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INTRODUCTION
Obstructive sleep apnea (OSA) is a highly prevalent co-

morbid condition in adult surgical populations. Approximately 
one in 4 middle-aged men and one in 10 women in the United 
States are estimated to have OSA.1 OSA is increasingly being 
recognized as a risk factor for adverse postoperative compli-
cations.2–6 Despite the growing awareness of OSA’s effect on 
postoperative outcomes, up to 80% of patients presenting for 
surgery may actually have undiagnosed OSA and are there-
fore untreated for this condition.1,7 In other words, adults may 
present for surgery without adequate preoperative risk assess-
ment for OSA, possibly putting them at heightened risk for 
postoperative complications. Therefore, the American Society 
of Anesthesiologists (ASA) has issued practice guidelines spe-
cific to the perioperative management of patients with OSA.8 
In these guidelines, the ASA recommends screening patients 
for OSA prior to surgery and implementing special care path-
ways if OSA is present. However, these recommendations are 
based on expert opinion in the absence of scientific evidence 
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on whether screening and preoperative therapy are associated 
with improved outcomes.1,8

Although previous research has demonstrated that patients 
who are known to have OSA have worse postoperative cardio-
pulmonary outcomes than patients without this diagnosis,3–6 
these studies do not specifically identify patients who are not 
treated preoperatively or those who have the disease but are 
otherwise undiagnosed. For example, in a large national study, 
Memtsoudis and colleagues6 reported significantly worse post-
operative pulmonary outcomes, including aspiration pneu-
monia, acute respiratory distress syndrome, and emergent 
endotracheal intubation, in patients with OSA compared with 
those without OSA. In another study, Mokhlesi and colleagues3 
show that OSA is associated with emergent intubation and sub-
sequent prolonged hospital stays, higher costs, and inpatient 
mortality. Although these studies have several important find-
ings, their major limitation is the reliance on existing diagnosis 
codes to identify patients with OSA using administrative data. 
Given that OSA is likely under-diagnosed in the general adult 
population, using diagnosis codes alone essentially ignores 
this patient population. Second, even in patients who do carry 
a diagnosis code for OSA, it is not known if these patients are 
receiving preoperative positive airway pressure (PAP) therapy 
to optimize their condition. Thus, it is impossible from these 
studies to draw any conclusions about a large proportion of 
patients, who are undiagnosed or untreated preoperatively.

In this context, we sought to investigate the prevalence of 
OSA in patients presenting for general and vascular surgery at 
diverse practice settings, community and academic, in the state 
of Michigan. Using a screening instrument, we prospectively 
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identify patients who are potentially undiagnosed and those 
who are untreated preoperatively. More specifically, we hy-
pothesize that patients, who are at high risk of having OSA 
or are preoperatively untreated, have higher rates of cardio-
pulmonary complications than patients with known OSA who 
are treated preoperatively. The results of this study would pro-
vide a basis for an increase in the utilization of resources for 
screening surgical patients preoperatively, and guide health-
care providers toward developing strategies aimed at reducing 
postoperative risks for surgical patients with OSA.

METHODS

Data Sources
The Michigan Surgical Quality Collaborative (MSQC) is a 

52-hospital consortium representing diverse practice settings, 
community and academic, throughout the state. MSQC data 
abstraction and data quality assurance details have been de-
scribed elsewhere.9–12 In brief, specially trained data abstractors 
prospectively collect patient characteristics, intraoperative pro-
cesses of care, and 30-day postoperative outcomes for patients 
undergoing specified general and vascular surgical operations 
utilizing a sampling algorithm that minimizes selection bias. 
This algorithm divides each calendar year into 46 8-day cycles, 
from which the first 25 consecutive surgical operations that 
meet MSQC inclusion criteria are selected. The cycle rotates 
every 8 days to ensure that every cycle begins with a different 
day of the week. The MSQC does not collect data for patients 
younger than 18 y, those categorized as ASA class 6, those un-
dergoing bariatric, trauma, or transplant surgeries, nor for sur-
geries performed within 30 days of another surgery captured 
by MSQC. Certain very high-volume operations, such as lapa-
roscopic cholecystectomy, are limited to the first three cases in 
each cycle so that these surgical procedures do not overwhelm 
the database. Regular data audits ensure registry data validity in 
accordance with established policies and procedures.11 Data col-
lection for MSQC is Institutional Review Board (IRB) exempt at 
participating hospitals, and the current study was reviewed and 
deemed “non-regulated” by the University of Michigan’s IRB.

Patient Population
Patients aged 18 y and older undergoing general abdominal 

or vascular surgery from July 2012 to September 2013 at any of 
52 MSQC community and academic hospitals were included 
in this study.

Independent Variables
Registry-based clinical and demographic data analyzed in-

cluded age, race, sex, ASA class, surgical priority, and body 
mass index (BMI). Comorbidities included preoperative car-
diac, pulmonary, renal, neurological, hematological, infectious, 
and endocrine diagnoses. A composite variable for comorbidity 
index was created based on the presence or absence of these 
comorbid conditions, and patients were categorized as having 0 
comorbid conditions; 1 comorbid condition; or 2+ comorbidities.

Exposure Variable
OSA was the main exposure variable in this study and was 

abstracted from the emergency department records, hospital 

admission notes, and the anesthesia preoperative assessment 
records. This variable had the following three mutually exclu-
sive categories:

1) No OSA: No documented diagnosis nor suspicion of 
OSA.

2) Untreated or undiagnosed OSA: Documented 
diagnosis or suspicion of OSA but no regular use of a 
PAP device at home by patient self-report, or if there 
was documentation of a minimum 3 out of 8 score on 
the STOP-BANG questionnaire. The proportions of 
patients with a diagnosis, suspected or assigned in this 
category based on STOP-BANG questionnaire were 
not captured at the time of data collection by the nurse 
abstractors. In addition, each patient’s individual score 
was not collected.

3) Treated OSA: Documented diagnosis of OSA and 
regular use of PAP at home by patient self-report.

The STOP-BANG questionnaire has been previously 
published and validated.13,14 A score of ≥ 3 has been shown 
to have a high sensitivity for detecting moderate and severe 
OSA, whereas individuals with scores < 3 are considered to 
be at low risk of having OSA. The questionnaire includes the 
following items snoring; tiredness, fatigue, or excessive day-
time sleepiness; observed episode of apnea; high blood pres-
sure; BMI > 35; Age > 50 y; neck circumference > 40 cm; and 
male gender. Data on the STOP-BANG variables is routinely 
collected as part of the preoperative screening of patients pre-
senting for surgery. 

Main Outcome Measures
The development of any cardiopulmonary complication 

within 30 days of the index surgery was the main outcome 
of interest in this study. Cardiopulmonary complications in-
cluded any arrhythmias, cardiac arrest, myocardial infarction, 
unplanned reintubation, pulmonary embolism, and pneumonia 
occurring up to 30 days from the index surgery. Each compli-
cation was further studied separately as a secondary outcome 
to identify the specific associations with OSA.

Statistical Analyses
Clinical and demographic variables for patients who under-

went general or vascular surgery at one of 52 MSQC hospitals 
across the three categories of OSA exposure were analyzed 
using Chi-square tests for categorical variables and one-way 
analysis of variance tests with the Scheffé method for multiple 
comparisons for continuous variables as indicated, with sig-
nificance set at P < 0.05.

Multivariable logistic regression was used to examine 
the associations between the main exposure variable and 
the outcomes of interest. The patient covariates included in 
the models were age, sex, BMI, ASA class, procedure type, 
emergency status, comorbidity index, and smoking status. 
The independent variables were selected empirically based 
on prior literature.15 In total, there were seven models—one 
for each outcome—using the same list of independent vari-
ables. The models were evaluated for discrimination using 
the c-statistic. The c-statistic evaluates model discrimination 
and represents the area under the receiver operator charac-
teristic curve.
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Next, we calculated the risk-adjusted rates for the specific 
outcomes, with which there were a statistically significant as-
sociation with the OSA exposure variable. The β coefficients 
of the covariates generated by the multivariable model allow 
for the calculation of an adjusted rate for each category in the 
exposure variable. This is achieved by fixing the value of the 
exposure variable for each patient while keeping all other co-
variate values as they were observed. This method, in essence, 
creates two hypothetical populations—one where all patients 
have untreated OSA, and one where all patients have treated 
OSA—that have the exact same values on the other covariates 
in the model. The logic is similar to that of matching studies, 
where subjects have identical values on every independent 
variable except one (the exposure). In Stata statistical software, 
this is performed using the –margins– command.16 This anal-
ysis was limited to the two OSA groups as the primary focus 
of this study is to compare treated versus untreated OSA, and 
the OSA groups are comparably similar in terms of the other 
patient covariates.

An additional model, which included the individual co-
morbid condition instead of the comorbidity index, was used 
to test the robustness of the association with the outcomes in 
a post hoc analysis. The results were qualitatively similar and 
thus not presented. All statistical analyses were conducted 
using Stata special edition (version 13.1, StataCorp, College 
Station, TX, USA).

RESULTS
Of 26,842 patients undergoing general or vascular surgery 

at one of 52 MSQC hospitals, 2,646 (9.9%) had a diagnosis or 
suspicion of OSA, and 1,465 of those (55.4%) were untreated. 
The clinical and demographic characteristics are shown in 
Table 1. When compared to patients in the no OSA category, pa-
tients in the OSA (treated and untreated) categories were older, 
more likely to be male, had higher BMIs and ASA scores, and 
had higher comorbidity burdens. Upon comparing the treated 
and the untreated OSA groups, the patient characteristics were 
statistically similar and well balanced within these two groups. 
Of note, patients in the untreated subgroup had slightly lower 
mean BMIs and were less likely to have chronic obstructive 
pulmonary disease, hypertension, or diabetes, but they were 
more likely to be smokers.

As our hypothesis is that patients, who are at high risk of 
having OSA or are preoperatively untreated, have higher rates 
of cardiopulmonary complications than patients with known 
OSA who are treated preoperatively, the next analyses are 
limited to the two OSA groups (untreated versus treated). On 
multivariable analyses, untreated OSA was independently as-
sociated with the occurrence of any cardiopulmonary compli-
cation (adjusted odds ratio [aOR] = 1.8, P = 0.001), as shown 
in Table 2, along with older age, higher ASA classes, vascular 
surgery, and comorbidity index. When examining the indi-
vidual cardiopulmonary complications, untreated OSA was 
also found to be significantly associated with unplanned rein-
tubations (aOR = 2.5, P = 0.003) and postoperative myocardial 
infarction (aOR = 2.6, P = 0.031) compared to treated OSA. 
There was an increasing trend for the occurrence of the other 
complications in untreated patients, but this did not reach sta-
tistical significance. All models had a c-statistic > 0.7, which 

is similar to previously published postoperative outcome 
models.17

The risk-adjusted rates of the associated cardiopulmonary 
complications for patients with untreated OSA and those with 
treated OSA are displayed in Figure 1. The risk-adjusted rate of 
any cardiopulmonary complication was 1.7 times higher in the 
untreated vs. the treated patient groups. Similarly, there was a 
more than twofold increased risk for unplanned reintubation 
and postoperative myocardial infarctions.

DISCUSSION
In this multi-institutional cohort study of 27,000 patients 

undergoing general and vascular surgery, approximately 10% 
had a diagnosis and/or suspicion of OSA and over half of those 
were untreated. Untreated OSA was associated with approxi-
mately twofold to threefold increased risk of any cardiopul-
monary complication; specifically, unplanned reintubation and 
postoperative myocardial infarction. This underscores the im-
portance of improving the recognition of OSA. The findings 
further suggest a need for clinical trials to demonstrate that 
routine screening and treatment of OSA can reduce postopera-
tive complications and ensuring adequate preoperative treat-
ment would reduce the occurrence of adverse events.

The overall prevalence of OSA in 10% of the study’s popula-
tion is similar to other population-based reports highlighting 
the growing epidemic of OSA.3,6 It is noteworthy to men-
tion that over the past 10 y, the prevalence of OSA (~2% in 
2004)3 has more than quadrupled in adult surgical populations. 
Unique to this study, we identified that over 55% of patients 
who were known or deemed at high risk to have OSA were not 
receiving PAP therapy prior to their surgery.

Although previous research has demonstrated that OSA is as-
sociated with adverse postoperative outcomes,3,4,6 the reliance 
on administrative data and diagnosis codes is a major limita-
tion that left a lot to be desired in the general understanding of 
OSA’s effect on postoperative outcomes. In the current study, 
we demonstrate that untreated OSA is associated with about a 
twofold increased risk of any cardiopulmonary complication, 
unplanned reintubation, and postoperative myocardial infarc-
tion, compared to OSA treated with preoperative PAP therapy 
from a population-based clinical registry.

The marked differences in the postoperative risks in these 
two patient cohorts may suggest that the adverse outcomes of 
OSA are potentially avoidable. The observed benefit of PAP 
therapy in this study may be due to several factors. Preopera-
tive PAP therapy may offer a “carryover” protective effect 
due to a decrease in upper airway inflammation or edema, 
and increased upper airway stability. Alternatively, it may 
be due to increased utilization of postoperative PAP therapy 
in these patients. Although we did not have data on postop-
erative PAP use, we presume that patients who use PAP de-
vices at home may be more likely to be compliant with its 
use in the early postoperative period, or be more vigilant in 
raising their concerns to the surgical team. These patients 
are also more likely to receive postoperative therapy, as the 
ASA guidelines recommend instructing these patients to 
bring their own device to the hospital.8 In a randomized trial, 
Squadrone and colleagues18 showed significant reduction in 
respiratory failure with early PAP treatment for patients with 
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postoperative hypoxia. Although the trial was not specifically 
designed for patients with OSA, it raises the possibility that 
the apparent benefit observed in the current study may not 
reflect preoperative OSA therapy per se, but rather a non-
specific effect of perioperative PAP that might benefit all pa-
tients. Finally, patients with OSA may be receiving higher 
levels of respiratory-directed care and monitoring, such as 
overnight pulse oximetry or telemetry, which may allow their 

healthcare providers to promptly recognize warning signs 
thereby preventing adverse events.

The widespread adoption of simple perioperative screening 
tools, such as the STOP-BANG questionnaire for assessing 
the risk for OSA, means that many patients are labeled with a 
suggested diagnosis/suspicion of OSA for the first time when 
they present for surgery. This increased awareness is beneficial 
for the general health of the patient, but poses a challenge in 

Table 1—Clinical and demographic characteristics.

Patient Characteristics No OSA
OSA P

(No OSA vs OSA)
P

(Treated vs Untreated)Untreated Treated
Age, y, mean ± SD 55.5 ± 18.5 59.1 ± 13.7 60 ± 12.5  < 0.001 0.458
BMI, kg/m2, mean ± SD 29.4 ± 7.4 34.6 ± 8.8 36.9 ± 8.2  < 0.001  < 0.001
Sex; male 10,144 (41.9) 808 (55.2) 653 (55.3)  < 0.001 0.943
Race; white 19,644 (81.2) 1,249 (85.3) 1,016 (86)  < 0.001 0.496
ASA class  < 0.001 0.189

I, II 12,172 (50.3) 389 (26.6) 277 (23.5)
III 9,864 (40.8) 893 (61) 751 (63.6)
IV, V 2,160 (8.9) 183 (12.5) 153 (13)

 ≥ 2 Comorbidities 9,831 (40.6) 909 (62) 749 (63.4)  < 0.001 0.257
Cardiovascular

Arrhythmias 2,056 (8.5) 233 (15.9) 177 (15)  < 0.001 0.517
CHF 293 (1.2) 35 (2.4) 33 (2.8)  < 0.001 0.513
CAD 4,062 (16.8) 409 (27.9) 330 (27.9)  < 0.001 0.989
History of DVT 1,257 (5.2) 132 (9) 110 (9.3)  < 0.001 0.787
Hypertension 11,643 (48.1) 1,025 (70) 877 (74.3)  < 0.001 0.015
PVD 2,260 (9.3) 184 (12.6) 124 (10.5)  < 0.001 0.100
Preoperative dyspnea 2,369 (9.8) 329 (22.5) 298 (25.2)  < 0.001 0.095

Endocrine
Diabetes 3,796 (15.7) 444 (30.3) 418 (35.4)  < 0.001 0.006

Hematologic
Bleeding disorder 1,850 (7.6) 162 (11.1) 136 (11.5)  < 0.001 0.711
Chronic immunosuppression 825 (3.4) 72 (4.9) 71 (6)  < 0.001 0.215
Disseminated cancer 410 (1.7) 13 (0.9) 17 (1.4) 0.031 0.182
Preoperative sepsis 1,781 (7.4) 83 (5.7) 72 (6.1) 0.005 0.639

Pulmonary
COPD 2,194 (9.1) 254 (17.3) 265 (22.4)  < 0.001 0.001
Pneumonia 148 (0.6) 19 (1.3) 8 (0.7) 0.013 0.115
Smoker 6,601 (27.3) 397 (27.1) 234 (19.8)  < 0.001  < 0.001
Ventilator dependence 153 (0.6) 12 (0.8) 15 (1.3) 0.020 0.251

Renal
Dialysis 349 (1.4) 38 (2.6) 31 (2.6)  < 0.001 0.960
Urinary tract infection 303 (1.3) 8 (0.5) 12 (1) 0.026 0.165

Surgical priority  < 0.001 0.583
Elective 13,386 (55.3) 1,030 (70.3) 852 (72.1)
Emergent 5,076 (21) 172 (11.7) 129 (10.9)
Urgent 5,734 (23.7) 263 (18) 200 (16.9)

Procedure groups  < 0.001 0.299
Bowel resection 8,514 (35.2) 347 (23.7) 272 (23)
Gastroesophageal operation 1,047 (4.3) 130 (8.9) 124 (10.5)
Hepatobiliary operation 7,645 (31.6) 398 (27.2) 313 (26.5)
Hernia repair 3,146 (13) 296 (20.2) 266 (22.5)
Amputation 578 (2.4) 39 (2.7) 27 (2.3)
Vascular operation 3,266 (13.5) 255 (17.4) 179 (15.2)

CAD, coronary artery disease; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; DVT, deep vein thrombosis; OSA, obstructive 
sleep apnea; PVD, peripheral vascular disease; SD, standard deviation.
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the perioperative setting to the surgical provider. The findings 
presented in this observational study suggest that there may 
be a benefit to preoperative PAP therapy in patients with OSA; 
however, randomized controlled trials are needed to establish 
causality, and guide practice on how to best optimize these 
patients and how to manage them if a new diagnosis is made at 
the time of surgery. Indeed, optimizing a patient’s risk profile 
before surgery has become an accepted approach for other co-
morbid conditions such as ischemic heart disease and diabetes, 
and this may be the case for OSA in the near future.

The current study has several limitations. First, we are lim-
ited by the inherent limitations noted in observational studies. 
Even though the patients in the two OSA categories were similar 
in regard to the measured characteristics, several unmeasured 
characteristics may confound or moderate the results. For ex-
ample, research suggests that patients who are adherent to their 
prescription medications are also more adherent to PAP therapy 
for OSA,19 and thus may have better control on their comorbidi-
ties. We were also unable to account for the severity of OSA in 
patients who carried the diagnosis, nor were we able to quantify 
the adherence to the use of postoperative PAP therapy in either 
patient category. In addition, we could not assess the interac-
tion of different anesthesia techniques and/or medications (such 
as muscle relaxants) with OSA on the studied outcomes; how-
ever, given the similarity in the measurable covariates between 
the two OSA groups, these differences are assumed to occur at 
random and should not influence the conclusions of this study. 
Finally, patient self-report of PAP therapy may be overesti-
mated; however, this would theoretically bias the results toward 
the null. Thus, the results presented herein may be conservative 
estimates of the true effect of untreated OSA on postoperative 
outcomes. Notwithstanding these limitations, the results pre-
sented herein, which have not been previously demonstrated in 
the literature, are relevant, have several implications, and align 
with the primary focus of this study in examining the association 
between untreated OSA and postoperative outcomes compared 
to a similar group of patients who are treated for this condition.

In conclusion, this study shows that patients with a diag-
nosis or suspicion of OSA and are not treated with PAP therapy 
preoperatively are at a significantly increased risk for cardio-
pulmonary complications following general and vascular sur-
gery. This suggests that improving the recognition of OSA, 
ensuring adequate therapy, and close observation of these 

patients may be a strategy to reduce the incidence of adverse 
postoperative outcomes. The findings further suggest a need 
for clinical trials to examine the effect of routine preoperative 
screening and preoperative treatment of OSA on postoperative 
complications and adverse events.
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