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ABSTRACT
Obstructive sleep apnea has been linked to higher rates of post-operative complications in some studies. We examined
the prevalence of obstructive sleep apnea and its impact on post-operative complications in 125 patients (21 prospective,
104 retrospective) undergoing various elective outpatient surgeries at our institution. Ten percent of these patients had
OSA, and half of them were on continuous positive airway pressure therapy (CPAP). Patients who were on CPAP as
outpatients received CPAP post-operatively as well. No patients died, and the prevalence of post-operative complications was low. There was no difference in complication rates between patients with and without OSA. We also review
the existing literature on this subject and make practical recommendations regarding pre-operative evaluation and postoperative management of these patients for practicing internists and surgeons based on the current literature.
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1. Introduction

2. Materials and Methods

Obstructive sleep apnea, a relatively common comorbidity in middle aged adults, is even more prevalent in the
highly selected patient populations encountered by physicians performing preoperative evaluations and risk stratification [1]. Studies have estimated the prevalence of OSA
in highly select patient populations such as those undergoing bariatric surgery [2], orthopedic [3] or cardiovascular surgery [4], but few studies address the prevalence
of this disorder in a diverse patient population similar to
that encountered by most internists or surgeons providing
preoperative care to patients in their practice. Patients with
obstructive sleep apnea have an increased risk for complications when undergoing surgical procedures, but the
existing data derive from retrospective or observational
studies, and it is unclear if OSA is associated with increased incidence of postoperative complications, independent
of BMI and other comorbidities. This study was designed
to determine if the presence of previously diagnosed OSA
is associated with increased risk of perioperative and postoperative complications in a patient population similar
to that a general internist and surgeon might encounter.
We also reviewed the literature to develop simple guidelines for screening and management of patients with OSA
undergoing surgery.

2.1. Patient Population
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The study was initiated after appropriate IRB approval.
Our department has a dedicated Internal Medicine Preoperative Evaluation Clinic for patients undergoing elective
outpatient surgical procedures. Patients referred to this
clinic generally have multiple comorbidities and risk factors for postoperative complications. The study population included 125 patients from this clinic who eventually
underwent orthopedic, general surgical, gynecologic, urologic, ENT, and ophthalmologic surgical procedures. Of
these, 21 patients were enrolled prospectively, and the
remaining 104 patients’ charts were reviewed retrospectively.

2.2. Data Collection and Analysis
The patients in the prospective group were interviewed
by the research staff immediately after they were seen by
the single physician who runs the clinic. All patient charts including those in the prospective group were reviewed, and data relevant to patient demographics, medical
condition, risk factors, and postoperative outcome were
abstracted and analyzed. Risk factors for postoperative
complications included the ACCAHA score, ASA score,
and the presence of comorbidities, including hypertenSS
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sion, diabetes, coronary artery disease, congestive heart
failure, arrhythmias, cerebrovascular disease, chronic obstructive disease, and obstructive sleep apnea. Perioperative and postoperative outcomes included difficult intubation, need for re-intubation, mortality, admission to the
intensive care unit, unanticipated ICU transfer, length of
hospital stay, new onset myocardial infarction, new onset
renal failure, new onset cardiac arrhythmia, pulmonary emboli, hypoxemia, need for oxygen supplementation, respiratory failure needing invasive or noninvasive ventilation, wound infections, and the need for admission to a
rehabilitation program. Statistical Package for Social Sciences (SPSS) version 17.0 was used for statistical analysis.
Parametric and non-parametric tests including Whitney ranksum and T-test were used as appropriate to assess group
differences for continuous variables. Chi-square analysis
of contingency tables was used to assess group differences for discreet variables and Fisher’s exact test was used
when each cell had expected frequency of less than 5. A
p value of <0.05 was considered statistically significant.

ET AL.

study patients’ demographics and comorbidities. The patients underwent orthopedic, general surgical, gynecologic,
urologic, ENT and ophthalmologic surgical procedures,
and the percentage of patients undergoing various surgical procedure types is summarized in Table 2. Sixty four
percent of patients were hospitalized post-procedure, and
the remaining 36% were discharged home after the surgery. Most patients (92%) received general anesthesia, and
the remaining 8% of patients received a local, regional or
spinal anesthesia.

3.2. Postoperative Course and Complications
No post procedure deaths occurred. Postoperative complications were relatively infrequent, and Table 3 summarizes the incidence of postoperative complications in this
patient population. Complications included postoperative
hypoxemia requiring oxygen supplementation, respiratory
failure requiring mechanical ventilation, myocardial arrhythmia, renal failure, wound infection, unplanned admission to the intensive care unit, unplanned admissions for
outpatient surgical procedures and myocardial infarction.

3. Results
Table 2. Type of surgical procedures.

3.1. Population Characteristics
The prospective and retrospective groups did not differ
from each other in age, sex, comorbidities, ACCAHA score,
AHA score, perioperative complications, postoperative complications, mortality, or any other variable measured in
this study. The prospective and retrospective groups were
therefore combined and analyzed as a single group. Table
1 summarizes the baseline clinical characteristics of the
Table 1. Demographic and baseline comorbidity characteristics of 125 patients in the study.
Descriptor

Details

Age (mean)SD

61 (13.5) years

Sex (females, males)

62%, 38%

Body Mass Index (mean) SD

Surgical procedure type

Percent undergoing (%)

Orthopedic

44.8%

General surgery

19.2%

Gynecology

16.0%

Urology

9.6%

ENT

6.4%

Ophthalmology

4.0%

Table 3. Incidence of postoperative complications for the
entire group.
Complication

Number of
patients (%)

31.8 (9.3)

Mortality

0 (0%)

Race (white, black, Hispanic, others)

50%, 14%, 34%, 2%

Postoperative hypoxemia

2 (1.6%)

ASA score (1,2,3,4,5,6)

3%, 40%, 46%, 11%, 0%, 0%

Respiratory failure requiring mechanical ventilation

2 (1.6%)

ACC-AHA risk classification
(low, intermediate, high)

14%, 86%, 0%

Myocardial infarction

3 (2.4%)

Obstructive sleep apnea

10%

New postoperative arrhythmia

3 (2.4%)

Postoperative renal failure (50% increase in creatinine)

5 (4%)

Postoperative renal failure (need for dialysis)

2 (1.6%)

Unplanned hospital admissions for outpatient surgery

2 (1.6%)

Hypertension

62%

Diabetes

36%

Coronary artery disease

28%

Congestive heart failure

13%

Unplanned admission to the ICU

6 (4.8%)

Cardiac arrhythmia

7%

Postoperative wound infection

2 (1.6%)

COPD

13%

Pulmonary embolus

0 (0%)

Cerebrovascular disease

13%

Deep venous thrombosis

0 (0%)

Copyright © 2012 SciRes.
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Acute myocardial infarction was defined as the presence
any one or more of the following criteria postoperatively:
elevation of total CK-MB isoenzyme, elevated troponin
T values, or new diagnostic ECG changes (new Q wave,
new persistent ST segment elevation/depression or Q wave changes). No difficult intubations were reported, and
none of the patients needed reintubation. There was no
difference in the number of attempts for intubation between patients with and without obstructive sleep apnea.
The average duration of hospitalization for those who were
hospitalized was 6 (3.1) days. The patients who were admitted to the ICU spent an average of 2.9 (1.9) days in
the intensive care unit.

3.3. Obstructive Sleep Apnea
Twelve patients (10%) had previously diagnosed obstructive sleep apnea. Five patients (42%) were using positive airway pressure therapy (CPAP), and one patient was
using oxygen alone at the time of preoperative evaluation.
The remaining six patients (50%) were not using oxygen
or positive airway pressure therapy (CPAP). Patients who
were using CPAP as outpatients were prescribed CPAP
postoperatively and during hospitalization, and the patients who were not on CPAP as outpatients were not
prescribed CPAP postoperatively and during hospitalization. The average AHI for patients for which the sleep
study data was available was 14.5. Table 4 compares the
baseline characteristics of patients with and without OSA.
Patients with OSA had a higher body mass index and a
higher prevalence of diabetes mellitus. There was no difference in other baseline characteristics or comorbidities
in patients with or without OSA. Postoperative complications were relatively infrequent, and there were no differences in the incidence of postoperative complications
between patients with and without OSA (Table 5). There
was a higher frequency of unplanned hospital admissions
and postoperative myocardial infarctions in patients with
OSA, but this did not reach statistical significance.

4. Discussion
4.1. Magnitude of Problem
Population studies suggest that OSA is present in 2% of
women and 4% of middle-aged men in the general population in the United States [1]. The true prevalence of OSA
in the populations encountered by clinicians in their dayto-day practice depends largely on the demographic and
comorbidity composition of that particular patient population. A prevalence as high at 71% has been reported in
one particular series consisting of patients undergoing
bariatric surgery [2]. Most published data come from specific patient populations, like patients undergoing upper
airway surgery, orthopedic surgery [3] or cardiovascular
surgery [5]. Our study is different since it includes a diCopyright © 2012 SciRes.
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verse patient population undergoing various general surgical, orthopedic, urologic, and other surgical procedures,
similar to patients encountered by internists providing
preoperative evaluation and postoperative care to patients
in most general internal medicine practices. Ten percent
of our patients had obstructive sleep apnea, similar to the
Table 4. Comparison of the baseline characteristics of patients with and without OSA.
Descriptor

Without OSA

With OSA

p value

Age (years)

61

55

0.053

Sex (females) (%)

60

83

0.128

Body Mass Index

31

41

0.002*

ASA score (1, 2, 3, 4) (%)

4, 40, 46, 10

0, 36, 55, 9

0.890

ACC-AHA risk
classification (low,
intermediate, high) (%)

16, 84, 0

0, 100, 0

0.212

Hypertension (%)

62

58

1.000

Diabetes (%)

33

67

0.028*

Coronary artery disease (%)

29

17

0.507

Congestive heart failure (%)

13

8

1.000

Cardiac arrhythmia (%)

8

0

0.598

COPD (%)

14

0

0.361

Cerebrovascular disease (%)

13

8

1.000

*

Statistically significant difference between groups, p < 0.05.

Table 5. Comparison of the postoperative complication rates in patients with and without OSA.
Descriptor
Mortality (%)

Without OSA With OSA

p value

0

0

NA

Postoperative hypoxemia (%)

1.8

0

1.000

Respiratory failure requiring
mechanical ventilation (%)

1.8

0

1.000

Myocardial infarction (%)

1.8

8.3

0.263

New postoperative
arrhythmia (%)

2.7

0

1.000

Postoperative renal failure
(50% increase in creatinine) (%)

4.4

0

1.000

Postoperative renal failure
(need for dialysis) (%)

1.8

0

1.000

Unplanned hospital admissions
for outpatient surgery (%)

0.9

8.3

0.183

Unplanned admission to the
ICU (%)

5.3

0

1.000

Postoperative wound
infection (%)

1.8

0

1.000

Pulmonary embolus (%)

0

0

NA

Deep venous thrombosis (%)

0

0

NA

SS
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prevalence of 9.5% in patients undergoing general surgical procedures, excluding cardiac and OSA surgery, as
reported by Fidan, et al. [6].

4.2. Preoperative Screening and
Evaluation for OSA
Although patients with obstructive sleep apnea have an
increased risk for perioperative and postoperative complications, there are no definite guidelines for screening
preoperative patients for obstructive apnea, and it is unclear if preoperative screening and treatment of these patients alters the postoperative outcome. The ten item Berlin questionnaire [7], the 16 item ASA screening questionnaire [8], and the more recently described four item STOP
questionnaire [9] can be used to screen preoperative patients
for obstructive sleep apnea. These questionnaires have a
sensitivity from 0.66 to 0.89 and a specificity from 0.71
to 0.89 depending on the patient population and the AHI
cutoff used for obstructive sleep apnea [9,10]. Addition
of BMI, neck circumference, age and gender data to the
STOP questionnaire [9] increases the sensitivity to detect
OSA of AHI > 30/hr to 100% [9].
Diagnostic polysomnography, the gold standard for diagnosing obstructive sleep apnea [11], can be performed
in patients suspected to have OSA based on the results of
these screening tools. What is less clear is whether treatment of OSA in patients with varying severity of OSA
alters postoperative outcomes. Diagnostic polysomnography may therefore be neither practical nor necessary for
most patients with suspected OSA about to undertake surgery [12]. Although no prospective controlled studies
exist, data from retrospective and observational studies
suggest that postoperative treatment of patients with OSA
with positive airway pressure therapy reduces postoperative complications [3,13]. Routine diagnostic polysomnography cannot be recommended for patients undergoing
semi-elective or urgent procedures based on current data
but can probably be considered for patients undergoing
elective surgery with the provision that this recommenddation is based on limited retrospective data only.

4.3. Obstructive Sleep Apnea and Anesthesia
Benzodiazepines [14,15], opioids [16] and other anesthetic agents [17] cause respiratory depression and relaxation of the upper airway muscles resulting in decreased
respiratory drive and increased collapsibility of the upper
airway even in individuals with normal upper airway anatomy and respiratory drive. The upper airway in patients
with obstructive sleep apnea is narrower when compared
to normal individuals [18] during wakefulness and exhibit an increased tendency towards collapse and airway
closure during sleep [19]. When compared to normal individuals, patients with obstructive sleep apnea are more
Copyright © 2012 SciRes.
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susceptible to hypoventilation and upper airway collapse
induced by alcohol [20] and other anesthetic agents [21].
Additionally, it appears that upper airway collapse rather
than suppression of the respiratory drive is primarily responsible for desaturation associated with these medications [16,22]. Difficult intubation [23] and the need for
re-intubation [3] have been reported in patients with OSA in
some [3,23] but not all [4,24] of the studies. There were
no failed intubations in any of the patients in our study.
There was no difference between the number of attempts
for first intubation or re-intubations between patients with or
without OSA in our study.

4.4. Obstructive Sleep Apnea and
Postoperative Complications
Retrospective and observational studies [25,26] in patients undergoing upper airway surgery have noted postoperative complications in these patients, but the lack of
randomization and proper controls preclude the determination of the exact contribution of obstructive sleep apnea, other comorbidities, and the surgical procedure to
the complications in these studies. Case reports [27,28]
and observational studies [3-5,12,29,30] suggest an increased rate of perioperative complications in patients
with obstructive sleep apnea undergoing non upper-airway surgery, but this finding is by no means universal
[24]. Overall, there is insufficient data from randomized
trials in the published literature regarding obstructive
sleep apnea as a risk for increased cardiovascular or respiratory complications postoperatively, independent of
other comorbidities and obesity [31].
Analysis of the studies showing an increased rate of
perioperative and postoperative complications in patients
with obstructive sleep apnea reveals that the patient population without OSA within the studies differs from that
with OSA. In addition, many complications do not involve the respiratory or cardiovascular systems. These complications cannot be directly attributed to obstructive sleep
apnea, and alternative explanations exist. In the 37 patients undergoing cardiac surgery described by Kaw et al.
postoperative encephalopathy and mediastinitis were the
only complications that were observed more frequently
in the OSA group [4]. Patients without OSA in the series
reported by Hwang et al. [29] had a lower BMI and had
complications like pulmonary embolism and postoperative bleeding. There was a trend towards a higher BMI in
the control group in the series reported by Gupta et al.
[3]. The patients in this study with OSA had a higher rate
of ICU transfers but had similar rates of reintubation,
acute hypercapnia, episodic hypoxemia, myocardial infarction, myocardial ischemia, arrhythmia, and delirium
when compared to patients without OSA [3]. Sabers et al.
did not find any difference in rates of postoperative complications or rate hospital admissions in the 234 OSA
SS
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patients when compared to 234 control patients [24]. More
recent larger retrospective observational studies using
pre-existing databases [12,30] that have controlled for
confounding factors using propensity scores demonstrate
an increased risk of aspiration pneumonia [30], respiratory failure [30], ARDS [30], postoperative hypoxemia
[12], and longer length of hospital stay [12].
In summary, although there is insufficient Level I and
II evidence to demonstrate that OSA increases postoperative complications, and review of the existing data does
not clearly link OSA as being directly and independently
responsible for postoperative complications, the existing
literature does support concerns about more frequent
respiratory and non-respiratory postoperative complications in patients with OSA.

4.5. Postoperative Management of Patients
with OSA
Anecdotal evidence implicates opioids as a risk factor for
cardiorespiratory arrest in patients with severe OSA [32,
33], but controlled studies, especially in patients with mild
to moderate OSA are non-existent. Level IV data from
retrospective and observational studies suggest that positive airway pressure therapy for patients with obstructive
sleep apnea reduces postoperative complications [3,13,33].
Although this benefit of using CPAP postoperatively is
not universally confirmed in all studies [34,35], given the
relative ease of application of CPAP and virtual absence
of side effects/complications other than discomfort, postoperative CPAP should be recommended for all patients
with OSA unless specific contraindications exist. Forty
two percent of the patients in our study were prescribed
CPAP postoperatively, and this could explain the lack of
difference in postoperative outcomes between patients
with and without OSA in the present study.

4.6. Study Limitations
The current study is limited by its relatively small size
and absence of polysomnographic data on patients not
known to have obstructive sleep apnea. It is possible that
undiagnosed OSA in the group without known OSA and
continued use of CPAP in postoperative period in patients known to have OSA contributed to the lack of any
observed difference in complication rates between patients with and without OSA.

5. Conclusions
Our study includes a heterogeneous group of patients,
similar to what many internists or surgeons participating
in preoperative evaluation would encounter in their clinics, and found that 10% of our patients had obstructive
sleep apnea. Obesity and diabetes mellitus were associated with an increased probability of OSA in our study.
Copyright © 2012 SciRes.
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We did not systematically screen for OSA but patients
with OSA who were on CPAP preoperatively were continued on CPAP in the postoperative period. There was
no difference in preoperative or postoperative outcomes
in patients with and without OSA in our study. Postoperative treatment of patients with OSA with CPAP and
presence of undiagnosed OSA could potentially have
contributed to the lack of difference in complication rates
between patients with and without OSA. We identified
relatively few serious postoperative complications in these patients and as long as patients with known OSA are
recognized preoperatively and treated appropriately postoperatively, the incidence of adverse outcomes in these
patients is similar to those without OSA.

6. Summary of Recommendations for
Internists and Surgeons
We recommend the following diagnostic and therapeutic
plan for patients with OSA:
1) Patients undergoing elective surgery should be systematically screened for OSA. Screening options in addition to a routine history and physical examination include
the ASA questionnaire, STOP questionnaire, or the Berlin questionnaire. This would help to identify the subgroup of patients at higher risk for postoperative complications.
2) Patients undergoing elective surgery for whom time
to surgery is not an immediate concern (for example, bariatric surgery) and in whom the physician has a high index of suspicion of sleep apnea based on the above screening tests can undergo a diagnostic polysomnography followed by treatment of OSA if appropriate (CPAP).This
recommendation is based on limited retrospective data,
and there are no good data showing that this approach
leads to better outcomes when compared to no treatment
pre or postoperatively.
3) Patients undergoing urgent surgery and patients undergoing elective surgery where time or resources are a
concern should have screening for OSA using the tools
mentioned above. If the patient appears to have a high
probability of having OSA, appropriate measures should
be taken in the perioperative and postoperative period. In
the authors’ opinion there is inadequate evidence at this
time to recommend delaying surgery until formal evaluation and treatment of OSA can be undertaken in patients
undergoing urgent surgery.
4) For patients with OSA or for patients suspected to
have OSA by screening tests, the following measures
seem beneficial:
a) Anesthesiologists should anticipate difficult intubation or the need for re-intubation in these patients.
b) Physicians should use opioids or other medications
that suppress respiration or relax airway muscles in the
smallest possible doses.
SS
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c) Physicians and nurses should monitor these patients
closely post-operatively and use oxygen or CPAP as appropriate. For patients with known OSA and a previous
titration study, CPAP should be used at the same pressure setting. There are no guidelines for the recommended pressures for patients who have not had a prior titration polysomnography. For these patients, titration of positive airway pressure can be done using procedures similar to those followed in sleep laboratories. Patients can
be started on CPAP pressures of 6 - 8 cm of water, and
the pressure titrated upwards in 1 - 2 cm increments to
eliminate frank apneas or episodic desaturation.
d) Discharging physicians should refer patients with a
high probability of OSA but without a definite diagnosis
for a formal diagnostic polysomnography after discharge.
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