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Obstructive sleep apnea (OSA) is a serious condition 
characterized by repeated episodes of complete 
or partial obstruction of the upper airway. These 

episodes are accompanied by varying degrees of arterial 
oxygen desaturation and sympathetic activation. They are 
usually terminated by brief cortical arousals or, occasionally, 

The purpose of the Society of Anesthesia and Sleep Medicine guideline on preoperative screening 
and assessment of adult patients with obstructive sleep apnea (OSA) is to present recommenda-
tions based on the available clinical evidence on the topic where possible. As very few well-performed 
randomized studies in this field of perioperative care are available, most of the recommendations 
were developed by experts in the field through consensus processes involving utilization of evidence 
grading to indicate the level of evidence upon which recommendations were based. This guideline 
may not be appropriate for all clinical situations and all patients. The decision whether to follow 
these recommendations must be made by a responsible physician on an individual basis. Protocols 
should be developed by individual institutions taking into account the patients’ conditions, extent of 
interventions and available resources. This practice guideline is not intended to define standards of 
care or represent absolute requirements for patient care. The adherence to these guidelines cannot 
in any way guarantee successful outcomes and is rather meant to help individuals and institutions 
formulate plans to better deal with the challenges posed by perioperative patients with OSA. These 
recommendations reflect the current state of knowledge and its interpretation by a group of experts 
in the field at the time of publication. While these guidelines will be periodically updated, new 
information that becomes available between updates should be taken into account. Deviations in 
practice from guidelines may be justifiable and such deviations should not be interpreted as a basis 
for claims of negligence.   (Anesth Analg 2016;123:452–73)
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awakenings. Resultant sleep disruption is responsible for 
the commonly associated symptom of excessive daytime 
sleepiness. Habitual snoring usually coexists. Apart from 
these symptoms, which can be very intrusive, OSA can lead 
to adverse health outcomes, including cerebrovascular dis-
ease, cardiovascular disorders (eg, hypertension, ischemic 
heart disease, arrhythmias, pulmonary hypertension, and 
congestive heart failure), metabolic syndrome, depression, 
and increased risk of accidents.1–8 Numerous factors includ-
ing alcohol consumption, smoking, obesity, increased neck 
circumference, male sex, advanced age, tonsillar and ade-
noidal hypertrophy, macroglossia, nasal obstruction, and 
craniofacial abnormalities increase the risk of OSA.9–12

Age and sex are important influences. Twenty-seven 
percent of women and 43% of men ages 50 to 70 years 
old are estimated to have OSA versus 9% of women and 
26% of men in the 30- to 49-years category.13,14 Up to 90% 
of individuals with moderate-to-severe OSA may remain 
undiagnosed.15,16 Importantly, OSA is common in patients 
who present for surgery, with estimates ranging from the 
prevalence of the general population to as high as 70% 
in select populations (eg, bariatric surgical patients).17,18 
Similar to the general population, most patients with OSA 
remain undiagnosed at the time of surgery.19,20 The diagno-
sis of OSA is confirmed by observing the number of apnea 
and/or hypopnea episodes per hour (the apnea-hypopnea 
index [AHI]) on an overnight polysomnography. Cutoffs 
for AHI have been used to define the severity of OSA. The 
American Academy of Sleep Medicine defines mild OSA 
as AHI 5 to <15 events/h, moderate OSA as AHI 15 to 
30 events/h, and severe OSA as AHI >30 events/h.21 The 
severity of OSA as measured by the AHI may worsen in 
OSA patients during the postoperative period.22,23 Studies 
on several large databases, including millions of patients 
and 2 meta-analyses of 13 and 17 studies, respectively, have 
found that patients with OSA are at increased risk of post-
operative complications.24–29

With an aging population and increasing rates of obesity, 
the prevalence of OSA is likely to increase.30 Coupled with 
an overall growth in the number of surgical procedures 
being performed, this suggests that the number of patients 
presenting for surgery with OSA will grow substantially. 
Whether their OSA is diagnosed or undiagnosed, and 
whether or not those who are diagnosed are on effective 
treatment (commonly continuous positive airway pressure 
[CPAP] therapy),31 appropriate perioperative planning is 
challenging in these patients. Absence of clear recommen-
dations is problematic, and clinicians are often left with dif-
ficult ad hoc decisions regarding preoperative preparation, 
intraoperative management, and postoperative monitoring 
and implementation of treatment. 

Perioperative complications related to OSA have increas-
ingly resulted in malpractice lawsuits.32–39 The Society of 
Anesthesia and Sleep Medicine and the Anesthesia Closed 
Claims Project have established a registry in North America 
to accurately record adverse anesthetic events related to 
OSA.36 Accumulation of these data will help to identify 
those aspects of OSA that have greatest influence on postop-
erative complications, allowing better risk stratification and 
risk prevention.36 These uncertainties and the present lack of 
clear recommendations underline why guidelines based on 

the best-available evidence (or expert opinion where such 
evidence is lacking) are needed to inform perioperative 
management of patients with diagnosed or suspected OSA. 
Because of the large volume of medical literature relating to 
perioperative management, this first Society of Anesthesia 
and Sleep Medicine (SASM) guideline concentrates on 
the initial aspect of this subject: preoperative evaluation. 
Intraoperative and postoperative management of OSA are 
not considered in this guideline and await future develop-
ment, based on a similarly thorough literature reviews.

What Other Guidelines and Reviews Are 
Available?
Previous practice guidelines40–43 and reviews12,44 have been 
published by the American Society of Anesthesiologists 
(ASA),40,41 the Society for Ambulatory Anesthesia,42 the 
American Academy of Sleep Medicine,43 in Chest,44 and the 
Canadian Journal of Anesthesia.12

Why Was This Guideline Developed?
While worthy contributions, these previously published 
practice guidelines, and related reviews, have some obvi-
ous deficiencies. Most have failed to sufficiently examine 
and objectively establish OSA as a perioperative risk factor. 
Moreover, few have focused on an objective assessment of 
how to identify patients with OSA. An example is pro-
vided by the ASA Practice Guideline for the Perioperative 
Management of Patients with Obstructive Sleep Apnea, 
which was published in 2014,41 updating their 2006 guide-
line.40 It recommends preoperative screening to identify 
undiagnosed OSA, preoperative initiation of CPAP therapy 
for OSA where possible, and postoperative monitoring of 
OSA patients.41 However, despite best intentions, a significant 
dilemma occurs because these broadly based recommenda-
tions are factored on limited evidence, and the cost of imple-
mentation is high. Given this problem, a more focused and 
practical approach is needed to balance the desire to reduce 
postoperative adverse events and improve long-term health 
benefits with appropriate allocation of health care resources.

How Does This Guideline Differ From Existing 
Guidelines?
This guideline was developed to provide a more efficent 
and cost-effective approach to preoperative workup of 
patients with diagnosed or suspected OSA. In doing so, it 
carefully examines the existing evidence-base for preop-
erative screening and preparation of patients with OSA, 
as well as the perioperative use of CPAP in patients with 
diagnosed or undiagnosed OSA. The Task Force recognizes 
the difficulties posed by late recognition of OSA during pre-
operative workup, and thus, the recommendations provide 
a practical balance between the desire to minimize postop-
erative complications and the requirement for efficient use 
of health care resources.

To enhance the value of these guidelines for treating 
physicians, we have categorized patients into 3 clinically 
relevant groups: diagnosed OSA, treated; diagnosed OSA, 
partially treated/untreated; and suspected OSA. The ASA 
2014 guideline does not make these distinctions, thus lim-
iting its utility in the clinical setting.41 It indicated “CPAP 
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should be initiated if patients have severe OSA,” with no 
support for this statement.41 Our recommendations are 
based on a thorough evaluation of the literature, including 
a meta-analysis of perioperative CPAP use. In addition, as 
discussed later in this guideline, we recommend against 
delaying or canceling surgery for further workup except in 
particular groups of patients, with additional problems sug-
gesting disturbed ventilation or gas exchange, such as evi-
dence of hypoventilation, severe pulmonary hypertension, 
or resting hypoxemia in the absence of other diagnosed car-
diopulmonary disease. An executive summary is attached 
as an addendum.

Aims
This guideline focuses on the preoperative screening and 
preparation of adult surgical patients scheduled for elec-
tive surgery, including implementation of CPAP therapy 
in the preoperative and postoperative period. The specific 
aims were to (1) summarize the current state of knowledge 
regarding the impact of OSA on perioperative outcomes; 
(2) determine the appropriate preoperative assessments 
to identify patients with suspected or diagnosed OSA 
scheduled for elective surgery; and (3) evaluate the cur-
rent evidence informing best practices in preoperative 
management of diagnosed OSA, treated; diagnosed OSA, 
partially treated/untreated; and suspected OSA. In areas 
lacking sufficient published evidence, the task force sought 
to establish expert consensus. Patients affected by sleep-
disordered breathing unrelated to OSA were not consid-
ered in this guideline, because there is insufficient evidence 
on which to base recommendations regarding preoperative 
management for these disorders. These include hypoven-
tilation syndromes, periodic breathing, and central sleep 
apnea unrelated to OSA.

Guideline Task Force
The task force was composed of 28 members of SASM, an 
international society devoted to advancing standards of care 
for clinical problems shared by anesthesiology and sleep 
medicine. It included 12 anesthesiologists, 9 sleep medi-
cine specialists, 2 hospitalists, 1 otolaryngologist, 2 research 
assistants, a research librarian, and a clinical epidemiolo-
gist. Members of the Task Force share expertise in the topics 
of sleep-disordered breathing and anesthesia, and practice 
both in academic and in nonacademic settings in various 
parts of the United States, Canada, Europe, Australia, and 
South America.

METHODS
Research Questions
A systematic review of the literature addressing the preop-
erative assessment and preparation of patients with OSA 
in different areas was conducted. Research questions were 
divided into 3 groups (Table  1). The first group assessed 
the literature to determine how OSA affects perioperative 
outcomes (group 1). The second group investigated meth-
ods of screening preoperative patients to identify those at 
high risk for OSA in the preoperative period (group 2). The 
third group examined the literature to guide recommenda-
tions for best practices regarding preoperative management 

of patients with diagnosed OSA on therapy, patients with 
diagnosed OSA who decline or are nonadherent to therapy, 
and those with a high pretest probability for OSA (group 3). 
Leaders and members of each group are listed at the end of 
the manuscript.

Literature Search Strategy
With the help of a research librarian, a literature search was 
performed to include publications from 1946 to June 2014. 
Databases searched included PubMed-Medline, Medline in-
process, and other nonindexed citations, Embase, Cochrane 
Central Register of Controlled Trials, Cochrane Database 
of Systematic Reviews (2005 to June 2014), and Health 
Technology Assessment (fourth Quarter 2013). Continued 
literature surveillance was done through November 2015. 
Our search was restricted to studies in adults (18 years of age 
and older) published in English language only. All duplicate 
records were removed.

In group 1, the search used the controlled vocabulary 
terms and key words: “sleep apnea, obstructive,” “postop-
erative period,” “complications” or “outcome,” “periop-
erative care,” “intraoperative monitoring,” “postoperative 
monitoring,” “perioperative complications,” “intraopera-
tive complications,” “postoperative complications,” “out-
come,” “risk,” “morbidity,” “mortality” and “death,” 
and also “obstructive sleep apnea,” “obstructive sleep 
apnea syndrome,” “sleep disordered breathing,” “obesity 
hypoventilation syndrome,” “apnoea or apnea,” “hypop-
noea or hypopnea.”

Table 1.   Selection Criteria and Study Questions
Population Adults with suspected or diagnosed OSA undergoing 

elective surgery
Language English
Questions 1. Does a diagnosis of OSA change postoperative 

outcomes?
2. Preoperative assessment for OSA

2.1. �Should adult patients at risk for OSA be 
identified before surgery?

2.2. �Which tools can be used to identify surgical 
patients with suspected OSA in the preoperative 
period?

2.3. �What is the clinical value of performing 
additional preoperative tests?

3. What are the best preoperative practices in patients 
who were diagnosed with OSA, nonadherent with CPAP 
therapy or have a high pretest probability for OSA?
3.0.�What is the evidence on the efficacy of CPAP for 

surgical patients in the perioperative period?
3.1.�What are the best preoperative practices aimed 

at improving outcomes for surgical patients with 
known OSA who are adherent to PAP therapy?

3.2.�What are the best preoperative practices aimed 
at improving outcomes for surgical patients with 
known OSA but decline or are poorly adherent to 
PAP therapy?

3.3.�What are the best preoperative practices aimed 
at improving outcomes for surgical patients with 
a high probability of OSA?

Study  
designs

Randomized controlled trials, prospective observational 
trials, and retrospective trials, systematic reviews, 
meta-analyses and guidelines.

Abbreviations: CPAP, continuous positive airway pressure; OSA, obstructive 
sleep apnea; PAP, positive airway pressure.
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In group 2, the search used the controlled vocabulary 
terms and key words: “mass screening,” “polysomnogra-
phy,” “questionnaire,” “sleep apnea,” “sleep disordered 
breathing,” obesity hypoventilation syndrome,” “Pickwick 
syndrome,” “Cheyne Stokes respiration,” “obesity 
hypoventilation syndrome,” “central apnea,” “diagnostic 
test,” “probability,” “sensitivity and specificity,” “accuracy,” 
and “diagnosis.”

In group 3, the search used the controlled vocabulary 
terms and key words: “preoperative care,” “preoperative 
evaluation,” “preoperative assessment,” “patient selec-
tion,” “identified high-risk patient,” “physician’s practice 
patterns,” “referral,” “consult,” and “gatekeeping.” To 
determine the efficacy of CPAP in the surgical patients, 
the search used the MESH key words: “obstructive,” 
“sleep apnea,” “continuous positive airway pressure,” 
“obstructive sleep apnea,” “obstructive sleep apnea syn-
drome,” “obstructive sleep apnoea syndrome,” “sleep 
disordered breathing,” “obesity hypoventilation syn-
drome,” “apnoea or apnea,” “hypopnoea or hypopnea,” 
“auto-titrating positive airway pressure,” “positive airway 
pressure,” “bilevel positive airway pressure,” “postopera-
tive” and one of “complications” or “outcome,” “periop-
erative care,” “intraoperative care,” “postoperative care,” 
“intraoperative monitoring,” “postoperative monitoring,” 
“perioperative complications,” “intraoperative complica-
tions,” “postoperative complications,” “outcome,” “risk,” 
“morbidity” or “mortality,” and “death.” The full search 
strategies used in Medline for the different questions are 
shown in the Supplemental Digital Content 1, Tables S1 to 
S7 (http://links.lww.com/AA/B442).

Study Selection and Grading of Strength of 
Evidence
In their respective groups, 2 or more reviewers assessed 
titles and abstracts, to identify whether studies met inclu-
sion and exclusion criteria and graded the level of evidence. 
The reviewers for each respective group are listed at the 
end of the manuscript. The search results were assessed 
in a stepwise manner. In the first step of the review, rel-
evant studies were selected after we reviewed the title of 
the search results. In the second step, the abstracts were 
screened to decide whether the eligibility criteria were met. 
In the third step, the selected articles were reviewed and 
relevant data were extracted. A citation search by manual 
review of references from primary or review articles was 
performed, and all relevant results were compiled. The 
number of studies excluded and the reason for exclusion of 
studies were recorded. Any disagreements were resolved 
by consensus or by consulting with the main SASM groups 
via face-to-face meetings, teleconferences, or e-mail com-
munication. Study designs included randomized controlled 
trials, prospective observational studies, and retrospective 
studies, case series, systematic reviews, meta-analyses, and 
guidelines.

Data extracted from these studies included the type of 
study, level of evidence, demographic data, associated 
comorbid conditions, methods of OSA diagnoses, screening 
tools, types of OSA therapy, types of procedure, intraopera-
tive and postoperative adverse events, hospital readmission 

rates, mortality after surgery in OSA patients, preparation 
for surgery, sleep medicine referral, and CPAP therapy.

Exclusion Criteria
For group 1, regarding the evaluation of postoperative out-
comes in OSA, studies not reporting on a control group or at 
least 1 postoperative adverse outcome and/or mortality were 
excluded. For group 2, regarding preoperative screening and 
assessment of patients with OSA, studies were excluded if 
there was no information on screening performed for OSA, 
for defining the standards of accuracy, or for best clinical 
assessment tests when screening and classifying the risk of 
OSA. For group 3, regarding preparation of OSA patients for 
surgery, studies were excluded if there was no information 
concerning strategies or treatment interventions in patients 
at high risk for OSA or for patients with OSA but nonad-
herent with treatment. For use of CPAP in surgical patients, 
studies were excluded if they involved upper airway sur-
gery, provided no outcome data, or if patients did not use 
either preoperative or postoperative CPAP.

The included studies were graded by the review-
ers for strength of evidence according to the Grading 
of Recommendations, Assessment, Development, and 
Evaluation (GRADE) system45,46 (Table  2). The SASM 
Guideline Task Force met at special sessions at the 2014 and 
2015 SASM annual meeting, as well as during multiple tele-
conferences. The preliminary results were presented and 
discussions regarding expert member recommendations 
took place to consider the implications of their findings.

RECOMMENDATIONS
As discussed previously, recommendations were graded 
according to the GRADE Working Group45,46 (Table 2). The 
process of building recommendations included not only 
quality of evidence (confidence in effect estimates) but 
also the balance between benefit and harm of interven-
tions, the values and preferences of patients, and the use 
of resources.47,48 The recommendations were based on data 
obtained from the application of general principles of safe 

Table 2.   Significance of the 4 Levels of Evidence
Quality Level Definitions
High Very confident that the true effect lies close to that of 

the estimate of the effect (eg, RCT with consistent 
results or observational studies with very large 
effect size)

Moderate Moderately confident in the effect estimate: the true 
effect is likely to be close to the estimate of the 
effect, but there is a possibility that it is substantially 
different (eg, RCT with methodological limitations or 
observational studies with large effect size)

Low Confidence in the effect estimate is limited: The 
true effect may be substantially different from 
the estimate of the effect (eg, RCT with very 
serious limitation or observational studies without 
exceptional strength)

Very low Very little confidence in the effect estimate: The true 
effect is likely to be substantially different from the 
estimate of effect (eg, case reports and case series)

Abbreviation: RCT, randomized controlled trial.
Modified with permission from Balshem et al.46

http://links.lww.com/AA/B442
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perioperative care. The benefits and harms of interventions 
and clinical practice information were considered to ensure 
that the recommendations preserved patient safety, clinical 
validity, and usefulness.

The recommendation strength was classified as either 
“strong” or “weak.”47,48 Recommendations were made 
to administer or not administer an intervention based on 
trade-offs between benefits on the one hand and downsides 
(harms, burden, and cost) on the other.49 A strong recom-
mendation was given to administer an intervention or 
offer a treatment if the desirable effects of an outcome or 
an intervention clearly outweigh the undesirable effects. 
Conversely, if downsides outweigh benefits, the guide-
line will recommend against the implementation of such 
a treatment.49 If the overall effects were uncertain, a weak 
recommendation, also known as conditional, discretion-
ary or qualified recommendation was given. Essentially, a 
weak recommendation indicates that the desirable effects 
of adherence probably outweigh the undesirable effects. In 
addition, the weak assessment rating was assigned if evi-
dence was of low quality or evidence indicated that both 
desirable and undesirable effects were evenly present. Both 
strong and weak recommendations have a direction: either 
for or against. In some instances, while the level of evidence 
was low due to the absence of published literature, there was 
strong support for the statement by consensus of experts. 
By use of the GRADE approach, this potential dichotomy is 
presented for the reader to review and interpret.

Recommendations may be conditional on patient val-
ues and preferences, the resources available, or the setting 
in which interventions will be implemented.47,48 Because 
resources are valued differently in the different parts of the 
world, it is not feasible to make judgments about the appro-
priateness of resource use in this guideline.

Recommendations may be used at the discretion of the 
patient and clinician or qualified health care professional 
with an explanation about the issues that would lead deci-
sions to vary. The evidence categories were established upon 
the level of evidence and agreement among the members of 
the SASM guideline group (Table 3).47–49 In case of disagree-
ment on the recommendations among the members of the 
SASM task force, the Delphi method was used to collect 
comments from individuals on their recommendations. Final 
decisions were made by SASM Task Force after the results of 
Delphi methods on those specific questions were discussed.50

1. PREOPERATIVE DIAGNOSIS OF OSA
1.1. Question: Does a Diagnosis of OSA Change 
Postoperative Outcomes?
Recommendation 1.1.1: Patients With a Diagnosis of 
OSA Should Be Considered to Be at Increased Risk for 
Perioperative Complications (Level of Evidence: Moderate. 
Grade of Recommendation: Strong for)
The notion that OSA negatively affects postoperative out-
comes is held widely among perioperative physicians; how-
ever, prospective, controlled studies with sufficient power to 
support this assumption are rare, and randomization may 
not be feasible. In recent years, 2 independent meta-analyses 
have evaluated studies comparing outcomes in patients with 
and without a diagnosis of OSA and concluded that such a 
diagnosis is associated with increased risk for postoperative 

complications.24,25 Cardiopulmonary adverse events were 
increased by 2- to 3-fold.24,25 Nevertheless, these analyses 
used fairly strict inclusion criteria, resulting in the inclusion 
of 13 and 17 studies only, respectively. Additional literature 
available on the topic was not considered in these meta-anal-
yses, including recent analyses generated from data collected 
in large national databases on millions of patients.26–29,51 
Although the accuracy of studies that use International 
Classification of Diseases, Ninth Revision (ICD-9) coding to 
identify patients with OSA in Canada has been recently 
criticized, the point of the critique might not be applicable to 
other databases, and separate validation would be necessary 
to verify sensitivity and specificity.52 Moreover, potential defi-
ciencies of coding systems in OSA identification would label 
a mixture of OSA and non-OSA patients with the diagnosis 
of OSA, and potential misclassification would bias results 
to the null. Considering the fact that patients with an ICD-9 
code of OSA are likely to have the disease, and many who 
remain undiagnosed are included in the control group as is 
likely the case in database studies, the associations found in 
these analyses could actually underestimate the true effects.

The SASM Task Force on preoperative screening and 
assessment of patients with OSA sought to perform a com-
prehensive evaluation of the available information to formu-
late an opinion on the question: “Does the diagnosis of OSA 
change postoperative outcomes?” This is of utmost impor-
tance because it forms the basis for clinical decision making 

Table 3.   Going From Evidence to Recommendations
Strong 

recommendation
All or almost all informed people would make 

the recommended choice for or against an 
intervention.

•	 Uniformity of choice
•	 Clinicians spend less time on decision-

making process
•	 Focus efforts on overcoming barriers to 

implementation or adherence
•	 For patients: Most individuals in this 

situation would want the recommended 
course of action and only a small 
proportion would not.

•	 For clinicians: Most patients with the 
disease should receive the intervention.

•	 For policy makers: The recommendations 
can be adapted as policy in most 
situations.

Weak 
recommendation 
(discretional)

Most informed people would choose the 
recommended course of action, but a 
substantial number would not.

•	 Variability of choice
•	 Clinicians need to devote time to the 

decision-making process
•	 Ensure patients understand the 

implications of their choices
•	 For patients: The majority of individuals in 

this situation would want the suggested 
course of action, but many would not.

•	 For clinicians: Decision aids may be useful 
in helping individuals make decisions 
consistent with their value and preference

•	 For policy makers: Policy making 
will require substantial debates and 
involvement of many stakeholders.

Modified with permission from Andrews et al47,48 and Schünemann et al.49 
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regarding OSA in the perioperative setting and allows for the 
allocation of appropriate resources toward the prevention 
of adverse outcomes. Studies were reviewed irrespective 
of OSA definition and included those basing identification 
using ICD-9 coding, polysomnography, chart diagnosis and 
sleep questionnaires. Analyses that used data from popu-
lation-based administrative databases were also included 
because these reported on large numbers of patients and 
are powered to investigate rare outcomes. No meta-analysis 
was performed, however, as the pooling of data from data-
base studies has the possibility of case-overlap with other 
such investigations. The systematic review on the impact of 
OSA on postoperative outcomes was published by the group 
separately.53 It should be mentioned that additional studies 
have been published on the topic after the literature search 
was performed, further supporting the concept of OSA as a 
perioperative risk factor for complications.54,55

The literature on postoperative complications consists 
primarily of observational studies, and the majority of 
publications support the notion that the presence of OSA 
negatively influences perioperative outcomes. OSA may 
negatively affect respiratory outcomes and may be linked to 
postoperative cardiovascular events, such as the develop-
ment of atrial fibrillation.29 Although speculative, commonly 
found comorbid conditions such as pulmonary hyperten-
sion and heart disease may contribute to these findings, 
suggesting that cardiac in addition to respiratory monitor-
ing for selected patients with OSA may be considered.

The literature on the association between OSA and peri-
operative mortality is less clear. Current data suggest an 
association between OSA and lower 30-day mortality. The 
studies reporting a reduced association of the periopera-
tive mortality with OSA are based on population-based 
database analyses with residual confounding, dependence 
on ICD-9 diagnosis of OSA, and an inability to determine  
causality.28,29,56 It is therefore plausible that increased vigilance 
afforded to patients with OSA by care providers may reduce 
fatal outcomes as a result of complications, without influenc-
ing the latter per se. In view of ethical considerations, it is now 
difficult to perform randomized controlled trials in patients 
with OSA to determine its associations with postoperative 
complications, particularly in patients with severe OSA. 
Because of the large number of patients and the large number 

of trials, the overall quality of the body of evidence was con-
sidered to be moderate using the GRADE approach.46

Summary of the Literature Review
Implementing the described search strategy, the initial 
search yielded 5617 references (S2). After title screening, 
510 abstracts were identified and reviewed, and 449 were 
excluded. Finally, 63 pertinent studies that addressed the 
issue of perioperative complications in patients with OSA 
were identified. A summary of the effects of OSA on various 
outcome categories can be found in Tables 4 and 5.

A total of 52 studies were identified that reported on 
the association of OSA with select perioperative outcomes 
for surgeries under general or neuraxial anesthesia. Eleven 
studies based the diagnosis of OSA on ICD-9 coding,‡ 18 
used polysomnography,§ 6 used chart diagnoses,80,81,83,89,92,98 
16 used screening questionnaires,║ and 1 study73 referred to 
“clinical diagnosis.”

In total, the included studies reported on 413 576 OSA 
patients (diagnosed by ICD-9 coding, polysomnography, 
chart or clinical diagnoses, and screening questionnaires) 
and 8 557 044 control (non-OSA) patients. In summary,  
17 studies reported on pulmonary complications,26–29,57–69 14 
on oxygen desaturation events,¶ 6 on difficult intubation,79–84 
11 on cardiac complications,# 6 on atrial fibrillation,28,29,72,85–87 
11 on varying composite outcomes of minor/major complica-
tions,** 19 on the utilization of resources,†† 4 on various other 
outcomes,74,97–99 and 13 on the outcome of mortality.‡‡ In only 7 
studies was OSA associated with a beneficial effect for one of the 
outcomes studied.§§ The level of evidence to judge the impact of 
OSA on various outcomes ranged from very low to moderate.46

Table 4.   Studies Evaluating the Association of OSA and Postoperative Complications, Resource Utilization, 
and Mortality in Cases Utilizing General or Neuraxial Anesthesia

Impact of OSA  
on Outcomes No. of Studies OSA (n) Non-OSA (n)

Detrimental 
Impact of OSA 

(Studies)
Beneficial Impact 
of OSA (Studies)

No Significant 
Impact of OSA 

(Studies)

GRADE  
Quality of 
Evidence

Pulmonary complications 17 274 832 7 765 190 1126,27,29,57–64 0 628,65–69 Low

Desaturation 14 1993 4898 822,23,59,63,70–73 0 658,74–78 Moderate

Difficult intubation 6 29779 202 698 479–82 183 184 Moderate

Cardiac complications 11 68 543 770 121 227,64 0 957–61,63,65,67,72 Low

Atrial fibrillation 6 88 636 1 065 165 528,29,85–87 0 172 Low

Combined complications 11 52 561 565 842 9* 0 268,90 Low

Resource utilization 19 118 597 934 986 11† 228,65 667,72,82,94–96 Moderate

Other outcomes 4 36 339 192 896 174 297,98 199 Low

Mortality 13 202 447 2 084 951 157 328,29,56 99,27,60,65–68,72,94 Very low

Abbreviations: GRADE, Grading of Recommendations, Assessment, Development, and Evaluation; OSA, obstructive sleep apnea.

*References 27, 51, 58–60, 62, 70, 88, 89.

†References 27, 51, 57–59, 70, 78, 89, 91–93.

‡References 26–29, 51, 56–58, 65, 91, 97.

§References 22, 23, 59–62, 66–68, 74, 75, 79, 84, 85, 88, 94–96.

║References 63, 64, 69–72, 76–78, 82, 86, 87, 90, 93, 99, 111.

¶References 22, 23, 58, 59, 63, 70–78.

#References 27, 57–61, 63–65, 67, 72.

**References 27, 51, 58–60, 62, 68, 70, 88–90.

††References 27, 28, 51, 57–59, 65, 67, 70, 72, 78, 82, 89, 91–96.

‡‡References 27–29, 56, 57, 60, 65–68, 72, 94, 111.

§§References 28, 29, 56, 65, 83, 97, 98.
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The majority of the studies reported worse outcomes 
among patients with OSA compared with the control group, 
11 of 17 reporting on pulmonary complications,26,27,29,57–64 8 
of 14 reporting on oxygen desaturation events,22,23,59,63,70–73 4 
of 6 reporting on difficult intubation,79–82 2 of 11 reporting 
on cardiac complications,27,64 5 of 6 reporting on atrial fibril-
lation,28,29,85–87 9 of 11 on the composite outcome of various 
complications,‖‖ and 11 of 19 reporting on resource utiliza-
tion.¶¶ Regarding mortality, 9 of 13 studies reported no asso-
ciation,## 3 reported lower mortality in the OSA group,28,29,56 
and 1 study reported an increase in mortality among OSA 
patients.57 The only study reporting increased mortality was 
a population-based database study, which found an associa-
tion between diagnosis of OSA by ICD-9 code and increased 
mortality in patients undergoing revision knee or hip arthro-
plasties.57 Detailed distribution of the number of studies with 
adverse, beneficial, or no association with OSA and various 
perioperative outcomes is summarized in Table 4.

Eleven studies reported on outcomes in patients with 
OSA undergoing procedures requiring sedation.100–110 
Three defined the presence of OSA based on polysomnog-
raphy,104,105,109 2 on chart diagnosis,101,103 and 6 on screen-
ing questionnaires.100,102,106–108,110 The level of evidence of 
surveyed studies for various outcomes using the GRADE 
approach was low to moderate.46

To summarize the studies on patients undergoing seda-
tion, 7 studies reported on oxygen desaturation as an out-
come,100–106 3 on composite minor/major complications,108–110 
and 3 on airway maneuvers such as chin lifts, head reposition-
ing, increased oxygen flow by nasopharyngeal or oropharyn-
geal cannula, or mask airway100,107,108 (Table 5). Three studies 
reported an adverse association of OSA with oxygen desatu-
ration,100–102 and 1 study reported an adverse association of 
OSA with necessary airway maneuvers.100 No study reported 
better outcomes among OSA patients. Overall, the presence of 
OSA negatively influences perioperative outcomes in patients 
undergoing either general or neuraxial anesthesia or sedation.

2. PREOPERATIVE ASSESSMENT FOR OSA
2.1. Question: Should Adult Patients at Risk for 
OSA Be Identified Before Surgery?
Recommendation 2.1.1: Adult Patients at Risk for OSA 
Should Be Identified Before Surgery (Level of Evidence: 
Low, Grade of Recommendation: Weak for)
Routine preoperative screening for OSA in patients present-
ing for surgery may identify the majority of the patients 

with OSA and may provide opportunities for heightened 
awareness and potential risk reduction by implementing 
appropriate preoperative,61,112–114 intraoperative, and post-
operative interventions.12,40–44,63,115 The prevalence of patients 
at risk of OSA (STOP-Bang ≥3) in the surgical population is 
high.64,100,108,116,117 When compared with patients with STOP-
Bang scores of 0 to 2 (low-risk OSA), surgical patients with 
STOP-Bang scores of ≥3 had an increased rate of periopera-
tive complications.*** This may justify the use of a screening 
tool to risk stratify high-risk OSA patients. A screening tool 
may help the perioperative team to establish a strategy to 
reduce the risk of perioperative complications.121 Practice 
groups should consider making OSA screening part of stan-
dard preanesthetic evaluation.

Although patients identified to be at high risk for OSA 
have been shown to have increased perioperative compli-
cations,54,55,62,64,90,93 only a small proportion of them will be 
affected, because the modest specificity of current screen-
ing tools means that many patients identified as “at risk” 
for OSA may not have the disease. Second, not all that do 
will be at increased risk beyond emergence from anesthesia 
because of the low-risk nature of their procedure. Third, the 
OSA phenotype and the severity of OSA may play an addi-
tional role. Although the ultimate goal is to minimize risk 
of postoperative complication as much as feasible by ensur-
ing that every patient with suspected OSA is identified, it 
is clear that such an approach will result in a challenging 
logistical, economic, and clinical burden for healthcare pro-
viders. Hence, a balance has to be struck between the desire 
to minimize postoperative complications and the responsi-
ble use of resources. The realistic goal is to risk stratify those 
at particular risk and suggest methods to prevent or treat 
problems without creating undue economic burden on the 
health care system.

There is some supporting evidence to suggest that iden-
tifying OSA in certain patient populations, such as morbidly 
obese patients undergoing bariatric surgery or obstetric 
patients with high-risk pregnancies, may be useful.

Given the adverse maternal,122–124 fetal,125 and periopera-
tive complications associated with OSA, prompt diagnosis 
and treatment of OSA is critical in the obstetric popula-
tion.126 Although not all obstetric patients are at high risk 
for OSA, several prospective studies suggest that pregnant 
women with preeclampsia,127,128 gestational hypertension,129 
gestational diabetes,130 asthma,131 body mass index (BMI)  
≥35 kg/m2, greater prepregnancy BMI, and excessive weight 
gain during pregnancy place obstetric patients at high-risk 
for OSA.132–135 Unfortunately, screening tools appear less 

***References 54, 55, 62, 64, 78, 90, 93, 100, 102, 108, 111, 118–120.

‖‖References 27, 51, 58–60, 62, 70, 88, 89.

¶¶References 27, 51, 57–59, 70, 78, 89, 91–93.

##References 27, 60, 66–68, 72, 91, 94, 111.

Table 5.   Studies Evaluating the Association of OSA and Postoperative Complications, Resource Utilization, 
and Mortality in Cases Utilizing Sedation Only
Impact of OSA  
on Outcomes

No. of 
Studies OSA (n) Non-OSA (n)

Detrimental Impact 
of OSA

Beneficial Impact 
of OSA

No Significant 
Impact of OSA

GRADE Quality of 
Evidence

Oxygen desaturation 7 610 713 3 studies100–102 0 studies 4 studies103–106 Moderate

Airway maneuvers 3 263 297 1 study100 0 studies 2 studies107,108 Very low

Combined 
complications

3 978 808 0 studies 0 studies 3 studies108–110 Low

Abbreviations: GRADE, Grading of Recommendations, Assessment, Development, and Evaluation; OSA, obstructive sleep apnea.

JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1




SASM Perioperative Guideline for Obstructive Sleep Apnea

August 2016 • Volume 123 • Number 2	 www.anesthesia-analgesia.org	 459

accurate and have not been validated in the obstetric pop-
ulation,136 and currently, there are no pregnancy-specific 
guidelines for the diagnosis and treatment of OSA. With 
the lack of evidence, the best option is to extrapolate the 
perioperative evaluation and management approach rec-
ommended for other patients with diagnosed or suspected 
OSA to the obstetric population.

Fifty percent of the patients with severe obesity (BMI 
≥40 kg/m2) have been found to have OSA, and 10% to 
20% of these have obesity hypoventilation syndrome.137 
Patients with a BMI ≥40 kg/m2 have increased postopera-
tive mortality and morbidity, especially from thromboem-
bolic, infectious, and surgical complications.138 The risk 
further increases with the presence of OSA.139 Those at 
such substantial risk may be first identified by preopera-
tive screening, using a questionnaire such as STOP-Bang.116 
The STOP-Bang score has been validated in both obese and 
morbidly obese surgical patients. A STOP-Bang score of 4 
has a high sensitivity of 88% for identifying patients with 
severe OSA, whereas increasing the cutoff threshold score 
to 6 increases the specificity for severe OSA (however at a 
lower sensitivity).140 Steps to identify those likely to have 
OSA among morbidly obese patients are becoming accepted 
practice before bariatric surgery.

It is important to note that, at present, there is limited 
evidence supporting the use of preoperative screening tools 
for OSA as a practice to reduce patient complications.111 
However, the expert recommendation for preoperative 
screening reflects a growing consensus that identifying 
patients at high risk for OSA before surgery for targeted 
perioperative precautions and interventions may help to 
reduce patient complications. For example, there is evi-
dence supporting the avoidance of general anesthesia in 
patients with OSA who are undergoing specific procedures 
such as joint arthroplasty.141 An important public health 
implication of a preoperative OSA screening program is that 
it could improve the long-term health of patients through 
better OSA treatment and a reduction of the associated 
consequences. It is plausible that preoperative diagnosis 
and optimization of patients with OSA may lead to similar 
benefits as those achieved by perioperative diagnosis and 
treatment of other chronic diseases such as coronary artery 
disease and type 2 diabetes. Undoubtedly, further research 
in this area is needed, including the development of equally 
sensitive but more specific screening tools than those that 
currently exist.

2.2. Question: Which Tools Can Be Used to 
Identify Surgical Patients With Suspected OSA 
in the Preoperative Period?
Recommendation 2.2.1: Screening Tools Such As STOP-
Bang,116 P-SAP,142 Berlin,62 and ASA Check List62 Can Be 
Used as Preoperative Screening Tools to Identify Patients 
With Suspected OSA (Level of Evidence: Moderate. Grade 
of Recommendation: Strong for)
The majority of OSA patients presenting for surgery are undi-
agnosed and lack sufficient time before surgery to undergo 
formal diagnostic preoperative polysomnography testing, 
making screening relevant to perioperative clinical care. 
Previous systematic reviews, meta-analyses,143,144 and guide-
lines12,40–44 have recommended preoperative OSA screening. 

However, with exception of the Society for Ambulatory 
Anesthesia guideline,42 they do not provide recommenda-
tions for specific screening tests based on diagnostic accu-
racy. The choice of screening test is further complicated by 
the fact that there are many different screening approaches 
including questionnaires and clinical models with addi-
tional screening techniques such as upper airway imaging 
and overnight oximetry.143,144 Furthermore, the majority of 
studies investigating screening for OSA are designed around 
higher risk populations (eg, sleep clinic populations), and 
many are not validated in surgical populations.

The comparative accuracy of different clinical tests for 
OSA has been reviewed extensively.143,144 Specific screening 
tools are associated with significantly greater accuracy than 
others, but there is a large heterogeneity within each indi-
vidual screening test. This means that any given screening 
tool will have varying accuracy across different populations 
and may not have the same accuracy when implemented in 
clinical practice.

The 2 major considerations for choosing screening tests 
for OSA are feasibility and reliability. Because many patients 
presenting for surgery may be screened on the day of or 
within 1 to 2 days of surgery, and some within a few weeks 
before surgery, the most feasible tests are questionnaires or 
simple clinical models. Questionnaires are the most com-
monly used method and have modest accuracy, whereas 
clinical models that incorporate symptom review with sim-
ple clinical measurements are superior to questionnaires.

Implementing the search strategy on screening, the ini-
tial electronic search yielded 9565 references (S3). After 
screening of titles, abstracts, and manuscripts, 9562 articles 
were excluded. Three pertinent publications addressing 
the issue of screening of surgical patients for OSA with 
validation by laboratory polysomnography were identi-
fied.62,116,142 The STOP-Bang tool,116 P-SAP score,142 Berlin 
questionnaire,62 and ASA checklist62 are screening tests that 
were evaluated in the surgical population and found to 
have comparable accuracy (Table 6).

The STOP-Bang tool is the most validated screening tool 
in surgical patients116,117,140,145–149 and also has been validated 
in sleep clinic patients150–159 and the general population160 to 
detect patients at high risk of OSA. In surgical patients, a 
greater STOP-Bang score is associated with a greater prob-
ability of moderate-to-severe OSA.116,117,145,146 A combination 
of a STOP score ≥ 2 + BMI > 35 kg/m2 or male sex is associ-
ated with a greater risk of OSA.145,147 The inverse relationship 
between sensitivity and specificity at increasing STOP-Bang 
diagnostic thresholds influences the relative rates of missed 
diagnoses and wasted resource utilization in diagnosing 
OSA. It is also important to recognize that the predictive val-
ues of the tool will be lower in many preoperative settings 
that have lower prevalence of OSA. Despite these limitations, 
the updated STOP-Bang tool adds clinical value to the preop-
erative assessment as it provides a relatively easy method of 
dichotomous risk stratification of high or low risk of OSA.145,147

Other screening tools such as the P-SAP score also per-
form like the STOP-Bang tool when increasing the test 
threshold, with similar implications for missed diagnoses 
and resource utilization.142

Local practices should decide about the threshold of 
screening tests, after considering the implications for missed 
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diagnoses and cost of care. The trade-off between sensitiv-
ity and specificity means that at lower thresholds, groups 
should expect improved sensitivity with potentially increased 
resource utilization, whereas increasing the threshold will 
result in loss of sensitivity and increased false-negative rates 
but improved resource utilization. A higher threshold should 
be adopted in the population with a lower prevalence of OSA.

Because no single test has perfect sensitivity and specific-
ity, there will be varying proportions of false positives and 
false negatives with any screening program. It is perhaps 
relevant to consider that a preoperative 12-lead electrocar-
diogram has <50% sensitivity for the detection of left ven-
tricular hypertrophy and acute myocardial infarction.161,162 
More advanced screening tests for OSA with greater pre-
diction accuracy have been validated in the literature,143 but 
their complexity and applicability in the surgical popula-
tion are yet to be evaluated.

Currently, there is inadequate evidence in the literature to 
recommend the use of sleep testing such as polysomnography 
in the preoperative period. A future area in need of clarifica-
tion regarding preoperative screening for OSA is its timing in 
context of the surgical date. Although experts acknowledged 
the challenges involved, there was agreement that the great-
est opportunity for preoperative diagnosis and treatment 
would come only with a more deliberate push toward earlier 
screening. Primary care providers and surgeons should share 
responsibility for early identification of OSA in patients who 
are scheduled for surgery as this would allow more time to 
optimize preoperative preparation. This could involve clinic-
based screening at the initial surgical visit.

2.3. Question: What Is the Clinical Value of 
Performing Additional Preoperative Tests?
Recommendation 2.3.1: There Is Insufficient Evidence 
to Support Canceling or Delaying Surgery to Perform 
More Advanced Screening Techniques or Sleep Testing to 
Diagnose OSA in Those Patients Identified as Being at High 
Risk of OSA Preoperatively, Unless There Is Evidence of an 
Associated Significant or Uncontrolled Systemic Disease or 
Additional Problems With Ventilation or Gas Exchange (Level 
of Evidence: Low. Grade of Recommendation: Weak for)
Because screening instruments perform better in patients 
with greater OSA severity, screen-positive patients with 
greater threshold values should be assumed to have 
moderate-to-severe OSA in the absence of diagnostic 

polysomnography.116,117,145,146 The inclusion of preoperative 
serum bicarbonate level may improve the predictive accu-
racy of the screening instrument.163 Although AHI is the 
most commonly used metric of OSA severity,21 other param-
eters such as oxygen desaturation index, or cumulated 
duration of oxygen desaturation <90% may improve pre-
diction of postoperative complications.164 Further research 
in this area will help to better define which patients with 
diagnosed or suspected OSA are at most risk of postopera-
tive complications.

The aforementioned recommendation does not relate to 
procedures in which polysomnography is performed as part 
of the accepted preoperative management, usually because 
of a high prevalence of OSA (eg, bariatric surgery, tonsil-
lectomy, or upper airway surgery for OSA). Summaries of 
the different recommendations for screening of surgical 
patients for OSA are listed in Table 7.

3. BEST PREOPERATIVE PRACTICES IN PATIENTS 
WHO ARE DIAGNOSED WITH OSA, NONADHERENT 
WITH PRESCRIBED THERAPY, OR HAVE A HIGH 
PRETEST PROBABILITY FOR OSA
Because OSA remains undiagnosed in the majority of sur-
gical patients, many patients will be identified as having a 
high probability for OSA for the first time during the pre-
operative screening process.19,20 In addition, many patients 
with an established diagnosis of OSA either refuse to use 
or are poorly adherent with the prescribed therapy.165 As 
discussed herein, there are limited data to suggest that 
preoperative positive airway pressure (PAP) therapy, in 
the form of CPAP, autotitrated positive airway pressure 
(APAP), or bilevel positive airway pressure may improve 
perioperative outcomes.61,112–114 Alternative therapies used 
to treat OSA, such as surgery, oral appliances, negative 
pressure devices, hypoglossal nerve stimulation, positional 
therapies, nasal resistive valves, and other treatments have 
not been studied systematically in the perioperative set-
ting, although some patients may be using these as primary 
therapy for their OSA. 

Ideally, identification of patients with OSA, whether 
adherent or nonadherent to therapy, and those with suspected 
OSA should take place well in advance of elective surgery to 
allow time for potential evaluation and management of OSA 
preoperatively. In clinical practice, many patients, however, 

Table 6.   Comparison of OSA Screening Tools in Surgical Patients
STOP-Bang Questionnaire116 

(n = 177)
Berlin Questionnaire62  

(n = 177)
ASA Checklist62  

(n = 177)
P-SAP Score142 

(n = 511)
Sensitivity 83.6 (75.8–89.7) 68.9 (59.8–76.9) 72.1 (63.3–79.9) 93.9 (91.8–96.6)

Specificity 56.3 (42.3–69.6) 56.4 (42.3–69.7) 38.2 (25.4–52.3) 32.3 (23.2–46.7)

PPVa 81.0 (73.0–87.4) 77.9 (68.8–85.2) 72.1 (63.3–79.9) 10.0 (9.0–24.0)

NPVa 60.7 (46.1–74.1) 44.9 (32.9–57.4) 38.2 (25.4–52.3) 99.0 (98.0–99.0)

LR+ 1.9 (1.40–2.61) 1.57 (1.17–2.36) 1.16 (0.94–1.51) 1.38 (1.37–1.39)

LR– 0.29 (0.18–0.46) 0.55 (0.39–0.79) 0.73 (0.47–1.13) 0.18 (0.16–0.21)

DOR 6.58 (3.03–14.36) 2.85 (1.48–5.50) 1.59 (0.81–3.13) 7.40 (6.48–8.45)

ROC 0.80 0.69 0.78 0.82

Abbreviations: ASA, American Society of Anesthesiologists; DOR, diagnostic odds ratio; LR+, positive likelihood ratio; LR–, negative likelihood ratio; NPV, negative 
predictive value; OSA, obstructive sleep apnea; PPV, positive predictive value; ROC, area under receiver operating characteristic curve.
aPredictive values are highly dependent on the prevalence of OSA, which was 69% in the evaluation of STOP-Bang, Berlin, and ASA checklist, and 7.1% for the 
P-SAP score.
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are identified close to the operative time, often just days 
before or even immediately before surgery. Because of a lack 
of evidence to guide clinical decision making, considerable 
uncertainty exists regarding the need for further preopera-
tive interventions. The objective in this section is to provide 
recommendations for the optimal preoperative practices for 
the care of diagnosed or suspected OSA patients to reduce 
perioperative complications. We first examined the evidence 
of the efficacy of CPAP for surgical patients in the periopera-
tive period. The recommendations are divided into 3 parts: 
(i) surgical patients with diagnosed OSA who are adherent to 
PAP therapy; (ii) surgical patients with diagnosed OSA who 
are nonadherent to PAP therapy; and (iii) surgical patients 
with a high probability for having OSA. It should be noted 
that because there is limited literature on the best preopera-
tive practices in patients with diagnosed or suspected OSA, 
some of the recommendations are based on data or evidence 
that is extrapolated from a nonsurgical setting.

3.0 Evidence of the Efficacy of CPAP for Surgical 
Patients in the Perioperative Period
Previous guidelines have suggested that CPAP therapy 
should be considered preoperatively when OSA is severe; 
intraoperatively in patients under sedation if they have 
used CPAP previously; and postoperatively, when fea-
sible, particularly if frequent or severe airway obstruc-
tion is evident during postoperative monitoring.12,41–44 A 
trade-off occurs when one considers the balance between 
potentially improved adverse events versus the increased 
utilization of health care resources resulting from addi-
tional interventions and monitoring.166 At present, <20% 
of patients with a diagnosis of OSA receive CPAP therapy, 
are observed in advanced care settings, or both in actual 
clinical practice.27

Implementing our search strategy on the use of periop-
erative CPAP, the initial electronic search identified 1970 
articles (S4-7). After screening of the titles, abstracts, and 
manuscripts, 1964 articles were excluded. Six pertinent stud-
ies addressing the issue of surgical patients with OSA with 
or without CPAP were identified.58,66,77,89,167,168 Further cita-
tion search yielded 3 more relevant articles.55,61,112 The types 
of studies and the level of evidence are shown in Table 8.††† 
In the 9 studies analyzed, the total number of OSA patients 
with either preoperative/postoperative CPAP therapy was 

4380, and the total number of diagnosed or suspected OSA 
patients without preoperative/postoperative CPAP therapy 
was 3649.†††

In patients with OSA, 9 studies demonstrated that CPAP 
applied preoperatively and/or postoperatively may have 
some beneficial effect on postoperative complications. 
These studies are mainly of low to moderate quality with 
2 RCTs, 2 prospective cohorts, 4 retrospective matched 
cohorts, and 1 case series (Table 9).††† In 2 studies, CPAP 
significantly reduced the postoperative AHI compared 
with the preoperative baseline (preoperative AHI versus 
postoperative AHI: 37 ± 19 vs 12 ± 16 events/h).114 A recent 
meta-analysis showed a trend toward significance for 
reduction in the length of hospital stay of 0.4 days favor-
ing the CPAP group (CPAP versus no CPAP: 4.0 ± 4 vs  
4.4 ± 8 days, P = .05).114

In addition to the studies noted previously, 2 recent large 
retrospective studies suggest potential efficacy of CPAP in 
patients with diagnosed OSA.61,112 In the first study, those 
patients diagnosed with OSA and provided with a pre-
scription for CPAP therapy before their surgery had a sig-
nificantly reduced risk for cardiovascular adverse events 
compared to patients with undiagnosed OSA (odds ratio 
[OR], 0.34; 95% confidence interval, 0.15–0.77; P = .009).61 
Patients with severe OSA or undiagnosed OSA were found 
to have a significantly increased risk for cardiorespiratory 
complications.61

The second study found that untreated OSA patients 
had significantly greater cardiopulmonary complication 
rates compared to those with prescribed PAP therapy (risk-
adjusted rates 6.7% vs 4%; adjusted OR = 1.8, P = .001).112 
Both myocardial infarction (adjusted OR = 2.6, P = .031) and 
unplanned reintubations (adjusted OR = 2.5, P = .003) were 
significantly greater in untreated OSA patients.112 These  
2 large database studies provide preliminary evidence 
supporting preoperative diagnosis of OSA and treatment 
with CPAP therapy.61,112

There are 3 studies, 2 prospective and 1 retrospective, on 
empiric APAP therapy in the perioperative care of patients 
with newly diagnosed untreated OSA.77,165,168 Each study 
reported a different primary outcome: perioperative AHI ver-
sus length of stay versus APAP adherence. None of the stud-
ies was sufficiently powered to address the impact of APAP 
on postoperative complications; and in one study, patients 
with suspected OSA who were at >10% risk for postopera-
tive cardiac complications as estimated by American College 

Table 7.   Summary of Recommendations for Screening to Identify Patients With Suspected OSA

Recommendations
Level of 
Evidence

Grade of 
Recommendation

1.1.1 Patients with a diagnosis of OSA should be considered to be at increased risk for 
perioperative complications

Moderate Strong

2.1.1 Adult patients at risk for OSA should be identified before surgery Low Weak

2.2.1 Screening tools such as STOP-Bang, P-SAP, Berlin, and ASA checklist can be used 
as preoperative screening tools to identify patients with suspected OSA

Moderate Strong

2.3.1 Insufficient evidence exists to support canceling or delaying surgery to formally 
diagnose OSA in those patients identified as being at high risk of OSA 
preoperatively, unless there is evidence of uncontrolled systemic disease or 
additional problems with ventilation or gas exchange

Low Weak

Abbreviations: ASA, American Society of Anesthesiologists; OSA, obstructive sleep apnea.

†††References 55, 58, 61, 66, 77, 89, 112, 167, 168.
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of Physicians criteria were excluded if they had an abnormal 
overnight oximetry study.77 The adherence to APAP therapy 
in these studies was uniformly low. Approximately 45% of 
patients with newly diagnosed OSA were adherent to APAP 
therapy in the perioperative period.165,168

3.1. Question: What Are the Best Preoperative 
Practices Aimed at Improving Outcomes for 
Surgical Patients With Diagnosed OSA Who Are 
Adherent to PAP Therapy?
Recommendation 3.1.1: The Patient, Surgeon, 
Anesthesiologist, and the Health Care Team Should Be 
Aware Before the Procedure That the Patient Carries 
a Diagnosis of OSA, Which May Increase Morbidity 
Associated With Surgery (Level of Evidence: Low. Grade of 
Recommendation: Strong for)
The consensus of the SASM Task Force is that all periop-
erative providers, and the patient, should be aware that 

the patient has a known diagnosis of OSA, which could 
potentially adversely affect his or her clinical course.24–29,58 It 
should be noted if the patient is on PAP or alternative ther-
apy at home. Patients with OSA who have had surgery as a 
treatment for OSA, as well as those who have been treated 
with an oral appliance or nasal resistive valves, but have not 
had follow-up sleep testing to confirm resolution or control 
of OSA, should be regarded as having a high probability of 
having untreated OSA. Identifying these patients preopera-
tively will allow for the implementation of specific practices 
and protocols aimed at minimizing perioperative risk.12,41–44

Recommendation 3.1.2: We Suggest That Consideration 
Be Given to Obtaining Results of the Sleep Study and 
the Recommended PAP Setting Before Surgery (Level of 
Evidence: Low. Grade of Recommendation: Weak for)
The utility of knowing results of the patient’s sleep study 
and their correct PAP setting before surgery has not been 

Table 8.   Effect of CPAP on Postoperative Outcomes in Surgical Patients With OSA
Author Study Type Level of Evidence N Result
Rennotte et al167 Case series report Very Low 16 No CPAP (2) vs CPAP (14)

Postoperative CPAP 1st patient died; 2nd patient: serious postoperative Cx
14 patients CPAP Rx, no Cx

Gupta et al89 Retrospective case control study Low 101 No CPAP (68) vs CPAP group (33)
Home CPAP Serious Cx: 31% vs 9% (P = .02)

Total ICU: 32.3% vs 3% (P = .001)
Unplanned ICU: 27.9% vs 3% (P = .003)
Hospital stay: 7 ± 3 vs 6 ± 2 days (P = .03)

Jensen et al66 Prospective cohort study Low 284 No CPAP/BPAP (140) vs CPAP/BPAP (144)

Home CPAP Pneumonia: 2.1% vs 0.7% (NS)
Hospital stay: 2.2 vs 2.7 days (P = .24)

Liao et al58 Retrospective matched cohort study Low 240 No CPAP (90) vs CPAP (150)

Home CPAP Postoperative Cx: 46.6% vs 40.6% (P = .36)
Liao et al168 Randomized controlled study Moderate 177 No APAP (90) vs APAP (87)

Preoperative CPAP Postoperative Cx: 48.3% vs 48.3% (NS)
Preoperative AHI vs postoperative AHI (N3)
APAP: 30 to 3.0 (P < .001)
No APAP: 30 to 32 (P = .3)
Hospital stay: 4.3 ± 6 vs 3.5 ± 6 days (P = .36)

O’Gorman et al77 Randomized controlled study Low 138 No APAP (43) vs APAP (43)
Postoperative CPAP Any Cx: 20.9% vs 23.3% (P = 1.0)

No significant difference between LOS

Mutter et al61 Retrospective Matched cohort study Moderate 20,488 Respiratory Cx
CPAP prescription OSA + CPAP (2629) vs undiagnosed OSA (1569)

OR 0.68 (95% CI, 0.27–1.71, P = .41)
Cardiovascular Cx
OSA + CPAP (2496) vs undiagnosed OSA (1489)
OR 0.34 (95% CI, 0.15–0.77, P = .009)

Abdelsattar et al112 Prospective cohort study Moderate 2646 Untreated OSA (1465) vs treated OSA (1181)
Home CPAP Cardiopulmonary Cx

6.7% vs 4.0%; aOR = 1.8 (P = .001)
Unplanned reintubations
aOR = 2.5 (P = .003)
Myocardial infarction
aOR = 2.6 (P = .03)

Proczko et al55 Retrospective cohort Low 693 OSA + home CPAP (99) vs STOP-Bang ≥3 (182)
Home CPAP Death: 0% vs 1% (P = .5)

Hospital stay: 3.2 vs 4.1 days (P < .0001)
Pneumonia: 2% vs 9.3% (P < .04)

Abbreviations: AHI, apnea-hypopnea index; aOR, adjusted odds ratio; APAP, autotitrated positive airway pressure; BPAP, bilevel PAP; CI, confidence interval;  
CPAP, continuous positive airway pressure; Cx, complications; ICU, intensive care unit; LOS, length of hospital stay; N-CPAP, nasal continuous positive airway 
pressure; NS, not significant; OSA, obstructive sleep apnea; Rx, treated.
From Chung et al.113
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studied. The consensus of the Task Force is that obtain-
ing results of past sleep studies, as well as documenting 
the recommended PAP setting, is meaningful for patient 
care. Reviewing results of sleep studies can confirm the 
presence, type, and severity of sleep apnea. This may 
influence clinical decision making regarding postopera-
tive monitoring and the use of opioids in these patients. 
Knowing the correct PAP setting guides adjustment of 
therapy to provide patients with effective upper air-
way support during sleep while recovering from sur-
gery. In addition, data obtained from the patient’s PAP 

compliance card may help provide objective evidence of 
the use and efficacy of their therapy.

Recommendation 3.1.3: We Suggest That Facilities 
Should Consider Having PAP Equipment for Perioperative 
Use Available or Have the Patient Bring Their Own PAP 
Equipment to the Surgical Facility (Level of Evidence: Low. 
Grade of Recommendation: Strong for)
To provide appropriate PAP therapy, either the facility 
at which the surgery is performed or the patients them-
selves will need to provide the proper equipment. Local 
institutional policies may determine how this matter is 

Table 9.   Best Preoperative Practices for Surgical Patients With Known OSA, Adherent or Nonadherent to 
PAP Therapy, or a High Probability of OSA

Recommendations
Level of  
Evidence

Grade of  
Recommendation

3.1 Surgical patients with OSA who are adherent to PAP therapy

3.1.1 The patient and the health care team should be aware that a diagnosis of OSA may be associated 
with increased postoperative morbidity

Low Strong

3.1.2 Consideration should be given in obtaining the results of the sleep study and the recommended PAP 
setting before surgery

Low Weak

3.1.3 Facilities should consider having PAP equipment available for perioperative use or have the patient 
bring their own PAP equipment to the surgical facility

Low Strong

3.1.4 Patients should continue to wear their PAP device at appropriate times during their stay in the 
hospital, both preoperatively and postoperatively

Moderate Strong

3.2 Surgical patients with OSA but decline or are poorly adherent to PAP therapy

3.2.1 The patient and the health care team should be aware that untreated OSA may be associated with 
increased postoperative morbidity

Low Strong

3.2.2 Consideration should be given to obtaining the results of the sleep study and the recommended PAP 
setting before surgery

Low Weak

3.2.3 Facilities should have PAP equipment for perioperative use or have the patient bring their own PAP 
equipment with them to the surgical facility

Low Strong

3.2.4 Additional evaluation for preoperative cardiopulmonary optimization should be considered in  
patients with known OSA who are nonadherent or poorly adherent to PAP therapy and have 
uncontrolled systemic conditions or additional problems with ventilation or gas exchange  
such as: (i) hypoventilation syndromes, (ii) severe pulmonary hypertension, and (iii) resting 
hypoxemia in the absence of other cardiopulmonary disease

Low Weak

3.2.5 Untreated OSA patients with optimized comorbid conditions may proceed to surgery, provided 
strategies for mitigation of postoperative complications are implemented. The risks and  
benefits of the decision should include consultation with the surgeon and the patient

Low Weak

3.2.6 Patients should be encouraged to wear their PAP device at appropriate times during their stay in the 
hospital, both preoperatively and postoperatively

Moderate Strong

3.3 Surgical patients who have a high probability for OSA

3.3.1 The patient and the health care team should be aware that a high probability of OSA may increase 
postoperative morbidity

Low Strong

3.3.2 Additional evaluation for preoperative cardiopulmonary optimization should be considered in 
patients who have a high probability of having OSA and have uncontrolled systemic conditions 
or additional problems with ventilation or gas exchange such as: (i) hypoventilation syndromes, 
(ii) severe pulmonary hypertension, and (iii) resting hypoxemia in the absence of other 
cardiopulmonary disease

Low Weak

3.3.3 Patients who have a high probability of having OSA may proceed to surgery in the same manner  
as those with a confirmed diagnosis, provided strategies for mitigation of postoperative 
complications are implemented. Alternatively, they may be referred for further evaluation and 
treatment. The risks and benefits of the decision should include consultation with the surgeon and 
the patient

Low Weak

3.3.4 Patients should be advised to notify their primary medical provider that they were found to  
have a high probability of having OSA, thus allowing for appropriate referral for further 
evaluation

Low Weak

Abbreviations: OSA, obstructive sleep apnea; PAP, positive airway pressure.
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to be handled as logistical capabilities and expertise may 
vary.

Recommendation 3.1.4: Patients Should Continue to Wear 
Their PAP Device at Appropriate Times During Their Stay 
in the Hospital, Both Preoperatively and Postoperatively 
(Level of Evidence: Moderate. Grade of Recommendation: 
Strong for)
There is a limited-but-growing body of literature suggest-
ing that PAP therapy for OSA patients may play a role in 
attenuating postoperative complications.61,112–114 In addi-
tion, the acute withdrawal of PAP therapy in patients 
adherent to treatment has been shown to result in recur-
rence of OSA and OSA-related symptoms within 1 to 3 
days and physiologic derangements within 2 weeks.31,169 
We recommend the continued use of PAP therapy at pre-
viously prescribed settings during periods of sleep while 
hospitalized. Adjustments may need to be made to the 
settings to account for perioperative changes, such as 
facial swelling, upper airway edema, fluid shifts,170–172 
pharmacotherapy, and respiratory function. It should be 
noted that PAP therapy is not an alternative to appropriate 
monitoring.

Patients using alternative therapies for OSA, such as 
oral appliances, body positioners, nasal resistive valves, 
oral negative pressure devices, and hypoglossal nerve 
stimulators, should be encouraged to continue use of their 
therapy in the perioperative setting. Additional consulta-
tion with the patient’s sleep specialist may be considered 
if there are questions regarding the effectiveness, settings, 
or use of these devices while in the postoperative care 
setting.

3.2. Question: What Are the Best Preoperative 
Practices Aimed at Improving Outcomes 
for Surgical Patients With Diagnosed OSA 
but Decline or Are Poorly Adherent to PAP 
Therapy?
Recommendations 3.2.1 to 3.2.3 Are Identical to 
Recommendations 3.1.1 to 3.1.3
Recommendation 3.2.4: We Suggest That Additional 
Evaluation for Preoperative Cardiopulmonary Optimization 
Be Considered in Patients Who Have a Known Diagnosis 
of OSA and Are Nonadherent or Poorly Adherent to PAP 
Therapy and Where There Is Indication of Uncontrolled 
Systemic Conditions or Additional Problems With 
Ventilation or Gas Exchange. These Conditions 
Include, But May Not Be Limited to (i) Hypoventilation 
Syndromes, (ii) Severe Pulmonary Hypertension, and 
(iii) Resting Hypoxemia Not Attributable to Other 
Cardiopulmonary Disease (Level of Evidence: Low. Grade of 
Recommendation: Weak for): 
The Task Force recognizes that there is a paucity of data 
to support delaying surgery for patients with untreated 
OSA. However, patients with certain comorbidities, such 
as clinically significant hypoventilation173 or pulmonary 
hypertension,174,175 may be more likely to develop post-
operative complications, and these conditions commonly 
coexist with OSA. Resting hypoxemia in the absence 
of other known cardiopulmonary disease should also 
warrant consideration for further preoperative evalu-
ation.164 A combination of OSA and acute or chronic 

cardiopulmonary diseases needs to be considered in such 
a scenario. When untreated OSA is present, benefit may 
exist to initiating and optimizing PAP therapy to appro-
priately treat OSA while simultaneously enhancing post-
operative respiratory function.61,112–114,176

Recommendation 3.2.5: We Suggest That Untreated 
OSA Patients With Optimized Comorbid Conditions May 
Proceed to Surgery Provided Strategies for Mitigation of 
Postoperative Complications Are Implemented. The Risks 
and Benefits of the Decision Should Include Consultation 
and Discussion With the Surgeon and the Patient (Level of 
Evidence: Low. Grade of Recommendation: Weak for):
There are multiple factors that need to be considered 
in this decision-making process, and generalizations 
lacking supportive evidence are not prudent. Specific 
comorbidities (as noted in 3.2.4), the urgency of the 
surgery, the type of surgical procedure, the anticipated 
need for high-dose postoperative opioids, and the avail-
ability of postoperative monitoring for opioid-related 
adverse events may influence the decision whether to 
proceed with surgery or to delay for further preopera-
tive evaluation.177–180 Ultimately, a decision to proceed 
with or delay surgery needs to be made on an individual 
basis and should involve relevant perioperative pro-
viders, including the surgeon and the patient. Patients 
should be fully informed of the increased risk of post-
operative complications if they have untreated OSA. 
For example, postoperative respiratory-related adverse 
events, including reintubation and respiratory failure, 
may be the result of an imbalance between enhanced 
pain processes and increased sensitivity to anesthet-
ics and/or opioids in patients with some specific OSA 
phenotypes.180–182

Evaluation and management of OSA by a practitio-
ner with expertise in sleep medicine has been shown to 
reduce discontinuation of PAP therapy183 and improve 
PAP adherence.183–185 Sleep medicine specialists can inves-
tigate reasons for refusal of therapy or poor adherence to 
therapy in patients diagnosed with OSA and implement 
strategies to improve acceptance and/or adherence to 
PAP therapy.

Alternative management strategies, including oral 
appliances, positional therapy (eg, body positioners, ele-
vating the head of the bed), nasal resistive valves, upper 
airway surgery, negative pressure oral devices and hypo-
glossal nerve stimulators may be considered in patients 
unable to use PAP therapy. However, data supporting 
their use in the perioperative period are lacking, and 
their implementation in the postoperative setting may be 
limited.

Recommendation 3.2.6: Patients Should Be Encouraged 
to Wear Their PAP Device at Appropriate Times During 
Their Stay in the Hospital, Both Preoperatively and 
Postoperatively (Level of Evidence: Moderate. Grade of 
Recommendation: Strong for):
As noted earlier, accumulating evidence suggests that 
PAP therapy for OSA patients may play a role in reduc-
ing postoperative complications.61,112–114 We recommend 
patients be encouraged to use their PAP therapy at their 
previously prescribed setting during sleep while in the 
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hospital. Simple maneuvers such as refitting a mask, the 
addition of heated humidification, or the control of nasal 
congestion with nasal corticosteroid sprays may help 
patients to adhere to therapy, and consideration should 
be given to inquiring about these issues in poorly adher-
ent patients.186 Consultation with the patient’s sleep spe-
cialist may be considered if there are additional questions 
regarding optimizing PAP usage in the postoperative care 
setting.

3.3. Question: What Are the Best Preoperative 
Practices Aimed at Improving Outcomes for 
Surgical Patients Who Have a High Probability 
for OSA?
Recommendation 3.3.1: The Patient, Surgeon, 
Anesthesiologist, and the Health Care Team Should Be 
Aware Before the Procedure That the Patient Has a 
High Probability of Having OSA, Which May Increase the 
Morbidity Associated With Surgery (Level of Evidence: Low. 
Grade of Recommendation: Strong for)
The consensus of the SASM Task Force is that all peri-
operative providers, as well as the patient, should be 
aware that the patient has a high probability of having 
OSA, and this could potentially adversely affect their 
clinical course.24–29 Identifying these patients preopera-
tively will allow for the implementation of specific prac-
tices and protocols aimed at minimizing perioperative 
risk.12,41–44

Recommendation 3.3.2: We Suggest That Additional 
Evaluation for Preoperative Cardiopulmonary 
Optimization Be Considered in Patients Who Have a 
High Probability of Having OSA and Where There Is 
Indication of Uncontrolled Systemic Conditions or 
Additional Problems With Ventilation or Gas Exchange. 
These Conditions Include, but May Not Be Limited to 
(i) Hypoventilation Syndromes, (ii) Severe Pulmonary 
Hypertension, and (iii) Resting Hypoxemia Not 
Attributable to Other Cardiopulmonary Disease (Level of 
Evidence: Low. Grade of Recommendation: Weak for)
The Task Force recognizes that there is a paucity of data 
to support delaying surgery for patients with a high 
probability of having OSA. However, as noted in 3.2.3, 
patients with certain comorbidities, such as clinically 
significant hypoventilation173 or pulmonary hyperten-
sion,174,175 may be more likely to develop postoperative 
complications, and these conditions commonly coexist 
with OSA. Unexplained preoperative hypoxemia should 
also warrant consideration for further preoperative 
evaluation.164

Recommendation 3.3.3: We Suggest That Patients Who 
Have a High Probability of Having OSA May Proceed 
to Surgery in the Same Manner as Those With a 
Confirmed Diagnosis, Provided Strategies for Mitigation 
of Postoperative Complications Are Implemented. 
Alternatively, They May Be Referred for Further 
Evaluation and Treatment. The Risks and Benefits of the 
Decision Should Include Consultation and Discussion 
With the Surgeon and the Patient (Level of Evidence: 
Low. Grade of Recommendation: Weak for)
The preoperative decision-making process can be dif-
ficult when considering patients who have a high 

probability of having OSA as there is little evidence 
to guide recommendations. Specific comorbidities (as 
noted in 3.3.2), the urgency of the surgery, the type of 
surgical procedure, the anticipated need for high-dose 
postoperative opioids, and the availability of postop-
erative monitoring for opioid-related adverse events all 
may influence the decision of whether to proceed with 
surgery or to delay for further preoperative evalua-
tion.177–180 In a retrospective study, using a risk-stratified 
management protocol, patients with a high probability 
of OSA were managed safely without formal polysom-
nography confirmation.187 Ultimately, the decision to 
proceed or delay surgery needs to be made on an indi-
vidual basis and should involve relevant periopera-
tive providers, including the surgeon and the patient. 
Patients should be fully informed of the increased risk 
of postoperative complications if they have untreated 
OSA. There should be a low threshold for the use of 
postoperative monitoring of oxygenation and ventila-
tion in these patients.177–182 Judgment regarding whether 
to do so may be made in the course of a prolonged post-
anesthetic care unit stay.63

If additional preoperative sleep testing is pursued, the 
primary goals should include diagnosing the presence and 
categorizing the severity of OSA, as well as implementing 
appropriate therapy. While this can be most comprehen-
sively accomplished by detailed polysomnography, limited 
availability and cost may limit the feasibility and home 
sleep monitoring could be a reasonable option for high 
probability patients.183

Recommendation 3.3.4: Patients Should Be Advised to 
Notify Their Primary Medical Provider That They Were 
Found to Have a High Probability of Having OSA, Thus 
Allowing for Appropriate Referral for Further Evaluation 
(Level of Evidence: Low. Grade of Recommendation: 
Weak for)
As OSA is associated with numerous poor health out-
comes including risk of death, cardiovascular events, 
and average number of days hospitalized,188–190 and treat-
ment of OSA appears to improve these outcomes,191,192 it 
is clinically important to diagnose OSA in those patients 
screened at high risk, and for these patients to have 
ongoing, long-term management. Relevant to identify-
ing patients in preoperative screening, a recent 2-year 
follow-up survey study found that patients diagnosed 
with OSA in the preoperative setting who were adherent 
to CPAP therapy experienced long-term health benefits 
and a reduction in medication usage.193

It should be recognized that questionnaires or other 
screening processes are imperfect diagnostic tools with 
low to moderate specificity.62,116,142,145 As such they tend to 
overdiagnose, with a significant proportion of patients 
labeled as at risk of OSA when they may not have the 
condition. It is important to differentiate between 
patients identified as at increased risk of having OSA 
and those who have been accurately diagnosed with 
OSA. If a patient is overdiagnosed or misdiagnosed as 
having OSA, this could have negative consequences in 
terms of any future surgical procedure, health insur-
ance costs, and the ability to continue to drive. Accurate 
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diagnosis is a necessary precursor to appropriate treat-
ment. Conversely, ruling out OSA in patients who 
screened as at risk for OSA eliminates many of the nega-
tive consequences from overdiagnosis. The Task Force 
recommends that patients identified as being at high 
risk of OSA during preoperative screening be advised to 
notify their primary care provider of this status so that 
referral for further evaluation can be discussed.

Summaries of the recommendations for optimal preop-
erative practices in patients with diagnosed or suspected 
OSA are listed in Table 9.

RESEARCH QUESTIONS
Our careful review of the literature presents the best 
evidence available regarding preoperative evaluation 
of patients with diagnosed or suspected OSA. However, 
there are many clinically relevant questions that remain 
unanswered. Further work is needed to answer ques-
tions such as: (1) How do we better stratify risk among 
these patients? Are there phenotypic characteristics 
among OSA patients that identify those at particular 
risk? Are there better sleep study metrics than AHI to 
identify perioperative risk? (2) Which surgical patients 
with diagnosed OSA, partially treated/untreated, or 
suspected OSA should be referred for specialist preop-
erative evaluation and management? Under what cir-
cumstances should surgery be delayed to allow this? (3) 
Which patients are likely to require continuous monitor-
ing beyond the immediate recovery period? Can they 
reliably be identified preoperatively? (4) When is the 
optimal time to implement PAP therapy perioperatively? 
(5) What are the best modalities of PAP therapy for 
perioperative use? (6) What are the obstacles to imple-
menting a perioperative PAP protocol? (7) What are the 
cost implications and cost-effectiveness of preoperative 
screening for OSA risk?

SUMMARY
Worldwide, 234 million major surgical procedures are 
undertaken annually.194 In view of the increased risk of 
perioperative complications associated with OSA, surgi-
cal safety for patients with OSA is a substantial concern 
on a global level. As of July 2015, the Joint Commission, 
Division of Health Care Improvement, had received 61 
sentinel perioperative event reports in which a patient 
was diagnosed with or suspected of having OSA.195 The 
Joint Commission cited the following concerns regarding 
the perioperative care of patients in the setting of OSA: 
(1) lack of training for health care professionals to screen 
for and recognize OSA; (2) failure to assess patients for 
OSA; (3) lack of guidelines for the care and treatment of 
individuals at risk for and those diagnosed with OSA; (4) 
failure to implement appropriate monitoring of patients 
with risk factors associated with OSA; (5) lack of commu-
nication among health care providers regarding patients 
with OSA or potential risk factors associated with OSA; 
and (6) lack of postoperative evaluation and treat-
ment for OSA.195 These are all areas waiting for further 
improvement.

The primary goal of this SASM guideline is to ensure 
optimal preoperative evaluation of patients with diag-
nosed or suspected OSA to improve patient safety. There 
is now firm evidence that these patients are at increased 
risk of postoperative complications. Preoperative evalu-
ation, best done in an anesthesia preoperative clinic, 
enhances anesthetic management of chronic medical 
conditions such as OSA through documentation of health 
status and, where appropriate, initiation of investigations 
to pursue diagnostic possibilities raised in the screen-
ing process including referral to appropriate subspe-
cialists.193 Primary care providers and surgeons require 
education regarding the increased risk of postoperative 
complications present in diagnosed or undiagnosed OSA 
patients. They should be alert to the possibility of OSA 
in their patients and attempt to identify it early in the 
surgical planning process to allow optimal preoperative 
preparation and risk stratification.

OSA is a heterogeneous disorder with multiple causes 
and different phenotypes.196 The clinical practice of sleep 
medicine is changing rapidly with wider availability of 
simple home-based diagnostics and more readily accept-
able treatments.197 There is some evidence supporting the 
desirability of preoperative diagnosis of OSA and treat-
ment with CPAP therapy.61,112–114 The time between the 
decision to perform surgery and the date of the surgery 
should allow for optimization of patient health, including 
identification and management of OSA where it exists. 
With proper training in sleep medicine, anesthesiologists 
may be able to diagnose and treat OSA in the periopera-
tive setting.198 The overall costs of health care could be 
reduced by treating sleep apnea as the number of hospital 
admissions and their costs have been shown to be lower 
in OSA patients on CPAP versus no therapy.199,200

At present, we believe that there is insufficient evi-
dence to support canceling or delaying surgery to per-
form sleep studies and to initiate PAP therapy in those 
patients identified as being at high risk of OSA pre-
operatively, unless there is evidence of significant or 
uncontrolled systemic disease. Additional subspecialty 
evaluation for preoperative cardiopulmonary optimiza-
tion should be considered in patients who have a known 
diagnosis of OSA, are nonadherent to PAP therapy, and 
have uncontrolled systemic conditions such as hypoven-
tilation,173 severe pulmonary hypertension,174,175 or 
resting hypoxemia in the absence of other known cardio-
pulmonary disease.164 These concerns may also apply to 
patients with suspected OSA who have these problems. 
These considerations make a case for fast track consulta-
tion and PAP therapy services, facilitating access to diag-
nosis and treatment for such patients.

Regardless of whether the diagnosis of OSA was estab-
lished before surgery or not, anesthesiologists, surgeons, 
and institutions should develop an institutional proto-
col for patients with known or suspected OSA, includ-
ing type of anesthesia,201 choice of medications,202,203 
postoperative analgesic regimens,179–182 monitoring,177,178 
and appropriate preoperative/postoperative referral 
to reduce complications and to ensure the best possible 
patient outcome.204,205 E
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Recommendations: Executive Summary

	 □	 �Patients with obstructive sleep apnea (OSA) undergoing procedures under anesthesia are at increased risk for 
perioperative complications compared with patients without the disease diagnosis. Identifying patients at high 
risk for OSA before surgery for targeted perioperative precautions and interventions may help to reduce periopera-
tive patient complications.

	 □	 �Screening tools help to risk stratify patients with suspected OSA with reasonable accuracy. Practice groups 
should consider making OSA screening part of standard preanesthetic evaluation.

	 □	 �There is insufficient evidence in the current literature to support canceling or delaying surgery for a formal 
diagnosis (laboratory or home polysomnography) in patients with suspected OSA, unless there is evidence of 
an associated significant or uncontrolled systemic disease or additional problems with ventilation or gas exchange.

	 □	 �The patient and the health care team should be aware that both diagnosed OSA (whether treated, partially 
treated, or untreated) and suspected OSA may be associated with increased postoperative morbidity.

	 □	 �If available, consideration should be given to obtaining results of the sleep study and, where applicable, the 
patient’s recommended positive airway pressure (PAP) setting before surgery.

	 □	 �If resources allow, facilities should consider having PAP equipment for perioperative use or have patients bring 
their own PAP equipment with them to the surgical facility.

	 □	 �Additional evaluation to allow preoperative cardiopulmonary optimization should be considered in patients 
with diagnosed, partially treated/untreated, and suspected OSA where there is indication of an associated 
significant or uncontrolled systemic disease or additional problems with ventilation or gas exchange such as:  
(i) hypoventilation syndromes, (ii) severe pulmonary hypertension, and (iii) resting hypoxemia in the 
absence of other cardiopulmonary disease.

	 □	 �Where management of comorbid conditions has been optimized, patients with diagnosed, partially treated/ 
untreated OSA, or suspected OSA may proceed to surgery provided strategies for mitigation of postoperative 
complications are implemented.

	 □	 �The risks and benefits of the decision to proceed with or delay surgery include consultation and discussion with the 
surgeon and the patient.

	 □	 �The use of PAP therapy in previously undiagnosed but suspected OSA patients should be considered case by 
case. Because of the lack of evidence from randomized controlled trials, we cannot recommend its routine use.

	 □	 �Continued use of PAP therapy at previously prescribed settings is recommended during periods of sleep while 
hospitalized, both preoperatively and postoperatively. Adjustments may need to be made to the settings to 
account for perioperative changes such as facial swelling, upper airway edema, fluid shifts, pharmacotherapy, and 
respiratory function.



468     www.anesthesia-analgesia.org� anesthesia & analgesia

E SPECIAL ARTICLE

Conflicts of interest: Satya Krishna Ramachandran funded research 
from Merck, Sharp and Dohme, NJ.
Name: Mahesh Nagappa, MD.
Contribution: This author helped design the study, conduct the 
study, analyze the data, and write the manuscript.
Conflicts of interest: Mahesh Nagappa reports no conflicts of 
interest.
Name: Mathias Opperer, MD.
Contribution: This author helped design the study, conduct the 
study, analyze the data, and write the manuscript.
Conflicts of interest: Mathias Opperer reports no conflicts of 
interest
Name: Crispiana Cozowicz, MD.
Contribution: This author helped conduct the study, analyze the 
data, and write the manuscript.
Conflicts of interest: Crispiana Cozowicz reports no conflicts of 
interest.
Name: Sara Patrawala, MD.
Contribution: This author helped design the study, conduct the 
study, analyze the data, and write the manuscript.
Conflicts of interest: Sara Patrawala reports no conflicts of interest.
Name: David Lam, BSc.
Contribution: This author helped conduct the study, analyze the 
data, and write the manuscript.
Conflicts of interest: David Lam reports no conflicts of interest.
Name: Anjana Kumar, BSc.
Contribution: This author helped conduct the study and analyze 
the data.
Conflicts of interest: Anjana Kumar reports no conflicts of interest.
Name: Girish P. Joshi, MD.
Contribution: This author helped write the manuscript.
Conflicts of interest: Girish P. Joshi received an honorarium from 
Baxter Pharmaceuticals, Pacira Pharmaceuticals, and Mallinckrodt 
Pharmaceuticals.
Name: John Fleetham, MD.
Contribution: This author helped write the manuscript.
Conflicts of interest: John Fleetham reports no conflicts of interest.
Name: Najib Ayas, MD.
Contribution: This author helped write the manuscript.
Conflicts of interest: Najib Ayas reports no conflicts of interest.
Name: Nancy Collop, MD.
Contribution: This author helped write the manuscript.
Conflicts of interest: Nancy Collop received royalties from 
UpToDate, and honorariums from Best Doctors and Jazz 
Pharmaceuticals.
Name: Anthony G. Doufas, MD, PhD.
Contribution: This author helped write the manuscript.
Conflicts of interest: Anthony Doufas reports no conflicts of 
interest.
Name: Matthias Eikermann, MD, PhD.
Contribution: This author helped write the manuscript.
Conflicts of interest: ResMed Foundation.
Name: Marina Englesakis, HBA, MLIS.
Contribution: This author helped literature search and helped 
write the manuscript.
Conflicts of interest: Marina Englesakis reports no conflicts of 
interest.
Name: Bhargavi Gali, MD.
Contribution: This author helped write the manuscript.
Conflicts of interest: Bhargavi Gali reports no conflicts of interest.
Name: Peter Gay, MD.
Contribution: This author helped write the manuscript.
Conflicts of interest: Peter Gay reports no conflicts of interest.
Name: Adrian V. Hernandez, MD, PhD.
Contribution: This author helped write the manuscript.
Conflicts of interest: Adrian V. Hernandez reported no conflicts of 
interest.
Name: Roop Kaw, MD.
Contribution: This author helped write the manuscript.
Conflicts of interest: Roop Kaw reports no conflicts of interest.
Name: Eric J. Kezirian, MD, MPH.
Contribution: This author helped write the manuscript.

Conflicts of interest: Nyxoah: Medical Advisory Board, Consultant, 
Inspire Medical Systems: Research Support, Consultant (pre-
viously), Pillar Palatal: Medical Advisory Board, Consultant, 
ReVENT Medical: Medical Advisory Board, Consultant, Split 
Rock Scientific: Consultant, Berendo Scientific: Consultant, Gerard 
Scientific: Consultant
Name: Atul Malhotra, MD.
Contribution: This author helped write the manuscript.
Conflicts of interest: Atul Malhotra reports no conflicts of interest.
Name: Babak Mokhlesi, MD.
Contribution: This author helped write the manuscript.
Conflicts of interest: Babak Mokhlesi has served as a consultant 
to Philips/Respironics and has received research support from 
Philips/Respironics. He has also received honorarium from Zephyr 
Medical Technologies and has served on the advisory board of 
Itamar Medical.
Name: Sairam Parthasarathy, MD.
Contribution: This author helped write the manuscript.
Attestation: Sairam Parthasarathy approved the final manuscript.
Conflicts of interest: Grants from NIH/NHLBI, Patient Centered 
Outcomes Research Institute, US Department of Defense, NIH 
(National Cancer Institute) NCI, US Department of Army, Johrei 
Institute, personal fees from American Academy of Sleep Medicine, 
American College of Chest Physicians, Philips-Respironics, Inc, 
UpToDate Inc, and Vaoptherm, Inc. Non-financial support from 
National Center for Sleep Disorders Research of the NIH (NHLBI), 
grants from Younes Sleep Technologies, Ltd., Niveus Medical Inc, 
Philips-Respironics, Inc, a patent UA 14–018 U.S.S.N. 61/884,654; 
PTAS 502570970 (Home breathing device) pending.
Name: Tracey Stierer, MD.
Contribution: This author helped write the manuscript.
Conflicts of interest: Tracey Stierer reports no conflicts of interest.
Name: Frank Wappler, MD.
Contribution: This author helped write the manuscript.
Conflicts of interest: Frank Wappler reported no conflicts of 
interest.
Name: David R. Hillman, MD.
Contribution: This author helped write the manuscript.
Conflicts of interest: David Hillman reports no conflicts of interest.
Name: Dennis Auckley, MD.
Contribution: This author helped design the study, conduct the 
study, analyze the data, and write the manuscript.
Conflicts of interest: Dennis Auckley reports no conflicts of interest.
This manuscript was handled by: Markus W. Hollmann, MD, PhD. 

REFERENCES
	 1.	 Marin JM, Carrizo SJ, Vicente E, Agusti AG. Long-term cardio-

vascular outcomes in men with obstructive sleep apnoea-hypop-
noea with or without treatment with continuous positive airway 
pressure: an observational study. Lancet. 2005;365:1046–1053.

	 2.	 Peker Y, Kraiczi H, Hedner J, Löth S, Johansson A, Bende M. An 
independent association between obstructive sleep apnoea and 
coronary artery disease. Eur Respir J. 1999;14:179–184.

	 3.	 Mehra R, Benjamin EJ, Shahar E, et al; Sleep Heart Health 
Study. Association of nocturnal arrhythmias with sleep-disor-
dered breathing: The Sleep Heart Health Study. Am J Respir Crit 
Care Med. 2006;173:910–916.

	 4.	 Arzt M, Young T, Finn L, Skatrud JB, Bradley TD. Association 
of sleep-disordered breathing and the occurrence of stroke. Am 
J Respir Crit Care Med. 2005;172:1447–1451.

	 5.	 Yaggi HK, Concato J, Kernan WN, Lichtman JH, Brass LM, 
Mohsenin V. Obstructive sleep apnea as a risk factor for stroke 
and death. N Engl J Med. 2005;353:2034–2041.

	 6.	 Ip MS, Lam B, Ng MM, Lam WK, Tsang KW, Lam KS. 
Obstructive sleep apnea is independently associated with insu-
lin resistance. Am J Respir Crit Care Med. 2002;165:670–676.

	 7.	 Coughlin SR, Mawdsley L, Mugarza JA, Calverley PM, Wilding 
JP. Obstructive sleep apnoea is independently associated with 
an increased prevalence of metabolic syndrome. Eur Heart J. 
2004;25:735–741.

	 8.	 Yaffe K, Laffan AM, Harrison SL, et al. Sleep-disordered breath-
ing, hypoxia, and risk of mild cognitive impairment and 
dementia in older women. JAMA. 2011;306:613–619.



SASM Perioperative Guideline for Obstructive Sleep Apnea

August 2016 • Volume 123 • Number 2	 www.anesthesia-analgesia.org	 469

	 9.	 Punjabi NM. The epidemiology of adult obstructive sleep 
apnea. Proc Am Thorac Soc. 2008;5:136–143.

	10.	 Isono S. Obstructive sleep apnea of obese adults: pathophysi-
ology and perioperative airway management. Anesthesiology. 
2009;110:908–921.

	11.	 Chung SA, Yuan H, Chung F. A systemic review of obstructive 
sleep apnea and its implications for anesthesiologists. Anesth 
Analg. 2008;107:1543–1563.

	12.	 Seet E, Chung F. Management of sleep apnea in adults—func-
tional algorithms for the perioperative period: continuing pro-
fessional development. Can J Anaesth. 2010;57:849–864.

	13.	 Peppard PE, Young T, Barnet JH, Palta M, Hagen EW, Hla KM. 
Increased prevalence of sleep-disordered breathing in adults. 
Am J Epidemiol. 2013;177:1006–1014.

	14.	 Heinzer R, Vat S, Marques-Vidal P, et al. Prevalence of sleep-
disordered breathing in the general population: the HypnoLaus 
study. Lancet Respir Med. 2015;3:310–318.

	15.	 Young T, Evans L, Finn L, Palta M. Estimation of the clinically 
diagnosed proportion of sleep apnea syndrome in middle-aged 
men and women. Sleep. 1997;20:705–706.

	16.	 Chen X, Wang R, Zee P, et al. Racial/ethnic differences in 
sleep disturbances: The Multi-Ethnic Study of Atherosclerosis 
(MESA). Sleep. 2015;38:877–888.

	17.	 Hallowell PT, Stellato TA, Schuster M, et al. Potentially life-
threatening sleep apnea is unrecognized without aggressive 
evaluation. Am J Surg. 2007;193:364–367.

	18.	 Frey WC, Pilcher J. Obstructive sleep-related breathing dis-
orders in patients evaluated for bariatric surgery. Obes Surg. 
2003;13:676–683.

	19.	 Singh M, Liao P, Kobah S, Wijeysundera DN, Shapiro C, Chung 
F. Proportion of surgical patients with undiagnosed obstructive 
sleep apnoea. Br J Anaesth. 2013;110:629–636.

	20.	 Finkel KJ, Searleman AC, Tymkew H, et al. Prevalence of undi-
agnosed obstructive sleep apnea among adult surgical patients 
in an academic medical center. Sleep Med. 2009;10:753–758.

	21.	 Berry RB, Budhiraja R, Gottlieb DJ, et al; American Academy of 
Sleep Medicine. Rules for scoring respiratory events in sleep: 
update of the 2007 AASM Manual for the Scoring of Sleep and 
Associated Events. Deliberations of the Sleep Apnea Definitions 
Task Force of the American Academy of Sleep Medicine. J Clin 
Sleep Med. 2012;8:597–619.

	22.	 Chung F, Liao P, Elsaid H, Shapiro CM, Kang W. Factors asso-
ciated with postoperative exacerbation of sleep-disordered 
breathing. Anesthesiology. 2014;120:299–311.

	23.	 Chung F, Liao P, Yegneswaran B, Shapiro CM, Kang W. 
Postoperative changes in sleep-disordered breathing and 
sleep architecture in patients with obstructive sleep apnea. 
Anesthesiology. 2014;120:287–298.

	24.	 Kaw R, Chung F, Pasupuleti V, Mehta J, Gay PC, Hernandez AV. 
Meta-analysis of the association between obstructive sleep apnoea 
and postoperative outcome. Br J Anaesth. 2012;109:897–906.

	25.	 Hai F, Porhomayon J, Vermont L, Frydrych L, Jaoude P, 
El-Solh AA. Postoperative complications in patients with 
obstructive sleep apnea: a meta-analysis. J Clin Anesth. 
2014;26:591–600.

	26.	 Memtsoudis S, Liu SS, Ma Y, et al. Perioperative pulmonary 
outcomes in patients with sleep apnea after noncardiac surgery. 
Anesth Analg. 2011;112:113–121.

	27.	 Memtsoudis SG, Stundner O, Rasul R, et al. The impact of sleep 
apnea on postoperative utilization of resources and adverse 
outcomes. Anesth Analg. 2014;118:407–418.

	28.	 Mokhlesi B, Hovda MD, Vekhter B, Arora VM, Chung F, 
Meltzer DO. Sleep-disordered breathing and postoperative 
outcomes after bariatric surgery: analysis of the nationwide 
inpatient sample. Obes Surg. 2013;23:1842–1851.

	29.	 Mokhlesi B, Hovda MD, Vekhter B, Arora VM, Chung F, 
Meltzer DO. Sleep-disordered breathing and postoperative 
outcomes after elective surgery: analysis of the nationwide 
inpatient sample. Chest. 2013;144:903–914.

	30.	 Kezirian EJ, Maselli J, Vittinghoff E, Goldberg AN, Auerbach AD. 
Obstructive sleep apnea surgery practice patterns in the United 
States: 2000 to 2006. Otolaryngol Head Neck Surg. 2010;143:441–447.

	31.	 Young LR, Taxin ZH, Norman RG, Walsleben JA, Rapoport DM, 
Ayappa I. Response to CPAP withdrawal in patients with mild 

versus severe obstructive sleep apnea/hypopnea syndrome. 
Sleep. 2013;36:405–412.

	32.	 Fouladpour N, Jesudoss R, Bolden N, Shaman Z, Auckley D. 
Perioperative complications in obstructive sleep apnea patients 
undergoing surgery: a review of the legal literature. Anesth 
Analg. 2016;122:145–151.

	33.	 Svider PF, Pashkova AA, Folbe AJ, et al. Obstructive sleep 
apnea: strategies for minimizing liability and enhancing patient 
safety. Otolaryngol Head Neck Surg. 2013;149:947–953.

	34.	 Lee LA, Caplan RA, Stephens LS, et al. Postoperative opioid-
induced respiratory depression: a closed claims analysis. 
Anesthesiology. 2015;122:659–665.

	35.	 Benumof JL. Mismanagement of obstructive sleep apnea may 
result in finding these patients dead in bed. Can J Anaesth. 
2016;63:3–7.

	36.	 Society of Anesthesia and Sleep Medicine Obstructive Sleep 
Apnea Death and Near Miss Registry. Available at: http://
depts.washington.edu/asaccp/projects/obstructive-sleep-
apnea-osa-death-near-miss-registry. Accessed January 12, 2016.

	37.	 Cottam D, Lord J, Dallal RM, et al. Medicolegal analysis of 100 
malpractice claims against bariatric surgeons. Surg Obes Relat 
Dis. 2007;3:60–66.

	38.	 Coté CJ, Posner KL, Domino KB. Death or neurologic injury 
after tonsillectomy in children with a focus on obstructive 
sleep apnea: Houston, we have a problem! Anesth Analg. 
2014;118:1276–1283.

	39.	 Subramanyam R, Chidambaran V, Ding L, Myer CM III, 
Sadhasivam S. Anesthesia and opioids-related malpractice 
claims following tonsillectomy in USA: LexisNexis claims data-
base 1984-2012. Paediatr Anaesth. 2014;24:412–420.

	40.	 Gross JB, Bachenberg KL, Benumof JL, et al; American Society 
of Anesthesiologists Task Force on Perioperative Management. 
Practice guidelines for the perioperative management of 
patients with obstructive sleep apnea: a report by the American 
Society of Anesthesiologists Task Force on Perioperative 
Management of patients with obstructive sleep apnea. 
Anesthesiology. 2006;104:1081–1093.

	41.	 Gross JB, Apfelbaum JL, Caplan RA, et al. Practice guidelines 
for the perioperative management of patients with obstruc-
tive sleep apnea. An updated report by the American Society 
of Anesthesiologists Task Force on perioperative manage-
ment of patients with obstructive sleep apnea. Anesthesiology. 
2014;120:268–286.

	42.	 Joshi GP, Ankichetty SP, Gan TJ, Chung F. Society for 
Ambulatory Anesthesia consensus statement on preop-
erative selection of adult patients with obstructive sleep 
apnea scheduled for ambulatory surgery. Anesth Analg. 
2012;115:1060–1068.

	43.	 Meoli AL, Rosen CL, Kristo D, et al; Clinical Practice Review 
Committee; American Academy of Sleep Medicine. Upper air-
way management of the adult patient with obstructive sleep 
apnea in the perioperative period–avoiding complications. 
Sleep. 2003;26:1060–1065.

	44.	 Adesanya AO, Lee W, Greilich NB, Joshi GP. Perioperative man-
agement of obstructive sleep apnea. Chest. 2010;138:1489–1498.

	45.	 Guyatt GH, Oxman AD, Vist GE, et al; GRADE Working Group. 
GRADE: an emerging consensus on rating quality of evidence 
and strength of recommendations. BMJ. 2008;336:924–926.

	46.	 Balshem H, Helfand M, Schünemann HJ, et al. GRADE 
guidelines: 3. Rating the quality of evidence. J Clin Epidemiol. 
2011;64:401–406.

	47.	 Andrews JC, Schünemann HJ, Oxman AD, et al. GRADE 
guidelines: 15. Going from evidence to recommendation-deter-
minants of a recommendation’s direction and strength. J Clin 
Epidemiol. 2013;66:726–735.

	48.	 Andrews J, Guyatt G, Oxman AD, et al. GRADE guidelines: 
14. Going from evidence to recommendations: the signifi-
cance and presentation of recommendations. J Clin Epidemiol. 
2013;66:719–725.

	49.	 Schünemann HJ, Jaeschke R, Cook DJ, et al; ATS Documents 
Development and Implementation Committee. An official ATS 
statement: grading the quality of evidence and strength of rec-
ommendations in ATS guidelines and recommendations. Am J 
Respir Crit Care Med. 2006;174:605–614.

http://depts.washington.edu/asaccp/projects/obstructive-sleep-apnea-osa-death-near-miss-registry
http://depts.washington.edu/asaccp/projects/obstructive-sleep-apnea-osa-death-near-miss-registry
http://depts.washington.edu/asaccp/projects/obstructive-sleep-apnea-osa-death-near-miss-registry


470     www.anesthesia-analgesia.org� anesthesia & analgesia

E SPECIAL ARTICLE

	50.	 Dalkey N, Helmer O. An experimental application of the 
Delphi method to the use of experts. Management Science. 
1963;9:458–467.

	51.	 Stundner O, Chiu YL, Sun X, et al. Sleep apnoea adversely affects 
the outcome in patients who undergo posterior lumbar fusion: 
a population-based study. Bone Joint J. 2014;96-B:242–248.

	52.	 McIsaac DI, Gershon A, Wijeysundera D, Bryson GL, Badner N, 
van Walraven C. Identifying obstructive sleep apnea in admin-
istrative data: a study of diagnostic accuracy. Anesthesiology. 
2015;123:253–263.

	53.	 Opperer M, Cozowicz C, Bugada D, et al. Does obstructive sleep 
apnea influence perioperative outcome? A qualitative system-
atic review for the Society of Anesthesia and Sleep Medicine 
task force on preoperative preparation of patients with sleep-
disordered breathing. Anesth Analg. 2016;122:1321–1334.

	54.	 Seet E, Chua M, Liaw CM. High STOP-Bang questionnaire 
scores predict intraoperative and early postoperative adverse 
events. Singapore Med J. 2015;56:212–216.

	55.	 Proczko MA, Stepaniak PS, de Quelerij M, et al. STOP-Bang 
and the effect on patient outcome and length of hospital stay 
when patients are not using continuous positive airway pres-
sure. J Anesth. 2014;28:891–897.

	56.	 Nguyen NT, Masoomi H, Laugenour K, et al. Predictive fac-
tors of mortality in bariatric surgery: data from the Nationwide 
Inpatient Sample. Surgery. 2011;150:347–351.

	57.	 D’Apuzzo MR, Browne JA. Obstructive sleep apnea as a risk 
factor for postoperative complications after revision joint 
arthroplasty. J Arthroplasty. 2012;27:95–98.

	58.	 Liao P, Yegneswaran B, Vairavanathan S, Zilberman P, Chung F. 
Postoperative complications in patients with obstructive sleep 
apnea: a retrospective matched cohort study. Can J Anaesth. 
2009;56:819–828.

	59.	 Kaw R, Pasupuleti V, Walker E, Ramaswamy A, Foldvary-
Schafer N. Postoperative complications in patients with 
obstructive sleep apnea. Chest. 2012;141:436–441.

	60.	 Mador MJ, Goplani S, Gottumukkala VA, et al. Postoperative 
complications in obstructive sleep apnea. Sleep Breath. 
2013;17:727–734.

	61.	 Mutter TC, Chateau D, Moffatt M, Ramsey C, Roos LL, 
Kryger M. A matched cohort study of postoperative out-
comes in obstructive sleep apnea: could preoperative diag-
nosis and treatment prevent complications? Anesthesiology. 
2014;121:707–718.

	62.	 Chung F, Yegneswaran B, Liao P, et al. Validation of the Berlin 
questionnaire and American Society of Anesthesiologists 
checklist as screening tools for obstructive sleep apnea in surgi-
cal patients. Anesthesiology. 2008;108:822–830.

	63.	 Gali B, Whalen FX, Schroeder DR, Gay PC, Plevak DJ. 
Identification of patients at risk for postoperative respira-
tory complications using a preoperative obstructive sleep 
apnea screening tool and postanesthesia care assessment. 
Anesthesiology. 2009;110:869–877.

	64.	 Corso RM, Petrini F, Buccioli M, et al. Clinical utility of pre-
operative screening with STOP-Bang questionnaire in elective 
surgery. Minerva Anestesiol. 2014;80:877–884.

	65.	 Griffin JW, Novicoff WM, Browne JA, Brockmeier SF. 
Obstructive sleep apnea as a risk factor after shoulder arthro-
plasty. J Shoulder Elbow Surg. 2013;22:e6–e9.

	66.	 Jensen C, Tejirian T, Lewis C, Yadegar J, Dutson E, Mehran A. 
Postoperative CPAP and BiPAP use can be safely omitted after 
laparoscopic Roux-en-Y gastric bypass. Surg Obes Relat Dis. 
2008;4:512–514.

	67.	 Kaw R, Golish J, Ghamande S, Burgess R, Foldvary N, Walker 
E. Incremental risk of obstructive sleep apnea on cardiac surgi-
cal outcomes. J Cardiovasc Surg (Torino). 2006;47:683–689.

	68.	 Weingarten TN, Flores AS, McKenzie JA, et al. Obstructive 
sleep apnoea and perioperative complications in bariatric 
patients. Br J Anaesth. 2011;106:131–139.

	69.	 Ursavaş A, Güven T, Coskun F, Ege E, Yılmazlar A. Association 
between self reported snoring, STOP questionnaire and post-
operative pulmonary complications in patients submitted to 
ortophaedic surgery. Multidiscip Respir Med. 2013;8:3.

	70.	 Berend KR, Ajluni AF, Núñez-García LA, Lombardi AV, Adams 
JB. Prevalence and management of obstructive sleep apnea 

in patients undergoing total joint arthroplasty. J Arthroplasty. 
2010;25:54–57.

	71.	 Gali B, Whalen FX Jr, Gay PC, et al. Management plan to 
reduce risks in perioperative care of patients with pre-
sumed obstructive sleep apnea syndrome. J Clin Sleep Med. 
2007;3:582–588.

	72.	 Munish M, Sharma V, Yarussi KM, Sifain A, Porhomayon J, 
Nader N. The use of practice guidelines by the American Society 
of Anesthesiologists for the identification of surgical patients at 
high risk of sleep apnea. Chron Respir Dis. 2012;9:221–230.

	73.	 Blake DW, Chia PH, Donnan G, Williams DL. Preoperative 
assessment for obstructive sleep apnoea and the prediction of 
postoperative respiratory obstruction and hypoxaemia. Anaesth 
Intensive Care. 2008;36:379–384.

	74.	 Flink BJ, Rivelli SK, Cox EA, et al. Obstructive sleep apnea 
and incidence of postoperative delirium after elective knee 
replacement in the nondemented elderly. Anesthesiology. 
2012;116:788–796.

	75.	 Ahmad S, Nagle A, McCarthy RJ, Fitzgerald PC, Sullivan JT, 
Prystowsky J. Postoperative hypoxemia in morbidly obese 
patients with and without obstructive sleep apnea undergoing 
laparoscopic bariatric surgery. Anesth Analg. 2008;107:138–143.

	76.	 Eikermann M, Garzon-Serrano J, Kwo J, Grosse-Sundrup M, 
Schmidt U, Bigatello L. Do patients with obstructive sleep apnea 
have an increased risk of desaturation during induction of anes-
thesia for weight loss surgery? Open Respir Med J. 2010;4:58–62.

	77.	 O’Gorman SM, Gay PC, Morgenthaler TI. Does autotitrating 
positive airway pressure therapy improve postoperative out-
come in patients at risk for obstructive sleep apnea syndrome? 
A randomized controlled clinical trial. Chest. 2013;144:72–78.

	78.	 Pereira H, Xará D, Mendonça J, Santos A, Abelha FJ. Patients with 
a high risk for obstructive sleep apnea syndrome: postoperative 
respiratory complications. Rev Port Pneumol. 2013;19:144–151.

	79.	 Iyer US, Koh KF, Chia NC, Macachor J, Cheng A. Perioperative 
risk factors in obese patients for bariatric surgery: a Singapore 
experience. Singapore Med J. 2011;52:94–99.

	80.	 Kheterpal S, Healy D, Aziz MF, et al; Multicenter Perioperative 
Outcomes Group (MPOG) Perioperative Clinical Research 
Committee. Incidence, predictors, and outcome of difficult 
mask ventilation combined with difficult laryngoscopy: a 
report from the multicenter perioperative outcomes group. 
Anesthesiology. 2013;119:1360–1369.

	81.	 Kheterpal S, Martin L, Shanks AM, Tremper KK. Prediction and 
outcomes of impossible mask ventilation: a review of 50,000 
anesthetics. Anesthesiology. 2009;110:891–897.

	82.	 Stierer TL, Wright C, George A, Thompson RE, Wu CL, Collop 
N. Risk assessment of obstructive sleep apnea in a population 
of patients undergoing ambulatory surgery. J Clin Sleep Med. 
2010;6:467–472.

	83.	 Vest D, Lee D, Newcome K, Stamper H. A retrospective review 
of difficult intubations: is obstructive sleep apnea a predictor? 
Clin Nurse Spec. 2013;27:128–131.

	84.	 Neligan PJ, Porter S, Max B, Malhotra G, Greenblatt EP, 
Ochroch EA. Obstructive sleep apnea is not a risk factor for 
difficult intubation in morbidly obese patients. Anesth Analg. 
2009;109:1182–1186.

	85.	 Mooe T, Gullsby S, Rabben T, Eriksson P. Sleep-disordered 
breathing: a novel predictor of atrial fibrillation after coronary 
artery bypass surgery. Coron Artery Dis. 1996;7:475–478.

	86.	 Mungan U, Ozeke O, Mavioglu L, et al. The role of the preop-
erative screening of sleep apnoea by Berlin Questionnaire and 
Epworth Sleepiness Scale for postoperative atrial fibrillation. 
Heart Lung Circ. 2013;22:38–42.

	87.	 van Oosten EM, Hamilton A, Petsikas D, et al. Effect of pre-
operative obstructive sleep apnea on the frequency of atrial 
fibrillation after coronary artery bypass grafting. Am J Cardiol. 
2014;113:919–923.

	88.	 Hwang D, Shakir N, Limann B, et al. Association of sleep-
disordered breathing with postoperative complications. Chest. 
2008;133:1128–1134.

	89.	 Gupta RM, Parvizi J, Hanssen AD, Gay PC. Postoperative com-
plications in patients with obstructive sleep apnea syndrome 
undergoing hip or knee replacement: a case-control study. 
Mayo Clin Proc. 2001;76:897–905.



SASM Perioperative Guideline for Obstructive Sleep Apnea

August 2016 • Volume 123 • Number 2	 www.anesthesia-analgesia.org	 471

	90.	 Vasu TS, Doghramji K, Cavallazzi R, et al. Obstructive sleep 
apnea syndrome and postoperative complications: clinical 
use of the STOP-Bang questionnaire. Arch Otolaryngol Head 
Neck Surg. 2010;136:1020–1024.

	91.	 Kamath AF, McAuliffe CL, Baldwin KD, Lucas JB, Kosseim LM, 
Israelite CL. Unplanned admission to the intensive care unit after 
total hip arthroplasty. J Arthroplasty. 2012;27:1027–1032.e1–2.

	92.	 Dorman RB, Miller CJ, Leslie DB, et al. Risk for hospital read-
mission following bariatric surgery. PLoS One. 2012;7:e32506.

	93.	 Chia P, Seet E, Macachor JD, Iyer US, Wu D. The association 
of pre-operative STOP-Bang scores with postoperative critical 
care admission. Anaesthesia. 2013;68:950–952.

	94.	 Grover BT, Priem DM, Mathiason MA, Kallies KJ, Thompson 
GP, Kothari SN. Intensive care unit stay not required for 
patients with obstructive sleep apnea after laparoscopic Roux-
en-Y gastric bypass. Surg Obes Relat Dis. 2010;6:165–170.

	95.	 Sabers C, Plevak DJ, Schroeder DR, Warner DO. The diag-
nosis of obstructive sleep apnea as a risk factor for unan-
ticipated admissions in outpatient surgery. Anesth Analg. 
2003;96:1328–1335.

	96.	 Bryson GL, Gomez CP, Jee RM, Blackburn J, Taljaard M, 
Forster AJ. Unplanned admission after day surgery: a histori-
cal cohort study in patients with obstructive sleep apnea. Can 
J Anaesth. 2012;59:842–851.

	97.	 Masoomi H, Kim H, Reavis KM, Mills S, Stamos MJ, Nguyen 
NT. Analysis of factors predictive of gastrointestinal tract 
leak in laparoscopic and open gastric bypass. Arch Surg. 
2011;146:1048–1051.

	98.	 Andrews KL, Dib M, Shives TC, Hoskin TL, Liedl DA, Boon 
AJ. The effect of obstructive sleep apnea on amputation site 
healing. J Vasc Nurs. 2012;30:61–63.

	99.	 Kurrek MM, Cobourn C, Wojtasik Z, Kiss A, Dain SL. 
Morbidity in patients with or at high risk for obstructive sleep 
apnea after ambulatory laparoscopic gastric banding. Obes 
Surg. 2011;21:1494–1498.

	100.	 Coté GA, Hovis CE, Hovis RM, et al. A screening instrument 
for sleep apnea predicts airway maneuvers in patients under-
going advanced endoscopic procedures. Clin Gastroenterol 
Hepatol. 2010;8:660–665.e1.

	101.	 Goudra BG, Singh PM, Penugonda LC, Speck RM, Sinha 
AC. Significantly reduced hypoxemic events in morbidly 
obese patients undergoing gastrointestinal endoscopy: 
predictors and practice effect. J Anaesthesiol Clin Pharmacol. 
2014;30:71–77.

	102.	 Kim GH, Lee JJ, Choi SJ, et al. Clinical predictors of apnoea-
hypopnoea during propofol sedation in patients undergoing 
spinal anaesthesia. Anaesthesia. 2012;67:755–759.

	103.	 Adler DG, Kawa C, Hilden K, Fang J. Nurse-administered 
propofol sedation is safe for patients with obstructive sleep 
apnea undergoing routine endoscopy: a pilot study. Dig Dis 
Sci. 2011;56:2666–2671.

	104.	 Cha JM, Jeun JW, Pack KM, et al. Risk of sedation for diagnos-
tic esophagogastroduodenoscopy in obstructive sleep apnea 
patients. World J Gastroenterol. 2013;19:4745–4751.

	105.	 Gill J, Vidyarthi G, Kulkarni P, Anderson W, Boyd W. Safety of 
conscious sedation in patients with sleep apnea in a veteran 
population. South Med J. 2011;104:185–188.

	106.	 Khiani VS, Salah W, Maimone S, Cummings L, Chak A. 
Sedation during endoscopy for patients at risk of obstructive 
sleep apnea. Gastrointest Endosc. 2009;70:1116–1120.

	107.	 Boese ML, Ransom RK, Roadfuss RJ, Todd A, McGuire JM. 
Utility of the Berlin Questionnaire to screen for obstructive 
sleep apnea among patients receiving intravenous sedation 
for colonoscopy. AANA J. 2014;82:38–45.

	108.	 Mehta PP, Kochhar G, Kalra S, et al. Can a validated sleep 
apnea scoring system predict cardiopulmonary events using 
propofol sedation for routine EGD or colonoscopy? A pro-
spective cohort study. Gastrointest Endosc. 2014;79:436–444.

	109.	 Mador MJ, Abo Khamis M, Nag N, Mreyoud A, Jallu S, 
Mehboob S. Does sleep apnea increase the risk of cardiore-
spiratory complications during endoscopy procedures? Sleep 
Breath. 2011;15:393–401.

	110.	 Mador MJ, Nadler J, Mreyoud A, et al. Do patients at risk 
of sleep apnea have an increased risk of cardio-respiratory 

complications during endoscopy procedures? Sleep Breath. 
2012;16:609–615.

	111.	 Lockhart EM, Willingham MD, Abdallah AB, et al. Obstructive 
sleep apnea screening and postoperative mortality in a large 
surgical cohort. Sleep Med. 2013;14:407–415.

	112.	 Abdelsattar ZM, Hendren S, Wong SL, Campbell DA Jr, 
Ramachandran SK. The impact of untreated obstructive sleep 
apnea on cardiopulmonary complications in general and vas-
cular surgery: a cohort study. Sleep. 2015;38:1205–1210.

	113.	 Chung F, Nagappa M, Singh M, Mokhlesi B. CPAP in the peri-
operative setting: evidence of support. Chest. 2016;149:586–597.

	114.	 Nagappa M, Mokhlesi B, Wong J, Wong DT, Kaw R, Chung F. 
The effects of continuous positive airway pressure on postop-
erative outcomes in obstructive sleep apnea patients under-
going surgery: a systematic review and meta-analysis. Anesth 
Analg. 2015;120:1013–1023.

	115.	 Ramachandran SK, Kheterpal S, Haas CF, Saran KA, Tremper 
KK. Automated notification of suspected obstructive sleep 
apnea patients to the perioperative respiratory therapist: a 
pilot study. Respir Care. 2010;55:414–418.

	116.	 Chung F, Yegneswaran B, Liao P, et al. STOP question-
naire: a tool to screen patients for obstructive sleep apnea. 
Anesthesiology. 2008;108:812–821.

	117.	 Chung F, Subramanyam R, Liao P, Sasaki E, Shapiro C, Sun Y. 
High STOP-Bang score indicates a high probability of obstruc-
tive sleep apnoea. Br J Anaesth. 2012;108:768–775.

	118.	 Ghiasi F, Ahmadpoor A, Amra B. Relationship between 
obstructive sleep apnea and 30-day mortality among patients 
with pulmonary embolism. J Res Med Sci. 2015;20:662–667.

	119.	 Xará D, Santos A, Abelha F. Adverse respiratory events in a 
post-anesthesia care unit. Arch Bronconeumol. 2015;51:69–75.

	120.	 Acar HV, Yarkan Uysal H, Kaya A, Ceyhan A, Dikmen B. 
Does the STOP-Bang, an obstructive sleep apnea screening 
tool, predict difficult intubation? Eur Rev Med Pharmacol Sci. 
2014;18:1869–1874.

	121.	 Veenstra A, Untalan E. Implications and interventions related 
to obstructive sleep apnea. Crit Care Nurs Clin North Am. 
2014;26:499–509.

	122.	 Louis JM, Mogos MF, Salemi JL, Redline S, Salihu HM. 
Obstructive sleep apnea and severe maternal-infant mor-
bidity/mortality in the United States, 1998-2009. Sleep. 
2014;37:843–849.

	123.	 Pamidi S, Pinto LM, Marc I, Benedetti A, Schwartzman K, 
Kimoff RJ. Maternal sleep-disordered breathing and adverse 
pregnancy outcomes: a systematic review and metaanalysis. 
Am J Obstet Gynecol. 2014;210:52.e1–52.e14.

	124.	 Xu T, Feng Y, Peng H, Guo D, Li T. Obstructive sleep apnea 
and the risk of perinatal outcomes: a meta-analysis of cohort 
studies. Sci Rep. 2014;4:6982.

	125.	 Ding XX, Wu YL, Xu SJ, et al. A systematic review and quanti-
tative assessment of sleep-disordered breathing during preg-
nancy and perinatal outcomes. Sleep Breath. 2014;18:703–713.

	126.	 Abdullah HR, Nagappa M, Siddiqui N, Chung F. Diagnosis 
and treatment of obstructive sleep apnea during pregnancy. 
Curr Opin Anaesthesiol. 2016;29:317–324.

	127.	 Antony KM, Agrawal A, Arndt ME, et al. Association of 
adverse perinatal outcomes with screening measures of 
obstructive sleep apnea. J Perinatol. 2014;34:441–448.

	128.	 Khazaie H, Heidarpour A, Nikray R, et al. Evaluation of sleep 
problems in preeclamptic, healthy pregnant and non-preg-
nant women. Iran J Psychiatry. 2013;8:168–171.

	129.	 Champagne K, Schwartzman K, Opatrny L, et al. Obstructive 
sleep apnoea and its association with gestational hyperten-
sion. Eur Respir J. 2009;33:559–565.

	130.	 Izci Balserak B, Jackson N, Ratcliffe SA, Pack AI, Pien 
GW. Sleep-disordered breathing and daytime napping 
are associated with maternal hyperglycemia. Sleep Breath. 
2013;17:1093–1102.

	131.	 Williams MA, Gelaye B, Qiu C, Fida N, May Cripe S. Habitual 
snoring and asthma comorbidity among pregnant women.  
J Asthma. 2011;48:91–97.

	132.	 Facco FL, Ouyang DW, Zee PC, Grobman WA. Development 
of a pregnancy-specific screening tool for sleep apnea. J Clin 
Sleep Med. 2012;8:389–394.



472     www.anesthesia-analgesia.org� anesthesia & analgesia

E SPECIAL ARTICLE

	133.	 Wilson DL, Walker SP, Fung AM, O’Donoghue F, Barnes 
M, Howard M. Can we predict sleep-disordered breathing 
in pregnancy? The clinical utility of symptoms. J Sleep Res. 
2013;22:670–678.

	134.	 Fernández Alonso AM, Chedraui P, Pérez-López FR. 
Assessment of obstructive sleep apnea-hypopnea syndrome 
risk at the end of pregnancy using the Berlin Questionnaire. 
Gynecol Endocrinol. 2015;31:715–719.

	135.	 Tantrakul V, Sirijanchune P, Panburana P, et al. Screening of 
obstructive sleep apnea during pregnancy: differences in pre-
dictive values of questionnaires across trimesters. J Clin Sleep 
Med. 2015;11:157–163.

	136.	 Lockhart EM, Ben Abdallah A, Tuuli MG, Leighton BL. 
Obstructive sleep apnea in pregnancy: assessment of current 
screening tools. Obstet Gynecol. 2015;126:93–102.

	137.	 Lee W, Nagubadi S, Kryger MH, Mokhlesi B. Epidemiology 
of obstructive sleep apnea: a population-based perspective. 
Expert Rev Respir Med. 2008;2:349–264.

	138.	 Sood A, Abdollah F, Sammon JD, et al. The effect of body 
mass index on perioperative outcomes after major surgery: 
results from the National Surgical Quality Improvement 
Program (ACS-NSQIP) 2005-2011. World J Surg. 2015; 
39:2376–2385.

	139.	 Schumann R, Shikora SA, Sigl JC, Kelley SD. Association of 
metabolic syndrome and surgical factors with pulmonary 
adverse events, and longitudinal mortality in bariatric sur-
gery. Br J Anaesth. 2015;114:83–90.

	140.	 Chung F, Yang Y, Liao P. Predictive performance of the STOP-
Bang score for identifying obstructive sleep apnea in obese 
patients. Obes Surg. 2013;23:2050–2057.

	141.	 Memtsoudis SG, Stundner O, Rasul R, et al. Sleep apnea and 
total joint arthroplasty under various types of anesthesia: 
a population-based study of perioperative outcomes. Reg 
Anesth Pain Med. 2013;38:274–281.

	142.	 Ramachandran SK, Kheterpal S, Consens F, et al. Derivation 
and validation of a simple perioperative sleep apnea predic-
tion score. Anesth Analg. 2010;110:1007–1015.

	143.	 Ramachandran SK, Josephs LA. A meta-analysis of clinical 
screening tests for obstructive sleep apnea. Anesthesiology. 
2009;110:928–939.

	144.	 Abrishami A, Khajehdehi A, Chung F. A systematic review 
of screening questionnaires for obstructive sleep apnea. Can J 
Anaesth. 2010;57:423–438.

	145.	 Chung F, Abdullah HR, Liao P. STOP-Bang questionnaire: 
a practical approach to screen for obstructive sleep apnea. 
Chest. 2016;149:631–638.

	146.	 Chung F, Liao P, Farney R. Correlation between the STOP-
Bang score and the severity of obstructive sleep apnea. 
Anesthesiology. 2015;122:1436–1437.

	147.	 Chung F, Yang Y, Brown R, Liao P. Alternative scoring mod-
els of STOP-bang questionnaire improve specificity to detect 
undiagnosed obstructive sleep apnea. J Clin Sleep Med. 
2014;10:951–958.

	148.	 Nagappa M, Liao P, Wong J, et al. Validation of the STOP-Bang 
questionnaire as a screening tool for obstructive sleep apnea 
among different populations: a systematic review and meta-
analysis. PLoS One. 2015;10:e0143697.

	149.	 Nunes FS, Danzi-Soares NJ, Genta PR, Drager LF, Cesar LA, 
Lorenzi-Filho G. Critical evaluation of screening question-
naires for obstructive sleep apnea in patients undergoing 
coronary artery bypass grafting and abdominal surgery. Sleep 
Breath. 2015;19:115–122.

	150.	 Ong TH, Raudha S, Fook-Chong S, Lew N, Hsu AA. 
Simplifying STOP-Bang use of a simple questionnaire to screen 
for OSA in an Asian population. Sleep Breath. 2010;14:371–376.

	151.	 Farney RJ, Walker BS, Farney RM, Snow GL, Walker JM. The 
STOP-Bang equivalent model and prediction of severity of 
obstructive sleep apnea: relation to polysomnographic mea-
surements of the apnea/hypopnea index. J Clin Sleep Med. 
2011;7:459–465B.

	152.	 Boynton G, Vahabzadeh A, Hammoud S, Ruzicka DL, Chervin 
RD. Validation of the STOP-Bang Questionnaire among 
Patients Referred for Suspected Obstructive Sleep Apnea.  
J Sleep Disord Treat Care. 2013;2.

	153.	 Pereira EJ, Driver HS, Stewart SC, Fitzpatrick MF. Comparing 
a combination of validated questionnaires and level III porta-
ble monitor with polysomnography to diagnose and exclude 
sleep apnea. J Clin Sleep Med. 2013;9:1259–1266.

	154.	 Vana KD, Silva GE, Goldberg R. Predictive abilities of the 
STOP-Bang and Epworth Sleepiness Scale in identifying sleep 
clinic patients at high risk for obstructive sleep apnea. Res 
Nurs Health. 2013;36:84–94.

	155.	 Cowan DC, Allardice G, Macfarlane D, et al. Predicting sleep 
disordered breathing in outpatients with suspected OSA. BMJ 
Open. 2014;4:e004519.

	156.	 Ha SC, Lee DL, Abdullah VJ, van Hasselt CA. Evaluation 
and validation of four translated Chinese questionnaires for 
obstructive sleep apnea patients in Hong Kong. Sleep Breath. 
2014;18:715–721.

	157.	 Luo J, Huang R, Zhong X, Xiao Y, Zhou J. STOP-Bang ques-
tionnaire is superior to Epworth sleepiness scales, Berlin ques-
tionnaire, and STOP questionnaire in screening obstructive 
sleep apnea hypopnea syndrome patients. Chin Med J (Engl). 
2014;127:3065–3070.

	158.	 Luo J, Huang R, Zhong X, Xiao Y, Zhou J. Value of STOP-Bang 
questionnaire in screening patients with obstructive sleep 
apnea hypopnea syndrome in sleep disordered breathing 
clinic. Chin Med J (Engl). 2014;127:1843–1848.

	159.	 Reis R, Teixeira F, Martins V, et al. Validation of a Portuguese 
version of the STOP-Bang questionnaire as a screening tool 
for obstructive sleep apnea: analysis in a sleep clinic. Rev Port 
Pneumol. (2006) 2015;21:61–68.

	160.	 Silva GE, Vana KD, Goodwin JL, Sherrill DL, Quan SF. 
Identification of patients with sleep disordered breathing: 
comparing the four-variable screening tool, STOP, STOP-
Bang, and Epworth Sleepiness Scales. J Clin Sleep Med. 
2011;7:467–472.

	161.	 Menown IB, Allen J, Anderson JM, Adgey AA. ST depression 
only on the initial 12-lead ECG: early diagnosis of acute myo-
cardial infarction. Eur Heart J. 2001;22:218–227.

	162.	 Okin PM, Roman MJ, Devereux RB, Kligfield P. 
Electrocardiographic identification of left ventricular 
hypertrophy: test performance in relation to definition of 
hypertrophy and presence of obesity. J Am Coll Cardiol. 
1996;27:124–131.

	163.	 Chung F, Chau E, Yang Y, Liao P, Hall R, Mokhlesi B. Serum 
bicarbonate level improves specificity of STOP-Bang screen-
ing for obstructive sleep apnea. Chest. 2013;143:1284–1293.

	164.	 Chung F, Zhou L, Liao P. Parameters from preoperative over-
night oximetry predict postoperative adverse events. Minerva 
Anestesiol. 2014;80:1084–1095.

	165.	 Guralnick AS, Pant M, Minhaj M, Sweitzer BJ, Mokhlesi B. 
CPAP adherence in patients with newly diagnosed obstruc-
tive sleep apnea prior to elective surgery. J Clin Sleep Med. 
2012;8:501–506.

	166.	 Memtsoudis SG, Besculides MC, Mazumdar M. A rude awak-
ening–the perioperative sleep apnea epidemic. N Engl J Med. 
2013;368:2352–2353.

	167.	 Rennotte MT, Baele P, Aubert G, Rodenstein DO. Nasal con-
tinuous positive airway pressure in the perioperative man-
agement of patients with obstructive sleep apnea submitted 
to surgery. Chest. 1995;107:367–374.

	168.	 Liao P, Luo Q, Elsaid H, Kang W, Shapiro CM, Chung F. 
Perioperative auto-titrated continuous positive airway 
pressure treatment in surgical patients with obstructive 
sleep apnea: a randomized controlled trial. Anesthesiology. 
2013;119:837–847.

	169.	 Kohler M, Stoewhas AC, Ayers L, et al. Effects of continuous 
positive airway pressure therapy withdrawal in patients with 
obstructive sleep apnea: a randomized controlled trial. Am J 
Respir Crit Care Med. 2011;184:1192–1199.

	170.	 Yadollahi A, Gabriel JM, White LH, Taranto Montemurro L, 
Kasai T, Bradley TD. A randomized, double crossover study 
to investigate the influence of saline infusion on sleep apnea 
severity in men. Sleep. 2014;37:1699–1705.

	171.	 Ramachandran SK. Can intravenous fluids explain increased 
postoperative sleep disordered breathing and airway out-
comes? Sleep. 2014;37:1587–1588.



SASM Perioperative Guideline for Obstructive Sleep Apnea

August 2016 • Volume 123 • Number 2	 www.anesthesia-analgesia.org	 473

	172.	 Lam T, Singh M, Yadollahi A, Chung F. Is perioperative 
fluid and salt balance a contributing factor in postopera-
tive worsening of obstructive sleep apnea? Anesth Analg. 
2016;122:1335–1339.

	173.	 Kaw R, Bhateja P, Paz Y, et al. Postoperative complica-
tions in patients with unrecognized obesity hypoventilation 
syndrome undergoing elective noncardiac surgery. Chest. 
2016;149:84–91.

	174.	 Ramakrishna G, Sprung J, Ravi BS, Chandrasekaran K, 
McGoon MD. Impact of pulmonary hypertension on the out-
comes of noncardiac surgery: predictors of perioperative mor-
bidity and mortality. J Am Coll Cardiol. 2005;45:1691–1699.

	175.	 Minai OA, Ricaurte B, Kaw R, et al. Frequency and impact 
of pulmonary hypertension in patients with obstructive sleep 
apnea syndrome. Am J Cardiol. 2009;104:1300–1306.

	176.	 Ireland CJ, Chapman TM, Mathew SF, Herbison GP, Zacharias 
M. Continuous positive airway pressure (CPAP) during the 
postoperative period for prevention of postoperative mor-
bidity and mortality following major abdominal surgery. 
Cochrane Database Syst Rev. 2014;8:CD008930.

	177.	 Taenzer AH, Pyke JB, McGrath SP, Blike GT. Impact of pulse 
oximetry surveillance on rescue events and intensive care unit 
transfers: a before-and-after concurrence study. Anesthesiology. 
2010;112:282–287.

	178.	 Stoelting RK. Continuous postoperative electronic monitoring 
and the will to require it. Anesth Analg. 2015;121:579–581.

	179.	 Doufas AG, Tian L, Davies MF, Warby SC. Nocturnal intermit-
tent hypoxia is independently associated with pain in subjects 
suffering from sleep-disordered breathing. Anesthesiology. 
2013;119:1149–1162.

	180.	 Doufas A. Obstructive sleep apnea, pain, and opioid analgesia 
in the postoperative Patient. Curr Anesthesiol Rep. 2014;4:1–9.

	181.	 Turan A, You J, Egan C, et al. Chronic intermittent hypoxia is 
independently associated with reduced postoperative opioid 
consumption in bariatric patients suffering from sleep-disor-
dered breathing. PLoS One. 2015;10:e0127809.

	182.	 Lam KK, Kunder S, Wong J, Doufas AG, Chung F. Obstructive 
sleep apnea, pain, and opioids: is the riddle solved? Curr Opin 
Anaesthesiol. 2016;29:134–140.

	183.	 Parthasarathy S, Haynes PL, Budhiraja R, Habib MP, Quan 
SF. A national survey of the effect of sleep medicine special-
ists and American Academy of Sleep Medicine Accreditation 
on management of obstructive sleep apnea. J Clin Sleep Med. 
2006;2:133–142.

	184.	 Pamidi S, Knutson KL, Ghods F, Mokhlesi B. The impact of sleep 
consultation prior to a diagnostic polysomnogram on continu-
ous positive airway pressure adherence. Chest. 2012;141:51–57.

	185.	 Parthasarathy S, Subramanian S, Quan SF. A multicenter 
prospective comparative effectiveness study of the effect of 
physician certification and center accreditation on patient-
centered outcomes in obstructive sleep apnea. J Clin Sleep Med. 
2014;10:243–249.

	186.	 Russell T. Enhancing adherence to positive airway pressure 
therapy for sleep disordered breathing. Semin Respir Crit Care 
Med. 2014;35:604–612.

	187.	 Chong CT, Tey J, Leow SL, et al. Management plan to reduce 
risks in perioperative care of patients with obstructive sleep 
apnoea averts the need for presurgical polysomnography. Ann 
Acad Med Singapore. 2013;42:110–119.

	188.	 Fonseca MI, Pereira T, Caseiro P. Death and disability in 
patients with sleep apnea–a meta-analysis. Arq Bras Cardiol. 
2015;104:58–66.

	189.	 Gami AS, Olson EJ, Shen WK, et al. Obstructive sleep apnea 
and the risk of sudden cardiac death: a longitudinal study of 
10,701 adults. J Am Coll Cardiol. 2013;62:610–616.

	190.	 Bradley TD, Floras JS. Obstructive sleep apnoea and its cardio-
vascular consequences. Lancet. 2009;373:82–93.

	191.	 Sharma SK, Agrawal S, Damodaran D, et al. CPAP for the meta-
bolic syndrome in patients with obstructive sleep apnea. N Engl 
J Med. 2011;365:2277–2286.

	192.	 Marin JM, Agusti A, Villar I, et al. Association between treated 
and untreated obstructive sleep apnea and risk of hyperten-
sion. JAMA. 2012;307:2169–2176.

	193.	 Mehta V, Subramanyam R, Shapiro CM, Chung F. Health 
effects of identifying patients with undiagnosed obstructive 
sleep apnea in the preoperative clinic: a follow-up study. Can J 
Anaesth. 2012;59:544–555.

	194.	 Weiser TG, Regenbogen SE, Thompson KD, Haynes AB, Lipsitz 
SR, Berry WR, Gawande AA. An estimation of the global vol-
ume of surgery: a modelling strategy based on available data. 
Lancet. 2008;372:139–144.

	195.	 An advisory on safety and quality issue. The Joint Commission, 
Division of Health Care Improvement. At risk: Obstructive 
sleep apnea patients. Quick Safety. 2015;14:1–2.

	196.	 Eckert DJ, White DP, Jordan AS, Malhotra A, Wellman A. 
Defining phenotypic causes of obstructive sleep apnea. 
Identification of novel therapeutic targets. Am J Respir Crit Care 
Med. 2013;188:996–1004.

	197.	 Malhotra A, Orr JE, Owens RL. On the cutting edge of 
obstructive sleep apnoea: where next? Lancet Respir Med. 
2015;3:397–403.

	198.	 Chung F, Hillman D, Lydic R. Sleep medicine and anes-
thesia: a new horizon for anesthesiologists. Anesthesiology. 
2011;114:1261–1262.

	199.	 Potts KJ, Butterfield DT, Sims P, Henderson M, Shames CB. Cost 
savings associated with an education campaign on the diagno-
sis and management of sleep-disordered breathing: a retrospec-
tive, claims-based US study. Popul Health Manag. 2013;16:7–13.

	200.	 Skaer TL, Sclar DA. Economic implications of sleep disorders. 
Pharmacoeconomics. 2010;28:1015–1023.

	201.	 Memtsoudis SG, Sun X, Chiu YL, et al. Perioperative compara-
tive effectiveness of anesthetic technique in orthopedic patients. 
Anesthesiology. 2013;118:1046–1058.

	202.	 Ankichetty S, Wong J, Chung F. A systematic review of 
the effects of sedatives and anesthetics in patients with 
obstructive sleep apnea. J Anaesthesiol Clin Pharmacol. 
2011;27:447–458.

	203.	 McEntire DM, Kirkpatrick DR, Kerfeld MJ, et al. Effect of 
sedative-hypnotics, anesthetics and analgesics on sleep archi-
tecture in obstructive sleep apnea. Expert Rev Clin Pharmacol. 
2014;7:787–806.

	204.	 Molnar MZ, Mucsi I, Novak M, et al. Association of incident 
obstructive sleep apnoea with outcomes in a large cohort of US 
veterans. Thorax. 2015;70:888–895.

	205.	 Dwarakanath A, Palissery V, Elliott MW. Prevalence of and 
treatment outcomes for patients with obstructive sleep apnoea 
identified by preoperative screening compared with clinician 
referrals. Eur Respir J. 2016;[epub ahead of print]


