OSA

• Improve sleep quality

• Normalize the apnea-hypopnea index. 

• Normalization of oxyhemoglobin saturation levels



Patients Who Do Not Achieve Goals

• Possible causes of treatment failure include 

• nonadherence, 

• alternate etiology for symptoms, 

• inadequate therapy, 



What is PAP Adherence?

Defined as using CPAP for more than an average of 4 

hours per night and more than 70 percent of nights

(ie, more than five nights per week). 

What goal do we set:‘’CPAP should be used for a 

minimum of 4 hours per night for 5 to 7 nights a 

week’’ 

Our advice to patients is to use it every night and 

throughout the night.

• Using less is better than never use

• It has been reported that even 1 hour of CPAP use per

night reduces mortality.
Campos-Rodriguez F, et al. Chest 2005



PAP Adherence Goals

• The 4-hour cut-off is typically used since several

studies

• Four or more hours of CPAP use is associated with ;

• normalization of daytime sleepiness

• improvement in quality of life, 

• improvement in neurocognitive function, 

• improvement in cardiovascular disease, and

diabetes

• a reduced risk of motor vehicle accidents

Sawyer AM 2011, Weaver TE 2007,  Zimmerman ME 2006, Antic NA 2011, Barbe F 2012, Bratton DJ 

2014, Gervès-Pinquié C 2022

Effects are typically felt within days to weeks of 

starting CPAP therapy.



PAP Adherence Goals

• 4 hours/ per night

• is sufficient to achieve a normal score on the Epworth Sleepiness Scale

• 6 hours /per night

• to achieve a normal level of objective alertness in the Multiple Sleep

Latency Test 

• 7.5 hours/per night

• to normal daytime functioning on the Functional Outcomes of Sleep

Questionnaire

• 5 hours /per night

• improved neurobehavioral performance

• >6 hours/ per night

• improves memory and daily functioning

Craig SE 2012,  Sawyer AM 2011,  Weaver TE 2007,  Zimmerman ME 2006, Antic NA 2011,  Barbe F 

2012,Bratton DJ 2014, Craig SE 2012



Prevalence of Nonadherence   

Almost half of patients are nonadherent, (< 4 hours /per

night )

The range is broad (29 to 83 percent) 

Sawyer AM 2011,Weaver TE 2007, Zimmerman ME 2006, Antic NA 2011,  Barbe F 2012,Bratton DJ 2014,Craig SE 

2012, Weaver TE 2008, Gay P 2006



What do we do if 

there is no 

adherence?



• Integrated approach that involves behavioral therapy

and prompt management of side effects is usefull

First-Line Intervention For Adherence

Askland K, Cochrane Database Syst Rev 2020 



Copyrights apply



Side Effect Management

• Early troubleshooting of side

effects, within the first few

days to two weeks of CPAP use

is effective. 

• Prompt intervention should

enhance comfort and self-

efficacy

• The assessment and 

troubleshooting can be done 

during provider follow-up

with the patient at home

using telehealth or in-person

visits with an experienced

sleep technician. 



Choosing The Correct Patient-Device 

Interface

• Advocate for properly fitting interface between the

patient and the device to optimize the adherence and 

efficacy of PAP therapy. 

• Options include

• nasal masks, 

• nasal pillows, 

• oronasal masks,

• full facemasks, 

• oral interfaces

• Nasal and oronasal masks are the commonly used

interfaces. 



Different Methods of PAP Delivery on 

Adherence

• The impact of different methods of CPAP delivery on adherence has 

been studied. 

• Flexible pressure PAP devices, expiratory pressure relief PAP 

(EPR) , Auto-titrating CPAP (APAP)  are often prescribed in 

patients when nonadherence is due to intolerance of positive

pressure, 

• Routinely prescribing these measures is not associated with

increased adherence rates when compared to conventional CPAP.

• Sometimes, switching to a bilevel device is needed (BİPAP, BİPAP 

ST, ASV, AVAPS)



CPAP / Flex / EPR / Smartflex
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Pressure

Time

Patient

breathing



No difference in efficacy and 

compliance

CPAP vs Flex.

26

Results

We found 10 relevant trials (599 patients). Meta-analysis of the seven trials

where we could extract compliance data (514 patients) indicated that flexible

pressure did not improve compliance compared with CPAP in either the parallel

(0.16 h; 95% CI, −0.09-0.42; P = .21) or the crossover trials (0.20 h; 95% CI, 

−0.26-0.66; P = .39). Flexible pressure caused no improvement over CPAP in 

any secondary outcome (ESS, MWT, PVT, and residual OSA, all P > .05).

Conclusions

Flexible pressure modification neither significantly improves compliance with

CPAP in patients with OSA nor significantly improves patient outcomes beyond

the effects of CPAP. Unfortunately, we were unable to locate compliance data in 

the correct format for three out of the 10 suitable trials.



APAP vs. FixCPAP

Bloch KE, et al. Thorax 2018;73:174–184.
27

A meta-analysis of 64 studies reported

that pressure modification by

switching to APAP resulted in 

approximately 13 more minutes of usage

per night at six weeks. However, the

AHI scores were lower in patients on 

fixed-level CPAP



There was no difference between BPAP and Fix CPAP 

(in terms of compliance, measurements, sleepiness, 

and quality of life).

Patients who could not tolerate CPAP (OHS, COPD) 

tolerated BPAP.

BPAP vs CPAP



AVAPS vs. BPAP

29

• Effective in reducing ventilation quality

and CO2 levels

• There is no difference in terms of quality

of sleep and life.



Cowie et al. N Engl J Med 2015; 373:1095-1105

ASV



ASV

The expert group concludes that ASV has 

positive effects on CSA and QoL in various

forms of CSA, that current ASV devices have

no negative effect on hard cardiovascular end-

points, and that ASV has positive effects on 

patient-reported outcomes.



Anti-Cyclic Modulated Ventilation (ACMV)

• Auto-CPAP + ASV

• OSAS + Cheyne Stokes

32

Sleep Med 2014;15:874–879



Patients Who Fail First-Line Interventions

• Pharmacologic therapy in the form of a 

sedative-hypnotic sleep aid is a last

resort but may be attempted on a trial

basis. 

• The routine use of a sedative-hypnotic at 

the time of CPAP initiation is not 

recommended. 

• A short-term trial of sedative hypnotic

therapy may be tried in those who fail 

all other options (eg, one to two weeks).

• Randomized studies have yielded

conflicting results



Patients Who Fail First-Line Interventions/                               

Pharmacologic Therapy

• Single-Dose Therapy –

• One trial randomly assigned 117 patients with OSA 

to receive premedication with a single dose of 

eszopiclone (3 mg) or placebo 30 minutes prior to

attended polysomnography (PSG) for CPAP titration

4-6 weeks later, the eszopiclone group used their

CPAP on more nights and for a longer duration

(four versus three hours) than the placebo group. 

• In contrast, in a second study of 134 patients

with OSA undergoing initial split-night PSG, 

there was no difference in the median daily CPAP 

use at one month among those who were randomly

assigned to receive a single dose of zaleplon or 

placebo

Lettieri CJ Chest 2009, Park JG, J Clin Sleep Med 2013



• Two Weeks Course of Therapy –

• Extended dosing was tested in a trial to zolpidem, placebo, or 

standard of care for the first 14 days of CPAP therapy .There was

no difference in CPAP adherence among the three groups as measured

by average nightly CPAP use or total days used.

• In contrast, in a subsequent trial, 160 patients with newly

diagnosed OSA were randomly assigned to receive eszopiclone (3 mg) 

or placebo during the initial 14 nights of CPAP therapy. After six

months of follow-up, patients who received eszopiclone used their

CPAP device for more nights and for a longer duration

• One meta-analysis included over 1000 patients with OSA reported

that patients who were treated with nonbenzodiazepine sedative

hypnotics had higher rates of adherence than those who did not 

receive such medication.

Patients Who Fail First-Line

Interventions/Pharmacologic Therapy

Bradshaw DA Chest 2006., Lettieri CJ Ann Intern Med 2009,, Wang D Sleep 2021



Patients Who Fail, Do Not Tolerate or 

Decline 

PAP Therapy



Targeting Different 

Subtypes and Anatomic 

Features of 

Obstructive

Sleep Apnea



Positional Obstructive Sleep Apnea

• Positional therapy is considered an 

alternative therapy according to AASM OSA 

guidelines, 

• Significantly worsen when the patient is in a 

specific position, typically lying on their

back (supine). 

• The primary goal of positional therapy is to

encourage patients to sleep in non-supine 

positions, 

• Positional therapy can be achieved through
various methods, 

• special pillows, 

• positional alarms, 

• wearable devices, like positional therapy



Upper Airway Surgery

• Ear, nose and throat (ENT) surgery is 

aviable treatment option for selected

patients.

• The primary goal is to remove or reduce

the tissue obstructing the airway, 

• The efficacy of surgery for treating OSA 

varies significantly depending on the

type of surgical procedure performed, 

the individual patient’s anatomy, and 

the severity of the OSA. 

• ENT surgery can significantly improve

the AHI, and other patient-reported

outcome measures such as quality-of-life 

and daytime sleepiness.

Labarca G, et al Multimodal Treatment of Sleep Apnea. Sleep Med Clin. 2025



Upper

Airway

Surgery

Uvulopalatopharyngoplasty 

Advancing the genioglossus

muscle

Maxillomandibular advancement

(MMA).

• It is essential to note that ENT surgery is usually considered

when non-surgical treatments have failed or are not tolerated by

the patient.

• Nasal surgery (eg, polypectomy) is sometimes performed to improve 

the efficacy of PAP therapy



Hypoglossal Nerve Stimulation

• It functions by stimulating the

hypoglossal nerve, which is responsible

for tongue movements, thus preventing the

tongue from obstructing the airway during

sleep and reducing apnea episodes.



Hypoglossal Nerve Stimulation (HNS) 



Hypoglossal Nerve Stimulation

Conclusions: therapeutic UAS reduced OSA severity, 

sleepiness symptoms, and improved quality of life among

participants with moderate-to-severe OSA

J. Clin. Med. 2021, 10, 2880. https://doi.org/10.3390/jcm10132880

https://doi.org/10.3390/jcm10132880


Oral 

Appliances

• Mandibular Advancement 
Devices

• Tongue Retaining Devices

• The mandibular

advancement device (MAD) 

has been proposed as a 

standard treatment in 

mild and moderate OSA



Oral Appliances

• PAP was observed to be more effective than MAD in eliminating

respiratory events. 

• The evidence suggests that PAP may offer advantages over MAD in 

treating OSA patients.

• Nevertheless, MAD has been proposed as an alternative therapy for

patients with low adherence to PAP or as a first-line treatment

for mild to moderate OSA patients.

Labarca G, et al Multimodal Treatment of Sleep Apnea. Sleep Med Clin. 2025



Oral Appliances



Targeting the 

Secondary Sleep 

Disorder in 

Obstructive Sleep 

Apnea



Comorbid Insomnia and Sleep Apnea 

Insomnia and OSA are prevalent conditions affecting 1 billion

individuals worldwide

Their coexistence, known as comorbid insomnia and sleep apnea

(COMISA), is associated with cortical arousal, a primary factor in 

insomnia development. 

Current treatment approaches for insomnia in patients with OSA are

mainly pharmacologic and cognitive behavioral therapy for insomnia 

(CBT-I). 



Comorbid Insomnia and Sleep Apnea

Combining CBT-I and CPAP can be more effective in 

reducing insomnia symptoms and improving sleep

quality than using CPAP alone.

Applying CBT-I before initiating CPAP treatment can 

reduce immediate CPAP rejection and increase long-

term CPAP usage.

Pharmacological treatment should be considered in a 

limited number of selected cases.



Targeting Residual 

Symptoms



Stimulants/Wake-Promoting Drugs

• amphetamine (methylphenidate), 

• modafinil, 

• armodafinil,

• novel drugs such as Solriamfetol and Pitolisant



Patients Who Are Adherent With Residual

Sleepiness

• For patients who are adherent and in whom CPAP is adequate but who remain

sleepy

• evaluate for other etiologies of excessive sleepiness: 

• central hypersomnia, insufficient sleep time, circadian

misalignment, and sleepiness due to psychiatric or medical causes, 

Modafinil

Start with 100 or 200 mg every morning for the

first week ➡️.    
titrate up to 300 -400 mg over the next two to

three weeks, as needed.
Armodafinil 

Start with 150 mg once daily ➡️
titrate up to 250 mg once daily as needed.



Targeting 

Systemic Inflammation



Weight Management

• Lifestyle modification and rehabilitation are crucial in 

treating OSA.

• OSA can impair cardiovascular health, causing endothelial

damage, systemic inflammation, and hypertension. 

• OSA is closely linked with overweight or obesity

• A 10% increase in weight predicts a 6-fold increase in 

developing OSA.Labarca G, et al Multimodal Treatment of Sleep Apnea. Sleep Med Clin. 2025



Weight Management

• Anthropometric parameters, such as increased neck circumference

and cervical fat tissue, contribute to the risk of nocturnal

apnea. 

• Fat accumulation in the tongue is also linked to higher AHI in OSA 

patients.

• Weight management is recommended as a treatment strategy.

Labarca G, et al Multimodal Treatment of Sleep Apnea. Sleep Med Clin. 2025



Weight Management

• Diet, 

• Physical activity, 

• Behavioral modifications, 

• Surgical interventions

• Pharmacotherapy, 

• weight loss drugs could significantly impact the management

• Tirzepatide has received FDA approval for moderate to severe 

obstructive sleep apnea (OSA) in adults with obesity (also as 

Zepbound) in December 2024.



Targeting 

Obstructive Sleep

Apnea Endotypes



Ventilatory Control: High Loop Gain

• Oxygen Therapy

• High loop gain signifies a heightened, highly reactive

response, which can perpetuate the cycle of apneas and 

hypopneas.

• Oxygen therapy is a treatment option in OSA patients who

exhibit high loop gain.

• Non-vented mask and dead space: 

• Non-vented masks, also known as non-vented oronasal masks, have

emerged as an important option in treating high loop gain OSA 

(and central sleep apnea/periodic breathing). 

• Primary function is to minimize hypocapnia, thus aiding in 

respiratory control stability.



Ventilatory Control: High Loop Gain

• Carbonic Anhydrase Inhibitors (CAIs ):

• Acetazolamide and Zonisamide are 2 types of carbonic anhydrase inhibitors

(CAIs) 

• Carbonic anhydrase, plays a key role in maintaining the acid-base balance

in the body.

• CAIs that have shown efficacy in managing OSA.

• CAIs leads to mild metabolic acidosis, which stimulates the central 

respiratory centers, resulting in an increased respiratory drive and 

improved ventilation during sleep.

• Buspirone, Sulthiame: routine clinical use has not yet been published



Ventilatory Control: Targeting arousal

threshold

• The respiratory arousal threshold is the amount of ventilatory

drive necessary to rouse a person from sleep in response to a 

breathing disturbance.

• With a low arousal threshold, respiratory events are shorter, 

which may not allow sufficient pharyngeal neural stimuli to

accumulate. 

• This is necessary to stabilize airway patency by activating

pharyngeal muscles (ie, the threshold for effective recruitment) 

and prevent event cycling.

• The arousal threshold should be relatively easy to raise with the

administration of hypnotics.



Summary

• CPAP is the gold standard therapy for

OSA

• There is a high percentage of 

noncompliance or CPAP failure. 

• In this scenario, a multimodal 

approach combining pharmacologic and 

non-pharmacologic interventions

should improve patient symptoms and 

reduce the burden of comorbidities

associated with untreated OSA. 

• A better understanding of OSA 

endotyping and phenotyping should

allow us to identify complementary

therapies for individual patients.








