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International Consensus Statement on Obstructive Sleep Apnea
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Abstract

Background: Evaluation and interpretation of the literature on obstructive sleep apnea (OSA) 

allows for consolidation and determination of the key factors important for clinical management of 

the adult OSA patient. Toward this goal, an international collaborative of multidisciplinary experts 

in sleep apnea evaluation and treatment have produced the International Consensus statement on 

Obstructive Sleep Apnea (ICS:OSA).

Methods: Using previously defined methodology, focal topics in OSA were assigned as literature 

review (LR), evidence-based review (EBR), or evidence-based review with recommendations 

(EBR-R) formats. Each topic incorporated the available and relevant evidence which was 

summarized and graded on study quality. Each topic and section underwent iterative review and 

the ICS:OSA was created and reviewed by all authors for consensus.

Results: The ICS:OSA addresses OSA syndrome definitions, pathophysiology, epidemiology, 

risk factors for disease, screening methods, diagnostic testing types, multiple treatment modalities, 

and effects of OSA treatment on multiple OSA-associated comorbidities. Specific focus on 

outcomes with positive airway pressure (PAP) and surgical treatments were evaluated.

Conclusion: This review of the literature consolidates the available knowledge and identifies 

the limitations of the current evidence on OSA. This effort aims to create a resource for 

OSA evidence-based practice and identify future research needs. Knowledge gaps and research 

opportunities include improving the metrics of OSA disease, determining the optimal OSA 

screening paradigms, developing strategies for PAP adherence and longitudinal care, enhancing 

selection of PAP alternatives and surgery, understanding health risk outcomes, and translating 

evidence into individualized approaches to therapy.
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I | INTRODUCTION

Obstructive sleep apnea (OSA) is a complex and multifaceted disease with multiple 

associated symptoms and comorbidities. Work performed within the last decade has 

contributed to expanding knowledge of disease incidence, new approaches to diagnosis, 

and novel improvements in therapeutic options. OSA was first defined in 1965.1,2 For many 

years, the only therapy was tracheotomy tube placement to bypass upper airway (UA) 

obstruction. Continuous positive airway pressure (CPAP) therapy was introduced in 19813 

and marked a pivotal discovery in OSA treatment. Since that time, growth in the literature 

and understanding of OSA as a heterogeneous and complex chronic disease has been 

exponential. Our abilities to diagnose OSA and to determine its far-reaching consequences 

have advanced significantly. OSA is currently recognized as a common and important major 

health issue, imposing a large cost on health systems around the world.

This International Consensus Statement on Obstructive Sleep Apnea (ICS:OSA) was 

created to summarize the best available evidence into a format that allows clinicians to 

examine diagnosis and management options for adult OSA, to understand the quality of 

evidence, and to translate the findings and recommendations into evidence-based care. 

Contributions came from more than 130 international authors from various OSA specialties 

including neurology, pulmonology, sleep medicine, otolaryngology, oral-maxillofacial 

surgery, dentistry, anesthesiology, psychiatry, cardiology, and sleep physiology. The 

specialists contributing to this statement represent a diverse set of expertise that encompass 

the multidisciplinary approach necessary to understand and treat OSA. Topics on OSA 

were assigned to experts who utilized a structured review process to evaluate and interpret 

the evidence. The ICS:OSA recommendations for diagnosis and management of OSA rely 

directly on the reviewed evidence with delineations of the benefits, harms, and costs that 

were considered for each recommendation.

This document highlights the current understanding and impact of OSA in adult patients. 

The ICS:OSA utilizes an evidence-based format defined by the International Consensus 

Statement on Allergy and Rhinology: Rhinosinusitis in 2016 (ICAR-RS-2016),4 which 

was adapted from a framework5 that uses a blinded iterative review process. This method 

has been used for other subjects including allergic rhinitis (AR), skull base surgery, and 

olfaction. For ICS:OSA, experts in the fields of sleep medicine and sleep surgery contributed 

to its creation as both section authors and blinded reviewers of other sections. Each section 

attempts to emphasize published, peer-reviewed evidence where available and identify gaps 

in knowledge.

The ICS:OSA is not a clinical practice guideline (CPG) and does not employ the steps of 

a CPG creation. The ICS:OSA includes meta-analyses and other systematic reviews (SRs) 

when available for specific OSA topic areas but does not perform separate or new meta-

analyses on the data summarized. This document aims to summarize and consolidate the 

best available knowledge on the diagnosis and treatment of OSA, to provide a standardized 

format to display the evidence, and to allow for alternative interpretations.
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Recommendations exhibited in the ICS:OSA are based upon the best available evidence, 

but for many topics the level and quality of evidence are variable or weak. Summary 

recommendations should be assessed in the context of the evidence on which they are based 

and the populations of the studies themselves especially when attempting to translate the 

data for individualized recommendations. Recommendations in the ICS:OSA do not define 

standard of care or medical necessity and cannot dictate care of an individual patient. 

Variability in the presentation, symptoms, treatment responses, and tolerance levels of 

therapy is appreciated for all complex diseases and OSA is no exception.

The best evidence-based practice utilizes shareddecision making approaches that incorporate 

evidence with individual patient factors, values, expectations, and goals in creating 

individualized clinical decisions and recommendations. New and future research in OSA 

should aim to fill the knowledge gaps and strengthen the evidence that moves us toward 

optimal care of the OSA patient. As new and stronger evidence is examined, summary 

recommendations will require reevaluation and updates.

II | METHODS

II.A | Topic Development

The ICS:OSA document focused on incorporation and summarization of the published 

literature. The methodology for ICS:OSA followed that of prior International Consensus 

in Allergy and Rhinology documents,4,6,7 which involved a process adapted by 

Rudmik and Smith.5 The approach aims to maximize impact of published evidence by 

systematically evaluating the literature, grading the evidence, and creating evidence-based 

recommendations.

The ICS:OSA was divided into over 150 topics, each topic was assigned to a senior 

author who is a recognized expert in care of OSA patients. Topic generation spanned 

definitions of respiratory events in polysomnogram testing, controversies in different scoring 

definitions, epidemiology of disease, economic burden, risk factors, contributory factors for 

pathogenesis of OSA, diagnosis and screening tools, diagnostic testing modalities, medical 

comorbidities, medical management, and surgical management for OSA. A focus of the 

ICS:OSA included the many cardiovascular (CV), cognitive, and metabolic comorbidities 

associated with OSA which impact OSA screening and management. Separate sections were 

created to examine the evidence on the effects of PAP and surgical therapy for improving 

OSA-related symptoms and comorbidity risks.

A few topics based on disease definition or background information were assigned as 

literature reviews (LRs). Certain topics were not appropriate or lacked sufficient evidence 

and were assigned as evidence-based reviews (EBRs). Other topics had evidence to inform 

clinical recommendations were assigned as evidence-based reviews with recommendations 

(EBR-R).

For each topic, authors were asked to perform an SR of the literature using Ovid MEDLINE 

(1947-December 2019), EMBASE (1974-December 2019), and Cochrane Review databases. 

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
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standardized guidelines8 were used to inform the SRs. Randomized controlled trials (RCTs), 

meta-analyses, SRs, and published guidelines were first identified to provide the strongest 

level of evidence (LOE) if available. When these were not available, observational studies 

were used. Identified studies were included to ensure relevant studies were captured. The 

majority of the studies included were written in English. If the authors felt a non-English 

study should be included, the paper was translated and summarized. Important evolving 

topics did include papers after December 2019 if the paper significantly contributed new 

understanding or influenced the recommendations.

For EBR and EBR-R sections, relevant studies were displayed in a standardized format 

with quality of each study graded using the Oxford LOE (LOE Level 1a–5).9 Next an 

aggregate grade of evidence (A–D) was determined based on guidelines from the American 

Academy of Pediatrics Steering Committee on Quality Improvement and Management 

(AAP SCQIM)10 (see Table II.A.1). When appropriate, a recommendation was written using 

the AAP SCQIM (Table II.A.2). Each recommendation was based on the aggregate LOE 

along with an assessment of benefit, harm, and costs related to the specific topic.

II.B | Iterative Review

Following the development of each ICS:OSA section in LR, EBR, or EBR-R formats, 

the section underwent a two-stage iterative review process using at least two independent 

reviewers. The purpose of the reviews was to evaluate the completeness of literature 

identification, determine accuracy of the grade of evidence, and ensure the recommendations 

were appropriate. Most sections were reviewed across disciplines. Following the review 

process, changes were agreed upon by both reviewers and initial author(s).

II.C | ICS:OSA Statement Development

After review and edits were completed, the principal editors (J.L.C., A.N.G., and I.R.) 

synthesized all sections into the ICS:OSA statement. The document draft was then reviewed 

by all contributing authors. Once consensus was achieved on literature completeness and 

final recommendations, the final ICS:OSA statement was produced.

As each topic was authored by individuals, search results and level of evidence grading may 

vary and this document does not present every study published on every topic. Most sections 

do not include an exhaustive list of all studies ever performed and authors were given the 

ability to select the most relevant evidence. For certain topics, the literature is extensive and 

the section focused mainly on high-quality studies or SRs. The editors also made an effort to 

ensure recommendations aligned with published guidelines.

II.D | Possible Adverse Effects of OSA Interventions

Throughout ICS:OSA, possible side effects or risks of testing or interventions were 

considered. In order to standardize a collection of these possible side effects and adverse 

effects, Table II.D defines typical adverse effects for a variety of OSA interventions for 

both the immediate and the long term. Risks for these effects should be considered when 

determining policy level recommendations. Each intervention has the additional risk of 
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insufficient improvement of symptoms and continued OSA disease. Table II.D may not 

include all possible risks.

III | DEFINITIONS AND CLASSIFICATIONS RELATED TO OSA

III.A | Sleep-Disordered Breathing

Sleep-disordered breathing (SDB) refers to a range of sleep-related breathing disorders 

that includes primary snoring, OSA, central sleep apnea (CSA), Cheyne-Stokes respiration, 

and sleep-related hypoventilation. The risk factors and underlying pathophysiological 

mechanisms for these disorders have overlapping as well as unique features. Each is 

associated with impaired ventilation during sleep and sleep disruption, although they differ 

in the underlying severity of gas exchange abnormalities, anatomic obstruction, and degree 

of underlying ventilatory control abnormality.

OSA is the most common sleep disorder in adults that is evaluated at sleep centers. It is 

defined on the basis of nighttime and daytime symptoms as well as objective data from 

a sleep study. Objective sleep testing, with the use of a home sleep apnea test (HSAT) or 

full polysomnography (PSG), records multiple channels of physiological data that allows 

identification of the key respiratory-related events that are used to assess SDB: apneas, 

hypopneas, and respiratory-event related arousals (RERAs), patterns of oxyhemoglobin 

saturation, sleep-state related parameters (in PSG only), and body position.

The American Academy of Sleep Medicine (AASM) publishes and regularly updates the 

guidelines that specify the technical requirements for sleep study data acquisition and 

scoring.11 Since 1999, these have been updated to address advances in technology (e.g., use 

of nasal pressure signals for airflow detection) as well as changes in hypopnea definitions 

(reflecting both updates to the evidence and pragmatic issues in operationalizing alternative 

definitions).

III.A.1 | Respiratory event definitions—In 2012, the AASM updated the 2007 

respiratory event scoring rules,12 which continue to be clarified.11 Note that the scoring of 

some events (e.g., hypopneas, RERAs) remains controversial, resulting in Recommended 

and Acceptable definitions and Optional recommendations. Definitions of relevant 

respiratory event subtypes are largely based on expert consensus and are summarized.

III.A.1.a | Apnea: A drop in peak signal excursion by ≥90% of pre-event baseline for ≥10 

s using an oronasal thermal signal (recommended sensor), positive airway pressure (PAP) 

device flow, or an alternative apnea sensor. No requirement for a desaturation or an arousal.

III.A.1.b | Hypopnea: Recommended definition (AASM definition): A drop in peak 

signal excursion by ≥30% of pre-event baseline for ≥10 s using nasal pressure 

(recommended sensor), PAP device flow, or an alternative hypopnea sensor, AND a ≥3% 

oxygen desaturation from the pre-event baseline OR the event is associated with an 

electroencephalogram (EEG, cortical) arousal.
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Alternative definition: A drop in peak signal excursion by ≥30% of pre-event baseline 

for ≥10 s using nasal pressure (recommended sensor), PAP device flow, or an alternative 

hypopnea sensor, AND a ≥4% oxygen desaturation from the pre-event baseline. This is the 

current definition used by Centers for Medicaid and Medicare Services (CMS).

III.A.1.c | Respiratory Effort Related Arousal (RERA): Sequence of breaths lasting 

≥10 s characterized by increasing respiratory effort or by flattening of the inspiratory portion 

of the flow signal leading to an arousal from sleep when the sequence of breaths does not 

meet criteria for an apnea or hypopnea. Scoring of this event type is considered optional. 

Of note, the revised recommended hypopnea rules allow hypopneas to be recognized if 

associated with an arousal, thus identifying many events that previously would have been 

missed without the RERA classification.

Note: Apneas and hypopneas require comparison of breathing amplitude relative to a 

“baseline.” The AASM 2007 and 2012 manuals operationalize baseline as: “mean amplitude 

of stable breathing and oxygenation in the 2 min preceding the onset of the event (in 

individuals who have a stable breathing pattern during sleep) or the mean amplitude of the 

three largest breaths in the 2 min preceding onset of the event (in individuals without a stable 

breathing pattern).”

III.A.2 | Summary metrics—Summary metrics of OSA severity tabulate the frequency 

of breathing disturbances to (1) use as thresholds for defining disease; and (2) assess disease 

severity, with higher indices considered to reflect more severe disease.

III.A.2.a | Apnea hypopnea index (AHI): The AHI is calculated as the number of 

respiratory events (apneas, hypopneas) divided by the number of hours of sleep documented 

during a PSG study. It is important to distinguish if all respiratory events are included 

(central and obstructive) or only obstructive events. Ideally, a total AHI inclusive of central 

and obstructive events would be reported along with a separate total for central apnea index.

III.A.2.b | Respiratory event index (REI): The REI is calculated as the number of 

respiratory events divided by the number of hours of estimated sleep using a HSAT. The 

recommended approach for estimating sleep time is by editing from the total recording time 

the periods when the participant is likely awake, as evidenced by artifact, movement, and 

characteristic changes in heart rate and breathing.

III.A.2.c | Respiratory disturbance index (RDI): The RDI is calculated as the number of 

respiratory events (apneas, hypopneas, and RERAs) divided by the number of hours of sleep 

documented during a PSG study.

III.A.2.d | Oxygen desaturation index (ODI): This metric refers to the number of dips 

(3% or 4%; ODI3%, ODI4%) in oxygen saturation (SaO2) relative toa local baseline per 

hour of sleep from an overnight sleep study. Unlike the AHI, the ODI is almost always 

automatically derived using analysis software. Software programs utilize various algorithms 

for averaging SaO2 signals, defining local baseline SaO2, requiring minimal durations of 

oxygen fall, and identifying and excluding artifacts.
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III.A.3 | Considerations in sleep study scoring and data interpretation

Event features:  There are three key features of event definitions that influence prevalence 

estimates of OSA: (1) Degree of associated oxygen desaturation, (2) Use of event-associated 

EEG arousal, and (3) Amplitude of breathing reduction (magnitude and duration). These 

dimensions relate to the prognostic importance of the features under analysis: oxygen 

desaturation captures the effect of reduced ventilation and increased work of breathing on 

blood oxygenation and resultant intermittent hypoxemia. Events with associated arousals 

provide information on whether the breathing disruption was sufficient to trigger central 

responses and fragment sleep. Magnitude of breathing reduction provides measures of 

airflow limitation amplitudes and airway collapsibility. Varying hypopnea definitions have 

mostly focused on the level of associated desaturation and presence/absence of an arousal 

and have not rigorously compared differences in approaches for quantifying flow limitation 

or ventilation.

Alternative hypopnea definitions impact AHI values:  All of the summary metrics are 

highly correlated with one another but can vary tremendously in the absolute numbers 

of events detected. In one of the first and largest studies, a 10-fold difference in OSA 

prevalence estimates was reported to result from use of different definitions of hypopnea 

and application of various disease-defining AHI thresholds.13 More recently, studies have 

estimated the reclassification of OSA severity that results from use of a “3% desaturation 

or arousal” hypopnea definition compared to a “4% desaturation” criterion. A series of 

calibration equations were published to allow imputation of AHI levels across definitions.14 

This analysis highlighted that the largest differences in mean AHI occurred at lower OSA 

disease severity, with convergence at higher levels of disease severity, underscoring how 

different hypopnea definitions may reclassify individuals with mild to moderate OSA. A 

meta-analysis (MA) of 11 studies comparing these definitions calculated a sensitivity of 

82.7% (95% confidence interval [CI] 0.72–0.90) and specificity of 93.2% (0.82–0.98) for 

the two definitions.15 The analysis estimated that an additional 20% of individuals would be 

classified with OSA using the “3% desaturation or arousal” hypopnea definition.

Comparisons of the prognostic utility of the various hypopnea definitions have not 

identified clear advantages to any single definition but have highlighted the need to adjust 

the thresholds used to define SDB disease severity (none, mild, moderate, and severe) 

according to the AHI (Table III.A.1). In a cross-sectional analysis of the community-based 

general population, HypnoLaus cohort, adjusted thresholds for defining moderate and 

severe OSA were shown to associate with both hypertension and diabetes. Specifically, 

this study suggested that the thresholds for defining disease severity need to be reduced 

by approximately one half for hypopnea definitions using a 4% desaturation criteria 

compared to the AASM hypopnea definition.16 In the Sleep Heart Health Study (SHHS), 

the application of the current AASM recommended definition (3% desaturation or arousal) 

resulted in an approximately doubling of the number of individuals classified with moderate 

OSA (AHI > 15). The group solely identified with use of the AASM definition had a high 

prevalence of hypertension as compared to the group classified using the more conservative 

4% definition, supporting the importance of using more inclusive definitions for identifying 

individuals at risk for hypertension.17 It is important to recognize that OSA is associated 
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with other comorbidities, in addition to hypertension and diabetes. The prognostic utility of 

different definitions may vary for sleepiness symptoms, other diseases, and mortality.

Population characteristics, such as age, gender, and obesity, also may influence the accuracy 

and prognostic value of alternative event definitions, requiring care in selecting definitions 

most appropriate for given populations. For example, women tend to have shorter apneas 

and experience less desaturation than men,18 but with aging, may experience increased rates 

of death and incident heart failure (HF).19 A study that utilized estimates of AHI based on 

different hypopnea definitions (from calibration equations) showed greater variation in effect 

estimates for CV disease when arousals were used in the hypopnea definition in the overall 

population but not in women, where an arousal-based definition appeared appropriate.20 

Hypopnea definition and subsequent AHI scoring also have implications for insurance 

coverage for various OSA therapies.21

Scoring reliability:  Although there is active research developing automated tools for 

respiratory scoring, event identification is largely done by manual annotation by trained 

scorers. Accredited sleep laboratories need to document acceptable inter-scorer reliability 

using well-defined protocols. Consistency in scoring will vary according to the technician 

skill, quality of the underlying signals, and severity of the disorder. Apneas are generally 

considered easier to consistently score as their recognition requires identification of 

absent airflow. However, distinguishing event subtypes (obstructive, central, and mixed) 

is much more difficult, resulting in worse scorer reliability.22 Identifying subtle changes in 

ventilation can be difficult as is needed for hypopnea detection. One argument for requiring 

correlative data (desaturation, arousal) to identify a hypopnea is to provide additional signs 

of physiological disturbances over and beyond those identified through a non-calibrated 

estimate of breathing amplitude change, thus improving scoring reliability. In those cases, 

care is needed to ensure reliable arousal scoring, which is additionally dependent on the 

quality of the underlying EEG and electromyography (EMG) channels. For example, in the 

unattended PSGs in the SHHS, events were more reliably scored when desaturation criteria 

alone were used in comparison to inclusion of the arousal criteria.23

ODI versus AHI:  Given that hypopneas utilize oxygen desaturation criteria for event 

identification, it is not surprising that the AHI and ODI often are highly correlated, 

but dependent on the specific oximeter and AHI scoring definition used.24 The ODI is 

automatically derived using only a single sensor, providing objectivity, simplicity, and 

scalability. High diagnostic accuracy has been reported.25 A number of epidemiological 

studies and clinical trials have utilized the ODI for defining SDB eligibility criteria (e.g., 

SAVE26), or for characterizing risk of incident disease.27 However, the ODI may be less 

appropriate as a screening or prognostic index in individuals less likely to desaturate with 

respiratory events, such as younger patients, non-obese individuals, and women. Conversely, 

the ODI may be particularly useful to identify hypoxia-related stresses, which have been 

related to metabolic disease.16

Time spent with oxygen saturation <90% (T90):  Measures of hypoxemia, such as 

SaO2 nadir and time spent with arterial SaO2 less than 90% (T90), may be important 

in assessments of OSA severity and health risk determinations.28 It has been shown that 
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more hypoxemia as measured by T90 and lower SaO2 nadir in those with similar AHI 

is associated with more inflammation (measured by C-reactive protein [CRP], platelet 

count, and endothelial stiffness).28–30 Recently a retrospective study found that having 

moderate to severe OSA and T90>20% of sleep time can be associated with a higher risk 

of hypertension, type 2 diabetes, and 5-year mortality compared to those with T90 < 20%.28 

In addition, an SaO2 nadir of <75% correlated with increased risk of hypertension in this 

group.

III.B | OSA and Subtype Definitions

OSA is a chronic disorder caused by repetitive collapse of the UA during sleep. Episodes 

of complete (apneas) and partial (hypopneas) cessation of airflow can lead to two 

main consequences: arousals from sleep and oxyhemoglobin desaturations. Apneas and 

hypopneas occur in all phases of sleep, but are more common in N1, N2 and rapid eye 

movement (REM) sleep stages than in N3 sleep.

III.B.1 | Obstructive sleep apnea syndrome (OSAS)—OSAS diagnosis requires 

the patient to have31 symptoms of sleep-related breathing disturbances (snoring, snorting, 

gasping, or breathing pauses), excessive daytime sleepiness, or fatigue that occurs despite 

sufficient opportunity to sleep and is unexplained by other medical problems; and12 five or 

more episodes of predominantly obstructive respiratory events (obstructive or mixed apneas, 

hypopneas, or RERAs) per hour of sleep (AHI or RDI ≥ 5).31 OSA also may be diagnosed in 

the absence of symptoms if the AHI is ≥15 episodes/h.

If presenting daytime and nighttime symptoms or cardiometabolic comorbidities are caused 

by OSA, the term OSAS is used. However, the terms OSA and OSAS are often used 

interchangeably in the medical literature.

OSAS is recognized to be a heterogeneous syndrome.32 The classification that is most 

commonly used in clinical practice is the one based on frequency of obstructive events based 

on AHI (Table III.A.1). Frequency of respiratory events influences several important clinical 

consequences (hypertension, stroke) in a dose dependent fashion.33 Frequency-based OSA 

classification using AHI is utilized as an indication for therapy in current national insurance 

coverage guidelines in the United States (US).34

However, the classification based on AHI alone poorly addresses various phenotypes 

of the disease. An alternative classification based on presenting symptoms has been 

proposed which identifies three clusters of patients: a group with sleep disturbance, a group 

with excessive daytime sleepiness, and a group with minimal symptoms.35 Several other 

classifications, based on pathophysiology,36 comorbid conditions,37 and clinical outcomes,38 

have also been described. Current guidelines for the treatment of OSA typically take into 

account several factors including the AHI, presence or absence of symptoms, and associated 

comorbidities.39

III.B.2 | Positional OSA—Episodes of airway obstruction in OSA are more frequent 

and more severe in the supine compared to the nonsupine body position in nearly all 

patients.40 OSA patients who have an increase in breathing abnormalities while in the 
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supine versus lateral position exhibit positional OSA (POSA). In non-positional patients, 

respiratory events appear in all positions of sleep. With POSA, changes in sleep position 

effect the overall AHI on a sleep study and account for night-to-night variability in sleep 

study results. The predominant sleep position and time in each position on the night of 

the study can be considered when evaluating OSA severity.41 Patients with POSA have 

lower body mass index (BMI), smaller neck circumference, longer posterior airway space 

measurements, and smaller lateral pharyngeal wall tissue volumes.41,42

Various definitions have been used to diagnose POSA. Cartwright’s definition is commonly 

used, which describes POSA when AHI in the supine position is greater than two times 

the AHI in non-supine sleep position. For a subset of patients with POSA, the airway 

only reaches critical collapsibility in the supine, but not in the nonsupine position.43 These 

patients exhibit supine-isolated OSA, who have respiratory disturbances exclusively in the 

supine position without abnormalities when nonsupine. Supine-isolated positional patients 

represent 27% of patients with POSA.44 POSA is associated with lower BMI and lower total 

AHI in males, lower AHI and higher sleepiness in premenopausal females, and lower AHI 

and lower Mallampati score in postmenopausal females.45

Treatment of POSA takes into account differences in the critical closing pressure between 

supine and non-supine positions of sleep. These are usually reflected by differences in 

pressures that need to be generated by PAP devices in different positions of sleep. Although 

not universally accepted, (auto-titrating positive airway pressure [APAP] devices may 

provide a better treatment option for patients with POSA than constant-pressure PAP, as they 

may produce higher pressures in supine, and lower pressures in non-supine body positions.

Treatment of patients with POSA may comprise of enforcement of non-supine sleep. Supine 

sleep can be avoided by employing the older tennis-ball technique (TBT), which involves 

placement of a bulky object on the patient’s back, or newer generation sleep position trainers 

(SPT) that include small, battery-powered devices attached to the neck or chest that provide 

vibrotactile feedback when in the supine position46 (see Section VIII.D.1).

III.B.3 | REM-related OSA—A number of physiological effects uniquely predispose 

airways to collapse in REM versus non-rapid eye movement (NREM) sleep. In REM, the 

genioglossus muscle activity is lower,47 the respiratory drive is lower,48 and the autonomic 

drive is higher than in NREM.49 These factors result in a longer duration of obstructive 

events and deeper hypoxemia in REM than in NREM.

The term “REM-related OSA” describes a condition where SDB is predominantly present in 

REM sleep. While definitions vary, most authors define REM-related OSA in terms of the 

frequency of SDB events (AHI) in REM and NREM sleep, with AHI in REM being at least 

double the AHI in NREM. Some groups add a qualifier of requiring an NREM AHI of <15 

events/h.50–53 Depending on the definition used and the population examined, the prevalence 

of REM-related OSA varies from 13.5% to 36.7%.50,51,53

Clinically, REM-related OSA is more common in younger patients, in patients with 

mild to moderate OSA, and in women and African American patients.50,54,55 Excessive 
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daytime sleepiness is usually less prominent in REM-related OSA than in non-REM-related 

OSA.56,57 Depression has been reported more commonly in patients with REM-related OSA 

than in non-REM-related OSA with combined significant impact on daytime sleepiness and 

quality of life (QOL).58,59

The clinical significance of the “REM-related OSA” entity is unclear, and some treat 

it merely as a mild form of OSA. Similarly, large studies failed to detect significant 

differences in symptoms or clinical outcomes between patients with REM-related (or REM-

predominant) versus non-REM-related OSA.50,60–62 As a result, the current classification of 

sleep disorders does not list REM-related OSA as a separate entity.

III.B.4 | Primary snoring—Isolated snoring, also known as primary snoring, describes a 

pattern of vibrational sounds related to narrowing of the UA during sleep without significant 

apnea or hypopnea events (AHI < 5) and without sleep-related daytime symptoms. Snoring 

is a reflection of partial collapse of the UA and increased airway resistance. The soft tissue 

that forms the UA is prone to collapse during sleep which is associated with turbulent 

airflow and pharyngeal tissue vibrations that create the sounds of snoring.

Airway collapsibility is higher in patients with sleep apnea than in primary snorers and 

healthy controls.63 Isolated snoring, upper airway resistance syndrome (UARS), and OSA 

can thus be viewed as three manifestations of progressive intermittent UA obstruction that 

occur during sleep. With progressive degrees and frequency of airway collapse as well 

as other modifying factors present in a given individual (arousal threshold, preexisting 

hypoxemia), intermittent obstruction of the airway is clinically reflected as a spectrum 

of SDB that presents as: (1) isolated snoring, then (2) obstruction-related arousals or 

desaturations (upper airway resistance syndrome or UARS), and finally (3) partial or 

complete cessation of airflow through the UA associated with desaturations and/or arousals 

(OSA). What determines a given individual’s propensity to move along the path of 

progression from isolated snoring to UARS to OSA is complex, but is likely affected 

by several factors including weight gain, sex, race, genetic factors, and advancement of 

age.64,65

Occasional snoring (snoring on three or less nights per week) is almost universal in the 

population with a prevalence of 38%–76% in different populations.66–69 Habitual snoring, 

defined as snoring on most nights of the week, is present in as many as 12%–25% of the 

population.66–69 Both occasional and habitual snoring are more frequent in men than in 

women.66–68

Since snoring is the primary nocturnal symptom of OSA, its presence should prompt 

direct questioning about other symptoms of OSA including pauses in breathing at night, 

unrefreshing sleep, and daytime sleepiness, especially when the presence of snoring is 

identified in a setting of OSA-related comorbidities.

III.B.5 | Upper airway resistance syndrome (UARS)—Some patients have 

significant fragmentation of sleep due to obstructive events that do not meet formal criteria 

of apneas or hypopneas. In a PSG tracing, these patients usually display respiratory effort-

Chang et al. Page 11

Int Forum Allergy Rhinol. Author manuscript; available in PMC 2024 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



related arousals (RERAs). RERAs are defined as >10 s sequences of breaths with increasing 

respiratory effort or flattening of the inspiratory portion of the flow signal, leading to an 

arousal.70 Guilleminault et al. have coined the term UARS71 to describe the clinical entity 

of nocturnal airway collapse leading to respiratory effort-related arousals that are associated 

with daytime symptoms, usually excessive daytime sleepiness. These events do not meet the 

criteria of OSA.

Most of the clinical and polysomnographic characteristics of UARS patients are based on 

a limited number of retrospective studies.72–74 The prevalence of UARS among members 

of a military academy was found to be 8.6%.75 Similar to OSA, the majority of patients 

with UARS are men, with M:F ratio of about 3:1.74 Patients with UARS tend to have lower 

BMI than those with OSA and the amount of weight gain in the years prior to diagnosis is 

typically less in UARS than in OSA patients.74 Daytime impairment in functioning tends to 

be worse in patients with UARS compared to those with mild OSA.74,76 On PSG, patients 

with UARS may have less N1 and N2 sleep than patients with OSA, but more N3 sleep.74 

Several groups have reported an increased frequency of non-specific or functional somatic 

complaints in patients with UARS, compared to OSA patients including irritable bowel, 

insomnia, difficulty concentrating, cognitive problems, depression, and poor psychomotor 

performance.77–79 These features may be apparent on the initial presentation or may appear 

over time. It has been postulated that some of these associated symptoms may result from 

lack of specific therapy for UARS, as many insurers do not include UARS definitions in 

coverage policies for PAP therapy.80

The UARS is no longer recognized as a nosological entity by the current edition of 

International Classification of Sleep Disorders,81 as its pathophysiology is the same as OSA. 

As much as the term UARS has fallen out of favor, the value of this designation lies in 

underscoring the importance of respiratory-related sleep fragmentation in causing symptoms 

of sleepiness and impaired daytime functioning that may not be reflected by the AHI.

III.B.6 | Obesity hypoventilation syndrome—Obesity hypoventilation syndrome 

(OHS) is defined by awake hypercapnia (PaCO2 ≥ 45 mmHg) in obese individuals (BMI 

≥30 kg/m2) that is not otherwise explained by restrictive lung disorders or neuromuscular 

disease. This disorder represents the extreme end of the SDB spectrum. The prevalence 

of OHS in the general population is unknown, but conservative estimates range between 

0.15% and 0.4% amongst adults in the US.82,83 However, in obese individuals referred to 

sleep clinics, prevalence rate increases to 10%–20%.84,85 In approximately 70% of those 

with OHS, severe OSA (i.e., AHI ≥30/h) is present while in 10% the abnormality is 

non-apneic sleep-dependent hypoventilation only, particularly in REM sleep.86 The exact 

mechanisms underlying why only some obese individuals with SDB hypoventilate are not 

fully understood, but appear to be the end result of a complex interplay between obesity, 

lung mechanics, respiratory drive, and neurohumoral factors.87

IV | EPIDEMIOLOGY AND CONTRIBUTING FACTORS IN OSA

OSA is a common disorder in adults; its prevalence has increased with rising rates 

of obesity. OSA is strongly associated with CV and metabolic comorbidities; it is 
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highly prevalent in populations with diabetes, hypertension, heart disease, and stroke. 

Environmental factors also contribute to OSA risk. The epidemiology of OSA depends 

on the criteria used to define the disease including how respiratory events are defined, 

AHI cut offs, and the manner of testing. The 4% desaturation criteria for hypopneas (≥4% 

oxygen desaturation) may be associated with a more cohesive group epidemiologically – 

typically older, male, obese, and with underlying cardiac disease (e.g., HF, coronary artery 

disease [CAD], and atrial fibrillation [AF]) or diabetes. The AASM definition of hypopneas 

for OSA classification (≥3% desaturation or arousal) is more inclusive and captures more 

variable sleep disruption phenotypes of OSA, seen in younger, nonobese, and women 

patients who tend not to desaturate as substantially.36

IV.A | Prevalence

General population-based studies of OSA show a high prevalence of undiagnosed sleep 

apnea.88 An SR of OSA prevalence studies worldwide found a wide range (13%–33% 

in men and 6%–19% in women), likely due to methodological heterogeneity such as 

differences in sampling of the population, AHI cut-off applied, sleep-study scoring criteria 

used, and test type performed.89 In the US, the Wisconsin Sleep Cohort study90 and SHHS91 

sampled large non-clinical cohorts in the 1990s. These studies found a general prevalence 

of 24% in men, 9% in women using the alternative definition of hypopnea (≥4% oxygen 

desaturation). A smaller subset, 3%–7% in men and 2%–5% in women, had OSAS based on 

AHI ≥ 5 with excessive daytime sleepiness.88,90,92 Population-based studies in Asia show 

similar prevalence to these estimates.93,94 An updated estimate based on the Wisconsin data 

in 2013 indicated higher rates of OSA in 14% of men and 5% of women ages 30–70 in 

the US over time, attributed to changes in population levels of obesity.95 Prevalence of 

OSAS was found to be even higher in a population study of Sao Paulo.96 A more recent 

population-based study in Switzerland found a very high prevalence: 23% in women and 

50% in men.97 Using rates of obesity, race/ethnicity data, age, and regional prevalence data, 

it has been estimated that nearly one billion people have OSA worldwide, of which the vast 

majority is undiagnosed.98

IV.A.1 | OSA prevalence and risk factors—Consistent across all epidemiological 

studies, the prevalence of OSA is associated with sex, obesity, and age. Prevalence is higher 

in men by 2:1, but rates increase in women after menopause and become nearly equal.99 

As BMI increases, the risk of OSA rises with an increase in prevalence of AHI ≥ 15 from 

3.6% in normal weight to 56% in those with BMI ≥40 among men aged 50–70 years.95 

OSA incidence increases with age through age 60, although there also may be subsequent 

increased risk associated with aging.100 Other risk factors of OSA include a family history 

of OSA,101 and certain structural abnormalities of the viscerocranium, including reduced 

size of the mandible.102

Minority populations have lower rates of clinical diagnosis of OSA despite a higher 

prevalence than white US populations and greater burden of obesity, diabetes, and CV 

disease.103,104 Prevalence of OSA in relation to BMI differs by race/ethnicity in US studies, 

with Hispanic and Chinese American subjects having higher odds of OSA after adjustment 

for obesity.105 Differences in prevalence by race/ethnicity may be related to a number 
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of factors, many of which are not well characterized (e.g., environmental exposures). In 

addition, variation of craniofacial features by ancestry background may be associated with 

OSA risk; for example, some studies indicate that some Asian populations may be at 

increased risk of OSA despite low BMI levels due to shorter midface and shorter cranial 

base measurements.106 Additionally, there are likely genetic factors that determine the 

amount of soft tissue in the UA that are responsible for family clustering of OSA.107

IV.A.2 | OSA and cardiovascular disease—The prevalence of OSA is higher in those 

with CV disease. A recent MA estimated 49% of subjects hospitalized with cardiac disease 

(HF, acute coronary syndrome, and arrhythmias) had previously undiagnosed OSA.108 There 

is a very high prevalence of OSA in those with CAD, hypertension, HF, arrhythmias, and 

especially AF.109–112 Among subjects with resistant hypertension, OSA is highly prevalent 

(up to 85% in one series) and the most common secondary cause of hypertension.113

OSA is associated with a multitude of CV outcomes in observational studies, especially 

in studies utilizing the CMS definition of OSA, as most CV outcomes are thought to 

be associated with oxygen desaturation.111 Cohort studies have found severe OSA to be 

associated with higher odds of incident hypertension,114,115 stroke,116,117 and CV death.118 

This is thought to be due to the increased nocturnal sympathetic activation, proinflammatory 

state due to cyclic hypoxemia, arousals, and negative intrathoracic pressures with occluded 

UA.110,119 Stroke has been consistently identified as a devastating outcome of untreated 

severe OSA, especially in middle aged adults.120

IV.A.3 | OSA and metabolic disease—OSA is strongly correlated with diabetes, both 

of which are highly linked to obesity and increased waist/hip ratio. Obesity is the most 

consistent risk factor for both disorders, especially central adiposity.121 Trials enrolling 

obese diabetics have found that 86% have some degree of OSA.122 Weight loss trials show 

improvement in both diabetes outcomes and reduced sleep apnea severity.123 Additional 

metabolic risk factors include excess testosterone, growth hormone, and hypothyroidism.

IV.A.4 | Environmental factors and OSA—Recent studies examining residential 

factors demonstrate an association between neighborhood features and sleep apnea. High 

density of fast-food outlets and lower mixed land use may foster OSA through promoting 

obesity. Neighborhoods with more parks, higher street connectivity, and aesthetic features 

promote walking. Residing in less favorable walking environments has been associated 

with more severe sleep apnea especially in male and obese individuals.124 Neighborhood 

disadvantage, living in poor residential areas, has been associated with childhood sleep 

apnea in several epidemiological studies.125,126 A recent MA also identifies that the 

social gradient is associated with OSA.127 This association may be related to obesogenic 

environments with limited options for recreation and healthy food128 and greater pollution 

in disadvantaged neighborhoods.129 Ambient air quality has also been associated with sleep 

apnea.130,131 The odds of sleep apnea increased by 39% as nitrous dioxide levels increased 

by 10 parts per billion (ppb) in US study.130 These environmental features may contribute to 

disparities in obesity and sleep health.
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IV.B | Economic Burden of OSA

OSA not only impacts health and functioning but also economic outcomes. Several 

economic topics related to OSA include: the costs of OSA due to its impact on health, 

attention, and productivity; the costs incurred in management; the cost effectiveness of 

diagnosis and treatment; and whether medical cost savings occur with treatment.

A 2016 AASM commissioned report estimated the economic impact of undiagnosed OSA 

in the US to be $149.6 billion in 2015 based on the interview of opinion leaders, the 

scientific literature, survey of patients, and CMS fee schedules.132 Direct economic costs 

included OSA-related comorbidities such as high blood pressure (BP), motor vehicle 

or workplace accidents, and compensating behaviors such as substance abuse. Indirect 

economic costs included decreased productivity at work, reduced QOL, and stress on 

interpersonal relationships. The largest economic impact was assigned to lost productivity 

($86.9 billion) followed by medical comorbidities and reduced mental health ($30 billion) 

and motor vehicle accidents ($26.2 billion).

Patients with OSA have about twice the medical costs of controls prior to diagnosis.133,134 

For example, a study of health maintenance organization members found average total 

medical costs in OSA patients prior to diagnosis was $2720 versus $1384 in age and gender 

matched controls (in 1996 dollars).134 In the SHHS, 256 subjects with OSA (AHI > 11 

and sleepiness) had about 17% higher predicted healthcare utilization compared to subjects 

not meeting these OSA criteria after adjustment for age, gender, BMI, and study site.135 

Similarly, in the Outcomes of Sleep Disorders in Older Men (MrOS) study, among 1316 

elderly men, mean annualized total healthcare costs were 11.6% higher in untreated subjects 

with moderate to severe SDB than in those without SDB.136

With regards to OSA and productivity, data from the Danish National Patient Registry found 

lower employment (60% in OSA patients vs. 64% for age, sex, and region matched controls) 

and higher rate of public transfer payments (18% vs. 13% for controls). As a result, labor 

market income was 9.3% lower and social transfer payments were 18% higher in patients 

over the 8 years prior to and after diagnosis.133

Data from the National Safety Council and an MA of studies investigating collisions and 

OSA indicated that 800,000 drivers were involved in OSA-related motor vehicle collisions at 

a cost of $15.9 billion and 1400 lives in the year 2000 in the US ($23.9 billion adjusted to 

2020 dollars).137

IV.B.1 | Costs of treating OSA—The AASM commissioned-report estimated that in 

2015, $12.4 billion was spent diagnosing and treating the 5.9 million US adults with 

diagnosed OSA.132 Costs related to OSA management vary based on whether laboratory 

or home-based diagnostic and management strategies are used. Based on data from a 

multicenter clinical trial using the payer perspective, the mean cost per patient over 3 months 

using home-based management was estimated at $1807 versus $2424 using lab-based 

management. Some of the cost advantage with use of home sleep testing ($167 vs. $782 for 

lab study) was offset by the need for additional testing in some patients who have failed or 

had non-diagnostic home studies.138 Management costs are highest at the time of diagnosis 
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and tend to diminish over time. In a recent Australian cost effectiveness analysis (CEA), the 

average annual cost over 5 years for diagnosis and treatment of OSA using lab-based study 

was estimated at $579 Australian dollars (AUD; $495 US dollars).139

Cost effectiveness: CEA compares interventions based on the differences in costs needed 

to provide an additional quality-adjusted life year (QALY) gained. A number of CEA have 

evaluated the value of managing moderate to severe OSA from a payer perspective: the 

estimated cost per QALY over 5 years has varied considerably but generally support its 

value when compared to other accepted interventions (<$50,000 per QALY).140 Some CEA 

have considered downstream medical cost (due to strokes, heart attacks, and motor vehicle 

collisions) that could be prevented from OSA therapy. For example, Guest et al. estimated 

that cost savings exceeded the costs of treating OSA after 13 years.141 More recently, 

Streatfeild et al. estimated that from a healthcare system perspective, the estimated cost 

to treat OSA was $12,495 AUD (US $8746) per disability adjusted life year (Equivalent 

to QALY gained).139 They included the impact of estimated healthcare cost savings from 

reduced medical morbidity ($76 AUD/year). From a societal perspective, there was net cost 

saving of $326/year because of a projected $783/year cost saving due to the reduction of 

financial costs (due to gains in productivity, fewer accidents, and other savings).

Cost savings: Observational studies are equivocal regarding whether medical cost savings 

occur with OSA treatment and their magnitude. Concern has been expressed regarding 

the adequacy of methodology in some of these studies, because they do not include 

an appropriate control group, use a longitudinal cohort design, compare change in costs 

between groups (rather than relying only on costs in the posttreatment period), measure 

treatment adherence, adjust for potential confounders, and exclude costs of diagnosis and 

treatment (which naturally decline over time).142 A recent high-quality study in an older 

population found costs during the 2 years following diagnosis increased relative to pre-

diagnosis levels in individuals regardless of OSA diagnosis or PAP adherence status.143 

Medical costs increased about 8% less for the group fully adherent to CPAP relative to 

sleep apnea patients who did not receive therapy. It is likely that the impact of therapy on 

medical costs depends on factors such as the population characteristics (OSA severity and 

comorbidity), health system, effectiveness of therapy, and duration of observation.

In summary, untreated OSA is associated with substantial economic cost related to reduced 

productivity, medical comorbidity, and motor vehicle and work accidents. Medical costs in 

clinically identified OSA patients are about twice that for age-sex matched controls prior to 

diagnosis. In contrast, when OSA is identified in community-based research cohorts, cost 

differences are more modest (10%–20% more than similar patient without OSA). Costs for 

managing OSA are substantial though the cost effectiveness for the treatment of moderate 

to severe OSA with CPAP is well established. It is reasonable to expect some cost savings 

long-term with CPAP therapy due to downstream benefits, though there is a need for 

additional high-quality studies to clarify this issue with regards to the magnitude of savings 

and variation with patient characteristics, models of OSA care, and treatment adherence.
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IV.C | Risk Factors for OSA

IV.C.1 | Sex—Most population-based studies show a two- to threefold greater prevalence 

of OSA among men compared to women.18,45,90,93,96,99,104,144–156 These findings span 

across a range of diagnostic modalities, hypopnea definitions, and AHI cutoffs. These 

findings are also consistent across ethnicities.45,93,96,146,148,149,153,157 Even when matched 

for BMI and age, OSA occurs more commonly in men, and with greater severity.155,156 

Age and BMI are risk factors for OSA in both men and women, though the degrees of 

their impact vary between the sexes.147 Weight loss or gain impacts AHI greater in men 

than in women.155 The effect of BMI on OSA severity decreases with age for both sexes, 

with lesser impact for individuals older than age 60 years than in younger individuals.156 

In a prospective cohort population-based study, Tishler et al.156 demonstrated that the AHI 

increases by 140% per 10-years in women (OR 2.41) but by only 15% in men (OR 1.15). 

This results in a narrowing of the sex difference in OSA risk with increasing age. Sex 

hormones are implicated in the differential risk between men and women. Post-menopausal 

women, and particularly those not on hormone-replacement therapy, are at increased risk for 

OSA compared to pre-menopausal women, even when correcting for age.99,144,147,154

Clinic-based prevalence studies also show men to have greater AHI compared to BMI- and 

age-matched women.155,158–160 The risk of mild OSA (AHI ≥ 5/h) is two-fold greater in 

men than women, while the risk of severe OSA (AHI ≥ 30/h) is almost eight-fold greater. 

In a clinic population of 26,425 adults, 21–80 years old, age was less of a factor in AHI 

severity in obese men than in obese women.161

Polysomnographic features of OSA also differ between men and women. Men with 

OSA tend to have more frequent apneas (vs. hypopneas), longer duration of apneas, and 

more severe oxygen desaturations.158,162 The distribution of apneas and hypopneas also 

differs between men and women. Women are more likely to have events during REM 

sleep.18,55,158,163–167 Several studies show that women tend to have less NREM events, but 

similar or greater REM events compared to age- and BMI-matched men. The difference 

in the prevalence and severity of OSA between men and women are affected by AHI 

definitions. For example, Won et al.18 showed defining respiratory events using lesser 

oxygen desaturation threshold levels and including arousals increased the relative proportion 

of women classified with OSA.

The reason for sex differences in the risk for OSA is not well understood but is thought 

to relate to several factors: (1) Facial anatomical distinctions, such as mandible position, 

impart different degrees of risk in men and women.168,169 (2) UA anatomy and function 

differ between sexes, with men demonstrating longer and more collapsible UAs.170–173 (3) 

Obesity174 and fat distribution175,176 differentially affect men and women’s propensity for 

OSA. Lim et al.176 found that while waist-to-hip ratio predicted OSA in both men and 

women, neck circumference was only predictive of men with OSA. (4) Loop gain and 

other measures of ventilatory control have been measured in men and women, and in post- 

and pre-menopausal women, with some evidence to suggest sex differences in respiratory 

control.177–182
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In summary, there are significant sex differences in the prevalence, PSG features, and risk 

factors for OSA. Men are in general at greater risk for OSA during NREM sleep, while men 

and women share similar risk during REM sleep. More studies are needed to understand the 

sex and sleep stage-dependence of OSA. (Table IV.C.1a and IV.C.1b)

IV.C.2 | Obesity—Obesity is one of the most significant risk factors for 

SDB.95,156,189,190 It is estimated that approximately 58% of adult OSA cases are attributable 

to obesity.191 OSA is prevalent in 44.6% of men and 13.5% of women aged 30–49 years 

with BMI of 30–39.9 kg/m2, compared to 7% of men and 1.4% of women whose BMI is 

less than 25 kg/m2.95 It is estimated that the prevalence of OSA in bariatric surgery patients 

is as much as 60%–83%,192,193 with weight loss after surgery resulting in significant 

reduction in AHI.192–195 Furthermore, it has been shown that 10% increase in body weight 

is associated with an increase in AHI of approximately 30%.189 Another study showed an 

increase in BMI by 1 standard deviation (SD) was associated with a threefold increase in 

risk of OSA.90 However, this association with BMI decreases with age, and after age 60 

years may be less significant.95

According to the US National Health and Nutrition Examination Survey (NHANES), the 

prevalence of ageadjusted obesity (BMI > 30 kg/m2) has increased from 30.5% to 42.4%, 

and of severe obesity (>40 kg/m2) from 4.7% to 9.2% since 1999 to 2017 (the prevalence 

of both obesity and severe obesity was highest in non-Hispanic black adults).196 BMI 

correlates with body fat percentage, more so in women, but neither represents adipose tissue 

distribution nor differentiates between fat and lean tissue.197 Fat distribution, particularly in 

the upper body rather than total body, is the most important factor contributing to OSA.198

The mechanism by which obesity causes and progresses OSA is still unclear. Obesity, 

specifically central adiposity, increases pharyngeal collapsibility that causes recurrent 

episodes of UA obstruction in sleep apnea through both mechanical and neuromuscular 

effects.199–203 Central adiposity increases the mechanical load on the UA and decreases the 

compensatory neuromuscular response. This is thought to be mediated by adipokines that 

directly impact central nervous system activity.199 A study by Sands et al. showed that obese 

patients with OSA compared to those without OSA have worse pharyngeal collapsibility 

with less active pharyngeal muscle response.204 Despite the evidence of a link between 

obesity and central adiposity with OSA, there is variability in the prevalence and severity 

of OSA even in markedly obese patients suggesting there are likely other neuro-hormonal, 

anatomic, and genetic components involved.199

Although it is unclear whether a predominant mechanism of OSA in obesity is increased 

para-pharyngeal tissue, most studies suggest obese patients with OSA have a smaller 

UA cross-sectional area. Some studies suggest this is due to retropalatal fat deposition, 

while others suggest it is parapharyngeal fat or increased pharyngeal wall thickness that 

determines the development of OSA in obese individuals.200,202,205–208 Recent studies 

evaluating dynamic changes have shown that parapharyngeal fat is associated with 

concentric obstruction in the retropalatal area. They have also shown that parapharyngeal 

fat deposition in the subglosso-supraglottic area is associated with increased OSA severity 

independent of BMI or neck circumference.209,210

Chang et al. Page 18

Int Forum Allergy Rhinol. Author manuscript; available in PMC 2024 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Investigators have also shown that caudal traction by the mediastinal and ribcage muscle 

attachments to the UA improves airway patency, suggesting UA patency is proportional 

to lung volumes.211,212 Caudal traction improves airway caliber by reducing transmural 

pressure and reducing compliance (i.e., increasing stiffness) of the pharyngeal muscles. In 

obese individuals, lung volumes are often reduced, which results in reduction in caudal 

traction, thereby contributing to UA collapse.211

It is not understood why some obese patients also have hypoventilation. Shimura et al. 

showed higher levels of leptin in hypercapnic OSA patients compared to eucapnic OSA 

patients, even after correcting for BMI, fat distribution, AHI, and mean SaO2. This suggests 

that leptin, an adipocyte derived hormone which is elevated in obesity, does not prevent 

hypoventilation in hypercapnic patients, despite it being a respiratory stimulant. It is possible 

that these obese individuals prone to hypercapnia have leptin resistance contributing to both 

obesity and hypoventilation.213

Further evidence that obesity is pathogenic in OSA for some individuals, is that weight loss 

results in marked improvement of OSA.122,214 Since obesity confers additional CV risk to 

OSA patients, weight loss directly benefits CV health.215 (Table IV.C.2)

IV.C.3 | Craniofacial anatomy—There are significant craniofacial differences among 

OSA subjects when compared to healthy controls. Craniofacial analysis within the literature 

has primarily been based on cephalometric measurements obtained through lateral plain 

film cephalograms. Jamieson et al. first brought craniofacial morphology into OSA 

pathophysiology by examining cephalometry on sagittal plain films among 155 OSA 

patients and 17 non-OSA controls showing that OSA patients had a more acute cranial 

base angle and greater retroposition of the mandible.216 Numerous studies have since been 

published examining a variety of cephalometric measures among OSA patients obtained 

through lateral cephalograms as well as craniofacial measurements obtained through 

other modalities including computed tomography (CT) and magnetic resonance imaging 

(MRI).217–228 An SR and MA of 25 studies comparing lateral cephalometric measurements 

in OSA229 showed the strongest cephalometric measurements associated with OSA with the 

least variability and heterogeneity among studies were (see Figure IV.C.3):

• Increased anterior facial height

• Inferiorly and posteriorly positioned hyoid

Additionally, the following cephalometric measurements are suggested to be associated with 

OSA:

• Short anterior cranial base angle

• Decreased cranial base length

• Shorter maxillary length

• Shorter mandibular length

• Increased mandible rotation

• Retroposition of the mandible
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• Decreased posterior facial height

However, there was greater variability and heterogeneity among studies for these 

measurements with some noting non-significant differences, while others did not measure all 

values in their cephalometry.229

In addition to lateral cephalometry, studies have also looked at transverse craniofacial 

features. Chi et al. compared both sagittal and coronal three-dimensional (3D) cephalometry 

obtained from MRI among OSA patients showing that both an inferiorly positioned hyoid 

as well as a smaller and shallower mandible was associated with OSA risk.224 Seto et al. 

measured interdental widths and showed that OSA patients had decreased inter-molar widths 

as well as higher palatal indexes which suggests a higher, deeper arched palate.230 Johal 

and Conaghan measured maxillary widths and found that OSA patients did not have shorter 

interdental widths but did show an association of OSA with increased palatal heights.231 

Kuzucu et al. reported that OSA patients have decreased distances between the pterygoid 

hamuli along the posterior maxilla.232

Common craniofacial physical exam findings that are associated with OSA risk include: 

retrognathia, micrognathia, high arched palate, larger thyromental angles, and shorter 

thyromental distances.219,230,233–236 Dental findings may also be suggestive of underlying 

craniofacial deficiency and include: open bite, overbite, overjet, and proclination of the 

mandibular incisors.219,234,237

BMI is a confounding factor for craniofacial influences on OSA. OSA patients, when 

compared to BMI matched controls, showed craniofacial differences including a lower 

positioned hyoid, shorter mandibular body length, retroposition of the mandible, decreased 

mandibular ramus height, increased lower anterior facial height, and shorter cranial base 

length.238–241 Furthermore, comparing OSA among different ethnicities, studies have shown 

that Asian subjects have shorter cranial base angles, shorter maxillary lengths, shorter 

mandibular body lengths, greater mandibular ramus lengths, greater maxillary widths, 

and shallower maxillary depths while Caucasian subjects tend to have higher BMI and 

larger tongue volumes.151,242 In contrast, African Americans tend to have larger tongues 

than Caucasians and were less likely to be brachycephalic, a craniofacial form that is 

associated with reduced anterior–posterior facial dimensions.243,244 These studies suggest 

that craniofacial dimensions are a risk factor for OSA even when controlling for BMI and 

that different ethnicities may carry different OSA risks based on the contributions of BMI 

and craniofacial form.

In summary, there is a large body of evidence suggesting there are associated craniofacial 

factors in OSA. However, there is heterogeneity among studies regarding which specific 

craniofacial measurements are associated with OSA. All studies were also skewed heavily 

toward male patients and none focused primarily on female patients, making gender-based 

differences less clear. Increased anterior facial height and lower hyoid position were 

the most strongly associated with OSA while there is more mixed evidence regarding 

cranial base, maxillary, and mandibular measurements. These measurements appear more 

pronounced on non-obese patients suggesting that craniofacial factors play a greater role in 

OSA among thin patients. (Table IV.C.3)
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IV.C.4 | Genetics—It has been known for over two decades that OSA aggregates in 

families. This is shown in the Cleveland Family Study in the US245 and also in studies 

in Scotland,246,247 Iceland,248 and Israel.249 The family aggregation is not explained by 

obesity.245 Individuals with a first-degree family member with OSA have approximately a 

two-fold increased risk of having the disorder.245 Structural risk factors for OSA – both soft 

tissues107 and craniofacial250,251 – also aggregate in families. Moreover, characteristics of 

the sleep study in OSA such as AHI, event duration, and measures of oxygen desaturation 

during sleep are heritable.252 Heart rate response to arousal is also heritable253 as is 

cardiopulmonary coupling,254 a measure of sleep depth.255 Extreme phenotypes have been 

demonstrated.256 Individuals with high phenotype risk scores but not OSA are extreme 

controls, while individuals with low phenotype risk scores but severe OSA are extreme 

cases. This suggests that there are likely to be rare genetic variants leading to these extreme 

phenotypes.

While family aggregation has been shown, progress on identifying relevant gene variants 

has been slow. There are different pathways to disease, such that OSA is a heterogeneous 

disorder. Obesity plays a major role.90 There are both soft tissue107 and craniofacial250,251 

risk factors. There are also multiple physiological traits that determine risk for the 

disorder.36,257,258 The initial approach to identifying genes was linkage analysis,259,260 and 

most recently linkage has been used in conjunction with sequencing data to narrow windows 

of analysis to improve power,261 and applied to quantitative traits related to overnight 

SaO2. However, candidate gene studies have been underpowered and largely have not 

been replicated.262 More recently, progress has been made using genome-wide association 

studies263–265 or use of a special SNP panel.266

Genome-wide studies263–265 have largely focused on quantitative variables obtained from 

the sleep study to characterize SDB that were shown to be heritable.252 Based on primarily 

the Hispanic Community Health Study, a variant in GPR83 was found to be associated with 

AHI.263 However, the variant in GPR83 was specific to Caribbean background and data 

were unavailable for replication.

A larger genome-wide association study using data from multiple cohorts in both 

men and women looked for association with AHI in NREM sleep and REM sleep 

independently.265 While there were several suggestive associations, only one reached 

genome-wide significance, that is, a variant in RAI1 with NREM AHI in males (but not 

females) – a gene that has also been shown to show sexual dimorphism for cardiac disease 

and for adiposity traits in model organisms. Haploinsufficiency of the gene is implicated 

in the Smith–Magenis syndrome.267 Individuals with this syndrome have craniofacial 

abnormalities and circadian rhythm disturbances.268 Notably, significant sex by gene 

variants for sleep apnea was detected for multiple genes, supporting the importance of 

considering sex-specific genetic effects.

Studies have also focused on association with oxygen desaturation measures. Variants in 

the interleukin 18 receptor and hexokinase genes were associated with oxygen desaturation 

measures during sleep.269 This is based on a large multi-ethnic sample with replication. 

A later linkage-sequencing study also implicated multiple rare variants in the GTPase-
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activating protein DLC1261 with oxygen desaturation measures, with findings replicated in 

independent samples and supported by multiple sources of information, including genetic 

variants, gene expression, and methylation.

Admixture mapping has also been applied.270 This is an analytical tool that is applied 

to recently admixed populations where ancestors came from isolated continents.271 Novel 

variants were associated with AHI as well as oxygen desaturation measures. Notably, 

local African ancestry was shown to have a protective effect on the AHI and associated 

with shorter duration events. A region on chromosome 18q21 that included 20 variants 

on NARS/FECH was associated with both AHI and percentage time SaO2 < 90%, with 

12 associations that replicated in independent cohorts. Evidence for a causal role in 

OSA was supported by finding that FECH expression was increased in association with 

lower nocturnal SaO2. These findings suggested a novel for iron metabolism in pathway 

influencing OSA phenotypes.

A genome-wide study that specifically examined both common and rare variants by 

whole genome sequencing264 identified novel rare variants associations with measures of 

desaturation, that is, ARMCX3, MRPS33, and C16orf90.

A Phenome-wide association study (PheWAS) study sought to determine support for 

previously identified variants.272 A PheWAS seeks association between gene variants, the 

diagnosis of OSA in the electronic health record273 or association with quantitative traits 

from sleep studies done clinically.272 For most of the previously described gene variants, 

there was no evidence of association with OSA diagnosis or with quantitative traits from 

the sleep study with findings from community-based cohorts which underwent standardized 

sleep apnea phenotyping.

Thus, studies of genetic variants in OSA are evolving. Recently, large biobanks have 

begun analyzing genetic associations with snoring and ICD-based OSA diagnosis.274 Future 

advances are expected as data from large clinical cohorts are combined with data from more 

deeply phenotyped research studies that also include data on gene function (expression, 

methylation).

V | PATHOGENESIS OF OSA

V.A | Contributory Factors for OSA: Anatomy

V.A.1 | Nasal airway—The nasal cavity accounts for half of UA resistance.275 Several 

recent reviews indicate that nasal obstruction from septal deviation, inferior turbinate 

hypertrophy, nasal valve collapse, polyposis, and/or inflammation are common in patients 

with SDB, but the role of nasal obstruction as a contributing factor in the pathogenesis of 

OSA and SDB is controversial.276–278

Pathophysiology: Nasal breathing serves important physiological functions, including 

humidification, heating, and filtration of inhaled air.275 Nasal breathing is often decreased 

during sleep due to increased nasal mucosal congestion when recumbent279 and circadian 
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variation in nasal resistance.280,281 Several physiologic mechanisms have been reported to 

explain the relationship between nasal airflow and breathing during sleep.

The first of these mechanisms is the Starling resistor model, which views the UA as a 

hollow tube282,283 with a collapsible pharyngeal segment bounded by the nasal and tracheal 

airways. The flow of air through the collapsible pharynx is influenced by upstream nasal, 

downstream tracheal, and transluminal pressure gradients. For example, when the nasal 

airway is obstructed, nasal resistance increases. In order to maintain stable maximum airflow 

from the nasal passages through the pharynx, the pharyngeal pressure drops, leading to 

increased collapsibility at the pharynx. In addition, by Pouseille’s law, airway resistance is 

proportional to the length of the airway and inversely proportional to the fourth power of 

the radius.284 Thus, even a small change in nasal airway patency can significantly increase 

airway resistance.285

The second reported mechanism is high nasal resistance promoting mouth breathing, which 

can predispose patients to SDB. During sleep, airway resistance is higher when breathing 

through the mouth compared to through the nose.286 Mouth breathing during sleep has 

been associated with up to 2.5 times higher airway resistance.287 This increased airway 

resistance can narrow the pharyngeal lumen leading to more frequent obstructive events, 

as demonstrated by Fitzpatrick et al. who found worsening of OSA severity when mouth 

breathing compared to nose breathing.287 Similarly, another study demonstrated that jaw 

opening during sleep, associated with posterior tongue displacement, is greater in patients 

with OSA than those without OSA.288

A third proposed factor is the nasal ventilatory reflex, which states that decreased nasal 

airflow can result in decreased activation of nasal receptors leading to decreased pharyngeal 

muscle tone and central respiratory drive and worsening of apneic events.289,290 This is 

supported by studies that have applied local anesthetic to nasal mucosa in healthy subjects 

resulting in significant increase in central and obstructive apnea events.291,292

Finally, it is postulated that nitrous oxide (NO) may play a role in maintaining pharyngeal 

muscle tone, spontaneous breathing, and sleep regulation.293 NO is produced in the nasal 

cavity and sinuses, and the total inspired quantity of nitrous oxide varies with nasal 

airflow.294 Despite these studies, its role in OSA development and regulation is still not 

completely understood.295

Clinical relationship between nasal obstruction and SDB: Several studies demonstrate 

that patients with SDB have greater rates of nasal obstruction. A recent study by Magliulo 

et al.276 demonstrated that 70% of patients with OSA had nasal obstruction confirmed by 

clinical examination and rhinomanometry. Another study of 49 OSA patients found that 

45% reported subjective nasal obstruction.296

Data are conflicting regarding patients with nasal obstruction and risk of SDB. A study 

of 541 snorers who underwent posterior rhinomanometry concluded that nasal obstruction 

is an independent risk factor for OSA.297 The Wisconsin Sleep Study showed that those 

with self-reported nocturnal congestion had a three-fold increased incidence of habitual 
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snoring.69 Conversely, a study by Miljeteig et al.298 divided 683 patients referred for PSG 

into three groups based on severity of nasal resistance and found no difference in apnea or 

snoring severity between groups.

Allergic rhinitis and SDB: A recent consensus statement on AR summarized the literature 

regarding the relationship between AR and sleep. The authors concluded that AR is 

associated with snoring, sleep fragmentation, and decreased sleep QOL, and successful 

treatment of AR can improve sleep quality. Many small studies with polysomnogram (PSG) 

data indicate that AR is associated with worsening PSG parameters, in terms of sleep 

efficiency, oxygen desaturation, and sleep architecture metrics, although results are mixed 

between studies.6

Nasal packing and SDB: Clinical studies and studies of normal subjects with artificially 

induced nasal obstruction have consistently demonstrated a greater predisposition to 

SDB.299–304 These studies obstructed the nasal cavity via the following measures: inflated 

balloons,303 petroleum jelly soaked gauze,300–302,304 or tape around the nares.299 Likewise, 

many studies have shown that the application of nasal packs during the management of 

epistaxis and post-nasal surgery can result in worsening sleep quality and increased apneic 

episodes.305–310

In summary, the literature suggests that nasal obstruction, either artificially or disease-

induced, is associated with OSA-related symptoms such as snoring and poor quality sleep. 

Among those with SDB, nasal obstruction is highly prevalent. There does not appear to be a 

direct correlation between degree of nasal obstruction and SDB severity by AHI or oximetry.

V.A.2 | Pharyngeal airway—Anatomic sites of airway obstruction during sleep have 

been assessed with a variety of techniques including pharyngeal pressure catheters placed 

at various sites in the UA, cine fluoroscopy, sleep endoscopy, CT, and MRI.311 Airway 

pressure monitoring studies have demonstrated that airway collapse is confined to or 

initiated in the oropharynx (OP) in the majority of patients.312

Pharyngeal shape: Several studies have identified differences in the pharyngeal lumen 

shape between patients with SDB and those without. Compared with normal subjects, 

habitual snorers have a generalized narrowing of the pharyngeal region.313 A normal 

pharyngeal lumen is elliptical in shape, with the long axis in the lateral dimension.314 In 

contrast, the lumen of snorers and OSA patients is circular or elliptical, with the long axis 

in the anterior–posterior dimension.314 This change in shape is likely a result of obstruction 

from the lateral pharyngeal walls. Studies have shown that the pharyngeal shape changes are 

most prominent at the retropalatal level200 and during sleep.315

In addition to shape, the length of the pharynx may also play an important role in OSA. 

Cephalometric studies demonstrate that lengthening of the pharynx is related to the severity 

of OSA.316 Similarly, increased rate of OSA in men may be primarily a result of a longer 

pharyngeal airway compared to female counterparts.317
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Soft tissue factors: Several soft tissue factors can lead to pharyngeal narrowing or 

pharyngeal shape changes in adults with OSA including hypertrophy, inflammation, and/or 

edema.311 Thickened and collapsible lateral pharyngeal walls are a well-recognized factor 

in the pathophysiology of adult OSA.200,207,318 MRI studies confirm soft tissue enlargement 

in the UA leading to reduced size of the retropalatal airway, specifically, in OSA patients 

compared to control subjects.200,207,319 Lateral pharyngeal wall edema and enlarged lateral 

pharyngeal fat pads have been identified via tissue specimens and imaging in OSA 

patients.200,205,320–322 Lateral pharyngeal wall edema has been hypothesized to result from 

multiple factors including vascular congestion, inflammation secondary to trauma from 

snoring vibration, or pulmonary hypertension (PH) from recurrent hypoxic pulmonary artery 

vasoconstriction.323 An MRI study demonstrated that thickness of the lateral pharyngeal 

wall musculature was the predominant anatomic factor causing lateral airway narrowing in 

OSA patients as opposed to enlarged pharyngeal fat pads.200

Soft palate changes have also been noted in OSA patients including thickening of the soft 

palate324 and enlargement of the uvula.325 Soft palate position may also be related to OSA 

severity311,316,318,326

Many studies have assessed the relationship of tonsil size (both grade and volume) and OSA. 

The most recent study by Jara and Weaver studied an adult heterogeneous OSA population 

in the US and found that increasing tonsil grade was significantly associated with increasing 

OSA severity with adjusted data showing that every increase in tonsil grade as measured 

by the Brodsky classification system correlated to an increase in AHI of approximately 

14 events/h.327 They also found that tonsil grade was more predictive of OSA than tonsil 

volume indicating that the actual tonsil volume may be less important than the proportion 

of space occupied within the OP.327 Other groups have studied the relationship between 

subjective (grade) or objective (volume/weight) tonsil evaluation and AHI and reported a 

trend toward significance328 or a significant association.318,329–334 To further support the 

role of enlarged tonsils in OSA, Camacho et al. performed an SR and MA of 17 studies 

evaluating tonsillectomy alone as treatment for adults with enlarged tonsils and OSA. They 

found a significant improvement in OSAS with a mean AHI decrease from 40.5 to 14.1 and 

a mean Epworth sleepiness scale (ESS) decrease from 11.6 to 6.1.335

Other groups have assessed a relationship between narrow fauces (posterior pillars of the 

tonsillar fossae) and OSA. Anatomically, the width of the fauces is generally defined as the 

diameter of the palatopharyngeal arch from oral view using a pharyngeal grading system.235 

The grading system is based on the location of the palatopharyngeal arch intersection 

with the tongue. The presence of narrowing at the fauces has been previously defined 

as impingement of greater than 25% of the pharyngeal space by the peritonsillar tissues, 

excluding the tonsils.318 Studies report that the presence of narrow fauces is predictive of 

the presence of OSA.235,332,334 Woodson and Naganuma found that smaller endoscopically 

measured oropharyngeal spaces were correlated with elevated AHI.336

In summary, the OP is a common location of airway obstruction in subjects with SDB, 

and many anatomic factors have been identified as potential contributors to SDB including 
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pharyngeal lumen size/shape, thickened lateral pharyngeal walls, elongated soft palate, 

enlarged uvula and/or tonsils, and narrow fauces.

V.A.3 | Craniofacial structure—Craniofacial differences are present among OSA 

patients when compared to non-apneic controls.229 There are few studies examining how 

these anatomic factors contribute to the mechanism of UA collapse. A comprehensive review 

of the literature revealed five studies evaluating craniofacial measurements and physiologic 

factors that contribute to adult OSA. Sforza et al. measured critical closing pressures (upper 

airway critical closing pressure [Pcrit]) among 54 OSA patients and compared this to 

cephalometry. They found an association between greater Pcrit values (indicative of greater 

airway collapse) and longer soft palate length as well as with an inferiorly positioned 

hyoid.337 Genta et al. studied 34 Japanese-Brazilian men with OSA and also found an 

association between greater Pcrit values with an inferiorly and posteriorly positioned 

hyoid.338 Verin et al. compared UA resistance and cephalometry among OSA patients, 

snorers, and controls and found that an inferiorly and posteriorly positioned hyoid was 

associated with greater UA resistance among OSA patients.339 Watanabe et al. examined 

pharyngeal closing pressures at the velopharynx (VP) and OP among 54 Japanese OSA 

patients.340 Patients were stratified to either VP or VP + OP collapse which were the only 

two types of collapse patterns seen in their study. They found that patients with multilevel 

collapse (VP + OP) had a lower BMI, smaller maxillary and mandibular lengths, and a lower 

positioned hyoid compared to non-apneic controls while patients with only VP collapse 

had a larger BMI, and a lower positioned hyoid compared to non-apneic controls. No other 

cephalometric differences were seen among the groups. Comparing UA collapse among 

different ancestry background groups, Schorr et al. compared cephalometric measurements 

and Pcrit among Japanese-Brazilian OSA (n = 39) patients and Caucasian-Brazilians (n = 

39).341 They found both groups had similar Pcrit values but that Japanese-Brazilian group 

had smaller cranial base angles, mandibular and maxillary lengths while the Caucasians-

Brazilian group had greater BMI, tongue volume, and tongue length.

The studies to date suggest an association between several cephalometric values including: 

low hyoid position, short maxillary and mandibular length, short anterior cranial base 

length, and acute cranial base angles with higher Pcrit values, increased UA collapsibility, 

and greater UA resistance. Craniofacial influences may also be associated with increased 

risk for multilevel UA collapse. Furthermore, comparing OSA patients of different ethnic 

backgrounds have shown similar Pcrit values despite differences in BMI, tongue size, and 

craniofacial metrics suggesting that all these factors play a role in UA collapse. However, 

most studies had relatively small sample sizes. Therefore, larger studies controlling for BMI, 

soft tissue size, are needed to better elucidate the contributions of craniofacial metrics to 

OSA pathophysiology.

V.A.4 | Upper airway fat—Tongue fat appears to play an important role in linking 

obesity and OSA risk. The pattern of fat deposition rather than BMI may be more indicative 

of OSA risk. There are only a handful of studies examining this relationship. Brennick et 

al. showed that among obese rats, there was greater deposition of fat within the tongue 

compared to non-obese rats.342 Kim et al. compared MRIs of the tongue between 90 obese 
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OSA patients and compared them to 31 obese subjects without OSA. They showed that 

tongue fat volume calculated from the MRI was greater among the obese OSA patients 

versus obese subjects without apnea.208 Wang et al. compared tongue fat volumes among 

67 obese OSA patients before and after a medical or surgical weight loss regimen.343 A 

reduction of tongue fat through weight loss correlated strongly with AHI reduction and was 

the primary UA mediator of the relationship between reductions in weight and AHI.

Although there is evidence that tongue fat is increased in obesity and that greater tongue 

fat is associated with OSA, how tongue fat influences the pathophysiology of OSA has 

not been well studied. There are no studies examining how tongue fat influences UA 

resistance, tongue muscle properties, and UA collapsibility. Future studies are needed to 

better understand the role of tongue fat in the pathogenesis of OSA.

V.B | Contributory Factors for OSA: Physiology

V.B.1 | Ventilatory stability/(loop gain)—“Loop gain” is an engineering term used to 

define the stability (“low” loop gain) or instability (“high” loop gain) of a negative feedback 

control system.180,344–347 Control of breathing is a negative feedback system in which 

chemoreceptors (e.g., in the carotid body; “controller”) and the lung (“plant”) try to maintain 

a PaCO2 at roughly 40 mmHg. In this setting, a high loop gain leads to large fluctuations in 

carbon dioxide (CO2). A useful analogy comes from consideration of room temperature in 

which a negative feedback control system tries to maintain a relatively constant temperature, 

for example, at 20 °C. If the thermostat (controller) were too sensitive, then any minor drop 

in room temperature would start the furnace (plant) and thus cause frequent fluctuations 

in room temperature. By analogy the CO2 levels are expected to fluctuate markedly if the 

chemoreceptors are too sensitive to minor CO2 perturbations. The temperature analogy is 

also helpful when one considers a plant that is too powerful. For example, if the room 

temperature were to fall to 19°C and in response the thermostat were to blast the temperature 

to 40°C, then the result would be major oscillations in room temperature. By analogy, 

if an individual were to respond to an increase in PaCO2 from 40 to 45 mmHg with 

hyperventilation lowering the PaCO2 down to 10 mmHg, then major fluctuations in CO2 

would occur.348–350 Mathematically, loop gain is defined as the response (i.e., the increase in 

PaCO2 or room temperature) divided by the disturbance (i.e., initial drop in PaCO2 or room 

temperature): a major response to a minor disturbance (i.e., high loop gain) is considered 

destabilizing.

Loop gain has several components which are sometimes referred to as controller and plant 

gain. Controller gain can be thought of as chemoresponsiveness, which is the amount that 

ventilation changes for a given change in CO2. High loop gain due to a high controller gain 

(i.e., overly sensitive thermostat in the analogy above) can be seen in clinical situations such 

as high altitude or heart failure.351,352 Plant gain on the other hand is a measure of the 

efficiency of CO2 excretion (i.e., too powerful furnace, or a very small room in our analogy), 

and is the amount that CO2 changes for a given change in ventilation.353,354 High loop gain 

due to high plant gain is clinically less common, but situations in which the lung volume 

decreases (e.g., supine sleep)355 can increase overall loop gain. Another component which 

is less often discussed is the so-called mixing gain which is a function of circulatory time 
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and other factors.356 The overall loop gain is the product of the various gains, principally 

determined by the controller and the plant.

Clinically a high loop gain can express itself as periodic breathing, for example, at high 

altitude,357 or in congestive heart failure (CHF).358,359 In OSA, the contribution of loop gain 

to OSA pathogenesis is less clear, but many believe it plays an important role.345–347,360,361 

Several studies have shown an elevated loop gain in OSA compared to controls, although 

some debate is ongoing as to whether the observed abnormalities are a cause or effect of 

the disease.362 In theory, a high loop gain could manifest as fluctuations in output from the 

central pattern generator in the brainstem. This output would affect the diaphragm as well as 

the UA muscles. When output from the central pattern generator is at its nadir, the UA would 

be vulnerable to collapse in those who are anatomically susceptible based on the low output 

to the UA dilator musculature. Of note, because loop gain is considered a response over a 

disturbance, a spontaneous respiratory event, for example, a hypopnea may be destabilizing 

if a patient experiences a marked response to such a respiratory disturbance. Some have 

coined the expression “apnea begets apnea” based on the self-perpetuating nature of the 

control system abnormalities.

From a surgical perspective, elevated loop gain may be important since it has been found to 

predict failure of sleep apnea surgeries, at least in some cases.363–365 Given the variability in 

OSA pathogenesis, the strategy to improve pharyngeal anatomy/collapsibility surgically may 

be prone to failure in the subset of patients in whom OSA is primarily caused by abnormal 

ventilatory control.36 In theory, interventions lowering loop gain (e.g., acetazolamide or 

oxygen)366,367 may be considered rescue strategies for such patients who have residual OSA 

despite UA surgical intervention.368

It may be possible to quantify loop gain directly from inlab or home sleep studies.369–371 

More research is needed to test on reproducibility and if prospective measurements of loop 

gain allows identification of surgical responders, and if loop gain lowering interventions may 

be useful for (a subset) of patients with an incomplete response to sleep apnea surgeries.

V.B.2 | Neuromuscular control—Patients with OSA typically have an anatomical 

compromise of the UA predisposing them to pharyngeal collapse.207,372 Through protective 

UA dilator muscle reflexes, the activity of the muscles is increased during wakefulness in 

OSA compared to matched controls.201 However, with sleep-onset there is loss of UA motor 

output leading to collapse of the vulnerable airway.373 Brainstem control of UA dilator 

muscles has been the subject of intense investigation.374,375

The UA in humans includes 23 pairs of muscles which support its patency. The genioglossus 

is an important, major UA dilator muscle. The genioglossus is a large muscle comprising the 

substance of the tongue and maintains patency of the retroglossal airway.350,354,376 Notably, 

the hypoglossal motor nucleus in the medulla of the brainstem provides the input for the 

genioglossus muscle. Additionally, it is a complex muscle which has both tonic activity (i.e., 

present throughout the respiratory cycle) as well as phasic activity (i.e., bursts with each 

inspiration).377,378 The phasic activity of the genioglossus is thought to be representative 

of other phasic UA dilator muscles; thus, the study of genioglossus motor control may be 
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reflective of other phasic muscles (e.g., palatoglossus and hyoglossus).379 The genioglossus 

has been shown to have state dependence, that is, has activity during wakefulness which is 

attenuated at sleep onset. Indeed, there is a marked fall in genioglossus activity at the alpha–

theta transition which may be important in compromising pharyngeal mechanics.373,380,381 

Lastly, hypoglossal nerve stimulation (HNS) has been shown to be effective for treatment 

of OSA.382–384 HNS likely acts via tongue protrusors from the medial branch of the 

hypoglossal nerve, that is, largely through genioglossal stimulation.385–387

The genioglossus’ behavior is influenced by a number of important factors:

a. A negative pressure reflex (NPR) exists whereby a sub-atmospheric (negative 

inspiratory or suction) pressure leads to a robust activation of the genioglossus 

muscle.388–390 This reflex is thought to be important in modulating UA patency 

since it serves to restore pharyngeal patency in the face of a collapsing 

perturbation. The NPR has been mapped using neurochemical techniques 

and is thought to be regulated by cholinergic systems in the brainstem, for 

example, the peri-obex region which is heavily cholinergic.391 Pharmacological 

studies indicate manipulation of the cholinergic system may influence this 

reflex, recognizing the complex role of acetylcholine throughout the brain 

and systemically.392 A recent pilot study showed potential benefits of the 

combination of oxybutynin and atomoxetine on the AHI.393 A larger multicenter 

trial recently completed enrollment, but the results are not yet reported 

(NCT03919955).

b. Chemoreflexes are also thought to be important since hypoxia and CO2 may 

serve to activate the genioglossus muscle. CO2 stimulation may have differential 

effects on the diaphragm versus the UA dilator muscles. The combination of 

negative pressure plus CO2 may serve synergistically to activate the UA dilator 

muscles.203,317,394–396

c. The arousal response also has a major impact on genioglossus activity. 

When an individual awakens from sleep, there is a robust activation of the 

genioglossus muscle which is thought to restore pharyngeal patency.290,397,398 

On the other hand, if sleep is maintained following UA collapse, then the 

accumulation of respiratory (CO2, negative pressure) stimuli may activate 

pharyngeal dilator muscles and thus restore pharyngeal patency without the 

need for repetitive arousal from sleep. Thus, the arousal threshold has become 

an important therapeutic target, but its manipulation is a double-edged sword: 

drugs (hypnotics, sedatives) which delay arousal may allow some stabilization 

of breathing but may also lead to severe hypoxemia prior to arousal.399–401 

Consequently, patient selection becomes a critical factor in designing appropriate 

studies.377,402 At present, no RCTs have shown improvements in hard clinical 

outcomes, despite some potential physiological benefits.

d. A number of neurochemical influences can affect hypoglossal motor control. 

Monosynaptic projections from various brain structures have been shown 

in animal models including locus coeruleus (adrenergic), lateral dorsal/

pedunculopontine tegmentum (cholinergic), and hypothalamic (orexinergic) 
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and raphe neurons (serotonergic) among others. These neurochemical targets 

may allow augmentation of hypoglossal motor output and effect genioglossus 

activity.375,403–405

Other muscles are likely important, for example, the tensor palatini which receives its 

output from the mandibular branch of the trigeminal nerve.406–409 Of note, the neurobiology 

and control of different motor nuclei differ substantially from the standpoint of premotor 

inputs and neuropharmacology. The tensor palatini has primarily tonic activity (i.e., constant 

activity throughout the respiratory cycle) and thus has less in the way of respiratory 

modulation than the genioglossus or other phasic muscles.

Neuromuscular control is an important factor in UA patency. It can potentially be 

manipulated either pharmacologically or via electrical stimulation. Further study regarding 

underlying mechanisms and clinical trials focused on hard outcomes would be encouraged.

V.B.3 | Arousal threshold—The arousal threshold refers to the propensity to wake up 

from sleep. Some people have a low arousal threshold meaning they wake up easily – or 

with minimal stimulus – whereas other people have a high arousal threshold – meaning 

they require considerable stimulus to arouse.397,410 The arousal threshold is thought to be 

important in OSA pathogenesis since roughly 1/3 of OSA patients are found to have a 

low arousal threshold and may wake up prematurely.398,411 The accumulation of respiratory 

stimuli during stable sleep has been shown to activate pharyngeal dilator muscles, which 

in many patients is both necessary and sufficient to stabilize breathing.394,396 Stanchina 

et al.203 showed a combination of CO2 and negative intrapharyngeal pressure could lead 

to robust activation of the UA dilator muscles during stable sleep. Thus, patients with a 

low arousal threshold may not experience sufficient accumulation of respiratory stimuli to 

activate the dilator muscles and thus repetitive airflow limitation is predicted. In contrast, 

patients with a high arousal threshold could get sufficient magnitude of respiratory stimuli 

for adequate duration to activate pharyngeal dilator muscles and thus stabilize breathing. The 

observation that even severe OSA patients have some periods of spontaneously occurring 

stable breathing has yielded discussion regarding potential therapies to manipulate the 

arousal threshold.398,412 Some view the arousal threshold as a double-edged sword. That 

is, therapies to increase the arousal threshold may be beneficial if this intervention allows 

dilator muscle activation and stabilization of breathing.413 On the other hand, an agent 

which raises the arousal threshold may yield substantial hypoxemia and hypercapnia which 

could impact end organ function.414 Thus, agents such as sedatives or hypnotics which can 

raise the arousal threshold may be beneficial at least in theory for select patients. However, 

the existing data suggest that any improvements in apnea which occur with these agents 

are relatively modest.400,401 Consequently, combinations of therapy may well be required to 

eliminate apnea using this approach.415 Another consideration is that these pharmacological 

agents have risks and benefits like all interventions and thus carefully performed outcome-

based studies will be needed before any clinical recommendations can be made.

One strategy which has been discussed in the context of combination therapies is that 

of surgical rescue. Some data suggest that a low arousal threshold may be a risk factor 

for failure of UA surgery to achieve a surgical cure.363,364,416 In theory, the elevation of 
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the arousal threshold may be a therapeutic target whereby an agent (e.g., trazodone or 

eszopiclone) could be used to elevate the arousal threshold in patients who have residual 

apnea, for example, following uvulopalatopharyngoplasty (UPPP).399 Such strategies would 

need to be studied carefully in the context of patient reported outcomes and hard endpoints.

Regarding the assessment of the arousal threshold, several techniques have been employed. 

The “gold standard” measurement was considered either esophageal manometry or 

intrapharyngeal pressure catheter measurements.410 However, Edwards et al. reported a 

regression formula which has considerable value in estimating the arousal threshold using 

clinically accessible data, such as the degree of hypoxemia, the arousal index, the AHI, 

and the occurrence of apneas versus hypopneas.411 Using this approach more than 60% of 

the variance in the arousal threshold can be predicted. In addition, Sands et al. developed 

a technique using signal processing of the polysomnographic recordings which can also 

estimate the arousal threshold using clinically available data.370

One important consideration is the fact that the arousal threshold is not a fixed trait but 

rather a dynamic phenomenon which changes with treatment.417,418 For example, many 

patients with a high arousal threshold with sleep apnea will experience a lowering of arousal 

threshold over time on therapy. This observation leads to speculation that the elevated 

arousal threshold seen in some OSA patients may be an adaptive phenomenon whereby 

elevation in the arousal threshold may allow the accumulation of respiratory stimuli, which 

could ultimately help to improve sleep to some extent.418 Another extension of this logic is 

that CPAP treatment in some patients may lead to insomnia since the lowering of arousal 

threshold may be associated with worsening of sleep quality.419 The same argument could 

be made for non-CPAP therapies as well. Further study is clearly required to determine the 

importance of arousal threshold in OSA pathogenesis and its importance in treatment of 

OSA both adjunctively (e.g., with CPAP)420 and as a rescue strategy (e.g., following failed 

UPPP).

VI | DIAGNOSING OSA

VI.A | Questionnaires for OSA

In-laboratory PSG is the gold standard for diagnosis of OSA, but can be expensive, 

inconvenient, and difficult to access. This is particularly true when considering screening 

in the general population or perioperatively. Additionally, PSG may not be readily available 

to all clinicians. Validated questionnaires are easily administered in all clinical settings and 

offer a rapid point-of-care tool to risk-stratify patients. Equally important is the assessment 

of the QOL impairment in patients with OSA as physiologic sleep measures are poor 

descriptors of QOL.421 Patient-reported outcome assessment is especially important when 

evaluating changes in QOL after treatment or over time. This review is based on more 

than 20 studies with reports ranging from Level 1a to 2b (overall grade C evidence) (Table 

VI.A.1).

V1.A.1 | Screening questionnaires—Clinical questionnaires validated to assess 

the risk of OSA include the Berlin,422 STOP-BANG,423 and NoSAS424–428 screening 

tools.429–431 The Berlin questionnaire contains a total of 10 items divided into three 
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categories: (1) daytime sleepiness, (2) BMI and hypertension, and (3) height and weight, 

where a positive score in two categories indicates high risk for OSA.422 The STOP-BANG 

is an 8-question survey including four subjective and four objective items with each positive 

item contributing 1 point for a maximum score of 8 points.423 The NoSAS is a newer tool 

developed in 2016 in sleep clinic patients and includes five items assessing mostly objective 

data such as BMI and neck circumference with scores ranging from 0 to 17 and a score ≧8 

denoting high risk for OSA.426

A clinically useful questionnaire that assesses OSA risk should be able to identify patients 

with clinically relevant OSA (AHI ≥ 15), where an increased risk of cardiopulmonary 

disease and mortality has been established (true positive)432–434 and minimize the incorrect 

labeling of individuals without clinically relevant OSA as having the condition (false 

positive). The Berlin and STOP-BANG questionnaires have sensitivities of 82% and 94%, 

respectively,422,423 while the NoSAS has a sensitivity of 65%–90% in identifying sleep 

clinic patients with clinically relevant OSA.424–431 Additionally, the Berlin and STOP-

BANG questionnaires have reported sensitivities of 79%–82% and 91% respectively among 

surgical patients and 89% and 88% respectively among general clinic patients.422,423 The 

ROC curves for the STOP-BANG at different OSA severity classes showed a STOP-BANG 

cutoff score of 5 had the best combination of sensitivity and specificity for moderate-severe 

OSA (AHI ≥ 15) in sleep medicine (60%, 72%) and surgical populations (45%, 56%).423 

At this cutoff score, the STOP-BANG also has the best combination of sensitivity and 

specificity for severe OSA (AHI ≥ 30) in sleep clinic patients (66%, 66%) and surgical 

patients (56%, 74%).423

V1.A.2 | Functional status measures and health-related quality of life 
questionnaires—It is well documented that, in general, patients with sleep apnea have 

limitations in daily activities and poorer QOL than normal healthy subjects.435 Thus, 

assessment of functional status and QOL is highly important to evaluate in addition to 

physiologic sleep measures when assessing OSA patients. Validated functional status and 

QOL measures most used in the clinical and research settings include the ESS,436 Sleep 

Apnea Quality of Life Index (SAQLI),437–441 Functional Outcomes of Sleep Questionnaire 

(FOSQ),437,441,442 and the Pittsburgh Sleep Quality Index (PSQI).443

Questionnaires can be divided into functional status questionnaires, which measure the 

ability to perform daily activities, and health-related QOL questionnaires, which capture 

the unique personal response to not being able to perform routine activities. Functional 

status questionnaires include the PSQI, ESS, and FOSQ. The PSQI was developed to 

measure multiple components of sleep quality and includes questions on sleep propensity 

(likelihood of falling asleep) over the past 1 month.443 The ESS assesses likelihood of 

falling asleep across eight scenarios on a scale of 0–3 with a higher score indicating more 

sleepiness.436 The psychometric properties of the FOSQ suggest that it offers a unique 

self-report measure of functional status as it relates to the impact on daily activities.442 

The FOSQ has 30 questions in five domains: activity, vigilance, intimacy and sex, general 

productivity, and social outcome.437,441 The SAQLI is a health-related QOL questionnaire 

that is diseasespecific and includes questions focused on evaluating functioning across 

daily aspects of life affected by poor sleep.437,439–441 The SAQLI includes 35 questions 
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across four domains: daily functioning, social interactions, emotional functioning, and 

symptoms and can be combined with a fifth domain that assesses negative impacts of 

treatment.437,439–441

When evaluating functional status and health-related QOL surveys, it is important to 

consider the reliability, validity, and responsiveness of these measures. Reliability of these 

questionnaires were reported in terms of internal consistency, the degree to which individual 

items on a survey are related as measured by Cronbach’s α, and test–retest reliability, the 

consistency of scores for the same patient over time measured by the intraclass correlation 

coefficient (ICC). All four of the QOL questionnaires demonstrated acceptable internal 

consistency (α ≥ 0.7)436,443 while the FOSQ and SAQLI demonstrated excellent internal 

consistency (α ≥ 0.9).437,438,440,442 The FOSQ and SAQLI demonstrated excellent test–

retest reliability (ICC ≥ 0.9)439,440,442 while this test characteristic was not clearly assessed 

for the ESS and PSQI. Four studies assessed this factor in the ESS, but results of the test and 

retest populations are not comparable due to a long time interval between administrations 

or due to a change in test conditions.436 The data on test–retest reliability in the PSQI is 

limited to three studies that either did not include patients with a sleep disorder or had a long 

time interval between test administration.443 Measurement error, the error in a measurement 

that is not due to true differences in the construct being measured, was not reported for any 

questionnaire.

The validity of QOL and functional status instruments were measured in terms of 

convergent, divergent, and discriminative validity. Convergent validity measures the degree 

to which scores of a questionnaire correlate with other questionnaires with related 

constructs. The PSQI had strong correlations (r ≥ 0.7) with other questionnaires measuring 

sleep quality.443 The SAQLI showed moderate correlations (0.3 ≤ r < 0.7) with related 

domains of general health-status questionnaires such as the 36-item Short Form (SF-36) 

and the Global QOL Scale.437–441 The FOSQ showed moderate correlations with related 

domains of the SF-36 and the Sickness Impact Profile.437,441,442 The ESS showed a 

moderate correlation to the Maintenance Wakefulness Test and poor correlation (r ≤ 0.3) 

with the multiple sleep latency test (MSLT), both of which are objective daytime sleepiness 

measures.436 PSG measures (AHI, minimum O2 saturation) were either poorly or not 

significantly correlated with any of the questionnaires.436,437,441,443,444

Divergent validity assesses whether instruments with unrelated constructs in fact have low 

correlations with one another. Divergent validity was reported for the PSQI, which had 

non-significant correlations with unrelated instrument measures of bladder dysfunction and 

psychopathology.443 No other questionnaires reported on this measure. Discriminant validity 

refers to the ability of an instrument to distinguish between patients with sleep disorders and 

normal subjects. Discriminant validity was present for the ESS, PSQI, and FOSQ, but was 

not reported for the SAQLI.436,442,443

The ability of an assessment to measure change over time is important especially if 

the instrument is used in treatment effectiveness studies. The SAQLI and FOSQ both 

demonstrated the ability to detect change over time after treatment initiation.437–440 Both 

showed large effect sizes (d ≥ 0.8) after CPAP treatment in patients with OSA.437,439 
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In one study, the FOSQ showed a larger improvement in scores in patients who used 

>4h of CPAP nightly while there was no difference in scores for the SAQLI.437 (Table 

VI.A.1) An important limitation of this review is the heterogeneity of studies reporting 

on both screening and QOL questionnaires. Definitions of hypopnea and method used 

to detect OSA varied between studies resulting in wider ranges of reported sensitivity 

and specificity. Additionally, several studies used translated versions of the questionnaires 

that were not previously validated in those languages. Another limitation is the lack of 

highquality validation studies for all QOL measures. Future research should focus on using 

uniform definitions of hypopnea/apnea and utilize the gold standard PSG in validating OSA 

questionnaires and to further validate QOL surveys to estimate their adequacy as an outcome 

measure.

Overall, validated clinical questionnaires may be used as a tool to identify patients at high 

risk for OSA, monitor response to treatment, or evaluate the functional status and health-

related QOL of patients. To screen patients suspected of sleep apnea in the clinic setting or 

preoperatively before planned surgery, the STOP-BANG questionnaire with a cutoff score of 

5 is recommended. To measure functional status related to OSA, the FOSQ is recommended 

as it is disease-specific, assesses the effect of sleepiness comprehensively across domains, 

and has the strongest evidence for all measurement properties. (Table VI.A.2)

VI.B | Screening for OSA

VI.B.1 | Primary care setting—Although a myriad of screening instruments exist for 

OSA, the majority of the literature centers around four main questionnaires: (1) Berlin, 

(2) STOP, (3) STOP-BANG, and (4) ESS. The Berlin questionnaire is composed of 10 

items grouped into three domains to assess snoring severity, excessive daytime sleepiness, 

and history of hypertension or obesity.445 The STOP questionnaire is constructed in an 

even simpler format, with four yes or no questions corresponding to snoring, tiredness, 

observation (of apneas), and BP.446 The STOP-BANG questionnaire consists of the STOP 

items with an additional four questions for BMI, age, neck size, and gender.447 Lastly, the 

ESS is an 8-item questionnaire asking participants to rate their likelihood of falling asleep 

during various daytime activities.448 The convenience and low cost of questionnaires are 

well suited for the primary care setting.449–452 The four questionnaires mentioned above are 

the most widely discussed with respect to OSA screening in primary care and have each 

been validated on multiple occasions across a wide range of demographics.

Several studies have evaluated the differences in sensitivity and specificity between 

screening questionnaires.422,453,454 A recent multicenter prospective study enrolled 812 

patients diagnosed with type 2 diabetes, obesity, HF, or resistant hypertension who 

completed multiple OSA screening questionnaires. Following a diagnostic sleep study, 

the STOP-BANG questionnaire (with “high-risk” set to 3 points or above) had a greater 

sensitivity than either the Berlin questionnaire or the OSA50 questionnaire (95%, 75%, and 

88% sensitivity, respectively). After increasing the “high-risk” threshold to 5 or above on 

the STOP-BANG, it also had a greater specificity (69% compared to 38% for the Berlin and 

21% for the OSA 50).455
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The largest comparative study to date was a retrospective review by Silva et al. that included 

4770 patients from the SHHS. For this cohort, the STOP-BANG had the highest sensitivity 

for moderate-to-severe OSA (87%). The 4-Variable screening tool (sex, BMI, BP, and 

snoring) had the highest specificity.456 A separate cohort study of 212 patients in Beijing 

similarly found the STOP-BANG questionnaire to be of superior predictive value than the 

ESS, Berlin, or STOP questionnaires.457 Additionally, a recent MA confirmed the STOP-

BANG possessed the greatest pooled sensitivity. The ESS questionnaire, however, was 

shown to have markedly higher pooled specificity compared to the STOP, STOP-BANG, 

and Berlin.431 Although the STOP-BANG is the most sensitive screening questionnaire, 

the evidence is unclear as to which questionnaire is the most specific. In the primary 

care setting, a screening test with higher sensitivity may be preferred to ensure adequate 

diagnostic investigation and mitigate sequelae of untreated OSA.

There is very little evidence on the benefits of widespread screening for OSA in 

asymptomatic adults without comorbidities.429 A 2017 SR supervised by the US Preventive 

Services Task Force analyzed 110 studies with over 46,000 patients and found no 

information relating OSA screening to health outcomes.458 To adequately assess the impacts 

of screening, a randomized trial assigning patients to screening and control groups – with 

adequate sample size and follow-up – would be required. With respect to costs, the general 

sentiment behind the creation of the STOP and STOP-BANG questionnaires was to simplify 

previous instruments and reduce the burden of measurement on survey participants.447,457 

Although there is no direct evidence describing the financial burden of implementing 

OSA screening, reports of other screening instruments have suggested minimal burden and 

disruption of the clinical workflow.446,459–461

In summary, the literature with respect to OSA screening in the primary care setting remains 

ambiguous. Support exists for the superior sensitivity and performance of the STOP-BANG 

as a screening tool, but no evidence has shown the long-term health impact of screening 

compared with no screening. Although the harms associated with screening appear limited, 

the precise cost-utility tradeoff of screening in the primary care setting has yet to be 

assessed. (Table VI.B.1)

VI.B.2 | Perioperative setting—The prevalence of OSA among surgical patients is 

7%–10% and approximately 70% in patients undergoing bariatric surgery.462–464 The 

diagnosis of OSA is associated with increased risk for postoperative complications in 

general and increases cardiac adverse events,465–468 respiratory failure, oxygen desaturation, 

and intensive care admission.467,469–477 Moreover, these complications have increasingly 

resulted in malpractice lawsuits.478,479 Data about postoperative mortality is mixed but 

generally shows no increased 30-day mortality, which is thought to be due to increased 

monitoring in this group of patients.468,472,480–485 Identifying at risk patients is critical 

to perioperative planning given the increased risk of postoperative cardiopulmonary 

complications with OSA.486

As most surgical patients with OSA are undiagnosed, the Society of Anesthesia and Sleep 

Medicine Guidelines on preoperative screening and preparation of patients with OSA 

strongly recommends screening for OSA in the preoperative period.486
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Screening will prompt practitioners to create a safer postoperative management plan, such 

as extended monitoring, the use of CPAP therapy, using less opioids and sedatives, and 

more regional anesthesia techniques whenever applicable. It also helps in deciding on the 

eligibility for ambulatory procedures.487

Sleep study testing is the standard for OSA diagnosis. However, it is not cost-effective 

or practical to screen patients using PSG in the perioperative setting due to highcost 

and inconvenience. There are often logistical issues of coordinating sleep study testing 

and surgery scheduling timelines. However, the preoperative assessment is a cost-effective 

opportunity to screen for and select high risk patients who can then be offered sleep study 

and treatment for OSA.488 In order to facilitate OSA detection, several predictive screening 

tools have been proposed. Using the questionnaires with clinical criteria is easy, inexpensive, 

and has an acceptable sensitivity. However, they should not be used as a diagnostic tool 

without confirmatory sleep study testing given the low to moderate specificity and the 

potential for misdiagnosis.446,464,486,489

Screening components: It is best if the patient is seen a few weeks before surgery, so a 

proper diagnosis and treatment are initiated. Patients can be screened by their primary care 

physician, by their surgeon, or by the anesthesia care provider in the preanesthesia clinic. 

Screening may take place in the hospital, or on the day of the procedure.

Preoperative screening: Preoperative evaluation of a patient for potential identification of 

OSA should include: medical history, screening questions, and physical exam. A focused 

review of history includes prior airway difficulty, hypertension, CV problems, craniofacial 

abnormalities, and any previous sleep studies. A physical examination should include 

evaluation of the airway, neck circumference, tonsil size, and tongue volume.490

Screening methods in the perioperative setting: Several pre-operative screening 

questionnaires are available. Only STOP-BANG, Berlin, American Society of 

Anesthesiologists (ASA) checklist, and perioperative sleep apnea prediction have been 

evaluated and validated in surgical populations.491

STOP-BANG (SB) questionnaire: The questionnaire builds on the STOP questionnaire 

(snoring, tiredness, observed apnea, and high BP) and adds the BMI, age, neck 

circumference, and gender criteria (BANG). Each item in the questionnaire is score 

as (yes/no) and is scored as (0–1) for a total score of 8. The STOP-BANG 

questionnaire has a high sensitivity where a score of ≥3 score is associated with an 

increased risk of moderate-to-severe OSA,470,492,493 and a higher rate of perioperative 

complications.469,471,473,475–477,485,486,494–496 On the other hand, the specificity ranges 

from 30% to 43%, which may yield high false positive rates and may increase unnecessary 

testing.446 The addition of serum HCO3
− of at least 28 mmol/L to the STOP-BANG score 

improves the specificity but decreases its sensitivity.447

Perioperative Sleep Apnea Prediction Score (P-SAP): The P-SAP score includes the 

following: snoring, thyromental distance <6 cm, type 2 diabetes mellitus (DM), high BP, 

Mallampati class III or IV, BMI > 30 kg/m2, age > 43 years, neck circumstance >40 cm, and 
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male gender. A diagnostic threshold P-SAP score of 2 or higher showed excellent sensitivity 

(0.939) but low specificity (0.323), whereas a P-SAP score of 6 or higher had low sensitivity 

(0.239) but excellent specificity (0.911).464

American Society of Anesthesiologists (ASA) checklist: ASA OSA scoring checklist 

combines physical characteristics, history of apparent airway obstruction, and 

somnolence.497 Physical characteristics include signs and symptoms suggestive of the 

diagnosis of OSA (BMI > 35, craniofacial abnormalities, and neck circumference). 

Symptoms of apparent airway obstruction include: loud snoring, frequent snoring, observed 

pauses in breathing during sleep, and awakening from sleep with choking sensation. 

Somnolence is present if the patient reports fatigue despite adequate “sleep” or falling 

asleep easily in a non-stimulating environment. The ASA checklist was validated in surgical 

population with a moderate sensitivity (72%–87%) which was comparable to both the STOP 

and Berlin questionnaires.489

The Berlin questionnaire445: The Berlin questionnaire focuses on some risk factors for 

OSA. It includes questions about snoring, daytime sleepiness, and fatigue. Patients are also 

asked to provide information on history of hypertension, age, weight, height, sex, neck 

circumference, and ethnicity. Its sensitivity is 69–87% in surgical patients.489

DES-OSA score: The DES-OSA is a morphologic OSA prediction score; it takes into 

account the Mallampati score (MP), thyroid chin distance (DTC), BMI, neck circumference, 

and sex.498 Patients with MP class II scores 2 points, and 3 points if they are class III or IV. 

They are awarded points based on their DTC, neck circumference, and BMI. Patients who 

score 5 or above are likely to have OSA diagnosis.

Oxygen Desaturation Index (ODI): Using overnight oximetry has been found to have 

a very good correlation with AHI on PSG in surgical patients.499 ODI is defined as the 

number of (3% or 4%) desaturation episodes per hour. The ODI > 10 demonstrated a 

sensitivity of 93% and a specificity of 75% to detect moderate and severe OSA. (Table 

VI.B.2)

VI.C | Symptoms Associated with OSA

VI.C.1 | Snoring, gasping, excessive daytime sleepiness—OSA is characterized 

by repetitive episodes of partial and complete pharyngeal collapse. Accordingly, in patients 

with OSA, increased UA resistance from partial pharyngeal collapse may manifest as loud 

snoring. Complete pharyngeal collapse with cessation of airflow may result in witnessed 

apneas. Individuals with OSA may report nocturnal episodes of choking or gasping, and/or 

symptoms of daytime fatigue, sleepiness, tiredness, or even insomnia. Bedpartners may be 

affected.

Large community studies have demonstrated habitual snoring (occurring most nights 

of the week) in 34%–44% of the population, witnessed breathing pauses in 6%–29%, 

and daytime hypersomnolence in 18%–28% of individuals.88,145,456 Recent data from a 

population sample in the United Kingdom has shown a significant increase in the rate 

of reported witnessed apneas in the community over the last 20 years concurrently with 
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a rise in obesity.504 The frequency of these symptoms is higher in those with OSA. 

Among individuals diagnosed with OSA, 38%–80% report snoring, 10%–67% report 

witnessed apneas, and 32%–40% report excessive daytime sleepiness (ESS ≥ 11). In 

general, increasing frequency of each symptom occurs with increasing AHI and OSA 

severity.88,456,505

Findings from several population-based and retrospective studies have demonstrated that 

habitual snoring and witnessed apneas are predictors for OSA.88,145,505,506 However, the 

most predictive symptom for identifying individuals with OSA may be nocturnal choking 

or gasping episodes.507 A large Canadian population study in 2009 found that 4.3% of the 

population reported awakening suddenly with gasping or choking rarely or sometimes, and 

1.5% reported this symptom occurring once a week or more508; of individuals diagnosed 

with OSA, 14.4% reported nocturnal choking or gasping episodes rarely or sometimes (OR 

3.52, 95% CI 1.92–6.46), and 11.2% reported this symptom once a week or more (OR 7.92, 

95% CI 3.74–16.74). Furthermore, an SR by Myers et al. in 2013507 demonstrated that 

nocturnal choking or gasping episodes had a likelihood ratio (LR) of 3.3 (95% CI 2.1–4.6) 

for the diagnosis of OSA (AHI ≥ 10), while snoring was found to be less predictive (LR 1.1, 

95% CI 1.0–1.1).

Despite being common in the general population, snoring or apneas may not be 

routinely screened for or reported in the primary care setting.509 Many validated 

questionnaires445,446,510 include some or all of these symptoms and may help identify 

patients at risk for OSA.509 Sex differences in reported sleep symptoms have been reported, 

with men being more likely to report snoring (34% vs. 19%) and women being more likely 

to report hypersomnolence (22.6% vs. 15.5%).90 Shepertycky et al.511 also demonstrated 

that women with OSA were more likely to report insomnia (OR 4.20, 95% CI 1.54–14.26) 

and less likely to report witnessed apneas (OR 0.66, 95% CI 0.38–1.12). These variations 

in OSA symptomatology are important to recognize not only for appropriate screening, but 

also may have broader implications for OSA treatment.420 (Table VI.C.1)

VI.C.2 | Nocturia—Nocturia, the need to urinate more than once per night,514 affects 

greater than 60% of adults aged 70 and older and is more prevalent in women.515,516 The 

prevalence of high risk for OSA (based on results from the Berlin questionnaire) studied 

in a sample of female patients, in an urogynecology clinic was greater in patients with 

nocturia (61.7%) compared to those without (24.1%) (OR 2.9, 95% CI 1.29–6.52).517 A 

recent MA demonstrated an association between OSA and risk of nocturia 1.41 (95% CI 

1.26–1.59). Furthermore the authors’ report that patients with severe OSA had a higher 

incidence of nocturnal urination in comparison to patients with mild or moderate disease 

(relative risk [RR] 0.82; 95% CI 0.72–0.94). In men there was a statistically significant 

association between OSA and risk of nocturia (RR 1.487, 95% CI 1.087–2.034), which was 

not the case in women.518 To support the link between severity of OSA and nocturia, in 

a study comparing patients with and without nocturia, an increased ODI was associated 

with an increased probability of nocturia, in the multivariable model (OR = 1.03; 95% CI = 

1.01–1.06).519 The higher the ODI score, the greater the probability of nocturia.
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A chain of physiologic effects leads to diuresis and nocturia in the setting of OSA. Increased 

intra-thoracic negative pressures (needed to overcome a closed UA) lead to atrial stretch 

which triggers a signal of excessive fluid volume and the subsequent release of atrial 

natriuretic peptide induces diuresis.520,521

Nocturia has significant effects on QOL and in particular sleep quality, impacting total sleep 

time (TST) and sleep efficacy. In comparison to patients with OSA without nocturia, mean 

SaO2, time spent in desaturation below 90%, and ODI were worse in OSA patients with 

nocturia.516 Treatment with CPAP has been shown to improve nocturia in patients with 

OSA.522

VI.C.3 | Caffeine intake—Excessive daytime sleepiness is a common symptom of OSA. 

One of the reasons to consume caffeinated products is to counteract sleepiness. Caffeine is 

a natural psychoactive substance which blocks adenosine receptors in the brain 30–60 min 

after consumption. As adenosine builds up during the day, the sleepier we become. Caffeine 

blocks this process, and as a consequence we remain alert and vigilant.

Bearing this is mind, assessing caffeine use as a marker of sleepiness is recommended 

when taking patient history in patients suspected of OSA. Studies on patients with untreated 

OSA have demonstrated that increased caffeine intake is associated with less cognitive 

impairment523 thereby indicating a potential therapeutic effect of caffeine and evidence for 

self-treatment of OSA. On the other hand, caffeine can delay onset of sleep and can interfere 

with our circadian rhythm.

Despite its common use, the prevalence of caffeine use in patients at risk for OSA is difficult 

to estimate. The SHHS provides the most comprehensive assessment of caffeine use in OSA 

patients.524 Women with SDB have the strongest correlations between caffeinated soda and 

OSA. There was only an association between caffeinated soda and severe SDB in men.524 

Coffee and tea consumption were not associated with SDB.

Several trials were created to evaluate interactions among caffeine use, OSA, and CV risks. 

Bardwell et al. demonstrated that OSA patients consumed significantly greater caffeine than 

normal controls (295 vs. 103 mg/day of caffeine).525 Robinson et al. measured caffeine 

consumption before and after 4 weeks of CPAP. Although sleepiness improved after CPAP, 

caffeine intake did not change.526 Such research has contributed to the concept that OSA 

has independent effects on hypertension and other CV markers which are separate from the 

impact of caffeine use.

VI.D | Physical Exam Findings Related to OSA

Evaluation of patients with OSA includes standard physical exam that evaluates for 

age, BMI, neck circumference, assessment of craniofacial structures, and standard UA 

examination of the nasal cavity, oral cavity, and OP. The ability of an individual physical 

exam finding to predict OSA alone is limited, but the entire physical exam can be considered 

in the context of the patient’s history to provide a better assessment of OSA risk.
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Some goals of the physical exam for OSA aim to: (1) incorporate exam findings for use 

in OSA screening tools in conjunction with patient symptoms; (2) determine potential 

causes of airway obstruction, (3) identify potential anatomic concerns that may limit PAP 

therapy, and (4) aid in determining potential therapeutic targets for sleep surgery (see 

Section IX.C.1).

This section evaluates the components of the physical exam relevant to OSA evaluation 

and summarizes the available evidence that associates particular exam findings with OSA. 

Evidence tables are provided for specific exam findings that have adequate data.

Not all components of the physical exam are routinely performed, and the examination 

should be tailored to each individual patient after completing a thorough history and 

symptom review.

VI.D.1 | BMI—Obesity is a well-established risk factor for the development and 

progression of OSA. A BMI greater than 30 increases risk for OSA350 and weight reduction 

is a treatment option that can improve OSA severity.189 BMI level also has implications for 

surgical outcomes with higher BMI associated with persistent OSA after surgery.527 BMI 

level should be included in the evaluation of OSA patients.

VI.D.2 | Neck circumference—Neck circumference (NC) or collar size is associated 

with OSA in adults.184,528–534 It is measured as the circumference of the neck at the superior 

border of the cricothyroid membrane. Larger neck circumference is related to elevated BMI. 

Fat deposition in the tissues of the neck results in a smaller and more collapsible UA, thus 

increasing the likelihood of OSA.

An SR and MA of facial phenotype in adult OSA found that adults with OSA had 

significantly larger NC compared to controls.535 Neck circumference is associated with 

OSA severity.138,528 Specifically, NC > 40 cm (16 inch) is associated with snoring and 

OSA.528,529,536–538 Although it is positively correlated with OSA, NC alone is a poor 

predictor of OSA.539 The sensitivity of NC alone is insufficient to identify patients 

with sleep apnea, but increases when combined with other clinical, anthropometric, or 

cephalometric measures.537,540–542 One screening tool that incorporates NC is the STOP-

BANG which is used to identify patients at high risk for OSA446 and uses NC or shirt collar 

size estimates with thresholds of 43 cm (17 inch) for males and 41 cm (16 inch) for females. 

(Table VI.D)

VI.D.3 | Nasal exam—Nasal obstruction is associated with sleep apnea and treatment of 

obstruction improves sleep quality and CPAP tolerance296 (see Section V.A.1). A thorough 

nasal examination includes evaluation of external nasal structures and visualization of the 

nasal cavity using a nasal speculum and/or nasal endoscope. The examiner should identify 

any external nasal deformity, internal septal deviation, inferior turbinate hypertrophy, 

nasal valve collapse, nasal cavity inflammation, and adenoid hypertrophy. The Cottle 

and Modified Cottle Maneuvers may be beneficial in assessing for internal nasal valve 

collapse.543 The nasal exam is focused and based on patient symptoms of nasal obstruction. 

Nasal obstruction has implications in PAP tolerance544 and OSA-related symptoms.545
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VI.D.4 | Oral cavity and oropharynx exam—Examination of the oral cavity and OP 

is an important component of the OSA physical exam. Thickened and collapsible lateral 

pharyngeal walls and an enlarged uvula are well-recognized physical exam finding in adults 

with OSA.324,325 Several studies also demonstrate that a narrow palatopharyngeal arch, or 

fauces, is predictive of the presence and severity of OSA.235,332,334,336

Tonsil size is commonly reported using the Brodsky tonsil grading scale: 0 = surgically 

absent; 1+= 0%–25% OP obstruction; 2+= 25%–50% OP obstruction; 3+= 50%–75% OP 

obstruction; and 4+ = 75%–100% OP obstruction.546 Tonsil size may predict severity of 

OSA, and a study of adults with OSA demonstrated that each increase in tonsillar size 

correlates to an increase in AHI of approximately 14 events/h.327 Identification of enlarged 

tonsils in patients with OSA also has implications in treatment decisions.335

VI.D.5 | Mallampati classification and Friedman tongue position—Common 

classification schema used for grading the oropharyngeal exam include the Mallampati 

classification (MC) and Friedman tongue position (FTP).

The MC was developed as a clinical indicator for difficult intubation and is performed 

by examining the seated patient with the mouth open and tongue protruded. Based on the 

visualized oropharyngeal structures (palate edge, uvula, and tonsils), a classification from I 

to IV is assigned. Class I represents complete visualization of the soft palate and uvula, class 

II includes partial visualization of the uvula and complete view of the soft palate, class III 

involves view of the base of the uvula, and class IV views of the hard palate only.

The MC has since been modified several times most notably as the FTP, in which the airway 

is assessed with the tongue remaining inside the oral cavity instead of protruded with the 

original MC.547,548 FTP was designed to grade the relative size of the tongue base and was 

used as a predictor for surgical success after UPPP. The modified Mallampati (MMP) also 

examines the oral cavity with the tongue at rest and is a variation of FTP.

Both the MC and FTP have been examined as predictors for the presence and severity 

of OSA, but conflicting evidence lends to uncertainty of their predictive values.547,549 

MC is associated with AHI but not among women.550 Mallampati class IV is associated 

significantly with OSA.551 FTP and AHI are positively correlated with higher FTP grade 

associated with higher AHI547,552,553; however, low inter-examiner agreement in FTP 

scoring has been suggested.554

A recent review article concludes that MC and FTP may have limited predictive values for 

OSA when used independently, but they may play a role when incorporated into the overall 

patient assessment.548 (Table VI.D.5)

VI.D.6 | Laryngoscopy—Laryngoscopy may be included in the OSA physical exam if 

indicated based on patient history. Laryngoscopy can be used to identify lingual tonsillar 

hypertrophy, to diagnose masses or lesions within the UA, and to determine the shape, 

size and position of the epiglottis. While lingual tonsil grade as defined by Friedman 

et al. does not have a direct correlation with OSA, its presence may play a role in 

surgical planning.556,557 A recent study demonstrated that presence of a mega-epiglottis 
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on laryngoscopy is an independent predictor of moderate and severe OSA. This study 

also demonstrated that a modified Cormack-Lehane score of 2 or more as measured on 

laryngoscopy may predict OSA.558

Physical exam summary: Specific physical exam findings may correlate to OSA risk and 

severity of disease however physical exam findings alone are insufficient for OSA diagnosis 

and severity estimations. Sleep study testing is required to achieve a diagnosis of OSA. 

The physical exam has a role in the evaluation for OSA specifically to: (1) incorporate 

exam findings into OSA screening tools for risk stratification; (2) identify potential anatomic 

concerns that may limit PAP therapy, and (3) aid in determining potential therapeutic targets 

for sleep surgery.

VI.E | Imaging Findings Associated with OSA

VI.E.1 | Lateral cephalometry—X-ray cephalometry is a widely available and 

inexpensive imaging modality that assesses the craniofacial skeleton and its association 

with soft tissue of the UA. It was introduced in the 1980s as part of routine sleep surgical 

evaluation where cephalometric measurement of the length of the soft palate and the 

position of the hyoid bone were associated with severe OSA.559 In an SR and MA, the 

following parameters significantly correlated with OSA: (1) a mandibular body length as 

measured from gonion to gnathion of less than 80 mm, (2) a sella, nasion, A point angle 

(SNA) of less than 75°, (3) an increased anterior lower facial height measured from the 

anterior nasal spine to the gnathion greater than 85 mm, and (4) hyoid bone more than 

18 mm below the mandibular plane correlate strongly with OSA.229 While this study 

provides the highest LOE, caution must be exercised in generalizing its conclusions. There 

are methodological differences in standardization of image acquisition, magnification of 

cephalograms, matching of controls, article selection bias, and quality of the constituent 

studies. Studies generally did not account for ethnic differences in craniofacial structures. 

Additional limitations to cephalograms include lack of 3D assessment and low soft tissue 

detail. And despite the anatomic correlates, cephalograms can neither confirm nor exclude 

OSA. An MA linking adult OSA with cephalometric parameters failed to show a statistically 

significant difference when subjects with the disorder are compared to healthy controls.560 

Moreover, because they are done awake and in the upright position, they do not account for 

changes in the airway during sleep.

Correlation of cephalometric parameters with the AHI on overnight PSG has been 

inconsistent in the literature. Analysis of preoperative clinical screening tests for OSA 

revealed that cephalometry alone may miss a significant proportion of patients with OSA in 

low-risk populations.561 Therefore, it cannot be relied upon for OSA screening and should 

be considered as only an investigative modality for OSA evaluation. The main benefits of 

cephalogram are its low cost and low-risk nature in providing anatomic assessment for OSA. 

It is most useful in treatment planning for orthognathic surgery.

VI.E.2 | Cone-beam CT—Cone beam CT (CBCT) has the benefits of 3D volumetric 

assessment, which is more expensive than cephalogram, but increasingly available. High 

quality evidence supporting its use for OSA airway assessment is lacking. An SR 
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of observational studies by Guijarro-Martínez and Swennen noted inconsistencies and 

discrepancies in the technique of imaging acquisition.562 Most studies did not control 

respiratory phase, mandibular position, and/or tongue position, which influence airway 

dimensions. Also, the most widely available CBCT scanners acquire images in upright 

position, which impacts airway analysis for OSA patients. Conclusions from upright CBCT 

airway dimensions may not apply to supine cross-sectional imaging as the gravitational 

effect in response to the postural change leads to a smaller cross-sectional area of UA 

due to movement of the hyoid bone, the mandible, the tongue, and UA muscle. Hsu and 

Wu showed that in the upright position, there is a significantly greater distance between 

the mandibular plane and the hyoid bone when compared to CBCT derived cephalometric 

images in the supine position among normal test subjects.563 Chen et al. performed an SR 

of the most relevant UA anatomical parameters related to OSA by CBCT, conventional 

CT, and MRI.564 On sagittal cross-sections, a soft palate measuring more than 38 mm in 

length and 10 mm in width, an oropharyngeal length measuring more than 70 mm, and 

tongue length more than 65 mm are correlated with OSA. That corresponds to a retropalatal 

cross-sectional area of less than 100 mm2 and a retroglossal cross-sectional area of less than 

150 mm2 on axial views. Similar to cephalogram, CBCT can be of value as an adjunct in the 

anatomic evaluation of OSA and for surgical planning in orthognathic surgery.

VI.E.3 | Other imaging types—Cine CT (ultra-fast CT) provides dynamic airway 

examination, an advantage over CBCT and conventional CT. It does not reliably distinguish 

between patients with OSA and primary snorers. Somnofluroscopy can distinguish snoring 

from apneas, but high radiation exposure and poor anatomical detail limit its utility. Sleep 

MRI provides superior soft tissue anatomical detail. Using sleep MRI, Liu et al. showed 

in a multivariate analysis for subjects matched for age and BMI that severity of OSA 

can be predicted by the presence of lateral pharyngeal wall collapse and low hyoid bone 

position.565 Limitations for the use of sleep MRI include lack of widespread availability, 

expense, and challenges involved in promoting sleep in an MRI scanner discomfort. Awake 

ultrasonography is a promising imaging modality in evaluating OSA. A recent MA by Singh 

et al. showed a number of parameters with moderate to good correlation with OSA.566 

However, these parameters remain to be validated.

In the literature, there are only a few publications dealing with the evaluation of soft 

tissue and skeletal anatomy using MRI and lateral cephalometry with both control and 

OSA subjects. These studies utilized dynamic or ultrafast MRI sequences and cephalometric 

measures, but did not discriminate OSA from control subjects by sleep study or validated 

questionnaires.

The soft tissue landmarks in cephalometry are influenced by the superposition of all the 

structures present in the same plane, which makes some of the landmarks difficult to 

accurately and reliably identify. MRI provides unparalleled definition of UA soft tissue 

structures, without exposing patients to the ionizing radiation. However, MRI offers a 

less precise bony contour definition. Because the enhanced soft tissue resolution of MRI 

affords greater measurement accuracy and allows for the determination of additional airway 

measurements, which cannot be achieved through cephalometry (e.g., tongue volume, PAS 
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area), MRI may be superior to radiocephalometry for the assessment of anatomic measures 

in OSA patients.567 (Table VI.E)

VI.F | Diagnostic Testing for OSA

VI.F.1 | Types of sleep studies—Traditionally, the standard way to diagnose OSA 

has been with PSG which is an overnight test conducted when one is asleep in a sleep 

lab with a sleep technologist in attendance. PSG uses ≥7 channels to monitor sleep, 

respiration, and muscle activity. Monitoring of brain activity started in 1875 and evolved 

to the Sleep Research Society developing a standardization for the scoring of sleep in 1968 

using the Rechtschaffen and Kales (R and K) manual.568 R and K was the standard to 

score PSG until 2007 when the AASM published a scoring manual569 for scoring sleep 

studies that is followed by all accredited sleep centers and updated on an approximately 

annual basis. It describes types of sensors to be used, their placement, and how to 

score sleep, respiratory events, cardiac events, and limb movements. A standard PSG 

includes electroencephalography (EEG) with frontal, central, and occipital leads placed 

using the 10–20 international system, electro-oculography (EOG), chin electromyogram 

(EMG), lead II electrocardiogram (ECG), airflow monitoring via oral thermistor and a 

nasal pressure transducer, respiratory effort with inductance plethysmography, SaO2 via a 

pulse oximetry, and limb EMG.568 Other monitoring that is typically done is snoring via a 

snore microphone, body position sensor, and video monitoring. A PSG report will contain 

information about the patient’s sleep, limb movements, and the presence of SDB based on 

the AHI calculated during the PSG.

In general there are four types of sleep monitoring devices (I–IV) (Table VI.F.1). Type I is 

a PSG described above and types II–IV are portable sleep monitoring (PM) or HSAT.568 A 

type II study is portable monitoring done using the same channels as a type I device only 

it is unattended – meaning there is not a sleep technologist or sleep trained personnel with 

the patient while they are having the study done. Type III HSAT uses four to seven channels 

and type IV uses one to two channels with at least one being a pulse oximeter.568,570 Most 

HSATs do not directly record sleep. Therefore, as opposed to an AHI, HSATs report an REI 

which is the number of apneas and hypopneas per hours of recording time.571 The AASM 

recommends that HSATs record airflow, respiratory effort, and blood oxygenation.570,572 

Most LRs and recommendations focus on type III devices. Type II devices are not typically 

conducted in the clinical setting and not much data exists on their efficacy. Of note, the 

naming of sleep monitoring tests (type I–IV) is non-descriptive and reflects a descending 

order of complexity/required channels. A separate mode of classifying sleep tests, the 

SCOPER criteria, have been proposed, but are not yet formally adopted. The Scoper criteria 

classify sleep tests by the parameters being assessed within a given individual test and is a 

reasonable alternative to the type I–IV classification.573

A type III device that is FDA approved uses peripheral arterial tone (PAT) in combination 

with actigraphy, and pulse oximetry to diagnose OSA as opposed to the traditional 

combination of airflow, respiratory effort, and pulse oximetry used in other type III 

devices.574 The algorithm correlates low SaO2 with sympathetic tone (determined by the 

PAT) to determine if low oxygen is due to an obstructive event (event with decreased 

Chang et al. Page 44

Int Forum Allergy Rhinol. Author manuscript; available in PMC 2024 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



SaO2 associated with high sympathetic tone) or central event (events with decreased SaO2 

associated with low sympathetic tone).574–576 It also uses an actigraph to identify which 

potential events occurred in wakefulness or sleep. The device is worn around the wrist and 

has two finger probes. The actigraph is in the body of the device and detects movement 

of the arm to approximate sleep and wake. Obstructive events cause increased sympathetic 

activity which will lead to vasoconstriction of digital blood vessels resulting in attenuation 

of the PAT signal.574,577 The device will report estimates of the AHI, sleep time, lowest 

SaO2, REM percentage, and oxygen percentage.574 Studies comparing PAT technology to 

PSG found a strong correlation of AHI and lowest SaO2 between the two study devices as 

well as reliable reproducibility with the PAT device results.574–576

VI.F.2 | Home sleep studies—An HSAT is recommended for the evaluation of patients 

with high clinical probability of OSA along with a comprehensive sleep evaluation.578 

SRs and meta-analyses of well-designed RCTs demonstrate that treatment outcomes 

and adherence are not statistically different between subjects diagnosed with HSAT or 

PSG.573,579 Current guidelines recommend using PSG or home sleep apnea testing with a 

technically adequate device for OSA diagnosis.578 These devices include type I–IV monitors 

(see section Types of Sleep Studies). There is increasing evidence supporting the use of 

some home-based type III and IV type sleep studies to “rule-in” but not “rule-out”580 

moderate to severe OSA. Such devices may therefore prove useful in populations where 

there is high prevalence of OSA or when combined with validated sleep questionnaire(s) that 

enhance the pre-test probability of moderate to severe OSA.581 An 18% false negative rate 

for HSAT in high-risk patients has been observed572; therefore, if a single HSAT is negative, 

inconclusive, or technically inadequate, an in-laboratory attended 573,579 PSG should be 

performed. In addition, an MA of laboratory versus HSAT concluded that they both provide 

similar diagnostic information, but HSAT may underestimate severity of AHI by around 

10%.582

Meta-analyses have been conducted comparing type III portable studies and type I (PSG) 

studies in uncomplicated patients at risk for OSA.583 The type III portable studies measured 

airflow, thoracoabdominal effort, SaO2, and body position. The results showed that type III 

devices are both sensitive and specific for the diagnosis of OSA. In addition, as disease 

severity increases, there is increased specificity and decreased sensitivity. The technical 

failure rate is also higher for portable monitoring done at home as opposed to in the lab.583 

Therefore, evidence supports that type III studies are useful to diagnose OSA in those with 

a high pre-test probability of having moderate to severe OSA.138,573,579,582 MA comparing 

one channel, two channel, and four channel HSATs showed that the sensitivity is increased 

for devices using four channels compared to one or two channels.584,585 Also sensitivity 

decreases and specificity increases when the AHI cut off was moved from 5 to 15 events/h. 

It has been concluded that using type IV (one to two channels) devices may lead to a higher 

number of false positives and negatives compared to type III devices but may have a role in 

screening for OSA in areas where access to type I and III studies are limited.

Subjects with significant cardiorespiratory disease, potential respiratory muscle weakness 

due to neuromuscular conditions, awake hypoventilation or suspicion of sleep-related 

hypoventilation, chronic opioid medication use, history of stroke, or severe insomnia were 
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excluded from most studies, and therefore a PSG is recommended over HSAT in these 

cases.579 However, there is emerging data from small RCTs that HSAT can be feasibly 

implemented after stroke or transient ischemic attack (TIA) or even patients in a stroke 

rehabilitation unit.586,587 Therefore, this population could be considered for testing with 

HSAT.

On a practical level, the patient’s insurance coverage may be the major determinant for 

which test is utilized. We recommend that if a single HSAT is negative, inconclusive, or 

technically inadequate, in-lab PSG be performed for the diagnosis of OSA.138 More robust 

evidence-based economic evaluation is needed to guide decision-makers about the cost and 

effectiveness of home-based testing compared to PSG. The gold standard diagnostic tool is 

PSG, yet the test is expensive, labor intensive, and timeconsuming. Home-based testing can 

broaden access to diagnostic services, in hopes to reduce the substantial economic burden 

related to OSA and provide consistent results signifying similar effectiveness.138

We recommend against home sleep testing for the routine assessment of isolated insomnia, 

restless legs syndrome (RLSs), or uncomplicated parasomnias if one of these conditions 

is considered the likely primary abnormality. HSAT may be considered if there is a 

high suspicion of overlapping OSA, as insomnia and OSA may co-exist in up to 30% 

of sleep clinic populations.588 We recommend that if an HSAT is used to rule in OSA, 

there are clearly defined pathways for assessing the pre-test probability and co-morbidities. 

We recommend that if HSAT confirms diagnosis of OSA, there is no further need to 

confirm with in-lab PSG.458,579 (Table VI.F.2) the recent AASM CPG. Namely, it addresses 

new literature assessing the utility of PSG in patients with significant cardiorespiratory 

disease, potential respiratory muscle weakness due to neuromuscular condition, awake 

hypoventilation, suspicion of sleep related hypoventilation, chronic opioid medication use, 

history of stroke, or severe insomnia.572

VI.F.3 | In-lab studies—Traditionally, in-lab PSG has been the testing modality of 

choice to diagnose and assess the severity of OSA.578 The 2017 AASM CPG recommended 

that PSG remains the diagnostic testing modality for patients suspected of having OSA who 

had significant comorbidities or who failed an initial HSAT, but that HSAT or PSG could be 

used to diagnose OSA for uncomplicated patients considered to be at risk of moderate 

to severe OSA.572 This diagnostic testing section reviewed the literature and updated 

the indications for PSG in the context of the recent AASM CPG. Namely, it addresses 

new literature assessing the utility of PSG in patients with significant cardiorespiratory 

disease, potential respiratory muscle weakness due to neuromuscular condition, awake 

hypoventilation, suspicion of sleep related hypoventilation, chronic opioid medication use, 

history of stroke, or severe insomnia.572

Heart failure with reduced ejection fraction (hFrEF or congestive heart failure 
[CHF]):  hFrEF patients are at high risk for SDB, including both OSA and CSA. HSATs 

have been evaluated for the diagnosis of SDB in multiple studies of patients with hFrEF, 

including three Level 1b studies, one Level 2b study, and one Level 3b study.584,607–610 

In a study of 100 hFrEF patients undergoing simultaneous home PSG and a two channel 

version of the ApneaLink, accuracy for an AHI > 5 and >15 events/hour was reported at 
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94%, though the PSG required a 4% desaturation to qualify as a respiratory event and the 

HSAT could not distinguish between obstructive and central events.609 Aurora et al. reported 

that adding an effort belt to the IT (ApneaLink Plus) yielded similar accuracy and could 

distinguish obstructive versus central events (obstructive AHI r = 0.91, central AHI r = 

0.998), though the study included only 57 inpatients with decompensated hFrEF.608 In a 

prospective multicenter cross-sectional study, stable hFrEF patients (N = 47 in the validation 

group) underwent simultaneous SleepMinder (a novel two channel touchless HSAT) and 

PSG.610 The SleepMinder required a 50% reduction in airflow only for a respiratory event, 

while the PSG required 30% drop in flow and 4% desaturations. The SleepMinder had an 

area under the curve (AUC) of 0.85 but misclassified 19% of patients using an AHI cutoff 

of 15 to define SDB and was unable to distinguish obstructive versus central events. The 

non-Level 1 studies in this group were downgraded due to small numbers and/or antiquated 

criteria used to define respiratory events.584,607

Chronic obstructive pulmonary disease (COPD):  Patients with COPD are at risk for 

OSA, but also hypoventilation and nocturnal hypoxemia. Limited data is available to assess 

the utility of HSATs in the diagnosis of SDB in patients with COPD (one Level 1b study 

and one Level 3b study).611,612 In prospective single center cross-sectional study of 90 

outpatients with stable COPD and symptoms of OSA, Chang et al. evaluated one night with 

an HSAT device (Nox-T3) and then an in lab PSG with simultaneous Nox-T3 within 1 

week.611 The best agreement was found when the studies were done on the same night, used 

a 4% desaturation criteria for respiratory events, and used an AHI cutoff of 15 to define 

SDB. Kappa values ranged from as low as 0.48 (different night, 3% desaturation criteria, 

AHI cutoff of 5) to 0.93 (same night, 4% desaturation criteria, AHI cutoff of 15). A small 

(N = 33) prospective single center cross-sectional study of patients with stable Gold II and 

III COPD and symptoms of OSA compared an HSAT (WatchPAT) to in lab PSG and found 

good sensitivity (92%–96%) with moderate specificities (55%–65%), and a concordance of 

79% between the tests for an AHI > 15.612 However, of note, this later study required only a 

50% drop in airflow (no associated desaturation) to define a respiratory event on the PSG.

Post-stroke:  Patients who have had a stroke have a roughly 60%–70% risk of having 

OSA.613 A single Level 2b study compared an HSAT device (Embletta) to simultaneous 

PSG within 3 days of an ischemic stroke.614 In a prospective single center cross-sectional 

study, Chernyshev et al. found HSAT was accurate for diagnosing OSA (accuracy 1.0 and 

0.95 for AHI cutoff’s of 5 and 15). Both HSAT and PSG events were scored according to 

the 4% desaturation criteria. The main limitation to the study was that it included only 21 

participants.

Technically inadequate or normal initial HSAT:  A Level 2b study performed as a 

retrospective single center review of patients with a high pretest probability of OSA who 

had a technically inadequate (N = 111) or normal HSAT (N = 127) but then a subsequent 

PSG, found OSA in 71% of the patients with technically inadequate studies and 24% of the 

patients with normal HSATs.615 Older age and lower ESS were associated with OSA on the 

subsequent PSG. (Table VI.F.3)
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VI.F.4 | Oximetry

General population:  In the general population, two Level 1b studies,499,616 three Level 2b 

studies,617–619 and one Level 3b620 found reasonably good correlations between oximetry 

ODI and PSG AHIs, though primarily when the 4% desaturation criteria was used to score 

respiratory events. For example, in a study by Pataka et al., utilizing a 4% desaturation 

definition, there was good correlation between the ODI4% and the PSG ODI (r = 0.95), and 

for AHI > 15, ODI4% had a sensitivity, a specificity and an AUC of 82%, 94%, and 90%.616 

However, a number of these studies were downgraded for using the oximetry off the PSG as 

the comparison to the PSG derived AHI,617,618 or for using highly selective populations.619

Two studies used acoustic devices to diagnosis OSA, one Level 2b study621 and one Level 

4 study.622 In an exploratory study by Erdenebayar et al., there was moderate accuracy 

between in-lab PSG AHI and the piezoelectric sensor snoring index when worn at the same 

time as the PSG.621

Heart failure with reduced ejection fraction (hFrEF or CHF):  The accuracy of oximetry 

in patients with hFrEF was assessed by two Level 1b studies (Sharma et al., 2017 and 

Ward et al.)619,623 and one Level 3b study (Sharma et al., 2015).624 The study by Sharma 

et al., 2017, was a prospective single center, controlled trial of 105 inpatients with acute 

CHF, where simultaneous HSAT with ApneaLink and a high-resolution pulse oximetry 

(HRPO) was performed for a single night.619 The HSAT-derived REI was compared to 

the HRPO-derived ODI using 30% drop in flow with 4% oxygen desaturations. The 

receiver operating curve (ROC) analysis showed an area under the ROC curve (AUC) of 

0.89 for REI > 5 events/h with 88% of the REI in the moderate–severe category being 

correctly classified. However, HRPO was unable to reliably differentiate between central 

and obstructive respiratory events. The second Level 1b study by Ward et al. was also 

a prospective, single center study of 173 CHF patients with simultaneous recording of 

unattended PSG, ambulatory electrocardiography and overnight pulse oximetry performed 

at the home or hospital per patient preference.623 The results demonstrated that at the 

cutoff of >7.5 desaturations/h, the ODI3% had a sensitivity 97%, a specificity 32%, a 

negative likelihood ratio 0.08, and a positive likelihood ratio 1.42. The diagnostic accuracy 

increased using a cutoff of 12.5 desaturations/h, with a sensitivity 93% and a specificity 

73%. The ODI3% had an AUC of 0.92 (95% C.I. 0.88–0.96) for the detection of SDB 

in CHF, at the cutoff of >7.5 desaturations/h. The third study, by Sharma et al. (2015), 

a Level 3b study, was a prospective, single center study, in patients admitted with acute 

decompensated HF with a high clinical suspicion of SDB and an ODI4% ≥5 on overnight 

photoplethysmographic signal recording who underwent PSG.624 Among 86 patients who 

had oximetry, 68 underwent outpatient PSG within 4 weeks of discharge. Utilizing an AHI ≥ 

5 to define OSA, the AUC was 0.82.

COPD:  One each of Level 1b, 2b, and 3b studies met criteria for inclusion.625–627 The 

study by Andrés-Blanco et al., a level 1b study, was a prospective single center in 193 COPD 

patients, where supervised portable oximetry was compared simultaneously to in-hospital 

PSG as well as to unsupervised portable oximetry at home.625 A control group of 100 

non-COPD patients was also included. An ODI4% cutoff was used for the oximeter. There 
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were no significant differences between COPD and non-COPD groups in both settings, 

particularly for severe OSAS. In a Level 2b study, Scott et al. compared overnight oximetry 

results to PSG in 50 COPD patients on long-term oxygen therapy.627 Pulse oximetry tracing 

interpretation had a modest diagnostic value in identifying OSA in patients with moderate to 

severe COPD; the AUC was 0.57–0.64.

Atrial fibrillation (AF):  One Level 2b study by Linz et al. met criteria for inclusion.25 

It was a large prospective single center study in patients with documented AF (62% 

paroxysmal AF) who underwent PSG. Overnight oximetry from the PSG was used to 

determine the ODI and this was validated against the PSG AHI. In 439 patients with AF, 

the median AHI was 9.5 [3.6–21.0]/h and the prevalence of moderate (AHI 15–29/h) and 

severe SDB (AHI ≥ 30/h) was 17.3% and 16.6%, respectively. The ODI4% was able to 

detect moderate-to-severe SDB with an AUC of 0.95 and only severe SDB with AUC 0.93. 

An ODI4% of 7.6/h yielded a sensitivity and specificity for AHI ≥ 30/h of 89% and 83%, 

respectively. However, oximetry was unable to distinguish between central or obstructive 

respiratory events.

Post-stroke:  There were only two Level 2b oximetry studies and one Level 3b sonography 

study that were included in this analysis.628–630 Lin et al. performed a retrospective study 

in 254 acute stroke patients who underwent HSAT.629 The ODI3% from the pulse oximetry 

channel was compared to REI obtained from HSAT devices. Nocturnal pulse oximetry had a 

high diagnostic accuracy in predicting moderate to severe SDB in patients with acute stroke 

and the ODI3% was accurate in predicting SDB at different REI thresholds (REI ≥ 5, REI 

≥ 15, and REI ≥ 30 events/h) with AUCs of 0.965, 0.974, and 0.951, respectively. Aaronson 

et al. also performed retrospective analysis of data obtained from 56 stroke patients who 

underwent nocturnal polygraphy and oximetry.628 Sensitivity, specificity, and positive and 

negative predictive values (NPVs) for the ODI4% ≥15 were, 77%, 100%, 100%, and 83%, 

respectively. Ryan et al. reported on 23 patients who were post-stroke and had SDB.630 

Using a cutoff AHI of ≥15 by PSG to diagnose OSA, in-lab use of the BresoDx (single 

channel acoustic device) had a sensitivity of 90.0%, a specificity of 84.6%, and an overall 

accuracy of 87.0%. Bland–Altman plot showed close agreement, although a tendency for 

the BresoDx device to slightly overestimate the AHI. The AUCs for PSG diagnostic AHI 

thresholds of ≥5, ≥10, and ≥15 were 0.90, 0.91, and 1.00, respectively. Comparing the 

home use of BresoDx versus in-lab PSG, using an AHI threshold of ≥15, the BresoDx had 

a sensitivity of 100%, a specificity of 85.7%, and an overall accuracy was 91.3% (Table 

VI.F.4).

Summary: This evidence-based review updated the review of the literature in the areas of 

diagnostic testing for patients with comorbid conditions and a moderate to high risk for 

OSA. While new data was found evaluating alternative diagnostic approaches, the weight of 

the evidence for each comorbidity did not support changing the 2017 CPG recommendations 

that in-lab PSG remains the diagnostic testing approach of choice for these patients.

Future research should account for several considerations. First and foremost, consideration 

should be given to the different definitions used to determine hypopneas as these differences 

will significantly impact the accuracy of testing that does not measure sleep and arousals, 
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and as a result may affect long-term health outcomes in patients with OSA not associated 

with significant hypoxemia. Future work should also focus on the ability to predict patients 

likely to have false-negative HSAT or overnight oximetry testing results that may warrant 

follow-up testing, and what the impact of missed diagnosis may have on outcomes. Certain 

patient populations are at risk for complicated breathing disorders, including CSA and 

hypoventilation, and research is needed to advance technology for alternative testing devices 

that should take these factors into consideration. And finally, there is a lack of knowledge 

regarding the financial analysis of different approaches to diagnosing OSA in these specific 

high-risk patient populations.

VII | COMORBIDITIES ASSOCIATED WITH OSA

VII.A | Comorbidities Associated with OSA: Cardiovascular Disease

OSA is highly prevalent in the general population and in individuals with CV disease. 

OSA is characterized by repeated episodes of UA collapse during sleep, resulting in 

intermittent hypoxemia and arousals.632–635 The accompanying increase in sympathetic 

activity, inflammation, endothelial dysfunction, and elevated BP is associated with increased 

risk for CV morbidity and mortality.634,636–638

Many observational studies have demonstrated an association between OSA and incident 

CV disease, such as hypertension, AF, CAD, CHF, myocardial infarction (MI), stroke, and 

all-cause and CV mortality.

VII.A.1 | Cardiovascular and all-cause mortality—A recent MA by Fu et al. 

examined the relationship between OSA and all-cause and CV mortality in 27 cohort 

studies. OSA increased risk for both all-cause mortality (HR 1.86, 95% CI = 1.81–1.91) 

and CV mortality (HR 2.36, 95% CI = 1.22–4.57). However, when OSA was stratified 

by severity, there was no significant association between mild OSA or moderate OSA and 

all-cause and CV mortality. Only severe OSA was an independent risk factor for both 

all-cause and CV mortality.639 On cluster analysis of the SantOSA cohort with moderate 

or severe OSA, the excessive sleepiness subtype was associated with an increased risk of 

incident CV mortality.640

VII.A.2 | Cardiovascular disease—Compared to the general population, OSA is 

highly prevalent (38%–65%) in patients with CAD.635 Historically, evidence supports a 

significant association between OSA and CAD.

A large, population-based study was conducted to examine the cross-sectional relationship 

between OSA and cardiovascular disease (CVD). A cohort of 6424 subjects aged 40 

and older from the SHHS underwent an unattended polysomnogram and categorized into 

quartiles of AHI. The first, second, third, and fourth AHI quartile ranges were 0–1.3, 1.4–

4.4, 4.5–11.0, >11.0, respectively. Of the 6424 subjects, a total of 1023 subjects reported at 

least one CAD outcome, as defined as MI, angina, coronary revascularization procedure, HF, 

or stroke. Compared to the first and lowest quartile of AHI, the OR of prevalent CVD for 

the second, third and fourth highest quartiles were 0.98 (95% CI = 0.77–1.24), 1.28 (95% 

CI = 1.02–1.61), and 1.42 (95% CI = 1.13–1.78), respectively, indicating that severe OSA is 
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independently associated with CAD events with a dose response relationship after adjusting 

for demographic variables, tobacco use, cholesterol, and hypertension variables.638

A secondary analysis of the SHHS cohort examined the prospective association of OSA and 

CAD. A subset from the SHHS cohort without CAD and HF at enrollment, and adequate 

data for analysis (4422 subjects, 56.4% women), were followed for a median of 8.7 years for 

incident CV disease. After adjusting for other risk factors, OSA was significantly associated 

and predicted incident CAD events, defined as MI, revascularization procedure, or coronary 

heart disease related death, however this was only observed in men aged 70 or younger (HR 

1.10, 95% CI = 1.00–1.21 per 10-unit increase in AHI). Severe OSA (as defined by AHI 

≥ 30 events/h) conferred a stronger increased risk of developing symptomatic CAD (HR 

1.68, 95% CI = 1.02–2.76) again seen only in men aged 70 or younger.641 However, another 

analysis of the full SHHS cohort has shown severe OSA to be an independent predictor of 

death, and in particular death related to CAD. While this relationship was again strongest 

in men under 70 years of age (adjusted HR 2.09; 95% CI: 1.31–3.33), it was nonetheless 

seen across all patients with severe OSA in the study population (adjusted HR 1.46; 95% CI: 

1.14–1.86).642

In addition to evidence supporting an independent link between OSA and incident CAD, 

there is evidence that OSA may be associated with recurrence of CAD events including 

restenosis after percutaneous coronary dilation and death among individuals with CAD 

and OSA.643 Nakashima et al. conducted a prospective cohort study to determine whether 

moderate to severe OSA was associated with an increased risk of adverse CV events in 

patients who underwent primary percutaneous coronary intervention (PCI). The cohort was 

comprised of 272 patients who were admitted to the Nagasaki Citizens Hospital with acute 

MI. Patients with moderate to severe OSA had independently and significantly increased 

acute coronary syndrome recurrence and major adverse cardiac events compared to patients 

with mild or no OSA.644

Participants in the other sentinel community-based prospective observational study of OSA, 

the Wisconsin sleep cohort, were significantly younger than those in the SHHS. This may 

provide at least a partial explanation for the much stronger association seen between OSA 

and CAD in the former, wherein an AHI of ≥30 conferred a greater than two-fold risk 

of incident CAD and HF events (adjusted HR 2.63; 95% CI: 1.13–6.10) over a period of 

approximately 18,000 person years.645 The fully adjusted model for incident CAD only was 

not statistically significant (HR 2.4, CI 0.99–6.0).

The inevitable meta-analyses suggest that OSA confers an increased risk of incident 

clinically overt CAD in men, with an apparent weaker relationship between OSA and CAD 

in women.633,635,639 An SR of untreated OSA and long-term adverse outcomes suggested 

that any negative effect of significant OSA on CV events was attenuated by female gender, 

age, a lack of daytime sleepiness, and obesity.637 Overall, there is relatively strong, but not 

uniform, evidence from clinical and population studies to support an important role for OSA 

in promoting the evolution of CAD, particularly in younger male patients. (Table VII.A.2)
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VII.A.3 | Myocardial ischemia—OSA has been associated with numerous CV 

conditions, including CAD and myocardial ischemia. A number of possible 

pathophysiologic mechanisms have been implicated including sympathetic nervous system 

hyperactivity, hypertension, endothelial dysfunction, metabolic dysregulation, insulin 

resistance, and hypercoagulable state.641,655–663 In addition, OSA results in repetitive 

hypoxia and re-oxygenation and this has been associated with increased oxidative stress 

and systemic inflammation. These mechanisms may contribute to the increased risk of 

atherosclerosis and myocardial ischemia in patients with OSA.

OSA has been associated with coronary artery calcification,664 plaque instability,665 and 

vulnerability.644 During obstructive apneas, increased adrenergic tone and hypoxemia may 

increase the risk of myocardial ischemia.666,667 Interestingly, a temporal relationship 

between hypoxia and the development of ST changes and chest pain has been reported 

by Franklin et al.668 The severity of hypoxemia also appears to be a determinant of ST 

depression during sleep.669

Shah et al.652 have reported that in an observational cohort of over 1400 patients, OSA 

was associated with a two-fold increased risk of CV events or death even after adjustment 

for traditional risk factors. This suggests that OSA might independently increase the risk 

of coronary events. In patients with ST-segment elevation myocardial infarction (STEMI), 

the prevalence of undiagnosed OSA is almost 40%.670 In addition, the onset of MI is more 

likely to be during the nighttime.666 Patients who have had prior STEMI are more likely 

than the general population to have OSA, and have worse event free survival compared to 

STEMI patients without OSA.666,670

Major adverse CV events (defined as a composite of CV mortality, non-fatal MI, non-fatal 

stroke, and unplanned revascularization) after PCI also appear to be worse in patients with 

OSA.671,672 It is controversial however whether treatment of OSA with CPAP may reduce 

the risk of repeat revascularization after PCI.673,674 It has been reported that CPAP use of >4 

versus <4 h per night may be associated with a significant reduction of CV risk.673 (Table 

VII.A.3)

VII.A.4 | Hypertension—OSA and hypertension (HTN) are highly prevalent conditions 

in the general population.95,97,677 Both conditions are highly comorbid, with 50% of 

subjects with OSA noted to have HTN678 and 50% of those with HTN found to have 

OSA.679 While OSA has been associated with several adverse CV consequences, the 

evidence linking OSA and HTN is the most robust.680,681 OSA and HTN have shared risk 

factors such as obesity,682 but the presence of OSA has been found to be an independent 

risk factor for prevalent as well as incident pre-HTN and HTN.115,660,683,684 More recent 

evidence suggests that untreated rapid eye movement (REM)-related OSA, a subtype 

of OSA where SDB events are predominantly confined to REM sleep, is significantly 

associated with the development of HTN.685

There is a dose–-response relationship between OSA and HTN, in that greater severity of 

OSA appears to confer a higher risk of HTN.115,660,684 Furthermore, the effects of OSA 

on BP seem to be more pronounced in subjects with subjective and objective daytime 
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sleepiness686,687; these individuals may have a greater degree of desaturation and higher 

diastolic BP following SDB events.688 Finally, the temporal distribution, night-to-night 

variability, and degree of desaturation and/or autonomic response associated with SDB 

events may ultimately affect an individual’s risk of developing HTN.681

The prevalence of nocturnal non-dipping BP at night, an adverse CV prognostic risk factor, 

is high in subjects with OSA, in the range of 50%–80%.689,690 While the severity of 

respiratory abnormalities appears to be associated with a nocturnal non-dipping BP pattern 

in younger individuals, in older subjects, the severity of sleep disruption seems to correlate 

with nocturnal non-dipping status.691

Resistant HTN is defined by the use of three or more antihypertensive medications; 

refractory HTN refers to treatment with five or more medications.692,693 OSA is a 

secondary cause of HTN,694 and is particularly common in cases of resistant and refractory 

HTN.695–697 Over 50% of subjects with resistant HTN have underlying OSA.698–700 

Furthermore, those with severe untreated OSA appear to have a significantly higher risk 

of having resistant HTN when compared to subjects with moderate OSA.701 A recent study 

demonstrated a two-fold increase in risk of resistant HTN in African-Americans with severe 

OSA, and it is notable that the burden of undiagnosed OSA is high in this population.702 

(Table VII.A.4)

VII.A.5 | Atrial fibrillation—Patients with AF have a high prevalence of OSA. Direct 

comparison of studies regarding the concurrence of OSA and AF is complicated by varying 

respiratory event definitions and by inclusion in some studies of both OSA and CSA. 

Despite these limitations, studies that systematically evaluated AF patients using home or 

laboratory sleep testing report a prevalence of OSA (AHI ≥ 5) of 43%–85%, with prevalence 

>75% in most studies.704–710 Moderate or severe OSA (AHI ≥ 15) is reported in 20%–

62%.330,704,706,710–715 When a comparison group of patients without AF was included, the 

prevalence of OSA was higher in those with AF than in controls in most707,715,716 but not 

all717 studies. Community-based cohort studies support an independent association of OSA 

with the development of AF. In the Multi-Ethnic Study of Atherosclerosis, the prevalence 

of AF increased from 4.0% in those without OSA to 7.5% in those with severe OSA.718 

In two cohorts, the presence of AF was identified from the polysomnographic recording. In 

the SHHS, compared to those with AHI <5, participants with AHI ≥ 30 had an age-, sex-, 

BMI-, and prevalent CV disease-adjusted odds ratio (aOR) of 4.0 (95% CI 1.0–15.7) for the 

presence of AF,719 while in the Outcomes of Sleep Disorders in Older Men Study there was 

a dose-dependent association of OSA with prevalent AF.720

Longitudinal studies have yielded equivocal results regarding the association of OSA with 

incident AF. While studies using administrative claims data721 or patientreported diagnosis 

of OSA722 suggest an association of OSA with incident AF, these studies have a high risk 

of bias. Three large retrospective studies of incident AF in cohorts of patients referred for 

diagnostic PSG have been reported. In one, patients with AHI ≥ 5 were twice as likely 

to develop AF as those with AHI < 5, an effect that was limited to those under age 65; 

however, adjusting for age, sex, BMI, and prevalent CV disease, mean nocturnal SaO2 

but not AHI was an independent predictor of incident AF.414 In another, the incidence of 
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hospitalized AF increased progressively with increasing severity of OSA, although after 

multivariate adjustment that included BMI, neither AHI nor time at saturation <90% was a 

significant predictor of incident AF, except in those with >30% of sleep time at saturation 

<90%.723 It is unclear whether these measures of SaO2 reflect OSA or other conditions, 

such as reduced pulmonary or cardiac function, that might cause AF. In the third, AHI ≥ 

5 was associated with an aOR of 1.55 (95% CI 1.21–2.00) for incident hospitalized AF 

after extensive covariate adjustment, with AF incidence increasing with greater severity 

of OSA.724 In contrast, two community-based cohort studies, each of which had shown a 

cross-sectional association of OSA with prevalent AF, found that CSA but not OSA was 

independently associated with increased incidence of AF.725,726

Data are more consistent regarding the association of OSA with recurrent AF. In six 

studies that systematically assessed the presence of OSA prior to treatment of AF, OSA 

was associated with an approximately two- to three-fold increased risk of recurrent 

AF following electrical cardioversion714 or pulmonary vein isolation (catheter ablation) 

procedures.708,709,711,713,727 A similar increased risk of AF recurrence was reported in 

several studies that did not systematically screen for OSA, but compared the risk of AF 

recurrence following ablation procedures in patients with a documented prior diagnosis 

of OSA to those without known OSA.728–730 The presence of severe OSA also predicts 

failure of antiarrhythmic drugs to suppress AF.731 These studies generally included a mix of 

patients with paroxysmal and persistent AF, and the finding of increased risk of recurrence 

in those with OSA does not appear to be limited to either group.

Putative pathophysiological mechanisms linking OSA to AF include both chronic cardiac 

structural changes and acute arrhythmogenic effects of obstructive events, and has been 

recently reviewed.732 Chronic changes include increased atrial dimension and slowed atrial 

conduction, while acute triggers to AF likely include atrial distension due to intrathoracic 

pressure swings along with hypoxemia, hypercapnia, and the associated acute elevation of 

sympathetic nervous system activity. In the SHHS, paroxysmal AF events were markedly 

more likely to occur during the 90 s following an obstructive apnea or hypopnea than 

during periods without obstructive events (OR 17.9, 95% CI 2.2–144.2).733 Similarly, in 

patients with paroxysmal AF, night-to-night variation in OSA severity predicts changes in 

AF burden.734 (Table VII.A.5)

VII.A.6 | Congestive heart failure—HF is highly prevalent in the US with 6.5 million 

adults affected.735 HF is associated with significant mortality and is identified as the 

cause of one in every eight deaths in the US.736 Failure of the left ventricle is the most 

common subtype and can manifest as impairment of either systolic (hFrEF) or diastolic 

(HF with preserved ejection fraction [hFpEF]) function.737 OSA is more common in the 

hFrEF population, with prevalence estimates varying between 12% and 53%.738 A study 

of 700 patients with chronic stable hFrEF with ejection fraction (EF) ≤ 40% found a 36% 

prevalence of OSA, including 19% with severe OSA.739

In addition to shared risk factors like age and obesity, another proposed mechanism to 

explain the high prevalence of OSA in HF relates to nocturnal fluid shifting throughout the 

body. Excess interstitial fluid from the lower extremities redistributes during sleep when in 
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the supine position. This rostral fluid shift correlates with an increase in neck circumference, 

decrease in diameter of the lumen of the pharynx, and increased propensity for obstruction 

as demonstrated by increase in AHI.740

Identification of OSA may be especially important in the setting of hFrEF, where it is an 

independent risk factor for mortality.741,742 Although large confirmatory studies are lacking, 

there is interest in how OSA may adversely affect outcomes in patients with HF and a 

number of mechanisms have been proposed. HF is a state of sympathetic over-activity, so 

the autonomic imbalances associated with OSA in response to hypoxemia and repetitive 

arousals from sleep may generate concomitant physiologic stress. Additionally, large swings 

in intrathoracic pressure due to inspiratory effort against a closed UA exert transmural 

pressures across the heart and great vessels, leading to increasing afterload, reduced stroke 

volume and increased myocardial oxygen consumption.680

Considering these underlying pathophysiologic mechanisms, PAP therapy would be 

expected to have beneficial clinical outcomes in patients with HF. In addition to relieving 

obstruction of the UA in OSA and reducing work of breathing, PAP decreases venous return 

(preload), and may blunt sympathetic activity. These physiologic benefits, however, have not 

yet translated to improvements in clinical outcomes in patients with OSA and HF, which 

are limited to small, short-term RCTs. Some have shown improvements in physiologic 

parameters that are surrogates for CV outcomes, but results have not been consistent and it is 

uncertain if these improvements translate into a meaningful clinical benefit.

In small and select groups of patients with OSA and hFrEF, CPAP has been 

associated with reduced systolic BP743,744 and heart rate,743 small but inconsistent 

changes in left ventricular EF (LVEF),743–747 decreased overnight urinary norepinephrine 

excretion,746 improved QOL,743,746 improved mean sleep-related SaO2,745 and decreased 

pulmonary artery systolic pressure.747 There are a number of studies that have reported 

echocardiographic measurements of LVEF before and after CPAP. However, LVEF 

is but one assessment in the clinical diagnosis of hFrEF, and some would argue a 

minor determinant. Patil et al. performed an MA of five RCTs measuring LVEF by 

echocardiography or radionuclide ventriculography to compare the efficacy of CPAP against 

control conditions in patients with hFrEF. While some studies showed modest improvements 

in the absolute value of LVEF associated with CPAP, most reported changes (typically less 

than 5%) that would not be considered clinically significant.39

Although most available studies focus on hFrEF, OSA appears to also be prevalent in hFpEF. 

Presence of OSA in hFpEF has been associated with increased brain natriuretic peptide 

(BNP) levels, which may serve as a marker for reduced cardiac function.748 Severity of 

OSA has also been associated with increasing severity of diastolic dysfunction.749 One 

small RCT reported improvement in diastolic function in hFpEF with nasal CPAP but 

there was no difference in heart rate, systolic function, ventricular structure, BP, or urinary 

catecholamines after 12 weeks of CPAP use.750

In terms of other treatment modalities, a recent randomized study of patients with hFrEF and 

OSA demonstrated benefits of exercise (three months of aerobic and strength training) as a 
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stand-alone intervention and as an adjunctive therapy to CPAP. AHI decreased significantly 

in the exercise alone group (28 ± 17 to 18±12, p < 0.007) and the exercise + CPAP group (25 

± 15 to 10 ± 16, p < 0.007) compared to controls. Both exercise and CPAP improved NYHA 

functional class and daytime sleepiness as measured by the ESS. QOL improvements were 

maximal in the exercise groups.751

Prospective data analyzing the association between OSA and HF and high-quality data 

regarding benefits of treatment in this population are lacking (Table VII.A.6a).654,752 

Several societies have made recommendations regarding the testing and treatment of 

those with hFrEF and OSA but these recommendations are largely based on low-quality 

evidence (Table VII.A.6b). Current evidence does not support the routine treatment of non-

symptomatic OSA with CPAP in patients with hFrEF as a means to improve CV outcomes. 

Those with symptoms of OSA, such as excessive daytime sleepiness, should be offered 

treatment, in accordance with joint guidelines from national HF societies and the AASM.753 

(Table VII.A.6a and VII.A.6b)

VII.A.7 | Cerebrovascular disease—Cerebrovascular accident (CVA) or stroke is one 

of the leading causes of death and disability globally.755,756 OSA is highly prevalent (55%) 

among the stroke population and significantly increases the risk for incident ischemic 

stroke.756

Johnson and Johnson conducted an MA of 29 studies consisting of 2343 patients with 

ischemic or hemorrhagic stroke and TIA patients. They found OSA was present in 65% 

of ischemic/hemorrhagic stroke and TIA patients, with greater prevalence in male patients, 

patients with recurrent strokes, and patients with strokes of unknown etiology.613

Most strokes result from a reduction in cerebral blood flow to a specific region of the 

brain. The subsequent brain injury from blood–brain barrier dysfunction starts a series of 

inflammation, oxidative stress, excitotoxicity, and apoptosis.755

OSA increases the risk for stroke through a variety of factors leading to vascular damage 

in the brain. The repeated hypoxia can lead to endothelium damage and release of 

pro-inflammatory factors, such as plasma cytokines, tumor necrosis factor-alpha, and 

interleukin-6. This may ultimately cause vascular dysfunction by increasing endothelin, 

neurovascular oxidative stress, and increasing susceptibility to injury. Moreover, the 

associated large negative intrathoracic pressure swings could result in mechanical stress 

on the heart and valves. This can result in nocturnal apneic-related right to left shunting 

through patent foramen ovale and consequently increase risk of embolism and stroke.33

A cohort of 5422 participants without a history of stroke and untreated OSA were followed 

for a median of 8.7 years for incident stroke. Men with moderately severe OSA were at 

increased risk for incident ischemic stroke (hazard ratio [HR] 2.86; 95% CI 1.10–7.39) after 

adjusting for demographic variables (age, race) and CV risk factors (BMI, smoking, systolic 

BP, use of antihypertensive medications, and diabetes). Furthermore, there seemed to be a 

dose response relationship in which the risk of stroke increased 6% with every one-unit 

increase in AHI, suggesting as severity of OSA increased, risk of stroke also increased. In 
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women, stroke risk was not significantly associated with obstructive apnea-hypopnea index 

(OAHI) quartiles or desaturation levels, but increased risk was seen at OAHI levels greater 

than 25. After a minimum threshold of 25 obstructive events/h is met, with unit increase, 

there is a 2% increase in stroke HRs. Interestingly, arousal index was a significant negative 

predictor of incident stroke in women. Women with arousal index >12 was associated with 

decreased hazard rate of ischemic stroke compared to women with lower arousal index.33 

Future studies should further explore the protective role arousal index may play in incident 

stroke in women.

An MA was conducted of 12 prospective cohort studies that followed a total of 25,760 

participants for major CV events, fatal and nonfatal stroke, coronary heart disease, and all-

cause mortality. It was found that severe OSA is independently associated with an increased 

risk of stroke, CV disease, and all-cause mortality. Three of the 12 studies examined the 

relationship between severe OSA and risk of stroke. Patients with severe OSA had an 

increased risk for stroke (combined RR = 2.15, 95% CI: 1.42, 3.24).757

Another MA assessed the risk of cerebrovascular events among OSA patients in 15 

prospective studies and 43 nonprospective cohort studies (includes cross-sectional studies, 

case–control studies, and prospective observational studies) to ascertain the prevalence of 

OSA among patients with cerebrovascular (CV) disease. OSA was found to significantly 

increase the risk of fatal and non-fatal cerebrovascular disease (pooled HR = 1.94, 95% 

CI: 1.31–2.89) after adjusting for confounders. Furthermore, OSA was shown to be highly 

prevalent (58.8%) among patients with cerebrovascular disease and there was greater 

prevalence with increasing age.758

It has been reported that CVA patients with OSA experience longer hospitalization and 

rehabilitation admissions and higher mortality rates compared to CVA patients without OSA. 

A prospective cohort study examined the relationship and prevalence of OSA in patients 

with acute ischemic stroke. Of the 174 patients with acute ischemic stroke, only seven 

had a past medical history of OSA. Those patients diagnosed with OSA prior to acute 

ischemic stroke experienced significantly worse functional outcome as measured by lower 

modified Rankin scale (mRS) scores at hospital discharge after adjusting for age and stroke 

severity.759 Untreated OSA can cause impaired cognitive function, decreased concentration, 

and excessive daytime sleepiness, which ultimately prolongs the hospitalization stay and 

compromises rehabilitation participation.760,761

Therefore, it is recommended to screen for OSA in all patients presenting with TIA 

or ischemic or hemorrhagic stroke regardless of whether they are symptomatic or 

asymptomatic. Earlier diagnosis of OSA and early treatment could improve overall health 

and cognitive status and reduce the risk of recurrent stroke and stroke mortality. (Table 

VII.A.7)

VII.B | Comorbidities Associated with OSA: Pulmonary Disorders

VII.B.1 | Primary pulmonary hypertension—PH, defined as a mean pulmonary 

artery pressure (mPAP) >20 mmHg,768 is a pathophysiological disorder769 that may be of 

primary origin or a sequalae of clinical conditions most notably CV and respiratory diseases.
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The relationship between OSA and PH was first noted in 1976 by Tilkian et al.770 

Few studies have detailed the link between World Health Organization (WHO) group 

1 pulmonary arterial hypertension (PAH) and OSA, or the effects of treatment of OSA 

on hemodynamic variables in adult patients747,771–777 (Table VII.B.1). Although the 

mechanism behind PH associated with OSA is not entirely understood, it is postulated to 

be due to a combination of factors including pulmonary arteriolar remodeling, susceptibility 

to hypoxia, and underlying left heart disease.773 A study of WHO group I PAH patients 

showed there was no significant difference in mortality in patients with and without 

OSA; however, mortality was significantly higher in patients with nocturnal hypoxemia, 

defined as an average SpO2 < 90%, suggesting that duration and severity of nocturnal 

oxygen desaturation, well known to occur in OSA patients, is an important risk factor for 

development of PAH.776

The prevalence of OSA in PAH and vice versa is not well elucidated. A study by Minic et 

al. showed that SDB (OSA, CSA, hypoventilation) was present in the majority of patients 

with PAH, with more than half of patients having significant nocturnal hypoxemia.775 

Other reported risk factors including female gender, younger age, obesity, and nocturnal 

desaturations are thought to increase the risk of developing PAH in OSA patients.774

Although data on the effects of CPAP, the preferred treatment of OSA, on hemodynamic 

variables have been inconsistent, two SRs reported that CPAP therapy is associated with a 

reduction in mPAP in patients with OSA and PH.772,777 Another study showed that CPAP 

induced significant improvements in echocardiographic parameters, most notably pulmonary 

artery systolic pressure (PASP), further highlighting CPAP use and its positive effects on 

hemodynamic variables.771 Lastly, it was found that in patients with PH admitted for acute 

decompensated HF, the addition of 48 h of CPAP to standard care improved LVEF and 

significantly reduced PASP.747

In summary, there is some indication that survival for OSA patients with PH may be lower 

than that for OSA patients without PH.774 Based on limited studies, CPAP appears to 

improve hemodynamic variables including mPAP and PASP in patients with combined OSA 

and PAH; however, how these positive effects translate to meaningful clinical outcomes are 

still unclear. (Table VII.B.1)

VII.B.2 | Chronic obstructive pulmonary disease (COPD)—The concurrent 

diagnosis of OSA and COPD in an individual is known as overlap syndrome (OS).778 OS 

is associated with a more severe clinical course compared to either disease alone.779–782 

Shawon et al. conducted an SR to determine the prevalence and clinical outcomes of 

OS and reported a significantly higher prevalence of OS in patients with either OSA or 

COPD compared to the general population.783 OS patients experienced greater degree of 

nocturnal oxygen desaturation (SpO2 < 90%) and lower sleep efficiency compared to OSA 

patients. OS was also associated with increased CV complications (PH, AF, right ventricular 

dysfunction), COPD exacerbations, hospitalizations, and poorer QOL compared to either 

disease alone. (Table VII.B.2a)
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VII.C | Comorbidities Associated with OSA: Obesity

Obesity is the most common risk factor for OSA, diagnosed in more than 70% of OSA 

patients.784 Weight gain has been associated with greater SDB severity in both observational 

and intervention studies.189,191,785 The literature linking obesity with OSA is challenged 

by the sheer number of confounders among patients with metabolic disease, including 

behavioral variables (activity level, dietary indiscretion, and medication compliance), access 

to care, and socioeconomic status.

The relationship between excess weight and OSA is likely reciprocal. OSA fragments 

sleep, leading to chronic insufficient sleep and excessive daytime sleepiness. These factors 

lead to reduced activity levels as well as increased appetite, with resultant weight gain.786 

Patients with OSA appear to be more susceptible to weight gain compared to similarly 

matched obese counterparts with significant weight gain reported in the year leading up to a 

diagnosis of OSA.787,788 Dysregulation of leptin, with adverse implications for weight loss, 

body fat storage, and distribution, is well documented in obese patients with OSA.788,789 

Among a cohort of subjects with morbid obesity and OSA who underwent bariatric surgery, 

long-term weight loss outcomes were worse among those that did not continue to use CPAP 

postoperatively.790

Although untreated OSA is associated with weight gain, CPAP adherence has not been 

associated with weight loss and may even lead to weight gain.791–794 A number of theories 

have been put forth to explain the phenomena of weight gain following initiation of CPAP. 

Tachikawa et al. proposed that CPAP leads to a small reduction in basal metabolic rate, 

likely by eliminating additional energy expenditure due to breathing against an obstructive 

airway.795 Stenlof et al. have also found a reduction in energy expenditure with CPAP 

therapy.796 It is unclear if, and how, these reductions in energy expenditure translate 

to weight gain or inability to lose weight. Some studies have shown that those who 

gained weight with CPAP failed to record an increase in daytime activity and had more 

disordered eating behaviors.797,798 Others postulate that a resurgence of slow wave sleep 

following treatment of OSA may lead to increases in growth hormone and subsequent 

weight gain.795,799,800 These explanations are all speculative, and the best use of the 

information at present is tempering messages to patients that treatment of OSA will lead 

to a reduction in weight. While there are a number of meaningful outcomes from CPAP, 

including improvements in mood and QOL, a linear relationship with weight is unclear.

Impact of obesity on the management of OSA—Obesity exhibits both a mechanical 

and neurophysiologic effect on UA patency. Adipose deposition in the UA leads to a smaller 

lumen and increased collapsibility, both of which predispose to apnea.801 In addition, 

fat deposits around the thorax and abdomen reduce chest wall compliance and diminish 

functional residual capacity, which both increases oxygen demand and contributes to greater 

nocturnal hypoxia, especially among apneic patients.802

The critical closing pressure, Pcrit, is determined by mechanical and neural factors that 

regulate pharyngeal collapsibility. In obese patients an elevated Pcrit is due to UA adipose 

deposition.803 Obesity can also lead to reduced lung volumes, further compromised during 

supine sleep. These factors make OSA more common in obese individuals, contributing to 
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increased severity of disease, longer apneic episodes, and more hypoxemia. These factors 

also reduce the efficacy of OSA-specific therapies.

PAP therapy remains the most commonly prescribed treatment for OSA. While efficacious, 

the treatment response may be reduced in obese patients, who tend to have greater residual 

AHIs compared with their non-obese counterparts. In addition, therapeutic pressures 

required to maintain UA patency are generally higher in obese patients.804 Not surprisingly, 

weight loss can lead to a reduction in required PAP pressures.805

Intuitively, the increased pressure requirements and diminished treatment response seen in 

obese patients may be expected to contribute to poor adherence. Interestingly, adherence 

rates are not lower among those with obesity, with some studies even demonstrating superior 

adherence in this population.793,806

Oral appliances (OAs) can provide both efficacious and effective treatment for patients with 

OSA, including those who are obese.807–810 However, similar to PAP, the therapeutic effect 

and likelihood of achieving successful therapy are decreased in obesity. The efficacy of 

OAs, as measured by the reduction in AHI, decreases with increasing weight in a non-linear 

relationship. Evidence shows that OAs are more efficacious and have a greater responder 

rate among those with lower BMIs.808,810,811 Likewise, the odds of having a high residual 

AHI are greater in those with increased weight, particularly among those with morbid 

obesity. As such, many consider morbid obesity to be a relative contraindication for OA 

therapy, although the use of OA as adjunct therapy requires further evaluation.

Surgical procedures specifically intended to reduce or eliminate SDB can present a treatment 

option for patients with OSA, particularly those unresponsive or intolerant to PAP therapy. 

The increased deposition of adipose tissue and greater collapsibility of the UAs commonly 

seen in obese patients may decrease the probability of a successful surgical outcome. 

Both the treatment effect and probability of successful therapy with UPPP decrease with 

increasing BMI.812 In addition, higher BMI is associated with greater risk for postoperative 

complications.813 Increased BMI may be accompanied by increased adiposity in the 

tongue base, leading to multilevel collapse of the UA necessitating multiple or staged 

surgical interventions. While this decreased probability for successful treatment does not 

necessarily negate surgery as a treatment option for obese patients, it does need to be 

weighed against the increased associated perioperative risks and higher chance for eventual 

recurrence of OSA. UA staging systems have been developed to help develop individualized 

approaches.814 Like other UA surgical procedures for OSA, HNS can provide a treatment 

option for those intolerant of PAP therapy. However, this therapy is only approved for a 

limited BMI range.815

A determination of whether untreated OSA leads to obesity is complicated by factors which 

are difficult to study in a controlled fashion, notably patient behaviors and adherence to 

interventions. The current LOE precludes a determination of whether OSA causes obesity 

and whether OSA therapies improve obesity.
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VII.D | Comorbidities Associated with OSA: Insulin Resistance

Understanding the relationship between OSA and metabolic disorders is of paramount 

importance for global health. OSA and metabolic disease are common bedfellows with 

obesity and associated comorbidities. The global impact is striking as 400–700 million 

individuals have diabetes or metabolic risk factors for the future development of diabetes, 

with healthcare costs in the tens of billions of dollars. These rates are arguably on track to 

double in the next 20 years.816,817

SDB is highly prevalent among individuals with impaired insulin sensitivity and diabetes, 

although underlying mechanisms are nebulous. Many studies control for variables such 

as age, gender, BMI, waist circumference, and race.657,818,819 Unfortunately, other 

relevant factors are generally ignored (activity level, exercise, diet, socioeconomic status, 

access to healthcare, and adherence with medical treatment). Potential pathophysiological 

mechanisms for a relationship between OSA and metabolic disease tend to be based on 

animal studies or uncontrolled cohorts. As a result, although a role for OSA in diabetes is 

compelling, the rigor of available evidence is not available for developing evidence-based 

conclusions or recommendations.

Among patients with OSA the available literature has shown a broad prevalence of 

prediabetes (20%–67%), based on impaired fasting glucose and impaired glucose tolerance 

testing.820 A linear correlation between OSA severity and insulin resistance has been 

documented with greater severity at diagnosis predicting the risk of incident diabetes.821,822 

In a historical cohort of over 8000 patients, Kendzerska et al. found that those with an AHI 

of greater than or equal to 30 events/h had a 30% higher hazard of developing diabetes 

compared to those with AHI < 5 events/h.822 Aside from overall severity, severity in REM 

and time with an SaO2 less than 90% also increased risk of diabetes.

The mechanisms by which OSA may increase insulin resistance and impair glucose 

tolerance remain unclear. Both animal and human studies have linked intermittent hypoxia 

to insulin resistance.823,824 An MA by Iftikhar et al. evaluated 16 case–controlled studies 

to evaluate the association between OSA and insulin resistance. This study found a 

significant relationship for increasing HOMA-IR with baseline BMI, but not with age, 

AHI, or gender.656 Other studies have shown independent correlations between hypoxemia 

(increased ODI, increased time spent with SpO2 < 90%) and sleep fragmentation to higher 

glucose and insulin concentrations and insulin sensitivity.816,825

Ongoing research continues to evaluate the role of hypoxia and a pro-inflammatory state, 

focusing on intermittent hypoxia and increased adipose tissue lipolysis. Murphy et al.826 

provided evidence in mice that intermittent hypoxia led to a pro-inflammatory phenotype 

of adipose tissue. In humans, OSA was associated with increased spontaneous lipolysis 

that correlated with the severity of OSA as well as insulin resistance and impaired insulin 

secretion in patients with type 2 DM.817 In a large-scale cross-sectional study, a significant 

positive interaction was observed between the severity of OSA and decreased lipoprotein(a) 

concentration.827 Several authors have outlined a role for episodic hypoxia during apneic 

events promoting increased adipose lipolysis and levels of free fatty acids systemically 

which have a pro-inflammatory effects leading to dysregulated glucose homeostasis 
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and reduced insulin sensitivity.817 Building a link between underlying pathophysiologic 

mechanisms between OSA and metabolic disease may be confounded by heterogeneity in 

how metabolic disorders present clinically and deciphering the impact of OSA as opposed to 

the role of sleepiness, age, gender, and obesity.828 At this time, potential mechanisms for a 

causative relationship between OSA and metabolic disease are only hypothesis generating. 

There is not published evidence to date that firmly establishes a role for untreated OSA as a 

contributor to diabetes.

VII.E | Comorbidities Associated with OSA: Cognitive Impairment and Dementia

VII.E.1 | OSA and cognitive performance—Several quantitative reviews evaluating 

clinical studies have found that OSA is associated with deficits in cognitive performance. 

Two meta-reviews have examined the quantitative reviews, and both identified associations 

between OSA and cognitive deficits across many domains.829,830 Cognitive domains 

commonly found to be negatively impacted by OSA include attention, vigilance, executive 

function, processing speed, and subdomains of memory. Although the majority of meta-

analyses have demonstrated cognitive deficits in patients with OSA compared to healthy 

controls, these results have been variable and somewhat inconsistent (Table VII.E).

VII.E.2 | OSA and mild cognitive impairment (MCI)/dementia—The association 

between OSA and MCI/dementia is a growing area of research. A large MA of 19,940 

patients has shown that SDB at baseline is associated with risk of cognitive decline.831 

A recent SR of 68 studies found that OSA is often associated with the development of 

MCI and Alzheimer’s disease (AD) in older adults,832 and that OSA is often associated 

with cognitive impairment in young and middle-aged adults. An MA showed that patients 

with AD had a 5× higher chance of presenting with OSA than healthy age-matched 

individuals.833 In MCI patients, the association is less clear, with a highly variable 

prevalence of OSA (11%–71%) based on OSA diagnostic methods and patient recruitment 

locations834 (Table VII.E).

Several cross-sectional, cohort, and case–control studies examined the relationship between 

OSA and dementia. Cross-sectional studies showed high rates of OSA among dementia 

patients.835,836 One recent study found a very high prevalence of OSA in patients with mild 

to moderate AD (116 of 128 patients, or 90.6%).835 In a retrospective cohort study, patients 

with SDB were 1.58 times more likely to develop AD than those without SDB.837 Large 

cohort studies focusing on OSA and dementia appear inconsistent. A prospective cohort 

study from the SHHS found that elderly cognitively-normal (mean age = 76.9 years, n = 

208) individuals with OSA were found to have increased risk of dementia compared to 

those without OSA, independent of age, gender, and ApoE4 allele status.838 In contrast, the 

Atherosclerosis Risk in Communities Study, a 15-year prospective cohort study, found that 

sleep apnea severity and nocturnal hypoxemia were not associated with cognitive decline.839 

In another analysis of the same cohort, OSA was not associated with risk of incident 

dementia; however, when adjudicated outcomes were used, severe OSA was associated with 

risk of dementia in later life.840
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Overall, most evidence suggests that OSA may represent a modifiable risk factor for 

dementia, but conflicting and inconsistent data exist. (Table VII.E)

VII.F | Comorbidities Associated with OSA: Cancer

The epidemiological association between OSA and cancer was first published in 2012, and 

since then, a total of 21 studies have been published [PubMed]. The consensus is that higher 

OSA severity (e.g., more hypoxic burden) is associated with an increase in cancer risk.

Two population-based epidemiological studies with long-term (>20 years) follow-up 

reported a significant association between OSA severity and all cancers.851,852 Five 

epidemiologic studies with a shorter (<20 years) follow-up also reported a significant 

correlation between OSA severity and all cancers. These include increased cancer 

incidence853 and increased cancer mortality in patients <65 years old with severe OSA854; 

an increased cancer incidence in patients <45 years old with severe OSA855; an increased 

cancer prevalence in women with OSA, but not in men856; and a higher overall incidence 

of cancer in a veteran population with OSA.857 Two shorter follow-up studies reported no 

association between OSA and all cancers.858,859 However, when epidemiological studies 

assessed an association of OSA and specific cancers, results were heterogeneous but support 

a higher incidence of breast cancer,858 primary central nervous system cancers,860 nasal 

and prostate cancer,861 colorectal cancer,862 and melanoma, kidney, breast, and uterine 

cancer.863

VII.F.1 | Risk factors

VII.F.1.a | Changes in upper airway anatomy: There is a strong increased incidence of 

OSA in patients with head and neck cancer – both on presentation864 and after radiation 

therapy,865 likely related to changes in craniofacial anatomy.

VII.F.1.b | Increased hypoxic burden: Increased hypoxic burden, specifically, cyclical 

intermittent hypoxia (CIH) is hypothesized as the primary mechanism on OSA and 

increased cancer risk. Higher OSA severity as measured by PSG, specifically those 

related to an increased hypoxic burden (e.g., T90), has been associated with melanoma 

aggressiveness,866 pancreatic cancer progression,867 lung cancer prevalence,868 and cancer 

mortality.869 In addition, potential mechanisms that associate hypoxic burden with increased 

cancer risk include: significantly reduced levels of circulating invariant natural killer T cells 

and function (in OSA patients without cancer),870 alterations of molecules related to HIF1 

(in OSA patients with lung cancer),868 increased microRNAs involved with some cancer 

types (miR-1254 and miR-320e in OSA patients without cancer),871 and upregulation of 

circulating TGF-β1, VEGF, and Foxp3 + Tregs (in OSA patients with lung cancer).872 To 

date, there have not been studies specifically assessing the effect of CPAP modifying cancer 

risk.

VII.F.2 | Potential mechanisms—In vitro models have provided two main findings: (1) 

CIH results in changes that are distinct from sustained hypoxia; (2) CIH results in molecular 

changes that promote cancer progression or metastases. Most CIH mechanisms that 

have been explored center around stabilizing HIF1873 and measuring downstream effects. 
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Examples of these downstream effects are conversion to cancer stem cell properties,874 

increased NOX1 subunit of NADPH oxidase,875 increased monocyte polarization toward a 

tumor-promoting phenotype,876 glycolysis,873 and extracellular matrix remodeling.877 Other 

studies focused on why cancer cells exposed to CIH may be more resistant to therapy. These 

mechanisms include a decrease in topo alpha mRNA and protein,878 changes in proteasome 

function,879 and small interfering RNA.880 Lastly, CIH may increase expression of genes 

associated with metastases,881 and cancer cell migration.882

VII.F.2.a | Animal models: Animal models have demonstrated that CIH increases 

cancer progression.883 Although most mouse models placed the cancer in the flank 

(considered to be inherently more hypoxic884 than typical primary sites such as the 

lung) important findings have emerged: CIH accelerates tumor growth,885 increases 

tumor angiogenesis,886 increases metastases,887 reduces immunosurveillance,888 increases 

spontaneous tumorigenesis,889 and increases molecular markers of tumor aggression 

including PD-L1.890

These exciting areas of clinical, in vitro, and animal studies demonstrate an association of 

CIH, one of the common features of OSA, to cancer risk. This association could lead to an 

OSA subtype that would benefit from aggressive screening and treatment, and may identify 

novel cancer targets.

VII.G | Comorbidities Associated with OSA: Nasal Disorders

Nasal obstruction or congestion can be caused by both inflammatory and structural factors. 

Common inflammatory diseases causing nasal obstruction include rhinitis, sinusitis, and 

nasal polyps. Structurally, obstruction may occur at the level of the external or internal 

nasal valves, septum, and inferior turbinates. Nasal obstruction, AR, and chronic sinusitis 

have repeatedly been demonstrated as significant risk factors for habitual snoring, chronic 

excessive daytime sleepiness, and SDB.69,891–893

VII.G.1 | Allergic rhinitis—Several studies have specifically investigated the 

relationship between AR and SDB and have demonstrated that AR negatively impacts sleep 

quality and successful treatment with nasal corticosteroids and/or montelukast improves 

sleep disturbance. In a population-based study of individuals enrolled in the Wisconsin 

Sleep Cohort Study, chronic severe nasal congestion was identified as an independent risk 

factor for habitual snoring and participants with nasal congestion due to allergy were 1.8 

times more likely to suffer from moderate to severe SDB.69,893 In a cohort study of AR 

and non-AR patients, seasonal AR was associated with increased daytime sleepiness and 

QOL impairment.892 While data on the effects of AR on polysomnogram (PSG) parameters 

remains mixed, medical management of AR has been demonstrated to improve PSG 

parameters such as improved O2 nadir, and supine AHI levels.894 Intranasal corticosteroids 

have been shown to improve congestion and daytime somnolence in patients with perennial 

rhinitis. Pooled data from three double-blind crossover RCTs of budesonide, flunisolide, 

and fluticasone demonstrated significantly decreased nasal congestion and sleepiness in 

treated patients.891 Kiely et al. performed a double-blind crossover RCT on the effect of 

intranasal steroid on SDB, assessed with PSG and nasal resistance at baseline and after 
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4-week treatment, and found a significant but small reduction in average AHI in patients 

with OSA using fluticasone.895 (Table VII.G.1)

VII.G.2 | Nasal obstruction—Nasal obstruction is a significant risk factor for SDB. 

While data remains limited regarding objective measures of SDB following treatment for 

nasal obstruction, literature has shown that sleep quality is compromised in patients with 

chronic nasal obstruction, with significant improvement in subjective sleep quality after 

medical and surgical treatment. Anatomic nasal obstruction, including septal deviation, 

internal/external valve collapse, and inferior turbinate hypertrophy, has been repeatedly 

identified as common findings in patients with SDB.6,898

The effect of medical management of nasal obstruction on SDB has been studied 

extensively. Topical nasal decongestion and/or external dilator strip for chronic nasal 

obstruction has been shown to decrease snoring, but has not demonstrated a significant, 

persistent change in AHI or improvement in sleep quality.895–897,899–904 In a double-blind 

crossover RCT investigating the effects of topical nasal decongestant on nasal conductance, 

symptom scores, and PSG findings, there was a significant decrease in AHI at time 

of maximal decongestion but no significant change in overall AHI or sleep quality.900 

Djupesland et al. conducted a double-blind crossover RCT on the effects of external nasal 

dilation on SDB, assessed by PSG, acoustic rhinometry, and questionnaire. While nasal 

dimensions increased significantly with external dilator compared to placebo, there was 

no significant decrease in AHI. Kerr et al. studied the effect of nasal resistance reduction 

by application of topical vasoconstrictor and insertion of vestibular stents in patients with 

OSA. On posterior rhinomanometry and polysomnogram, it was found that while reduction 

of nasal resistance resulted in no significant change in AHI, significant improvement in 

subjective sleep quality was reported.902 Sinonasal surgery continues to play a key role in 

the management of OSA given demonstrated improvement in CPAP tolerance. Further study 

of the effect of treatment of nasal obstruction on objective polysomnographic parameters is 

reviewed elsewhere. (Table VII.G.2)

VII.G.3 | Chronic rhinosinusitis—Sleep quality is compromised in patients with 

chronic sinusitis (chronic rhinosinusitis CRS), with significant improvement in subjective 

sleep quality after medical and surgical treatment.914–916 Among World Trade Center 

responders, CRS was an independent risk factor for OSA.917 Data is limited regarding 

objective measures of sleep following treatment for CRS. In a prospective cohort study 

of 405 patients undergoing endoscopic sinus surgery for medically refractory CRS 15% 

of CRS patients were found to have a history of comorbid OSA based on chart review 

prior to treatment.914 PSG-confirmed OSA was identified in approximately 65% of CRS 

patients undergoing surgery in another prospective cohort study.918 Preliminary research has 

suggested that immune mediators associated with CRS may contribute to SDB.918 (Table 

VII.G.3)

VII.H | Comorbidities Associated with OSA: Gastroesophageal Reflux Disease

The relationship between OSA and gastroesophageal reflux disease (GERD) is complex 

and our understanding of a causative relationship and effects of treatment continues to 
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evolve. Numerous studies have established a high incidence of GERD among patients 

with SDB.923–936 Population-based studies have demonstrated that greater than 75% 

of patients with OSA report nocturnal reflux symptoms, which have been associated 

with sleep fragmentation and overall poor sleep quality.927,930,936 Laryngopharyngeal 

reflux (LPR), which occurs when gastric contents breach both the lower esophageal 

sphincter (LES) and upper esophageal sphincter (UES), presents with symptoms such 

as chronic cough, hoarseness, and throat clearing, and has also been associated with 

SDB.923,924,926–930,932,933,936,937 While the causal relationship between obstructive events 

and nocturnal reflux has yet to be established, a cycle of increases in respiratory effort 

with negative intrathoracic pressure leading to reflux of gastric contents at the level of the 

LES during sleep has been suggested. However, in a prospective cohort study of 27 adults 

with reflux confirmed by two validated instruments (Reflex Symptom Index (RSI) ≥ 13 

and Reflux Finding Score (RFS) ≥ 7) and OSA, no temporal association between reflux 

and obstructive respiratory events was identified on PSG with concomitant multichannel 

intraluminal impedance (MCII)-pH esophageal monitoring.936

While the high incidence of nocturnal reflux among patients with OSA has been repeatedly 

demonstrated, the correlation between severity of OSA and GERD remains controversial 

with studies demonstrating variable findings. Though the gold standard for identifying reflux 

events consists of pH-monitoring studies and outpatient MCII, these tests are costly and 

most retrospective cohort studies rely on clinical diagnoses based on endoscopic findings 

and validated patient questionnaires such as the RSI and the RFS. Caparroz et al. found that 

patients with LPR based on endoscopic findings and elevated RSI were more likely to have a 

higher mean AHI and higher percentage of sleep time with oxyhemoglobin saturation below 

90%.924 Elhennawi et al. studied the relationship between OSA and LPR using 24-h pH 

monitoring and found that while the number of nocturnal reflux episodes and total duration 

of reflux during sleep were significantly correlated to the degree of OSA, daytime reflux was 

not related to the degree of OSA.926 Ultimately, the severity of OSA has not been shown to 

consistently correlate with gastroesophageal reflux.926,932,933

While patients with OSA and gastroesophageal reflux have been shown to have a higher 

BMI than patients with OSA alone, the exact relationship between OSA, obesity, and 

gastroesophageal reflux has yet to be elucidated.924,933,938–941 Obesity is a known risk 

factor for both OSA and GERD and weight loss has been shown to improve both OSA and 

nocturnal reflux symptoms in obese patients.930,937,939,940 In a recent prospective cohort 

study on the influence of OSA on GERD in obesity, obese patients without OSA, nonobese 

patients with OSA, and obese patients with OSA underwent simultaneous PSG and 

esophageal manometry and pH monitoring. There was no significant difference in the total 

number of objective reflux events among obese patients with and without OSA. However, 

obese patients with OSA had a significantly greater number of reflux events compared to the 

non-obese group with OSA. In multivariate analysis, BMI was a significant predictor of the 

number of objective reflux events, but AHI showed no significant association with GERD 

severity.941

Treatment of GERD has demonstrated significant reduction in snoring and patient-

reported daytime sleepiness and improved sleep quality.927,940 However, treatment of 
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gastroesophageal reflux has not been shown to improve OSA severity based on objective 

polysomnographic parameters.940 Treatment for OSA with CPAP therapy and/or multilevel 

surgery (MLS) has been shown to significantly improve subjective parameters of 

reflux.928,929 In a study of 73 patients who underwent MLS for OSA, mean RSI score 

decreased significantly after surgery.928 In a study of 44 patients with symptoms of SDB and 

reflux, subjects underwent 24 h pH monitoring simultaneously with PSG at 0 and 3 months 

after CPAP treatment and showed significant improvement of subjective parameters of 

reflux, such as RSI and RFS.927 Improvement in objective parameters of gastroesophageal 

reflux with treatment for OSA has yet to be demonstrated.

Ultimately, the relationship between OSA and GERD is multifactorial and closely tied to 

obesity. Treatment for both OSA and reflux results in subjective improvement in reflux 

and sleep quality, but objective improvement demonstrated through polysomnogram and/or 

pH monitoring is lacking. Further study of the causal relationship between reflux and SDB 

using objective parameters is needed. (Table VII.H)

VII.I | Comorbidities Associated with OSA: Other Sleep Disorders

VII.I.1 | Insomnia—The available literature addressing the prevalence of insomnia in 

patients with OSA (Table VII.I.1)588,943–956 suffers from several significant shortcomings. 

Variable definitions are used for OSA and insomnia and different studies focus on “insomnia 

symptoms” versus “insomnia disorder.” The former is likely to be more common in OSA 

patients as it requires the presence of less significant symptoms. Additionally, very few 

studies examined cohorts that are representative of the general population. Only three 

studies were available with representative population samples946,948,951 while 10 studies 

were convenience samples. Thus, the estimates of prevalence may not generalize to the 

broader population.

Insomnia symptoms and insomnia disorder are quite common in OSA patients; however, 

the above-noted limitations are reflected in the wide-range of prevalence estimates found. 

The reported rates of an insomnia disorder diagnosis in patients with OSA ranged from 

6.4% to 74%. Notably, the majority of studies found rates that were clustered in the range 

of 29%–50%. For insomnia symptoms, the prevalence varied from 7% to 68% with most 

estimates being in the range of 36%–58%. Notably, the studies with the lowest prevalence 

rates tended to be the general population studies.

Despite significant limitations in the literature, it is clear that insomnia symptoms and 

insomnia disorder are seen commonly in OSA patients. Co-morbid insomnia and sleep 

apnea (COMISA) is associated with greater impairment of sleep quality, reduced QOL, 

complex diagnostic decisions, and reduced acceptance and response rates to treatments 

that require adherence (i.e., PAP, mandibular advancement device [MAD], and HNS 

therapy).955,957 Effective management of patients with both insomnia and OSA requires 

targeted therapies for both disorders.958 Treatment reviewed in Sections VIII.A.5.i and 

VIII.B.9. (Table VII.I.1)

VII.I.2 | Sleep movement disorders—In patients with OSA, specific considerations 

are warranted in the presence of comorbid RLSs, periodic limb movements (PLMs), REM 
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sleep behavior disorder (RBD), and sleep-related movement disorders. While the evidence 

supporting specific recommendations is limited, the available data provide indications 

regarding clinicallyimportant aspects of OSA management in these patient populations.

RBD is an REM-related parasomnia marked by dreamenactment behavior and absence of 

atonia during REM sleep.81 RBD may be idiopathic, that is, occurring in the absence of 

clear etiology, or may be secondary to underlying neurodegenerative synuclein-mediated 

disorders,959 structural lesions, or narcolepsy.960 Screening for OSA is indicated in patients 

with history of dream-enactment behavior, as untreated SDB can mimic RBD.961 The 

presence of OSA may be associated with reduced response to RBD treatments such as 

clonazepam.962 On the other hand, treatment of OSA in patients with RBD may improve 

RBD manifestations.963 Individuals with a neurodegenerative disorder who are diagnosed 

with RBD may be particularly at risk for OSA.964

RLS is a marked by sensory symptoms, often in the limbs, combined with urge to move the 

limbs that temporarily improves with limb movement and exhibits diurnal variation.81 OSA 

may be comorbid with RLS, and treatment of OSA is indicated in patients with RLS and can 

improve RLS severity.965,966

PLMs may emerge after initiation of CPAP for the treatment of OSA, with risk factors 

including older age967 and female sex.968 PLMs cormorbid with OSA may be associated 

with increased REM latency and reduced stage 3 sleep.969 There may not be a significant 

impact of treatment-emergent PLMs on daytime sleepiness.970,971 Nevertheless, presence 

of PLMs has important clinical implications as they may indicate greater risk of AF and 

other CV diseases,972–975 perhaps related to increased sympathetic activation.974 Patients 

with OSA and treatmentemergent PLMs thus warrant age- and comorbidityappropriate 

monitoring for cardiac disease.972–975

As for other sleep-related movement disorders, screening for OSA may be indicated in 

select patients with bruxism though a clear relationship between sleep bruxism and OSA 

has not been established.976,977 Finally, limited data indicate that in select adults with 

rhythmic movement disorder it may be appropriate to perform PSG to identify OSA.978 

(Table VII.I.2)

VII.I.3 | Narcolepsy—Narcolepsy is a chronic neurologic disorder characterized by 

excessive daytime sleepiness and abnormal regulation of REM sleep. Narcolepsy type 1 

(NT1) refers to narcolepsy with cataplexy and NT2 to narcolepsy without cataplexy. NT1 

occurs with a prevalence of 25–50 per 100,000 people.983 It is associated with a deficiency 

of hypocretin, also called orexin, which is a neuropeptide hormone secreted by a small 

group of cells located in the lateral hypothalamus. NT1 is thought to be autoimmune 

in nature; though no antibody has been detected, there is a strong HLA association 

to HLA-DQB1*06:02.984 The primary diagnostic test for NT1 and NT2 is the MSLT, 

consisting of overnight PSG followed by a series of five daytime naps at 2-h intervals and 

assessing average sleep latency across the naps and the number of sleep-onset REM periods 

(SOREMPs), that is, REM during the naps.
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Patients with narcolepsy have an increased risk of multiple comorbidities compared to age 

matched controls including obesity, diabetes, depression, thyroid disease, and hypertension; 

however, OSA is the most common comorbidity, both at time of diagnosis and follow-up.985 

The incidence of OSA is approximately 25% in those with narcolepsy and nearly half of 

these patients have moderate to severe OSA.986,987 At the time of the initial diagnosis 

of narcolepsy, the odds of having a diagnosis of OSA compared to matched controls is 

markedly increased, ranging from 18 to 69.985,988,989

There is on average a 6–10-year delay to diagnosis for those with narcolepsy,986,990 which 

underscores the need to be alert to the frequency with which OSA and narcolepsy can 

co-occur. If treatment of OSA results in no or minimal improvement in excessive daytime 

sleepiness, the provider should consider the possibility of another sleep disorder, such as 

narcolepsy or other central disorder of hypersomnolence.987 The presence of cataplexy, 

unique to NT1, can also assist in this differentiation. If pursuing PSG and MSLT to quantify 

sleepiness in a patient with treated OSA and persistent excessive daytime sleepiness, the test 

result validity is maximized when OSA treatment is used during the polysomnogram and 

during MSLT naps.

It is also possible for a patient to be misdiagnosed with narcolepsy when the etiology of 

sleepiness is OSA alone, as polysomnographic findings similar to narcolepsy can result 

from untreated or undertreated OSA.991 Five percent of those with sleep related breathing 

disorders can have two or more SOREMPs on an MSLT, suggesting REM periods during 

naps are less specific to narcolepsy than initially believed.991 Male sex, sleepiness, short 

REM latency on nocturnal polysomnogram, and minimal SaO2 are risk factors for two or 

more SOREMPs in a patient with OSA.

Among the treatments for narcolepsy are daytime stimulant medications and sodium 

oxybate. While sodium oxybate can improve excessive daytime sleepiness and cataplexy, 

it is also known to be a respiratory depressant at higher doses, raising concern that it 

could worsen sleep apnea. Though current data is mixed regarding this possibility,992–995 

the use of sodium oxybate in a patient with narcolepsy could potentially contribute to the 

development or worsening of OSA and repeat screening for this may pursued in certain 

clinical contexts.

In summary, OSA is a common comorbidity in patients with narcolepsy. OSA is a more 

common explanation for excessive daytime sleepiness than narcolepsy based on population 

prevalence. However, in patients with excessive daytime sleepiness, it is imperative to 

confirm efficacy of OSA treatment before ruling out narcolepsy. (Table VII.I.3)

VII.J | Conditions Associated with OSA: Pregnancy

Due to a number of physiologic and hormonal changes, pregnancy is a time of unique 

vulnerability among women for SDB. High estrogen levels can lead to nasal congestion 

(i.e., rhinitis of pregnancy)999 and may contribute to UA narrowing.1000 While high 

progesterone levels increase ventilatory drive, whether this effect promotes or protects 

against respiratory instability and SDB during sleep is uncertain.1001 Diaphragmatic 

elevation leads to decreased functional residual capacity, which in turn contributes to 
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reduced oxygen reserve; these changes become more pronounced in the supine position 

and during late pregnancy.1001

Both subjective and objective measures of SDB increase with advancing pregnancy.1002–1004 

By the end of the second trimester, women report increases in the frequency of snoring, 

gasping or snorting, and witnessed apneas compared to the first trimester1002; these 

symptoms generally further increase until delivery. Recently, when more than 3300 

women underwent home sleep testing in the prospective, multicenter SDB substudy of 

the Nulliparous Pregnancy Outcomes Study (nuMoM2b), the prevalence of SDB (AHI ≥ 

5 events/h) increased from 3.6% in early pregnancy to 8.3% in mid-pregnancy.1003 The 

vast majority of SDB cases in the nuMOM2b cohort were mild,1003 a similar finding to 

other studies.1001 Older age, higher BMI, larger neck circumference, non-Hispanic black 

race, smoking, and chronic hypertension were all associated with increased AHI.1003 Other 

studies have identified similar risk factors for gestational OSA.1005,1006

An accumulating body of data demonstrates an increased risk of cardiometabolic 

complications among women with gestational SDB.1001 Women in the nuMOM2b study 

with SDB in early or mid-pregnancy were nearly twice as likely to develop preeclampsia 

compared to women without SDB. The odds for hypertensive disorders of pregnancy 

(gestational hypertension or preeclampsia) were increased only among women with mid-

pregnancy SDB, and not among women with early pregnancy SDB. The nuMoM2b study 

also observed an approximately three-fold increase in the odds for gestational DM among 

women with early and mid-pregnancy SDB, compared to women without SDB.

A recent metanalysis examined associations between subjectively and objectively measured 

SDB and multiple maternal and fetal outcomes, with preeclampsia, gestational hypertension, 

and gestational diabetes mellitus (GDM) having the largest numbers of studies available 

for inclusion (i.e., 15–20 individual studies).1007 In these analyses, the risks for gestational 

hypertension, preeclampsia, and GDM were all increased among women reporting SDB 

symptoms.1007 Among women with objectively diagnosed OSA, the risk for preeclampsia 

more than doubled, whereas risks for gestational hypertension and GDM nearly doubled.1007 

The risk for cesarean section also increased significantly among women with either 

subjective or objective SDB.1007 Other studies have found increased risks for severe 

maternal morbidity including eclampsia, cardiomyopathy, pulmonary embolism, and in-

hospital mortality.1008,1009

Studies examining fetal outcomes have largely focused on preterm birth and growth-related 

outcomes, especially small for gestational age (SGA) births.1007 A recent metanalysis found 

that the risk for preterm birth increased approximately 50% among women who reported 

subjective SDB symptoms or had been diagnosed with OSA.1007 While some individual 

studies have observed increased risks for SGA infants among women with SDB, two meta-

analyses did not find an increased risk for SGA births among women with SDB symptoms 

or objectively documented OSA.1007,1010

Case reports and case series suggest that treatment of SDB during pregnancy improves 

maternal-fetal outcomes.1011,1012 However, there is a paucity of controlled trial data. Several 
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trials examining the effect of CPAP therapy on outcomes including BP, glycemic control, 

and CV risk are in progress.1001,1013 The current approach to treatment is extrapolated from 

recommendations and data in the general population, as there are no pregnancy-specific 

guidelines. CPAP therapy is generally considered first-line treatment for gestational OSA, 

as it is widely effective and can be initiated quickly. Furthermore, auto-adjusting CPAP can 

accommodate changes in SDB severity during and after pregnancy. Women with preexisting 

OSA may also benefit from switching at least temporarily from fixed CPAP or OAs to auto-

adjusting CPAP therapy during pregnancy to accommodate fluctuations in OSA severity. For 

women with positional (i.e., supine) SDB, the left lateral sleep position may be sufficient to 

avoid apneic events and maximize venous return via the inferior vena cava.1014

While pregnancies in women with OSA are widely considered high risk,1015 clinical 

practice guidelines specifically for management of pregnant women with OSA have not been 

offered. The use of continuous pulse oximetry during labor and the postpartum period can 

identify hypoxic episodes and guide management.1015 Early consultation with the anesthesia 

service can help to avoid the use of general anesthesia, which poses increased risks to 

individuals with OSA,1016 should delivery by cesarean section be indicated.

Postpartum, women receiving treatment for OSA should resume therapy as soon as is 

feasible. The use of opioids should be carefully considered, given increased risks for 

morbidity and mortality among OSA patients taking opioids.1015,1017 In a group of women 

in the immediate postpartum period (within 48 h after delivery), elevating the upper 

body to 45° during sleep reduced the AHI significantly compared to sleeping in a non-

elevated position.1018 This low technology intervention was well tolerated and can be easily 

recommended to patients.

While the severity of gestational OSA generally improves after delivery,1019–1021 women 

diagnosed with or suspected of having OSA during pregnancy should be followed 

postpartum to determine whether OSA has resolved or requires further treatment.1015,1017 

Little is known about how frequently SDB during pregnancy persists or recurs afterwards, or 

about the effect of gestational SDB on risk later in life for adverse cardiometabolic outcomes 

such as hypertension and DM.

VIII | MEDICAL TREATMENT FOR OSA

VIII.A | Medical Management of OSA: Positive Airway Pressure (PAP) Therapy

VIII.A.1 | Types of PAP for OSA

VIII.A.1.a | Types of PAP: Continuous positive airway pressure (CPAP): CPAP, the 

gold standard OSA treatment, acts as a pneumatic splint to maintain UA patency. Typically, 

after OSA diagnosis, CPAP is initiated with in-lab titration polysomnogram. An SR by Patil 

et al.39 demonstrated a clinically significant reduction in disease severity as evidenced by 

complete resolution or near resolution of the AHI; improvement in subjective sleepiness 

(reduction in ESS score of 2.4 points based on metanalysis of 38 RCTs, and ability to 

maintain wakefulness based on the Maintenance of Wakefulness Test [MWT]); sleep related 

QOL; and BP. Two additional SRs1022,1023 that studied the effect CPAP therapy had on 

QOL showed similar results. The randomized clinical trial by Ponce et al.1022 compared 
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the use of CPAP to no CPAP in 154 patients and demonstrated that the use of CPAP 

decreased subjective sleepiness based on a reduction in the ESS by 2.6 points. A positive 

correlation between duration of CPAP use and reduction in ESS score was also seen. The 

Zhao study1023 was an SR and demonstrated that the use of CPAP therapy in non-sleepy 

individuals with OSA improved health-related quality of life (HRQOL) by using the SF-36 

questionnaire. Improvements were specifically seen in vitality, general health, bodily pain, 

and physical health. Given the extent of conflicting data about effect of CPAP use on CV 

outcomes, the SR by Patil et al.39 noted that there is “insufficient and inconclusive evidence 

to either recommend or withhold PAP to treat non-sleepy adults with OSA as a means to 

reduce CV events or mortality.”

An SR of empirical studies with observational or experimental designs with monetized 

health economic outcomes of OSA treatments based on comparisons showed that, compared 

with no treatment, PAP was associated with favorable economic outcomes; these outcomes 

were greater with adherence to PAP therapy.1024 In 2015, the average cost of CPAP inclusive 

of testing, appointments, treatment devices, and surgery, if necessary, was estimated at 

$2105 per patient per year.132 (Table VIII.A.1.a)

VIII.A.1.b | Types of PAP: Auto-titrating positive airway pressure (APAP): Two 

SRs39,1035 evaluated the differences between APAP and CPAP devices. Both modalities 

resulted in a clinically significant reduction of the AHI, sleepiness as measured by the 

ESS, and QOL. There was no significant difference between the two treatment modalities. 

The randomized equivalence trial of 208 sleepy patients (mean ESS 13.1) by Bloch et 

al.1036 comparing APAP to CPAP demonstrated reductions of ESS scores of 6.3 and 

6.2, respectively. The systemic review by Ip et al.1035 demonstrated that APAP reduced 

ESS score by 0.5 points when compared to CPAP, though this increased benefit is likely 

not clinically relevant. One of the presumed benefits of APAP therapy is that it will 

lead to increased compliance due to its ability to automatically adjust pressures based 

on patient need. The SR by Patil et al.39 did not demonstrate any difference in PAP 

adherence as measured by hours used, nights used, or nights used with greater than 4 

h of usage per night. While the SR by Ip et al.1035 did show an 11-min increase in 

PAP usage per day with APAP therapy, this is likely to be clinically insignificant. These 

studies did not evaluate peak or mean pressures achieved during APAP use. In addition, 

an RCT demonstrated that APAP was not found to lower mask leak rates when compared 

to CPAP.1037 Additional RCTs1036,1038 demonstrated similar findings in the reduction of 

sleepiness1036 and improvement in QOL measures.1039

APAP was shown to have no added benefit in BP reduction when compared to CPAP. The 

large meta review performed by Ip et al.1035 included three RCTs that evaluated the effect of 

APAP and CPAP on BP and found that there was no significant difference between the two 

modalities. The RCT by Pepin et al.1038 was a double-blind RCT, which randomized 322 

patients with OSA to receive either APAP or CPAP, found reductions in diastolic BP with 

CPAP but not APAP in the intention to treat analysis.

Patil et al.39 examined the comparison between in-lab titration of CPAP and home APAP 

(without lab titration) for initiation of PAP therapy. Analysis showed similar effects on 
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OSA severity, sleepiness, and adherence with APAP initiated at home. Patients value 

preferences and resource utilization are considerations when choosing in-home APAP 

initiation versus CPAP titration. CPAP or APAP for the treatment of OSA is recommended. 

(Table VIII.A.1.b)

VIII.A.1.c | Types of PAP: Bilevel PAP: Few studies included in the SR studied bilevel 

PAP (BPAP). An SR of PAP treatments for OSA found no benefit for BPAP over CPAP.39 

Review of studies showed no significant difference between BPAP, CPAP, and APAP for 

the improvement in OSA severity, sleepiness, and QOL. BPAP also confers no significant 

advantage over CPAP or APAP in improved adherence, except as a potential therapy option 

for patients nonadherent to CPAP.39 Patients who require high PAP levels greater than what 

CPAP devices can deliver may benefit from the use of BPAP. For patients with routine OSA, 

BPAP devices may cost more and may not provide sufficient reduction in the AHI if the 

expiratory pressure setting is too low, thus BPAP should not be considered in these patients.

A single center RCT that studied an enhanced education support program for patients with 

OSA reported no difference in PAP adherence, nightly duration of PAP use or reduction in 

subjective daytime sleepiness between use of BPAP, CPAP, or APAP.1040

BPAP may be indicated when CPAP is not tolerated. Ballard et al.1041 examined 

100 patients who were persistently noncompliant with CPAP after mask optimization, 

humidification, and education measures and performed a double-blind randomized trial of 

standard CPAP versus BPAP use and showed more participants in the BPAP group achieved 

compliance of PAP use more than 4 h per night. (Table VIII.A.1.c)

VIII.A.1.d | Types of PAP: Adaptive servo-ventilation: ASV is a form of auto-

adjustable bilevel positive pressure support with a backup rate which is used to treat central 

sleep apnea syndromes (CSAS). ASV devices provide expiratory positive airway pressure 

(EPAP) to achieve and maintain UA patency during sleep as well as variable inspiratory 

pressure support (IPS) and auto-backup rate (BUR) in order to stabilize the respiratory 

control circuit and alleviate cyclical episodes of hyperand hypoventilation. The EPAP 

supplied by ASV devices is either titrated to the critical airway opening pressure needed 

to achieve UA patency during an attended PSG or auto-adjusted by the device (if equipped 

with auto-EPAP capabilities).1042,1043 IPS and the BUR are dynamically auto-adjusted, 

in relation to the patient’s native respiratory efforts and device-specific minute-ventilation-

associated targets, with the goal of preventing episodes of respiratory instability.1044,1045 

Importantly, the proprietary algorithms used for dynamic IPS and BUR adjustment have 

been shown to vary by device,1045,1046 which could potentially lead to difficulties achieving 

therapeutic targets.1045

ASV therapy is not recommended for uncomplicated OSA.39 However, there is a limited 

body of literature to support its use in cases of persistent treatment-emergent central sleep 

apnea (TECSA).1047–1055 TECSA is defined by the initial presence of OSA (obstructive 

AHI ≥ 5 events/h in at least 2 h of recorded sleep) followed by resolution of obstructive 

events with CPAP titration, and the subsequent appearance of central respiratory events with 

ongoing CPAP therapy (residual central AHI [CAHI] ≥ 5/h in at least 2 h of recorded sleep 
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time).81,1042 TECSA does not include patients with CHF-associated CSAS. ASV can be 

used in CSAS with concurrent HF and opioid-associated CSAS.1056 Updated guidelines 

examined the increased risk for cardiac mortality in patients with an LVEF less than 45% 

and moderate to severe CSA predominant SDB. Guidelines recommend against the use of 

ASV in patients with LVEF ≤ 45%.1057

VIII.A.2 | PAP use: mask interfaces—CPAP therapy was originally designed for use 

with a nasal interface that would deliver positive pressure through the nares and act as a 

pneumatic splint, pushing the soft palate and tongue forward and away from the posterior 

oropharyngeal wall to prevent UA occlusion.3 Over time, numerous nasal masks, oronasal 

masks, nasal pillow interfaces, and even oral masks have been developed for use with CPAP, 

with the goal of maximizing mask tolerability, a major determinant of CPAP adherence.1058 

Nevertheless, questions about which types of CPAP interfaces are associated with the best 

adherence and about the effectiveness of oronasal and oral interfaces persist.

A 2006 Cochrane review of CPAP delivery interfaces for OSA identified only four 

randomized, controlled studies that met the stringent criteria for inclusion and concluded 

that the optimal form of CPAP delivery interface remained unclear.1059 The authors 

indicated that nasal pillows or the Oracle oral mask could be useful alternatives for patients 

unable to tolerate conventional nasal masks. Similarly, they suggested that oronasal masks 

should not be recommended for initial use but could be considered among individuals 

whose nasal symptoms limited nasal mask use. Subsequently, an MA that included five 

randomized and eight non-randomized trials found that oronasal masks were associated with 

a significantly higher CPAP level, higher residual AHI, and poorer adherence compared to 

nasal masks.1060 While data from a total of 4563 individuals with OSA was included, the 

majority of the data came from a single study.1061 Limitations including moderate to high 

heterogeneity between studies with regards to CPAP level and adherence were noted.

Most recently, as part of an SR focused on the use of PAP for treatment of OSA in 

adults, the AASM published a series of meta-analyses evaluating the effects of different 

PAP interfaces on outcomes including reducing AHI, improving adherence to PAP therapy 

and sleepiness.39 These analyses utilized data from eight RCTs and three observational 

studies. Residual AHI was higher using oronasal masks compared to nasal interfaces, 

though the difference was not clinically significant. Adherence to CPAP was similar when 

intranasal (nasal pillows) and nasal interfaces were compared; however, adherence was 

significantly higher with nasal interfaces compared to oronasal interfaces. No significant 

differences in sleepiness were observed in comparisons of oronasal and nasal masks, nor 

in comparisons between nasal pillows and nasal masks. Data were insufficient to perform 

analyses examining differences in QOL or interface-associated side effects.

The current review identified eleven small (n = 14–85) randomized trials of different 

mask interfaces that examined outcomes including optimal CPAP pressure, residual AHI 

on CPAP, CPAP adherence (duration or frequency of use), ESS score, side effects, and 

patient preference.1062–1072 Most were crossover trials in which participants were assigned 

to use CPAP with nasal masks and oronasal masks in random order1063,1065,1068,1069,1071; 

two trials included a third arm using nasal pillows.1064,1065
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In one trial, oronasal mask use required significantly higher final CPAP pressures to treat 

OSA compared to use of nasal masks or nasal pillows.1064 Another found no difference 

between oronasal and nasal masks in optimal CPAP pressures.1071 Four trials found 

significantly higher residual AHIs using oronasal masks compared to nasal masks, despite 

delivery of the same or similar CPAP pressures during both study arms,1063,1065,1069,1071 but 

differences were not clinically meaningful.

While some studies have observed significantly longer durations of CPAP use with 

nasal masks compared to oronasal masks,1065,1068 others have found no significant 

differences.1063,1069 Comparisons of objective and subjective sleep quality and daytime 

sleepiness have demonstrated more slow wave and TST during CPAP titration using nasal 

masks compared to oronasal masks,1071 better sleep quality using CPAP with nasal masks 

compared to oronasal masks,1069 and less sleepiness (i.e., lower ESS scores) using nasal 

masks compared to oronasal masks.1068 Patients also expressed an overall preference for 

nasal masks compared to oronasal masks.1068,1069,1071

When nasal masks and nasal pillows were compared, no significant differences were 

observed in 95th percentile auto-titrating pressures.1072 Three randomized crossover trials 

observed no significant differences in mean nightly duration of CPAP use or residual AHI 

when comparing nasal masks to nasal pillows.1067,1070,1072 Patients reported similar or 

fewer adverse effects with nasal pillow use compared to nasal mask use.1067,1070 Sleep 

quality,1072 ESS scores, and QOL1067,1070 generally did not differ during nasal pillow use 

compared to nasal mask use. Patients did not express a clear preference for nasal pillows or 

nasal masks in these studies.1070,1072

Oral masks have been compared to nasal masks in two randomized crossover 

studies.1062,1066 Significant differences between the interfaces were not observed when 

effective CPAP pressure,1062 average duration of CPAP use1062,1066 residual AHI during 

PAP titration,1062 and sleepiness1062 were compared. The side effect profiles differed: 

while oral mask use was associated with more dry mouth and throat, gum discomfort, 

and excessive salivation, nasal mask use was associated with more complaints of nasal 

congestion and mask leak.1062,1066

Four observational studies comparing CPAP mask interfaces were identified.1061,1073–1075 

The largest was a prospective cohort study of 2311 newly diagnosed OSA patients who were 

given a choice of nasal masks, oronasal masks, or nasal pillows.1061 Users of oronasal masks 

and nasal pillows were more likely to be non-adherent to CPAP (mean use <4 h/night) at 

follow-up compared to nasal mask users. Oronasal mask users were more likely than the 

other groups to report side effects and to find CPAP inconvenient. Two other studies have 

observed that effective CPAP pressure and residual AHI were higher with oronasal mask use 

compared to nasal masks1074 and/or nasal pillows.1075

In general, the data suggest that nasal interfaces should be utilized initially in patients 

starting CPAP therapy. The use of oronasal masks is associated with the need for higher 

levels of CPAP pressure, and with higher residual AHI. Compared to nasal masks, adherence 

in several studies was lower with oronasal mask use. Mostly, outcomes including CPAP 
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adherence and residual AHI were similar when nasal pillows and nasal masks were 

compared. Data on use of oral masks was particularly sparse. Oronasal and oral masks 

may be appropriate for a select group of patients who are predominantly mouth breathers, or 

who have large air leaks during sleep due to mouth opening, but these studies have not been 

performed. (Table VIII.A.2)

VIII.A.3 | PAP titration paradigms—The immediate goal of an efficacious PAP 

titration is to determine the pressure required to eliminate apneas, hypopneas, and 

inspiratory flow limitation (IFL)39,1077,1078 whilst preventing arousal and central apnea 

events. The midterm and longer-term goals are for patient acceptance of PAP therapy, 

continued effectiveness in eliminating respiratory events during sleep, ongoing patient 

adherence to therapy, and improvement in symptoms and outcomes related to SDB. PAP 

titration paradigms can be viewed along three dimensions: method of pressure changes 

(manual versus automatic), PAP titration setting (in-lab versus at-home), and time spent 

titrating pressure (partial or full night, or multiple nights).

The AASM has published several guidelines detailing practice parameters and guidelines 

for PAP titration39,1079,1080 with the goal being to identify a pressure that reduces AHI 

to <5 events/h in all sleep positions and sleep stages. The gold standard PAP titration is 

an in-laboratory technician-guided, manual titration with continuous monitoring of airflow, 

leak, sleep, and SaO2.1079 This approach assumes a single PAP can be determined that 

maintains airway patency despite changes in sleep stage, sleep position, and other factors 

that change UA collapsibility such as weight change, seasonal allergies, use of medication, 

and alcohol. With the introduction of APAP devices this provided an alternative approach 

to identifying a therapeutic pressure where 90% or 95% of all titration pressures fall.1080 

The effective pressure values identified by manual titration versus auto-algorithms have not 

demonstrated systematic differences. Titration of BPAP is not addressed here as BPAP is 

not recommended over CPAP or APAP for routine treatment of OSA in the absence of 

sleep-related breathing disorders associated with hypercapnia.39

An SR and MA of 10 RCTs comparing APAP at-home and in-lab PAP titration for initiation 
of PAP demonstrates high grade evidence that both approaches are effective in reducing 

OSA severity (AHI), daytime sleepiness, and for PAP adherence and QOL measures.39 

However, study participants were predominately those with moderate to high OSA severity 

and excluded patients with significant comorbidities. Of importance, these comparisons 

assume equivalent levels of patient CPAP education and mask fitting prior to titration plus 

equal opportunity for therapy support post-initiation.

Split-night titration, where the first couple of hours of the PSG are for diagnostic purposes 

and the remainder of the study involves PAP titration, compared to a fullnight titration, is 

not significantly different in terms of outcomes such as subjective sleepiness or adherence 

over time.1081–1083 However, certain criteria must be met to initiate a split-night PSG, that 

is, moderate–severe OSA and least 3 h available for CPAP titration.572 This results in the 

exclusion of those with mild OSA from the research comparing full night and split titration 

paradigms and contributes to the weak recommendation regarding the appropriateness of 

split night PSGs for all patients.572 Additionally, there is recent evidence that the prevalence 
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of TECSA tends to be higher for split-night compared to full night titration studies.1042,1084 

Nevertheless, there is no evidence that treatment-emergence central sleep apnea poses any 

harm to the patient.39

Determination of effective pressures using equations that combine anthropomorphic and 

OSA severity variables have been suggested as alternatives to manual titration.1085 Although 

these equations may provide a starting pressure for titration, their use as the sole determinant 

of a patient’s therapeutic pressure has not been accepted as they differ from manually 

determined pressures by up to 5 cmH2O.1075,1086,1087

From the perspective of the treating physician, avoidance of delays to therapy initiation is 

a pertinent driver for the chosen PAP titration paradigm. The only RCT assessing patient 

preference demonstrated a preference for home management602 compared to an in-lab 

titration. As the necessity for increased telehealth technology grows, we will likely see 

a concomitant increase in telemonitoring approaches to PAP titration, perhaps including 

patientdirected titration paradigms.1088–1090 Based on the above considerations that all show 

no clinically significant differences in outcomes between titration paradigms, the choice of 

strategy should be based on patient preferences and abilities, judgment of the sleep clinician, 

and availability of resources.

VIII.A.4 | PAP adherence

VIII.A.4.a | Measurement of PAP adherence: The use of PAP is objectively measured 

by the device and defined as the number of hours PAP is used at the prescribed pressure. 

This is most often reported as a single summary measure of the amount of time PAP 

was used across the 24-h day. While the term “use” is the most concise descriptor, 

treatment compliance and adherence are terms that are often utilized for prescribed medical 

interventions. Treatment adherence, implying a partnership between provider and patient, 

is the more commonly used term and is more consistent with the broader chronic illness 

medical literature.

CPAP adherence is in large part a behavioral measurement because the act of putting on 

a mask at night prior to sleep requires voluntary action. PAP adherence is therefore a 

measure of the extent to which an individual uses their prescribed medical device and can be 

categorized into 0 h of use, >0 h of use, or missing data. Missing data represents problems 

with data measurement (e.g., internal CPAP device problems) or transmission (e.g., poor 

cellular coverage). In these cases, the only way to know if PAP was used is to ask the patient 

directly. Some studies include a CPAP use questionnaire to determine if the patient had a 

medical reason to not use CPAP for some amount of time. In this case, a true 0 may be 

reclassified as missing data.

The quantity of PAP use as a marker of adherence requires some clarification. Measurement 

of the amount of CPAP use does not take into account the amount of sleep during a defined 

24-h period. Because the CPAP device does not measure sleep, it is not known whether 

CPAP is used during wake or sleep periods. CPAP is often used during times of attempted 

sleep. To increase accuracy of measurement, one should consider combining CPAP with a 

reliable and valid measure of sleep duration to determine the percentage of the actual sleep 
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period that CPAP is used to account for individual differences in sleep and wake. CPAP 

devices also do not measure respiratory effort, and unless equipped with an oxygen probe, 

do not monitor oxygenation.

The medical prescription for PAP includes a pressure mode and pressure level(s). Pressure 

modes include fixed and auto-adjusting continuous single and bilevel pressure modes. The 

amount of PAP use and the efficacy of PAP in controlling SDB can be affected by pressure 

mode, pressure level, and/or mask type and fit. In addition, it should be stated that the CPAP 

device provides measures of treatment efficacy, including residual AHI and mask leak.

Given the single measure of time a PAP device is used in a given 24 h period is the 

foundation of defining adherence, it is important to understand additional limitations that 

exist when objective device-reported measurements are not available. In this case, estimated 

CPAP use provided by patients (or their bedpartners) is the next best surrogate. The mean 

difference between subjectively and objectively measured CPAP adherence is 0.96 h (see 

Table VIII.A.4a), meaning that patients tend to overestimate their PAP use by approximately 

1 h per night.

While PAP adherence is measured as a continuous variable (i.e., number of hours per night), 

it is often reported as a categorical variable (adherent/not adherent) to foster understanding 

and discussion. The threshold most often used for “adherent” is used >4 h per night on 

>70% of nights over a rolling 30-day period over a defined period of time. This threshold 

was based on a very early study of 35 CPAP users that showed a bimodal distribution,1091 

which was then subsequently adopted as policy for coverage determinations.1092–1094 Since 

that time, very few studies have examined this relationship, though increasing data suggests 

disparities exist with PAP adherence across socioeconomic and racial groups1095–1097 and 

use of the 4-h, 70% threshold may be contributing to reduced access to treatment by 

rendering users below this threshold ineligible for coverage. One study found that more 

CPAP use was associated with better outcomes, finding a linear dose–response relationship 

up through 7 h of use.1098 This suggests current threshold definitions should be reexamined 

and that more research is needed to identify clinically meaningful adherence thresholds. 

(Table VIII.A.4a)

VIII.A.4.b | Predictors of PAP adherence: Predictors of PAP adherence are factors that 

have been found to be independently associated with treatment use.

While the term “predictor” implies causation, most if not all studies in this literature are 

based on finding an association between a given factor and PAP adherence. PAP adherence 

predictors are most often categorized into the following groups: sociodemographic (e.g., 

age, sex), disease-related (e.g., AHI, treatment-related (e.g., pressure mode, pressure level), 

and psychological (e.g., mood) factors. For the purposes of this review, we are separating 

out behavioral predictors into their own category (e.g., selfefficacy, readiness to change). 

Predictors are most often measured before starting CPAP therapy but are sometimes 

measured after some CPAP usage. In addition, predictors may be measured as change 

variables, such that a difference score is calculated between a defined follow-up period and 

baseline.
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Table VIII.A.4b provides the list of primary PAP adherence studies and predictor categories 

studied. Although some studies included early adherence as a predictor for comparison 

purposes, this analysis does not include early adherence level as a predictor since the goal 

is to identify independent factors associated with future PAP adherence, and it is well 

known that past behavior predicts future behavior.1105 For example, Aloia et al. found that 

adherence measured at 1 week and 3 months accounted for 52% and 79% of the variance 

in 6-month adherence, respectively, and further did not find other measured predictors that 

could independently account for any additional variance.1106 Understanding factors that 

influence PAP adherence behavior will inform the creation of effective interventions to 

promote PAP use.1107

There are several important findings by predictor category:

Sociodemographic: While sociodemographic variables were the most studied predictor 

category, only increasing age (n = 2 studies), increasing BMI (n = 2), and female sex (n = 

1) were found to be significantly associated with higher CPAP adherence across 22 studies. 

CPAP adherence is also influenced by race, with reduced adherence reported in Black, 

Hispanic, and Asian Pacific Islander users compared to white users.1108–1112 Variables 

such as overall sleep duration, presence of comorbid insomnia, latency to sleep onset, 

socioeconomic status, and education levels contribute in part to reduced use of PAP.

CPAP-related.: One study found the presence of reporting problems on the first night of 

CPAP use was associated with reduced adherence.1113

OSA-related.: The most common OSA-related predictors were baseline disease severity 

(e.g., AHI and ODI) and symptom severity (e.g., daytime sleepiness as measured by the 

ESS), with worse disease and symptoms at baseline being related to higher subsequent 

CPAP adherence. Three other notable findings from this category were: (1) change in ESS 

(i.e., reduction in sleepiness) was predictive of higher CPAP use, which represented the 

only change score across the included studies; (2) higher baseline insomnia symptoms were 

associated with higher subsequent CPAP use; and (3) REM-related OSA was found in one 

study.

Psychological.: A wide variety of predictors were found in this category, but each only 

once: ways of coping, health locus of control, health value, anxiety, and perceived partner 

autonomy.

Behavioral.: This class of predictors was primarily driven by self-efficacy (in 7/22 studies). 

The decisional-balance index, which is a relative weighting of the pros and cons of 

sleep apnea, was identified in two studies. This class of predictors has the advantage of 

being modifiable (i.e., amenable to change), and therefore can provide the basis for an 

intervention.

Other.: The other category included a variety of predictors including presence of CV 

disease, smoking history, and change in sleeping location.
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Attempting to identify predictors of PAP adherence is an important area of investigation. 

Much progress has been made in recent years, with multivariate models explaining ∼40%–

50% of the variance in PAP adherence scores. Predictors of adherence have been identified. 

It seems clear that patients with more severe disease and sleepiness symptoms at baseline 

and those who experience a relief of those symptoms (i.e., perceive a benefit) tend to 

use CPAP more. Behavioral predictors, including self-efficacy and readiness for change, 

represent factors that significantly increase PAP adherence and have the additional benefit 

of being modifiable and a basis for interventions. The primary goal of identifying PAP 

adherence predictors is to help design interventional protocols and to inform the sleep 

care team about important factors to help provide care. While predictors could potentially 

identify patients who would not benefit from PAP, none of the PAP adherence studies 

specifically addressed this issue.

Despite PAP being considered a complex treatment regimen, there are very few studies of 

predictors derived from a systems perspective, for example, factors related to the provision 

of health services (quality of care provided, type of care provided, organization that provides 

the care [DME vs. Clinic]); cost (whether to patient or reimbursement levels to care team 

that likely affects amount and/or quality of care); or disparities (socioeconomic status or 

race/ethnicity). (Table VIII.A.4.b)

VIII.A.5 | Optimization of PAP therapy

VIII.A.5.a | Educational interventions for PAP adherence: Educational interventions 

focus on improving the understanding of OSA, its consequences, and benefits of treatment. 

The underlying premise is that imparting knowledge can affect personal beliefs and 

preconceptions that may ultimately lead to changes in behavior.

The type and method of educational therapies varied among different studies, which 

included printed documents, video clips, web-based education, telephone calls, face-to-face 

individual counseling sessions, personalized feedback, and review of individual PSGs. These 

interventions were largely passive and did not require patients’ active participation. While 

some studies included additional study arms, every study included a separate educational 

arm. The study by Richards et al. was included in this section despite having an intervention 

arm called “Cognitive Behavioral Therapy (CBT)” group. This was due to the fact that 

despite the name of the study arm, the intervention only entailed reading or observing 

prepared materials and did not involve active engagement from the participants.1133

The effects of educational interventions on CPAP adherence are mixed, with three studies 

showing no significant effect on adherence and the other four showing increased compliance 

with therapy to various degrees. The 2014 Cochrane review showed moderate-quality 

evidence that short-term educational interventions lead to a small increase in average 

PAP use of about 35 min per night.1134 Additionally, the SR by Patil et al. showed 

moderate quality evidence that PAP adherence increased by 0.6 h/night with an educational 

intervention and is the basis for the AASM guidelines that strongly recommends the use of 

education with PAP therapy.39 (Table VIII.A.5.a)
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VIII.A.5.b | Supportive interventions for PAP adherence: Supportive interventions 

include telemonitoring under various formats, including telephone calls, texting, 

personalized support platforms, and peer buddy systems. These interventions engage 

patients, increase support, and reinforce strategies to increase CPAP adherence.

One RCT by Fox et al. had a telemedicine intervention arm which provided a modem 

enabled PAP device, which sent information regarding adherence, interface leak, and 

residual AHI directly to a web-based database. A coordinator reviewed the transmitted 

information and contacted the patient if there was a significant reduction in PAP usage or 

increase in pressure or residual AHI. At 3 months, PAP adherence was significantly greater 

in the modem PAP group compared to the standard group. The telemedicine group utilized 

an additional 65 min of technician time.1140 A different type of supportive intervention was 

used by Hoy et al. in which the intensive support arm received standard support in addition 

to education at home with the partner, two additional nights in the hospital, and home visits 

by sleep nurses. This group had higher CPAP usage than those in the usual care group at 6 

months.1141 Parthasarathy et al. used a peer buddy system, in which trained peers with OSA 

and good CPAP adherence were paired with newly diagnosed participants and engaged in 

face-to-face sessions as well as telephone conversations. CPAP adherence was greater in the 

peer buddy system group after 3 months.1142

Out of the 13 RCTs, seven showed that supportive interventions had a positive impact on 

CPAP adherence, while six showed no difference between the groups. The 2014 Cochrane 

review showed low-quality evidence that supportive interventions increased CPAP usage by 

50 min per night compared to control.1134 (Table VIII.A.5.b)

VIII.A.5.c | Behavioral interventions and PAP adherence: Behavioral interventions 

focus on modifying behavioral constructs to improve adherence to CPAP. These 

interventions require participant engagement and aim to enhance behavioral action, 

motivation for change, self-efficacy, and outcome expectations.

All six RCTs show increased compliance with behavioral interventions, which include 

motivational enhancement therapy, CBT, and progressive muscle relaxation training. The 

2014 Cochrane review showed low-quality evidence that behavioral interventions increased 

CPAP usage by 1.44 h per night compared to control.1134

Most of these interventions are not time intensive. Aloia et al. study included two 45-min 

cognitive behavioral sessions with a therapist that increased compliance at 12 weeks.1151 A 

study by Bakker et al. utilized motivational enhancement via two 1-h in-person sessions, in 

addition to phone calls and an educational video. This intervention resulted in a significantly 

improved average nightly adherence (99 min/night) within the treatment group at 12 

months.1152 An additional study by Lai et al. utilized motivational enhancement via a 

20-min patientcentered interview, a 25-min video, and 10-min telephone follow-up. Within 

this study the intervention group had higher CPAP use, a four-fold increase in the number 

using CPAP for ≥70% of days with ≥4 h per night, and greater improvements in daytime 

sleepiness as well as treatment self-efficacy at 3 months.1153
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In summary, behavioral therapies are effective, timelimited interventions that can positively 

influence CPAP adherence. More studies are needed to determine whether these 

interventions have long-term effects and which group of patients will benefit most. (Table 

VIII.A.5.c)

VIII.A.5.d | Aerophagia management and PAP adherence: Aerophagia – excessive and 

repetitive air swallowing that can result in abdominal pain and bloating – is a reported 

side effect of PAP. Aerophagia is reported in 16% of CPAP users1101 and is associated 

with GERD.1157 The interventions that help reduce aerophagia are largely anecdotal and 

are targeted towards reducing therapeutic pressure. While many studies report decreased 

average pressures with the use of APAP versus CPAP in addition to increased compliance, 

there has only been one trial that prospectively studied whether APAP reduces aerophagia 

symptoms. In this double-blinded, randomized crossover study by Shirlaw et al., APAP 

reduced symptoms of aerophagia.1158 (Table VIII.A.5.d)

VIII.A.5.e | Claustrophobia management and PAP adherence: Claustrophobia can 

negatively affect adherence in PAP users. One review shows that almost half the participants 

stated that they would not use CPAP if it made them feel claustrophobic, caused nasal 

symptoms, or disturbed their bed partner.1159 In a secondary analysis of a prospective, 

longitudinal study of 97 OSA patients, 63% had claustrophobic tendencies whichwere 

associated with non-adherence.1160 To date, only a few studies have looked at behavioral 

interventions that target claustrophobia to increase compliance. Two case reports have shown 

success with in vivo desensitization or exposure therapy to treat claustrophobia to improve 

CPAP usage.1161,1162 One retrospective case series of 13 patients showed that after exposure 

therapy, patients used CPAP for significantly longer compared to pre-treatment.1163 Larger-

scale, randomized control studies are required to validate the effects of behavioral therapy to 

treat claustrophobic reactions to optimize CPAP adherence. (Table VIII.A.5.e)

VIII.A.5.f | Humidification and PAP adherence: UA symptoms-nasal congestion, 

dry nose and mouth, and sore throat are common undesirable effects of PAP and are 

associated with decreased adherence to therapy. Koutsourelakis et al.1164 showed that 

CPAP with heated humidification reduced pre-existing nasal airway inflammation and 

decreased the level of pro-inflammatory cytokines. By reducing nasal symptomatology, 

heated humidification is an intervention aimed to improve comfort and compliance.

Humidification systems are built into current PAP devices and are widely available for 

use.However, the clinical significance of reduced nasal inflammation on PAP adherence, 

subjective daytime sleepiness, and PAP-related side effects remains unclear.

There have been several SRs evaluating the effect of heated humidification on compliance. 

The first, published in 2018, reviewed nineRCTs, and found no improvement in compliance 

or ESS scores with heated humidification.1165 Even in the subgroup analysis of subjects 

with nasal symptoms prior to PAP therapy, a group expected to benefit most from 

humidification, there was no statistical difference in PAP usage time. Another SR by Patil 

et al. in 2019 reviewed nine RCTs, also showed no clinically significant difference in 

adherence with or without humidification. However, it did show a significant reduction in 
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incidence of side effects based on three RCTs, two of which were included in the 2018 

review.39 In a recent Cochrane review, humidification was found to increase average night 

use by 0.37 h per person per night based on six RCTs, but it was low-certainty evidence.1166 

(Table VIII.A.5.f)

VIII.A.5.g | Nasal obstruction and PAP adherence: Patients initiating PAP therapy may 

have pre-existing nasal obstruction due to a variety of inflammatory or structural etiologies. 

These may limit PAP adherence because nasal PAP interfaces require nasal airway patency.

Multiple observational studies found that increased objective nasal resistance on anterior 

rhinomanometry was predictive of nasal PAP intolerability.544,1169 Additional observational 

studies have found that smaller nasal cavities on acoustic rhinometry at the time of PAP 

initiation led to lower PAP adherence at 3 months1170 and 2 years.1171 Subjective baseline 

nasal obstruction alone did not affect PAP adherence at 2 years follow-up.1171 Objective 

nasal function testing is not standard clinical practice and not routinely used to identify 

patients at the highest risk of non-adherence.

New subjective nasal symptoms can arise as a result of PAP use and can cause PAP 

non-adherence. As many as 65% of patients using PAP report nasal congestion, dry nose 

or throat, and discomfort likely due to mucosal swelling and the drying effects of positive 

pressure.1172 In an international RCT, adults who developed PAP-related nasal side effects 

were associated with lower PAP adherence at 12 months post-initiation but not at 24 

months.1173 The long-term adherence in this study may have improved due to symptom 

management with intranasal corticosteroid and heated humidified air during the study. 

Advances in PAP technology to limit nasal congestion may contribute to more promising 

recent evidence. Värendh et al.’s recent prospective cohort study found decreased subjective 

and objective nasal obstruction after 2 years of PAP therapy.1171

No studies have directly examined how the presence of rhinitis affects CPAP adherence.

There is mixed evidence on CPAP use in patients with OSA and AR alters nasal 

symptomatology. One cohort study found that CPAP users with baseline AR have less 

improvement in nasal obstruction than those without AR.1174 A smaller cohort study found 

increased cytological inflammation in both AR and non-AR patients, but worse nasal 

dryness in non-AR patients.1175

There is insufficient evidence on the effect of chronic sinusitis alone on CPAP adherence. 

One small experimental study applied 2 h of CPAP on 20 cmH2O to patients with CRS 

with polyps but without OSA and found a reduction in nasal polyp size but no change 

in subjective nasal obstructive symptoms or objective acoustic rhinometry.1176 (Table 

VIII.A.5.g)

Management of nasal obstruction for PAP adherence.: Nasal obstruction management 

strategies that may affect PAP adherence include conservative, medical, and surgical 

options. When patients cannot tolerate a conventional nasal mask, they can trial nasal 

pillows or oronasal/full face masks as second-line interfaces, though adherence with nasal 

masks is known to be superior to oronasal masks.1059 For nasal obstruction and dryness, 
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the addition of sodium hyaluronate nasal spray or saline nasal spray is associated with 

significant improvement in PAP adherence in a randomized trial.1177 The effect of heated 

humidification on nasal symptoms and PAP adherence has mixed evidence.1166,1178

Intranasal corticosteroid sprays are widely used and effective for patients with established 

allergic and non-AR, and are commonly prescribed for OSA patients with presumed 

nasal congestion to increase CPAP adherence. An SR and MA of two RCTs studying 

unselected OSA patients found only a small 24-min increase in CPAP use in favor of 

nasal steroid use at 4 weeks.1179 Notably, the efficacy of the treatment may be diluted as 

both studies included unselected OSA patients with no subgroup analyses for the presence 

of clinical rhinitis or severity of nasal obstruction. Although clinically logical, there is 

insufficient published evidence on the efficacy of intranasal corticosteroids for improving 

CPAP adherence specifically in patients with AR.

Nasal surgery has shown benefit for improving PAP adherence. An SR and MA performed 

by Camacho et al. demonstrated that isolated nasal surgery converted 89% (57 of 64 

patients) of non-PAP users to PAP-tolerant users, and improved objective CPAP use hours 

from 3.0 ± 3.1 h per night to 5.5 ± 2.0 h per night in short-term follow-up for 33 patients 

in whom objective data was available.1180 The studies included had high heterogeneity 

in patient population and selection. Clinicians should use this evidence in combination 

with best judgment for appropriate patient selection to ensure that nasal obstruction is 

the primary contributor to CPAP non-adherence, and whether the degree of obstruction 

on examination is significant enough to warrant surgical correction. The use of surgery 

for decreasing PAP pressures will be discussed in another section, though improvement 

in adherence as a result of lower pressures should be acknowledged. Kempfle et al. used 

financial modeling to determine cost-effective ways to improve CPAP adherence. Compared 

to medical management of nasal obstruction, inferior turbinate reduction was found to 

be more cost-effective in the short-term while septoplasty was more cost-effective in the 

long-term.1181 (Table VIII.A.5.g.1)

VIII.A.5.h | Treatment emergent central sleep apnea (TECSA): TECSA, previously 

known as complex sleep apnea before its definition in the International Classification of 

Sleep Disorders, 3rd edition (ICSD-3), is the emergence or persistence of central apneas 

with the treatment of OSA in the absence of another cause of CSA.

The prevalence of TECSA ranges from 3.5% to 19.8% at the time of titration, but can also 

emerge later with 0.7% to 4.2% having a new finding of TECSA after a month or more of 

CPAP therapy).1182

The most common treatment is continued use of CPAP at the lowest pressure setting which 

limits the obstructive AI to less than 5 events/h. An SR of the natural history of TECSA1182 

found that majority of cases resolved with CPAP use when reassessed 4–28 weeks after 

starting CPAP therapy. In this group, persistence of TECSA was found in 31.1% (range 

14.3%–46.2%) of TECSA patients across five studies.1182
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In an EBRR of therapies for the treatment of TECSA, three randomized controlled studies 

(RCT) involved ASV. Morgenthaler et al. showed that ASV decreased AHI compared to 

CPAP both at the time of titration and at 90-day follow-up.1052 Dellweg et al. showed that 

in patients with TECSA after 6 weeks of CPAP use, both ASV with auto-adjusting EPAP 

and BPAP with backup rate similarly reduce AHI at the time of titration but the ASV arm 

maintained a lower AHI after 6 weeks of use.1049 Javaheri et al. compared two ASV devices 

available in 2011 (BiPAP-AutoSV advanced and BiPAP-AutoSV) in a mixed population of 

TECSA patients and found greater improvement in the AHI with the BiPAP-Auto-advanced 

device.1183 The remaining lower quality studies all supported the use of ASV in various 

ways. ASV improved sleep efficiency in those with TECSA and heart disease with preserved 

EF > 50%,1184 ASV improved adherence when switching from CPAP in patients with 

presumed TECSA,1053 and ASV improves AHI compared to CPAP, BPAP-S, or BPAP-ST. 

Kuzniar et al. compared two ASV devices available in 2011 (VPAP-AdaptSV and BiPAP-

AutoSV) and found them to be comparable; however, the populations varied as the study 

was not randomized.1046 Javaheri et al. found that default ASV settings reduced the overall 

AHI, central AI, obstructive AI, and hypopnea index AHI, CAI, OAI, and HI over 90 days 

with sustained adherence and improvement in ESS and subjective sleep quality.1185

Insufficient evidence was found for treating TECSA with modalities used for other forms of 

CSA including phrenic nerve stimulation, supplemental O2 or CO2, and medications such as 

acetazolamide, theophylline, or hypnotic agents.

At the time of diagnosis both CPAP and ASV are treatment options as most TECSA resolves 

with CPAP use; however, when TECSA is severe, ASV can be used. The evidence suggests 

that ASV is more effective than CPAP for persistent TECSA (Recommendation, grade B). 

However, more studies are needed to predict those who will develop persistent TECSA due 

to the excess cost of ASV. (Table VIII.A.5.h)

VIII.A.5.i | Insomnia treatment and PAP adherence: Patients with insomnia and OSA 

show reduced acceptance and lower average nightly use of CPAP therapy compared to 

patients with OSA alone.958 Published studies on the effects of insomnia therapies for 

patients with OSA and comorbid insomnia are limited to studies evaluating nonmedication 

therapies (see Table 10.c.2.b).957,1187–1191 The SR concluded that these trials demonstrate 

the beneficial effects of therapist-administered cognitive behavioral therapy for insomnia 

(CBTi) on improving insomnia symptoms and increasing CPAP therapy usage.1189 Two of 

these RCTs have demonstrated an improvement in CPAP adherence by an average of 48 and 

61 min per night 6 months after CBTi administration. Two RCTs found no between-group 

differences in average CPAP use.1188,1192 There is preliminary evidence that CBTi delivered 

by trained therapists may be more effective than self-administered CBTi using a self-guided 

resource.

Studies have also examined the effect of sedativehypnotic medications on OSA severity; 

however, these medicines are not currently recommended as first-line or long-term treatment 

for insomnia due to risks for side-effects, dependence, and withdrawal.1193 Further 

evaluation of the therapeutic potential of medications that do not alter OSA severity is 

required. (Table VIII.A.5.i)
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VIII.A.5.j | Long-term PAP adherence assessment: PAP therapy is the mainstay of 

treatment for OSA and can include auto-adjusting PAP, CPAP, and BiPAP, among others. 

Predictors of PAP adherence include severe OSA (AHI ≥ 30), symptoms of excessive 

daytime sleepiness (Epworth score >10 or ≥12)1114,1194 and early PAP adherence in the 

first week or month of treatment.1141,1195 As OSA is a chronic condition, PAP should be 

continued as long-term treatment to maintain symptomatic improvements.

The goals of PAP therapy are to improve day and nighttime symptoms and reduce risks 

of CV and neurocognitive morbidities. For AHI, the recommended metrics during PAP 

titration are: optimal AHI < 5, good AHI < 10, and adequate >75% AHI reduction1079; 

these metrics can be reasonably applied to analysis of AHI data from PAP machines 

with small adjustments as described in the American Thoracic Society (ATS) Statement 

from 2013.1196 The ATS statement describes the current standards and issues with CPAP 

tracking systems for monitoring PAP adherence and outlined a clinical algorithm for PAP 

adherence management. Currently, with the availability of PAP data, long-term therapy 

should optimally include both patient assessment and PAP data analysis, which can be 

performed on routine basis when patients are doing well and also when new clinical issues 

arise.

Several trials have assessed PAP adherence and treatment responses for follow-up durations 

from 3 months up to 10 years. Patient education has been shown to improve adherence.1134 

A large database analysis showed an outstanding 87% adherence at 90 days in patients 

who enrolled in internet-based active patient engagement software.1197 Applications that 

allow OSA patients to access and track their own CPAP adherence data on computers 

and smartphones are also available (e.g., SleepMapper from Respironics) and have been 

shown to increase hours of usage 1 h or more over the initial 3 months of CPAP use.1198 

Additionally, automatic feedback messages via text messaging, emails, or phone calls, 

directly to patients based on predetermined thresholds for CPAP usage have also shown 

improved 90-day CPAP adherence.1137 These studies demonstrate the value of methods to 

improve and maintain adherence.

Despite the importance of long-term PAP therapy for chronic OSA, the current emphasis 

is on the initial 3 months of PAP,39 and there are limited data on long-term PAP after 

3 months; therefore, long-term guidelines are based on expert opinion. After the initial 3 

months of treatment, CMS provides ongoing coverage for patients who are successfully 

adherent, showing PAP use for ≥4h on ≥70% of nights; coverage includes mask, headgear, 

and tubing every 3 months for patients receiving clinical benefit.

For protocol guidelines, CMS mandates ongoing annual clinical follow-up, either with PCP 

or specialist, to assess PAP therapy, or sooner if new clinical issues arise. Assessment 

should include subjective symptoms, weight changes, new medical issues, changes in 

medication, and mask fit/comfort. A review of PAP objective data including PAP hours, 

residual AHI, and leak is highly valuable to confirm subjective reports. If a full face mask 

shows high leak value, which can occur due to a larger contact area between mask and face, 

consider switching to a nasal mask or pillows. If nasal masks or pillows show high leak 

value, consider a chin strap or a full face mask. Patient education regarding the rationale 
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for therapy and also maintaining clean and effective equipment should consistently be 

emphasized, since it has been shown to improve adherence.

When patients are on APAP, PAP pressure can vary based on weight and sleep position; if 

AHI data from APAP is in optimal or good ranges (<5 or <10, respectively), then continue 

APAP therapy and reassure the patient. For higher APAP AHI values, consider interventions 

to optimize mask or nasal pillows, or higher AHI values persist, consider polysomnogram 

for all-night titration. When patients using fixed-pressure CPAP experience significant 

weight change of >10%, adjusting PAP pressure may be clinically necessary; therefore, 

consider polysomnogram for all-night titration to optimize PAP pressure. For adherent 

patients who are benefitting from PAP, annual follow-up is appropriate. In non-adherent 

patients, closer follow-up within 3–6 months is warranted. For patients who either cannot or 

would not use PAP, alternative therapies should be pursued.1196

Since OSA is a chronic medical condition, long-term adherence to PAP is important 

for long-term symptom management and reduction of CV risks. Long-term PAP use is 

supported by both evidence and expert opinion to maintain symptomatic improvements. 

Since PAP adherence improves with a range of educational and patient engagement 

approaches, regular use of one or more of these approaches should also be emphasized. 

Annual follow-up should include subjective symptom assessment, objective PAP data 

analysis, and patient education.

VIII.B | Efficacy of PAP for Symptoms and Comorbidities

VIII.B.1 | PAP and daytime sleepiness—OSA commonly presents with daytime 

sleepiness. Sleepiness can be measured both subjectively and objectively. Additionally, there 

are methods to measure objective wakefulness.

An SR1199 from 2006 evaluated the effect of CPAP compared to placebo or conservative 

management on objective/subjective sleepiness and objective wakefulness in subjects with 

mild to moderate OSA. Meta-analyses showed a reduction in the ESS score of 1.2 points 

(95% CI: 0.5, 1.9), an increase in the MWT sleep latency of 2.1 min (95% CI: 0.5, 3.7), 

and no significant change in the MSLT values. An additional SR1200 that compared subjects 

receiving CPAP to sham CPAP, oral placebo, usual care, or a dental device demonstrated a 

reduction in ESS score of 2.7 points (95% CI: −3.5, −2.0) for all levels of symptom severity, 

with greatest improvement in the subjects that were sleepiest (mean difference −5.0 points, 

95% CI: −6.5, −3.5). MWT values improved in CPAP versus control (mean difference 3.3 

min, 95% CI: 1.3, 5.3); however, MWT values were not significantly different in CPAP 

versus dental devices (0.7 min, 95% CI: 1.6, 2.9). MSLT values were not significantly 

different in CPAP versus control for all participants (mean difference 0.6 min, 95% CI: 

−0.7, 1.9); however, there was a statistically significant increase in mean sleep latency of 

2.3 min (95% CI: 9, 3.7, I2 0%) for subjects with severe disease, as measured by AHI. 

A recent SR39 evaluated subjective and objective sleepiness and objective wakefulness in 

subjects treated with PAP compared to control groups. The control groups primarily used 

sham PAP or no PAP, with one study using nasal dilator strips, one study using sleep hygiene 

and counselling, and one study utilizing usual care. The MA of 38 RCTs demonstrated a 

clinically significant decrease in ESS score by 2.4 points in subjects using PAP compared 
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with controls (95% CI: −2.8, −1.9). An MA of seven RCTs showed a reduction in MWT 

or Oxford Sleep Resistance Test (OSLER) sleep latency by 0.5 min in subjects treated 

with PAP (95% CI: 0.2, 0.8) compared to control subjects. An MA of seven RCTs found 

no significant difference in mean sleep latency in subjects treated with PAP compared to 

controls (mean difference 0.25 min, 95% CI: −0.89, 1.38). (Table VIII.B.1)

VIII.B.2 | PAP and OSA severity—CPAP therapy has been utilized as a non-invasive 

treatment for OSA since the 1980s. Multiple SRs have consistently demonstrated that CPAP 

is effective at reducing the AHI.39,1201,1202 CPAP was shown to be superior to placebo, 

conservative management, or positional therapy (PT) during follow-up PSG over weeks 

to months.1201 An SR1202 of eight RCTs demonstrated a mean decrease in AHI of 17 

events/h compared to control groups in seven RCTs and a decrease in AHI of 9 events/h 

compared to a control group in one RCT crossover study. A recent SR39 using two different 

meta-analyses evaluated 11 RCTs that compared CPAP to control interventions (sham CPAP, 

conservative measures, no intervention, sham surgery, a placebo tablet, or nasal dilator 

strips). One MA demonstrated a mean decrease in AHI of 23 events/h with CPAP therapy 

compared to control interventions. The other MA showed a mean decrease in AHI of 29 

events/h comparing subjects pre- and post-treatment. The mean difference in AHI was 

most pronounced in study groups where the mean pre-treatment AHI was greater than 30 

events/h. (Table VIII.B.2)

VIII.B.3 | PAP and mortality risk—OSA is a common disorder that is known to be 

associated with a variety of poor health outcomes, including increased mortality.95 PAP 

therapy is an effective form of treatment for OSA and is considered to be standard first-line 

therapy.

A recent multi-center RCT from Spain1203 did not demonstrate significant benefit with 

CPAP therapy compared to usual care for either all-cause mortality or CV mortality in a 

group of non-sleepy subjects with acute coronary syndrome. It is important to note that the 

mean adherence to CPAP therapy in this trial was only 2.78 h/night. An earlier metanalysis39 

evaluated both RCTs and non-randomized trials comparing PAP therapy to no PAP therapy 

in middle-aged and older subjects with at least moderate OSA. This SR performed two 

meta-analyses and had conflicting conclusions regarding all-cause mortality. The MA of 

four RCTs demonstrated that CPAP therapy did not reduce all-cause mortality; however, 

there was variability in CPAP adherence among the four trials. An MA of nine non-RCTs 

did demonstrate a clinically significant reduction in all-cause mortality with CPAP with 

a risk ratio of 0.4 (95% CI 0.24–0.69). An additional RCT from China1204 evaluated 

subjects with moderate to severe OSA who had uncontrolled hypertension and coronary 

heart disease. This study demonstrated a non-significant trend toward lower severe CV and 

cerebrovascular events with one death in the control group.

In the face of cohort data showing a significant effect of CPAP therapy on reduction in 

all-cause mortality and negative findings from multiple RCTs, it is difficult to interpret 

the overall benefit of PAP. Pack et al. summarized the biases and limitations associated 

with the negative RCT studies on the effects of PAP therapy and CV events. Specifically, 

RCT studies were secondary prevention studies and all trials excluded OSA subjects with 
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excessive sleepiness who are increased risk for CV events and most likely to benefit from 

treatment.1205 RCTs also had inadequate adherence to PAP therapy and on secondary 

analysis of data in adherent patients, CPAP benefit was found to be consistent with prior 

epidemiological studies.1206 (Table VIII.B.3)

VIII.B.4 | PAP and cardiovascular outcomes

VIII.B.4.a | PAP and control of hypertension: There are many published RCTs 

measuring BP before and after initiation of CPAP therapy.39 Although several SRs and 

meta-analyses have noted reductions in BP with CPAP treatment of OSA, particularly 

moderate to severe OSA, caution is warranted because of heterogeneity in the pooled 

studies.39,654,1207–1211 Examples include variability in severity of OSA, presence of daytime 

sleepiness, control conditions, blinding, adherence to CPAP treatment, measurement of 

BP, HTN status at baseline, lack of controlled antihypertensive treatment, and duration of 

follow-up. A majority of the subjects included in the studies were middle-aged, obese, and 

male. Meta-analyses with overall low to moderate homogeneity of included studies are 

shown in Table 2. The recent MA by Yu et al., comprising patients with both OSA and CSA, 

was largely driven by the results of the Sleep Apnea Cardiovascular Endpoints (SAVE) trial 

and did not show a reduction in major adverse CV events.654,1212 However, a borderline 

statistically significant (p = 0.05) reduction of systolic BP with PAP was noted. It is notable 

that adherence to CPAP in the SAVE trial was suboptimal at a mean of 3.3 h per night and 

REM-related SDB events, most of which tend to occur in the latter part of the night, were 

likely left untreated.

The magnitude of reduction of 24-h mean BP with CPAP treatment of OSA is modest, 

in the range of 2–4 mmHg, may be related to the severity of OSA1213 and to the 

number of hours of nightly usage of the device.39,1207–1209 Based on a metanalysis of 

antihypertensive medication RCTs, clinically significant 24-h systolic BP reduction as low 

as 1–2 mmHg is associated with decreased risk of stroke and major CV events; larger BP 

reductions are associated with larger reductions in risk for stroke, major CV events, and 

total mortality.1214 The effect on BP appears to be sustained over time with continued use 

of CPAP and some evidence suggests that fixed CPAP devices may be better at decreasing 

BP than auto-titrating devices (APAP), although better tolerated APAP may be used for 

longer durations.39 Additionally, some studies have evaluated the synergistic effects of 

antihypertensive medication with CPAP in decreasing BP in those with HTN,39 but the 

evidence on the optimal timing of antihypertensive medication to lower nocturnal BP and 

eliminate the nocturnal non-dipping pattern of BP is conflicting. While CPAP treatment has 

been shown to reduce BP in those with existing pre-HTN and HTN, the evidence for the 

impact of treatment of OSA on incident HTN is mixed.39

Meta-analyses have indicated a greater magnitude of BP reduction with CPAP therapy, in the 

range of 5–7 mmHg in systolic BP and 3–5 mmHg in diastolic BP, in those with resistant 

HTN.1210,1211 However, not all reports are consistent,39 likely relating to differences in 

baseline severity of OSA and adherence to CPAP. These meta-analyses have shown a 

significant decrease in nighttime BP as well as a long-term (12 weeks) reduction in mean 

and diastolic BP with CPAP device usage of 4 or more hours a night.39,1210,1211
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Individuals with OSA who report daytime sleepiness appear to demonstrate greater decline 

in BP compared to those who are not sleepy.39,1211 Precision medicine may help identify 

subgroups of patients most likely to benefit in terms of BP reduction from optimal CPAP 

treatment. These factors, amongst others, may help individualize treatment of OSA in the 

future to help decrease the risk of HTN and other adverse long-term CV consequences. 

(Table VIII.B.4.a)

VIII.B.4.b | PAP and control of atrial fibrillation: Several observational studies have 

evaluated the association of CPAP treatment for OSA with risk of recurrent AF following 

electrical cardioversion or ablation procedures. These studies have generally found that 

patients with OSA who are not treated with CPAP are significantly more likely to have 

recurrent AF than CPAP-treated patients, with two- to six-fold higher adjusted risk of 

recurrence.708,729,730,1215,1216 No significant difference in rate of recurrence was seen, 

however, in two very small studies712,728 and one large, retrospective cohort study.1217 

A single randomized clinical trial has been published comparing CPAP to usual care for 

prevention of recurrence following electrical cardioversion of AF. In this study, only 25 of 

a planned 180 patients were randomized, with no significant difference in outcome between 

groups.1218 In a randomized trial evaluating the impact of CPAP versus supportive care 

in older adults with OSA, CV outcomes were a secondary endpoint. Incident AF was not 

separately analyzed but was reported in a supplementary table and occurred in 16.5% of 

supportive care patients over 12 months of follow-up versus 7.6% in the CPAP group, a 

difference that is not statistically significant.1219

A recent randomized clinical trial tested the effect of 5 months of treatment with CPAP plus 

usual care to usual care alone on AF burden (percentage of time in AF) in 109 patients with 

paroxysmal AF who were found on screening to have moderate or severe OSA (defined as 

AHI ≥ 15). Despite a mean nightly CPAP use of 4.4 h, the adjusted difference in AF burden 

between CPAP and usual care was 0.6% (95% CI: −2.6–1.3; p = 0.52), nor was there a 

significant difference in the percentage of patients achieving a 25% reduction in AF burden 

or in the frequency or duration of AF episodes.710 Limiting the analysis to those using CPAP 

≥4 h per night did not alter the findings. (Table VIII.B.4.b)

VIII.B.4.c | PAP and CVA: Despite the high prevalence of OSA in the stroke 

population and the well-established literature stating OSA is an independent risk factor 

for cerebrovascular events, it is not common practice to evaluate and treat OSA as a part of 

post-stroke workup.

A recent small RCT of stroke patients who were admitted for neurorehabilitation was 

conducted to determine if OSA treatment with CPAP would improve cognitive and 

functional outcomes post-stroke. Twenty patients were randomly assigned to receive 4 

weeks of CPAP treatment and 16 patients were assigned to receive treatment as usual 

(control). Patients who received and were compliant with 4 weeks of CPAP showed greater 

improvement in cognitive status (attention and executive functioning) compared to the 

control group. However, there was no significant difference in functional status (neurological 

status and ADL) between the treatment and control groups.1220
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There have been mixed results about the efficacy of CPAP treatment on stroke outcomes, 

but currently there is promising evidence suggesting CPAP improves cognitive functioning 

of stroke patients, which is consistent with the benefits of CPAP in the general OSA 

population. In an RCT by Gupta et al.,1029 patients with moderate sleep apnea (AHI > 15 

events/h) and recent stroke were randomized to receive either standard of care for stroke or 

standard of care + CPAP. The patients in the CPAP + standard of care group were found 

to have a non-statistically significant decrease in new vascular events and a statistically 

significant improvement in post-stroke function based on the Barthel Index.

Therefore, it is recommended to screen for OSA in all patients presenting with TIA 

or ischemic or hemorrhagic stroke regardless of whether they are symptomatic or 

asymptomatic. Earlier diagnosis of OSA and early treatment could improve overall health 

and cognitive status and reduce the risk of recurrent stroke and stroke mortality. The 

standard of treatment of OSA is CPAP. However, CPAP is poorly tolerated in both the 

general population and even less so in the stroke patient population. Apart from the general 

obstacles, such as mask claustrophobia, nasal congestion, and mask leak, there are unique 

difficulties stroke patients face, including aphasia, facial or oropharyngeal weakness, and 

limb weakness. Thus, alternative options for treating OSA should also be considered. The 

effects of alternative OSA treatments on risk of recurrent stroke have not been reported. 

(Table VIII.B.4.c)

VIII.B.4.d | PAP for heart failure: The prevalence of OSA is significantly higher than the 

general population, ranging from 11% to 37%, in patients with HF.1228,1229 In the SHHS, 

a cross-sectional analysis in 6424 individuals demonstrated that OSA was associated with 

increased relative OR of 2.38 (1.22–4.62) of having HF.638 Treatment of OSA in individuals 

with HF has been shown to directly improve cardiac mechanical function in addition to 

various factors that perpetuate the pathologic abnormalities in HF.

Optimization of BP and heart rate are part of core strategies recommended in the clinical 

guidelines for HF management.753 Untreated OSA in patients with HFrEF increases 

systolic BP,1230 whereas CPAP treatment of OSA in this population improves systolic 

and diastolic BP,743,1230–1232 heart rate,743,1232 heart rate variability (HRV),1233 oxidative 

metabolism,1234 and sympathetic activity.1232,1235

CPAP treatment of OSA in patients with HFrEF is associated with a modest increase 

in LVEF,745,1231,1234,1236–1239 whereas this increase is not observed in OSA individuals 

without HFrEF.1237 The impact of CPAP on LVEF was more prominent in individuals with 

a baseline LVEF > 30% in a study by Egea et al.745 While another study did not show an 

improvement in LVEF with CPAP use, adherence to PAP therapy was low and efficacy of 

treatment on autoCPAP was not reported, limiting the analysis of PAP impact.1239 Kasai 

et al. showed that the use of CPAP in OSA patients with HFrEF improved event-free 

survival compared to no CPAP use, with even greater improvement in event-free survival in 

individuals with higher CPAP use.754

OSA is associated with diastolic dysfunction1240 and with left ventricular hypertrophy.1241 

CPAP use among patients with HFpEF and OSA also improves diastolic 
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function750,1242–1244 and reduces LV thickness.1241,1244 Adherence to therapy appears to 

determine impact of CPAP on diastolic function in OSA patients as well. In a study by 

Glantz et al., no improvement was seen in diastolic function with CPAP in non-sleepy 

patients with OSA; however, in post hoc analysis, it was noted that the use of CPAP for >4 h 

per night resulted in improved diastolic function.1245 (Table VIII.B.4.d1 and VIII.B.4.d2)

VIII.B.4.e | PAP and cardiovascular events: OSA may increase the risk of CAD three-

fold relative to the general population (16.2% CAD in OSA patients versus 5.4% in patients 

without OSA).673 The Sleep Heart Health cohort reported a prevalence of self-reported CAD 

ranging from 9% to 19% in OSA patients depending on the severity of the SDB.638 The risk 

of CAD is highest in those with severe OSA.

Observational data have shown that CPAP therapy may attenuate this risk of CAD 

development from 16.2% to 3.9%, when there is adherence to CPAP and efficacy of CPAP 

in resolving OSA.1248 Multiple long-term studies evaluating CPAP use in OSA spanning 

five to 10 years have shown reduction in CAD-related mortality and CV events with 

CPAP.118,1249,1250 Doherty et al. showed that death from cardiac events was reduced from 

14.8% to 1.9% with PAP therapy compared to untreated OSA, and total cardiac events 

were also reduced with PAP therapy relative to untreated OSA (18% vs. 31%, respectively) 

over an average of 7 years.1250 An additional retrospective study showed improved CAD 

mortality with PAP treatment in moderate to severe OSA but did not show reduction in CAD 

events.1251

Prospective RCTs investigating the impact of CPAP therapy for newly diagnosed OSA 

after index cardiac or vascular event did not show reduction in secondary cardiac or 

vascular events, including CV death.26,673,1203 These studies may have failed to demonstrate 

benefits of PAP therapy in CV risk reduction due to poor adherence (<4h per night).26,1203 

Adherence may play a role in improving CV outcomes, as demonstrated by Peker et al. 

in which the secondary analysis of the RCT, individuals using CPAP for more than 4 h 

per night relative to those nonadherent to therapy had a significant reduction in cardiac 

events.673 (Table VIII.B.4.e)

VIII.B.5 | PAP and cognitive measures—Sleep apnea treatment could potentially 

influence the central nervous system (CNS) through amelioration of recurrent nocturnal 

hypoxia, sympathetic activation, sleep deprivation, and inflammation, amongst others, which 

may accelerate decline in cognitive function if left untreated.1253–1255 If the benefits of 

CPAP are largely due to reduced daytime sleepiness, the related cognitive benefits would 

cease shortly after stopping CPAP or may attenuate over time. However, it is also possible 

that CPAP has disease-modifying effects that provide a long-term, sustained benefit that 

fundamentally alters the trajectory of age-related cognitive decline by reducing neuronal cell 

death and maintaining neural plasticity.832,1253,1256,1257

Several mechanisms could underlie the potential for long-term cognitive benefits. From 

a vascular perspective, OSA episodes lead to sympathetic vasoconstriction, which can 

increase the risk of hypertension and subsequent end-organ damage, including neuronal 

cell death from cerebrovascular injury.1258 Imaging studies in sleep apnea patients have 
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shown evidence of multiple changes, including in hippocampal subfields.1256,1259,1260 

OSA may also act on several elements of the staged biomarker model of more severe 

cognitive impairment, such as in AD where Amyloid-β is the first detectable stage, 

followed by tau pathology, neuronal injury, memory dysfunction, and decreased cognitive 

function.1253,1256,1257 Specifically, nocturnal hypoxia and oxidative stress can increase the 

risk of diffuse neuritic plaques.1256,1261 Sleep fragmentation, can also have multiple negative 

consequences with long-term sequelae impacting this AD model: (1) reduced glymphatic 

clearance of Aβ1262; and (2) increased cerebrospinal fluid tau levels.1257 Apolipoprotein E 

may mediate these effects.1263 Complicating this process is the growing body of evidence 

that this relationship can be bi-directional.1257 For example, tauopathy can lead to neuronal 

loss in key sleep-wake centers, such as the locus coeruleus.1264 Cholinergic neurons are 

important in respiratory control, including UA motor neurons, and are often affected in 

AD.1265

A subsection of the 2019 AASM SR and MA evaluated RCTs for the neurocognitive 

improvements with CPAP therapy for OSA and concluded no significant difference between 

PAP and control groups.39 Of note, the studies in the MA include patients of a wide 

range of ages, with a wide range of severity of OSA, with variable symptoms (including a 

group of non-sleepy patients), and a variable treatment duration (1–12 months). No included 

studies selectively enrolled patients with dementia or MCI. Given the complex relationship 

between OSA and cognitive function, it is likely that certain subsets of patients (such as 

MCI/dementia patients, or elderly patients with severe OSA) may derive greater cognitive 

benefits from CPAP therapy than the general adult OSA population. Additionally, other 

quantitative reviews of RCTs (see Table 9b) indicate a slight benefit in cognitive function 

from CPAP use,1255,1266–1269 but three of these reviews have reported significant benefit in 

only one cognitive domain each – attention (Kylstra),1266 vigilance (Pan),1268 or memory 

(Labarca).1267 Of note, two of the reviews focused on elderly patients,1267,1269 and one 

focused on AD patients.1255 Many RCTs evaluating CPAP and neurocognitive function have 

found modest improvements in certain cognitive domains, while other studies have found 

no significant effect. Many of the published RCTs are limited by small sample sizes and/or 

short trial durations (as short as 1 week of treatment), with the majority not exceeding 3 

months of CPAP treatment. Based on the available evidence, it is uncertain that treatment 

of OSA with CPAP therapy improves neurocognitive function. Quantitative reviews of the 

data demonstrate inconsistent benefits, but this may be due to the variable quality and study 

populations of the RCTs on which they are based.

Data suggests that treatment of OSA with CPAP therapy may offer benefit with minimal 

risk.832,1253,1255–1257,1259,1263,1264,1270,1271 PAP effects on cognitive function in cognitively 

normal adults may differ from outcomes in cognitively impaired adults.

In cognitively normal adults, several RCTs have been performed examining the effect of 

PAP on cognitive function. The most notable was the APPLES study, which showed an 

improvement in sleepiness (both objective and subjective), but no sustained impact on 

cognitive function aside from a transient improvement at two months in executive and 

frontal lobe function.1272 One possible explanation suggests that the study sample from this 

cohort had sufficient cognitive reserve that there was minimal room for improvement.1273 A 
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2015 MA of 13 studies found a significant but small effect size (d = 0.12) in improved 

vigilance measures only. A later 2020 MA of 14 studies noted that those with more 

sleepiness or more severe OSA are more likely to benefit, with a significant but small effect 

size on attention and speed of information processing only (standardized mean difference 

[SMD] = 0.17).1274 Most of the studies are limited by short trial durations ranging from 1 to 

24 weeks, whereas prior neuroimaging studies suggest effects may require up to 12 months 

to be apparent.1274

In cognitively impaired populations, there are relatively few RCTs. One RCT in mild-

moderate AD patients with OSA was performed using sham-CPAP versus CPAP for a 

3-week period, then the sham-CPAP group crossed over to CPAP for a subsequent 3 

weeks.1275 They noted statistically significant improvements in a composite endpoint as 

well as on two individual tests (Hopkins Verbal Learning Test-Revised and Trail Making) 

when including the 3 week + cross-over data.1275 An additional long-term follow-up (13.3 

months) was done in a subset of five CPAP adherent versus five non-CPAP adherent 

patients from this cohort. While findings were not statistically significant due to the 

sample size, the effect size on the composite measure was small to moderate at 0.4.1276 

In MCI patients, Richards et al. conducted a quasi-experimental study with 1-year follow-

up that demonstrated moderate to large effect sizes for psychomotor/cognitive processing 

and other domains.1271 A secondary analysis published in 2020 from the same cohort 

showed that elderly MCI patients with mild OSA also derived cognitive benefit from 

CPAP adherence.1277 Only two studies with >1-year follow-up have been conducted on 

the effect of CPAP in older adults with MCI and sleep apnea. One retrospective study 

(MCI n = 62, follow-up 2–3 years) suggested a sustained benefit.1278 However, another 

recent retrospective study (MCI n = 96, mean follow-up n = 2.8 years) showed no cognitive 

benefit.1279 MCI patients are heterogeneous with only a subset having high Aβ burden, 

tauopathy or neurodegeneration associated with increased risk of progression to AD with 

dementia. The impact of OSA may vary depending upon MCI subtype.1261,1280

Research elucidating which patients might derive the most cognitive benefit from CPAP 

usage can help focus treatment efforts on certain patient populations (i.e., elderly, MCI/

dementia patients). Certain subsets of patients may derive greater cognitive benefits from 

CPAP therapy. Given the ethical limitations related to long-term placebo treatment in at-risk 

populations, additional research using large cohort studies is warranted to better understand 

cognitive effects of PAP over time. (Table VIII.B.5)

VIII.B.6 | PAP and insulin resistance—OSA and obesity are independently linked 

with insulin resistance. PAP therapy has been associated with reductions in glycemic index 

and insulin sensitivity among obese patients with OSA and insulin resistance.1284–1286 

Unfortunately, evidence has generally been low quality with unclear clinical significance. 

While several studies have demonstrated improvements in glycemic control associated with 

PAP use,1284,1285 others have failed to find benefit.1286 These observational studies may 

have been limited by patient heterogeneity and duration of follow-up. Relatively few clinical 

trials have evaluated the impact of PAP on glycemic control, most of which have failed to 

demonstrate a positive impact of PAP on insulin sensitivity.1287,1288 These trials had limited 

duration of follow-up (1–3 months). A more recent randomized clinical trial explored the 
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benefits of PAP among patients with inadequately controlled type 2 DM and OSA.1289 

Compared with no treatment, PAP therapy produced significant improvement in glycemic 

control, particularly for patients with more severe hypoxemia and elevated inflammatory 

markers (IL-1Β) at baseline. Subsequent SRs and meta-analyses have failed to show a 

clinically significant benefit of PAP in reducing glycemic index and insulin sensitivity in 

OSA.1028,1290 Evidence for PAP as an adjunctive therapy to improve glycemic control in 

patients with type 2 diabetes and OSA is evolving and may hold for insulin control and 

obesity for patients with SDB. Further research delineating the relationship of variables 

such as OSA severity, sleep quantity, sleep architecture, degree of daytime sleepiness, and 

PAP adherence metrics are necessary to better quantify benefits. Comprehensive weight loss 

strategies, including medically supervised very-low calorie diet and bariatric surgery when 

conservative measures fail, are worthy of consideration in patients with OSA and insulin 

resistance. (Table VIII.B.6)

VIII.B.7 | PAP and motor vehicle accidents—OSA has been associated with driving 

accidents in recent cohort studies1292 and meta-analyses.39,1293,1294 This association may be 

the result of a number of neurocognitive sequelae of OSA, including daytime sleepiness and 

impairments in sustained attention.

Meta-analyses that include data from RCTs which assessed performance in driving 

simulators have concluded that sufficient evidence supports the role of CPAP in reducing the 

risk of driving accidents in patients with OSA.1295–1298

In our SR of the English-language literature to review the evidence of the effects of 

CPAP on driving accidents, we found three meta-analyses39,1293,1294 and one observational 

study.1292 These data support the beneficial effects of CPAP in reducing driving accidents 

and improving performance on a driving simulator.

The most recent MA and SR conducted in 2019 by Patil et al. assessed the literature related 

to the treatment of OSA with CPAP therapy. Four of the included studies were randomized 

clinical trials1295–1298 that assessed performance in a driving simulator, and an additional 

ten were observational studies1299–1308 in which a motor vehicle crash rate risk ratio was 

available, comparing PAP pre-treatment versus post-treatment. Crashes were ascertained by 

self-report or objective reports.

Self-reported sleepiness was present among participants of three of the randomized 

trials.1296,1297 One trial recruited patients with mild OSA and self-reported sleepiness1296 

and another1295 included those with mild to moderate OSA without sleepiness. Comparison 

groups included an oral placebo tablet,1296,1297,1309 sham CPAP,1295 or advice regarding 

weight loss and sleep hygiene counseling.1298,1310 Duration of the trials ranged 1–6 months. 

The metaanalyses of the four RCTs did not demonstrate a clinically significant reduction 

in the number of percent of obstacles hit when assessed by driving simulator; however, 

these results should be interpreted cautiously, since performance on-the-road may not 

correlate with performance in a simulated, controlled laboratory setting. The observational 

data, by contrast, demonstrated that PAP compared to no treatment results in a clinically 

significant reduction in motor vehicle accidents. This effect was independent of whether or 

Chang et al. Page 95

Int Forum Allergy Rhinol. Author manuscript; available in PMC 2024 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



not PAP therapy was initiated directly at home versus following an in-laboratory titration; 

and independent of the type of PAP administered (auto-adjusting, bilevel, or standard 

continuous). Patients receiving pressure-profile PAP had outcomes similar to those receiving 

fixed PAP. The overall quality of evidence was rated as low to moderate in this MA due 

to limitations in study design and ascertainment of outcomes. The data demonstrated that 

PAP compared to no treatment results in a clinically significant reduction in motor vehicle 

accidents.

In an earlier MA, Tregear et al.1294 included nine observational 

studies1102,1299,1300,1302–1304,1307,1308,1311 examining crash risk of drivers with OSA 

Preversus post-CPAP. All of these observational studies except two1102,1311 were also 

included in the MA by Patil et al.39 They concluded that PAP treatment results in motor 

vehicle crash risk reduction, with a risk ratio of 0.278, 95% CI: 0.22–0.35; p < 0.001. They 

also concluded that daytime sleepiness improves significantly after just one night of PAP 

therapy, and that performance on a driving simulator improves significantly within 2–7 days 

of using PAP therapy.

A third MA by Antonopoulus et al. included eight of the studies also included in the 

study by Tregear et al.,1294 as well as an abstract and several others.1312–1317 The 

outcomes assessed in response to CPAP included real accidents (10 studies, N = 1221 

patients)1102,1299,1300,1302–1304,1307,1308,1316,1318; near-miss accidents (five studies, N = 769 

patients)1102,1307,1308,1316,1318; and performance on a driving simulator one abstract1316 

(five studies, N = 110 patients).1312–1314,1317 The authors concluded that CPAP was both 

highly effective and costeffective in preventing traffic accidents among patients with OSA, 

and that CPAP reduced not only real accidents, but also near-misses and performance on a 

driving simulator. They further advised that the number of patients needed to be treated with 

CPAP to avoid one real road traffic accident was five and to avoid a near-miss was only two. 

Therefore, they concluded that CPAP constitutes an efficient use of healthcare resources in 

the treatment of OSA.1293

In addition to the studies included in these metaanalyses, an additional retrospective 

study1292 evaluated data from a large-scale, employer-mandated program to screen, 

diagnose, and monitor OSA treatment adherence. Drivers identified as having OSA by PSG 

(n = 1613) were compared against those (n = 403) without OSA and a control group of 

drivers (n = 2016) who were matched based on experience-at-hire and length of job tenure. 

Auto-adjusting positive airway pressure (APAP) treatment was provided to all drivers with 

OSA. Treatment adherence was monitored objectively using data retrieved from the APAP 

devices. The analysis group included (n = 682) who adhered fully, n = 571 who adhered 

partially, and n = 360 with no adherence. Those with OSA and no adherence to APAP had 

a Department-of-Transportation reportable crash rate that was five-fold greater (incidence 

rate ratio = 4.97, 95% CI: 2.09–10.63) than matched controls (0.070 vs. 0.014 per 100,000 

miles). Those who adhered fully to APAP had crash rates that were statistically similar 

to those of controls (incidence rate ratio = 1.02, 95% CI: 0.48–2.04; 0.014 per 100,000 

miles). The program also resulted in the removal of non-treatment-adherent drivers through 

dismissal or voluntary exit from the company, and retention of adherent drivers. (Table 

VIII.B.7)
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VIII.B.8 | PAP and work productivity—OSA has been shown in observational studies 

to reduced work-productivity. However, the effect of CPAP on work productivity has only 

been studied in a very limited fashion, even though improvements in OSA-related symptoms 

such as daytime sleepiness, which affect productivity, are well appreciated. An SR of the 

English-language literature was performed to identify studies of CPAP effects on work 

productivity. Of the five studies identified, four of them were prospective, observational 

cohort studies, and one cross-sectional with retrospective recall of the outcomes assessed.

Outcome measures between studies varied and included both validated and non-validated 

work productivity surveys. Validated questionnaires included the Work Role Functioning 

Questionnaire (WRFQ; impact of health on work performance), Job Content Questionnaire 

(JCQ; job stress), Maslach Burnout Inventory–General Survey (MBI-GS; a measure of 

burnout), Shirom-Melamed Burnout Questionnaire (SMBQ; a measure of burnout), Indice 

de Impactode la Enfermedad en la Productividad Laboral (IMPALA; work productivity), and 

the Work Limitation Questionnaire (WLQ; work productivity).

Participants were middle-aged, predominantly male, and had moderate-severe OSA. In all 

studies, outcomes were assessed before and after a period of CPAP use with a follow-up 

period from 3 months to 2 years (three studies had 6-month follow-up). One study asked 

participants to recall symptoms experienced 6 months prior to the time of assessment.1311 

Four of the five studies1311,1319,1321 indicated a high level of adherence to CPAP, which 

was an inclusion criterion in only three of the studies.1319–1321 There was no comparison 

group in any of the studies. The sample size of the studies included ranged from 33 to 254 

participants.

The earliest published evidence,1311,1321 which used Likert-scale questions, reported 

improvements in job productivity, concentrating on new tasks, learning tasks, performing 

monotonous tasks, and work-related absenteeism. More recent studies1319,1320,1322 used 

standardized questionnaires, which differed between the studies, thus preventing direct 

comparisons. One study,1319 which only included participants adherent to CPAP, reported 

improvements in work productivity, mental and social demands, and schedule management 

compared to pre-treatment scores. Another study,1320 which also only assessed participants 

who adhered to CPAP, demonstrated improvements in job productivity, professional efficacy, 

and burnout but not job stress or job satisfaction. The final study,1322 which had followed 

up from only 7.7% of participants that had completed pre-treatment surveys, reported 

improvements in time management, mental–interpersonal relationships, and work output.

In summary, data regarding the efficacy of PAP in impacting workplace productivity 

is limited and confined to a few studies that consist of case series and low-quality 

cohort studies. They are limited by the lack of uniformity in the definition of OSA, 

lack of blinding,1311,1319–1322 relatively small numbers of participants,1320–1322 short 

follow-up periods,1311,1319–1321 use of non-validated1311,1321 and subjective assessment 

tools,1311,1319–1322 recall bias,1311 selection bias,1311,1319–1322 and failure to fully control 

for adherence to PAP therapy.1311,1321,1322 (Table VIII.B.8)
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VIII.B.9 | PAP and insomnia—Few studies addressed the question of whether CPAP 

improves insomnia in patients with OSA (see Table VIII.A.6.i).943,1323 Evidence shows 

approximately 20%–50% improvement in self-reported insomnia symptoms with use of 

PAP for OSA. Improvement in sleep maintenance difficulties occurred more commonly 

than improvement in difficulty with sleep onset or early morning awakening. There is high 

variability in study design, insomnia definitions, and duration of follow-up time between the 

studies. (Table VIII.A.6.i)

VIII.B.10 | PAP and obesity hypoventilation syndrome—Distinguishing OHS 

from eucapnic OSA is important as there are significant differences in clinical outcomes 

seen between the two groups. In addition to hypercapnic respiratory failure, people 

with OHS are more likely to develop chronic HF and PH,1324,1325 present with more 

comorbidities,1326 utilize more health care resources,133,1327 report poorer HRQOL, 

experience more socioeconomic deprivation,1328 and have lower survival rates compared to 

those with eucapnic OSA.1326,1329 PAP therapy, in the form of CPAP or the various modes 

of bilevel ventilatory support (spontaneous [BVS-S], spontaneous-timed [BVS-ST], and 

volume-targeted pressure support [BVS-VTPS]), has formed the cornerstone of treatment 

for OHS. While the evidence supporting one mode of PAP over another has been limited, 

many patients have traditionally been managed with BVS despite its higher cost and need 

for greater expertise to set up and monitor. Studies evaluating the different modes of BVS, 

primarily BVS-ST against BVS-VTPS, have failed to show significant differences in clinical 

outcomes in the medium term (up to 3 months), so long as therapy is set up to deliver 

equivalent levels of tidal volume and/or CO2 control.1330–1332 Although CPAP does not 

directly address hypoventilation, it can relieve UA obstruction and reduce the work of 

breathing.1333 Three RCTs86,1334,1335 and two meta-analyses1336,1337 comparing CPAP to 

bilevel therapy over the medium term in ambulatory OHS patients with concomitant OSA 

(OHS + OSA) found similar improvements in awake CO2 and daytime symptoms between 

the two therapy modes. Nevertheless, as OHS is most commonly a life-long condition, it has 

been unclear if these early and equivalent improvements with CPAP would be maintained 

over a more extended period. Two recent long-term comparative studies have shed some 

light on this issue. A prospective cohort study following 252 newly diagnosed patients with 

OHS for at least 2 years1338 reported better therapy adherence and larger improvements in 

depression scores in those prescribed BVS compared to CPAP. However, all other measures 

including resolution of awake hypercapnia, improvement in HRQOL, and mortality were 

similar between therapies. In a long-term RCT with a median follow-up period of 5 years, 

Masa et al.1339 reported the outcomes of 204 stable OHS patients with severe OSA allocated 

to CPAP or BVS. No significant difference between groups was observed for any outcome 

measured including hospitalization days, healthcare utilization, mortality, CV events, awake 

blood gases, HRQOL, or symptoms. Hence, current data suggest that while improvements in 

some parameters such as awake PaCO2 and cardiac function may occur more rapidly with 

BVS,1334,1340 the longer-term efficacy of these PAP modalities is similar for stable OHS 

with OSA.1339

Given CPAP is more cost effective than BVS,1341 and both PAP modalities provide similar 

long-term clinical outcomes,1337,1339,1342 CPAP is now suggested as the initial therapy for 
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stable patients with OHS and concomitant severe OSA.1337,1343 Nevertheless, CPAP will fail 

in a proportion of individuals. Patients at the greatest risk of a suboptimal response are those 

with higher baseline PaCO2 levels,1334 more restrictive spirometry, and lower AHI.1344 

Consequently, close monitoring is needed to ensure an appropriate response to therapy is 

achieved.1343

Bilevel therapy remains the therapy of choice in OHS patients without severe OSA (i.e., 

AHI < 30/h). A randomized trial comparing BVS-VTPS to lifestyle changes alone in 98 

stable patients with OHS without OSA showed that by 2 months only the BVS group 

showed significant improvements in CO2, sleepiness, and PSG parameters.1345 Extending 

follow-up to at least 3 years, the authors found benefits favoring BVS in terms of improved 

blood gases and QOL.1342 However, no differences between groups in hospitalization days 

per year, other health resource use, CV events, or mortality were observed. For those 

presenting with acute respiratory decompensation, bilevel therapy also remains the therapy 

of choice.1346,1347 However, even in this latter group a proportion can be stepped down to 

CPAP after a period of clinical stability without compromising awake blood gases, QOL, or 

sleep quality.1348,1349

Adherence to therapy is an important modifiable factor influencing therapy response, 

irrespective of the PAP mode used. In a post-hoc analysis of data from their long-term PAP 

trial, Masa et al.1339 found patients with OHS + OSA who were more adherent to PAP (>4 

h/day) also experienced lower hospitalization days per patient-year, hospital and intensive 

care unit (ICU) admissions, emergency room visits, and mortality than those less adherent. 

The type of PAP used did not alter these outcomes. In a case–control study which included 

206 OHS patients and 236 eucapnic OSA patients, Kreivi et al.1326 found that untreated 

or non-adherent OHS patients had an adjusted 5-year mortality rate of 27% compared to 

2% in those adherent to PAP therapy and 4% in OSA patients who abandoned CPAP. 

Similarly, amongst OHS patients without severe OSA, higher adherence to bilevel therapy 

was associated with fewer emergency room visits and lower mortality.1342 Unlike OSA, 

there is a lack of literature around strategies for improving adherence to PAP in patients with 

OHS.

Although it appears from cohort studies1326,1329,1336,1350 and long-term RCTs,1339,1342 

death from respiratory failure is significantly reduced with PAP therapy, the impact on CV 

risk and overall mortality is less marked. Even with PAP therapy, OHS is associated with 

poorer survival compared to OSA alone.1329 This highlights the need for early detection 

of this disorder before significant comorbidities develop, along with the use of multimodal 

therapy beyond PAP therapy including weight loss programs and pulmonary rehabilitation 

to improve outcomes. Although weight loss is an obvious therapeutic target, there is a lack 

of good quality data around how best this can be achieved and maintained, and what target 

weight loss is needed to achieve clinically relevant benefits.1351,1352

VIII.B.11 | PAP in overlap syndrome (COPD)—Concurrent OSA and COPD is 

known as OS.778 Studies have shown that CPAP improves respiratory muscle function, 

work of breathing, gas exchange, and functional status in OS patients.1353,1354 Several 

mechanisms may explain these results, such as bronchodilation, reduction of respiratory 
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load, improvement of ventilation/perfusion ratio, and changes in central chemoreceptor 

sensitivity. Two prospective cohort studies provided the best available evidence on CPAP 

and survival in patients with OS.1355,1356 (Table VIII.7c) Marin et al. evaluated CPAP on 

first-time hospitalization from COPD exacerbation and mortality in three groups; OS with 
CPAP, OS without CPAP, and COPD without OSA.1356 All three groups had similar markers 

of COPD severity and received similar COPD management. At baseline, patients with OS 

had a higher incidence of COPD exacerbations. The investigators reported a significant 

mortality increase and higher hospitalization rates in the OS group without CPAP compared 

to the OS group with CPAP and the COPD group. OS patients without CPAP carry a worse 

prognosis compared to OS with CPAP and COPD without OSA. Machado et al. evaluated 

CPAP on OS patients with moderate-to-severe OSA and hypoxemic/hypercapnic COPD on 

long-term oxygen supplementation.1355 The authors reported a 5-year survival benefit in the 

CPAP treated group versus the non-CPAP group.

Stanchina et al. analyzed the relationship between CPAP adherence and survival in 227 

OS patients.1357 Multivariate analysis showed that more time on CPAP was associated 

with reduced risk of death in a dose-dependent manner. A recent retrospective cohort 

study analyzed the effect of CPAP therapy on healthcare utilization in the 1-year pre- and 

post-CPAP initiation in Medicare beneficiaries with OS.1358 CPAP was associated with 

significant reductions in COPD related hospitalizations, particularly in older adults (≥75 

years), higher COPD complexity (defined by comorbid respiratory and procedures1359), and 

those with three or more medical co-morbidities.

BPAP therapy is widely accepted for acute COPD exacerbations and data also suggest 

benefit in stable hypercapnic COPD patients in the outpatient setting.1360–1362 None of the 

studies however reported concurrent OSA diagnosis, so it is unclear if BPAP would be 

as beneficial as CPAP in OS patients, particularly those with more severe gas exchange 

abnormalities including daytime hypercapnia. In a post hoc analysis of OS patients on 

CPAP versus BPAP, those who benefited from BPAP had a higher BMI, lower FEV1 and 

FEV1/FVC, and worse daytime gas exchange.1363 Randomized clinical trials are needed to 

determine the role of BPAP versus CPAP in OS.

In summary, there is overwhelming evidence that patients with comorbid OSA and COPD 

are at risk for increased morbidity and mortality compared with either disease alone. CPAP 

therapy seems to mitigate these risks; however, this has yet to be proven with randomized 

clinical trials. Also, further studies are needed to determine the role of BPAP on clinical 

outcomes in OS. (Table VIII.B.11)

VIII.C | Medical Management of OSA: Oral Appliances

VIII.C.1 | Tongue retention devices—A tongue retaining device (TRD) uses suction 

force to anteriorly displace the tongue during sleep. Unlike other OAs, a TRD isolates the 

tongue and obviates the need to advance the mandible. However, combination devices do 

exist.1364 Such devices can be acquired over the counter or can be customized. The first 

report of such therapy dates back almost four decades. TRD offers potential advantages 

relative to other therapies for OSA due to their portability and low cost. There are currently 

no Cochrane Review of clinical guidelines on the role of TRD in the management of OSA.
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The literature on TRD for OSA is small, with only 16 published studies and one unpublished 

study, involving only 278 patients in total.1365 The majority of reports are case series, 

with only six RCTs. The predominant outcome has been the AHI, but oxygen desaturation, 

arousal index, and snoring have also been assessed. A minority of studies explored patient 

reported outcomes, including daytime sleepiness and side-effects. All studies demonstrate a 

reduction in AHI, on average approximately 50% (range 13.5%–67.4%).1365 Most studies 

have included OSA in the moderate to severe range and SR of 16 studies shows an average 

Pre-TRD AHI of 34 reducing to a post-TRD AHI of 16.1365 One study did not detect a 

difference in the treatment outcome for mild, moderate, or severe OSA.1366 Several studies 

have suggested a greater reduction in supine compared to non-supine AHI,1367,1368 although 

OSA by body position has not been reported in most studies. A similar reduction in the 

ODI has been observed across studies that assessed this outcome. The small number of 

studies that assessed subjective sleepiness have demonstrated an improvement in the ESS. 

The treatment duration has generally only been for up to 6 months, and only a few case 

series in small numbers of patients have evaluated long-term efficacy. An RCT compared 

TRD to mandibular repositioning device (MRD) and showed a similar reduction in mean 

AHI (15 events/h, 55% reduction in AHI) with both therapies, but a higher proportion of 

patients achieving a complete or partial response with MRD treatment (68% vs. 45%). 

Furthermore, compliance was poorer with TRD and 91% of patients preferred MRD 

treatment.1366 Another study compared TRD to CPAP in a randomized cross-over study 

and revealed a significantly greater reduction in mean AHI as well as better improvement of 

sleep-related oxygen parameters with CPAP therapy than with TRD. However, there was no 

significant difference between interventions for other sleep parameters, daytime sleepiness, 

and patient’s QOL.1369 A majority of patients (48%) preferred CPAP to TRD due to their 

perceptions of greater efficacy and less side effects with CPAP therapy.

Side effects of TRD occur in approximately two thirds of patients and include tongue 

numbness, tongue pain, tooth or gum pain, and dry mouth,1370 and likely contribute to 

device intolerance.

There are current gaps in knowledge regarding long-term efficacy, adherence, and side 

effects, as well as patient characteristics associated with a beneficial outcome. (Table 

VIII.C.1)

VIII.C.2 | Mandibular repositioning devices (MRD)—MRDs attach to the upper and 

lower dental arches and secures the mandible in a more anterior, or protruded, position 

relative to the maxilla. They are also commonly referred to as mandibular advancement 

splints, appliances, or devices (MAS/MAA/MAD), or MRD or OA. They are generally the 

preferred OA type for the treatment of OSA, owing to stronger evidence of effectiveness and 

great patient acceptance compared to TRD. The forward positioning of the mandible while 

wearing MRD increases the pharyngeal airway space and reduces collapsibility, representing 

key mechanisms for improvement in OSA. Current clinical guidelines of the American 

Academies of Sleep Medicine and Dental Sleep Medicine recommend that MRD should be 

prescribed, rather than no therapy, for adult OSA patients who are intolerant of CPAP or 

who prefer alternative therapy.809
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MRD is manufactured from impressions (digital or physical) of an individual’s dentition 

and hence are customized devices. Prefabricated or “boil and bite” devices also exist. An 

MA of three crossover trials compared customized and prefabricated MRDs in a total of 

129 participants.1371 Customized MRDs were superior in AHI reduction, as well as the 

proportion of treatment responders (AHI < 5/h or 50% reduction in AHI).1371 Additionally, 

in crossover trials patient preference and self-reported adherence was in favor of the 

customized MRD.1371 Therefore, customized devices offer clear advantages for clinical 

effectiveness, as reflected in the clinical guidelines.809 We provide a summary of the 

evidence for the effect MRD has on AHI, subjective and objective health outcomes, and 

therapy side effects.

MRD candidacy – dentition evaluation: Dental contraindications to MRD therapy have 

been found to present in up to 34% of 100 consecutive patients undergoing PSG.1372 The 

dentist conducts an odontologic examination, including patient history and examination 

to characterize oral diseases and occlusal conditions. To be suitable for MRD therapy, 

candidates generally require sufficient healthy teeth and alveolar ridge to retain the 

device, the absence of temporomandibular disorders (TMDs), and adequate protrusive jaw 

function.1373 The presence of 8–10 teeth in each arch and a minimum 5 mm protrusive 

capacity of the mandible are usually considered necessary for optimal results from MRD 

treatment. However, lack of sufficient teeth may not be an absolute contraindication as 

the use of a dental implant-retained MRD has been reported in edentulous and partially 

dentate patients.1374 Moreover, TRDs have also been proposed as a treatment alternative 

for edentulous patients. The periodontal status of OSA patients warrants consideration. 

Periodontal disease may pose a contraindication to MRD therapy due to substantial tooth 

mobility.1372,1373 Dental or periodontal care may be required before the use of MRD 

(estimated in some 16% of patients).1372

MRD candidacy – TMJ/associated disorders: A comprehensive temporomandibular joint 

(TMJ) assessment is an important prerequisite to treatment with MRD. The prevalence of 

TMD in OSA patients varies from 2% to 52%,1372,1375 with 50% of subjects complaining 

of myofascial pain associated with and without limited mouth opening and arthralgia.1375 

Another study highlights the association between the two disorders, finding a 28.4% OSA 

prevalence rate in 53 TMD patients, highlighting the need to consider diagnostic sleep 

testing in TMD patients complaining of sleep disturbances.1376

There have been numerous studies that have collectively reported TMD as a result of MRD 

use. However, in an MRI study, translation of the mandibular condyle (movement out of 

the glenoid fossa of the temporal bone) with MRD therapy was equal to or less than that 

observed with maximum jaw opening in the absence of significant TMJ morphological 

alterations.1377 Nonetheless, many patients experience TMJ related pain in the initial stages 

of treatment which is usually transient and not a contraindication to MRD use. To date, two 

studies advocate the use of mandibular jaw exercises to manage TMJ side effects with MRD 

use.1375,1378

MRD outcomes – polysomnographic indices: Pre- to post-comparison of customized 

MRD therapy in 33 studies (n = 1259) show a mean reduction in AHI (or RDI) of 13.9 
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events/h,809 as 21 studies (n = 904) demonstrated a modest increase in minimum SaO2. 

Only six studies (n = 399) evaluated change in ODI and showed a mean reduction 12.8 

events/h. Arousal index was measured in only 16 studies (n = 704) and showed a mean 

reduction of 10.8/h.809 Additionally, 16 studies (n = 675) evaluated REM sleep and noted a 

small but statistically significant increase in REM sleep; clinical significance of this increase 

is unknown and furthermore, no change in sleep efficiency between the two study nights 

with and without MRD was detected.809 An MA of cross-over trials of MRD versus control 

appliance (i.e., inactive device that does not produce mandibular advancement) showed 

improvements in AHI, minimum SaO2, and arousal index with MRD, indicating mandibular 

advancement is key to efficacy (four studies, n = 155).1379

MRD outcomes – daytime sleepiness (Epworth Sleepiness Score): A 2015 network MA 

of the effects of OSA therapy on ESS identified five studies (n = 271) assessing MRD versus 

inactive control and three studies (n = 244) which compared CPAP, MRD, and an inactive 

control.1380 In both pairwise and network analysis, MRD reduced ESS versus inactive 

control (−1.7 points; p < 0.0001).1380

MRD outcomes –– blood pressure: BP is the most common objective health outcome 

reported in MRD studies. A 2015 network MA of the effects of OSA therapy on BP assessed 

MRD versus inactive control (six studies, n = 473).1208 Compared to inactive control, MRD 

were associated with a reduction in systolic blood pressure (SBP) of 2.1 mmHg (p = 0.002) 

and in diastolic blood pressure (DBP) of 1.9 mmHg (p = 0.008).1208

MRD outcomes – health-related quality of life: The SF-36 Health Survey is widely 

used to evaluate HRQOL. The SF-36 has multiple domains to evaluate different aspects of 

QOL. An SR and MA of RCTs incorporating the SF-36 identified two RCTs (one parallel; 

25–29 participants, one cross-over; 83 participants) which compared SF-36 between MRD 

and inactive control device.1381 Pairwise MA demonstrated improvement in the mental 

component score for MRD versus control (2.7 points; p = 0.041).1381 The physical 

component score did not show a significant improvement versus control device (1.3 points; p 
= 0.18).1381

MRD side effects: Long-term use of MRD is associated with progressive but generally 

minor tooth movements, but not craniofacial changes. An SR and MA to evaluate dental and 

skeletal changes associated with MRD included 12 studies in MA (follow-up periods 2–7 

years). In a single study (n = 489), tooth movements were associated with ongoing MRD 

usage, with decreases in overjet after MRD treatment (−0.99 mm; p < 0.00001) and overbite 

(−1.00 mm; p < 0.00001).1382 No significant changes in skeletal relationships (craniofacial 

angles between landmarks sellanasion line and point A on the maxilla [SNA], sella-nasion 

line and point B on the mandible [sella, nasion, B point angle SNB], point A-nasion line 

and point B [ANB]) or mandibular rotation were evident. Additional side effects of MRD 

use include pain and sensitivity of the teeth, mouth dryness, occlusion changes, and TMJ 

exacerbation or pain.

Factors related to MRD efficacy: Inter-individual variability in AHI reduction with MRD 

is common and several studies have sought to describe patient factors associated with AHI 
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reduction using MRD. A recent MA suggests “responders” to MRD therapy tend to have 

the following characteristics: lower age (n = 998; −3.1 years; p < 0.0001), female gender, 

lower BMI (n = 970; −1.96 kg/m2; p < 0.00001), smaller neck circumference (n = 688; 

−1.04 cm; p < 0.0001), and lower baseline AHI (n = 914; −4.56 events/h; p < 0.00001), as 

well as some craniofacial characteristics (retracted maxilla and mandible, narrower airway, 

and shorter soft palate).1383 It is also suggestive that MRD are more effective in POSA 

than non-POSA patients (four out of five studies).1383 Although these average differences 

are statistically significant, the narrow mean differences do not make these factors useful as 

clinical selection tools. (Table VIII.C.2)

VIII.C.2.a | MRD efficacy versus CPAP—Many studies have compared the effects of 

MRD versus CPAP, reporting on efficacy of treatment and subjective and objective health 

outcomes.

Efficacy (AHI): Efficacy of both MRD and CPAP depends on compliance to therapy. Most 

data on MRD compliance has been limited to self-report.1384 Patient acceptance and comfort 

levels have direct implications for successful therapy. CPAP is better at reducing AHI, as 

illustrated by an MA of 12 RCTs (n = 824) showing greater average AHI reduction (8.2 

events/h; p < 0.001).1385

Treatment usage (hours per night): Six RCTs comparing CPAP and MRD included 

self-reported MRD usage, as well as either objective or self-report CPAP usage.1385 There 

was evidence of high heterogeneity between studies. Overall CPAP compliance was found 

to be significantly lower than self-report MRD compliance by 1.1 h per night.1385 An 

additional assessment of MRD versus CPAP for adherence included 11 studies (n = 442), 

with adherence favoring MRD by 0.7 h per night, again with high study heterogeneity.809 

Eight studies were included in an MA of dropouts for each treatment (CPAP, MRD) and did 

not find a difference.1385

Daytime sleepiness (ESS): A 2015 network MA of 67 studies (n = 6873) compared CPAP, 

MRD, and inactive control devices for effect on ESS.1380 CPAP treatment produced greater 

reductions in ESS than MRD by 0.8 points (p = 0.015). An MA of 12 RCTs comparing 

CPAP and MRD did not find a statistically significant improvement in ESS score, with a 

difference in means of only 0.6 points (p = 0.203).1385 There was statistical heterogeneity 

detected between studies and a sensitivity analysis concluded more studies with balanced 

baseline ESS values are needed to understand if there truly is a statistical difference in ESS 

between treatments or not.1385

Blood pressure: Network MA (N = 4888 participants) confirms both CPAP and MRD 

reduce BP relative to control.1208 There was no significant difference between CPAP and 

MRD in their association with change in SBP (−0.5 mmHg; p = 0.55) or in DBP (−0.2 

mmHg; p = 0.82].

Quality of life: In MA of the effect of CPAP versus control treatment (11 studies), CPAP 

improved both the mental (1.6 points; p = 0.047) and physical component (1.8 points; p 
= 0.005) scores of the SF-36 questionnaire.1381 There was no difference between CPAP 
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and MRD in pairwise and network MA of the physical and mental component scores for 

HRQOL.1381 However, the authors acknowledge the limited data on MRD and wider CIs, 

and although this study is suggestive that MRD may be just as effective, further RCTs 

comparing CPAP and MRD are ultimately needed. The Functional Outcomes of Sleep 

Questionnaire (FOSQ) assesses disease specific QOL. Four RCTs (N = 559) of MRD and 

CPAP found no difference in FOSQ changes between CPAP and MRD (difference in means 

of 0.03; p = 0.788)1385; however, quality of evidence (GRADE) is moderate due to risk of 

bias.1385

Cognitive function: There have been two trials comparing CPAP and MRD that have used 

trail making B test (n = 244), which assesses executive functioning. Statistical heterogeneity 

between studies was not found. No difference in mean cognitive performance was detected 

using this test (mean difference of −3.5; p = 0.395)1385; however, quality of evidence 

(GRADE) is very low due to risk of bias, inconsistency, and imprecision.1385 (Table 

VIII.C.2.a)

VIII.D | Medical Management of OSA: Behavioral and Adjunctive Therapies

VIII.D.1 | Positional therapy for positional OSA—In patients with POSA, disease 

severity depends on the total sleeping time (TST) in the supine position PT aims at 

preventing patients from sleeping in the supine position in order to improve or resolve 

POSA. The majority of early studies on PT used the so-called TBT where a bulky mass 

is strapped to the patient’s back.1386 TBT is effective in reducing the overall AHI and 

the percentage of TST in supine position, but long-term compliance is poor. This is due 

to discomfort and no improvement, or even deterioration of sleep quality and/or daytime 

alertness.1387,1388 Compliance rates of TBT reported in the literature range from 40% to 

70% in the short-term to only 10% in the long-term.1387–1390

A new generation of small, lightweight, battery-powered vibrotactile smart devices, which 

are either attached to the trunk (or neck), was introduced. Almost all research is with 

chest-worn devices (Table VIII.D.1). When the patient moves to the supine position, these 

sleep position trainers (SPT) provide a vibrating stimulus aiming to turn the patient to a 

non-supine sleeping position without awakening the user. In a recent MA, data from studies 

reporting on the effect of new-generation SPT devices were included. Data from six studies 

showed that mean AHI was significantly reduced from a mean 21.8–9.9 events/h (54% 

change) and AHI SMD was −1.94 (large effect). Pooled mean reduction in percentage 

of TST in the supine position also declined from 40.1% to 6.5% (84% reduction).1391 

Short-term compliance (4 weeks to 3 months of therapy) is high, varying from 76% to 96%, 

when defined as at least 4 h of use per night during 7 days a week.1391–1400,1402,1403

Long-term compliance of SPT varies between 64.4% and 75.5%.1391–1400,1402,1403 The 

impact of compliance on SPT effectiveness is illustrated in an RCT study where 55 patients 

were treated with either SPT or TBT. Both SPT and TBT were equally effective in reducing 

respiratory events in those with mild POSA with a normal ESS. However, compared to TBT, 

sleep quality, QOL, and compliance was significantly greater in the SPT group.1396
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In a recent RCT, the effectiveness of MAD versus PT was compared.1392,1395 The effect 

after 3 and 12 months was the same but there were more treatment-related side effects in the 

MAD arm. Two RCTs compared CPAP and SPT in the treatment of mild POSA. In the first 

study, APAP was compared with PT in a randomized crossover trial format. SPT was found 

to be noninferior in treatment efficacy and greater adherence.1393 A total of 117 participants 

were randomized (58 SPT first, 59 APAP first). The AHI with PT was higher compared 

to APAP (mean ± SD, 7.29 ± 6.8 vs. 3.71 ± 5.1 events/h, p < 0.001). The mean AHI 

difference (SPT-APAP) was 3.58. The average nightly adherence (all nights) was greater 

with PT (345.3 ± 111.22 vs. 286.98 ± 128.9 min, p < 0.0001). Participants found the SPT to 

be more comfortable and easier to use, and 53% reported a preference for PT assuming both 

devices were equally effective. In the other, smaller (N = 40) RCT, a neck SPT was used and 

compared to CPAP. ESS difference with SPT did not meet the noninferiority margin.1403

Others have looked at combination therapy with PT and MAD therapy.1404 In one study 

of persistent POSA with MAD therapy, patients underwent consecutive randomized PSG 

tests with SPT and with SPT + MAD. The effects of MAD and PT were comparable with 

approximately a 50% reduction of the AHI, but then a further 25% reduction was reported 

when MAD and PT were combined. A recent Cochrane review was generalized to all 

categories of OSA and included both TBT and SPT devices.1405 The review described a 

greater improvement in AHI with CPAP compared to PT, but no difference in ESS or QOL 

between the groups. Studies that compared PT to an inactive control group showed improved 

ESS and AHI in the PT group. (Table VIII.D.1)

VIII.D.2 | Weight management for OSA—The role of weight loss on severity of OSA 

has been studied. A total of eight papers were identified that reported results of RCTs of 

medical weight loss interventions against controls, of which seven were RCTs on adult 

patients and one was an MA (Table IX.1.b).122,1406–1411

Study durations ranged from 4 weeks to 1 year. All RCTs included a small number of 

participants that ranged from 11 to 264. Low calorie diet was compared to control in six 

RCTs,1407,1408,1410–1413 diet and exercise were compared to control in two RCTs122,1409 

and inpatient rehabilitation program group (including individualized exercise training, 

education activities sessions, and dietary management) was compared to control in one RCT. 

One RCT demonstrated efficacy of the Mediterranean diet for reduction in CV endpoints, 

weight loss, and has been shown to reduce the REM-related AHI at 3 months.1414 The 

MA included is the most recent ATS clinical practice guideline for the role of weight 

management in the treatment of adult OSA.1415 Medical weight loss was superior to control 

in reducing AHI in all included studies.

The mean difference in weight change with weight loss in the six RCTs ranged from −5 

to −18.7 kg. The resultant mean difference in AHI ranged from −4 to −25.122,1406–1409,1411 

One RCT only reported mean difference in BMI (−1.8 kg/m2) and percent change in 

AHI (−16.9%).1410 In the ATS MA, there were only four RCTs that examined the impact 

of weight loss on OSA severity, and the mean difference (or reduction) in AHI was 

−8.5 events/h (95% CI −10.8 to −6.2).1415 Given the benefits of weight loss programs, 

and their limitations related to their role in the management of OSA, the ATS made a 
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strong recommendation for comprehensive weight loss programs, but underlined that this 

recommendation is of very low certainty in the estimated effect.

Neither serious adverse effects nor deaths were reported in any of the included studies. Cost 

analysis was not performed in any of the studies.

Weight loss medications can be beneficial in some patients. The Endocrine Society 

recommends weight loss agents as adjunctive therapy for patients unsuccessful in losing 

weight despite lifestyle modifications, diet, and exercise.1416 The benefits of pharmacologic 

weight loss in patients with OSA have been explored, although only two RCTs have 

measures related to OSA specific outcomes.1417,1418 A new medication for weight loss 

includes glucagon-like peptide-1 receptor agonists (GLP-1 RA) such as semaglutide (15). 

GLP-1RA medications stimulate insulin secretion and reduce glucagon and may also 

delay gastric emptying.1419 A recent randomized, double-blind study looked at the effects 

of semaglutide combined with intensive behavioral therapy and low-calorie diet. When 

compared to placebo, once-weekly subcutaneous semaglutide resulted in a 10.3% greater 

decrease in body weight and more participants lost at least 5% of their body weight.1420 

Daily liraglutide demonstrated reduction in AHI (−6.1 events/h) which was associated with 

the degree of weight loss in post hoc analysis.1417 Overall, there are limited data showing 

that weight loss medications improve measures of outcomes related to OSA. However, 

given the benefits of weight loss in general, these medications should be considered to 

promote weight loss in patients who cannot achieve weight loss goals with calorie restriction 

regimens. (Table VIII.D.2)

VIII.D.3 | Sedative medications and effect on OSA—A sedative is defined as “A 

drug taken for its calming or sleep-inducing effect” and is often used by people who are 

struggling to fall or stay asleep.1421 Early in the history of OSA, case reports suggested 

that some sedatives worsened breathing during sleep.1422,1423 Benzodiazepines, commonly 

used sedative medications, likely affect respiration through multiple mechanisms, including 

sedation, muscle relaxation, and increasing N2 sleep.1424 A 2015 Cochrane review reviewed 

14 randomized controlled studies of patients with OSA and 10 opiate, hypnotic, and 

sedating medications including: remifentanil (infusion), eszopiclone, zolpidem, brotizolam, 

flurazepam, nitrazepam, temazepam, triazolam, ramelteon, and sodium oxybate. The 

findings demonstrated that no evidence that the pharmacological compounds assessed have 

a deleterious effect on the severity of OSA as measured by change in AHI or ODI, though 

some statistically significant decreases in oxygen level were observed with remifentanil, 

zolpidem, and triazolam.1425

Alcohol is often considered a sedative and has effects similar to that of benzodiazepines. 

Alcohol use in a 1982 case report dramatically worsened SDB in seven patients with known 

snoring and/or OSA.1426 However, in contrast to the benzodiazepine data above, alcohol 

increased in the severity of OSA in a statistically significant manner, both in terms of AHI 

and mean blood oxygen level in a 14-study MA.1427 Most of the studies in the MA used 

between 2 and 3 standard alcohol drinks as the tested dosage.
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Sedating anti-depressants including trazodone, protriptyline, mirtazapine, paroxetine, and 

fluoxetine have been studied without evidence that they negatively impact OSA severity.1428 

Suvorexant, a newer medication with an orexin antagonism mechanism, did not impact 

OSA severity in a study of 26 patients with mild–moderate OSA.1429 Antihistamines are 

often used as over-the-counter sedative medications; no evidence has suggested that these 

medications are respiratory depressants or that they impact the ventilatory response.1424

Sedative medications are frequently used in the perioperative setting, both before and after 

surgery. Scientific data suggest that patients with OSA are at higher risk for adverse events 

in the peri-operative setting.468 In specific, patients with OSA and high arousal thresholds 

may be particularly sensitive to sedatives and narcotic medications with an increased risk 

of respiratory arrest in the peri-operative period. Limiting sedative use as possible and close 

monitoring is suggested in patients with OSA undergoing surgery.1428

While the majority of this section has focused on the potential worsening of SDB with 

use of sedatives, there is some data suggestive that sedative medications may be helpful in 

some patients with OSA. For instance, one study of eszopiclone use in patients with OSA 

demonstrated a statistically significant reduction of AHI.400 One current theory suggests 

that in appropriate patients, sedativesmay increase the arousal threshold to facilitate the 

experience of sufficient magnitude of respiratory stimuli for an adequate duration which 

activates pharyngeal dilatormuscles and thus stabilizes breathing. With fewer arousals 

and stabilized breathing, deeper sleep may be obtained further reducing the occurrence 

of respiratory events. Thus, for the sedative to be an effective treatment, the sedative 

must increase the arousal threshold, and the patient must have a mild to moderately 

collapsible UA, responsive and effective UA dilator muscles, and a low to moderate arousal 

threshold.1428

VIII.D.4 | Nasal obstruction and sinusitis management for OSA treatment—
The evaluation and management of nasal obstruction plays an important role in OSA as the 

nose regulates nasal resistance and stimulates ventilation.1430 Nasal obstruction is thought 

to contribute to OSA and is known to interfere with treatment options including CPAP and 

OAs.1431 Addressing nasal obstruction can be done with surgical management (septoplasty, 

inferior turbinate reduction, and endoscopic sinus surgery), medical management (nasal 

corticosteroid sprays, nasal decongestants, oral antihistamines, leukotriene antagonists, and 

internal or external nasal dilators), or a combination of surgery and medical management. 

The medical management of nasal obstruction investigated is primarily limited to studies 

examining the use of intranasal corticosteroid sprays and/or mechanical stents to hold the 

nasal cavity open during nasal respiration. Although there are a number of RCTs evaluating 

the above medical therapies, data consist of short follow-up times, heterogenous patient 

populations, and the inherent challenge of establishing an objective measurement of nasal 

obstruction.

The conglomeration of literature overall suggests an improvement in both subjective 

and objective sleep in patients with rhinitis and OSA with the use of intranasal 

corticosteroids (Table 1). Craig et al. evaluated the effect of intranasal corticosteroid use 

on multiple patient-reported sleep symptoms using pooled data from three randomized 
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placebo-controlled, cross-over trials and found that improved nasal congestion in patients 

with perennial AR correlated highly with improved sleep (p < 0.01) and daytime sleepiness 

(p = 0.01).891 In the only SR published on this topic, Liu et al. demonstrated that 

intranasal corticosteroid sprays were effective in decreasing AHI (SMD −0.73) in patients 

with OSA.1432 However, the overall effectiveness of intranasal corticosteroid therapy 

for decreasing OSA severity is still undetermined. Kiely et al. performed a randomized 

placebo-controlled, crossover study demonstrating improved sleep outcomes using intranasal 

corticosteroids in patients with AR and OSA. AHI was significantly reduced in 13 patients 

with OSA and rhinitis treated with fluticasone for 4 weeks as compared to placebo (23.3 vs. 

30.3 p < 0.05). Despite improvements, most patients continued to have significant OSA.895 

In divergence, Smith et al. in 2019 performed a randomized placebo controlled double 

blind investigation examining patients with an AHI less than 15, demonstrating fluticasone 

and montelukast did not significantly decrease AHI or ESS1433 while the TST and % of 

REM sleep improved. The role of intranasal corticosteroids in improving CPAP adherence 

in patients with OSA also remains undetermined. In an MA of two RCTs evaluating 

corticosteroid use and objective CPAP compliance, Charakorn et al. found that while CPAP 

use increased by an average of 0.4 h per night in treated patients, this benefit did not reach 

statistical significance and there was no change in percentage of nights with CPAP use.1179

Clarenbach et al. performed a randomized placebocontrolled, cross-over study examining 

the benefits of acutely improving nasal obstruction by using a decongestant (oxymetazoline). 

They demonstrated AHI significantly decreased at the time of maximal pharmacological 

effect (30–210 min) (27.3 vs. 33.2), but overall AHI did not change.900 Despite these 

short-term AHI reductions, routine nasal decongestant use is not recommended secondary to 

known rebound congestion and architectural changes in the sinonasal epithelium.

Chronic rhinosinusitis: There are limited data evaluating the impact of medical 

therapies (topical nasal corticosteroid sprays, saline irrigations, oral antibiotics, and oral 

corticosteroids) on patient sleep quality outcome measures in CRS. In a study by Alt 

et al.,1434 patients undergoing both medical and surgical therapy for CRS were followed 

longitudinally after each intervention. Patients in the surgical cohort were found to 

have greater improvement in PSQI as compared with their medical therapy counterparts. 

Additional study is required to confirm these findings.

Allergic rhinitis: Oral antihistamines and leukotriene inhibitors have also been investigated 

as medical therapies for comorbid AR and OSA, though data are limited. Acar et al. 

evaluated the impact of desloratadine treatment in both the presence and absence of 

concomitant mometasone nasal sprays in a 2013 RCT. No additional benefit was noted 

in objective sleep parameters when desloratadine was added.1435 Similarly, Smith et al. 

evaluated the combination of montelukast and fluticasone as compared to placebo on AHI in 

mild OSA patients in a double-blind placebo RCT. While there was no significant reduction 

in AHI, TST, and percentage of REM sleep improved.1433 The potential sedative effect of 

oral antihistamine treatment in OSA patients warrants consideration if antihistamine therapy 

is considered for the management of comorbid AR. Further study is needed to delineate the 

role of oral antihistamine and leukotriene inhibitors for OSA therapy. (Table VII.D.4)
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VIII.D.5 | Nasal dilators for OSA—Internal and external nasal dilators have been 

studied as a treatment option for snoring and OSA. While many studies have shown 

some benefit with snoring, the vast majority of studies have not found improvement in 

OSA.904,1431,1439–1441

An SR by Camacho et al. examined nasal dilators (both internal and external) and their 

effect on snoring and OSA.1442 Fourteen studies were analyzed, with five studies utilizing 

internal dilators and nine studies using external dilators; only two studies showed that nasal 

dilators reduced OSA parameters. An MA showed that both internal and external nasal 

dilators did not have an effect on the AHI or sleep architecture but internal nasal dilators did 

have a small improvement on the AI.1442

In the study by Hoijer et al., 10 patients underwent two sleep studies with and without 

an internal nasal dilator (Nozovent) with a reduction in the AI by 47%.1443 However, it is 

important to point out that three out of the 10 patients had a pre-treatment AI less than 5 and 

one patient worsened with the use of the nasal dilator. The study excluded other measures 

of OSA such as AHI and RDI. A study of external nasal dilators (Breathe right strips) on 

patients with OSA in 26 patients1444 showed that 19 out of 26 patients had a reduction in 

RDI, and sub-analysis of the patients that benefited showed a positive effect in patients with 

nasal obstruction, minor or no pharyngeal obstruction, and age under 55 years.1444

In a randomized crossover study comparing external nasal dilator strips to placebo strips, 

no reduction in AHI was noted. Within this study a subset of patients with severe nasal 

obstruction, based on rhinometry, did experience a significant but small reduction in AHI 

(7.4–5.4) and improved mean SpO2 (92.4–96.7).901 Other studies showed an increase in 

nasal cross-sectional area and reduction in nasal resistance with nasal dilators but without 

effects on objective OSA outcomes such as AHI.902,1439,1445

The evidence suggests that nasal dilators do not improve objective sleep parameters in 

patients with OSA, especially in patients in the moderate to severe OSA.1442 However, it 

does appear that a small subset of patients with severe nasal obstruction and OSA may 

potentially benefit from nasal dilators.901,1444 While nasal dilators (internal and external) 

are not recommended as monotherapy for OSA, they may still play a role as an adjunct 

treatment, as it has been shown that nasal dilators could reduce the amount of pressure 

required by CPAP devices which may improve adherence.1180,1446 (Table VIII.D.5)

VIII.D.6 | Surfactants for OSA treatment—Multiple physiologic and anatomical 

factors contribute to the presence and severity of OSA. Surface tension of the UA lining 

is one potential target for the treatment of OSA. In awake patients, it has been shown that 

by applying surfactant to the UA and reducing surface tension, less intraluminal pressure 

is required to reopen a closed pharynx.1449 This led to studies of the effects of UA surface 

tension on OSA.

There are a limited number of studies looking at the role of surfactants in OSA treatment. 

Three studies have been found which demonstrated a modest improvement in OSA after 

surfactant administration.1450–1452 Jokic et al. studied the effect of surfactant on OSA 
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in a double-blinded crossover RCT in 10 patients.1450 The patients underwent two sleep 

studies, one night with a placebo and the other night with surfactant. The mean AHI on the 

surfactant night was 14 compared to 24 on the placebo night (95% CI 6–13).1450 Of note, 

this was the only published RCT studying the effect of surfactant on OSA.

The two other studies identified were both prospective cohort studies.1451,1452 Kirkness et 

al. demonstrated that surfactant decreased the surface tension of the UA lining as well as 

the severity of the RDI, and the correlation between the two was statistically significant.1451 

This study involved nine patients who underwent two separate sleep studies, one diagnostic 

and the other interventional. The RDI decreased from 51 on the diagnostic night to 35 (p 
< 0.03) on the test night when surfactant was administered.1451 Morrell et al. performed a 

prospective cohort study recruiting nine patients with OSA to study the effect of surfactant 

on the RDI by comparing it to saline. The protocol involved studying patients on two 

separate nights with one night collecting data on pre- and post-saline instillation while the 

second night involved pre- and post-surfactant administration. Seven patients were able to 

complete the study and the data collected showed that the RDI was reduced with surfactant 

administration (pre-surfactant RDI 79.7 vs. post-surfactant RDI 59.6 [p < 0.05]) whereas 

saline did not decrease RDI (pre-saline 75.3 vs. post-saline 79.9).1452

One concern with surfactant is the practicality of administration by patients given that the 

studies published report instillation via nasal catheters targeting the nasopharynx positioned 

above the level of the soft palate. Perhaps a more practical form of application that could be 

considered is delivery via a nasal spray or an inhaler. Additionally, while surfactant appeared 

to reduce OSA severity in the studies discussed, OSA was not cured in any of those studies, 

and the improvement was modest. Surfactant may potentially play a role as an adjunct 

treatment or be a suitable monotherapy option for individuals with mild OSA; however, 

the evidence is still lacking. Larger RCTs are needed to further elucidate the utilities of 

surfactant in OSA management and define appropriate roles in treatment. (Table VIII.D.6)

VIII.D.7 | Supplemental oxygen for OSA treatment—Supplemental oxygen has 

been investigated as a therapy for intermittent nocturnal hypoxia in OSA for over 30 

years, particularly for those patients that are intolerant to CPAP. Approximately 25%–50% 

of patients with OSA have been shown to either refuse CPAP therapy or experience 

intolerance.1453 While administration of oxygen has been shown to consistently improve 

the mean oxyhemoglobin saturation to levels comparable to CPAP,1454 long-term oxygen 

therapy can prolong the duration of apnea hypopnea events due to suppression of 

hypoxic ventilatory drive, worsen CO2 retention, and lead to respiratory acidosis.1455 

Oxygen therapy has not been shown to improve subjective sleep quality or daytime 

functioning,1456,1457 or reduce the frequency of apnea hypopnea events.1454 Short-term 

oxygen therapy was evaluated for postoperative patients for 3 days and was shown to reduce 

AHI, ODI, and improve SaO2.1458

The effect of oxygen therapy on BP in patients with OSA has been recently evaluated 

with well-designed randomized studies.1459–1461 Patients with OSA are at increased risk 

for nocturnal fluctuations in BPs and daytime hypertension. Recurrent nocturnal hypoxemia 

increased sympathetic stimulation and alteration of the renin angiotensin aldosterone system 
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are the proposed mechanisms for elevation in BP and increased CV risk in these patients. 

Norman et al. studied 46 patients with moderate and severe OSA who were randomized 

to receive 2 weeks of placebo, CPAP, or supplemental oxygen. Patients were monitored 

with 24-h ambulatory BP monitoring at the end of treatment period. Patients in the oxygen 

group experienced an improvement in the mean saturation and nadir saturation but oxygen 

did not lower daytime or nighttime BP.1460 Gottlieb et al. conducted the Heart Biomarker 

Evaluation in Apnea Treatment (HeartBEAT) study and randomized patients with moderate 

to severe sleep apnea to receive CPAP or nocturnal supplemental oxygen or education on 

sleep hygiene for 12 weeks.1459 At the end of the study, patients randomized to CPAP 

experienced a significant reduction in mean 24-h BP as compared to supplemental oxygen. 

The results of these two randomized studies suggest that nocturnal oxygen therapy does 

not significantly impact BP in patients with sleep apnea; however, both studies used low 

flow oxygen at 2–3 L/min and excluded patients with most severe sleep apnea. The recently 

published SOX (Supplemental Oxygen during CPAP Withdrawal) trial was a single center, 

double blind, and crossover trial with randomized treatment order. The results demonstrated 

that supplemental oxygen at 5 L/min eliminated the morning rise in BP experienced by 

patients with moderate to severe sleep apnea after CPAP withdrawal, as compared with 

room air. Patients were not excluded based on sleep apnea or hypoxia severity.1461 Larger, 

multi-center studies are needed before any treatment recommendations can be made in the 

use of supplemental oxygen in sleep apnea.

Oxygen therapy may have a role in OSA co-morbid with other conditions (e.g., HF, COPD) 

but rigorous studies are lacking.

In this era of precision and personalized approach to medicine, identifying patients most 

likely to benefit from oxygen therapy is prudent. Sands et al. demonstrated that elevated loop 

gain in combination with greater pharyngeal patency could be used to predict responsiveness 

to oxygen therapy in their cohort of patients with moderate to severe OSA that underwent 

diagnostic PSG.1462 In a proof of concept study, Wang et al. determined that a 10-min awake 

ventilatory chemoreflex test to assess response to hypercapnia and hypoxia could indicate 

response to low flow oxygen therapy in patients with OSA.1463 Future research on the role 

of oxygen therapy in OSA must focus on recognizing oxygen responders. Larger studies 

are needed to establish the duration and dose of oxygen therapy and long-term outcomes. 

Additionally, safety of long-term oxygen therapy in patients with OSA should be ascertained 

given concerns for CO2 retention and acidosis. (Table VIII.D.7)

VIII.D.8 | Myofunctional therapy for OSA—UA dilator muscles are thought to be 

crucial in maintaining airway patency, and muscle training whilst awake via myofunctional 

therapy (MT) can reduce airway collapsibility in patients with OSA.1464 MT exercises 

involve the patient performing a series of prescribed isotonic and isometric oropharyngeal 

exercises to improve muscle tone and soft tissue position in the oropharyngeal airway. These 

exercises include vowel sound repetition, tongue movements along the hard palate and floor 

of mouth, exerting facial musculature, and swallow/breathing techniques.1464,1465

The majority of well-designed studies, where MT was analyzed against a control group, 

report a positive effect of MT in lowering polysomnographic (AHI, SaO2 parameters) 
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measures, as well as improvements in secondary outcomes such as Epworth Sleepiness 

Score (ESS), snoring, CPAP compliance, and subjective QOL scores. An SR by Camacho et 

al. found MT provides an AHI reduction of approximately 50% in selected adults.1465

Within the literature, the prescription of MT exercise type and duration is non-standardized, 

leading to difficulty in ascertaining where the treatment effect lies. Most RCTs are not 

powered for multiple outcome measures, and might better be described as “exploratory” 

rather than “conclusive.” The most comprehensive description of MT exercises lies within 

the Guimaraes et al. (2009) paper – where soft palate vowel maneuvers, tongue exercise, 

facial muscle movements, breathing, and chewing exercises are all combined.1464 Patients 

were prescribed intensive and detailed sequences of exercises with some observed by speech 

pathologists which may not be practical in real life paradigms. Unfortunately, follow-up 

protocols between studies varied significantly, making generalizability a challenge.

The pathophysiological mechanism of improvement after treatment with MT is not well 

defined. MT may improve airway dilator tone, resisting collapse, as well as improve 

airway volume through tongue fat reduction and neck adiposity reduction. A significant 

neck circumference reduction was observed in a treatment group without significant 

AHI reduction.1464,1466 However, this finding was not reproduced in other studies.1467 

The mechanism accounting for reported increased CPAP compliance also needs further 

investigation.1468

Based on the available evidence MT may have a role in the armamentarium of treatment 

options for mild/moderate OSA – perhaps as an adjunct to more definitive treatments. 

Further data is needed to isolate the mechanism of action of MT, as well as the optimal 

exercise regime and duration, which may be too involved and nuanced to be practical. 

A paucity of long-term studies with clinical significance exists, thus further research is 

warranted. (Table VIII.D.8)

IX | SURGICAL TREATMENT FOR OSA

IX.A | Surgical Candidacy

Surgery for OSA is considered a second line treatment for patients who fail CPAP.1482,1483 

With CPAP non-adherence rates of 30%–40%, alternative therapies to CPAP, including UA 

surgery may be considered in treating a significant portion of OSA patients.1470,1484 This 

section delves further into candidates for UA surgery based on BMI criteria, what constitutes 

CPAP failure, and which patients could be considered for primary surgery for OSA.

IX.A.1 | Evaluation of PAP failure prior to surgery—As CPAP is considered the 

primary first-line treatment for OSA, defining CPAP failure is crucial to determining 

surgical candidacy. CPAP nonadherence is complex and multifactorial, influenced by many 

factors including patient knowledge, perception of treatment and disease state, bed partner 

involvement, and mask interface.1470 A widely accepted definition of adequate CPAP 

adherence is based on the US Centers for Medicare and Medicaid decision memo describes 

greater than 4 h of use per night for greater than 70% of nights.21,1471 Despite inherent 
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problems with this arbitrary definition, it has remained the standard since early papers on 

CPAP adherence were published in the 1990s.1091,1472,1473

Evidence has emerged on patient adherence to CPAP and what constitutes adequate 

treatment. Treatment outcomes differ based on the outcome metric selected (i.e., self-

reported clinical outcomes, polysomnogram generated data, and CV/disease-oriented 

outcomes). Weaver et al. observed a linear dose–response relationship in objective daytime 

sleepiness as well as patient self-reported sleepiness and QOL with increasing levels of 

CPAP use.1098 Stradling et al. showed a similar dose response relationship in an RCT of 

CPAP use.1474 Neither study identified a treatment threshold. Campos-Rodriguez et al. in 

a prospective cohort associated at least 1 h/night with a lower mortality.1475 Antic et al. 

showed improved neurocognitive and behavioral outcomes with increased CPAP use.1476 In 

summary, evidence varies on the effectiveness of CPAP with different levels of use, different 

patient populations, and different treatment outcome measures. No true definition of CPAP 

failure exists.1107,1196 Overall, despite extensive evidence that CPAP is the most definitive 

way to resolve OSA, there is minimal data to define CPAP failure based on adherence. 

Determining which patients require surgery to effectively treat their OSA may require more 

than fitting them into strict criteria of CPAP usage.

When counseling patients about surgical candidacy and surgical options, individualized 

discussion on experiences with CPAP and acceptance of CPAP as a long-term solution for 

OSA are important components of the shared-decision making process. (Table IX.A.1)

IX.A.2 | BMI criterion for surgical candidacy—Elevated BMI plays a crucial role in 

the development and severity of OSA. Obesity increases airway collapsibility, contributes 

to mechanical changes, and decreases neuromuscular tone.803 The prevalence of OSA in 

morbidly obese (BMI > 40 kg/m2) patients is 40%–90%, with BMI being a major predictor 

of AHI severity.350 In addition, a 10% weight loss has been linked to a corresponding 30% 

decrease in AHI.189,803

BMI has also been shown to play a role in UA surgery success in management of OSA. 

Much of our knowledge on this subject is based on post-hoc analyses of cohorts to see 

if BMI differences affects surgical success. Studies suffer significant selection bias with 

morbidly obese patients (BMI > 36–40 kg/m2) often excluded due to a belief that UA 

surgery is inadequate.814

The effect of BMI on OSA surgery outcomes is not universally accepted. Friedman et al. 

in 2003 produced a 4-level staging system for determining candidates for palate and tongue 

surgery for OSA based on tongue position in the mouth, with stage 4 representing morbidly 

obese patients that were not appropriate for surgery. However, this study showed that BMI 

in patients without morbid obesity (BMI < 40 kg/m2) had no significant effect on surgical 

success.814,1485 Furthermore, in a group with BMI < 34 kg/m2 and anatomically favorable 

patients with Friedman staging 1–2, Browaldh et al. showed no effect of BMI on the success 

rate of UPPP. An SR by Choi et al. showed that BMI was not a significant negative predictor 

of success after UPPP.1486,1487 In contrast, a study by Shie et al. retrospectively analyzed the 

effect of obesity on a cohort of patients with severe OSA (AHI > 30) and found it to be a 
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significant negative predictor of success.527 An SR of long-term outcomes of UPPP showed 

BMI was a significant factor in surgical failure.812

Hypoglossal nerve stimulation (HNS) is one surgical therapy that has focused on excluding 

patients with severely elevated BMI due to the belief it may have decreased effectiveness 

in more obese patients. One of the original exclusion criteria for the clinical trial for the 

device was a BMI < 32 kg/m2.383,1488 However, in a small population, Huntley et al. in 2018 

found no difference in short-term surgical success for patients with BMI between 32 and 34 

mg/kg2.1489 However, this continues to be a source of controversy.

For non-palatal surgery, an SR by Camacho et al. examined studies on maxillomandibular 

advancements (MMAs) and tracheostomies performed on patients with BMI ≥ 40 kg/m2. 

Despite a small number of patients, MMA showed success in this population. Tracheostomy 

is considered a last resort and often confined to this population, with evidence of improving 

OSA.1490

Conflicting published evidence exists to use BMI as criteria for surgical candidacy. 

Heterogeneity of outcomes by procedure is high and for many procedures the data for 

patients with higher BMI > 40 kg/m2 does not exist. Overall, BMI ≥ 40 kg/m2 is 

considered a poor predictor of surgical success. Inadequate data is available to make specific 

recommendations on lesser degrees of obesity, but it is suggested that other clinical and 

anatomic features should be considered before excluding surgical therapy. (Table IX.A.2)

IX.A.3 | Surgery as primary treatment for OSA—In most patients CPAP continues 

to be considered the first line treatment of severe OSA. Primary surgery as first-line therapy 

remains a strategy with an absence of high-level data to support its use. Despite this, primary 

surgery is advocated for some patients with mild or moderate OSA (where comparable 

clinical outcomes are observed) or in selected patients with appropriate anatomic features 

(such as craniofacial abnormalities or marked tonsil hypertrophy).1495

An SR by Rotenberg et al. explored both studies evaluating CPAP and surgical therapies, 

commenting specifically on trials that compared the two. Two trials, one RCT by 

Woodson et al. and another non-RCT by Ceylan et al., compared temperature-controlled 

radiofrequency tissue ablation (TCRFTA) of the tongue and palate to CPAP, both 

finding minimal differences between the two on objective PSG parameters and subjective 

parameters such as the ESS.1495–1497 Another study by Weaver et al. compared a cohort 

of patients who had undergone UPPP versus prescribed CPAP treatment and found that the 

CPAP patients had a 31% higher mortality.1498 Despite limitations, these data suggest that 

there may be a phenotype of patient who may benefit from interventions other than CPAP as 

the first line.

Certain anatomic features predispose patients to surgical success. Hypertrophic tonsils and 

a low tongue position, with the combination encompassed in the Friedman staging system, 

portend a good result for palate surgery.547 A study by Rotenberg et al. explored palate 

surgery for Friedman stage 1 patients, which showed a success rate (based on Sher’s 

criteria) of 87.5%.1499 An SR of tonsillectomy for OSA by Camacho et al. revealed that 

Chang et al. Page 115

Int Forum Allergy Rhinol. Author manuscript; available in PMC 2024 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



isolated tonsillectomy is effective as a treatment for patients with hypertrophied tonsils and 

mild-moderate OSA.335 A study by Senchak et al. showed substantial improvement in the 

AHI of a population of young adults with large tonsils undergoing primary tonsillectomy for 

reasons other than OSA.1500 Although the number of patients with such favorable anatomy 

is small, it does raise the point that surgery can provide a simple and efficient way to treat 

OSA in the appropriate situation and patient population.

MMA is another technique where anatomic factors can make primary surgery favorable. 

The original Stanford protocol by Riley et al. in 1993 kept MMA as a phase 2 surgery 

to be performed after a more conservative approach such as palatoplasty failed.1501,1502 

However, there is minimal data on using it as a primary surgical approach in OSA. An 

RCT by Vicini et al. compared primary MMA to CPAP on patients with severe OSA (AHI 

> 30). They found MMA to be non-inferior to CPAP as a treatment.1503 Liu et al. in 

a retrospective review showed that MMA was effective for stabilizing lateral pharyngeal 

wall collapse, an area that is difficult to treat with intrapharyngeal surgery.1504 Patients 

with dentofacial abnormalities, specifically class II occlusion, are also good candidates for 

primary MMA.1505

In general, for the majority of patients, CPAP represents the best primary option. Practice 

parameters for surgery for OSA published by Aurora et al. in 2010 and Kent et al. in 

2021 continue to recommend CPAP as the primary option given the lack of good evidence 

showing surgery as a primary modality to treat OSA.1482,1506 Further research is necessary 

to explore primary surgery for OSA. (Table IX.A.3)

IX.B | Perioperative Management of OSA

IX.B.1 | Anesthesia considerations in OSA and upper airway surgery—
Patients with OSA are at increased risk for complications associated with anesthesia. Risks 

may be higher after UA surgery given anatomical changes to the airway and soft tissue 

edema postoperatively. Multiple large-scale studies have examined the associations between 

OSA and adverse perioperative outcomes (Table IX.B.1a).466–468,1509–1511 Although results 

are heterogeneous, studies focused on outcomes surrounding sleep surgery demonstrate 

that OSA is associated with multiple perioperative complications including difficult airway 

management, UA obstruction, and postoperative respiratory failure.

Difficult airway management: In evaluating difficult airway management, a qualitative 

SR to determine the influence of OSA on perioperative outcomes included 61 studies 

with a total of 413,304 OSA patients and 8,556,279 control patients468; the majority of 

studies reported that difficult intubation was more common for OSA patients than for 

controls. A review of 492,239 cases performed at four institutions documented a 0.4% 

rate of difficult mask ventilation (grade 3 or 4) combined with difficult laryngoscopy 

(grade 3 or 4 view) in patients with OSA. OSA was an independent predictor of difficult 

mask ventilation and laryngoscopy, as were increased age, male sex, Mallampati III or 

IV, neck radiation, limited thyromental distance, and limited jaw protrusion.1512 Two 

smaller studies in patients undergoing non-sleep surgery did not report a relationship 

between OSA and difficult airway management.1513,1514 One limitation of the SRs and 
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meta-analyses is that they typically excluded patients undergoing sleep surgery. When 

populations of patients undergoing sleep surgery were examined, the majority of studies 

showed an association between OSA and difficult airway management.1510,1515–1518 OSA 

patients who underwent UPPP had higher rates of difficult intubation when compared to 

age- and sex-matched controls.1516 Furthermore, the rate of difficult intubation positively 

correlated with OSA severity, especially for patients with an AHI greater than or equal to 40 

events/h.1516 Based on strong evidence supporting an association between OSA and difficult 

airway management, the ASA practice guidelines recommend that patients with known or 

suspected OSA be managed according to the Practice Guidelines for Management of the 

Difficult Airway: An Updated Report.1519,1520 A recent consensus statement recommended 

modifications to management such as using a ramped position for induction and intubation, 

noninvasive positive pressure ventilation during induction, and weighing the advantages of 

rapid sequence induction against the risk of rapid oxygen desaturation and difficult airway 

management.1509,1521 (Table IX.B.1a)

Perioperative sedatives and opiates: Acute UA obstruction is another concern in the 

perioperative management of patients undergoing sleep surgery. Studies demonstrate an 

increased tendency for OSA patients to develop acute UA obstruction in the setting of 

minimal sedation when compared to otherwise healthy adults. In particular, hypoglossal 

nerve activity is sensitive to minimal levels of anesthesia and inappropriate sedation can 

lead to loss of genioglossus tone and consequently UA patency.1522–1524 In addition, 

postoperative complications and SaO2 may be associated with OSA severity. A retrospective 

cohort evaluation of patients who underwent UPPP with or without tonsillectomy 

demonstrated that 8.9% developed postoperative oxygen desaturation and the mean AHI 

of patients who developed complications was significantly higher than of those without 

complications (68.1 vs. 49.3 events/h, respectively).1525 It is recommended that no 

sedating medications be given to at-risk OSA patients preoperatively. Intraoperatively, 

acute obstruction following extubation is positively correlated with the amount of opioid 

administered for patients with OSA.1526 Thus, it is recommended that sedative pre-

medications not be routinely used in OSA patients and, if necessary, be delivered judiciously 

with close monitoring.1521 Similarly, intraoperative opioid use should also be minimized 

to decrease the risk of difficult extubation and immediate postoperative respiratory failure. 

Proper care during extubation should be taken to ensure that the patient has completely 

recovered consciousness, neuromuscular blockade is fully reversed, and if possible, the 

patient placed into a semi-upright or lateral position (Table IX.B.1b).1521,1522

Airway edema management: With regards to postoperative respiratory failure, systemic 

steroids are commonly used to address postoperative airway edema in patients undergoing 

sleep surgery despite the fact that the immediate postoperative effect of UA surgery on 

OSA severity is unclear. The use of steroids is supported by a small study (n = 8) 

of postoperative edema following laser-assisted uvulopalatoplasty (LAUP) with pre- and 

postoperative PSG, MRI, and videoendoscopy. These authors demonstrated that 48–72 h 

after LAUP, mean RDI nearly doubled from 11.3 to 21.7 events/h while cross-sectional area 

of the airway decreased slightly from 49.8 to 47.9 mm2.1527 Similarly, a study of patients 

undergoing MMA noted pharyngeal edema on nasopharyngolaryngoscopy after surgery in 
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all 70 patients and hypopharyngeal hematoma in 6% of patients, though ultimately none had 

airway difficulty.1528 In light of these findings, articles based on expert opinion recommend 

that systemic steroids should be considered to reduce airway edema with optimal dosing of 

one dose prior to surgery followed by several doses postoperatively.1521,1529 (Table IX.B.1c)

IX.B.2 | Perioperative CPAP use and sleep surgery—Patients with OSA have been 

shown to have greater risks for perioperative adverse events, such as oxygen desaturation, 

difficult intubation, cardiac complications, and AF.468,1534 In the outpatient setting, PAP 

has been consistently demonstrated to be effective in controlling OSA symptoms and 

reducing consequent cardiopulmonary effects. In the perioperative setting, PAP reduces UA 

edema and increases lung functional residual capacity and volume.1509,1535 Therefore, it 

is important to consider the effect of PAP use in the perioperative management of OSA 

patients undergoing surgery.

The immediate effect of UA surgery on the severity of OSA in the postoperative period 

is unknown as increased airway volume and stability may be counteracted by factors such 

as local tissue edema and the use of sedating medications.1521 Presently, there are no 

studies specifically addressing the perioperative use of PAP in OSA patients undergoing 

UA surgery, likely because PAP failure is often a reason for surgery.1521 A retrospective 

cohort study from 2001 showed that OSA patients undergoing elective hip/knee replacement 

surgery had a significantly increased risk of postoperative cardiopulmonary complications 

and that the subset of these OSA patients who used continuous PAP (CPAP) preoperatively 

had a lower rate of such complications.1536 The current practice guideline recommendations 

regarding CPAP use for patients with OSA are based on expert opinion surveys of the ASA; 

they suggest that providers consider the preoperative initiation of CPAP, particularly if OSA 

is severe.1519

There is a robust body of literature evaluating the benefits of postoperative 

PAP on cardiopulmonary outcomes in patients with OSA undergoing non-sleep 

surgery.1509,1535–1540 In contrast, the literature on PAP use following sleep surgery 

specifically is limited.1541 One RCT evaluating the effect of CPAP use in 16 patients after 

UPPP and septoplasty showed that CPAP was effective in preventing BP elevation during 

sleep in the immediate postoperative period.1541 An MA which included pooled data from 

six studies (three observational studies, two RCTs, and one case series) concluded that there 

was no significant difference in postoperative adverse events between CPAP and non-CPAP 

groups.1535 However, these studies were largely heterogeneous, the majority of patients did 

not undergo surgeries to specifically address OSA, and the two RCTs included were not 

designed to address the perioperative effects of CPAP.

A recent review and consensus statement by a group of UA surgery experts produced 

several recommendations surrounding the perioperative use of PAP in patients with 

OSA undergoing UA surgery.1521 The following recommendations reached >90% expert 

consensus and are all based on “very low” quality of evidence based on the GRADE 

system1542:
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1. Perioperative treatment with PAP should be considered to potentially reduce 

the risk of postoperative airway complications after UA surgery in patients 

with OSA without contraindications. A few relative contraindications include: 

un-cooperative patients, unstable cardiorespiratory status, facial trauma or burns, 

copious respiratory secretions, severe nausea and vomiting, and severe air-

trapping diseases. Patients who have surgery that involves the skull base or the 

orbital wall should avoid PAP as it can be led to pneumocephalus and/or air in 

the orbit.

2. PAP therapy should be used preoperatively in OSA patients already receiving 

PAP.

3. Full-face mask PAP in OSA patients may be used after nasal surgery if PAP is 

indicated, tolerated, and not contraindicated.

4. Recommend against the use of PAP after maxillofacial surgery.1521

There is high variability in the resumption of PAP use after nasal, sinus, and skull base 

surgery in patients with OSA. This is principally related to the paucity of data on best 

practices including clinical outcomes and complications related to early or late resumption 

of PAP in patients with OSA. Generally, practitioners agree that for nasal surgery and sinus 

surgery without a skull base or orbital defect, resumption of CPAP within the first 2 weeks is 

appropriate. With a skull base or orbital defect, resumption of PAP is principally dependent 

on the size of the defect but can also be dependent on PAP pressure and individual patient 

dependence on PAP therapy. With increasing size of skull base defects with a CSF leak, the 

delay in initiation of PAP therapy varies from 14+ days from small CSF leaks to 21+ days 

for more significant leaks.1543

In summary, although the perioperative use of PAP is generally encouraged in cases of 

non-UA surgery, especially cardiothoracic and major abdominal surgeries, PAP use in the 

patients undergoing UA surgery for OSA has not been well-studied and limited evidence has 

shown equivocal results. (Table IX.B.2)

IX.B.3 | Postoperative disposition after sleep surgery—Postoperative monitoring 

is important in the OSA patient population and should involve metrics such as SaO2 

levels, respiratory rate, and, ideally, end-tidal CO2 levels.1521 Methods to specifically 

address postoperative UA edema, such as corticosteroid administration (see “Anesthesia 

Considerations”), head-of-bed elevation, and avoidance of supine positioning when possible 

are also recommended in the postoperative period.1521

The spectrum of surgeries available for OSA management varies widely and consequently 

postoperative disposition can include a combination of: ICUs, stepdown units, inpatient 

ward, post-anesthesia recovery units (post-anesthesia care unit [PACU]), and same-day 

discharge home. Decisions regarding postoperative disposition should take into account the 

type of surgery performed, patient comorbidities, OSA severity, and if applicable, adherent 

use of PAP.1521,1544 A large-scale analysis of 3130 adults who underwent UPPP showed that 

increased AHI (OR 1.23, p = 0.05), elevated BMI (OR 1.34, p = 0.04), and the presence 
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of medical comorbidities (OR 1.47, p = 0.002) were each associated with increased rates of 

serious postoperative complications.1544,1545

Depending on the type of sleep surgery, there are varying levels of evidence regarding 

optimal postoperative disposition to minimize adverse events while preventing the waste of 

resources. Procedures that do not directly involve the OP and hypopharynx, such as isolated 

nasal surgery and hypoglossal nerve stimulator implantation, are generally safe to perform 

in an ambulatory setting. Current consensus guidelines propose that prolonged postoperative 

monitoring is not required in isolated nasal surgery.1521 HNS surgery is unique compared 

to other surgical interventions for OSA in that the native airway anatomy is preserved 

and there is less postoperative pain compared to UA soft tissue surgeries. Therefore, HNS 

patients have been shown to be safely managed in an ambulatory setting and can typically be 

discharged home the same day following surgery provided the degree of OSA and severity 

of co-morbidities do not warrant overnight monitoring.815,1546–1548 For minimally-invasive, 

office-based procedures including radiofrequency (RF) to the palate or base of tongue and 

palate suspension or implant placement, the use of local anesthetic alone allows patients to 

safely go home the same day.1549–1554

In the case of palatoplasty surgery, postoperative outcomes of UPPP and its modifications 

(transpalatal advancement, expansion pharyngoplasty) have been examined. Several cohort 

analyses examined complication rates in the immediate postoperative period and determined 

that there is often no need for routine ICU or inpatient prolonged postoperative 

monitoring.813,1555–1563 Complication rates were generally low and serious events such as 

acute oxygen desaturations often occurred within a few hours after surgery and could be 

addressed in the recovery room.1559,1561,1563 Therefore, although postoperative monitoring, 

usually involving an overnight inpatient stay, has been recommended for patients with OSA 

undergoing UPPP, same-day discharge after a several-hour stay in the postoperative recovery 

room may be appropriate in select cases. Other factors to be considered should include the 

patients’ severity of OSA, SaO2 nadir, comorbidities, and BMI.813,1521,1545,1557

Few studies evaluate postoperative protocols for hypopharyngeal sleep apnea surgery, 

such as base of tongue reduction, hyoid suspension, and transoral robotic surgery 

(TORS). Current data suggests that airway-related complication rates may be higher in 

hypopharyngeal surgeries.1550,1564 However, existing literature on hypopharyngeal surgery 

lacks large-volume studies focused on specific procedures within the lower pharynx and 

results are inconclusive. One study of 22 patients who underwent hypopharyngeal surgery 

for OSA demonstrated no instances of postoperative desaturation, pulmonary edema, or 

airway compromise requiring re-intubation.1565 MLS may warrant augmented postoperative 

monitoring, though existing data on management do not provide a sufficient basis for 

management recommendations.

For MMA, which involves advancement of the nasopharyngeal, retropalatal, and 

hypopharyngeal airway, there are few studies that examine the optimal immediate 

postoperative management regimen. Review of existing literature shows that patients 

generally require postoperative monitoring in ICU or inpatient hospital units.1564,1566 

Further research regarding these types of airway procedures is warranted and current expert 

Chang et al. Page 120

Int Forum Allergy Rhinol. Author manuscript; available in PMC 2024 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



consensus suggests patients undergoing hypopharyngeal airway surgery or MMA for OSA 

should at least have overnight postoperative monitoring in the hospital facility.1521

Overall, OSA patients are susceptible to multiple postoperative complications such as acute 

respiratory failure, oxygen desaturation, or inadequate pain control. The frequency and 

severity of postoperative issues are dependent on the type of surgery performed, patient 

comorbidities, and the severity of OSA. Postoperative disposition should be determined 

based on these same factors. (Table IX.B.3)

IX.B.4 | Opioid use for pain control after sleep surgery—Patients with OSA 

may be particularly susceptible to the respiratory depressant effects of common anesthetic 

agents and opioid pain medications.1519 Existing literature lacks high-quality large-volume 

studies examining the influence of differing pain management regimens on the postoperative 

outcomes of patients undergoing sleep surgery. One Cochrane review did not find any 

significant effect of sedative and hypnotic medications on the AHI in a non-surgical 

setting. However, significant decreases in SaO2 nadirs were observed with remifentanil, 

zolpidem, and triazolam.1425 The current recommendation, based on anecdotal evidence, 

first principles, and expert consensus, is to minimize or avoid perioperative opioid use 

in adult OSA patients when possible and instead, utilize alternative pain management 

options to augment patient comfort and reduce the need for opioids.1519,1521,1526,1529,1568 

An assessment of 42 patients, who underwent UPPP and were treated with acetaminophen 

as the sole analgesic agent, reported no instances of significant oxygen desaturation in the 

immediate postoperative period, but pain scores were not recorded.1568

Although it is optimal to completely avoid opioids after sleep surgery, some UA procedures 

are associated with significant postoperative pain requiring multimodality therapy. If 

necessary, experts agree that opioids should be given in a setting where oximetry can be 

monitored, especially for intramuscular or intravenous routes of opioid administration.1519 

Furthermore, if systemic opioids are administered through a patient-controlled device, 

background fixed-rate infusions should be avoided or strictly monitored.1519

Alternative pain medications are recommended to replace or reduce opioid requirement in 

the postoperative period after sleep surgery. Several RCTs have compared the efficacy and 

safety of intranasal butorphanol, a synthetic opioid agonist-antagonist that does not cause 

dose-related respiratory depression, with commonly used medications such as meperidine 

and fentanyl. In the immediate postoperative period following UPPP, intranasal butorphanol 

was shown to be equally efficacious to oral mefenamic acid and intramuscular meperidine 

in pain relief1549,1569 and additionally, reduced the incidence of postoperative cognitive 

dysfunction in patients undergoing sleep surgery.1569

Non-opioid analgesics, such as intravenous ketorolac, have also been shown to be safe and 

non-inferior to meperidine and mefenamic acid.1570 Additionally for patients undergoing 

UPPP, the intraoperative and postoperative administration of a selective COX2 inhibitor, 

parecoxib, as well as the preemptive submucosal infiltration of ropivacaine have both 

been shown to reduce postoperative pain compared to placebo.1571,1572 Local ropivacaine 
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infiltration has also been shown to reduce postoperative patient-controlled consumption of 

morphine.1571

Multiple studies have demonstrated the safety and efficacy of dexmedetomidine in achieving 

analgesia in the ICU setting and during non-airway surgeries,1573–1575 but investigations in 

patients undergoing sleep surgery have not shown any reduction in opioid requirements with 

dexmedetomidine use.1576

In the tonsillectomy literature, two SRs from 2011 and 2019 evaluated RCTs 

on postoperative analgesic regimens with overall recommendations supporting a 

multimodal strategy including acetaminophen, non-steroidal antiinflammatory drugs, 

as well as dexamethasone.1577,1578. Finally, other suggested pain control alternatives 

mentioned in the 2019 expert consensus statement include intraoperative ketamine, 

intraoperative/postoperative intravenous lidocaine, ice application, magnesium, and alpha-2 

agonists.1521,1579,1580,1582 (Table IX.B.4)

IX.C | Surgical Planning: Level of Obstruction Assessment

IX.C.1 | Physical examination for surgical planning—Physical examination has 

long been considered a critical component in the assessment of patients pursuing surgical 

intervention for OSA. It is vital in identifying any anatomic abnormality that may 

contribute to UA obstruction. However, to date, the physical exam has had limited utility 

in determining the site and mechanism of obstruction. Here, we identify the literature that 

describes physical examination findings for assessment of surgical treatment of OSA.

BMI: Obesity and an elevated BMI have long been known to be a factors in the 

pathophysiology of UA obstruction leading to OSA and surgical outcomes related to its 

treatment. In Friedman’s scoring system, a BMI above 40 is considered exclusion criteria for 

patients undergoing UPPP.814, 1485 Part of the rationale behind this association is related to 

potential fat deposition in the tongue and parapharyngeal space. Cadaveric studies indicate 

that as BMI increases, adipose tissue may accumulate in the tongue, increasing the potential 

for hypopharyngeal obstruction.208 Additionally, literature suggests that increasing BMI 

is associated with greater tendency for complete concentric collapse (CCC) of the velum 

on druginduced sleep endoscopy (DISE), which may predict an unfavorable phenotype 

in surgical outcomes.1584 Patients with obesity often have other comorbidities such that 

bariatric surgery and weight management may be more appropriate and result in a greater 

likelihood in resolution of OSA.

Facial exam: External examination allows for the identification of craniofacial 

abnormalities such as deformities of the external nose, midface hypoplasia, retrognathia, 

large neck circumference, and low position of the hyoid relative to the mandibular plane. 

Exam findings of retrognathia and midface defects contribute to considerations for skeletal 

surgery and can be used in combination with cephalometry or CBCT imaging craniofacial 

analyses.1585 While craniofacial abnormalities (such as a low hyoid to mandibular plane) 

have been studied in the context of alternative OSA treatments, there is conflicting data in 

their abilities to predict outcomes with MAD or with surgical interventions.1585,1586
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Nasal exam: Nasal obstruction can play a significant role in the pathophysiology and 

management of OSA. While correction of nasal obstruction alone does not significantly 

reduce the overall AHI, it can improve sleep quality and tolerance of CPAP (Section 

IX.D.2).545,1587,1588

The nasal exam aims to identify anatomic abnormalities in patients with nasal obstruction. 

Examination of the external nasal structure as well as anterior rhinoscopy with a nasal 

speculum and headlight are essential parts of the nasal exam. Anterior rhinoscopy allows for 

identification of turbinate hypertrophy and evaluation of septal deviation, which can occur as 

a spur along the maxillary crest, a high septal deflection, or a caudal obstruction. The Cottle 

and modified Cottle maneuvers are useful in assessing for internal nasal valve collapse. 

Nasal examination can be further enhanced with use of nasal endoscopy, which may help 

identify nasal polyps, inflammation associated with chronic sinusitis, posterior nasal septal 

deviations, enlarged adenoid tissue, and in rare cases, tumors.

Oral cavity/oropharyngeal exam: Examination of the oral cavity allows identification 

of the shape of the hard palate, size of the tongue, and presence and size of palatine 

tonsils (PTs). Identification of enlarged PTs may identify the OP as the primary source of 

obstruction (both in children and adults) and suggest tonsillectomy as a reasonable initial 

surgical option. Additionally, oral cavity and oropharyngeal examination allows assessment 

of Mallampati and FTP, which in combination with tonsillar size, has been used in the 

Friedman scoring system (FSS). Lower FSS scores have been associated with improved 

outcomes in UPPP and by extension may identify the OP and palate as the principal sources 

of UA obstruction.327,814,1589,1590 Anthropometric measurement can be taken in the OP and 

may have predictive value in severity of OSA.1591 However, there remains no correlation 

with site and mechanism of collapse.

Laryngoscopic exam: The use of a fiberoptic endoscope can be used to examine the 

entire UA from the nose to the subglottis. It can be used at the level of the velum to 

identify maxillary constriction (narrowed distance between posterior edge of hard palate 

and posterior pharyngeal wall) as well as the oblique versus vertically oriented palate.1592 

This technique can also be used to identify enlarged lingual tonsillar tissue557,1593,1594 

and epiglottis anatomy such as an omega shaped epiglottis.1595 Other abnormalities of the 

UA, such as laryngeal stenosis, vocal fold paralysis, inflammatory supraglottic changes, 

and neoplastic masses, can be identified with fiberoptic endoscopy.1596 An adjunct to this 

exam is the Mueller maneuver which acts to simulate UA obstruction.1597 However, the 

Mueller maneuver does not readily reproduce the pattern of airway collapse associated with 

physiologic sleep and has not been shown to correlate with surgical outcomes related to site 

of obstruction.1598–1600

Physical examination remains an important adjunct in the evaluation of patients pursuing 

options for treatment of OSA. However, there is limited evidence that supports the use 

of awake physical examination for identifying the source or character of obstruction as a 

predictor for surgical intervention and OSA outcomes. (Table IX.C.1)
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IX.C.2 | Drug-induced sleep endoscopy (DISE)

IX.C.2a | DISE methods: Assessment of the site(s) of obstruction is critical to successful 

surgical treatment of OSA. Multiple evaluation techniques have been developed to examine 

an individual’s pattern of UA obstruction; each has important strengths and weaknesses. 

Traditional evaluation of the UA with physical examination techniques performed in the 

office are commonly performed during wakefulness and include largely static observations 

rather than dynamic assessments. As such, they may not be ideal methods to assess the UA 

during breathing and sleep.

Flexible fiberoptic endoscopy of the UA during natural sleep has been performed in research 

and limited clinical settings,1601–1604 but logistical challenges have prevented broad clinical 

adoption. In 1991 Croft and Pringle described the technique of “sleep nasendoscopy” 

as the fiberoptic examination of the UA under conditions of spontaneous ventilation 

and pharmacologic sedation.1605 This has been renamed DISE,1606 based on the use of 

sedation to achieve physiologic changes similar to natural sleep during the performance of 

endoscopy.

Consensus-based recommendations have been offered regarding many technical aspects of 

DISE, albeit mostly guided by expert opinion.1607 This section will focus on the choice 

of sedative agent, as DISE has been performed with a variety of agents, most often using 

propofol or a combination of midazolam and propofol but with more-recent interest in 

dexmedetomidine.

UA patency relies on pharyngeal dilator muscle tone and changes in lung volume that 

counteract collapsing forces, principally intraluminal negative pressure generated during 

inspiration and anatomical narrowing of the airway.1608 OSA patients maintain pharyngeal 

patency with greater dilator (genioglossus) muscle tone during wakefulness, but sleep onset 

results in marked decreases in muscle tone due to loss of the wakefulness stimulus and 

decreases in negative pressure reflex activity and lung volume.396,1609–1614 Because the 

purpose of DISE is to evaluate the pattern of obstruction in OSA, DISE’s accuracy depends 

on reproducing the changes in UA physiology seen in natural sleep.

Most anesthetic agents have a wide spectrum of action from sedation to general 

anesthesia, with dose-dependent effects on muscle tone, airway collapsibility, responses 

to chemosensory input, and airflow. A recent review of sedative agents commonly used in 

DISE focused on propofol, midazolam, and dexmedetomidine and included a discussion 

of physiologic changes and their comparison to natural sleep.1615 The interest in transition 

from wakefulness to unconscious sedation is based on the concept of a thalamocortical 

switch determining consciousness or unconsciousness (no response to verbal stimulation) 

that may be common to natural sleep and sedation.1616,1617

Hillman found that increasing levels of sedation with propofol are consistent with a switch, 

as changes in UA collapsibility, levels of EEG activity, and muscle tone occurred at this 

transition from consciousness to unconsciousness disproportionate to changes in propofol 

concentration.1618 Unconscious sedation with propofol is associated with decreases in 

genioglossus tone to 10% of maximum awake activity,1618,1619 which is one-half to one-
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third of tone seen during non-REM sleep in individuals with no sleep apnea,1610 but greater 

than during REM sleep in patients both with and without OSA.187 Rabelo showed that 

low doses of propofol have been associated with similar levels of SDB as seen in natural 

sleep,1620 and this study and another by Berry showed that propofol did not induce snoring 

or airway obstruction in those without SDB during natural sleep.1620,1621 Propofol does 

induce changes in EEG waveforms,1622 making a comparison to sleep staging difficult or 

impossible; it is unclear whether this is relevant to DISE as a surgical evaluation technique.

Midazolam also induces EEG waveform changes,1623 but moderate doses of midazolam in a 

small study of males with OSA produced similar levels of SDB (AHI) and UA collapsibility 

to those seen in natural sleep.1603,1624

Dexmedetomidine has been examined in DISE, based on its use in many procedures 

requiring sedation. Dexmedetomidine has demonstrated similar EEG waveforms compared 

to natural sleep1625 but likely does not produce the same changes in UA muscle tone that 

occur in natural sleep.1626

Two studies have examined potential associations between sedative agent and DISE 

findings based on DISE performed in the same study participants with different sedative 

agents.1627 Yoon et al. showed excellent agreement between findings with propofol 

versus dexmedetomidine,1628 whereas Viana found a greater degree of tongue-related 

obstruction with propofol and midazolam versus dexmedetomidine but otherwise found no 

differences.1629

Overall, propofol has been the most-studied sedative agent, with some similarities in UA 

physiology to those seen in natural sleep at the transition to unconsciousness. Studies 

performed with propofol, midazolam, or a combination have demonstrated validity1621,1630 

and moderate to good test–retest and inter-rater reliability.1631–1633 However, more research 

with all sedative agents will help to define their roles in DISE.

DISE classification scheme: For many years, surgical evaluation techniques focused 

on categorizing patients according to the Fujita classification system that encompasses 

the two primary regions of pharyngeal UA obstruction: the palatal/velopharyngeal 

and hypopharyngeal/retroglossal/retrolingual regions.1634 However, there are two major 

limitations of region-based classifications. First, there is substantial anatomical overlap 

between these regions, including the extension of the lateral pharyngeal walls throughout 

the length of the pharynx and the physical overlap of the tongue and soft palate. Second, a 

region-based approach may not direct surgical treatment adequately. For example, in patients 

with hypopharyngeal/retroglossal/retrolingual obstruction, the oropharyngeal lateral walls, 

tongue, and epiglottis can each play a prominent role.

There has been a long-standing interest in describing the pattern of obstruction during 

DISE, and multiple groups have proposed grading systems with varying degrees of 

complexity.1605,1635–1637 Initially, these focused on the regions outlined by Fujita1605,1636 

but some of these incorporated specific combinations of pharyngeal structures1635 or the 

entire UA (Nose OP Hypopharynx and Larynx classification, or NOHL).1637
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Because DISE is an examination of the pharynx and because pharyngeal procedures may 

exert differential effects on pharyngeal structures, distinguishing between the structural 

contributions may play a critical role in procedure selection and improvement of outcomes. 

In 2011, Kezirian et al. developed the VOTE classification (Figure IX.C.2) to characterize 

the four most common structures that play a role in pharyngeal airway obstruction: the 

velum, OP lateral walls, tongue, and epiglottis.1627 The VOTE classification encompasses 

these structures in various combinations of the degree of airway narrowing (none, partial, 

or complete) and configuration (anteroposterior, lateral, or concentric [combination of 

anteroposterior and lateral]). It is important to note that epiglottis-related obstruction 

can be defined as limited to those cases in which the epiglottis obstructs the airway 

independently or as occurring additionally in cases where another structure (such as the 

tongue) mechanically displaces the epiglottis to obstruct the airway in combination; it is 

not clear which definition is better, but any study should identify the choice and maintain 

consistency.

Although each of these structures represents a combination of numerous muscles and 

other tissue types, the VOTE classification is based on the way these structures may be 

visualized during DISE. The VOTE classification is used most commonly around the world, 

but ultimately the choice of a system or any improvements must be based on research 

identifying the specific DISE findings associated with treatment outcomes.

DISE findings and associations: DISE findings differ from one individual to another, 

likely reflecting differences in the anatomical contribution to OSA across individuals. 

However, one might expect there to be associations between DISE findings and clinical 

characteristics, principally AHI and BMI. Vroegop has provided the only study of sufficient 

size to explore these associations among 1249 study participants.1584 Increasing AHI was 

associated with greater odds of: obstruction related to multiple VOTE structures; complete 

versus partial degree of obstruction related to the velum, oropharyngeal lateral walls, 

and tongue (especially complete concentric velum-related obstruction); and oropharyngeal 

lateral wall-related obstruction. In the same study, they also showed that increasing BMI was 

associated with: greater odds of complete concentric velum-related obstruction; greater odds 

of oropharyngeal lateral wall-related obstruction; and lesser odds of complete tongue-related 

obstruction.

Cadaveric1638 and live208,343 human studies have demonstrated that fat deposition can occur 

in tissues surrounding the UA, especially within the tongue itself. While the tongue has been 

studied most thoroughly, it is likely that the same fat deposition occurs in other structures 

of the head and neck. Fat deposition would be expected to increase the volume of tissues, 

increasing OSA severity (AHI) and the contributions of the enlarged structures to airway 

obstruction. In this sense, it is somewhat surprising that increasing BMI was associated with 

lesser odds of complete tongue-related obstruction, but the apparent lesser odds may reflect 

an even greater odds of obstruction from other structures (such as the oropharyngeal lateral 

walls).

IX.C.2.b | DISE findings inform surgical outcomes: The key to any surgical evaluation 

technique is the extent to which findings are associated with outcomes of surgery. Despite 
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almost three decades of experience with DISE, the literature on the association with surgical 

outcomes is limited (Table IX.C.2.b). Single-center cohort studies have examined AHI 

outcomes for palate surgery (almost all study participants) with or without additional 

procedures.1636,1639–1644 These studies have generally (but not universally) shown that 

palate surgery outcomes are improved in the presence of velum-related obstruction only 

during DISE, with the exception of complete concentric velum-related obstruction that has 

been associated with poorer outcomes.

Unfortunately, these studies were limited by multiple concerns: single-center studies relying 

on the DISE scoring of the unblinded operating surgeon, small sample size and limited 

statistical power, and the incorporation of multiple combinations of procedures without 

the ability to perform statistical adjustment for the type of procedure. To address these 

limitations, two recent larger, multicenter cohort studies incorporated DISE video reviews 

by multiple surgeons blinded to the type of procedure and surgical outcome. Of note, both 

studies excluded adults with marked tonsillar hypertrophy (3+ or 4+ on the Brodsky1645 or 

Friedman1485 scales), where DISE may not be able to visualize other structures contributing 

to airway obstruction, aside from the tonsils themselves due to their large size. Both studies 

included adjustment for tonsil size, the factor most clearly associated with surgery outcomes.

The first study examined pharyngeal surgery and showed that complete or partial (vs. 

none) oropharyngeal lateral wall-related obstruction was associated with poorer surgical 

outcomes (adjusted OR 0.51; 95% CI 0.27, 0.93).1646 Complete tongue-related obstruction 

was associated with a lower odds of surgical response in moderate to severe OSA 

(adjusted OR 0.52; 95% CI 0.28, 0.98), with findings that were similar but not statistically 

significant in other analyses. Among numerous statistical analyses was the suggestion that 

tongue resection procedures may be associated with better outcomes in the presence of 

complete tongue-related obstruction. Surgical outcomes were not clearly associated with 

the degree and configuration of velum-related obstruction or the degree of epiglottisrelated 

obstruction. Limitations of the study include an inability to differentiate specific palate 

surgery techniques to identify whether these techniques had differential associations with 

DISE findings (e.g., whether newer palate surgery techniques can address oropharyngeal 

lateral-wall related obstruction).

The second study examined HNS and AHI outcomes on the post-implantation titration 

polysomnogram. Complete (vs. partial/none) tongue-related obstruction was associated with 

increased odds of treatment response (78% vs. 68%, p = 0.043).1647 Complete (vs. partial/

none) oropharyngeal lateral wall-related obstruction was also associated with lower odds 

of surgical response (58% vs. 74%, p = 0.042). Limitations of this study include the fact 

that the analysis was based on titration sleep study outcomes rather than full-night efficacy 

studies.

Both of these studies have limitations, and there will be benefits to additional research, 

including studies with larger sample sizes that may increase statistical power to analyze 

DISE findings for velum- and epiglottis-related obstruction. However, these two cohort 

studies provide higher-level evidence indicating that certain DISE findings are associated 

with surgical outcomes. (Table IX.C.2.b)
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IX.C.2.c | DISE for treatment planning and to improve outcomes: Three studies have 

examined whether DISE changes the treatment plan for adults considering alternatives to 

PAP therapy, finding that DISE changed the treatment plan in a substantial proportion of 

study participants (Table IX.C.2.c.1).1598,1648,1649 A more-important question is whether 

DISE improves surgical outcomes, a question addressed by two other studies (Table 

IX.C.2.c.2). One single-center study showed that DISE was potentially associated with 

more-aggressive surgery without a difference in outcomes.1650 A multi-center study showed 

better AHI and BP outcomes in a group undergoing surgery without DISE, compared to 

those undergoing DISE, in spite of the latter undergoing more tongue-directed procedures 

(but fewer nasal procedures).1651 Importantly, there was statistical adjustment for age, 

gender, and BMI in the latter study, but not for tonsil size.

Because DISE is an evaluation tool for treatment selection, sleep endoscopy is primarily 

indicated for those patients who do not tolerate PAP therapy who are considering multiple 

options, such as various procedures (and possibly the use of MRDs). If BMI or other factors 

(e.g., large tonsils) would limit the choice of options to a single primary approach, DISE is 

not generally recommended because it may not inform treatment selection.

Ultimately, understanding when and how to use DISE is dependent on studies of the 

association between DISE findings and surgical outcomes. The recent multicenter studies 

may have more clearly delineated the role of DISE in procedure selection and, more 

importantly, counseling patients regarding surgical outcomes (e.g., recommending specific 

approaches or outcome expectations in the presence of complete oropharyngeal lateral-wall 

related obstruction). If so, systematic protocols and rigorous studies are needed to determine 

when and how to use DISE in improving treatment outcomes. (Table IX.C.2.c.1 and 

IX.C.2.c.2)

IX.D | Surgical Treatment for OSA

IX.D.1 | Sinus surgery—CRS and OSA have been demonstrated to negatively impact 

patient reported sleep quality.1434 Endoscopic sinus surgery, in turn, has been shown to 

improve patient reported sleep quality for CRS patients through an assortment of patient 

reported outcome measures (PROMs) such as the ESS, the PSQI, and the Sinonasal 

Outcomes Test-22.915 Despite patient reported improvements in validated PROMs, data 

supporting the use of endoscopic sinus surgery as a surgical therapy to improve objective 

OSA measures is lacking. Studies examining the impact of endoscopic sinus surgery on 

PSG measures are limited by small sample sizes, heterogenous patient populations (CRS 

without nasal polyposis, CRS with nasal polyposis), and variable surgical approaches (i.e., 

polypectomy vs. complete/full endoscopic sinus surgery, concurrent septoplasty).1652 Of the 

studies that evaluate objective parameters such as the AHI, very few include endoscopic 

sinus surgery alone.920,1653–1655 In the Tosun et al. case series, the mean AHI score did 

not significantly change following surgery. AHI scores decreased in 11 patients, increased 

in 11 patients, and did not change in five patients in the postoperative period. Jiang et 

al. found a statistically significant reduction in AHI in CRS patients with moderate OSA. 

Yalamanchali et al. investigated concurrent septoplasty and inferior turbinate reduction and 

endoscopic sinus surgery in 57 patients.921 Patients with moderate and severe OSA were 
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found to have statistically significant reductions in AHI, however no patient in this study 

achieved a reduction in their OSA severity category following surgery. In an SR of three 

articles evaluating AHI outcomes after endoscopic sinus surgery, the effect size, as measured 

by the SMD for sinus surgery was −0.20, indicating a trivial to small reduction in AHI 

for CRS patients with nasal polyposis undergoing sinus surgery.1652 There is a paucity 

of high-quality data to support the use of endoscopic sinus surgery to improve objective 

measures of OSA severity.

In contrast to the nominal impact of endoscopic sinus surgery on AHI outcomes, data 

examining the impact of surgery on validated outcomes measures including the ESS and 

PSQI are promising. Several prospective cohort studies have evaluated sleep outcomes with 

the ESS.919–921 Each of these studies demonstrated significant improvement in subjective 

sleep as measured by the ESS. These results are best summarized in the MA from Sukato et 

al. in which the SMD was −0.94 indicating a large and statistically significant improvement 

following sinus surgery. Similarly, Alt et al.,915,1434,1656 Little et al.,1657 and Rotenberg and 

Pang919 demonstrated statistically significant improvements in the PSQI. The SMD of −0.80 

in the Sukato MA confirmed a large and statistically significant improvement in the PSQI. 

Together, these outcomes are consistent with a robust improvement in sleep quality for CRS 

patients undergoing endoscopic sinus surgery. (Table IX.D.1)

IX.D.2 | Nasal surgery—Nasal obstruction is a known contributor to OSA.275 Studies 

have shown that airflow resistance in the nasal cavity is significantly higher in patients 

with OSA, suggesting that surgical correction of nasal obstruction may be an important 

treatment modality.1659 The goal of nasal surgery is to correct anomalies in the nasal 

passage and to relieve clinical symptoms of nasal obstruction that have implications in OSA 

management.906

Impact on OSA severity and symptoms: Three meta-analyses have examined the role of 

nasal surgery as a treatment for OSA. These studies do not provide consensus on whether 

nasal surgery is effective at reducing AHI, but all showed significant improvement in ESS. 

Most studies were limited by small sample sizes and combined a variety of different nasal 

surgery procedures.

In a 2011 MA, Li et al.906 found no significant change in AHI after nasal surgery. This 

study suggested that variance in pharyngeal anatomy may be a factor in surgical outcomes. 

The study did find a significant decrease in ESS. A 2015 MA of 10 studies by Ishii et 

al.545 also found no significant improvement in AHI but did show significant improvement 

in RDI and ESS after nasal surgery. The studies analyzed included a variety of nasal surgery 

techniques and approaches including septoplasty alone, septoplasty with turbinate reduction, 

and septoplasty with turbinate reduction plus nasal valve reconstruction. The variability of 

nasal surgeries, along with variable methods for evaluating the response to nasal surgery 

among the studies, limited the analysis. The most recent 2017 MA by Wu et al.1660 found 

a significant, but small, decrease in AHI following nasal surgery. This MA included 17 

studies with pre- and postoperative quantitative data. There was a statistically significant 

improvement in AHI of −4.15 events/hour (95% CI −6.48 to −1.83). ESS also improved 
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significantly by −4.08 points (95% CI −5.27 to −2.88). This analysis utilized an analysis that 

sub-grouped the collected data according to SD of change.

It is important to note that all three meta-analyses found significant improvement in ESS, 

an important measure of daytime sleepiness related to OSA. Nasal surgery has been shown 

to improve subjective sleep quality, daytime sleepiness, snoring, and sleep-related QOL 

measures in patients with nasal obstruction and SDB. Most of the included studies were 

prospective or retrospective studies without controls with considerable heterogeneity and 

inconsistent patient selection criteria, increasing the potential for bias. Small sample sizes 

and short follow-up periods limit generalizability of the data.

The role of nasal surgery in improving PAP tolerance is addressed in Section VIII.A.5.g.

Nasal surgery compared to medical therapy and controls: One non-randomized study 

compared surgery with septoplasty and inferior turbinate reduction versus medical therapy 

with sprays, saline lavage, and antihistamines. No significant changes were found in PSG 

metrics, but subgroup analysis showed patients with lower BMI and lower FTP (1 or 2) 

were associated with better subjective outcomes for snoring and somnolence after nasal 

surgery.909

In the only RCT comparing results for patients who underwent septoplasty versus sham 

surgery, AHI remained unchanged but ESS scores decreased in the group that underwent 

septoplasty.1661 There have not been any RCTs assessing the effect of turbinate reduction 

alone on AHI.

Overall, existing pooled analyses have shown mixed results in AHI change after nasal 

surgery in OSA patients, but certain patients may have a higher chance of surgical benefit. 

Non-obese BMI, lower FTP, positional dependence of OSA, and baseline mild OSA may be 

potential predictors for significant improvements in OSA severity after nasal surgery.899,1662 

(Table IX.D.2)

IX.D.3 | Tonsillectomy—Historically reserved as a treatment for recurrent infections or 

tonsillar malignancies, only a few studies have discussed the use of isolated tonsillectomy 

as a treatment for OSA syndrome. There is, however, a more substantial body of evidence 

supporting palatine tonsillectomy as part of UPPP,1665,1667–1670,2001 a common surgical 

treatment for adult OSA. The efficacy of UPPP is augmented when combined with 

tonsillectomy, resulting in additional improvement in the AHI, daytime sleepiness, and 

snoring.1665,1667–1670,2001

Several publications have shown an association between the objective tonsil volume, as 

well as the subjective tonsil grade, and AHI. A PT grading scale has been used to predict 

OSA severity and the efficacy of tonsillectomy in treating OSA. A higher grade, which 

corresponds with larger and more exophytic tonsils, corresponds with higher preoperative 

AHI values and a more significant reduction in AHI after removal.1669,1671 A small series 

noted improvement in AHI in selected patients with small tonsils after tonsillectomy.1672 

Jara and Weaver327 found a strong correlation between the subjective and objective tonsil 

measures that were consistent with the findings of previous studies, and they suggested that 
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PT grade, rather than volume, may be more predictive of the severity of OSA. Cahali et al. 

found a correlation between tonsillar hypertrophy and OSA but did not find a correlation 

between tonsillar size and OSA severity.1673

Tan et al. evaluated the efficacy of tonsillectomy as an isolated surgical treatment for 

the reduction of the RDI and other sleep study parameters in patients with OSA with 

significant tonsil hypertrophy (grade 3–4).1674 This study showed that in the group with RDI 

> 60, an average reduction of RDI by 57.6 events/hour was achieved. They concluded that 

tonsillectomy alone might be considered as an effective first-line surgical procedure in the 

treatment of OSA in patients with grade 3 or 4 tonsils, reserving other UA procedures for a 

later stage if necessary.

An MA by Camacho et al.335 reviewed 17 manuscripts analyzing isolated tonsillectomy 

for OSA in the adult population, but there was no manuscript with evidence level 3a or 

above. In their analysis, tonsillectomy for hypertrophied tonsils (or grade 2–4) resulted in 

AHI decrease of 65.2%. Surgical success was achieved in 85.2% of patients, and 57.4% 

of the patients were cured. All patients with AHI < 30 were successfully treated with 

tonsillectomy, while 84% were cured. They concluded that tonsillectomy can be a viable 

option as the sole treatment for patients with mild-moderate OSA and tonsil hypertrophy.

Holmlund et al.1589 studied 28 patients (ages 18–59 years) with OSA who had an AHI of 

>10 and large tonsils (grade 3–4) who underwent tonsillectomy. They found a significant 

decrease in the AHI as well as an improved ESS score. Senchak et al.1500 chose an 

endpoint of reduction of at least 50% in AHI as well as absolute AHI of <15 events/h 

and found a beneficial effect for adult tonsillectomy. Nakata et al. examined the efficacy of 

isolated tonsillectomy in 30 patients with severe OSA and showed a success rate of 40%. In 

patients with BMI < 25, the success rate was 100%, but tonsillectomy did not affect snoring 

values.1675 A subsequent study by Nakata et al.1676 examined the role of tonsillectomy on 

nasal resistance and OSA and found that it was beneficial in reducing both nasal resistance 

and AHI. Tan et al.1674 who examined the role of tonsillectomy as the sole treatment in 

34 patients, as well as Verse et al. who treated 11 patients1677 suffering from OSA, also 

reported positive results.

Tonsillectomy appears to be an effective treatment for OSA in adults with tonsil 

hypertrophy. It was shown that tonsillectomy alone can significantly improve the QOL and 

reduce the AHI in a select population of adults with OSA and tonsillar hypertrophy.1678 

Tonsillectomy can be successful as a treatment for adult OSA, especially among patients 

with grade 3 or 4 tonsils and mild to moderate OSA.335 (Table IX.D.3)

IX.D.4 | Soft palate surgery

IX.D.4.a | Uvulopalatopharyngoplasty (UPPP): A standard or traditional UPPP was 

first described in the literature by Fujita in 1981. A standard UPPP is based on palate 

and uvula tissue resection. UPPP has typically included tonsillectomy and trimming of the 

free-edge of the soft palate and uvula with suture closure. UPPP is the most commonly 

performed surgery for the management of OSA. Studies examining the efficacy of surgical 

procedures for OSA have been case series that have been evaluated in several SR and 
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MA studies.812,1486,1634,1686–1688 Sher et al. was one of the first papers looking at the 

efficacy of UPPP for OSA. They found that the overall success rate based on greater 

than 50% reduction in the severity of AHI and an AHI of less than 20 (Sher criteria) 

was approximately 40%.1634 When examining the differences between responders and non-

responders, they found that patients with only retropalatal collapse (52% success rate) had 

higher success rates than those with retrolingual or mixed collapse (5% success rate). It 

should be noted that the Sher criteria for success is limiting and modern studies examine the 

effect of surgery on AHI and ESS change.

Several studies show standard UPPP decreases overall AHI by 33%–50%.812,1686,1688 

The effect has mainly measured with short-term analyses, with mixed data on long-term 

deterioration of respiratory events.812,1688 Aside from AHI, other studies have also looked 

at impact of UPPP on daytime sleepiness, CV events, cerebrovascular events, and overall 

mortality.

A metanalysis on isolated UPPP outcomes examined AHI change in RCTs and cohort 

studies, the majority of studies demonstrated a reduction in respiratory events and daytime 

sleepiness after UPPP.1688 In two RCTs, UPPP groups had significant AHI and ESS 

reductions compared to controls with no treatment.1666,2001 Data before and after UPPP 

in three RCTs and three cohort studies (196 patients) showed significant 49.5% reduction 

in AHI from mean 35.4 to 17.2 events/h (mean difference of −19.14)1487,1666,1795,2020. 

Similar significant AHI improvements were seen in prospective cohort studies. Predictors 

for treatment success included BMI, age, OSA severity, and clinical and anatomic staging 

systems.1688 Choi et al. found that the greatest pre-operative predicator of surgical success 

for UPPP was location of oropharyngeal narrowing.1486 Friedman stage I was a strong 

predicator of success while Friedman stage III and low hyoid position were negative 

predictors after UPPP. Halle et al. published evidence that UPPP has beneficial effect on 

mortality, cerebrovascular disease, but not on cardiac arrhythmias.1687 Further evidence on 

the effect of UPPP on mortality and cardiovascular outcomes are presented in Section IX.E.

Major complications related to UPPP surgery include UA edema, postoperative bleeding 

with or without the need for surgical intervention, velopharyngeal insufficiency (VPI), 

or nasal regurgitation. In comparison to modern variations of the UPPP (see Section 

IX.D.4.b), a standard UPPP appears to have lower surgical efficacy with potentially higher 

complication rates. Sher et al. found that the incidence of mild VPI 2 years after UPPP 

was as high 39.4%. More recent studies have found the VPI rates to be much lower due to 

changes in surgical techniques.1688 Postoperative bleeding requiring return to the operating 

room ranged from 2% to 8%.1634,1688 Velopharyngeal stenosis complication rates were 

found to be around 1.8%.1688 Overall complication rate reported for UPPP is approximately 

1.3%.1544 (Table IX.D.4.a)

IX.D.4.b | Expansion sphincter pharyngoplasty: Expansion sphincter pharyngoplasty 

(ESP) was first palate edge. The palatopharyngeus muscle is isolated and left with its 

posterior surface partially attached to described by Pang and Woodson in 2007.1689 The 

technique creates tension in the lateral pharyngeal walls and palatopharyngeus muscles in 

order to treat velopharyngeal collapse and attempt to prevent lateral oropharyngeal wall 
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collapse as seen on DISE. The procedure, and its subsequent modifications, consists of 

a tonsillectomy and palatopharyngeus muscle rotation flap that is anterosupero-laterally 

rotated and secured to the hamulus of the hard palate or near the junction of the 

lateral hard the posterior horizontal superior pharyngeal constrictor muscles. A partial 

uvulectomy (optional) and closure of the anterior and posterior tonsillar pillars complete 

the procedure.1689

When compared to a standard or traditional UPPP techniques, ESP involves less tissue 

resection and has been shown to have significantly better surgical success rates based on the 

Sher criteria.1690,1691 The vast majority of studies are case series in which surgical success 

rate of ESP ranges from 57% to 86.6%.1690–1699 In an SR of five papers, the overall pooled 

success rate of ESP was 86.3%.1690 The authors acknowledge that one of the limitations 

of their SR was the heterogeneity of the patient population, patient selection criteria, small 

sample sizes, and inclusion of ESP with MLS in some studies.

When looking at other clinical outcomes, ESP is associated with improved ESS.1699–1701 

One study examining ESP and CV events showed patients with successful outcomes after 

ESP also had a decrease in cardiac sympathetic activity. Another study suggested that ESP 

can improve CRP but only in patients achieving AHI < 5 events/h after surgery.1693

Several studies have looked at the efficacy of ESP in comparison to other UPPP 

variations, such as barbed pharyngoplasty, relocation pharyngoplasty, uvulopalatal flap, 

z-pharyngoplasty, and suspension pharyngoplasty.1691,1697,1702 Surgical success rates are 

similar between ESP and these other UPPP variations. ESP appears to have the lowest 

complication rates amongst palatoplasty procedures in a retrospective case series.1702 

ESP has also been shown to be effective in treating lateral oropharyngeal collapse and 

circumferential palate collapse patterns seen on DISE.1695,1703

ESP is a well-tolerated surgical procedure that is effective in AHI and ESS reduction. 

Individual outcomes will vary depending on BMI, age, and anatomic clinical features. (Table 

IX.D.4.b)

IX.D.4.c | Lateral pharyngoplasty: Lateral pharyngoplasty (LP) involves dissection and 

repositioning of palatopharyngeus and superior pharyngeal constrictor muscles in order to 

splint lateral pharyngeal walls (LPW) and thus decrease UA collapsibility at the VP and 

OP.1706 The repositioning of the muscle flaps promotes structural changes to the retropalatal 

space.1707 In OSA patients, the LPW narrow the UA during wakefulness,200,319 they 

further enlarge in volume in obstructed respiration during sleep,1708,1709 and are particularly 

collapsible in severe OSA during natural sleep.1710

In the first description of LP for OSA treatment in 2003, Cahali1706 found improvement in 

the AHI, snoring complaints, amount of deep sleep, and ESS score in a median follow-up 

of 8 months. Patients included in this study had retropalatal collapse on awake examination. 

There have been three randomized parallel group trials comparing LP to UPPP, and all 

included patients examined while awake.1707,1711,1712 Two of these trials included cases 

with only retropalatal collapse,1707,1712 and the outcome favored LP in one,1707 whereas the 
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other study reported 100% success in both groups.1712 The third randomized trial included 

patients with retropalatal and retroglossal collapse and the outcome favored LP in patients 

with moderate OSA, without significant differences in the remaining groups.1711

By selecting surgeries according to the pattern of retropalatal collapse found on awake 

examination, Karacoc et al.1697 reported that only LP and ESP reduced AHI, whereas 

anterior palatoplasty did not. All interventions decreased ESS score and snoring. In 

a retrospective case series including only patients with retropalatal collapse on DISE, 

Carrasco-Llatas et al.1713 reported a 70% success rate (Sher’s criteria1634) with LP.

Some modifications in LP technique were included, focusing on reducing the stretch of UA 

tissues. In one of them, De Paula Soares et al.1714 reported decrease in BP during sleep and 

over a 24-h period 6 months after LP, along with decrease in AHI. The reported success rate 

with LP varies widely from 50% to 100% with consistent decrease in AHI across the studies. 

By performing the most recent version of LP, Elzayat et al.1715 reported a 70% success 

rate in a series of non-selected patients. These authors did DISE preoperatively (not for the 

purpose of selecting the procedure) and repeated DISE in surgical failures and found that, 

by excluding patients with complete hypopharyngeal collapse on DISE, LP improves 75% of 

patients with OSA with a success rate of 90%.1715

Bleeding and swallowing function are important considerations when performing any 

palatopharyngoplasty. Only one study reported two cases of postoperative bleeding after 

LP, which did not require return to the operating room.1697 The rate of bleeding after 

LP seems similar to other palatopharyngoplasties.1697 A few studies reported cases with 

transient dysphagia, which resolved after 1–6 months after LP.1697,1706,1707 (Table IX.D.4.c)

IX.D.4.d | Transpalatal advancement pharyngoplasty: First described by Woodson and 

Toohill (1993), transpalatal advancement pharyngoplasty (TPA) was originally described 

for OSA patients who had failed the traditional UPPP surgery1717 and were found to 

have continued retropalatal collapse. These patients typically have a long bony palate 

antero-posteriorly and a narrow retropalatal region. The TPA involves targeted excision of 

a bony window near the posterior edge of the bony hard palate, leaving a small strip of 

bone adherent to the soft palate aponeurosis. The soft palate aponeurosis is then pulled 

and sutured forward anteriorly, thereby widening the retropalatal space. Woodson and 

Toohill1717 demonstrated in 11 patients the success rate was 67%. In the successful group 

the RDI decreased from 52.8 ± 12.2 to 12.3 ± 2.8. When examining the whole cohort, RDI 

decreased from 73.3 ± 29.4 to 25.1 ± 28.2. The main complications included a transient 

oronasal fistula (ONF), transient dysphagia, and serous otitis media. Woodson1718 also 

showed a significant increase in the retropalatal area in seven patients after the TPA with 

area increase by 220% from 61.5 to 135.0 mm2, and retropalatal closing pressure decreased 

9.2 cmH2O from 5 to −4.2 cmH2O. Woodson et al.1719 then studied success rates of TPA 

against traditional UPPP surgery. Both were associated with improvement in RDI; however, 

TPA was associated with a larger RDI reduction (TPA: 48.3 ± 24.6 to 19.8 ± 16.8, UPPP: 

47.9 ± 30.0 to 30.9 ± 24.2, p < 0.0001). In the TPA group, the postoperative AHI change 

was greater (30.9 ± 24.2 points vs. 19.8 ± 16.8, p < 0.02). For patients with Friedman stage 
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3 tongue position, the OR of 50% or greater AHI reduction to level <20 events/h with TPA 

compared with UPPP was 3.80.

As the most difficult complication to treat is the ONF, Shine and Lewis1720 demonstrated 

in 89 patients who underwent TPA, the type of incision used made a significant difference 

in incidence of postoperative ONF after adjusting for age, sex, previous tonsillar and UPPP 

surgery, smoking histories, and pre-operative disease severity. Another study1721 on 59 TPA 

patients (single surgeon data) showed overall complication rate was 25.4% (15/59), the 

most common of which was transient VPI (8/59, 13.6%). ONF was seen in 4/59 (6.8%) 

of patients. The only significant contributing factor for the development of ONF was the 

presence of a high-arched palate.

An MA by Volner et al.1722 analyzed 199 OSA patients (five studies) who underwent 

the TPA. The mean preoperative and postoperative AHI (199 patients) an overall relative 

reduction of 64.8% although the studies demonstrated significant heterogeneity. The SMD 

for TPA demonstrated a large magnitude of effect on AHI −1.76 [95% CI −2.4, −1.1]. 

Lowest oxygen saturation (LSAT, 70 patients) also improved with after TPA with a mean 

difference of 3.55 percentage points. (Table IX.D.4.d)

IX.D.4.e | Radiofrequency palatoplasty: RF surgery of the soft palate was first 

introduced by Powell et al. in 1998 as a treatment in habitual snoring and/or mild OSA.1723 

The RF technique utilizes heating of the tissue via an RF electrode to create a precisely 

controlled submucosal scar, stiffening of the targeted tissue, and volume reduction in 

the applied area. Literature has shown volumetric tissue reduction of the soft palate and 

further amelioration of the symptoms following treatment.1724–1726 Due to the simple 

technique requiring only local anesthesia, this procedure can be done in an office outpatient 

setting.1727

The efficacy of RF surgery has been demonstrated in numerous prospective clinical trials. 

The short-term efficacy of this treatment includes reduction in snoring, excessive daytime 

sleepiness, and OSA severity.1724,1728–1735 An SR by Bäck et al. demonstrated that RF of 

the soft palate could reduce symptoms of snoring, at least in the short term.1736 On the 

contrary, the latest RCT conducted by Holmlund’s group reported no significant clinical 

benefit on daytime sleepiness, snoring, or apnea severity one year after RF palatoplasty.1737 

Modifying factors that impact the success of RF have been reported. Ferguson et al. reported 

that multi-lesion RF with higher energy levels per treatment increased the efficacy compared 

to single-lesion therapy.1738 A study by Bäck et al. revealed that RF surgery of the soft 

palate is not recommended as a single-stage approach in mild OSA.1739 RF may be suitable 

as a first-step treatment particularly due to its minimally invasive nature, but additional 

treatment sessions may be needed to increase long-term efficacy.1740–1742 Adverse events 

reported were minimal and included mucosal sloughing, pain, localized edema of the tissues, 

and oronasal fistulization.1743 There was no significant impact on vowels and voice quality 

after RF surgery of the soft palate.1744,1745 (Table IX.D.4.e)

IX.D.4.f | Pillar implants: Pillar implants were initially introduced in 2003 for the 

treatment of snoring and were later approved for mild OSA. Three implants consisting of 
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non-resorbable woven polyethylene terephthalate (each 18 mm long and 2 mm in diameter) 

are inserted into the soft palate, one in the midline of the junction between the hard to soft 

palate, and one lateral to either side with a space of 3 mm in-between. The procedure is 

performed under local anesthesia in an office setting.

The intention is to extend the hard palate by stiffening the soft palate through chronic 

inflammatory, fibrous capsule formation around the implant and thereby to prevent a 

retropalatal collapse. This process should also reduce tissue vibrations during respiration.

In the majority of studies a significant positive effect on AHI, snoring intensity, LSAT, 

and daytime sleepiness (ESS) was observed selecting patients with the following criteria: 

mild to moderate OSA, BMI ≤32 kg/m2, no sign of airway collapse other than palate, and 

a length of ≥20 mm of the soft palate.1746–1753 In two of the three RCTs, a significant 

postoperative improvement of the AHI and the superiority of the implant over placebo 

was shown,1748,1750,1752 one RCT showed elevation in AHI in both treatment and placebo 

groups.1752

An initial significant improvement in AHI after the first 90 days showed consistency for the 

follow-up after 12–15 months,1754,1755 whereas patients without improvement did not show 

any improvement either after 15 months.1755 A long-term follow-up with up to 36 months 

also showed a permanent significant improvement in AHI and ESS but also a significant 

change in BMI which was not described further.1756 Other studies, however, showed no 

significant improvement in AHI in mild to moderate OSA after implantation.1757,1758

When implanted in patients with moderate to severe OSA, the implant showed nearly 

no effect or a significant but clinically meaningless improvement regarding RDI and 

ESS.1759,1760 AHI was unchanged, but the implantation significantly reduced the needed 

CPAP-pressure and increased CPAP-adherence: 11.2 versus 9.2 cmH2O (p < 0.001), and 5.7 

vs. 6.4 h (p < 0.001). Body weight was not measured postoperatively.1759 However, these 

results could not be confirmed in in a subsequent RCT at constant body weight.1761 There is 

no objective data on other sleep parameters.

The above stated effects have to be measured against the morbidity of the surgery: in the 

vast majority the occurring mild pain, speech and swallowing difficulties were selflimiting 

within the first 24–72 h up to 3–6 months1757,1762 or did not occur at all.1747 Dysphagia in 

14.8% and foreign body sensation in 25.9% persisted in one study1758 and was selflimiting 

in most other cases.1757,1760–1762 Infections occurred in 0%1750 to 2%1752 and irritations 

or ulcerations in 7.5%,1753 and only one needed antibiotics. There is only one isolated 

report of an abscess.1756 Extrusion rates were published between 0%,1750,1760,1761 4%,1752 

and 9.9%1753 to 14.3%1754 of implanted patients. Complete resolution was reached after 2 

weeks.1753

In summary, pillar implants can be recommended as sole therapy if the above selection 

criteria are fulfilled, or as part of a multimodality and multilevel treatment plan, since the 

potential benefits outweigh the possible harm. It cannot be recommended in patients with 

severe OSA or obesity. The costs may be significant and should be measured against other 

therapeutic options and the possible need to treat a persisting OSA. (Table IX.D.4.f)
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IX.D.4.g | Palate suture suspension: The use of sutures to achieve an antero-apical 

suspension of the soft palate and lateral stabilization of the pharyngeal walls presents a fairly 

new surgical technique in treating sleep apnea, which has been developed with the intention 

of reduced morbidity and increased efficacy. Predecessors such as ESP or UPPP have shown 

to be effective, nonetheless they present more invasive techniques compared to those using 

suture suspension.1763

There are several similar techniques using suspending sutures: barbed reposition 

pharyngoplasty,1764 barbed suspension pharyngoplasty,1765 the barbed roman blinds 

technique,1766 the Alianza technique,1767 barbed anterior pharyngoplasty,1768 barbed 

ESP,1769 expansion pharyngoplasty by simple suture suspension,1770 and modified barbed 

soft palatal webbing flap palatopharyngoplasty using barbed sutures.1771

The aim behind a suture suspension technique is an anterior-lateral soft palate displacement 

and stabilization of lateral pharyngeal wall by anchoring the sutures to fibrous and 

bony holds (i.e., pterygomandibular raphe or hamulus pterygoideus) without needing any 

fibromuscular resection or relocation. Most techniques use a self-locking bidirectional 

barbed suture that is inserted in a certain manner into the soft palate and both pillars 

including the tonsillar fossa.

The target group presents with retropalatal and lateral pharyngeal wall collapse as 

documented in DISE. Studies included patients with BMI < 35 or <30 kg/m2 and sleep 

apnea severity ranging from mild to severe. All studies suggest an effective treatment of 

OSA patients ranging from mild to severe cases, a statistically significant reduction in 

endpoints such as AHI, ODI, LSAT, ESS, and reduction of snoring. Some studies suggest 

the barbed reposition pharyngoplasty to be equally effective as ESP and more effective than 

UPPP.1763 In 2019, Vicini et al. published results of an RCT comparing the BRP to a control 

group (observation) where the surgical BRP group had nasal surgery, tonsillectomy, and 

BRP. The 6-months follow-up showed a significant reduction in AHI and other relevant 

endpoints in patients that underwent surgery.1691 Most studies and techniques include 

simultaneous or prior tonsillectomy and some studies included surgery at other levels.

The postoperative morbidity of patients who underwent suture suspension surgery is 

reported as low. Common short-term complications were postoperative pain, dysphagia, and 

in some cases suture extrusion. All papers stated an overall well-performable intervention 

with minor sideeffects.1702,1772–1774 Further data is needed to evaluate the long-term 

outcomes.

Unfortunately, the LOE of most existing studies is low as, except for the RCT by 

Vicini et al., most studies were either non-randomized single-arm studies or retrospective 

studies. Furthermore, the often-performed MLS in addition to suture suspension prohibits a 

conclusion about the specific effectiveness of suture suspension techniques.

In summary, suture suspension surgery appears to be an effective approach, when performed 

on selected patients. Compared to other surgical techniques, such as UPPP or ESP, suture 

suspension seems less invasive. (Table IX.D.4.g)
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IX.D.5 | Tongue and hypopharyngeal surgery

IX.D.5.a | Tongue base radiofrequency ablation: Tongue base radiofrequency (TBRF) 

was first described by Powell et al.1778 Energy delivered through an RF or coblation device 

causes submucosal coagulation and ablation which leads to soft tissue fibrosis. While it was 

initially proposed that its effect would occur primarily through volumetric tissue reduction, 

Stuck et al.1779 and Blumen et al.1780 could not find any tongue base volume changes in 

MRI scans after TBRF, and these authors suggested that the benefits of TBRF were the 

result of the scar formation process.1781

An SR of TBRF outcomes is challenging, due to significant variability of devices, 

techniques used, presence or absence of procedures performed simultaneously, patient 

selection criteria, outcomes measured, and paucity of data on long-term results.

As the available evidence is most commonly focused on MLS, the assessment of a sole 

effect of each intervention is challenging. In this review, we only selected studies in which 

individual analysis for TBRF was performed. We excluded papers where other procedures 

were performed but no individual role of TBRF was assessed, and those with duplicate 

results. This review included 12 articles, including one SR and MA.1782

Three techniques regarding TBRF have been described: transoral through the dorsal tongue, 

transoral through the ventral aspect of the tongue, and the transcervical approach. The first 

is the most commonly used technique. With the exception of den Herder et al.,1781 all 

papers found a positive role for TBRF, despite significant methodological heterogeneity. 

Two articles suggested a decrease in efficacy over time.1783,1784

A metanalysis by Baba et al. included three non-randomized, parallel group comparative 

trials (CPAP, submucosal minimally invasive lingual excision (SMILE), and lingual 

suspension), and seven prospective case series.1782 They found 40% reduction on RDI (p < 

0.0001), statistically significant improvement in LSAT (p = 0.002), and improved sleepiness 

score (p < 0.00001) with short term (<2 months) follow-up.

It must be noted that none of the included studies had a placebo or non-treated control group 

though Woodson et al.1785 had a cohort of non-surgical patients under CPAP treatment. Two 

articles compared UPPP alone and UPPP plus TBRF,1786,1787 and both found a higher AHI 

reduction with the addition of TBRF. Friedman et al. found that specifically stage III patients 

(tongue base obstruction) were not significantly improved by UPPP alone (control group) 

but were significantly improved by UPPP plus TBRF (experimental group).

Two studies compared TBRF with other techniques.1783,1788 Friedman et al. found a 

statistically significant difference favoring SMILE, in patients with stage III anatomy 

(tongue base obstruction) and patients with severe OSA,1788 however SMILE presented 

a higher complication rate. Fibbi et al. compared TBRF with tongue base suspension and 

found no difference between the groups.1783

There is significant heterogeneity on inclusion criteria among studies, not allowing a 

pooled analysis. While some articles studied subjects who failed prior surgeries or severe 

cases,1780,1785,1789 others include primarily mild or moderate cases.1790 Some authors 
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used DISE to indicate surgery,1787 while others only relied only on physical examination. 

Obesity, another variable assessed differently among selected studies, was a predictor of 

failure as shown by several authors.1789,1791

Woodson et al. found that TBRF was useful in mild OSA patients.1785 This finding was also 

highlighted by Fibbi et al., who observed 75% success rate after 6 months, and 33% after 2 

years, concluding that their high ratio of success was attributed to the sample selection (mild 

OSA with AHI < 20 and tongue base obstruction Fujita III).1783 Riley et al. found that a 

lower preoperative AHI and higher LSAT are statistically related to better response.1789

Available evidence suggests low complication rates. Major complications include severe 

tongue edema, lingual artery lesion, hypoglossal nerve injury, and tongue abscess. 

While Babae et al. analyzed complications in their metanalysis, no cumulative data for 

complications was provided.1782 It is worth mentioning that Blumen et al. performed 

a transcervical approach with ultrasonography guidance to prevent lingual artery and 

hypoglossal nerve lesions.1780

In summary, the available literature suggests that TBRF has the ability to improve OSA as 

an adjuvant treatment in well selected patients with tongue base obstruction and without 

severe OSA. However, there remain questions about the optimal patient selection and the 

long-term effects. (Table IX.D.5.a)

IX.D.5.b | Genioglossus advancement: In 1986, Riley et al. first described the inferior 

sagittal osteotomy of the mandible with hyoid myotomy and genioglossus muscle 

advancement (GA) for the treatment of OSA.1792 The objective for this procedure was to 

stabilize the hypopharyngeal airway by moving the genioglossus muscle forward, reducing 

its collapse and subsequently increasing the pharyngeal airway during sleep. Since the initial 

description, the procedure has undergone several modifications.

Genioglossus advancement with or without hyoid surgery (HS) was designed to increase the 

retrolingual space.1634 Because GA is rarely performed in isolation and more commonly 

performed in conjunction with other surgeries to address different levels of airway collapse, 

there is limited evidence evaluating the sole effect of GA. There can be significant 

heterogeneity in surgical techniques, thereby limiting a systematic analysis. Several 

osteotomy designs have been used to advance the genioglossus musculature, including 

standard genioplasty, inferior sagittal osteotomy, circular genioplasty, mortised genioplasty, 

or genial bone advance trephine system. Variations in osteotomies may impact nearby 

muscles including the geniohyoid, digastric, and/or mylohyoid to enhance the advancement 

of the UA. Studies in which individual analysis for GA with or without hyoid surgery or 

tongue base reduction were selected.

Eight papers suggest a positive impact of GA on OSA outcomes; however, evidence for 

genioplasty and genioglossus advancement is limited by heterogeneity in patient selection 

and surgical technique.1793 A case series by Song et al. evaluated the individual role 

of GA and identified a mean AHI reduction from 37.6 (24.2) to 20.4 (15.1) (41.7% 
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reduction).1794 After GA with HS, mean AHI reduced from 34.5 (22.1) to 15.3 (17.6) 

(55.7% reduction).1794

One of the inherent limitations of studying GA outcomes is variation in patient selection, 

and available data on clinical characteristics and candidacy for surgery is limited. For 

example, Chen et al. selected subjects who declined CPAP1795 as compared to Wootten et 

al. who selected pediatric subjects who failed adenotonsillectomy (T&A).1796 Other authors 

had stricter criteria and indicated GA only after cephalometry,1792,1797,1798 or DISE.1799

Despite the absence of clear practice guidelines, several predictive factors have been 

described. Riley et al. suggested that patients with normal skeletal development are the 

best candidates for GA; however, patients with mandibular deficiency can be candidates.1800 

Troell et al. suggested a positive correlation between the length of advancement and AHI 

improvement.1801 Kezirian et al. found BMI and AHI to be predictors of outcome.1802 

Consequently, Foltán et al. excluded patients with an BMI over 30.1803 Vilaseca et al. 

observed that AHI severity predicted outcomes, and best results were seen in patients with 

mild OSA.1798

Finally, another important factor is the difference in the follow-up periods, for surgical 

benefit may wane with time. There is significant heterogeneity among selected papers, 

varying from 31792 to 12 months.1795 There is no long-term follow-up data for GA.

While limited, the available data suggests that GA surgery can have a positive impact 

on AHI; however, there is significant heterogeneity in patient selection criteria, use of 

simultaneous procedures, operative techniques, and length of follow-up. (Table IX.D.5.b)

IX.D.5.c | Tongue suture suspension: Surgical intervention for OSA must target the area 

of collapse to improve outcomes.1806,1807 Evidence found that those with hypopharyngeal 

or tongue base collapse did not respond to palatal surgery alone and had poorer outcomes 

with success rates as low as 5%.1634,1808 In 2006, approximately 19% of sleep surgery was 

performed to target the hypopharynx including tongue base.1809

Tongue suture suspension has been developed to increase the anterior to posterior space of 

the hypopharynx with minimal morbidity and recovery time. The surgery involves placing 

a bone anchored screw into the lingual cortex of the mandibular symphysis, placing an 

anchoring nonabsorbable suture through the base of the tongue and securing it to the 

screw. Initially, a technique was utilized which placed a screw directly through the oral 

mucosa along the lingual surface of the mandible. This technique allowed for a minimally 

invasive, reversible intervention. Modifications have since been made involving a submental 

cutaneous approach, positioning a suspension suture in the mandibular symphysis without 

the use of a screw with successful outcomes.1810 For the purposes of this review, surgical 

success, unless otherwise specified, is defined by Sher’s criteria as (1) a 50% decrease in 

Respiratory Disturbances Index (RDI) or AHI and (2) RDI or AHI < 20.1634

The largest SR to date1811 estimated surgical success of isolated tongue suspension (TS) to 

be 36.6%, ranging from 0% to 87%.1812–1814 However, it is important to note that TS is 

uncommonly performed as an isolated surgery and is more often performed in combination 
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with or following palate surgery, and therefore, success rate estimations quoted in the 

literature more often reflect MLS. When combined with UPPP, TS success rates increased to 

62.3%, ranging from 40% to 81%.1815,1816

The main challenge with TS surgery is titrating the tension on the tongue to optimize 

the anterior to posterior diameter of the hypopharynx without causing discomfort or tissue 

strangulation. Overall complications from this procedure are low at about 8%,1811 including 

sialadenitis, pain, and infection. There were reports of mandibular fractures with early use 

of bone anchored screws; however, modifications using adapted screws1812 or a no-screw 

technique1810 have not reported fracture complications. There has been concern regarding 

longevity of surgical outcomes due to risk of suture migration given that most of the studies 

published have limited follow-up between 2 months and 2 years.

Success rates vary based on the patient selection criteria. Across studies, surgical success 

for isolated tongue suture suspension ranged from 21% to 75% when average BMI of 

the selected sample was less than 30, but trended toward 30%–32% when average BMI 

exceeded 30.1811 When looking at the subjective QOL outcomes after TS, one small 

study of 23 patients found no significant change in subjective sleepiness or QOL 2 

months after surgery.1814 One review found significantly higher success rates in symptom 

improvement; however, the study included shorter postoperative follow-up periods from 3 to 

12 months.1817

Overall, previous SRs1811,1817 have supported a grade C recommendation for TS. The 

wide variation in success rates across studies illustrates the importance of careful patient 

selection. (Table IX.D.5.c)

IX.D.5.d | Hyoid suspension: In 1996, Sher et al. revealed that overall surgical success of 

UPPP decreased from 52% of those with retropalatal collapse to 5% for those with mainly 

hypopharyngeal collapse.1634 Consequently, it became clear that the field of sleep surgery 

required additional surgical interventions to try and address hypopharyngeal obstruction. 

One technique included anterior repositioning of the hyoid to increase the anteroposterior 

dimension of the hypopharynx and subsequently reduce tongue base obstruction.1820 

Hyoid suspension or hyoidthyroidpexy can be performed alone or in combination with 

other surgeries including genioglossus advancement or maxillomandibular ostomy to target 

hypopharyngeal obstruction.

Hyoid suspension was first described in 1984, at which time, the hyoid bone was isolated 

from the strap musculature attachments and suspended to the inferior border of the mandible 

using fascia lata.1821 This technique was then modified to isolate the hyoid from the 

suprahyoid musculature and suspend the center of hyoid arch anteroinferiorly to the thyroid 

lamina, which was found to have less morbidity.1822

In the largest review of isolated hyoid myotomy and suspension to date, AHI improved 

by 38% (range of 7%–83%) for a mean AHI reduction from 37 to 23.1804 In this 

study, three of the four studies evaluating subjective QOL found modest improvement in 

sleepiness, as measured by the ESS. Another study found that surgical success, as defined 
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by Sher’s criteria,1634 ranged from 17% to 87% across studies evaluating isolated hyoid 

suspension.1551,1798,1802,1820,1823 For the studies in which the sample population’s average 

BMI fell below 30, success rates ranged from 52% to 78%1551,1798,1820; however, success 

rates decreased to 17% when the population’s BMI was above 30,1823 illustrating the impact 

of careful patient selection on surgical success rates.

Given concern for immediate obstruction upon induction and extubation, hyoid myotomy, 

and suspension under local anesthesia was developed. One study of 32 patients undergoing 

hyoid suspension and uvulopalatal flap under local anesthesia found a 78% success rate 

by decreasing RDI by 50% with postoperative RDI<20.1551 Symptomatically, ESS scores 

decreased from an average of 14 to 8. Complications included mild intraoperative pain, 

transient dysphagia with aspiration, seroma, and infection. However, the higher success rate 

may have been due to careful patient selection for surgery under local anesthesia given the 

patient sample had lower average BMI as compared to other studies.

In practice, it is common to perform MLS as isolated hypopharyngeal obstruction is rare 

in OSA. Several studies have shown significantly higher success rates when combined with 

palatal surgery.1670,1802,1820 One study found that surgical success of hyoid suspension 

increased from 22% to 78% with concomitant tonsillectomy.1670 Similarly, ESS decreased 

by 45% with concomitant tonsillectomy as compared to 27% without.

There has yet to be an RCT evaluating efficacy of hyoid suspension as an isolated procedure 

or as part of an MLS. There is significant heterogeneity across studies due to large variation 

in patient inclusion criteria, surgical interventions, duration of follow-up, and outcome 

measures. Consequently, there are no published meta-analyses evaluating hyoid suspension 

outcomes. (Table IX.D.5.d)

IX.D.5.e | Lingual tonsillectomy: It is important for the practitioner to perform an 

assessment of the potential for lingual tonsil hypertrophy in retroglossal airway obstruction. 

This may be accomplished by indirect examination with a flexible laryngoscope, cross-

sectional imaging with either CT or MRI, or DISE. The practitioner may be guided by a 

grading system for lingual tonsillar hypertrophy such as suggested by Friedman et al.556 

Patients with Friedman grade 3 or 4 would be more likely to obstruct. A limitation to the 

Friedman grading system is that one cannot assess depth of tonsillar tissue, or, alternatively, 

the component of tongue base enlargement and retroglossal airway compromise that is rather 

due to macroglossia. Often lingual tonsillectomy is performed in conjunction with palate 

surgery as a form of multilevel airway surgery.

Many tools for performing lingual tonsillectomy have been reported, including: CO2 

laser, electrocautery, harmonic scalpel, coblation, radiofrequency ablation (RFA), and a 

microdebrider. There are several methods of visualizing the base of tongue and lingual 

tonsils including direct visualization with a laryngoscope or indirect approach with an 

angled endoscope, operating microscope, or more recently, TORS with a DaVinci robot 

(Intuitive Surgical; Sunnyvale, CA). The robotic approach offers superior visualization, 

instrument access, and more precise tissue resection which can result in larger volumes 

of tissue removal.1826 Friedman et al. found TORS to be superior to RFA of the tongue 
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base and submucosal minimally invasive lingual incision in terms of AHI reduction and 

surgical success rates.1827 Coblation and TORS appear to have similar success rates, though 

no prospective, randomized trial has been performed to date. There is a suggestion in the 

literature that coblation is less painful than electrocautery, but no prospective, randomized 

trial has been performed to assess this.1828

When base of tongue obstruction from lingual tonsils is seen, evidence suggests that there 

is an additional benefit to lingual tonsillectomy over palate-level surgery alone.1829,1830 

Success rates (traditionally defined as a reduction of AHI > 50% and a postoperative AHI 

< 20) across multiple studies are in the range of 66.4%–68.4% versus 40.7% for UPPP 

alone. This is also true for other measures of success, such as a lower ESS (reduction of 

5.4–7.1 points) and improvement in SaO2 nadir (increase of 5.1%–5.4%). Complications of 

lingual tonsillectomy are rare, but include bleeding, dysphagia, globus sensation, dysgeusia, 

tongue numbness and soreness, and scarring.1831 There is a body of evidence that suggests 

that outcomes after sleep surgery, including lingual tonsillectomy, are better with BMI < 30, 

preoperative AHI < 60, and absence of lateral velopharyngeal wall collapse on DISE.1832

It should be emphasized that there is no clear phenoptype for successful base of tongue 

surgery, including patients with lingual tonsil hypertrophy. The studies examined in these 

SRs have much heterogeneity, both in patient evaluation, and in surgical technique. As 

there are no RCTs for this surgery, a strong recommendation cannot be given. However, 

lingual tonsillectomy can be recommended with a preponderance of benefit over harm 

for adult OSA patients with lingual tonsil hypertrophy (Friedman grade 3 or 4). The 

individual practitioner must weigh the considerations of anatomy, severity of OSA, BMI, 

surgical training, and familiarity with available surgical equipment when deciding whether 

to proceed with lingual tonsillectomy. (Table IX.D.5.e)

IX.D.5.f | Epiglottis surgery: The role of the epiglottis in adult OSA has been studied 

comparatively little in the adult arena. With the increasing prevalence of DISE, sleep 

surgeons have come to recognize that epiglottic collapse can play a role in airway 

obstruction. However, data that is available is conflicting. One early study by Catalfumo et 

al. showed a 12% incidence of epiglottic collapse during awake endoscopy.1833 A systemic 

review by Torre et al. found a much broader potential range of epiglottic collapse in OSA, 

ranging from 15% to 73.5%.1834 A more recent study by Vonk et al. showed that epiglottic 

collapse noted on DISE may be subject to body position. In 324 patients, a floppy epiglottis 

was noted in 18.5%, but when rotated to the lateral head or trunk position, only one patient 

had evidence of obstruction.1835

Whether or not identification of epiglottic collapse on DISE is relevant is also of debate. 

Kwon et al. found epiglottic obstruction during DISE in 43.7% of patients undergoing MLS. 

No epiglottic intervention was performed. There was no difference in success rates in those 

that had epiglottic obstruction (44.4%) and those that did not (40.7%).1836 Primary epiglottic 

obstruction may be a reason for CPAP intolerance. Dedhia et al. found that 15% of adult 

patients who were CPAP failures had DISE findings of primary epiglottic obstruction.1837 It 

is prudent for the DISE surgeon to determine whether epiglottic collapse is from a posterior 
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displacement of the epiglottis due to concurrent collapse of the tongue base or whether 

epiglottic collapse occurs in isolation. This may help guide surgical decision-making.

A variety of epiglottic procedures have been described including epiglottoplasty,1838 partial 

epiglottectomy,1839 and epiglottopexy.1840 Golz et al.1839 used laser partial epiglottidectomy 

alone as a treatment for OSA in 27 adult patients with epiglottic-malacia, and reported a 

significant reduction of RDI from 45 ± 14.6 to 14 ± 5.1 events/h, and an improvement in 

SaO2 nadir from 66% to 95%. These procedures are typically done in conjunction with base 

of tongue surgery and/or palatal surgery, making it difficult to assess the contribution from 

the epiglottis to a patient’s outcome.1841,1842 While there is no clear guidance from the adult 

literature as to when to include the epiglottis in surgical planning, there is clear recognition 

amongst sleep surgeons that the epiglottis has a role to play in OSA. Surgical procedures to 

ameliorate that component are well described in the literature and should be considered in 

surgical planning.

IX.D.6 | Maxillary and mandibular surgery

IX.D.6.a | Maxillary expansion: Maxillary expansion as a treatment for OSA has mostly 

been studied in the pediatric population with only a few studies in adults. It is an orthopedic 

modality used by orthodontists to expand the palate by laterally forcing apart the two halves 

of the maxillary bone. During this process, the intermaxillary suture is stretched and an 

osteogenic process ensues. By activating an expansion screw, Rapid Maxillary Expansion 

(RME) has the effect of both widening the bony alveolar housing for teeth and increasing 

the maxillary dental arch length. It can be used to correct dental malocclusions, including 

posterior crossbites, dental crowding, and transversely deficient maxillary arches. Etiology 

of transversely deficient maxillae includes genetic predisposition, parafunctional oral habits, 

and inadequate labial/buccal force applied by the tongue during craniofacial development. 

This last etiology can result from increased nasal resistance, leading to mouth breathing, due 

to an inferior position of the tongue.1843 Craniofacial anomalies that are common in patients 

with OSA include mandibular deficiency, narrowed posterior airway space, steep mandibular 

plane angle, and long anterior facial height.234,1844 Benefits of maxillary expansion include 

increased nasal cavity volume, improved ability to breathe through the nose,1845–1847 and 

increased width of the palate resulting in enhanced oral cavity volume.1848 This allows 

the tongue to posture appropriately (antero-superiorly) at rest and while swallowing. An 

additional benefit of maxillary expansion is the increased tension of the palatal tissues, 

reducing laxity and tissue collapse in the OP.1849,1850 RME is effective in the treatment of 

OSA, with improvements/reductions in the apnea/hypopnea index, or AHI.1851–1855

Technique: Micro-Implant Rapid Palatal Expander (MARPE) describes an appliance 

which employs dental microimplants to engage the maxillary bone for more skeletal 

expansion than dental tipping. An MARPE allows an orthodontist to apply transverse 

forces directly to the skeleton through the use of micro-implants which engage both 

halves of the maxilla. While MARPE design, case selection, and protocol is essential to 

success, it allows the clinician to expand the maxillae in much older patients. Skeletally 

borne expanders allow for a more translational expansion while reducing bone bending 

and buccal tooth tipping.1856 When buttressing forces of the maxillary sutures are too 
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strong to be overcome by RME alone, surgical interventions can guarantee successful 

expansion. These adjunctive procedures are known as Surgically Assisted Rapid Palatal 

Expansion (SARPE) and Distraction Osteogenesis Maxillary Expansion (DOME). They 

involve surgical corticotomies and with initial activation of the expander intraoperatively to 

confirm intermaxillary separation.1857 Further activation of the expander is delayed for a 

short latency period (approximately 1 week), which allows a healing callous to form in the 

suture. A callous has been shown to readily ossify, so expansion (0.25–1 mm a day) is then 

resumed after the latency period is complete.1858

Patients with OSA and maxillary constriction are the best candidates for RME.1859,1860 

RME was shown up to result in a 70% reduction in AHI in children, and in 95% reduction 

in AHI when performed in addition to T&A or when tonsils are not hypertrophied. Children 

with small or surgically removed tonsils benefit more from expansion than do those with 

large tonsils that undergo RME without T&A.1851 (Table IX.D.6.a)

IX.D.6.b | Maxillomandibular advancement: MMA is one of the most effective 

anatomic surgical interventions for OSA.1800 The earlier indications for MMA included 

moderate to severe OSA, morbid obesity, severe mandibular deficiency, and failure of 

other forms of therapy.1861 Current workup of OSA prior to surgery includes the use 

of DISE. Concentric collapse of the velum is a contraindication for hypoglossal nerve 

stimulator implantation and lateral pharyngeal wall collapse is difficult to manage with soft 

tissue surgery alone.1800 MMA is effective in addressing circumferential velum and lateral 

oropharyngeal wall collapse patterns.1800,1861

Previous algorithms considered MMA if patients had inadequate response to phase I MLS 

that involved soft tissue surgical approaches such as the uvulopalatal flap and genioglossus 

advancement.1862 The phased approach remains a reasonable option, with expansion of 

phase 1 procedures to include various modifications of UPPP, lingual tonsillectomy, 

maxillary expansion, and UA stimulation. In the contemporary approach for surgical 

decision making, MMA can be recommended prior to other procedures in: (1) patients 

with any degree of OSA, with dentofacial deformity, or (2) patients presenting with CCC of 

the velum and/or lateral oropharyngeal wall collapse as seen on DISE, or (3) after failure of 

one or more of these surgeries.567,1566,1862

MMA results in a high surgical success rate and modest cure rate. Surgical success for 

sleep procedures is defined as a reduction in the AHI by more than 50%, or with a less 

than 20 events/h. Cure is defined as AHI < 5.1863 Holty et al. performed the largest MA by 

examining 22 studies with 627 patients who underwent MMA for OSA and reported a mean 

decrease in AHI from 63.9 to 9.5 events/h. The surgical success and cure rates were 86.0% 

and 43.2%, respectively.1867 Another large MA performed by Zaghi et al. which included 

45 studies with 528 patients and showed that mean postoperative changes in AHI and RDI 

after MMA were 47.8 and 44.4 events/h, respectively. They reported success and cure rates 

of 85.5% and 38%, respectively.1566

MMA for OSA is typically accomplished with maxilla and mandible advancements of 

8–14 mm.1862 Such numbers need to be interpreted with caution as the landmarks can 
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be inconsistent, and rotations of the maxillomandibular complex to achieve facial balance 

may further skew the interpretation. Barrera et al. examined differences in anatomic 

dimensions between patients with and without OSA.567 Skeletal and soft tissue dimensions 

were measured with cephalometry and MRI. Compared to controls, patients with OSA 

demonstrated: (1) increased mandibular plane-hyoid (MP-H) distance, (2) increased tongue 

volume, and (3) smaller posterior airway space. GottsaunderWolf et al. performed an SR of 

posterior airway changes following MMA using lateral cephalometry and CBCT.1863 In five 

studies, where a third reported ranges for maxillary and mandibular advancements, there was 

an increase of 8.1°–9.8° for SNA and 9.5°–11.0° for SNB.

Caples et al.1686 reviewed surgical modifications of the UA for treatment of OSA in 2010 

to update the AASM on UA surgery. Of 1383 studies reviewed, nine studies on MMA were 

included. MMA resulted in the greatest reduction in AHI of 87% (95% CI 80%–92%), with 

a mean postoperative AHI of 7.7.

Secondary measures, such as sleepiness or QOL, were reported in one study as a reduction 

in the Epworth score from 17.8 to 4.71864 and another reported significant decline in mean 

BP at 6 months after surgery.1865

There is a need to better characterize surgical morbidity and adverse events after MMA. 

As MMA is generally performed in patients significantly older than corrective jaw surgery 

(orthognathic) patients, rates of malocclusion, malunion, and prolonged paresthesia are 

likely to be higher than seen in orthognathic surgery. SRs report the rates of major 

complications such as airway compromise at 1%, and other complications such as malunion 

at 5%. A less described but frequently encountered side effect from MMA surgery is nasal 

obstruction requiring corrective surgery. With classic MMA techniques, persistent nasal 

obstruction is reported to be as high as 18.7% from 379 patients over 15 years.1686 Nasal 

obstruction rates can be reduced to 6.5% with modifications including pre-MMA maxillary 

expansion, concurrent septoplasty, piriformplasty, and emphasis on postoperative nasal and 

sinus rinsing.1866 There is a need to update evidence on adverse events in contemporary 

MMA. (Table IX.D.6.b)

IX.D.7 | Hypoglossal nerve stimulation (HNS)—HNS is an emerging surgical 

treatment for OSA. A few companies have produced HNS systems, but only the Inspire 

II (Inspire Medical Systems, MN, USA) has obtained FDA approval. The Apnex device 

(Apnex Medical, MN USA) produced promising Phase II data, but failed to complete a 

Phase III trial.1869 The ImThera device (LivaNova, London UK) has shown promising 

results in a Phase II trial and is currently under investigation in an ongoing phase III 

trial.1870 The Nyxoah Genio device is a bilateral HNS system with external battery with 

preliminary data showing improvement in AHI post-implant.1871 Therefore, the bulk of 

literature regarding candidacy, efficacy, and usage of HNS comes from cohorts implanted 

with the Inspire II device.

IX.D.7.a | Candidacy for HNS: Current clinical candidacy criteria for HNS or UA 

stimulation are based on early feasibility studies and Stimulation Therapy for Apnea 
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Reduction (STAR) trial which formed the basis for Federal Drug Administration (FDA) 

candidacy recommendations for Inspire II (Inspire Medical Systems, MN, USA).

Criteria for patient enrollment in the pivotal STAR trial were based on feasibility trials that 

suggested improved outcomes with BMI ≤ 32 kg/m2 and AHI ≤ 50 events/h1872 along with 

two small studies (N of 7 and 21 patients) that suggested HNS was not effective in patients 

with palate level CCC on DISE prior to implantation. A statistically significant difference in 

AHI reduction was seen in the group without palate CCC leading the authors to conclude the 

absence of CCC can predict HNS success and DISE was recommended as a tool for patient 

selection.1872,1873 The STAR trial involved a multi-institutional single group trial with 126 

patients who were not adherent to CPAP with enrollment criteria: BMI < 32 kg/m2, with 

AHI greater than 20 and less than 50, central/mixed apnea events less than 25% of all apneic 

events, AHI in non-supine position > 10 events/h. Patients with tonsil size 3 or 41645 or 

palate CCC on DISE were excluded from the trial. The trial demonstrated therapy success 

based on the Sher criteria (≥50% reduction in AHI from baseline and post-treatment AHI 

<20) in 66% of the patients.382 Effectiveness of HNS therapy in patients with a larger AHI 

range (>15 and <65 events/h), and BMI <35 kg/m2 along with absence of palate CCC on 

DISE was further demonstrated by several post-approval outcomes studies, meta-analyses, 

and ADHERE registry.1488,1489,1548,1874–1876

Current candidacy criteria for HNS require further evaluation. Mwenge et al. evaluated 

effectiveness of HNS in 13 patients with wider inclusion criteria for AHI and BMI 25–40 

kg/m2 and did not use DISE as a screening tool. Successful AHI reduction was demonstrated 

in 69% (nine out of 13) of patients at 12 months after implantation. Kezirian et al. looked at 

HNS in patients with selection criteria AHI 20–100 events/h, BMI < 40 kg/m2 and reported 

that 55% (17 out of 31) patients achieved Sher treatment success criteria.1869

FDA indications for HNS do not consider BMI as a definitive candidacy criterion. The 

STAR trial only included patients with BMI <32 kg/m2, thus this criterion has persisted 

for post-approval HNS patient selection by some insurance coverage policies. Data from 

most recent ADHERE post-implant follow-up studies have suggested an inverse association 

of BMI and HNS therapy effectiveness.1488,1876 However, the appropriate cutoff for BMI 

level is not clear. Kezirian et al. demonstrated that patients with BMI <35 had greater 

AHI reduction with HNS. Huntley et al. found no difference in HNS therapy success rates 

between BMI >32 and less than equal to sign 32 kg/m2 groups.1489

Current evidence demonstrates effectiveness of the HNS therapy in patients with absence 

of CCC. However, evidence level for CCC as a predictor of HNS outcomes is low quality 

and based on two very small case series.1872,1873 There are no multi-institutional studies 

demonstrating HNS therapy success rate in larger population of patients with CCC.

HNS therapy is indicated for treatment of a subset of adult patients 18 years of age and 

older with moderate-to-severe OSA (15 ≤ AHI ≤ 65 events/h) of which <25% of events are 

central/mixed apneas, who have failed or cannot tolerate PAP treatment and do not have a 

CCC at the soft palate level. Current evidence supports HNS therapy success in patients with 

BMI ≤ 35 kg/m2. As of 2021, the current HNS implant is not FDA approved for entry into 
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many types of MRI, including no body MRI and only 1.5T scanners for head and neck MRI. 

This was expanded in 2022 to allow for full body MRI in 1.5T scanners.

When considering HNS therapy, clinical judgment should be used to assess patients’ 

candidacy based on a comprehensive sleep medicine history, polysomnographic findings, 

UA anatomy and pathophysiology, body mass and fat distribution, medical and psychiatric 

comorbidities, physical and cognitive limitations, comorbid sleep disorders, other available 

treatment alternatives, presence of other implantable devices, occupation, and anticipated 

needs for MRI imaging.

IX.D.7.b | Efficacy of HNS: The phase III trial STAR cohort demonstrated median AHI 

reduction by 68% from 29.3 to 9.0.382 The randomized controlled therapy withdrawal 

portion of the STAR trial demonstrated that responders to HNS reverted to baseline OSA 

levels when the therapy was removed, and improved again when it was restarted.1877 

Over a period of 5 years, the STAR trial cohort demonstrated significant improvements 

in objective measures of OSA such as AHI, ODI, and percentage of sleep spent under 90% 

saturation383,815,1878 as well as significant improvements in subjective daytime sleepiness 

(ESS), snoring level (bed partner visual analog score), and sleep-related quality of life 

(FOSQ). ESS decreased by 4.4 units on average with 78% of subjects below 10, indicating 

normal daytime sleepiness.383,815,1547,1878,1879 At the 5-year mark, 75% of the remaining 

cohort met Sher’s criteria. When including the last known values for those lost to follow up, 

the surgical success rate was approximately 63%.383

Post-approval single-center and multi-institutional cohort studies further confirm significant 

improvement in both objective and subjective measures with HNS. In the phase IV German 

Post-Market Study (GPMS), median AHI decreased from 28.6 to 10 at 3 years. In addition, 

67% of the original cohort demonstrated an AHI < 10.1548,1880,1881 An ongoing prospective 

observational study (ADHERE Registry), which serves as a registry of Inspire patients 

around the world, demonstrates significant improvements in AHI and ESS, as well as better 

treatment adherence than PAP. Mean AHI decreased from 35.6 to 10.2 and ESS from 11.9 to 

7.5.1882 Overall, 69% met Sher’s criteria at 12 months.1876

Several retrospective case–control studies observed that HNS outperformed UPPP and 

transoral robotic tonguebase surgery, with regard to significant improvement in both AHI 

and Sher’s criteria.1883,1884 Prior sleep surgery does not influence outcomes of HNS, and 

HNS non-responders can likewise be considered for further therapy, including surgery, if 

needed to optimize care.1885–1887 Smaller retrospective cohorts show that HNS improves 

sleep architecture with lower arousal index, reduced light (N1) sleep, and increased deeper 

(N2 and N3) sleep.1888,1889

Several SRs have demonstrated that HNS is effective in improving moderate-to-severe 

OSA.1874,1875,1890,1891 Constantino et al., when analyzing the major cohorts of Inspire, 

Apnex, and ImThera, found that a majority of patients met Sher’s criteria at rates of 72%, 

55%, and 77%, respectively, for each system at 12 months.1890 In a review of 600 Inspire 

patients, Kent et al. observed that 77% met Sher’s criteria and 42% obtained OSA cure with 

an AHI < 5, while the ESS decreased to less than 10 in 75% of included patients.1891
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Despite the potential for HNS to improve OSA, there remain subsets of nonresponders who 

fail to meet predetermined AHI improvement. Evidence demonstrates nonresponders may 

still benefit from HNS. In the ADHERE registry, even though 31% did not meet Sher’s 

criteria at 12 months, over 90% of patients were satisfied with their HNS, and would 

choose it again.1876 The German Post-Market Study cohort demonstrated that among AHI 

nonresponders, the ESS and FOSQ significantly improved and over 90% continued to utilize 

their device.1548,1881,1892

Investigation continues into eligibility criteria for HNS since the literature postulates that a 

wider variety of patients may benefit from HNS than were included in the STAR trial. In 

a retrospective case series of 31 Veterans Affairs patients, of whom 61% did not meet the 

FDA’s proposed criteria, Sher’s criteria was met in 90%, with 72% achieving an AHI less 

than 5.1893 In addition, patients with isolated retropalatal collapse achieve similar results 

from HNS when compared to patients with other airway collapse patterns.1894 An analysis 

of the ADHERE registry found that patients 65 years and older are more likely to have 

greater AHI reductions and higher device usage.1895 Yet, previous ADHERE studies call 

into question whether age is an independent factor in outcomes.1876 A German cohort found 

no differences in outcomes between patients younger and older than 65 years.1896 Female 

sex and lower BMI have been suggested to increase odds of reaching surgical success.1876 

In contrast, a retrospective case–control study found equivalent results in patients with BMI 

above and below 32.1489 A smaller retrospective series demonstrated that higher baseline 

AHI is associated with greater overall AHI reductions.1897

The impact of HNS on common complications of OSA is currently under investigation. 

Within the STAR cohort, Inspire responders had reduced HRV suggesting lower sympathetic 

tone and improved CV health.1898 In non-diabetic patients, HNS reduced insulin resistance 

and improved oral glucose tolerance.1899 A retrospective study comparing ADHERE and a 

PAP cohort found HNS improved systolic and mean arterial pressures (MAPs) of baseline 

hypertensive patients, whereas PAP improved pressure measures in all groups, especially 

diastolic and MAP.1900 (Table IX.D.7.b)

IX.D.7.c | Titration of HNS: For hypoglossal nerves stimulation (HNS) therapy, proper 

titration of the electrical parameters is critical to comfort, use, and successful long-term 

outcomes. HNS therapy is an adjustable medical device that can be titrated in the clinic 

or sleep laboratory setting to optimize effectiveness and comfort longitudinally. HNS 

settings can be adjusted to maintain adequate disease control, as body weight or other 

pathophysiologic factors change over time. Prior studies have shown a graded increase 

in airflow and multilevel airway measurements with increasing stimulation amplitudes 

until a plateau is reached, balancing patient discomfort with therapeutic efficacy.1901–1905 

Although increasing amplitude may be associated with improved UA opening, a threshold 

is reached where further increases in amplitude are associated with therapy discomfort and 

subsequently detrimental to sleep-onset and sleep-maintenance.

Most research on HNS titration refers to the Inspire implantable HNS system (Inspire 

Medical Systems, MN, USA). The STAR trial established the foundation for the current 

titration protocol which consists of: (1) device activation four weeks post-implant, (2) 
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initial patient self-titration and accommodation period, followed by (3) laboratory-based 

overnight titration PSG 2–6 months postoperatively.1904 Device activation is recommended 

with standard default stimulation settings (bipolar electrode configuration [+–+], pulse width 

= 90 μs, rate=33 Hz), confirmation of proper system function, and determination of the 

functional threshold – defined as the lowest amplitude at which tongue protrusion passes the 

mandibular incisors.382,1906 Initial amplitude is set at or just below the functional threshold 

and includes a patient-control range of ten 0.1 V increments (e.g., functional threshold = 1.0 

V with a range of 0.8–1.7 V with 0.1 V increments).1907 Patients are asked to progressively 

increase the amplitude on their remote every few nights at home. This allows self-titration 

by patients to optimize their symptoms while simultaneously balancing their comfort with 

the device.

When assessing treatment response, two types of PSG have been reported: (1) titration 

PSG which consists of an in-lab study with real-time therapy adjustments made by a 

sleep technician according to established laboratory protocols akin to CPAP titration 

studies, and (2) full-night efficacy PSG, either in-lab or via home portable monitoring, 

which measures the sleep outcomes at one setting all night. Although the STAR trial 

and German post-market study included titration studies between 2 and 6 months, the 

manuscripts reported outcomes from the subsequent full-night efficacy studies.1880 Reports 

from the multicenter ADHERE global clinical registry, however, represent a combination of 

titration study data and full-night efficacy studies depending on the center and individual 

insurance coverage.1488,1876 Three studies have reported HNS results from postoperative 

titration studies.1546,1894,1908 As expected, the results from the titration studies showed more 

improvement in the final AHI when compared to full-night outcomes studies. In summary, 

variability exists in outcomes reporting based on study type. This variability underscores 

the importance of distinguishing between titration and full-night outcomes and the need for 

more fullnight efficacy data in understanding long-term therapy outcomes.1909

For HNS patients with suboptimal OSA response or problems with device adherence, 

examination and implementation of best-practice approaches for device data download, 

patient education, targeted advanced titration and programming adjustments, and close 

clinical follow-up, may optimize long-term outcomes. For refractory cases with persistent 

OSA, there may be a role for awake endoscopy or DISE to further titrate therapy.1910–1912 

Industry-sponsored recommendations including sleep laboratory titration protocols, as well 

as office-based therapy troubleshooting and advanced titration protocols are available; 

however, peer-reviewed practice guidelines are still in development. Additional research 

is needed to determine which titration protocols improve outcomes and which approaches 

have the most meaningful effects. (Table IX.D.7.c)

IX.D.7.d | Adherence in HNS therapy: HNS outcomes are directly tied to therapy use 

– also referred to as therapy compliance or adherence. Furthermore, therapy adherence is 

influenced by therapy side effects, which include various device-related, stimulationrelated, 

and/or psychosocial-related factors. Long-term adherence to OSA medical device therapies 

remains one of the biggest challenges in the treatment of OSA. The STAR trial reported 86% 

of participants using the therapy nightly at the 12-month mark; however, this adherence data 

represented self-report rather than objective analysis.382
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Technology advances allowed for objective therapy use data to be downloaded from the 

pulse generator using the telemetry unit and clinician programmer. Early published objective 

adherence data was limited to total hours of therapy usage since the last device interrogation 

(reported as mean hours per night or week of use). At a mean 7.8 months follow-up, Kent et 

al. reported mean objective adherence of 7.0 ± 2.2 h/night.1546 Heiser et al. reported similar 

high adherence rates with a mean of 6.6 ± 2.7 h/night at 12 months.1880 Comparing HNS 

outcomes of 97 consecutive patients at two centers, Huntley et al. also reported favorable 

adherence in the first year with 63.4% and 78.8% of the participants at the respective centers 

using the therapy over 40 h/week.1908

Therapy side effects with negative potential impact on adherence have been reported in 

multiple studies. In the STAR trial, discomfort due to electrical stimulation was the most 

common non-serious adverse event reported and improved across the 5-year trial – 40% 

of patients noted an episode of discomfort during the first year but only 3.5% of patients 

reported discomfort during the fifth year.382,383 Tongue abrasion from tongue movement 

against an adjacent tooth was reported in 21% of patients in the first year and was reduced 

to 4.1% of patients in the fifth year. The reduction in adverse stimulation-related side effects 

over time suggests a potential role for long-term therapy accommodation that includes 

patient education, therapy troubleshooting, targeted reprogramming, and close clinical 

follow-up.

More recently, Heiser et al. reported on 508 HNS patients from the multicenter international 

ADHERE registry with a mean objective nightly use of 6.4 ± 2.0 h/night at the first 

post-titration time point (n = 344 patients; average = 137±77 days postoperatively) and 5.7 ± 

2.2 h/night at the final visit (n = 229 patients; average = 386 ± 136 days postoperatively).1488 

At both the post-titration and final visits, 23% of patients had a treatment-related adverse 

event, which most commonly consisted of stimulation-related discomfort, tongue abrasion, 

or insomnia/arousal. Furthermore, using a logistic regression model they showed increasing 

therapy adherence was associated with increasing age, lower BMI, and increasing AHI.1488 

Thaler et al. published the results of 1017 patients implanted with the HNS as part of the 

ADHERE registry.1876 After 12-months, mean objective therapy use was 5.6 ± 2.1 h/night. 

Stimulation-related discomfort remained the most commonly reported adverse event and 

while adverse events typically decreased from their 6to 12-month time points, insomnia/

arousals was the only event that increased (3% vs. 5% of patients). These patients would 

likely benefit from advanced titration programs to increase the comfort of the device but 

there is a scarcity of evidence to guide practicioners.

More studies are needed to examine which specific treatment factors and patient factors 

most strongly impact therapy adherence and outcomes. For example, akin to other medical 

devices, comorbid insomnia may be a negative predictor of HNS therapy adherence and 

may benefit from concomitant insomnia and OSA management. Future investigations 

of HNS therapy should focus on patient education, patient selection, and post-implant 

troubleshooting algorithms to further optimize therapy comfort and adherence. Additionally, 

technology advances could provide clinicians with more detailed and granular, and even 

remotely accessed, nightly adherence data for better longitudinal care. (Table IX.D.7.d)
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IX.D.8 | Multilevel surgery—MLS for adults with OSA was popularized in the late 

1990s following the recognition that single level surgery (with UPPP) was successful in a 

minority of unselected cases.1634,1913 This was found to be due to persistent retropalatal 

collapse but also untreated additional sites of obstruction.1643,1914 As acceptance of the 

concept of multilevel UA collapse grew,1584,1915 many centers around the world accordingly 

developed protocols to surgically treat multiple levels of the UA simultaneously. These 

protocols are collectively referred to as MLS and generically consist of the simultaneous 

surgical treatment of more than one site of UA obstruction in patients with OSA.

Initially MLS included nasal, retropalatal, and hypopharyngeal sites. Given the widespread 

adoption of DISE and the VOTE classification, an updated definition might include the 

nose, palate, oropharyngeal lateral walls, tongue base, and epiglottis as potential subsites. 

For instance, genioglossus advancement (GGA) with hyoid suspension (HS) was previously 

categorized as hypopharyngeal surgery only but this combination of surgeries has effects on 

the tongue base and epiglottis and therefore can be considered MLS. MMA also meets the 

definition of MLS. Similarly, HNS has the unique capability of treating palatal, tongue base, 

and epiglottis levels of collapse through palatoglossal and glossopharyngeal coupling.

Surgery for OSA is not considered first line therapy of OSA in adults. Patients pursue 

MLS for salvage of untreated or incompletely treated OSA due to PAP therapy intolerance. 

Therefore, comparing response rates to PAP effectiveness rather than efficacy is more 

appropriate.1916 Defining surgical success is most typically by PSG parameters but 

recognizing improvement in QOL, bedpartner reports of snoring and ideally reduced long-

term health risk are of importance as well.

When interpreting the results of various MLS protocols over the past 20 years, it is 

important to recognize that not only have the thresholds for defining surgical success 

evolved over time, the core definition of a hypopnea has changed and the AHI has replaced 

the RDI as the outcome measure of choice.1917,1918 Currently, the most accepted definition 

of surgical success are the Sher criteria: achieving a 50% decrease in AHI and to less than 

20 events/h. However, there is a movement toward using more objective outcomes (e.g., 

ODI) and/or a 50% AHI decrease to under 15 events/h into the mild OSA range, which 

correlates with long-term health risk and mortality.114,118,433,434,638,642,660,683 The selection 

of patients has largely shifted from awake staging systems assigned by physical exam and 

awake flexible laryngoscopy (Friedman stage, Fujita classification, Muller maneuver) to 

dynamic assessment under DISE.

Overall the literature on MLS is predominantly comprised of case series and lower quality 

prospective and retrospective cohort studies. Note that many smaller and lower quality 

studies are not included in the references due to citation limits. The exceptions are a 

randomized, sham-placebo controlled trial examining the effects of RFA and an RCT 

examining medical management versus MLS.1497,1919 The studies are heterogeneous in 

terms of patient selection, procedures, and outcome reporting. Even in papers using the 

same general procedure, there remains significant variability between studies such as the 

palatopharyngoplasty technique used or number of RFA sessions.
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Overall, surgical success rates based on AHI/RDI improvements are in the 60%–70% 

range.1811,1817,1830,1913,1920,1921 Table IX.D.8 describes specific and heterogeneous success 

rates with a given MLS protocol. Most typically, postoperative AHI/RDI is determined 

within the first 12 months following surgery; however, a small number of studies have 

demonstrated longer-term efficacy.1922–1927 Most studies additionally compare pre- and 

postoperative nocturnal oximetry data including average SpO2, O2 nadir, and time spent 

below 88% which similarly show significant improvements overall.

Snoring and QOL measures, most commonly the ESS, demonstrate significant 

improvements after MLS. Most studies describe raw ESS score changes rather than 

improvement below established thresholds for defining pathologic sleepiness. Finally, 

a smaller number of studies report significant improvements in other metrics such as 

arousal index,1497,1824,1928,1929 sleep architecture,1798,1920,1929–1931 CRP,1932 airway cross-

sectional area,1933–1936 and volume changes,1497,1937 reflux symptoms,928 swallowing 

function,1938 and reaction time.1497,1926,1936 Notably absent are CV outcomes measures.

A few studies attempted to compare the efficacy of single level and MLS surgery. None 

of these are RCTs and therefore are fundamentally flawed to answer this question. Most 

of these studies assigned patients to single or MLS based on classification systems such as 

Fujita or Friedman, where inherently easier to treat patients may be more likely to receive 

single level surgery. Some studies showed greater efficacy with MLS, while others showed 

superiority of single level surgery. This question is not as relevant at the present time given 

the trend towards individualization of treatment selection using strategies such as DISE and 

endotyping.

MLS for OSA is effective at reducing polysomnographic measures of OSA severity, 

bedpartner reports of snoring, and QOL measures. Patients should be adequately counseled 

regarding success rates of specific MLS protocols. Procedure selection should be tailored to 

levels of UA collapse, patient goals, and surgeon comfort/experience.

Safety of MLS: All patients with OSA are at an increased risk of perioperative 

complications, and this is especially true for UA surgery such as MLS for OSA. Contributors 

to this increased risk include muscle relaxation from general anesthesia, respiratory 

suppression, and heightened arousal threshold from narcotics, UA edema, and difficulty 

tolerating PAP postoperatively. It therefore stands to reason that MLS may increase risk 

by extending general anesthesia time, increasing narcotic requirements and worsening UA 

edema. Patients requiring MLS likely also have more severe OSA.

Multiple studies have shown significantly increased complication rates and pain scores in 

MLS when compared to single level surgery, represented by UPPP alone.1939–1941 However, 

in one large national database analysis, Baker et al. did not find increased complications 

between UPPP alone and UPPP combined with tongue base or nasal surgery but did 

identify differences in length of hospital stay.1942 Another consideration is the risk-benefit 

of staged versus simultaneous UA surgery. One study found no difference in complications 

between staged and simultaneous MLS, but did find higher healthcare expenses in the staged 

group.1943
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Concurrent nasal surgery may theoretically increase complication rates by temporarily 

promoting open-mouth breathing and abolishing the nasal-ventilatory reflex. Busaba 

compared single stage UPPP with nasal surgery to staged UPPP and nasal surgery and 

found no difference in complication rates.1944 Similarly Pang reviewed MLS cases with and 

without nasal surgery and found no difference in complication rates.1945

Postoperative disposition is another peri-operative safety concern. Although the biggest risk 

following MLS may occur around postoperative day 3 coinciding with REM rebound, 

peaking edema, and pain (and therefore narcotic use), most postoperative patients are 

admitted for overnight observation for one night only.1521 Same-day discharge versus 

overnight admission for nasal surgery with UPPP showed no difference in complication 

rates.1946 There are no studies reporting on the safety of same-day discharge following 

combined palate and hypopharyngeal surgery.

As mentioned, MLS is a heterogeneous collection of protocols, some of which are 

minimally invasive. For instance, RFA treatments of the palate and tongue base are routinely 

performed on an outpatient basis due to the limited risk profile. One study even reported 

performing GGA with hyoid myotomy and uvulopalatal flap under local anesthesia with no 

difference in complication rates compared to when performed in the OR.1550

Overall, complications – and especially major complications – are relatively uncommon as 

demonstrated in a large single series of MLS patients.1559 Due to wide-ranging morbidity 

of various procedures, reporting a single, generalized complication rate is misleading. The 

reader is therefore encouraged to review specific protocols to evaluate common adverse 

events.

Guidelines for the perioperative care of OSA surgery patients are well summarized by 

Ravesloot et al. although these are largely based on low quality studies and expert 

opinion and specifically does not address MLS.1521 Therefore, developing guidelines for 

perioperative care of patients undergoing MLS represents an opportunity for further work. 

(Table IX.D.8)

IX.D.9 | Durability of surgery: long-term results—Evidence regarding the 

durability of response to surgical intervention for OSA is limited. While short-term effects 

of sleep surgery have been well-studied, there tends to be a lack of long-term follow-up data 

in studies of this population. There are no SRs that examine long-term efficacy of surgical 

interventions.

Outcomes that determine durability of treatment include symptoms, somnographic variables, 

and comorbidities. These parameters are not uniformly examined across the literature when 

assessing for long-term response.1686 In addition, surgery can have a variable effects on 

the durability of different subjective outcomes within the same patient compared to its 

effect on objective polysomnographic criteria.1665 Surgical success is traditionally defined 

as >50% reduction in AHI to a level less than 20,1501,1507 although this is not synonymous 

with complete resolution of disease.1957 This definition of “success” has been met with 

criticism,1957 citing possible sub-therapeutic responses.
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One Cochrane review examined the efficacy of any surgical intervention for OSA compared 

to non-surgical or no intervention.1483 Of the studies included in this review, duration of 

follow-up for surgical patients was heterogeneous, with a mean duration of 11 months 

(range: 3 months −4 years). Few studies of surgical intervention for OSA include long-term 

data beyond 4 years, with longest follow-up at 8 years.1958

Durability of response to pharyngeal and palatal surgeries has been shown to be variable. 

About half of patients who undergo such procedures are reported to have persistent 

improvement in clinical and polysomnographic OSA parameters at time of long-term 

follow-up, which ranges from 3 to 8 years.812,1507,1958 MMA, whether performed as an 

isolated procedure or as a secondary phased intervention in a multiphase approach, has been 

associated with more consistent longstanding improvement of OSA parameters for 2–6 years 

after surgery in upwards of 90% of patients.1501,1959 Data for HNS has demonstrated up to a 

75% surgical success rate at 5-year follow-up.1890

Sleep surgeries targeting structures of the UA have been reported to show better long-term 

outcomes for patients with mild-to-moderate OSA,1958,1960 especially in those with clearly 

identifiable obstructive anatomic variants.1961 A >50% improvement of AHI in mild to 

moderate OSA is more likely to result in AHI reduction to levels closer to the normal range. 

The greater propensity for relapse in patients with severe OSA may be due to the higher 

preexisting burden of disease in this population, as well as presence of comorbid conditions, 

such as obesity.1962,1963 Although a greater clinical effect of surgery on reduction of AHI 

has been noted for patients with more severe OSA,1501,1959 somnographic parameters can 

still remain above the normal range, thus necessitating continued treatment. Surgeries 

targeting skeletal structures and HNS have demonstrated longer-lasting success rates in 

patients with moderate-to-severe OSA at 2–6 years.1890,1959

Response to surgery tends to degrade over time, and up to half of patients treated with 

surgery for OSA can eventually relapse.1507,1665,1958 Relapse has been suggested to be 

related, in part, to weight gain, interval development of illness, or medication changes, 

although it can still occur without clear cause.1482,1962 The majority of failures tend to be 

apparent between 6 and 12 months after surgery. Improved outcomes and longer persistence 

of response have been shown with multiphase and multilevel surgeries that address multiple 

anatomic sites rather than single-site surgery.1665,1686,1921,1959

There is a paucity of data examining the long-term effects of sleep surgery on morbidity 

and mortality.1686 Short-term improvements in symptoms, somnographic variables, and 

comorbid parameters1964,1965 have been wellreported in these patients; however, the best 

way of measuring longstanding impact has yet to be determined. Surgical treatment of 

OSA has been suggested to have positive effects on CV outcomes and on mortality,1498,1964 

although the evidence is limited and should be interpreted cautiously.

The variety of surgical interventions available, along with the clinical and anatomic 

variability of patients undergoing these procedures, makes it difficult to generalize 

durability of response. Newer surgical techniques, such as hypoglossal nerve stimulator 

implantation, are also just beginning to amass longitudinal evidence based on therapeutic 
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AHI. Improvements in surgical techniques, such as expansion palatopharyngoplasty, have 

led to increased success of short-term surgical response rates,1966 and long-term data will be 

needed for these updated techniques.

Surgery has the potential to provide long-lasting benefit, but long-term follow-up is required 

as OSA is a chronic disease. The variability of response and the risk of relapse noted in 

the current literature reinforce the necessity of evidence-driven patient selection and directed 

counseling about the expected goals and range of outcomes. (Table IX.D.9)

IX.D.10 | Tracheotomy—Tracheostomy, a surgical procedure in which an opening is 

created in the trachea to bypass an UA obstruction, was described in 1969 for the treatment 

of OSA. Until that time, there were no other treatments for OSA or its medical sequelae of 

pulmonary and systemic hypertension, disabling daytime sleepiness, and decreased mental 

function.1967

During the 1970s, the medical management of OSA with continuous PAP was not widely 

used or available and many articles evaluated the efficacy of tracheostomy for OSA. 

Guilleminault et al.1968 reported on 268 patients seen between 1972 and 1978 who were 

classified as “predominantly OSA” based on clinical symptoms and PSG. Of the 72 patients 

that underwent tracheostomies, there were 50 patients with follow-up; these patients had a 

mean preoperative AI >60 events/h and had postoperative PSGs carried out 6 weeks to 3 

months after surgery. For all patients, the AI decreased to below 5 events/h and elimination 

of daytime sleepiness and fatigue. Patients, when asked, responded that they would opt for 

surgery again, based on their improvement in symptoms.

Simmons et al.1969 reported on 14 patients (12 adults and 2 children) with OSA where 

no specific anatomical cause was found. Indications for surgery were hypertension, loss of 

livelihood and social contacts, and inability to drive due to disabling hypersomnolence for 

adults, and for children were emotional and learning problems and enuresis. Tracheostomy 

was successful in all 14 patients after medical management had failed. Several additional 

articles describe resolution of hypersomnolence, hemodynamic abnormalities, cardiac 

arrhythmias, sleep cycle disruptions, and arterial blood gas abnormalities associated with 

OSA, as well as resolution of obstructive events with tracheostomy.1970–1977

In 1980, CPAP was developed by Dr. Colin Sullivan who applied pressure through the nose 

to keep the UA open. As CPAP use has become more prevalent, it has evolved into the initial 

treatment for many patients with OSA. However, there are many patients who do not tolerate 

CPAP, while others who continue to have hypersomnolence, morning headaches, and CV 

disease secondary to OSA despite CPAP use.

To determine if tracheostomy results increased survival for patients with OSA, Partinen 

et al.1978 evaluated the long-term outcome of 198 OSA patients undergoing tracheostomy 

compared to individuals treated with weight loss and better sleep hygiene. The patients were 

seen between 1972 and 1980 and received tracheostomy (n = 71) or recommendations for 

weight loss (n = 127). At 5-year follow-up, all deaths (14) had occurred in the non-surgical 

group, and this group also had a higher 5-year crude vascular mortality rate. He et al.1979 
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studied 385 male OSA patients for over a decade and found that those with an AI > 20 

events/h had a greater mortality rate than those with an AI < 20/h. For patients with an AI > 

20/h, none of the patients treated with tracheostomy (N = 19) or nasal CPAP (N = 4) died.

An SR of the literature by Camacho et al.1980 identified 10 relevant studies that had reported 

outcomes for AI, AHI, ODI, effect on daytime sleepiness, and mortality. Tracheostomy was 

found to significantly decrease AI, ODI, sleepiness, and CV mortality in both obese and 

non-obese patients with OSA.

Mild complications from tracheostomy include wound infections, necrosis of skin flaps after 

permanent tracheostomy, and an increase in pulmonary secretions resulting in pneumonia or 

bronchitis. Respiratory distress secondary to mucous plugging and presence of granulation 

tissue requiring operative or procedural intervention have been reported. There was 

one report of the severe complication of tracheal innominate fistula, which resulted in 

death.1968,1971,1974

Tracheostomy is difficult for some patients to adjust to and can result in depression and 

psychosocial problems.1968,1981 To counter this, some patients may wear a scarf or high 

collared shirt to cover the tracheostomy tube during the day while it is plugged. The 

tracheostomy can also restrict activities of daily living and social activities.

Tracheostomy has been shown to be an effective surgical procedure for patients with OSA 

and OHS. It can result in resolution of OSA-associated conditions such as sleep stage 

abnormalities, pulmonary and systemic hypertension, hypersomnolence, and poor QOL. 

Mortality has also been shown to decrease in OSA patients who have had tracheostomy 

versus those treated with medical therapies. Currently, tracheostomy is reserved for those 

patients who are unable to use CPAP, or have not benefited from CPAP and do not have 

addressable identifiable UA abnormalities but are amenable to surgery.

IX.D.11 | Bariatric surgery—Obesity, as defined by a BMI ≥ 30 kg/m2, continues 

to be a worldwide epidemic. According to the most recent WHO data, the prevalence of 

worldwide obesity has tripled since 1975. In 2016, more than 1.9 billion adults worldwide 

were overweight with 650 million categorized as obese.1982 The prevalence of OSA amongst 

obese adults is high (55%–90%), with a positive correlation between OSA and increasing 

BMI.1983–1985 Of the various treatment options available for OSA in obese patients, bariatric 

surgery has been shown to improve various co-morbidities including OSA.194,195,1986

Several RCTs have been completed evaluating the impacts of bariatric surgery on 

OSA.194,1987,1988 Two of these primarily compare the results of diet, exercise, and intense 

nutritional care versus the results of bariatric surgery.194,1988 These two studies revealed 

that the surgical group achieved significantly higher weight loss than the nutrition group, 

but there was no significant difference in their AHI values. Furthermore, there was found 

to be no significant difference in their ability to be weaned from a PAP system.1988 The 

RCTs listed may have been limited by their method of bariatric surgical intervention as 

both utilized gastric banding. However, SRs show that procedures that are both restrictive as 

well as malabsorptive (such as roux-en-y surgery), where the stomach anatomy and transit 
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time are altered, are more efficacious in reducing OSA when compared to purely restrictive 

procedures like gastric banding.1989,1990

More recent SRs suggest that there is significant reduction in AHI levels following bariatric 

surgery. One SR compared intensive lifestyle interventions to bariatric surgery with regards 

to their effect on OSA. Those undergoing bariatric surgery had a two times greater 

reduction in AHI that those in the intensive lifestyle intervention group.1963 Several of 

the studies included other OSA endpoints, specifically the ESS scores and nocturnal SaO2 

nadir.1963,1983,1987,1991,1992 In a study comparing bariatric surgery with CPAP treatment, 

both groups had similar decreases in ESS.1987 Two other studies, and one SR, noted a 

reduction in the ESS after bariatric surgery,1963,1983,1991 while one study noted a decrease in 

the percent time with nocturnal SaO2 below 90%.1983 Additionally, an SR noted an increase 

in the nocturnal mean and nadir SaO2 following bariatric surgery.1992

There are general trends noted amongst all these studies. The most important is that bariatric 

surgery often results in a significant reduction in AHI levels. However, OSA often persists 

following bariatric surgery. There is little data about the ability to discontinue PAP use once 

significant weight reduction has occurred. (Table IX.D.11)

IX.E | Surgical Efficacy for OSA Symptoms and Comorbidities

IX.E.1 | Surgery and daytime sleepiness and quality of life—Sleepiness is 

arguably the most common daytime complaint of OSA sufferers.1997,1998 It is attributed to 

the recurrent arousals and desaturations that lead to sleep fragmentation and decreased slow 

wave sleep. Assessing sleepiness with patient-reported scales such as the ESS, Functional 

Outcomes of Sleep Questionnaire (FOSQ), and Calgary SAQLI are critical. Scores are often 

not associated with the AHI.1999,2000

Evidence supports that UA surgery reduces sleepiness. Palatal surgery outcomes are the 

most widely published. The traditional UPPP with and without tonsillectomy was found 

to be significantly more effective at reducing ESS compared to no treatment.1688 Other 

palatal techniques and hypopharyngeal surgeries have also been effective at alleviating 

sleepiness.1666,1802,1804,1817,1920,1966,2002–2004 Studies on HNS and MMA report significant 

improvements lasting beyond 5 and 10 years, respectively, with normalization of ESS 

and sleep-related QOL scores (FOSQ and SAQLI).1868,1874,1890,2005–2007 Nasal surgery 

significantly improved ESS despite not having a large effect on AHI.545,906,1660,1961,2008 

Less invasive techniques such as RF and soft palate implants may have benefit on 

sleepiness.1737,1746,1782,2009–2012 Tracheostomy resolves sleepiness in most, but not all, 

OSA patients.1980 The only surgical technique that has been labelled ineffective in this 

regard is LAUP.1483

Certain factors appear to further improve the effect of surgery on sleepiness. Repeated 

treatments in cases of minimally invasive procedures can achieve longerterm results.2013 

Targeting multiple levels is more effective than single-site procedures, in the short-

term.2012,2014 Steward et al. showed that ESS and FOSQ significantly improved with five 

sessions of multilevel (tongue and soft palate) TCRFTA compared to three single-level 

(tongue) sessions.2015

Chang et al. Page 158

Int Forum Allergy Rhinol. Author manuscript; available in PMC 2024 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Surgery has been compared against non-surgical interventions in a few randomized 

controlled studies. Mackay et al. recently reported that surgery (combined modified UPPP 

and minimally invasive tongue volume reduction) was significantly more effective in 

lowering ESS (12.4–5.3) compared to ongoing medical management (11.1–10.5) over 6 

months.1919 The aim of this trial was to assess whether modified UPPP and minimally 

invasive tongue reduction was beneficial for those with moderate to severe OSA.1919 

This was a multicenter, open-label RCT to assess the benefits of surgical intervention 

versus medical management (instruction on mitigating reversible causes of inspiratory flow 

resistance – weight loss, bed positioning, etc.). Symptomatic adults (age 18–70 years) with 

an AHI > 15 were enrolled with 51 patients in each group (n = 102). Primary outcomes were 

reduction in AHI and Epworth Sleepiness Score (ESS).

The mean AHI was reduced from 47.9 to 20.8/h at 6 months in the surgery cohort and 

decreased from 45.3 to 34.5/h for the medical management group. The mean ESS was 

12.4–5.3 at 6 months in the surgery group and marginally decreased from 11.1 to 10.5 in 

the medical management group (p < 0.001). Four percent in the surgery group had serious 

adverse events. Of note, only seven of 51 medical management patients attempted CPAP 

during the trial, indicating that 44 patients in the control arm were not receiving active 

treatment, perhaps contributing to differences between groups.

Collectively, the observed benefits from surgery are seen in both objective and subjective 

findings. However, it is unclear what truly is a significant reduction in AHI and thus such 

changes should be interpreted in the context of patient reports and/or hard outcomes.

Walker-Engstrom et al. found similar score improvements for sleep and vitality in both 

UPPP and OA therapy groups with mild-moderate OSA after a year.2016 Woodson et 

al. conducted a trial of mild–moderate OSA patients who underwent multilevel TCRFTA 

(palate and tongue base) versus CPAP versus sham.1497 ESS and FOSQ scores of both CPAP 

and TCRFTA treatment groups improved significantly compared to sham, although the CI 

included zero.1497,2017 Vicini et al. demonstrated that both MMA and APAP reduced ESS 

scores equally 1 year after commencing treatment, with no statistical difference between the 

groups.1503

Vigilance: Vigilance, a surrogate marker for sleepiness, has been reported as an outcome 

measure in a few studies. Multilevel TCRFTA (palate and tongue base) significantly 

improved reaction time testing compared with baseline, while CPAP did not.1497 Faster 

reaction time correlated with a greater number of levels and sessions of TCRFTA.2015 

Modified UPPP was shown to significantly improve alertness through better Oxford sleep 

resistance (OSLER) test scores compared to the untreated group.1666 The proportion of 

patients who passed the 40-min test after surgery rose from 41% to 91%.1666 Boyd et al. 

found that patients performed better in a psychomotor vigilance task that measures sustained 

attention over 10 min after MMA.2005 MMA and CPAP improved vigilance to the same 

extent from baseline in 24 patients who had been treated with CPAP initially, and then 

underwent MMA.2018
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Sexual function: Two small prospective studies on UPPP have shown postoperative 

increase in testosterone levels and normalization of decreased libido, as well as significant 

improvement in the International Index of Erectile Function.2019,2020

Psychological symptoms: Prospective cohort studies and case series have shown 

improvement or resolution in anxiety, depression, hostility, and daytime dysfunction after 

OSA surgery.2014,2021–2024 Ishman et al. found that the reduction in sleepiness scores, and 

not the OSA severity, is predictive of improvement in depressive scores using the Beck 

Depression Inventory-II.2014 Li et al., however, did not find any correlation between mood 

improvement and changes in polysomnographic parameters or ESS scores.2023 There is 

a possibility that psychological symptoms improve at least in part due to the patient’s 

perception of his/her disease being treated, and not purely due to change in AHI.2022

General quality of life: Holty and Guilleminault reported that MMA reduced symptoms 

such as irritability, morning headaches, memory loss, and impaired concentration in most 

patients.1867 Skeletal advancement surgery can improve SF-36 Health Survey scores, with 

66.7%–100% of patients returning to normal levels postoperatively.2005,2006 SF-36 scores 

similarly improved in patients who underwent modified UPPP, and not in the untreated 

group.1666

The Cochrane review by Sundaram et al. in 2005 concluded that symptoms and QOL were 

not significantly improved with surgery.1483 The review however was not comprehensive 

and did not include all types of sleep surgery such as MMA and many newer surgical 

techniques. (Table IX.E.1)

IX.E.2 | Surgery to improve OSA severity—The AHI is the most popular parameter 

for measuring OSA severity and surgical outcomes. The definition of surgical success 

based on AHI change varies across studies, with the most common being Sher’s criteria 

(a reduction in AHI of ≥50% and to a value of <20) which was used in most of the 

studies reviewed.1634 However, newer metrics such as the sleep apnea-specific hypoxia and 

composite scores may better capture sleep apnea disease burden.2025,2026

Nasal surgery has a limited ability to improve respiratory parameters,545,906,2008 although 

Ishii et al. and Wu et al. found small improvements in RDI and AHI, respectively.545,1660 

Palatal surgeries, one of the most commonly performed OSA surgeries, have a reputation for 

not consistently lowering AHI even in mild to moderate OSA.1686 UPPP was cited as having 

a success rate of 40.7% in an unselected patient population; success rates reached 52.3% in 

cases with solely retropalatal obstruction.1634 A recent MA in 2018 by Pang et al. reported 

an overall pooled success rate of 67.5% for palate surgeries based on patients without 

hypopharyngeal collapse.1966 New palatal techniques may further improve the success 

of procedures targeting retropalatal obstruction.1690,1722,2027 However, even the simple 

tonsillectomy can achieve 100% success in a targeted population, that is, mild-moderate 

OSA patients with enlarged tonsils.335

Hypopharyngeal techniques were developed to deal with retroglossal obstruction, but they 

have unpredictable success rates of between 35% and 62%, even when combined with 
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UPPP.1802,1811,1817 TORS for tongue base resection and lingual tonsillectomy demonstrate 

improved LSATs and success rates between 48.2% and 68.4%.1829,2002,2003 In general, 

tongue base resection and advancement techniques have better results than minimally 

invasive tongue base reduction with RF.1790,1811,2004

There is inconsistent evidence on minimally invasive procedures.1736,1737,2010 Some studies 

report significant improvement in RDI and AI after both single and multilevel RF 

procedures.1497,1782,2009 Multiple sessions may be required and data reports on short follow-

up periods of 6 months.1736,2013 Techniques such as cautery-assisted palatal stiffening 

operation (CAPSO) and the Pillar procedure have also been reported to reduce AHI and 

ODI.1746,2011

HNS has shown statistically significant reductions of approximately 50% in both AHI 

and ODI at 12 months, success rates 70–75%, with similar efficacy persisting to 60 

months.1874,1890 Its adherence data may be better than that of CPAP (median nightly usage 

of 5.8 h, with self-reported nightly device use in 80% at 5 years).1890 A withdrawal study 

that showed return of OSA severity to baseline after the device was turned off for at least a 

week confirmed its efficacy.1877

MMA and tracheostomy have consistently high success rates.1501,1686,2028 The cornerstone 

of skeletal surgery that expands pharyngeal dimensions at all levels, Holty and Guilleminault 

first reported a pooled success rate of 86.0% (p < 0.001) after MMA, with mean AHI 

dropping from 63.9 to 9.5.1867,2029 Cure (AHI < 5) was achieved in 43.2%.1867 MMA 

has classically been a second-line surgery in the older Stanford protocol. Elshaug et al. 

reported that the pooled success rate of patients rose from 55% after phase I surgeries to 

86% after phase II surgery.1957 However, MMA can be highly effective as either primary 

or second-line surgery.1686,2007 Limited data on other types of skeletal surgery suggests 

efficacy in selected patients too.1794,1804,2030,2031 Bypassing the UA with a tracheostomy as 

a last resort can dramatically reduce the AI (73.0 ± 27.1 to 0.2 ± 1.2/h).1980

Multilevel surgeries can achieve decent outcomes in OSA which is frequently a multilevel 

disease.1830,1920,1921 Using Sher’s criteria, the success rate of MLS was 66.4% (59.2% if 

MMA was excluded).1920 Certain techniques such as tongue base procedures may have 

better results as part of MLS.1811 Mackay et al. showed MLS reduced AHI (47.9–20.8) 

significantly more than ongoing medical management (45.3–34.5), with more patients (26% 

vs. 8%) in the surgical arm achieving an AHI <10.1919 That said, additional levels of surgery 

do not always yield further AHI reductions.2032

It is prudent to be mindful that initial efficacy may decrease with time due to tissue laxity 

and non-anatomical factors. The surgical response of UPPP decreased from 67.3% in the 

short-term to 44.35% after at least 34 months.812 The improvement in AHI post-MMA 

persists with 89% of patients maintaining surgical successes at a mean of 44 months, but 

mean AHI increased to the moderate range after 8 years.1867,1868

The MA by Sundaram et al. concluded that surgery was less successful than non-surgical 

interventions, stating that TCRFTA and UPPP had poorer AHI outcomes compared to 

CPAP and OA therapy.1483,1497,1507 However, Vicini et al. compared the most consistently 
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successful OSA surgery to date, MMA, against APAP and showed both groups had 

marked AHI reduction after a year, without a statistically significant difference between 

the groups.1503

It can be argued that CPAP adherence is highly variable, so surgery may have an overall 

better outcome in some patients.1495 Surgery is an option to reduce OSA severity in CPAP-

intolerant patients. When appropriately selected, some surgeries can have high success rates. 

Overall the literature is limited by lack of comparative analyses and long-term outcomes. 

(Table IX.E.2)

IX.E.3 | Surgery and mortality risk—Few studies to date have focused on the 

impact of surgical procedures for OSA on all-cause mortality and survival. A retrospective 

cohort study of OSAS patients including those treated with UPPP, CPAP, or weight loss 

demonstrated a lower likelihood of all-cause death in UPPP patients when compared 

to untreated patients.2034 After adjusting for age, sex, BMI, AHI, and select medical 

comorbidities, the adjusted HR for all-cause mortality in the UPPP group was 0.14 (95% CI, 

0.04–0.50).2034 The likelihood of OSA-related mortality was also lower in UPPP patients 

than in untreated patients (adjusted HR of 0).

A retrospective case–control study investigated mortality in heavy snorers including 256 

with OSA who underwent UPPP compared to that of a control group of 744 patients without 

snoring or SDB who underwent nasal surgery.2035 During a follow-up period of 5–9 years, 

the long-term all-cause mortality rate was not different between the OSA patients treated 

with UPPP (3.9%) and the nasal surgery control group (3.9%, p = 0.99). Given the increased 

mortality risk of OSA, the comparable mortality between the UPPP and the control groups 

may indicate that UPPP treatment of OSA conferred a survival benefit in OSA patients.

Few studies have compared OSA patient survival or mortality between surgically and 

medically treated patients. The largest retrospective cohort study on this topic studied 

survival in veterans with OSA treated with UPPP (n = 2072) or provision of CPAP (n = 

18,754).1498 When comparing all-cause mortality rates between the two groups, the CPAP 

group had a statistically significant higher mortality rate (7.1%) than did the UPPP group 

(3.4%). On average, the UPPP group had an overall survival of 22 days longer than did 

the CPAP group. After adjusting for known confounders of mortality, patients in the CPAP 

group had a 31% greater probability of mortality at any time during the study period than did 

patients in the UPPP group.

In another retrospective cohort study of OSA patients, 5-year survival and mortality were 

compared amongst 149 UPPP and 126 CPAP (confirmed active use) patients.2036 The 5-year 

survival probability did not differ between the UPPP (0.94 ± 0.24, mean ± SD) and CPAP 

(0.95 ± 0.34) groups. On subset analysis of patients with an AI > 20, there were similarly no 

difference in 5-year survival probability between the UPPP (0.92 ± 0.17) and CPAP groups 

(0.90 ± 0.14). There was also no statistically significant difference in all-cause mortality 

rates between the two groups at 4.0% for the UPPP patients and 2.4% for the CPAP patients.
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Taken together, retrospective cohort studies indicate that sleep apnea surgery may confer a 

mortality and survival benefit. (Table IX.E.3)

IX.E.4 | Surgery and hypertension improvement—An MA of 30 different 

randomized controlled studies demonstrated clinically relevant reductions in BP for those 

patients treated with CPAP.1209 Whether similar clinically relevant reductions in BP can 

be achieved in patients who have undergone sleep apnea surgery will be addressed in this 

section.

There have been no Cochrane reviews of the effect of sleep apnea surgery on BP. The data 

outlined include mostly case series with risks for bias and limitations from lack of control 

groups.2037

The most recent study by Chin et al. examined 89 patients who underwent multilevel soft 

tissue surgery of which 40 were identified as responders, as defined by a post-surgical 

AHI of less than 20 events/h.2038 In these responders, a statistically significant reduction in 

morning and nocturnal SBP was noted. DBP reduction was not statistically significant. In 

2017, Fehrm et al. designed an RCT to assess BP changes in patients undergoing modified 

UPPP in comparison to a control group.2039 The study included 65 patients of which 32 

initially underwent the surgery and 33 remained in the control arm with the use of CPAP 

therapy. BP measurements were taken after surgery and 6 months postoperatively. After 

6 months, the control arm was also offered the modified UPPP, and both groups were 

followed for a total of 24 months. SBP and DBP measurements were significantly reduced 

in the surgical treatment arm at 6 months, with a −9.4 mmHg difference in SBP and −6.4 

mmHg in DBP. This change in BP was greater than in the initial CPAP control group, 

which demonstrated only a −2.6 and −2.0 mmHg drop in both SBP and DBP, respectively. 

After the CPAP control arm was offered surgery at 6 months, at the time of the 24-month 

follow-up, there was persistent improvement in BP in both groups that underwent surgery. 

In 2014, Rotenberg et al. published his experience with soft tissue palatal surgery ± nasal 

surgery in a cohort of 126 patients. In regards to BP, a statistically significant reduction in 

SBP was seen (p < 0.001) in the surgical group with a reduction noted from 143.2 to 134.5 

mmHg.1499 Finally, one study evaluated a cohort of 18 patients who underwent soft tissue 

surgery with the use of 24-h ambulatory BP monitoring – considered superior to in-office 

spot BP monitoring.1714 This study demonstrated statistically significant improvements in 

nocturnal SBP, DBP, and MAP measurements after surgery at 6 months.

A multicenter prospective cohort study on 30 patients undergoing MMA surgery 

demonstrated notable findings regarding QOL measures and AHI reductions.2005 In regards 

to BP, a non-significant reduction in mean diastolic BP and in systolic BP were noted. 

Another study on patients undergoing MMA was completed in 2015 by Islam et al.2040 

This study looked at 45 patients that underwent the surgery, and in the 85% who were 

determined to have surgical success (AHI < 15% or 50% reduction from the index AHI), 

significant reductions in both SBP and DBP were seen, particularly in patients with 

previously diagnosed hypertension treated with medications. In the 10 patients with a 

history of hypertension treated with medications, the reductions in mean SBP, mean DBP, 

and MAP, were −6, −10, and −9 mmHg, respectively. Those patients who did not meet 
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the definition of surgical success had significant reductions in DBP alone. Regarding the 

long-term effect of BP reduction in surgically managed patients, Boyd et al. studied 30 

patients that underwent MMA surgery and determined that over a mean of 6.6 years of 

follow-up (range, 2.1–11.2 years), statistically significant reductions were seen in DBP with 

non-statistically significant reductions in SBP.2041 Notably the extent of BP improvements 

seen in these small surgical studies are substantial, along the lines seen with effective 

BP medications and larger than reported with CPAP.1209,2039 More research is needed to 

understand the long-term pathophysiologic effects of sleep surgery on BP control. (Table 

IX.E.4)

IX.E.5 | Surgery and cardiovascular outcomes—Patients with OSA have increased 

inflammatory, metabolic, hemodynamic, and autonomic dysfunction, which contribute to 

increased risk of CV disease.110 The obstruction of the airway with resultant hypoxemia 

cause increased sympathetic activity, which leads to downstream effects to the CV system 

through heart rate and BP elevations. These deleterious effects have been linked to increases 

in HF, CAD, and all-cause mortality.641,642

Treatment with CPAP has been evaluated in an attempt to discern its effect on the incidence 

of CV events such as MI, acute coronary syndrome, and stroke. The results of these 

studies have been mixed, but overall, they do suggest CV benefits with CPAP treatment 

for OSA.38,118,1249

One SR analyzed a total of 33 articles on the effects of sleep surgery on CV outcomes.1687 

This study determined that the overall evidence regarding CV outcomes imply a benefit; 

however, the studies were mostly case series, and larger randomized prospective trials 

were recommended to more definitively understand the role of sleep surgery in reducing 

long-term CV consequences associated with OSA.

A recent study in 2018 by Lee et al. examined the entire population of South Korea over 

a 7-year time frame via their national healthcare database and found that 22,231 UPPP 

patients had a statistically significant reduction in rates of CHF and AF in comparison to 

untreated patients with OSA (n = 170,085).1964 Regarding MI, the incidence in the untreated 

OSA group was higher than in the UPPP group, but lacked statistical significance.

A variety of secondary markers of CV function and/or stress are associated with CV 

dysfunction. These markers include CRP, serum leptin, BP, cholesterol, left and right 

ventricular function, nitric oxide (NO) levels, and HRV. These surrogate markers of CV 

outcomes are used in lieu of long-term follow-up, given the challenges with identifying 

differences in incidence of HF, MI, or stroke, which can take large cohorts and several years 

of follow-up not yet done in sleep surgery research.

Studies have examined the role of pharyngeal soft tissue surgery and the reduction of CV 

marker levels such as CRP and highly sensitive C-reactive protein (hs-CRP), serum leptin, 

trigylicerides, cholesterol, NO, and carotid artery intima-media thickness (CIMT). A case–

control study done by Binar et al. demonstrated a significant difference in hs-CRP in patients 

undergoing pharyngeal surgery.1693 A total of 23 patients were followed after surgery, and 
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the reduction in hs-CRP, which was significant, was only seen in the post-surgical patients 

that were able to obtain an AHI < 5/h, which occurred in only 26%. Lee et al., in a study 

of 30 patients undergoing lateral expansion pharyngoplasty, found reductions in hs-CRP in 

patients irrespective of post-surgical AHI; however, this only reached significance in the 

group of surgical patients with severe OSA prior to intervention.2042

Nocturnal HRV is a marker of autonomic dysfunction brought on by nightly hypoxemia 

from OSA and is considered a significant risk factor for CV dysfunction. Dehdia et al. 

evaluated UA stimulation therapy and its effect on nocturnal HRV in a cohort of 32 patients 

that underwent a repeat sleep study 12 months after their stimulation device was implanted, 

in addition to a withdrawal period.1898 This study demonstrated that HRV was improved 

between the patient’s baseline sleep study to the 12-month treatment study, and these effects 

did not change during the 1-week therapy withdrawal period. Studies that examined HRV in 

patient’s undergoing pharyngeal surgery showed that in patients with post-surgical AHI of 

less than 20/h, significant reductions in HRV were seen.1705,2043

CIMT, assessed via ultrasound or MRI, has been used as a screening tool for arteriosclerosis 

and risk stratification for future cardiac events.2044 CIMT, which is often used to monitor 

the effects of cardiac drugs such as lipid lowering agents and anti-hypertensive medications, 

has also been used as a surrogate cardiac marker. Peng et al. demonstrated in 52 patients 

that underwent UPPP and nasal surgery, that CIMT thickness, cholesterol, triglycerides, 

and BP were all significantly reduced.2045 This effect was mirrored in a group of patients 

that elected to start CPAP, and furthermore, changes in CIMT were not seen in the group 

that did not pursue surgery or CPAP therapy. A similar study, published in 2019 by Zhan 

et al., demonstrated that in 53 patients undergoing UPPP surgery, a variety of cardiac 

markers, such as CIMT, arterial stiffness parameters, and echocardiography, improved after 

UPPP surgery.1965 The surgical success rate in the group was 60.4%, and in this group, 

the reduction in the abovementioned parameters was demonstrated, including flow velocity 

reductions across the aortic and pulmonary valves on echocardiography.

In summary, CV events are a known risk factor of OSA, particularly for patients with 

moderate or severe disease. For OSA patients unable to tolerate CPAP therapy, one potential 

goal of surgical management is the reduction of cardiac risk factors in an effort to improve 

cardiac outcomes. Caution must be taken in reviewing the published literature regarding the 

reduction of CV risk for this group given the lack of rigorous long-term trials; however, 

the current research has demonstrated improvements in cardiac outcomes, and multiple 

surrogate markers of cardiac outcomes have been positively affected by adequate sleep 

surgery. (Table IX.E.5)

IX.E.6 | Surgery and cognitive measures—It is well recognized that OSA is 

associated with neurocognitive impairment. Among the various cognitive functions, 

attention, memory, and executive function are most commonly affected by this chronic 

disorder.829,846,849,2050,2051 There is compelling evidence that surgical treatment reduces 

OSA severity and daytime sleepiness.1686,1921,1966,2052 Furthermore, in children, multiple 

studies have evaluated the efficacy of T&A for OSA on cognitive function.2053,2054 This 
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section will focus on the neurocognitive effects of sleep surgery in adults suffering from 

OSA (Table IX.E.6).

Klonoff et al. were the first to assess neurocognitive function in adult patients undergoing 

surgery for OSA.2022 Although notable improvements in cognitive function were found after 

UPPP, similar results were observed in a control group of patients scheduled for cardiac 

surgery, suggesting that these changes were not disease-specific. Since then, two other 

studies have demonstrated improvements in cognitive function, albeit in different domains, 

after UPPP with or without tongue base surgery.2055,2056 Additionally, a multicenter study 

on MMA has shown positive effects on neurocognitive performance by means of an 

attention test.2005 Other cognitive domains were not examined. In general, the findings of 

these cohort studies are quite heterogeneous, showing improvements in different domains. 

Based on this limited evidence, surgical treatment might be effective to counteract some 

of the neurocognitive deficits associated with OSA. This might be consistent with previous 

research on CPAP therapy.1281,2057

There is one RCT available on the neurocognitive effect of OSA surgery.2058 In this 

study, 49 patients were offered CPAP or MLS based on clinical findings. Each group was 

subsequently randomized to active treatment or conservative measures consisting of weight 

reduction and alcohol avoidance. All patients were administered a neuropsychological test 

battery at baseline, and 3 and 12 months after treatment. The results revealed a significant 

improvement in visual memory among CPAP users; however, there were no differences in 

cognitive function between surgical patients and controls. Importantly, surgical patients did 

not achieve a satisfactory reduction in OSA severity and the study was limited by its small 

sample size and lack of executive function testing.

Lin et al. investigated morphologic brain changes in OSA patients following multilevel 

surgical treatment using volumetric MRI.2056 According to their results, surgery decreased 

aberrant gray matter volumes of the precuneus, insula, and cerebellum, but did not change 

the anterior cingulate gyrus, which is mainly involved in CV control. Notably, these changes 

were not associated with neurocognitive outcome after surgery.

Overall, the evidence supporting the efficacy of OSA surgery in terms of neurocognitive 

outcome is sparse and inconclusive with heterogeneous findings due to the use of 

diverse neuropsychological test batteries. Therefore, Décary et al. proposed a standardized 

neurocognitive assessment for patients with OSA, covering executive function, attention, 

memory, and general intelligence.2059 Confounding factors, such as age, cognitive reserve, 

and surgical response, can complicate comparison between studies. Future research 

addressing these caveats is warranted to evaluate the efficacy of surgical treatment on 

neurocognitive function in OSA patients. (Table IX.E.6)

IX.E.7 | Surgery and cerebrovascular disease—If untreated, OSA can have grave 

medical consequences. These adverse effects are often more profound in the cerebrovascular 

than in the CV system.647 Hence, ischemic stroke represents an important clinical endpoint 

for evaluating efficacy of OSA treatment.26,38
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Several studies have demonstrated that surgical treatment for OSA can improve 

surrogate endpoints of stroke, including BP,1714,1865,1877,2039,2041,2060 lipid profile,2061,2062 

platelet volume,2063,2064 CRP,2042,2065 inflammatory cytokines,2066–2068 matrix 

metalloproteinases,2069 CIMT,2070 HRV,1898,2043 and endothelial function.2071,2072 

However, few studies have examined the effect of OSA surgery on incident stroke (Table 

IX.E.7).

Partinen and Guilleminault evaluated CV events in patients with OSA treated by 

tracheostomy or weight loss counseling.2073 Despite an increased prevalence of CV disease 

in the tracheostomy group, these patients had significantly lower vascular mortality than 

the conservatively treated patients did after accounting for age, BMI, and OSA severity. 

Furthermore, during the 7-year follow-up, the incidence of stroke was significantly lower 

in the tracheostomy than in the weight loss group. Using the Taiwan National Health 

Insurance database, Chen et al. explored the 1-year incidence of stroke among patients 

with OSA who underwent UPPP versus those who did not receive any treatment.2074 

As a result, the authors found an adjusted RR of 0.45 for stroke in the UPPP group 

compared with the noninterventional group. Because some members of the latter group 

engaged in undocumented OSA treatment, this beneficial effect of surgery may have 

been underestimated. In another retrospective study comparing UPPP with CPAP, weight 

reduction, and no treatment, patients receiving treatment had significantly lower CV 

mortality than patients without treatment.2034 Statistical differences between treatment 

groups were not noted.

Besides this empirical research, cost-effectiveness models have indicated protective effects 

of HNS on CV outcomes. Based on data of the STAR trial, Pietzsch et al. estimated a 

substantial risk reduction of stroke with HNS (10-year RR 0.75).2075 Another model based 

on realworld data revealed a similar benefit of HNS over a 10-year period (RR 0.76; number 

needed to treat 55.6 for stroke).2076

In summary, there is limited evidence that surgical treatment for OSA reduces the risk 

of CVAs. Most research on this topic has been conducted with surrogate endpoints for 

stroke. Only one retrospective study was identified that evaluated the direct effect of 

conventional OSA surgery on incident stroke.2074 Analogous to CPAP-therapy,26,38 large 

randomized trials with rigorous study design are needed to delineate the effects of surgery 

on cerebrovascular morbidity and mortality in patients with OSA. (Table IX.E.7)

IX.E.8 | Surgery and work productivity—Untreated OSA patients often have daytime 

symptoms that can affect work productivity. Ulfberg et al. compared OSA patients with 

non-snorers and found that OSA patients had more difficulty doing their job because of 

tiredness/sleepiness (OR = 37), and had large or very large difficulties with concentrating 

on (OR = 7.5) and learning (OR = 9.1) new tasks.2077 Mulgrew et al. examined patients 

with suspected OSA and reported that excessively sleepy patients with an ESS ≥18 had 

significantly worse time management, mental–interpersonal relationships, and work output 

than those whose ESS was ≤5.1322 Given that many OSA patients complain of excessive 

daytime sleepiness, poor work productivity is a highly probable consequence.
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A negative impact on the economy may manifest in the form of the cost of days absent from 

work because of OSA and the cost of disability or work duty modifications.1024,2078 In a 

large study of 19,438 OSA patients from the Danish National Patient Registry, Jennum et 

al. showed that OSA patients have higher hospitalization rates than non-OSA controls.133 

OSA patients also have greater total direct (expenses for medical visits, hospitalizations, and 

medication) and indirect (loss of income due to disease-related work disability) costs up to 

8 years prior to and after diagnosis.133 The study reported that CPAP and surgery could 

reduce workplace costs, but not to the level 2 years prior to treatment initiation, and CPAP 

was comparatively more effective at doing so than surgery.133 T&A and UPPP were listed as 

examples of surgeries undergone by the population; no sub-analysis of specific surgeries was 

performed.

The handful of studies analyzing the impact of OSA treatment on work productivity are 

mostly focused on CPAP.1024 Zhang et al. is perhaps the only study that examined the 

impact of surgery on work ability using a Work Ability Index (WAI) questionnaire.2079 

Minimally invasive MLS was performed on the inferior nasal conchae, soft palate, tonsils, 

and tongue base of 51 patients. Statistically significant improvements in polysomnogram 

parameters (e.g., AHI, lowest saturations, microarousal index), ESS, as well as better WAI 

scores were noted 1 year after the surgery.2079 WAI scores improved from 37.76 ± 4.46 

to 40.00 ± 4.53 (maximum score being 49 points; a higher score indicating better work 

ability).2079 The study observed that the change in the WAI score was influenced by the 

change in ESS, and patients whose occupation was classified as “mental work” improved 

more than those who did “manual work.”2079

Extrapolation from improvements seen in sleepiness, vigilance, reaction time, perceived 

general well-being, and reduced errors or lapses2005 after the majority of OSA surgeries 

suggests that surgery could lead to improved work productivity. However, in the presence of 

scant hard evidence demonstrating this link, the efficacy of surgery on work productivity is 

not certain. (Table IX.E.8)

X | PEDIATRIC OSA: DIFFERENCES IN EVALUATION AND MANAGEMENT

X.A | Evaluation for Pediatric OSA

Pediatric is distinct from adult OSA in epidemiology, pathophysiology, diagnosis, 

and treatment. Less common than in adults, OSA has an estimated prevalence of 

1%–3% in children.2080 Untreated pediatric OSA is associated with hypertension,2081 

autonomic dysfunction,2082 attention-deficit/hyperactivity disorder,2083 neurobehavioral 

impairment,2084,2085 and poor QOL.2086 Comorbidities in children that are associated with 

an increased risk of OSA include Down syndrome, craniofacial anomalies, neuromuscular 

disorders, mucopolysaccharidoses, and obesity.2080

X.A.1 | Diagnosis by history—Snoring, apneic pauses, and gasping or snorting during 

sleep are the cardinal features of OSA in children and routine screening for snoring is 

recommended by the AAP.2087,2088 Though daytime sleepiness is also associated with 

childhood OSA, it is less common than in adults. Other symptoms common in children with 

OSA include nocturnal enuresis, daytime attention deficit, or hyperactivity,2083,2089–2092 
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learning difficulties and poor school performance.2080 However, while these symptoms in 

combination with habitual snoring are suggestive of childhood OSA, clinical evaluation 

alone is inadequate in establishing a diagnosis of OSA. For this reason, attended overnight 

PSG remains the gold standard and primary recommended method for diagnosis and severity 

grading of OSA in children.2088 However, due to the limitations of attended PSG in 

children including lack of availability, high cost, and poor tolerance, a clinical diagnosis 

of obstructive SDB can be made by clinical history and physical exam.

X.A.2 | Sleep disordered breathing and validated subjective measures—
When a diagnosis of OSA based on PSG is not possible, a diagnosis of SDB is 

often made based on clinical evaluation alone. Symptom screening may be further 

supplemented with validated questionnaires for symptoms of SDB or to assess sleep-related 

QOL.2093–2095 Among these, the Sleep-Related Breathing Disorder scale of the Pediatric 

Sleep Questionnaire (SRBD-PSQ) and the OSA-18 are two of the most commonly used 

and cited questionnaires (Table X.A). A recent MA of the accuracy of the SRBD-PSQ in 

diagnosing OSA in children showed a sensitivity of 0.72 [95%CI 0.68, 0.77], specificity of 

0.59 [95%CI 0.56, 0.63], and an overall fair diagnostic accuracy (AUC) of 0.73 [95%CI 

0.63, 0.82].2096 In general, questionnaires that have been validated against PSG have 

demonstrated variable sensitivities and specificities depending on the diagnostic cut-offs 

used, with frequently poor diagnostic accuracy.2094,2097 However, these questionnaires do 

have clinical utility in measuring subjective disease burden and sleep-related QOL. For 

example, the SRBD-PSQ score has been shown to correlate better than PSG with other 

measures of sleep-related morbidity (e.g., executive dysfunction, behavior, QOL, sleepiness) 

as well as response to treatment.2098

X.A.3 | Physical examination—As a standard part of the head and neck exam, tonsillar 

hypertrophy is described according to the Brodsky scale,1645 though awake tonsil size 

assessment has not generally correlated well with either baseline OSA severity2099–2101 

or response to AT.2102 Macroglossia should be noted and may be more significant in 

children with craniofacial syndromes. Other physical exam findings associated with OSA in 

children include adenoidal facies, nasal obstruction due to turbinate hypertrophy or septal 

deviation, mouth breathing, micrognathia, midface hypoplasia, and a narrow high-arched 

palate. General muscle tone and neurologic status should also be noted. Symptoms of stertor 

or stridor while awake may prompt flexible awake endoscopy during the clinic visit.

X.A.4 | Objective testing—Unlike sleep testing in adults where home sleep testing 

is an accepted method of OSA diagnosis, no home sleep tests (HSTs) have been shown 

to be reliable or valid in children for routine clinical use. Therefore, attended overnight 

PSG remains the recommended method for diagnosis of OSA in children.2103 The AASM 

recommends the use of pediatric respiratory scoring rules for any children less than 18 

years of age, but there is an option to use adult scoring rules for teenagers at least 13 

years of age.12 OSA is diagnosed when SDB is accompanied by an abnormal PSG with an 

obstructive AHI > 1. Although there is no universal consensus on cutoffs for OSA severity in 

children, several studies use an AHI of 1 to <5 for mild,5 to <10 for moderate, and ≥10 for 

severe OSA.
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According to the American Academy of OtolaryngologyHead and Neck Surgery Clinical 

Practice Guidelines for Tonsillectomy in Children, T&A may be recommended as treatment 

for SDB in the absence of PSG if clinical history and physical exam are congruent with the 

diagnosis.2104 Further recommendations include obtaining PSG in children with SDB if they 

exhibit obesity, Down syndrome, craniofacial abnormalities, neuromuscular disorders, sickle 

cell disease, or mucopolysaccharidoses.

X.A.5 | Drug-induced sleep endoscopy in children—First described and widely 

used in the evaluation of adults with OSA, DISE is increasingly used in children with 

OSA. While the indications for DISE in adults are well established, the indications in 

children remain controversial.2105 DISE has been described in the evaluation of surgically 

naïve children2106,2107 as well as in those who have failed T&A2108 to help guide surgical 

decision-making. Patterns of obstruction observed in children are not as well established 

as in adults and vary by age and comorbidities.2109 While most adult rating scales like the 

VOTE scale focus primarily on dynamic obstruction at the soft palate, lateral OP, base of 

tongue, and epiglottis, it is widely acknowledged that the nasal airway, adenoid hypertrophy, 

and arytenoid cartilages can also be important sources of obstruction in children.2110,2111 

(Table X.A)

X.B | Adenotonsillectomy as First-Line Treatment for Pediatric OSA

The management of pediatric OSA depends on several factors including the severity 

of the sleep disorder, associated daytime and nighttime symptoms, and comorbidities. 

Adenotonsillar hypertrophy is the main contributor to OSA in the majority of healthy 

children.2104 As such, T&A is the first-line surgical treatment for OSA in children. This is 

the recommendation of guidelines published by the American Academy of Otolaryngology-

Head and Neck Surgery (AAOHNS),2104 the AAP,2088 and the AASM.2114 Evidence in 

RCTs and SRs2053,2054,2115 has shown that T&A results in improvements in PSG parameters 

as well as daytime and nighttime symptoms, QOL, and behavior. While T&A should be 

recommended in children diagnosed with OSA by PSG, T&A is frequently recommended 

for SDB based on clinical history and examination findings alone, and has been shown to 

result in significant improvements in neurocognitive and QOL outcomes. However, there 

is increasing awareness that some children may see improvement and resolution of OSA 

without surgical intervention and may benefit from medical treatment or observation alone.

The most significant and widely referenced study on the management of OSA in children is 

the Childhood Adenotonsillectomy Trial (CHAT).2054 The CHAT study was a well-designed 

and rigorously conducted RCT with wide geographic and racial representation for the 

US, as well as high follow-up rates. It included 464 children (ages 5–9 years) with 

OSA randomized to T&A or watchful waiting with supportive care (observation). The 

study reported significantly greater improvements in the T&A versus observation groups 

in symptoms, behavior, QOL, and PSG outcomes. However, there was no difference in 

objective testing for attention and executive function between the groups. Normalization of 

PSG was much higher in the T&A 153/194 (79%) versus the observation group 93/203 

(46%).2054 At baseline, mean AHI scores were 6.9 (SD 5.7) in the T&A group and 6.6 

(SD 5.6) in the observation group. At 7 months, the mean AHI score in the T&A compared 
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with the observation group was 1.6 (SD 3.0) versus 5.9 (SD 10.1), respectively. Children 

with more severe baseline OSA showed greater improvement after T&A compared to 

watchful waiting, but they were also less likely to show PSG normalization after T&A. 

Similarly, fewer African American children and those with obesity had normalization of 

AHI, irrespective of the assigned treatment.

Several observational cohort studies reported significant improvements after T&A for OSA 

in children.2116–2118 A multicenter retrospective study of 578 children in six pediatric sleep 

centers in the US and Europe was reported by Bhattacharjee et al.2116 All children had a 

T&A for OSA with pre- and postoperative PSG and 50% were obese. T&A resulted in a 

significant reduction in AHI from a mean 18.2 to 6.4, but only 27% had complete resolution 

of OSA (AHI < 1). Older age (>7 years), and those with chronic asthma or obesity were 

more likely to have persistent OSA. Most children had an improvement but not resolution 

in AHI after T&A. This study2116 and several others have reported persistent OSA after 

T&A in children with severe OSA, obesity, Down syndrome, craniofacial, genetic, and 

neuromuscular disorders.2117,2119

Two meta-analyses of outcomes of T&A for OSA were published in the last 5 years.2053,2115 

Both included data from the CHAT study and reported significant improvements in 

PSG parameters, symptoms, QOL, and behavior in children with OSA undergoing T&A 

compared to observation. Chinnadurai et al.,2053 in an MA of three studies on outcomes 

of T&A for OSA, reported a significant 5-point difference in improvement in AHI after 

T&A versus observation. However, two studies included in this MA were small cohort 

trials.2053 Venekamp et al.2115 reported on three studies with 562 children but were unable to 

combine the results because of substantial differences in the groups of children studied.2115 

They reported significant improvements following T&A versus observation but mostly in 

healthy, normal-weight children. They noted that these benefits were modified by comorbid 

conditions, such as craniofacial, neuromuscular, genetic, and metabolic disorders and that 

demographic characteristics, particularly obesity, can lead to more severe baseline OSA and 

a less significant response to T&A.2115

There is an ongoing debate about the efficacy and timing of T&A for mild OSA (AHI <5). 

Trosman et al. studied children with mild OSA, including a variety of comorbidities such as 

obesity, craniofacial disorders, and hypotonia. Of 62 children, 19 had a T&A, and the rest 

were observed.2120 T&A resulted in a significant improvement in AHI over observation in 

the non-syndromic, nonobese children that was not seen in the observation group. Indeed, 

several children in the observation group experienced worsening AHI. Volsky et al.2121 

studied 64 children with mild OSA and compared 30 who underwent T&A with 34 in the 

observation group. Outcomes were measured subjectively with QOL instruments. Baseline 

QOL measures improved significantly 4 and 8 months after T&A. There was no change in 

QOL measures for the observation group at 4 months but some improvement at 8 months. 

There is a paucity of outcomes data in children with significant comorbidities and mild OSA 

and it remains unknown if T&A should be a first-line treatment in these children. There 

is additional concern that T&A for mild OSA can lead to weight gain especially in obese 

children that can worsen the severity of the sleep disorder.2122 Furthermore, the role of 
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CPAP therapy as an alternative to T&A, especially in obese children, has not been studied 

extensively and better patient-focused outcome measures are needed.

As an alternative to T&A for treatment of pediatric OSA, medical treatment has been 

proposed including nasal steroids and oral montelukast.2123–2125 An MA including five 

studies that evaluated montelukast as stand-alone treatment for pediatric OSA found a 55% 

improvement in AHI. A separate analysis of two studies found a 70% improvement in AHI 

when treatment with montelukast was combined with nasal steroid therapy.2126 However, 

these studies did not compare medical treatment to standard surgical treatment and measured 

only short-term outcomes (typically 3–6 months). The long-term impact of these medical 

treatments and their potential side effects is unknown. In addition, montelukast now has an 

FDA black box warning due to risk of serious adverse mental health side effects.2127

In children with persistent OSA symptoms after T&A, PSG is indicated. Options for 

treatment include noninvasive positive pressure therapy, medical therapy as described above, 

or further surgical treatment. DISE is being increasingly explored in the treatment of 

persistent OSA in children after T&A.2109 Surgical therapy in these T&A failures can 

be dictated by findings on DISE and may commonly include revision T&A, lingual 

tonsillectomy, supraglottoplasty, or nasal surgery. 2128 Future directions include the 

increasing application of HNS in children who fail T&A. Initial studies in adolescents with 

Down syndrome with persistent severe OSA after T&A showed median reduction of AHI by 

85%.2129

In summary, there is strong evidence to support T&A as the first line treatment of OSA in 

children. However, in children with mild to moderate OSA and mild symptoms, a period of 

observation or medical therapy may be appropriate. There is a paucity of research on the 

best management of children with mild OSA or in children with significant comorbidities 

and OSA. Persistent OSA in children may be evaluated with DISE which can further dictate 

medical or surgical therapy. (Table X.B)

XI | KNOWLEDGE GAPS AND RESEARCH OPPORTUNITIES

There is continued rapid growth in knowledge and advancements within the field of 

SDB. Growing evidence demonstrates that OSA results from individualized features of 

physiology and symptomatology. The far-reaching independent effects of untreated OSA 

on cardiometabolic comorbidities, health outcomes, and mortality are unresolved. The 

next phase of investigation requires determining optimal paradigms for diagnosis and 

management of OSA by translating large-scale analyses into personalized care.

The ICS:OSA outlines areas where consistent evidence supports screening, diagnosis, and 

treatment for OSA while at the same time identifies important knowledge gaps. Specially, 

there is a need to demonstrate that the treatments for OSA have meaningful impact on 

outcomes other than sleep health and patient satisfaction.
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XI.A | Phenotypes and Metrics of Disease

The contributors to adult OSA are multiple and complex. Integrated knowledge of sleep 

architecture, ventilatory control, UA anatomy, insomnia, and neuromuscular control is 

necessary to appreciate the complexities of the disease and determine the best steps for 

management.

XI.A.1 | AHI and the need for alternative metrics of OSA—The ICS:OSA 

demonstrates a variability in OSA phenotypes and disease sequelae. Yet, the historical 

paradigm for stratification of OSA severity has centered primarily on the AHI as the 

outcome metric. Utility of a single outcome metric, whereas simple, does not adequately 

predict the multitude of clinical endpoints attributed to OSA. A recent publication from the 

Sleep Research Society summarizes the strengths and weaknesses of AHI as the main metric 

of OSA.2025

Traditionally, AHI is the summary metric that defines OSA presence and severity. It 

represents the focal measure of UA instability in a sleep study2130 and of treatment efficacy. 

A 1999 consensus statement suggested that categories of mild (<5 events/h), moderate (5–15 

events/h), and severe (>30 events/h) for AHI were convenient and appropriate markers for 

clinical severity for the use of CPAP therapy.2131 At the time, these experts-derived cutoffs 

were not determined based on strong evidence. While definitions and scoring of hypopneas 

have changed, these cutoff AHI values are still used for categorical severity and treatment 

goals.

Problems with AHI as the primary metric of OSA disease include its lack of correlation 

with symptoms and sleepiness severity and issues with consistency of reporting. AHI has 

been demonstrated to have poor correlation with sleepiness, neurocognitive function, and 

QOL.421,954,2132–2135 There are issues with consistency and reproducibility of the AHI 

metric. A night-to-night variability of AHI in the short term is related to variation in sleep 

stages, sleeping position, environment, and arousals.2136–2138 Interscorer reliability of AHI 

when the scoring is tightly controlled within a sleep center is high.2139 However, when 

applied to clinical practice, sleep laboratories may use a variety of AHI metrics depending 

on insurance payor edicts or updates in clinical scoring rules (i.e., hypopnea definitions). 

This leads to variability in interpretation of AHI.

While AHI was the starting point and is the best studied metric of OSA, it falls short as a 

unifying metric that captures both OSA severity and outcome prognostication. Alternative 

determinants of disease severity may involve combinations of other metrics. The ODI is 

defined by desaturations on pulse oximetry and is associated with the potential for more 

objective scoring.732 Arousal index, area under the SaO2 curve to account for hypoxic 

exposure, apnea–hypopnea length, and inter-apneic interval are currently experimental 

but suggest associations with clinically meaningful outcomes. Disease burden has been 

associated with metrics such as: hypoxic burden, which may contribute to CV mortality2140; 

arousal intensity, which has implications for memory disturbance2141,2142; and specific 

blood biomarkers, which may demonstrate inflammatory responses to chronic intermittent 

hypoxia.2143–2145 Thus, the optimal metric to identify OSA severity may differ between 

individuals depending on time of onset and burden of disease, and may be outcome-specific. 
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Further research is required to identify measures that capture potential heterogeneity in 

mechanisms underlying the origins of OSA and individual responses to hypoxia.2146–2148

Future definitions of OSA severity will likely merge the AHI with other quantitative and 

semiquantitative dimensions linking OSA pathophysiology and symptomatology.2149,2150 

An integrative approach may better determine and stratify patients who will benefit from 

OSA treatment.

XI.A.2 | Phenotypes of disease—Initial clustering and multi-dimensional analyses of 

OSA demonstrate it is a heterogeneous disorder with three clinical “phenotypes” proposed: 

(1) Disturbed sleep, (2) Minimally symptomatic, and (3) Excessively sleepy.1998,2150–2152 

Other studies have identified additional phenotypic groups, but these three have been 

identified across multiple populations. Pien et al. studied changes in symptoms related to 

sleepiness and fatigue, insomnia, and apneic events in these groups and found that the effect 

of PAP treatment differed by phenotypic group.

OSA phenotypes may also be associated with different levels of CV risk. Analyses of OSA 

symptom subtypes and CV disease showed a higher risk of incident CV disease and CV 

mortality in the “excessively sleepy” when compared with other clusters.640,1205

Another proposed clinical phenotype is the distinction between positional patients who 

primarily manifest OSA when in the supine position compared to nonpositional patients 

who demonstrate significant SDB in all positions.41 Understanding the differences in 

OSA disease and treatment outcomes between positional and non-positional patients has 

important implications for multi-modal treatment discussions.

Physiologic phenotypes of disease describe the heterogeneity of anatomic and non-anatomic 

contributors to disease such as UA collapsibility (measured with Pcrit), airway dilator 

muscle tone changes in sleep (measured with EMG), respiratory triggers for awakening 

(arousal thresholds), and sensitivity of the ventilatory control system (loop gain). The PALM 

scale (Pcrit, arousal threshold, loop gain, and muscle responsiveness) has been proposed to 

categorize OSA patients and target therapies to pathologic mechanism(s) of disease.36

Understanding the implications of these clustered traits and OSA phenotypes on treatment 

outcomes and other health risks will be an important area for individualized therapy.

Research opportunities include:

• Determining which combination of PSG and symptom-based metrics capture 

OSA severity, inform prognosis and determine CV and mortality risks.

• Determine accessible biomarkers for OSA that can be used to determine 

treatment responses.

• Understand the differences between OSA patients who have significant daytime 

sleepiness compared to those without sleepiness.

• Predict risks and symptoms associated with REM-related OSA, especially in 

those with mild OSA (AHI 5–15 events/h).
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• Delineate the mechanisms behind how obesity relates to OSA and individual 

OSA severity prognosis with weight management.

• Determine the genetic associations of SDB.

• Examine utility of interventions to alter loop-gain and arousal thresholds as 

adjunctive treatments for OSA.

• Understand the role of sleep position and clinical outcomes.

XI.B | OSA Screening and Diagnosis

The impact of OSA screening in primary care settings is not settled in terms of cost, 

effectiveness, and outcomes at the population level. Support exists for the utility and 

performance of the STOP-BANG as a screening tool, but evidence on the long-term health 

impacts of screening is lacking. Understanding health risks and behaviors that can be 

modified for benefit will define the optimal screening and testing strategies.

Different testing modalities now exist and given the prevalence and concern for OSA 

diagnosis, improving testing access and convenience is an emerging market. Home 

sleep studies improve convenience. Understanding the limitations of home sleep testing 

interpretations compared to in-lab sleep studies or oximetry testing will allow practitioners 

to choose the optimal testing and management strategies. Additionally, there are various 

consumer sleep technologies including nearables, wearables used for sleep tracking with 

variable capabilities. Devices assessments for potential benefits, disadvantages, and needs 

for validation are currently ongoing.2153

Research opportunities include:

• Assess the cost-utility tradeoff for routine screening in primary care settings.

• Create programs for inclusive and equitable access to OSA testing and decision 

making.

• Understand the predictors for false-negative home sleep studies that warrant 

follow-up and repeat testing. Determine who requires in-lab testing for diagnosis.

• Analyze the financial tradeoffs of using home sleep study testing versus in-lab 

sleep studies in specific high-risk populations.

• Optimize screening paradigms to determine those at highest risk for medical and 

behavioral consequences of untreated OSA.

• Systems to improve access to OSA testing.

• Understand the role, utility, and value of consumer sleep technologies for sleep 

tracking.

XI.C | OSA Therapy

XI.C.1 | Benefits of PAP—In the face of conflicting data between cohort and RCT 

studies on the effect of PAP therapy on cardiometabolic health outcomes and mortality 

risk, it is difficult to interpret the overall benefits of PAP therapy. Pack et al. summarized 
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the biases and limitations associated with the negative RCT studies on the effects of PAP 

therapy and CV events. Specifically, RCT studies were secondary prevention studies and all 

trials excluded OSA subjects with excessive sleepiness who are increased risk for CV events 

and most likely to benefit from treatment.1205 RCTs also had inadequate adherence to PAP 

therapy and on secondary analysis of data in adherent patients, CPAP benefit was found to 

be consistent with prior epidemiological studies.1206

Research opportunities include:

• Incorporate real-world PAP usage patterns to better understand modifications to 

health risks and mortality risks.

• Identify the patient phenotypes that benefit most from PAP therapy.

• Understand the efficacy of MADs, weight reduction, and positional sleep on 

altering health risks.

XI.C.2 | PAP adherence—PAP remains the first-line therapy for OSA treatment, 

but efficacy is limited by adherence. “Big data” analyses of CPAP telemonitoring data 

provide new opportunities to understand adherence and real-world use patterns. Yet, 

current dichotomization of PAP use into adherence versus non-adherence based on pre-set 

thresholds (i.e., >4 h per night on >70% of nights over a rolling 30-day period) ignores 

the potential for linear dose-dependent relationships between CPAP use and improved 

clinical outcomes and creates barriers to reimbursement in patients who may be receiving 

meaningful clinical benefit despite suboptimal use.1098 The use of the 4-h, 70% threshold 

may be contributing to reduced access to treatment by rendering users below this threshold 

ineligible for coverage. Thus, further work is required to identify clinically meaningful 

adherence thresholds for PAP use, which may be outcome-dependent and vary in the context 

of patient treatment goals.

Furthermore, identifying factors that influence PAP adherence can inform innovations for 

optimization of PAP use and motivate behavior change programs. Data suggests disparities 

exist with PAP adherence across socioeconomic and racial groups.1095–1097 Predictors of 

adherence include sociodemographics, comorbid conditions, OSA severity and perceived 

benefit of treatment, and behavioral factors, which may explain up to 50% of variance 

in PAP adherence.1106,1117 Interventions targeting modifiable predictors have informed 

protocols such as patient education and engagement programs, and optimization of device 

design. However, there remains an opportunity to identify predictors for non-adherence to 

improve patient expectation management and promote early consideration of alternative 

treatment options.

Research opportunities include:

• Reexamine current PAP use threshold definitions and identify clinically 

meaningful adherence thresholds.

• Determine predictors of PAP adherence and design protocols to automate and 

inform providers about patients at-risk for low adherence levels.
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• Quality initiatives to utilize telehealth or EMRintegrated systems to provide 

feedback to patients about PAP use and importance of PAP adherence.

• Understand the relationship between rhinitis, and sinusitis with PAP adherence.

• Identify and disseminate the most common modifiable changes to influence 

PAP adherence such as nasal obstruction, humidification, insomnia, PAP 

desensitization.

XI.C.3 | Surgery and definitions of success—Based on the AASM clinical practice 

guideline by Kent et al., referral for sleep surgery evaluation should be strongly considered 

for adults with OSA and BMI < 40 who are intolerant or unaccepting of PAP, and referral 

for bariatric surgery evaluation for adults with obesity (BMI > 35) who are intolerant or 

unaccepting of PAP.1506

Classic definitions of surgical success are based on specific levels of AHI reduction (i.e., 

Sher’s criteria) are limiting and do not fully capture the benefits of surgery in patients 

who cannot use PAP. A refocus on measures of QOL, symptoms, snoring sound reduction, 

and long-term health risk reduction that are important to patients2154 will be vital to 

understanding the full effects of surgery. Standardized approaches for surgical outcome 

reporting will be important and should quantify AHI reduction with standard analyses2026 

along with considerations for T90, ODI, AI, and sleep related symptoms. Specifically, much 

of the surgical literature is based on small case series with shortterm outcomes instead of 

prospectively designed trials. Standardized methodology for outcomes reporting is critical to 

allow for meta-analyses and evaluation of combined data.

Further work is also required to better understand which PAP alternatives are best for 

individual patients. Traditionally, surgery is performed after PAP has been trialed; however, 

in candidates with amenable anatomy, primary surgery may have a high probability of 

success. Further work is needed to understand the best candidates for primary surgery and 

each surgery type.

XI.C.4 | Surgical outcome—Comparisons between surgical outcomes and PAP 

outcomes are lacking. Specifically, postsurgical AHI improvement has rarely been compared 

to real-world PAP outcomes. Results on a titration sleep study do not adequately reflect PAP 

adherence and effectiveness. Larger prospective studies are needed to compare long-term 

outcomes in patients who receive surgical therapy versus PAP therapy.

Limitations of literature on surgery includes variability in procedural choice and techniques, 

non-standardized reporting of outcomes, small and heterogeneous populations, and many 

uncontrolled cohort studies. Recent advances include the addition of surgical techniques that 

reduce long-term risks for dysphagia and efforts to understand which anatomic and clinical 

features respond best to surgical interventions.

Anatomic surgery may not lead to OSA resolution in all patients in terms of achieving AHI 

< 5 events/h. However, the reduction in obstructive events, improvement in hypoxic burden, 
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improvements in QOL, and potential for health risk reduction are factors essential to surgical 

counseling.

Research opportunities include:

• Examine the thresholds of BMI for surgical candidacy and understanding the 

relationship between BMI and surgical success.

• Determine predictors for surgical success for each surgical approach.

• Determine candidates for each surgery type and candidates for surgery as first-

line treatment for OSA.

• Develop protocols to determine how to use DISE and other diagnostic tools to 

improve surgical outcomes.

• Determine the best practices approach for surgical selection based on clinical 

exam, treatment goals, PSG results, anatomy, DISE, and other factors related to 

OSA.

• Understand surgical outcomes in terms of OSA reduction, daytime sleepiness, 

snoring, and sleep quality.

• Understand the long-term outcomes of surgery on hypertension, CV disease, 

neurocognitive function, and mortality.

• Determine the role of surgery as adjunctive therapy to medical treatments for 

OSA.

• Evaluate management of HNS and determine how to resolve those with 

suboptimal response.

• Determine best-practice approaches for HNS advanced titration, programming 

adjustments, and clinical follow-up. Determine which titration protocols improve 

outcomes and which approaches have the most meaningful effects.

XI.D | Longitudinal OSA Care

OSA is a chronic disease that requires different modalities of therapy that may evolve over 

time. Long-term follow-up is necessary to assess for continued therapeutic response. As 

new medical and surgical treatment options for OSA are introduced, there is a need for 

large-scale studies to identify long-term efficacy and determine who is at risk for disease 

recurrence. The optimal care models for long-term management of OSA are unknown. 

Frequency of sleep studies has not yet been well established. Furthermore, while changes in 

OSA severity have been demonstrated in different age, weight, and comorbidity groups, the 

longitudinal course of OSA in a single patient with variations in these factors over time is 

not fully known. Therefore, further collaboration is required to identify follow-up protocols 

that are sensitive to changes in OSA over the disease course.

Research opportunities include:

• Optimize paradigms for longitudinal testing that include risk factors for disease 

progression or recurrence.
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• Validate and incorporate consumer sleep technologies for tracking OSA as a 

chronic disease in a clinically meaningful manner.

• Understand the impact and roles of OSA treatment on CV and neurocognitive 

comorbidities. Specifically, define OSA as a modifiable risk factor for each 

disease such as: diabetes, hypertension, CAD, AF, HF, stroke, memory loss, 

dementia, and cancer.

• Examine the mechanisms that underly the association between OSA severity and 

cancer risk.

• Efficacy and candidacy for alternative therapies including myofunctional therapy, 

PT, and oxygen therapy.

XI.E | Patient-Centered Models of Care

It is evident from the data presented in the ICS:OSA that medical and surgical therapy 

provide variable benefits. Identification of an optimal OSA treatment may prove challenging 

for patients given the multitude of therapeutic options and lack of clarity regarding optimal 

treatment paradigms. Improved shared decision-making processes and decision tools will 

be important to help patients identify goals in OSA treatment and allow providers to 

recommend specific treatments that meet individual goals and values.2154

It is essential for providers to comprehensively counsel patients about options for OSA 

treatment. Shared-decision making is especially important with patients who have failed 

first-line PAP therapy, given the variety of alternative treatments and high levels of 

decisional conflict in considering alternatives.2155 Prior studies have demonstrated that 

shared decision-making reduced decision delay, improved time to OSA therapy initiation, 

improved treatment compliance, and reduced decisional regret for parents of children with 

OSA.2156–2158

Multiple components of optimal OSA treatment require adherence to therapies such as PAP, 

HNS, MAD, weight management, and sleep hygiene. There is a need to understand patient-

specific behaviors and influencers of behavioral change and motivation. Collaboration is key 

to furthering understanding, providing individualized care.

Research opportunities include:

• Translating information from large datasets into personalized medicine.

• Improve the equity and access to knowledge about OSA and treatment options.

• Developing patient-facing decision support tools to navigate the options for OSA 

therapy and the risk and benefit tradeoffs.

• Align individual clinical factors and patient values with treatment options.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Sex as a Contributing Factor for OSA

Aggregate grade of evidence:

C (Level 2b: 3 studies; Level 2c: 17 studies; Level 3b: 16 studies; Level 4: 19 studies).
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Obesity as a Contributing Factor for OSA

Aggregate grade of evidence:

C (Level 1: 5 studies; Level 2: 11 studies; Level 3: 13 studies; Level 5: 2 studies).
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Craniofacial Anatomy as a Contributor for OSA

Aggregate grade of evidence:

C (Level 3a: 1 study; Level 3b: 21 studies; Level 4: 3 studies).

Chang et al. Page 304

Int Forum Allergy Rhinol. Author manuscript; available in PMC 2024 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Questionnaires for OSA Screening and Quality of Life Evaluation

Aggregate quality of evidence:

C (Level 1a: 5 studies; Level 1b: 4 studies; Level 2a: 3 studies; Level 2b: 7 studies.

Benefit:

Validated questionnaires offer simple, point-of-care options for screening in suspected 

OSA to prioritize patients needing confirmatory sleep study testing and to evaluate 

functional status and health-related QOL in patients with OSA.

Harm:

Minimal to none.

Cost:

No financial burden to patients. Clinic and patient time required to administer and collect 

responses are required.

Benefits-harm assessment:

Preponderance of benefit over harm. Low risk of harm with additional sleep study testing 

in patients with false positive responses. Low risk that a false negative response may lead 

to delay in testing and further management.

Value judgments:

Validated screening questionnaires can enhance diagnosis and treatment rates of OSA 

in a cost-effective manner. Validated functional outcomes and health-status QOL 

questionnaires serve as important tools in evaluating the behavioral and functional 

consequences of OSA and in measuring response to treatment.

Recommendation level:

Recommendation.

Intervention:

Validated clinical questionnaires can be used to identify patients at high risk for OSA, 

measure responses to treatment, and evaluate the health-related QOL. The STOP-BANG 

using a cutoff score of 5 may be used to screen patients for OSA and identify those 

needing sleep study testing. The FOSQ may be used to assess both functional outcomes 

in patients with OSA and to follow change in status over time and after treatment.
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Widespread Screening for OSA in the Primary Care Setting

Aggregate quality of evidence:

C: (Level 2a: 6 studies; Level 2b: 6 studies; Level 2c: 1 study).

Benefit:

Screening for OSA has the potential for earlier diagnosis and treatment which may be 

associated with reduction of symptoms.

Harm:

Potential for unnecessary diagnostic testing. There is very little evidence on the benefits 

of widespread screening for OSA.

Cost:

Low cost of screening and time required for screening.

Benefits-harm assessment:

Balance of benefit and harm.

Value judgments:

Primary care screening may enhance diagnosis and treatment rates at the population 

level, although no evidence has shown the long-term health benefits of screening.

Recommendation level:

Option to screen for OSA in asymptomatic patients.

Intervention:

Screening for OSA in the primary care setting is optional. Further studies are required 

to determine the long-term health impact of widespread screening and health risk 

prevention, which is not proven. STOP-BANG questionnaire has consistently higher 

sensitivity compared with other screening questionnaires.
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Screening for OSA in Perioperative Patients

Aggregate quality of evidence:

C (Level 2a: 1 study; Level 2b: 11 studies; Level 3b: 1 study; Level 4: 1 study).

Benefit:

Preoperative screening for OSA can identify high-risk patients in order to guide 

perioperative management and prioritize patients needing sleep study testing.

Harm:

Time required to implement screening system and the potential for over testing patients 

for sleep apnea (false positives on screening).

Cost:

Low costs associated with screening patients for OSA using questionnaires but an 

increase in indirect costs for additional testing and monitoring may occur.

Benefits-harm assessment:

Strongly favors screening for the diagnosis of OSA in the preoperative setting due to 

effects on perioperative management.

Value judgments:

The evidence favoring preoperative screening of OSA for perioperative planning.

Recommendation level:

Recommendation to screen for OSA in the preoperative setting.

Intervention:

Patients who are undergoing surgery benefit from preoperative screening for OSA. 

Based on the evidence reviewed, the STOP-BANG questionnaire is recommended as 

a screening tool due to its high sensitivity.
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Patient Reported Symptoms Related to OSA: Snoring, Gasping, and 
Excessive Daytime Sleepiness

Aggregate quality of evidence:

B (Level 1a: 1 study; Level 1b: 7 studies; Level 2b: 4 studies; Level 5: 1 study).

Benefit:

Symptoms of snoring, gasping, and excessive daytime sleepiness are linked to OSA.

Harm:

Potential for over-testing for OSA.

Cost:

Minimal to none.

Benefits-harm assessment:

Preponderance of benefit over harm.

Value judgments:

Patients can benefit from identification and treatment of OSA. Reporting of OSA 

symptoms may identify patients requiring further testing. Symptoms are not sufficient 

for diagnosis.

Recommendation level:

Recommendation.

Intervention:

Patients reporting symptoms of snoring, gasping, and daytime sleepiness should be 

further evaluated for OSA.
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Use of Imaging for OSA Diagnosis

Aggregate quality of evidence:

C (Level 2a: 5 studies; Level 2b: 3 studies).

Benefit:

Imaging allows for visualization of the anatomical sites of obstruction. Imaging may be a 

potential diagnostic tool for OSA as PSGs are expensive and time consuming.

Harm:

Unnecessary radiation exposure and poor diagnostic accuracy.

Cost:

Cost and time to obtain imaging.

Benefits-harm assessment:

Harms outweigh the benefits for OSA diagnosis.

Value judgments:

Lateral cephalometry is helpful for treatment planning in orthognathic surgery for OSA 

but not as a diagnostic tool for OSA.

Recommendation level:

Recommendation against use of imaging for OSA diagnosis.

Intervention:

Routine imaging is not useful as a diagnostic tool for OSA. Imaging may aid in specific 

treatment planning for the OSA patient.
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Home Sleep Apnea Testing for Diagnosis of OSA

Aggregate quality of evidence:

A (11 Level 1a studies; 13 Level 1b; 3 Level 2a; 14 Level 2b studies; 1 Level 2c; and 3 

Level 3b studies).

Benefit:

HSAT with type III devices have good diagnostic accuracy in selected patients. HSATs 

are useful in populations with a high prevalence of OSA or when combined with 

validated sleep questionnaire(s) that enhance the pre-test probability of moderate to 

severe OSA.

Harm:

Specificity of HSAT is lower in mild OSA patients. AHI, recording time, and sleep 

position affect the accuracy of HSAT. The moderate false negative rate seen with HSAT 

can potentially delay diagnosis and treatment.

Cost:

A home-based diagnostic pathway for OSA is associated with lower costs than a 

laboratorybased pathway from insurance payer’s perspective. There is substantial gap 

in the literature to guide home-based testing decision making and cost-benefit tradeoffs.

Benefits-harm assessment:

In patients with high pretest probability of OSA, HSAT can diagnose OSA. The benefits 

outweigh the harms. HSAT is valued for testing convenience, potential cost savings and 

allows for increased access to testing. Certain populations may benefit from PSG over 

HSAT testing.

Value judgments:

Sleep study data represent only one component of the OSA diagnosis. Clinical history 

and examination are as important and are complimentary to the sleep study.

Recommendation level:

Recommendation.

Intervention:

Home sleep apnea testing (HSAT) may be used for the evaluation of patients with a 

high pre-test probability for obstructive sleep apnea. Inadequate or inconclusive results 

on HSAT may require PSG testing.
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Indications for in-Lab Polysomnogram Versus Hsat for OSA Diagnosis

Aggregate quality of evidence:

For patients with hFrEF:

Grade C (Level 1b: 3 studies; Level 2b: 1 study; Level 3b: 1 study)

For patients with COPD:

Grade C (Level 1b: 1 study, Level 3b: 1 study)

For patients following stroke:

Grade D (Level 2b: 1 study)

For patients with technically inadequate or normal initial HSAT:

Grade C (Level 2b: 1 study)

Benefit:

Attended PSG can differentiate obstructive versus central events, which is important 

for hFrEF and post-stroke patients. PSG can also detect hypoventilation, essential for 

patients with COPD to provide accurate diagnosis of OSA that may be missed on HSAT.

Harm:

PSG may limit accessibility for testing when compared to HSAT which may lead to 

delays in diagnosis.

Cost:

PSG is more expensive than HSAT.

Benefits-harm assessment:

Benefits outweigh the harms as PSG more accurately diagnoses OSA in patients with 

significant co-morbidities including hFrEF, COPD, or stroke. PSG may be useful in 

patients with technically inadequate HSATs and in a minority of those with normal HSAT 

testing.

Value judgments:

Missed or delayed diagnoses of OSA will lead to adverse consequences particularly in 

patients with significant co-morbidities associated with OSA.

Recommendation level:

Recommend (in hFrEF, COPD, inadequate, or normal HSAT). Option (stroke).

Intervention:

PSG is indicated for the diagnosis of OSA in patients with hFrEF, COPD, or those with 

inadequate HSAT results. Patients with a high pretest probability and negative HSAT 

results should be offered repeat testing with in-lab PSG.

Chang et al. Page 311

Int Forum Allergy Rhinol. Author manuscript; available in PMC 2024 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Oximetry for OSA Diagnosis

Aggregate quality of evidence:

For the general population:

Grade C (Level 1b: 2 studies; Level 2b: 3 studies; Level 3b: 1 study)

For patients with hFrEF:

Grade C (Level 1b: 2 studies; Level 3b: 1 study)

For patients with COPD:

Grade C (Level 1b: 1 study; Level 2b: 1 study, Level 3b: 1 study)

For patients with atrial fibrillation:

Grade D (Level 2b; 1 study)

For patients following stroke:

Grade D (Level 2b: 2 studies; Level 3b: 1 study)

Benefit:

Overnight oximetry is less costly intervention than PSG for the diagnosis of SDB and is 

readily available. The use of oximetry may allow early diagnosis of SDB and in turn may 

lead to more timely treatment of OSA with PAP.

Harm:

Include risks of missed diagnoses and inability of overnight oximetry to differentiate 

obstructive vs. central events. Overnight oximetry is also unable to detect 

hypoventilation. Variability in interpretation of overnight oximetry between providers 

is recognized and may lead to inaccurate treatments. Small patient samples in some of the 

studies reduced generalizability of the results.

Cost:

There was no formal cost assessment in the studies reviewed.

Benefits-harm assessment:

Missed diagnoses with oximetry may lead to harm from undiagnosed OSA in patients 

with heart failure, atrial fibrillation, COPD, or stroke. The inability to distinguish 

between obstructive and central events, coupled with variability in interpretation of 

studies, can also lead to incorrect treatments. Combined, these harms outweigh the 

benefits of overnight oximetry to diagnose OSA. For the general population, balance of 

benefit and harm.

Value judgments:

Missed diagnoses of OSA will lead to adverse consequences of OSA as it would lead to 

incorrect or delayed treatment.
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Recommendation level:

Recommend against (heart failure, atrial fibrillation, COPD, and stroke); Option (general 

population).

Intervention:

Oximetry is not recommended for the diagnosis of OSA in patients with heart failure, 

atrial fibrillation, COPD, or stroke. Oximetry may be an option for the general population 

without comorbidities, but more evidence is required.
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Screening for OSA in Patients with Cardiovascular Disease

Aggregate quality of evidence:

C (Level 1b: 1 study; Level 2a: 3 studies; Level 2b: 16 studies; Level 2c: 1 study; Level 

3b: 1 study).

Benefit:

Earlier diagnosis and treatment of OSA may improve overall health and reduce the risk of 

all-cause mortality and cardiovascular morbidity and mortality.

Harm:

Inconvenience of screening and testing.

Cost:

Costs associated with screening and diagnosis for OSA.

Benefits-harm assessment:

Moderately favors screening for OSA in patients with a history of cardiovascular disease.

Value judgments:

There is moderate quality evidence that OSA leads to cardiovascular disease, but low 

quality evidence that treatment with CPAP reduces this risk. The harm/costs of diagnosis 

and treatment are low and the benefits outweigh the harms.

Recommendation level:

Recommendation.

Intervention:

Screen for OSA in patients with a history of cardiovascular disease.

Chang et al. Page 314

Int Forum Allergy Rhinol. Author manuscript; available in PMC 2024 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Evaluation of OSA in Patients with Coronary Artery Disease

Aggregate quality of evidence:

B (Level 1a: 3 studies; Level 1b: 4 studies; Level 2b: 10 studies; Level 3a: 3 studies; 

Level 3b: 3 studies).

Benefit:

OSA is very likely associated with coronary artery disease and myocardial ischemia and 

outcomes in these patients.

Harm:

Inconvenience associated with evaluation and testing for OSA.

Cost:

Low cost of evaluating and testing patients for OSA.

Benefits-harm assessment:

Benefit of identifying OSA in patients with CAD outweigh the low harms and cost of 

testing.

Value judgments:

Patients of CAD are at high risk for OSA.

Recommendation level:

Recommendation.

Intervention:

Patients with CAD and/or a history of MI should be evaluated for OSA.
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Evaluation of OSA in Patients with Hypertension

Aggregate quality of evidence:

C (Level 3b: 6 studies; see Table VII.B).

Benefit:

OSA is a treatable secondary cause of refractory hypertension.

Harm:

There is minimal harm associated with evaluation and testing for OSA, other than 

inconvenience to the patient.

Cost:

Low to moderate cost of evaluation and testing.

Benefits-harm assessment:

The benefits of identifying OSA in patients with refractory hypertension may outweigh 

the inconvenience and cost of testing.

Value judgments:

In patients with resistant or refractory hypertension, identification of comorbid OSA is 

indicated because OSA treatment may aid in blood pressure management.

Recommendation level:

Recommendation

Intervention:

Patients should be screened for OSA if they have persistent resistant or refractory 

hypertension after antihypertensive medication treatment has been optimized.

Chang et al. Page 316

Int Forum Allergy Rhinol. Author manuscript; available in PMC 2024 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Evaluation of OSA in Patients with Atrial Fibrillation

Aggregate quality of evidence:

C (Level 1b: 5 studies; Level 2b: 5 studies; Level 3b: 6 studies; Level 4: 5 studies).

Benefit:

Evaluation for OSA prior to treatment of AF may permit timely OSA treatment and may 

reduce the risk of AF recurrence.

Harm:

Inconvenience of OSA evaluation and testing.

Cost:

Low cost associated with screening and testing AF patients for OSA.

Benefits-harm assessment:

Weakly favors screening for OSA in patients undergoing treatment of paroxysmal or 

persistent AF with cardioversion or catheter ablation procedures.

Value judgments:

The overall quality of evidence favoring diagnosis of OSA solely for the prevention of 

recurrent atrial fibrillation is generally weak, with no adequately powered randomized 

clinical trials.

Recommendation level:

Recommendation.

Intervention:

Patients who are undergoing cardioversion or catheter ablation for atrial fibrillation may 

benefit from screening for OSA.
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Evaluation of OSA in Patients with Heart Failure

Aggregate quality of evidence:

C (Level 1b: 1 study; Level 2b: 4 studies.)

Benefit:

Earlier diagnosis and treatment of OSA in patients with heart failure may improve 

cardiac function and potential impact outcomes.

Harm:

The potential inconvenience of screening and diagnosing OSA with sleep studies. 

Inconvenience and noncompliance of potential therapy.

Cost:

Low to moderate cost associated with screening and testing for OSA in patients with HF.

Benefits-harm assessment:

Benefits of earlier diagnosis and management of OSA in those with HF outweighs the 

harms of screening and testing for OSA.

Value judgments:

Diagnosis and subsequent treatment of OSA in patients with HF improve OSA symptoms 

and may improve cardiac function. The potential benefits of diagnosis outweigh the low 

risks of harm.

Recommendation level:

Recommendation.

Intervention:

Patients with heart failure should be screened and evaluated for OSA.
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Evaluation of OSA in Patients with Cerebrovascular Disease

Aggregate quality of evidence:

C (Level 2a: 10 studies; Level 2b: 1 study; Level 3b: 1 study).

Benefit:

Earlier diagnosis of OSA may improve overall health and cognitive status and reduce the 

risk of incident and recurrent stroke and stroke mortality. Patients with stroke have a high 

pre-test probability of OSA.

Harm:

Inconvenience of evaluation and sleep testing for OSA diagnosis.

Cost:

Low cost associated with evaluation and testing patients for OSA.

Benefits-harm assessment:

Moderately favors screening for OSA to reduce incidence of stroke and recurrence of 

stroke in patients presenting with stroke.

Value judgments:

The overall quality of evidence favoring diagnosis of OSA to prevent incident and 

recurrent stroke and stroke mortality is modest.

Recommendation level:

Recommendation.

Intervention:

Recommend patients presenting with TIA, ischemic, or hemorrhagic stroke undergo 

clinical evaluation for OSA.
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Association between OSA and Pulmonary Hypertension

Aggregate grade of evidence:

C (Level 2a: 2 studies; Level 2b: 4 studies).
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Evaluation of OSA in Patients with COPD

Aggregate quality of evidence:

B (Level 2A: 1 study; Level 2b: 7 studies; Level 4: 2 studies).

Benefit:

Patients with comorbid OSA and COPD are at risk for increased morbidity and mortality 

compared with either disease alone.

Harm:

There is minimal harm to screening for OSA other than the inconvenience of testing.

Cost:

There are low to moderate costs to testing for OSA.

Benefits-harm assessment:

The benefits of OSA evaluation of patients with comorbid COPD outweigh the harm.

Value judgments:

There is overwhelming evidence about the worsened clinical outcomes in patients with 

both COPD and OSA compared to either COPD or OSA alone.

Recommendation level:

Recommendation

Intervention:

Recommend evaluation for OSA in patients with COPD.
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Evaluation of OSA in Patients with Cognitive Impairment

Aggregate quality of evidence:

C (Level 2a: 9 studies; Level 3a: 7 studies).

Benefit:

Evaluation and treatment of OSA has the potential to improve select domains of cognitive 

function and may slow the incidence of cognitive decline.

Harm:

The potential harms of OSA screening and testing are low.

Cost:

There are low to moderate costs associated with sleep study testing.

Benefits-harm assessment:

The benefits of diagnosis and treatment for OSA outweigh the potential harm.

Value judgments:

Evidence suggests that OSA is associated with neurocognitive impairment and decline. 

Most evidence suggests that OSA may represent a modifiable risk factor for dementia, 

but conflicting and inconsistent data exist.

Recommendation level:

Recommendation.

Intervention:

Recommend evaluation and testing for OSA in those at high risk for cognitive decline or 

impairment.
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Association between Allergic Rhinitis and OSA

Aggregate grade of evidence:

B (Level 1b: 3 studies; Level 2b: 1 study).
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Association between Nasal Obstruction and OSA

Aggregate grade of evidence:

B (Level 1b: 3 studies; Level 2b: 1 study).
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Association between Chronic Rhinosinusitis and OSA

Aggregate grade of evidence:

C (Level 2a: 8 studies; Level 2b: 5 studies; Level 2c: 1 study).
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Association between Gerd and OSA

Aggregate grade of evidence:

B (Level 1b: 2 studies; Level 2b: 7 studies; Level 2c: 1 study).
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Gerd Treatment with PPI Improves Snoring and Sleep Symptoms, not OSA 
Severity

Aggregate grade of evidence:

C (Level 1b: 1 study; Level 2a: 1 study).
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OSA Treatment Improves Gerd Symptoms

Aggregate grade of evidence:

C (Level 1b: 1 study; Level 2b: 1 study).
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Association between OSA and Insomnia

Aggregate grade of evidence:

C (Level 2: 3 studies; Level 4: 12 studies).
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Association between Rem Sleep Behavior Disorder and OSA

Aggregate grade of evidence:

C (Level 3b: 4 studies; Level 4: 2 studies).
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Association between RLS and OSA

Aggregate grade of evidence:

C (Level 3b: 1 study; Level 4: 2 studies).
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Association between PLMS/PLMD and OSA

Aggregate grade of evidence:

C (Level 2b: 1 study; Level 3b: 8 studies; Level 4: 2 studies).
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Association between OSA and Narcolepsy

Aggregate grade of evidence:

B (Level 2b: 1 study; Level 2c: 3 studies; Level 3b: 4 studies).
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CPAP for OSA

Aggregate quality of evidence:

A (Level 1a: 7 studies; Level 1b: 5 studies; Level 2a: 3 studies).

Benefit:

CPAP reduces disease severity and sleepiness and likely has beneficial effects on blood 

pressure, quality of life, and cognitive impairment.

Harm:

Inconvenience and minor discomforts associated with PAP therapy. Variable adherence 

levels.

Cost:

Low cost associated with CPAP device, replacement supplies, and follow-up visits. Direct 

cost to patients depends on insurance coverage.

Benefits-harm assessment:

CPAP therapy for the treatment of OSA is associated with greater benefit than harm.

Value judgments:

CPAP therapy is effective for the treatment for obstructive sleep apnea and improves 

multiple factors related to sleep and daytime functioning.

Recommendation level:

Strong recommendation.

Intervention:

CPAP therapy should be employed for treatment of OSA.
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APAP for OSA

Aggregate quality of evidence:

B (Level 1a: 2 studies; Level 1b: 4 studies).

Benefit:

Reduction of sleep apnea severity, sleepiness, and improvement in measures of quality of 

life.

Harm:

Inconvenience and minor discomforts associated with PAP therapy. Similar to CPAP.

Cost:

Low cost associated with APAP device, replacement supplies, and follow-up visits. 

Direct cost to patients depends on insurance coverage.

Benefits-harm assessment:

APAP therapy for the treatment of OSA is associated with greater benefit than harm.

Value judgments:

APAP therapy is effective for the treatment for obstructive sleep apnea and improves 

multiple factors related to sleep and daytime functioning. For appropriately selected 

patients newly diagnosed with OSA, APAP can be initiated in lieu of in-lab titration of 

PAP therapy with consideration for patient value preferences and resource utilization.

Recommendation level:

Recommendation

Intervention:

APAP may be employed for treatment of OSA.
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Use of Bilevel PAP for OSA

Aggregate quality of evidence:

B (Level 1a: 1 study; Level 1b: 2 studies).

Benefit:

BPAP may be beneficial for patients who require high treatment pressure and those who 

are unable to tolerate CPAP at high pressure settings.

Harm:

Studies show no difference in PAP adherence with BPAP compared with CPAP. Side 

effects are similar to CPAP.

Cost:

BPAP devices are associated with higher costs compared with CPAP devices.

Benefits-harm assessment:

Balance of benefit and harm.

Value judgments:

Studies show no significant difference between BPAP, CPAP, and APAP for the 

improvement in OSA severity, sleepiness, and quality of life. BPAP also confers no 

significant advantage over CPAP or APAP in improved adherence, except as a potential 

therapy option for patients nonadherent to CPAP.

Recommendation level:

Option

Intervention:

BPAP should not be used over CPAP for initial treatment of routine OSA. BPAP is an 

option when the treatment pressure requirements are greater than can be delivered via 

CPAP or when a patient is unable to tolerate CPAP at high pressure settings.
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Nasal Mask Interfaces for PAP Therapy

Aggregate quality of evidence:

B (Level 1a: 2 studies; Level 1b: 1 study; Level 2b: 12 studies; Level 4: 3 studies).

Benefit:

Better control of OSA, better adherence to CPAP therapy, less sleepiness associated with 

use of nasal mask and nasal pillow interfaces compared to oronasal masks.

Harm:

Lower rates of CPAP adherence among oronasal mask users may be associated with 

greater likelihood of OSA treatment abandonment. Not all users can tolerate nasal masks.

Cost:

Low1076 cost differences. Cost of different types of masks are not substantively different.

Benefits-harm assessment:

Preponderance of benefit of nasal interfaces over harm, given consistent evidence from 

small RCTs and observational studies.

Value judgments:

The preponderance of evidence favors the initial use of nasal interfaces (nasal masks or 

nasal pillows) over oronasal masks. Oronasal and oral masks may be appropriate for a 

select group of patients who are intolerant to nasal masks, or who have large air leaks 

during sleep due to mouth opening, but these studies have not been performed.

Recommendation level:

Recommendation.

Intervention:

In general, nasal interfaces should be utilized initially in patients naïve to CPAP therapy.
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Use of Objective Measures of PAP Adherence

Aggregate quality of evidence:

B (Level 2b: 7 studies).

Benefit:

Objective PAP adherence provides a direct measure of PAP usage times in order to 

understand and improve PAP adherence with interventions.

Harm:

Harm associated with PAP use and monitoring is low. In some, adherence data has 

implications for PAP payment and coverage.

Cost:

Minimal additional financial cost – objective measures are incorporated into most PAP 

machines.

Benefits-harm assessment:

Benefit outweighs harm.

Value judgments:

PAP adherence levels are important to measure and follow. The current definitions of 

adherence may not be optimally matched to outcomes.

Recommendation level:

Recommendation.

Intervention:

Recommend objective measurement of PAP use over subjective queries.
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Predictors of PAP Adherence

Aggregate grade of evidence:

C (Level 2b: 12 studies; Level 4: 10 studies).
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Educational Interventions to Improve PAP Adherence

Aggregate quality of evidence:

A (Level 1a: 2; Level 1b: 7).

Benefit:

Increased CPAP adherence in analysis of systematic reviews.

Harm:

Minimal, time required for education.

Cost:

Low to moderate; variable costs of different educational interventions.

Benefits-harm assessment:

Preponderance of benefit over harm.

Value judgments:

Educational therapies are overall low-cost, time-limited interventions that can be used to 

potentially increase adherence in certain CPAP users; however, variation in educational 

therapies across trials limits specific recommendations for optimal type of education.

Recommendation level:

Recommendation.

Intervention:

Recommend patient education to increase PAP adherence.
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Supportive Interventions to Improve PAP Adherence

Aggregate quality of evidence:

A (Level 1a: 1; Level 1b: 13).

Benefit:

Increased CPAP adherence.

Harm:

Minimal.

Cost:

Moderate to potentially high depending on type of supportive intervention and resources 

required.

Benefits-harm assessment:

Benefit outweighs the harm.

Value judgments:

Supportive interventions provide additional encouragement and reinforcement through 

various strategies that may increase CPAP usage by a modest amount. Supportive 

mechanisms are variable between studies and consideration of costs and resources 

required for support platforms should be assessed.

Recommendation level:

Strong Recommendation

Intervention:

Supportive interventions may be used to increase CPAP adherence if resources are 

available.
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Behavioral Interventions to Improve PAP Adherence

Aggregate quality of evidence:

A (Level 1a: 2; Level 1b: 6).

Benefit:

Behavioral interventions lead to increased CPAP adherence.

Harm:

Minimal, time required for intervention.

Cost:

Moderate to high; variable costs of different behavioral interventions including 

time, resources, and healthcare personnel. Interventions may require development of 

infrastructure.

Benefits-harm assessment:

Balance of benefit and harm.

Value judgments:

Behavioral interventions utilize different psychotherapeutic techniques derived from 

various models of health behavior change which have a positive impact on CPAP 

adherence. Populations that benefit most from behavioral interventions are not well 

understood and interventions may be burdensome for patients and resource intensive.

Recommendation level:

Option.

Intervention:

Consideration should be given to using behavioral therapies to increase adherence in 

CPAP users; however, it is unclear which group of OSA patients will most benefit from 

behavioral therapies.
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Management of Aerophagia for PAP Adherence

Aggregate grade of evidence:

B (Level 1b: 1).
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ClaustrophobiaManagement to Improve PAP Adherence

Aggregate quality of evidence:

D (Level 4: 3 studies).

Benefit:

Unclear. Reducing claustrophobic tendencies may lead to a potential increase in CPAP 

use.

Harm:

Time and resources needed to attend therapy sessions.

Cost:

Cost of therapy sessions may have out of pocket fees.

Benefits-harm assessment:

Balance of benefit and harm.

Value judgments:

Exposure or desensitization therapy could be used to reduce claustrophobic symptoms 

associated with PAP, but further studies are needed.

Recommendation level:

No recommendation.

Intervention:

No specific recommendation can be made about the use of exposure or desensitization 

therapy to treat claustrophobic tendencies to optimize PAP use.
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Humidification to Improve PAP Adherence

Aggregate quality of evidence:

B (Level 1a: 3; Level 2b: 2; Level 3b: 1).

Benefit:

Potential benefit in reduction of PAPrelated side effects. Three systematic reviews 

showed no clinical improvement in adherence or symptom scores, while one cohort study 

showed greater adherence with humidification.

Harm:

Possibility for excess condensation of water into the PAP circuit or into the user’s 

face, nose, or mouth. Inconvenience of purchasing additional supplies and cleaning the 

humidification system.

Cost:

Low cost of humidification system and supplies.

Benefits-harm assessment:

Balance of benefit and harm.

Value judgments:

Although the evidence was inconclusive, humidification could be appropriate for some 

patients to consider based on their preference and symptoms.

Recommendation level:

Option.

Intervention:

Heated humidification may be considered in select OSA patients that report nasal 

congestion, dry nose or mouth, and sore throat.
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Nasal Obstruction Limits PAP Adherence

Aggregate grade of evidence:

C (Level 2b: 4 studies).

Chang et al. Page 346

Int Forum Allergy Rhinol. Author manuscript; available in PMC 2024 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Treatment of Nasal Obstruction to Improve PAP Adherence

Aggregate quality of evidence:

C (Level 1a: 1 study; Level 1b: 2 studies; Level 2b: 4 studies; Level 2c: 1 study; Level 3a: 

1 study).

Benefit:

Objective and subjective nasal obstruction is associated with lower PAP adherence. 

Treating nasal obstruction either medically or surgically may improve PAP adherence.

Harm:

Complications of individual management options (i.e., oronasal mask discomfort, nasal 

sprays side effects/inconvenience of use, turbinoplasty or septoplasty surgery risks, and 

complications).

Cost:

Ranges from low cost (humidification, nasal spray) to high cost (surgery).

Benefits-harm assessment:

In patients with symptomatic nasal obstruction, there is a preponderance of benefit over 

harm for medical nasal therapy; balance of benefit and harm for surgical nasal therapy for 

improving PAP adherence.

Value judgments:

Treating nasal obstruction can promote PAP adherence and optimize OSA therapy 

outcomes.

Recommendation level:

Nasal obstruction treatment with topical medical therapies to improve PAP adherence: 

Recommendation.

Surgery for nasal obstruction to improve PAP adherence: Option.

Intervention:

Nasal obstruction treatment with topical medical therapies can improve PAP adherence. 

Surgery for nasal obstruction is an option to improve PAP adherence.
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Treatment of TECSA

Aggregate quality of evidence:

B (Level 1b: 1 study; Level 1c: 2 studies; Level 3b: 5 studies; Level 4: 2 studies).

Benefit:

ASV improves AHI more than CPAP in patients with TECSA.

Harm:

ASV is currently contraindicated for those with central sleep apnea related to HFrEF 

(LVEF < 45%).

Cost:

Higher costs associated with ASV compared to CPAP.

Benefits-harm assessment:

Benefits exceed harm in patients without HFrEF.

Value judgments:

In the majority of cases, TECSA resolves spontaneously with CPAP use. The evidence 

compares ASV to CPAP at time of diagnosis in most studies, and includes both patients 

with persistent-TECSA and those likely to improve on CPAP alone.

Recommendation level:

Recommendation

Intervention:

ASV can be used if TECSA is severe or if TECSA persists with CPAP use.
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Insomnia Treatment to Improve PAP Adherence

Aggregate quality of evidence:

B (Level 1b: 5 studies).

Benefit:

Treatment of adult patients with insomnia/insomnia symptoms and OSA via CBTi 

delivered by trained therapists may improve insomnia symptoms and increase use of 

PAP therapy.

Harm:

Low harms associated with CBTi including time required for therapy and risk for 

persistent symptoms.

Cost:

There are no published data on costs of CBTi in patients with OSA. May depend on 

insurance policy coverage.

Benefits-harm assessment:

Benefit outweighs harm.

Value judgments:

Small number of studies; no studies of pharmacotherapy for insomnia in patients with 

OSA.

Recommendation level:

Recommendation

Intervention:

Patients with insomnia and OSA should be offered CBTi for improvement in insomnia 

symptoms and PAP adherence.
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PAP to Improve Daytime Sleepiness

Aggregate quality of evidence:

A (Level 1: 3 studies).

Benefit:

Treatment with CPAP leads to modest reductions in the ESS and improved performance 

on MWT or OSLER.

Harm:

The potential harms of CPAP are inconvenience and therapy-related side effects 

(including, but not limited to, sleep disruption, airway dryness, nasal congestion, and 

aerophagia).

Cost:

CPAP treatment for OSA is associated with a low-to-moderate cost for CPAP equipment 

and visits for maintenance.

Benefits-harm assessment:

The benefits of PAP therapy for reducing daytime sleepiness outweigh the harms 

associated with PAP.

Value judgments:

Successful treatment of OSA with CPAP leads to improved daytime alertness, with 

improvements in subjective sleepiness and objective wakefulness.

Recommendation level:

Strong recommendation.

Intervention:

Patients with OSA and daytime sleepiness should be offered PAP therapy as it can 

effectively reduce daytime sleepiness related to OSA.
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PAP for OSA Severity

Aggregate quality of evidence:

A (Level 1a: 3 studies).

Benefit:

Treatment with CPAP improves AHI compared to placebo tablet, no intervention, 

conservative management, positional therapy, sham CPAP, sham surgery, or nasal dilator 

strips.

Harm:

The potential harms of CPAP are inconvenience and therapy-related side effects 

(including, but not limited to, sleep disruption, airway dryness, nasal congestion, and 

aerophagia).

Cost:

CPAP treatment for OSA is associated with a low-to-moderate costs for CPAP equipment 

and visits for maintenance.

Benefits-harm assessment:

The benefits of PAP therapy on reducing the AHI outweigh the harms associated with 

CPAP.

Value judgments:

There is strong evidence that treatment of OSA with CPAP leads to reductions in AHI.

Recommendation level:

Strong recommendation.

Intervention:

Patients should be offered PAP therapy to reduce OSA severity. There are greater 

reductions in AHI in patients with severe OSA.
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PAP Therapy and Mortality Risk

Aggregate quality of evidence:

B (Level 1a: 1 study; Level 1b: 2 studies; Level 2a: 1 study).

Benefit:

Treatment with CPAP is not consistently associated with reduction in cardiovascular 

and all-cause mortality in available studies, although CPAP adherence was variable and 

severe OSA and excessively sleepy patients were excluded in the RCT studies. Modest 

reductions in mortality have been demonstrated in non-randomized studies.

Harm:

The potential harms of CPAP are inconvenience and therapy-related side effects 

(including, but not limited to, sleep disruption, airway dryness, nasal congestion, and 

aerophagia).

Cost:

Low costs for PAP equipment and visits for maintenance.

Benefits-harm assessment:

Based on the best available evidence, benefits are unclear and harms are minimal for PAP 

therapy in reducing cardiovascular and all-cause mortality.

Value judgments:

Successful treatment of OSA with CPAP may lead to reduced cardiovascular and all-

cause mortality. Observational cohort studies support the use of PAP to reduce mortality, 

although the RCT data has not shown this benefit.

Recommendation level:

Option.

Intervention:

PAP therapy may be considered for OSA patients as an option to reduce mortality. There 

is potential for the reduction in cardiovascular and all-cause mortality with PAP therapy 

in patients with severe OSA, excessive daytime sleepiness, and adherent PAP use.
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PAP Therapy and Mortality Risk

Aggregate quality of evidence:

B (Level 1a: 1 study; Level 1b: 2 studies; Level 2a: 1 study).

Benefit:

Treatment with CPAP is not consistently associated with reduction in cardiovascular 

and all-cause mortality in available studies, although CPAP adherence was variable and 

severe OSA and excessively sleepy patients were excluded in the RCT studies. Modest 

reductions in mortality have been demonstrated in non-randomized studies.

Harm:

The potential harms of CPAP are inconvenience and therapy-related side effects 

(including, but not limited to, sleep disruption, airway dryness, nasal congestion, and 

aerophagia).

Cost:

Low costs for PAP equipment and visits for maintenance.

Benefits-harm assessment:

Based on the best available evidence, benefits are unclear and harms are minimal for PAP 

therapy in reducing cardiovascular and all-cause mortality.

Value judgments:

Successful treatment of OSA with CPAP may lead to reduced cardiovascular and all-

cause mortality. Observational cohort studies support the use of PAP to reduce mortality, 

although the RCT data has not shown this benefit.

Recommendation level:

Option.

Intervention:

PAP therapy may be considered for OSA patients as an option to reduce mortality. There 

is potential for the reduction in cardiovascular and all-cause mortality with PAP therapy 

in patients with severe OSA, excessive daytime sleepiness, and adherent PAP use.
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PAP for Hypertension Control

Aggregate quality of evidence:

A (Level 1a: metaanalyses including 54 RCTs).

Benefit:

Successful treatment of OSA with CPAP leads to a modest reduction BP in subjects with 

HTN, especially in those with severe OSA. Antihypertensive medications will likely still 

be required. The reduction in BP may be greater in subjects with resistant HTN and those 

who report daytime sleepiness.

Harm:

The harms associated with treatment of OSA with CPAP therapy are minimal.

Cost:

Low cost involved with CPAP equipment and visits for maintenance.

Benefits-harm assessment:

The benefits of treating patients with moderate to severe OSA with PAP to reduce BP 

outweigh risks of treatment.

Value judgments:

Successful treatment of OSA with CPAP leads to reduction in BP. Antihypertensive 

medications will likely still be required.

Recommendation level:

Strong recommendation.

Intervention:

Patients with OSA, particularly those with moderate to severe OSA and/or resistant 

hypertension, should be offered CPAP to help decrease BP.
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PAP for Control of Atrial Fibrillation

Aggregate quality of evidence:

C (Level 1b: 1 study; Level 2b: 6 studies; Level 4: 4 studies).

Benefit:

Treatment of OSA with PAP therapy may reduce the recurrence of atrial fibrillation 

following restoration of sinus rhythm with electrical cardioversion or catheter ablation 

procedures. Based on a single RCT, there is no evidence that CPAP reduces AF burden 

in patients with paroxysmal AF who have not undergone cardioversion or ablation 

procedures. The impact of OSA treatments other than PAP on risk of recurrent AF has 

not been reported.

Harm:

Inconvenience and side effects of CPAP therapy.

Cost:

Cost of treating patients for OSA.

Benefits-harm assessment:

The harm of OSA diagnosis and treatment in patients with AF are low; however, the 

evidence for treatment to reduce AF recurrence is mixed. Balance of benefit and harm.

Value judgments:

The overall quality of evidence favoring diagnosis and treatment of OSA solely for the 

prevention of recurrent atrial fibrillation without cardioversion or ablation is generally 

weak, with no adequately powered randomized clinical trials. Patients with paroxysmal 

AF did not demonstrate AF burden reduction with CPAP therapy.

Recommendation level:

Option.

Intervention:

Patients who are undergoing cardioversion or catheter ablation for atrial fibrillation may 

benefit from adjunctive treatment of OSA with CPAP to prevent AF recurrence. Shared 

decision-making regarding CPAP treatment is suggested to weigh individual patient 

symptoms, preferences, and comorbidities.
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PAP for OSA after CVA

Aggregate quality of evidence:

B (Level 1b: 9 studies; Level 2a: 2 studies; Level 2b: 2 studies).

Benefit:

Treatment of OSA with CPAP may improve overall health and cognitive status and 

reduce the risk of recurrent stroke and stroke mortality.

Harm:

Side effects and inconvenience of CPAP therapy.

Cost:

Low cost associated with PAP therapy and maintenance.

Benefits-harm assessment:

Preponderance of benefit over harm for the use of CPAP in stroke patients.

Value judgments:

The overall evidence favors diagnosis and treatment of OSA to improve neurologic 

recovery and functional status after stroke. Treatment may also prevent recurrent stroke 

and reduce risk of stroke mortality, although the evidence is mixed.

Recommendation level:

Recommendation

Intervention:

Patients may benefit from OSA treatment with CPAP within the acute stroke phase after a 

TIA, ischemic, or hemorrhagic stroke.
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PAP for Improving Clinical Outcomes in Heart Failure with Reduced 
Ejection Fraction (HFrEF)

Aggregate quality of evidence:

B (Level 1a: 1 study; Level 1b: 7 studies; Level 2b: 5 studies; Level 3b: 2 studies).

Benefit:

Treatment of OSA with CPAP in HFrEF results in direct amelioration of systolic 

function, stroke volume, and daytime sleepiness, as well as systolic blood pressure, heart 

rate, daytime sympathetic nerve activity, and improved heart rate variability.

Harm:

Inconvenience of use. Evidence for CPAP and reduction in mortality and event free 

survival is limited.

Cost:

Low to moderate costs are associated with PAP machine and supplies. There may be 

additional costs related to provider visits to monitor for treatment efficacy and adherence.

Benefits-harm assessment:

There may be a benefit conferred by the use of CPAP to treat patients with moderate-to-

severe OSA and HFrEF.

Value judgments:

Treatment of OSA with CPAP in HFrEF is successful in improving LVEF, daytime 

sleepiness, and other factors that influence heart failure management. There is little 

high-quality evidence to support or dispute the treatment of moderate-to-severe OSA 

in patients with HFrEF to reduce mortality. Balanced with low risk of harm, it may 

be appropriate to offer patients with moderate-to-severe OSA and concomitant HFrEF 

treatment with CPAP.

Recommendation level:

Option.

Intervention:

Patients with HFrEF and symptomatic OSA may benefit from CPAP therapy.
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PAP for Improving Clinical Outcomes in Heart Failure with Preserved 
Ejection Fraction (HFpEF)

Aggregate quality of evidence:

C (Level 1b: 3 studies; Level 2b: 5 studies).

Benefit:

Treatment of OSA with CPAP in HFpEF resulted in improvement in LV diastolic 

function and reduced LV and intraventricular septal thickness.

Harm:

Inconvenience of use associated with CPAP.

Cost:

Low costs are associated with PAP machine and supplies. There may be additional costs 

related to provider visits to monitor for treatment efficacy and adherence.

Benefits-harm assessment:

Benefits of PAP therapy outweighs the harms in this population.

Value judgments:

Treatment of OSA in HFpEF results in improved diastolic dysfunction and its surrogates 

such as IV septum and LV thickness. Evidence on impact of CPAP on event-free survival 

is limited.

Recommendation level:

Option.

Intervention:

Patients with HFpEF and OSA may benefit from CPAP therapy.
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PAP for Cardiovascular Event Risk Reduction in Coronary Artery Disease

Aggregate quality of evidence:

B (Level 1a: 2 studies; Level 1b: 4 studies; Level 2a: 2 studies; Level 2b: 5 studies) mix 

of positive and negative findings.

Benefit:

PAP therapy in patients with OSA reduced fatal and non-fatal cardiac events in cohort 

studies. However, RCT studies did not uniformly show this benefit. CV risk reduction 

may be related to PAP adherence levels on secondary analyses.

Harm:

Minor effects associated with discomfort and inconvenience of PAP. Variable adherence 

rates on PAP.

Cost:

Low costs are associated with PAP machine and supplies and provider visits to monitor 

for treatment efficacy and adherence.

Benefits-harm assessment:

Low harm associated with OSA treatment with CPAP. The evidence for benefit is mixed. 

Balance of benefit and harm.

Value judgments:

There is moderate quality evidence that OSA leads to cardiovascular disease, but low-

quality evidence that treatment with CPAP reduces this risk. RCT trial design may 

underestimate the effects of CPAP.

Recommendation level:

Option.

Intervention:

CPAP use in patients with CAD does not clearly reduce CV risk in all patients. Further 

studies are required to identify the best candidates for improved outcomes. Shared 

decision-making regarding CPAP treatment is suggested to weigh individual patient 

symptoms, preferences, and comorbidities.
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PAP to Improve Cognitive Measures

Aggregate quality of evidence:

Cognitively intact patients:

B (Level 1a: 2 studies; Level 1b: 2 studies; Level 2a: 1 study; Level 2b: 2 studies).

Cognitively impaired patients:

C (Level 1b: 1 study; Level 2a: 1 study; Level 2b: 1 study).

Benefit:

In cognitively intact patients PAP treatment offers a small degree of benefit in a 

limited number of domains. In cognitively impaired patients PAP treatment may offer 

benefit based on a few short-term and observational studies. Effects of PAP therapy on 

longitudinal progression of cognitive impairment is unknown.

Harm:

Harms associated with PAP use are minimal.

Cost:

Low to moderate cost associated with CPAP treatment for OSA.

Benefits-harm assessment:

Balance of potential for benefits and the low risk of harm.

Value judgments:

Most studies are limited by short treatment periods. Research in cognitively intact 

patients may have ceiling effects limiting the measurable effect size. While the current 

evidence is limited for cognitively-impaired patients, there are few other options available 

that may delay cognitive decline. High-quality longitudinal studies are needed to better 

understand which patient populations may obtain cognitive benefits from CPAP therapy.

Recommendation level:

Option.

Intervention:

CPAP therapy may be considered in OSA patients (including those with dementia/MCI) 

to potentially improve select domains of cognition and reduce cognitive decline.

Chang et al. Page 360

Int Forum Allergy Rhinol. Author manuscript; available in PMC 2024 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



PAP to Improve Glycemic Control

Aggregate quality of evidence:

B (Level 1a: 2 studies; Level 1b: 3 studies; Level 2a: 1 study; Level 2b: 3).

Benefit:

Treatment of OSA with PAP therapy may improve insulin resistance; however, systematic 

reviews have failed to show consistent improvements in glycemic control with PAP 

therapy.

Harm:

Inconvenience and side effects of CPAP therapy.

Cost:

Low cost of PAP therapy for treatment of OSA.

Benefits-harm assessment:

Balance of benefit to harm for PAP treatment in insulin resistant patients to improve 

glycemic control.

Value judgments:

The overall quality of evidence for the treatment of OSA with PAP therapy to improve 

insulin resistance is generally weak, with no adequately powered randomized clinical 

trials. Only one study showed significant reduction in HgA1c. It is unknown whether 

greater PAP adherence could lead to better glycemic control.

Recommendation level:

Option.

Intervention:

Patients with OSA and insulin resistance may benefit from adjunctive treatment of 

OSA with PAP to improve insulin resistance. Further studies are needed to identify the 

relationship between PAP therapy and glycemic control.
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PAP to Reduce Motor Vehicle Accidents

Aggregate quality of evidence:

B (Level 2a: 3 studies; Level 2b: 1 study).

Benefit:

High potential benefit exists for patients with OSA who adhere to PAP therapy and also 

for public health and safety, as driving accidents pose a risk to others on the road.

Harm:

Patients may have difficulty tolerating PAP therapy or experience side effects.

Cost:

Lack of insurance coverage may result in moderate financial burden for the patient. The 

average cost of diagnosis and treatment with CPAP was estimated at $1190 per patient 

per year.132

Benefits-harm assessment:

Benefits to the individual and public health clearly outweigh potential harms, which 

include minor adverse effects of PAP therapy and potential costs.

Value judgments:

The choice of whether or not to use PAP therapy to reduce driving related accidents 

must be weighed against harms to public health and safety. Those in high-risk workplace 

settings may be mandated by the employer to adhere to PAP therapy. The value of 

adherence has been shown in clinical trials to benefit both the individual, the employer 

and to payers who may reap reductions in overall healthcare costs and in costs related to 

accidents.

Recommendation level:

Recommendation.

Intervention:

PAP therapy in OSA patients is recommended to reduce motor vehicle accidents.
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PAP to Improve Work Productivity

Aggregate quality of evidence:

C (Level 2c: 5 studies).

Benefit:

Improvements in OSA-related symptoms may be related to improvements in work 

productivity, work-related absenteeism, mental demands, and inter-personal relationships.

Harm:

Minor risks associated with PAP therapy and inconvenience or intolerance.

Cost:

Low to moderate costs associated with PAP equipment and visits.

Benefits-harm assessment:

Balance of benefit over harm. Low risk of harm, but the evidence to show clear benefit 

for CPAP impact on work productivity is limited.

Value judgments:

Although the aggregate grade of evidence is low, the potential benefits of CPAP in 

improving work productivity through reductions in OSA-related symptoms should be 

greatly valued by the patient, employers, and other stakeholders that support healthcare or 

benefit related costs.

Recommendation level:

Option.

Intervention:

In patients with OSA and sleepiness who experience work-related absenteeism, reduced 

productivity, or work-related accidents, treatment of OSA with CPAP should be 

considered.
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PAP to Improve COPD Outcomes and OSA in Overlap Syndrome

Aggregate quality of evidence:

B (Level 2A: 1 study; Level 2b: 7 studies; Level 4: 2 studies).

Benefit:

Patients with comorbid OSA and COPD are at risk for increased morbidity and mortality. 

CPAP therapy seems to mitigate these risks.

Harm:

The potential harms of CPAP are inconvenience (use nightly, maintenance/cleaning) and 

therapy-related side effects (including but not limited to discomfort of equipment, sleep 

disruption, airway dryness, nasal congestion, skin abrasion, and aerophagia).

Cost:

There are low to moderate for treatment with PAP therapy, depending on the type of 

testing and PAP device used.

Benefits-harm assessment:

The benefits of OSA treatment of patients with comorbid COPD outweigh the harm.

Value judgments:

There is overwhelming evidence about the worsened clinical outcomes in patients with 

both COPD and OSA compared to either COPD or OSA alone. CPAP therapy seems 

to mitigate these risks, but randomized clinical trials are needed, including those that 

assess for benefits in the subsets of patients with OSA and COPD (e.g., those with 

severe daytime gas exchange abnormalities, specifically chronic hypercapnia). Studies 

evaluating the role of bilevel PAP in these patients are much needed as well.

Recommendation level:

Recommendation

Intervention:

Treatment with PAP therapy is recommended in patients with concomitant COPD and 

OSA.
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Tongue Retention Devices for OSA

Aggregate quality of evidence:

C (Level 1a: 1 study; Level 1b: 3 studies; Level 2b: 1 study; Level 3b: 6 studies; Level 4: 

5 studies).

Benefit:

Improved AHI, ODI, and ESS.

Harm:

Side effects including tongue numbness, tongue pain, tooth or gum pain, and dry mouth.

Cost:

Low to moderate cost associated with device. Variable cost which is dependent on device 

type.

Benefits-harm assessment:

Balance of benefit over harm.

Value judgments:

TRD can be used for OSA but has suboptimal effectiveness and tolerance, and objective 

verification of response is recommended.

Recommendation level:

Option.

Intervention:

Tongue retention devices can be used to treat OSA, though other treatment options, 

including other oral appliances, demonstrate better effectiveness and tolerability.
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Mandibular Repositioning Devices for OSA

Aggregate quality of evidence:

A (Level 1a: 8 studies).

Benefit:

Improved AHI, ODI, arousal index, ESS, and blood pressure.

Harm:

Side-effects include risk for tooth movement and pain associated with use.

Cost:

Device cost is moderate and coverage varies by practice location.

Benefits-harm assessment:

Preponderance of benefit over harm.

Value judgments:

MRD is considered an effective treatment option for OSA for reducing OSA severity and 

improving sleep symptoms. Effectiveness of therapy is variable.

Recommendation level:

Strong recommendation.

Intervention:

MRD is an effective treatment option in selected patients with OSA.
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MRD Compared to CPAP for OSA

Aggregate quality of evidence:

A (Level 1a: 5 studies).

Benefit:

MRD and CPAP are associated with similar outcomes for quality of life improvement, 

improved blood pressure, and cognitive function. MRD has potential for improved 

compliance rates compared to CPAP.

Harm:

Inconsistent efficacy in AHI reduction with MRD relative to CPAP.

Cost:

Device cost is moderate and coverage varies by practice location.

Benefits-harm assessment:

Balance of benefit over harm.

Value judgments:

CPAP more effectively reduces OSA severity, but MRD is associated with improved 

compliance. Patient preference and likelihood of device use should be considered in 

choosing MRD versus CPAP for OSA therapy.

Recommendation level:

Option.

Intervention:

MRD is an effective alternative to CPAP in OSA.
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Positional Therapy with Sleep Position Trainers for Positional OSA

Aggregate quality of evidence:

B (Level 1: 6 studies; Level 2: 6 studies).

Benefit:

New generation sleep position trainers are effective in reducing OSA severity and 

symptoms in those with positional OSA.

Harm:

Serious side effects of newer generation positional devices have not been reported. Older 

TBT techniques are associated with back discomfort. Risk for variable efficacy in treating 

OSA and variable compliance. Studies are limited to date (small, short-term and examine 

a limited range of outcomes).

Cost:

Cost and coverage vary based on insurance.

Benefits-harm assessment:

Benefits outweigh the harms.

Value judgments:

New generation positional therapy device use for positional OSA can be effective without 

serious side effects. It can be used as primary treatment or in combination with other 

treatments and may have better adherence than classic positional therapy with TBT.

Recommendation level:

Recommendation.

Intervention:

For positional OSA, positional therapy is an effective intervention. New generation sleep 

position therapy may have better adherence rates than classic positional therapy (TBT).
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Weight Loss for Improvement in OSA Severity

Aggregate quality of evidence:

B (Level 2a: 2 studies; Level 2b: 9 studies).

Benefit:

Medical weight loss is effective in reducing OSA severity.

Harm:

No deaths were reported in any of the trials. There was no difference in reported adverse 

events.

Cost:

Cost analysis not performed. Low to moderate dependent on recommended restricted 

calorie plan and exercise regimen.

Benefits-harm assessment:

Preponderance of benefit over harm. Studies demonstrate that weight loss is effective at 

reducing the AHI.

Value judgments:

Small number of RCTs with small numbers of subjects demonstrated effectiveness of 

weight loss.

Recommendation level:

Recommendation.

Intervention:

Weight loss programs should be suggested in overweight or obese patients with OSA.
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Medical Treatment of Nasal Obstruction and Sinusitis for OSA Severity

Aggregate quality of evidence:

B: Level 1A (2 studies); Level 1B (13 studies); Level 3B (3 studies); Level 4 (11 studies).

Benefit:

Improvements in sleepiness and small reductions in AHI and O2 saturations.

Harm:

Risks associated with topical nasal corticosteroid use include: epistaxis, nasal discomfort/

burning, dryness, crusting, foul taste, headache, and sore throat.

Cost:

Low monthly cost associated with topical nasal corticosteroid use.

Benefits-harm assessment:

Balance of benefit and harm due to mixed evidence on changes in OSA severity.

Value judgments:

Topical nasal corticosteroids are associated with improvement in nasal obstruction and 

sleep symptoms in allergic rhinitis patients with OSA and may produce a small change in 

AHI.

Recommendation level:

Topical corticosteroids:

Option.

Topical decongestants:

Recommend against.

Oral antihistamines and leukotriene inhibitors:

No recommendation due to insufficient evidence.

Intervention:

Topical nasal corticosteroids are an option for treatment of allergic rhinitis and as 

adjunct therapy for OSA. While adverse events and side effect profiles of topical nasal 

corticosteroids are minimal, the small reductions seen in objective sleep parameters 

suggests that they should not be used as definitive therapy for OSA.
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Nasal Dilators for Treatment of OSA

Aggregate grade of evidence:

B (Level 1a: 1 study; Level 2b: 5 studies; Level 3b: 1 study; Level 4: 7 studies).
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Use of Surfactants for Treatment of OSA

Aggregate grade of evidence:

C (Level 2b: 1 study; Level 3b: 2 studies).
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Supplemental Oxygen for Treatment of OSA

Aggregate quality of evidence:

B (Lavel 1b: 8 studies; Lavel 1a: 1 study).

Benefit:

Oxygen improves oxygen saturation in patients with OSA. May reduce blood pressure in 

certain patient populations receiving higher levels of oxygen supplementation.

Harm:

Risk of carbon dioxide retention and respiratory acidosis.

Cost:

Moderate to high cost of treatment with supplemental oxygen and related to increased 

health care utilization.

Benefits-harm assessment:

Harms exceed benefit.

Value judgments:

Oxygen therapy improves oxygen saturation in patients with OSA but does not benefit 

sleep quality, daytime functioning, duration, or frequency of apnea and hypopnea 

events. Inconsistent effects of treatment with supplemental oxygen on blood pressure 

are reported.

Recommendation level:

Recommend against.

Intervention:

Oxygen therapy should not be used as a treatment for OSA.
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Myofunctional Therapy for OSA Treatment

Aggregate grade of evidence:

B (Level 1: 5 studies).
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Evaluation of PAP Non-Adherence for Surgical Candidacy

Aggregate grade of evidence:

B (Level 1b: 4 studies; Level 3b: 5 studies; Level 5: 3 studies).
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BMI and Candidacy for Sleep Surgery

Aggregate quality of evidence:

C (Level 2a: 3 studies; Level 2b: 1 study; Level 3b: 3 studies; Level 4: 4 studies).

Benefit:

Improvement in sleep apnea severity and symptoms, as well as CPAP tolerance after 

sleep surgery.

Harm:

Higher rates of surgical failure and likelihood for persistent sleep apnea in patients who 

are morbidly obese. Risks specific to surgery type, increased perioperative risks related to 

obesity and respiratory complications, and long-term surgical complications.

Cost:

Moderate cost associated with surgery, recovery, and time off work.

Benefits-harm assessment:

Balance of benefit and harm.

Value judgments:

Properly selected patients with appropriate anatomy can have substantial improvement 

in OSA severity regardless of their BMI; insufficient data exists to determine surgical 

success in patients with BMI > 40 kg/m2.

Recommendation level:

Option.

Intervention:

BMI level should be considered in determining surgical candidacy.
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Surgery as Primary Treatment for OSA

Aggregate quality of evidence:

B (Level 1a: 1 study; Level 1b: 2 studies; Level 2a: 2 studies; Level 2b: 2 studies; Level 

3b: 4 studies).

Benefit:

Proceeding to surgery first in appropriate patients may result in resolution of OSA and 

related health issues and avoids the cost and inconvenience of using CPAP long-term.

Harm:

Postoperative pain, possible surgical failure, and delay of appropriate treatment for OSA; 

perioperative risks and complications.

Cost:

Moderate cost of surgery and recovery compared to CPAP device costs.

Benefits-harm assessment:

Balance of benefit and harm.

Value judgments:

Certain patients with appropriate anatomic parameters may benefit from proceeding 

directly to surgery rather than attempting CPAP first. However, conservative medical 

treatment should still be the default given the lack of strong evidence favoring surgery 

over CPAP and low risk related to CPAP use.

Recommendation level:

Option.

Intervention:

Primary surgery for OSA may be considered in specific patients with appropriate 

anatomic features such as tonsil hypertrophy or craniofacial abnormalities. In this group, 

shared decision-making regarding the risks, benefits, and tradeoffs of primary surgery 

versus CPAP treatment is suggested to weigh individual patient symptoms, preferences, 

and comorbidities.
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OSA and Difficult Airway Management

Aggregate quality of evidence:

B (Level 2a: 1 study; Level 2b: 3 studies; Level 3a: 1 study; Level 3b: 3 studies).

Benefit:

Reduce rates of respiratory compromise and intraoperative loss of airway.

Harm:

Increased time and potential increased cost of additional equipment necessary for 

intubation.

Cost:

Low, dependent on necessary time and equipment for securing the airway.

Benefits-harm assessment:

Benefits outweigh harm for the consideration of difficult airway management plans in 

patients undergoing surgery for OSA.

Value judgments:

Overwhelming consistent evidence from observational studies show an association 

between OSA and difficult perioperative airway management.

Recommendation level:

Recommendation.

Intervention:

Contingency plans for difficult airway management, such as those provided by the 

ASA,1520 should be implemented in OSA patients undergoing surgery.
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Perioperative Sedatives and Opiates and Acute Upper Airway Obstruction 
in OSA

Aggregate quality of evidence:

C (Level 2b: 1 study, 1 case report).

Benefit:

Reduced risk of oversedation and respiratory depression.

Harm:

Inadequate anesthesia or patient discomfort/anxiety in the perioperative period.

Cost:

Decreased cost associated with judicious use of pharmacologic agents.

Benefits-harm assessment:

Benefits outweigh harm as judicious use of sedating medications preserves airway 

patency in OSA patients.

Value judgments:

Observational studies show an association between increased opioid use and airway 

instability in the perioperative period.

Recommendation level:

Recommendation.

Intervention:

Sedating and opiate medications should be used cautiously in the preoperative and 

intraoperative settings for patients with OSA undergoing upper airway surgery.
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Steroids for Airway Edema Management after Upper Airway Surgery

Aggregate quality of evidence:

D (Expert opinion).

Benefit:

Reduced upper airway edema in the postoperative period with systemic steroid use.

Harm:

Adverse effects of acute systemic steroid administration including hyperglycemia, 

hypertension, acid reflux, immune suppression, and restlessness.

Cost:

Increased cost of medication.

Benefits-harm assessment:

Theoretical benefit and possible harm associated with systemic steroid use.

Value judgments:

Little evidence and reasoning from first principles suggest that upper airway edema 

occurs after soft tissue and MMA surgeries in the immediate postoperative period, which 

could potentiate increased airway obstruction and respiratory failure.

Recommendation level:

Option

Intervention:

Systemic steroid administration in the perioperative period can be considered to reduce 

upper airway edema unless contraindicated. Optimal dosage based on expert opinion 

includes once preoperatively and several doses postoperatively.
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Perioperative CPAP use and Sleep Surgery

Aggregate quality of evidence:

B (Level 1b: 2 studies).

Benefit:

Reduced postoperative cardiopulmonary complications with decreased likelihood of need 

for intensive monitored care with the use of perioperative CPAP.

Harm:

Rare procedure risk of subcutaneous, orbital, and/or intracranial emphysema in 

postoperative patients related to sinus and skull base surgery.

Cost:

Low, dependent on length and type of PAP therapy prescribed.

Benefits-harm assessment:

Balance of benefit and harm.

Value judgments:

A limited number of studies show benefit of perioperative CPAP in patients with OSA 

undergoing surgery. Limited evidence for PAP management after upper airway surgery. 

Limited evidence for PAP management after upper airway surgery is predominantly 

based on expert opinion.

Recommendation level:

Option.

Intervention:

Patients with OSA already receiving PAP should continue therapy preoperatively unless 

otherwise contraindicated or not tolerated. PAP therapy can be considered on a case-by-

case basis postoperatively depending on the severity of OSA, nature of the surgery, and 

tolerance.
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Postoperative Disposition after Sleep Surgery

Aggregate grade of evidence:

C (1 Level 1b; 12 Level 2b studies).
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Opioids for Pain Control after Sleep Surgery

Aggregate quality of evidence:

B (Level 1a: 4 studies; Level 1b: 5 studies).

Benefit:

The use of non-opioid analgesic interventions reduces opioid usage and postoperative 

respiratory complications after sleep surgery.

Harm:

Risk of inadequate analgesia and consequent effect on quality of life and hemodynamic 

instability.

Cost:

Variable, dependent on medication selection, and dosage.

Benefits-harm assessment:

Slight benefit of opioid avoidance as oversedation can lead to dangerous postoperative 

complications however this is not well-studied.

Value judgments:

OSA patients are susceptible to respiratory obstruction in the postoperative 

period. Therefore, opioid-sparing pain management techniques are desirable but not 

wellestablished in existing literature.

Recommendation level:

Option.

Intervention:

Opioids should be used judiciously in the postoperative pain regimen of OSA patients. 

When intravenous and high dose opioids are used, consider pulse-oximetry monitoring 

in the immediate postoperative period. Multimodal analgesic regimens, including 

local anesthetic infiltration, non-steroid anti-inflammatory drugs, acetaminophen, and 

dexamethasone, should be considered to achieve adequate analgesia and reduce opioid 

requirements.
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Physical Examination for Level of Obstruction Assessment and Surgical 
Planning

Aggregate grade of evidence:

C (Level 2b: 5 studies; Level 2c: 3 studies; Level 3a: 4 studies; Level 4: 4 studies; Level 

5: 5 studies).
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DISE Findings Associated with Surgical Outcomes

Aggregate quality of evidence:

C (Level 2b: 2 studies; Level 4: 6 studies).

Benefit:

Selected DISE findings are associated with outcomes of upper airway surgery and 

hypoglossal nerve stimulation. Other DISE findings are not clearly associated with 

outcomes.

Harm:

Additional risk of anesthesia if done as a stand-alone procedure; potential but small 

increase in anesthetic risk if performed at the same time as a planned surgery. The use of 

DISE does not always lead to improved surgical outcomes.

Cost:

Increased time and effort to perform DISE before surgery.

Benefits-harm assessment:

Balance of benefit and harm.

Value judgments:

Recent multicenter studies have identified specific DISE findings associated with 

outcomes of upper airway surgery and hypoglossal nerve stimulation. Additional research 

can evaluate whether newer palate surgery techniques can address potential limitations of 

upper airway surgery, such as oropharyngeal lateral wall-related obstruction.

Recommendation level:

Option.

Intervention:

DISE can be used to assess the upper airway for areas of collapse and can guide surgical 

intervention in selected cases.
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DISE to Improve Treatment Outcomes

Aggregate grade of evidence:

C (Level 2b: 1 study; Level 4: 4 studies).
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Sinus Surgery for OSA Treatment

Aggregate quality of evidence:

C (Level 3a: 1 study; Level 4: 6 studies).

Benefit:

Possible small decrease in AHI and improvement in sleep symptoms with sinus surgery.

Harm:

Risks of endoscopic sinus surgery including pain, bleeding, infection, orbital injury, 

cerebrospinal fluid leak, etc. Continued need for adjunctive OSA therapies.

Cost:

Moderate to high costs associated with sinus surgery and indirect costs of time off work 

and recovery period.

Benefits-harm assessment:

Preponderance of harm over benefit.

Value judgments:

While sinus surgery has been shown to improve sleep symptoms in chronic rhinosinusitis 

patients, sinus surgery alone should not be performed to significantly improve or cure 

sleep apnea.

Recommendation level:

Recommendation against.

Intervention:

While endoscopic sinus surgery may improve subjective sleep quality in patients with 

chronic rhinosinusitis and concurrent SDB, SDB alone is not an indication to perform 

sinus surgery.
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Nasal Surgery for OSA

Aggregate quality of evidence:

Grade B (Level 1b: 1 study; Level 2a: 3 studies; Level 2b: 3 studies; Level 4: 3 studies).

Benefit:

Nasal surgery is associated with improved subjective nasal breathing, improved ESS, but 

only small improvements in AHI and RDI.

Harm:

Risks and complications related to nasal surgery; persistent sleep apnea is likely for 

patients with moderate to severe OSA.

Cost:

High costs for surgery and postoperative care.

Benefits-harm assessment:

Balance of benefit and harm due to the evidence showing no significant changes in AHI 

and improvements in sleepiness symptoms. Benefits may outweigh harm for patients with 

symptomatic nasal obstruction.

Value judgments:

Nasal surgery to treat nasal obstruction that is refractory to medical management can 

improve ESS and RDI. Nasal surgery alone should not be used to cure moderate to severe 

OSA.

Recommendation level:

Option.

Intervention:

Consider nasal surgery for patients with concurrent nasal obstruction and OSA for 

symptom improvement and PAP tolerance. Decision to treat should be based on clinical 

exam and goals of therapy.
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Tonsillectomy for Treatment of OSA

Aggregate quality of evidence:

C (Level 3a: 1 study; Level 3b: 6 studies; Level 4: 10 studies).

Benefit:

Palatine tonsillectomy improves the severity of OSA in patients with tonsil hypertrophy.

Harm:

Consequences of postoperative healing include pain and dysphagia and required time off 

work for recovery. Low risk for postoperative bleeding requiring treatment.

Cost:

Moderate cost of surgical treatment and postoperative care including time off work.

Benefits-harm assessment:

Benefits outweigh low risk of harm. Tonsillectomy for OSA patients with tonsil 

hypertrophy can improve OSA severity.

Value judgments:

Adults with tonsil hypertrophy can benefit from tonsillectomy to improve OSA severity 

and daytime sleepiness. Upon anatomic assessment, tonsillectomy can be combined with 

palatoplasty techniques, however the additional benefit of palatoplasty in those with 

tonsil hypertrophy requires further study.

Recommendation level:

Recommendation.

Intervention:

Assess for tonsil hypertrophy in patients with OSA and consider tonsillectomy as a 

treatment option for OSA especially in those with grade 3 or 4 tonsils and in those who 

cannot tolerate CPAP.
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Uvulopalatopharyngoplasty for OSA

Aggregate quality of evidence:

B (Level 1: 1 study; Level 2: 2 studies; Level 3: 3 studies).

Benefit:

Significant reductions in AHI, sleepiness and OSA severity are seen after UPPP. 

Candidates for surgery have typically demonstrated CPAP intolerance.

Harm:

Overall success rates and amount of AHI reduction after traditional UPPP are variable 

and based on short-term studies. Side effects of UPPP include acute postoperative pain 

and temporary dysphagia. Complications include postoperative bleeding, acute airway 

edema, nasopharyngeal stenosis, globus, and velopharyngeal insufficiency.

Cost:

Moderate cost for surgery. Indirect costs associated with time-off work after surgery.

Benefits-harm assessment:

Benefits outweigh the risks of harm in patients who cannot use CPAP.

Value judgments:

UPPP has the ability to improve OSA severity and daytime sleepiness. Surgery outcomes 

depend on patient selection. Modifications in UPPP surgical techniques may have lower 

morbidity compared to traditional UPPP.

Recommendation level:

Recommendation.

Intervention:

UPPP can be effective as a treatment for OSA in a properly selected patients who 

cannot tolerate CPAP therapy. Decision for surgery requires shared decision making to 

assess patient symptoms, clinical features of disease, and individual goals and values for 

therapy.
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Expansion Sphincter Pharyngoplasty for OSA

Aggregate quality of evidence:

C (Level 2: 2 studies; Level 3: 1 study; Level 4: 13 studies).

Benefit:

Reduction in AHI and OSA severity after surgery. Rate of complications may be less 

than traditional UPPP surgery. Small studies suggest improvements in CRP levels with 

effective palatoplasty surgery.

Harm:

Moderate side effects and risks include acute postoperative pain, temporary dysphagia, 

risk for postoperative bleeding, velopharyngeal insufficiency, globus sensation, and 

persistent OSA. Minimal long-term complications.

Cost:

Moderate cost for surgery. Indirect cost includes time-off of work after surgery.

Benefits-harm assessment:

Balance of benefit and harm. Potential for benefits outweigh risks for harm in patients 

with OSA who cannot use CPAP.

Value judgments:

ESP has the potential to significantly decrease OSA severity and improve daytime 

sleepiness. ESP has been shown to improve circumferential velopharyngeal collapse seen 

on DISE and may have lower complication rates compared to traditional UPPP. Surgery 

outcomes will depend on patient selection. Low quality evidence suggests outcomes may 

be better than traditional UPPP. Surgical approach and technique may vary by surgeon 

and depend on anatomic features.

Recommendation level:

Option.

Intervention:

Expansion sphincter pharyngoplasty can be offered as a surgical approach to treat 

velopharyngeal and oropharyngeal collapse in OSA patients who cannot use CPAP.
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Lateral Pharyngoplasty for OSA

Aggregate grade of evidence:

B (Level 1b: 2 studies; Level 2b: 5 studies; Level 3b: 1 study; Level 4: 1 study).
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Transpalatal Advancement for Treatment of OSA

Aggregate grade of evidence:

D (Level 3: 2 studies; Level 4: 2 studies).
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Radiofrequency Palatoplasty for OSA Treatment

Aggregate quality of evidence:

B (Level 1b: 4 studies; Level 2a: 1 study; Level 2b: 5 studies; Level 3a: 7 studies; Level 

3b: 4 studies; Level 4: 2 studies).

Benefit:

Minimally invasive surgery that can be performed in the clinic. Reduction in snoring in 

the short term.

Harm:

Short-term postoperative pain with relatively low complication rates. Risks for superficial 

mucosal erosion, edema, oronasal fistula, and sloughing.

Cost:

Moderate cost of equipment and surgical fees which may not be covered by insurance; 

minimal time off of work.

Benefits-harm assessment:

Balance of benefit and harm.

Value judgments:

RF palatoplasty may provide short-term benefits in selected OSA patients who prefer 

minimally invasive treatment. Patients should be aware that improvement in sleep apnea 

and snoring may be limited and repeated treatments may be needed.

Recommendation level:

Option.

Intervention:

RF palatoplasty is an option with short-term efficacy for patients with primary snoring or 

mild OSA.
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Pillar Implants for OSA Treatment

Aggregate quality of evidence:

B (Level 1a: 1 study; Level 1b: 4 studies; Level 4: 12 studies).

Benefit:

Easy to perform in the office under local anesthesia with excellent patient tolerance and 

limited morbidity. Small changes in AHI, improved ESS and snoring in certain patients 

with snoring or mild to moderate OSA.

Harm:

Self-limited mild pain, foreign body sensation, and swallowing difficulties for 72 h, risk 

for ulceration, and implant extrusion.

Cost:

Moderate to high, often not covered by insurance. Minimal time off work.

Benefits-harm assessment:

Balance of benefit and harm.

Value judgments:

Short-term improvements in symptoms and AHI in patients with BMI <32 with mild to 

moderate OSA. There is minimal morbidity and efficacy is variable.

Recommendation level:

Option.

Intervention:

Pillar implants can be considered in patients with primary snoring or mild to moderate 

OSA and suspected soft palate collapse for improvements in snoring, sleepiness, and 

small changes in AHI.
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Palate Suture Suspension for Treatment of OSA

Aggregate grade of evidence:

C (Level 1: 1 study; Level 3: 1 study; Level 4: 9 studies).
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Tongue Base Radiofrequency for OSA Treatment

Aggregate grade of evidence:

C (Level 3: 1 study; Level 4: 11 studies).
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Genioglossus Advancement for OSA Treatment

Aggregate grade of evidence:

C (Level 2a: 1 study; Level 4: 6 studies).
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Tongue Suture Suspension for OSA Treatment

Aggregate grade of evidence:

C (Level 1b: 1 study; Level 2a: 3 studies; Level 2b: 1 study; Level 4: 1 study).
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Hyoid Suspension for Treatment of OSA

Aggregate grade of evidence:

C (Level 2a: 3 studies; Level 2b: 1 study; Level 4: 1 study).
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Lingual Tonsillectomy for Treatment of OSA

Aggregate quality of evidence:

B (Level 2a: 2 studies).

Benefit:

Lingual tonsillectomy results in reduction of AHI, an increase in O2 saturation nadir and 

improved sleepiness.

Harm:

Potential complications of surgery include: bleeding, dysphagia and globus sensation, 

dysgeusia, tongue numbness, pain, and pharyngeal scarring.

Cost:

Moderate to high costs associated with surgery and postoperative healing time (typically 

2–3 weeks of time off from work).

Benefits-harm assessment:

Balance of benefit and harm.

Value judgments:

The addition of lingual tonsillectomy can provide additional benefit to palate-level 

surgery for select OSA patients with multilevel obstruction involving the tongue base. 

Patients must have clear evidence of lingual tonsil hypertrophy and associated obstruction 

at the tongue base. This may be assessed by indirect exam, cross-sectional imaging, or 

drug-induced sleep endoscopy.

Recommendation level:

Option.

Intervention:

Lingual tonsillectomy is an option for properly selected OSA patients. Specifically 

lingual tonsillectomy can be considered when lingual tonsillar hypertrophy causes a 

component of upper airway obstruction in OSA patients who cannot use CPAP.
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Maxillary Expansion for OSA Treatment

Aggregate grade of evidence:

Adult OSA:

D (Level 3: 2 studies).

Pediatric OSA:

C (Level 2: 3 studies; Level 3: 2 studies).
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Maxillomandibular Advancement for OSA Treatment

Aggregate quality of evidence:

B (Level 2a: 6 studies; Level 2b: 3 studies).

Benefit:

MMA offers significant AHI reduction and improvement in ESS.

Harm:

Serious adverse events are rare. MMA is a lengthy and technically challenging procedure 

with surgical risks for dental malocclusion, facial neurosensory deficits, and cosmetic 

changes.

Cost:

High costs related to surgery, and visits. Indirect costs: time off work, recovery time 

varies from 4 to 6 weeks, may need orthodontic management before and after surgery 

often with out-of-pocket costs.

Benefits-harm assessment:

Preponderance of benefit over harm.

Value judgments:

MMA surgery is effective for patients with moderate to severe OSA in lowering AHI. It 

may improve the oxyhemoglobin saturation as well as systemic blood pressure.

Recommendation level:

Recommendation.

Intervention:

MMA is an effective treatment for patients with moderate to severe OSA who have 

failed CPAP. It is indicated in patients with skeletal-dental abnormalities and craniofacial 

anomaly.
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Hypoglossal Nerve Stimulation for Treatment of OSA

Aggregate quality of evidence:

B (Level 1b: 1 study; Level 2a: 4 studies; Level 2b: 22 studies; Level 3a: 1 study; Level 

3b: 7 studies; Level 4: 16 studies).

Benefit:

Improvement in objective and subjective measures of OSA.

Harm:

Surgical risks, device malfunction, potential for nonresponse requiring additional therapy, 

MRI limitations.

Cost:

Moderate to high. HNS may be cost effective through mitigation of OSA complications 

when considering patient population non-adherent to PAP, but no studies of HNS impact 

on long-term major adverse health consequences of OSA have been published that would 

permit cost-utility analysis.

Benefits-harm assessment:

Preponderance of benefit over harm

Value judgments:

HNS can significantly improve moderate to severe OSA in patients that are nonadherent 

to PAP. Approximately 70%–75% of patients will respond as defined by AHI (>50% AHI 

reduction and overall AHI < 20) and up to half may have a complete response (AHI < 

5). Follow-up with full night studies or HST for long-term therapeutic AHI measures is 

recommended.

Recommendation level:

Recommendation.

Intervention:

HNS is an effective therapy for select patients with moderate-to-severe OSA that are 

intolerant of PAP and meet clinical criteria for therapy.
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HNS Titration for OSA

Aggregate grade of evidence:

D (Level 2b: 1 study; Level 4: 3 studies).
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HNS Adherence

Aggregate grade of evidence:

C (Level 2b: 1 study; Level 4: 7 studies).
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Multilevel Airway Surgery for Treatment of OSA

Aggregate quality of evidence:

B (Level 1b: 1 study; Level 2b: 30 studies; Level 3b: 2 studies; Level 4: 81 studies).

Benefit:

Effective at reducing OSA severity and improving quality of life in PAP-intolerant 

patients.

Harm:

Increased pain and possibly increased complications compared to single level surgery and 

medical treatments for OSA.

Cost:

Moderate to high costs associated with surgery and time off work for recovery.

Benefits-harm assessment:

Slight preponderance of benefit over harm.

Value judgments:

Properly selected patients and procedure combinations can result in improved OSA 

severity and symptoms. Data on efficacy of MLS over single-level surgery is mixed.

Recommendation level:

Option.

Intervention:

MLS may be considered in patients intolerant of PAP therapy. Patients should 

receive adequate counseling expectations regarding the published success rates and 

complications and shared-decision making to create a mutual treatment plan.
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Long-Term Response to Surgery for OSA

Aggregate grade of evidence:

C (Level 1a: 1 study; Level 2a: 2 studies; Level 2b: 3 studies; Level 3b: 2 studies). 

Evidence grade is based on studies with mean follow-up duration greater than 2 years.
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Bariatric Surgery to Improve OSA

Aggregate quality of evidence:

B (Level 1: 5 studies; Level 2: 9 studies).

Benefit:

OSA severity improves after bariatric surgery when there is significant weight reduction.

Harm:

Bariatric surgery is an invasive procedure with potential risks. Residual sleep disordered 

breathing may persist following bariatric surgery.

Cost:

High costs associated with surgery, hospitalization, and time off work for follow-up visits 

and recovery.

Benefits-harm assessment:

Benefits outweigh the harms.

Value judgments:

Bariatric surgery in obese patients with OSA can lead to a significant reduction in 

the OSA severity and other obesityrelated comorbidities. Surgery is associated with 

improved OSA-related symptoms and may improve candidacy for other sleep apnea 

surgeries if PAP cannot be tolerated. Durability of OSA outcomes requires further 

investigation.

Recommendation level:

Recommendation

Intervention:

Bariatric surgery is effective in reducing OSA severity in obese patients.
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Surgery to Improve Sleep Related Quality of Life

Aggregate quality of evidence:

B (Level 1a: 8 studies; Level 1b: 11 studies; Level 2a: 4 studies; Level 2b: 3 studies; 

Level 4: 20 studies).

Benefit:

Improved sleepiness, reduced daytime symptoms, and improved quality of life.

Harm:

Risks specific to surgery type and potential for complications.

Cost:

Moderate to high costs related to surgery and hospital care. Indirect costs: Time off work 

after surgery.

Benefits-harm assessment:

Preponderance of benefit over harm.

Value judgments:

Properly selected surgical interventions can lead to improvement in symptoms of SDB 

with low risk for harm.

Recommendation level:

Recommendation.

Intervention:

OSA surgery may be offered to patients who cannot use CPAP. Surgery has the ability to 

improve sleep-related and general quality of life measures in properly selected patients.

Chang et al. Page 410

Int Forum Allergy Rhinol. Author manuscript; available in PMC 2024 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Surgery to Improve OSA Severity

Aggregate quality of evidence:

B (Level 1a: 11 studies; Level 1b: 12 studies; Level 2a: 8 studies; Level 3a: 2 studies; 

Level 3b: 1 study; Level 4: 19 studies).

Benefit:

Improved sleep parameters such as the apnea-hypopnea index, oxygen desaturation 

index, lowest oxygen saturation has been reported after surgery. Reduced OSA severity 

may improve risk for OSA-associated comorbidities.

Harm:

Side effects depend on the site of surgery. Some of the more common risks include: 

bleeding, aspiration, airway edema, stenosis, velopharyngeal insufficiency, dysphagia, 

globus sensation, numbness, change in taste, numbness, damaged teeth, respiratory 

compromise, worsened OSA, death.

Cost:

Moderate to high costs for surgery and postoperative care. Indirect cost of time off for 

recovery.

Benefits-harm assessment:

Preponderance of benefit over harm.

Value judgments:

Properly selected surgical interventions for patients can lead to significant reductions in 

OSA severity with low risks for harm.

Recommendation level:

Recommendation.

Intervention:

Assessment and discussion of surgical candidacy should be offered to patients who 

cannot use CPAP. Surgery has the ability to reduce OSA severity.
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Surgery for Mortality Risk Reduction

Aggregate quality of evidence:

Grade C (Level 2b: 2 studies; Level 2c: 2 studies).

Benefit:

Potential for reduced mortality when compared to no treatment. Mortality and survival 

may be equivalent to provision of CPAP.

Harm:

Risks related to specific surgery types. Rare perioperative mortality risk (see Table X).

Cost:

Moderate costs related to surgery and recovery.

Benefits-Harm assessment:

Balance of benefit and harm.

Value judgments:

OSA surgery may improve mortality outcomes compared to no treatment based on 

retrospective cohort data.

Recommendation level:

Option.

Intervention:

Consider surgical treatment in patients with moderate to severe OSA who cannot use 

CPAP to improve mortality risk.
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Sleep Surgery for Hypertension Management

Aggregate quality of evidence:

C (Level 1b: 1 study; Level 4: 6 studies).

Benefit:

Reductions are seen in systolic blood pressure, diastolic blood pressure, and mean arterial 

blood pressure in patients who have undergone successful sleep apnea surgery (soft tissue 

and MMA surgery).

Harm:

Risks specific to surgery type, potential for surgical complications, and ineffective 

postsurgical response.

Cost:

Moderate costs associated with surgery and time for recovery.

Benefits-harm assessment:

Balance of benefit and harm.

Value judgments:

OSA patients with treatment resistant hypertension and CPAP intolerance may benefit 

from sleep apnea surgery to lower blood pressure. The durability and long-term effects 

are unknown.

Recommendation level:

Option.

Intervention:

Current data suggests that when surgery is successful in treating OSA, then meaningful 

reductions in blood pressure may be seen. Surgery can be considered in CPAP-intolerant 

patients.
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Surgery for Improved Cardiovascular Outcomes and Markers of Disease

Aggregate quality of evidence:

C (Level 2a: 1 study; Level 2b: 1 study; Level 3b: 5 studies; Level 4: 7 studies).

Benefit:

Reductions in the incidence of heart failure and atrial fibrillation are seen after soft tissue 

surgery. Improvements in surrogate markers of cardiovascular dysfunction such as CRP, 

HRV, serum leptin, NOx, cholesterol, and arterial stiffness are seen after successful sleep 

surgery.

Harm:

Potential for surgical complications and ineffective post-surgical response.

Cost:

Moderate costs related to surgery and time for recovery.

Benefits-harm assessment:

Balanced benefit and harm.

Value judgments:

Evidence suggests successful surgery is associated with protective effects to the 

cardiovascular system. One large retrospective study demonstrated improvements in 

some cardiovascular outcomes. The durability and long-term effects are unknown.

Recommendation level:

Option.

Intervention:

Sleep apnea surgery is an option to improve markers of cardiovascular disease in those 

who cannot use CPAP.
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Surgery to Improve Cognitive Measures

Aggregate grade of evidence:

C (Level 2b: 1 study; Level 3b: 1 study; Level 4: 3 studies; conflicting evidence).
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Surgery to Reduce Cerebrovascular Disease Risk

Aggregate grade of evidence:

C (Level 2b: 2 studies; Level 4: 1 study).
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Surgery to Improve Work Productivity

Aggregate quality of evidence:

D (Level 2b: 1 study; Level 4: 1 study).

Benefit:

Reduced direct and indirect economic costs related to absenteeism, medical expenses, 

and work duty modifications. Reduced sleepiness and improved alertness may translate to 

better work productivity.

Harm:

Risks related to surgery and complications.

Cost:

Direct costs: Moderate costs specific to surgery and hospitalization; indirect costs: time-

off work after surgery.

Benefits-harm assessment:

Balance of benefit and harm.

Value judgments:

Properly selected surgical interventions can be successful with low risk of harm. 

Evidence on direct relationship to workplace productivity is limited.

Recommendation level:

No recommendation.

Intervention:

Surgery may improve daytime sleepiness but the evidence demonstrating significant 

improvements in work productivity is limited.
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Adenotonsillectomy as Treatment for Pediatric OSA

Aggregate quality of evidence:

B (Level 1a: 2 studies; Level 1b: 1 study; Level 2b: 2 studies; Level 3a: 1 study; Level 

3b: 2 studies).

Benefit:

Improved postoperative sleep parameters, symptoms, quality-of-life, and behavior.

Harm:

Risk of bleeding, possible dehydration, parental days off work for postoperative care.

Cost:

Moderate costs related to surgery and postoperative care.

Benefits-harm assessment:

Preponderance of benefit over harm.

Value judgments:

Adenotonsillectomy is associated with improved OSA severity, sleep symptoms, quality 

of life and behavior measures.

Recommendation level:

Recommendation.

Intervention:

Tonsillectomy with or without adenoidectomy should be offered in children with OSA.
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FIGURE IX.C.2. 
The VOTE classification1627
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FIGURE IV.C.3. 
Common sagittal cephalometric findings associated with obstructive sleep apnea (OSA): (A) 

decreased cranial base length, (B) decreased maxillary length, (C) decreased mandibular 

length, (D) decreased posterior facial height, (E, F) increased anterior lower facial height 

and total facial height, (G) decreased cranial base angle, (H) decreased gonial angle 

(posterior rotation of mandible), (I) inferior and posterior displacement of the hyoid bone.
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TABLE II. A. 1

Aggregate grade of evidence

Grade Research quality

A Well-designed RCTs

B RCTs with minor limitations 
Overwhelming consistent evidence from observational studies

C Observational studies (case–control and cohort design)

D Expert opinion 
Case reports
Reasoning from first principles
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TABLE III.A.1

Adult OSA severity classification

OSA severity classification AHI (events/h)

None <5

Mild ≥5 to <15

Moderate ≥15 to <30

Severe ≥30
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TABLE VI.C.1

Evidence on the relationship between snoring, gasping, daytime sleepiness, and OSA

Study Year

LOE 
(1a–
5) Study design Study groups Clinical end-point Conclusion

Myers et 
al.507

2013 1a Systematic 
review

Community-
screened patients 
and patients 
referred for sleep 
evaluation

In-laboratory PSG Nocturnal choking or gasping episodes 
most predictive symptom (LR 3.3, 95% 
CI 2.1–4.6) for the diagnosis of OSA 
(AHI ≥ 10). Snoring, reported apneas, 
and excessive daytime sleepiness were less 
predictive of the diagnosis (LR 1.1 [95% 
CI 1.0–1.1], 1.4 [1.2–1.5], and 1.3 [1.1–
1.4], respectively).

Young et al.90 1993 1b Prospective 
cohort

Wisconsin Sleep 
Cohort Study 
population (n = 
602)

In-laboratory PSG In individuals with OSA (AHI ≥ 5), 
more men than women reported habitual 
snoring ± breathing pauses (34% vs. 
19%), and more women than men reported 
hypersomnolence (22.6% vs. 15.5%).

Johns et al.510 1993 1b Cross sectional 
survey

Adult patients 
suspected of 
having OSAS by 
history of snoring 
(n = 273)

Questionnaire (ESS) 
and in-laboratory 
PSG

Patients found to have OSAS (RDI > 
5) had significantly higher levels of 
daytime sleepiness (measured by ESS) 
than primary snorers; ESS scores and thus 
daytime sleepiness increased significantly 
with increasing OSAS severity.

Netzer et 
al.445

1999 1b Cross sectional 
survey

Adult primary 
care patients (n = 
100)

Questionnaire 
(Berlin), in-home 
PSG

High-risk patients (in ≥2 categories) were 
more likely to meet criteria for OSAS 
(RDI > 5). 
High-risk qualification by one symptom 
category did not predict RDI as well as 
composite score.

Young et al.88 2002 1b Prospective 
cohort

Sleep heart health 
study population 
(n = 5615)

Questionnaire, 
clinical examination, 
in-home PSG

Habitual snoring (OR 2.87, 95% CI 2.10–
3.91), and breathing pauses occurring <3 
nights/week (OR 1.78, 95% CI 1.34–2.37), 
or 3–7 nights/week (OR 4.03, 95% CI 
2.87–5.67) were associated with moderate 
to severe OSA (AHI ≥ 15).

Chung et 
al.446

2008 1b Diagnostic 
accuracy

Adult pre-
operative patients 
(n = 177)

Questionnaire 
(STOP), in-laboratory 
PSG

Patients identified as high risk for OSA (≥2 
“yes” answers) demonstrated a sensitivity 
of 65.6%, specificity of 60%, positive 
predictive value (PPV) 78.4%, and NPV 
44.0% for OSA (AHI > 5). The STOP 
questionnaire was more sensitive in 
detecting patients with moderate (AHI > 
15) to severe (AHI > 30) OSA.

Silva et al.456 2011 1b Prospective 
cohort

Sleep heart health 
study population 
(n = 4770)

In-home PSG Among individuals with moderate-to-
severe SBD (RDI ≥ 15, <30) and 
severe SBD (RDI ≥ 30): 55.9% and 
69.6%, respectively snore often/every 
night; 38.9% and 66.9% have witnessed 
apneas, and 32% and 40% have excessive 
daytime sleepiness (ESS≥11).

Johnson et 
al.506

2020 1b Prospective 
cohort

Jackson Heart 
Sleep Study (n = 
719)

Questionnaire 
(Including, STOP-
bang, ESS), in-home 
PSG

Among an adult African American cohort 
with moderate to severe OSA (REI ≥ 15), 
49.3% snore ≥3 nights/week (vs. 31.1% 
with mild or no OSA), 6.6% had witnessed 
apneas ≥3 nights/week (vs. 3.1%), and 
22.4% had sleepiness (ESS > 10) (vs. 
19.5%).

Durán et al.145 2001 2b Cross-
sectional

Community 
sample (n = 555)

Structured interview, 
in-laboratory PSG

Habitual snoring (OR 5.45) and breathing 
pauses during sleep (OR 13.4) are 
risk factors for moderate-severe OSA 
(AHI ≥ 15). Habitual snoring (OR 
3.36) is also risk factor for mild OSA 
(AHI ≥ 5–14.9). Breathing pauses not 
significantly associated with mild OSA 
(OR 4.63). Daytime hypersomnolence is 
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Study Year

LOE 
(1a–
5) Study design Study groups Clinical end-point Conclusion

not associated with mild OSA (OR 1.37) 
or moderate-severe OSA (OR 1.05).

Shepertycky 
et al.511

2005 2b Retrospective 
cohort

Population of 
patients 
diagnosed with 
OSAS (n = 260)

Questionnaire, in-lab 
PSG

At the time of OSAS diagnosis, women 
were more likely to present with insomnia 
(OR 4.20, 95% CI 1.54–14.26) and less 
likely to report witnessed apneas (OR 0.66, 
95% CI 0.38–1.12).

Ustun et al.505 2016 2b Retrospective 
cohort

Clinical Sleep 
Laboratory 
Database (n = 
1992)

In-lab PSG Patients found to have OSA (AHI > 5 
or RDI > 10) were significantly more 
likely to self-report snoring (79.7%) and 
witnessed apneas (43.8%) than individuals 
without OSA.
A clinical prediction model for diagnosing 
OSA using medical history features was 
superior to model performance using 
symptoms alone.

Li et al.512 2019 2b Cross-
sectional 
observa-tional 
study

Adult patients 
with snoring and 
suspected OSAS 
(n = 134)

Questionnaire 
(ESS and 
Montreal Cognitive 
Assessment), in-lab 
PSG

Daytime sleepiness, as measured by ESS, 
worsens with increasing OSAS severity.

Epstein et 
al.513

2009 5 Guideline Recommendations on 
the evaluation and 
management of adult 
patients with OSA

A comprehensive sleep history in a 
patient with suspected OSA should include 
evaluation for snoring, witnessed apneas, 
gasping/choking episodes, excessive 
sleepiness not explained by other 
factors (including assessment of 
sleepiness severity by ESS), total sleep 
amount, nocturia, morning headaches, 
sleep fragmentation/sleep maintenance 
insomnia, and decreased concentration and 
memory.
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