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Abstract
Background The use of continuous positive airway pressure
(CPAP) perioperatively in bariatric surgery patients with ob-
structive sleep apnea (OSA) has been controversial. Although
studies have demonstrated that CPAP use is safe in bariatric
patients, prior studies have not shown improvement in out-
comes in these patients.
Methods A retrospective review of patients who underwent
bariatric surgery from 2005 to 2009 was performed. All pa-
tients underwent polysomnography preoperatively. Patient
age, sex, BMI, comorbidities, polysomnogram data, type of
bariatric procedure, length of hospital stay, and postoperative
complications were reviewed. The Fisher exact test was used
for statistical analysis.
Results Among the 352 patients studied, 47 with apnea-
hypopnea index (AHI) ≥5 did not receive CPAP postopera-
tively. A total of 7/47 (14.9 %) developed postoperative pul-
monary complications. There were no non-pulmonary

complications. Some 9/305 (2.95 %) with CPAP developed
pulmonary complications. There were 26/305 patients with
all-cause complications (8.52 %). The AHI was higher in the
group receiving treatment. There was a statistically significant
difference in pulmonary complications between patients with
and those without treatment (p value 0.0002). The average
length of stay was 3.0 and 3.2 days in treatment and compar-
ison groups, respectively, a difference that did not reach sta-
tistical significance.
Conclusions Patients who did not receive CPAP postopera-
tively developed more pulmonary complications than those
with CPAP, suggesting that CPAP might be beneficial in de-
creasing pulmonary complications in patients undergoing bar-
iatric surgery. However, further investigation is warranted to
better delineate other risk factors due to small sample size in
our study group.
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Abbreviations
OSA Obstructive sleep apnea
CPAP Continuous positive airway pressure
PSG Polysomnogram
AHI Apnea-hypopnea index
BMI Body mass index
LOS Length of stay

Introduction

Obesity is a public health problem of epidemic propor-
tions, affecting more than 78 million adults and 12 mil-
lion children in the USA alone [1]. The disorder is
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associated with numerous comorbidities, including sys-
temic hypertension, congestive heart failure, diabetes
mellitus, and obstructive sleep apnea [2–4]. In terms
of overall health impact, the excess mortality from com-
plications of obesity has been projected to lead to a
leveling off or even a decline in current life expectan-
cies [4–6].

Obstructive sleep apnea (OSA) is an especially common
comorbidity in obese patients, as excessive body fat deposi-
tion may compromise multiple aspects of the respiratory pro-
cess [7]. The disorder is characterized by recurrent cessation
of respiration during sleep, which results in hypoxemia, im-
paired cardiac function, sympathetic surges, and endothelial
dysfunction [2, 3]. Increased incidence of several conditions,
including hypertension, congestive heart failure, myocardial
infarction, atrial fibrillation, venous thromboembolism, and
stroke has been described in patients with significant sleep
apnea [2, 3, 8].

Multiple postoperative complications have been asso-
ciated with OSA, including hypercapnia, hypoxemia,
pneumonia, cardiac arrhythmias, cardiac ischemia, myo-
cardial infarction, delirium, and unplanned intensive
care unit transfers [9–11]. Pulmonary disturbances are
the most commonly reported postoperative complica-
tions [10–14].

Given the prevalence of OSA in the obese population is as
high as 60 to 90 % [1, 15, 16], OSA is a particular concern in
the perioperative management of the bariatric/obesity surgery
patient. However, studies on the risk of postoperative compli-
cations associated with OSA and the effectiveness of contin-
uous positive airway pressure (CPAP) on mitigating such
complications in this population are limited and conflicting
[10–12, 17–21]. While OSA is often suspected based on clin-
ical presentation, diagnosis can be difficult as it usually re-
quires polysomnography, which is costly and time consuming.
CPAP is a common and effective treatment for obstructive
sleep apnea. By maintaining a positive pressure in the airway,
CPAP prevents the component of airway collapse that under-
lies the apneas and hypopneas of obstructive sleep apnea [22].
However, CPAP can be difficult to tolerate and compliance
can be challenging.

The considerable prevalence of OSA in the bariatric surgery
population, and the potential increased risk of postoperative
complications must be balanced against the cost and difficulty
of diagnosing and treating OSA preoperatively. Further clarifi-
cation of the role for postoperative CPAP is especially perti-
nent. We sought to address this by evaluating the postoperative
course of a cohort of bariatric patients who were diagnosed
preoperatively with OSA by polysomnography, comparing
those who received and those who did not receive CPAP. We
hypothesized that CPAP use would decrease postoperative pul-
monary disturbances and possibly reduce hospital length of
stay (LOS) after bariatric surgery as a result.

Methods

Study Design

We performed a retrospective analysis on a group of 548 pa-
tients who had bariatric surgery at the Center of Weight Loss
Surgery at Danbury Hospital from 2005 to 2009. As part of
the standard preoperative evaluation, all patients considering
bariatric surgery had an evaluation by a sleep physician, with
polysomnogram (PSG) ordered if clinically indicated. Due to
an administrative decision leaving prescription of CPAP at the
discretion of an individual’s sleep physician for the less severe
cases of sleep apnea with an AHI<15 without significant
hypoxemia, a group of patients did not receive perioperative
CPAP. The decision to withhold CPAP was a conscious one
between the sleep physician and the patient, more so than
frank patient non-compliance. Pulmonary function and arteri-
al blood gas testing were also routinely performed. Patients
were eligible for our analysis if they underwent bariatric sur-
gery and had had a preoperative PSG. Patients with a docu-
mented apnea-hypopnea index (AHI) less than 5 or those in
whom PSGwas not felt to be clinically indicated were exclud-
ed. Sixteen patients were excluded due to erroneous data en-
try. There were a total of 352 patients fitting our criteria. Sixty-
nine and twenty-eight percent of the patients underwent lapa-
roscopic gastric bypass and laparoscopic gastric banding, re-
spectively. The rest of the patients underwent sleeve gastrec-
tomy, open gastric bypass, or retrocolic retrogastric
gastrojejunostomy.

The study was approved by the Danbury Hospital institu-
tional review board and the Biomedical Research Alliance of
New York. Information retrieved included patient age, sex,
height, weight, body mass index (BMI), preoperative comor-
bidities, polysomnography data, length of hospital stay, and
postoperative complications.We reviewed PSG and discharge
summaries for patients and screened this cohort for those who
were diagnosed with OSA on PSG, but did not receive CPAP
perioperatively. A total of 47 patients with documented OSA
who did not receive CPAP and 305 patients who received
CPAP perioperatively were found. The daily progress notes
for each patient in this final cohort were then reviewed to
verify postoperative complications.

Statistical Analysis

Statistical analysis was conducted to detect associations be-
tween risk of postoperative complications and CPAP use. For
continuous data, the groupswere compared using an unpaired,
parametric t test, with the assumption that both populations
have the same standard deviation. For categorical data, the
Fisher exact test was used to detect associations between risk
of postoperative complications and CPAP use. Statistical
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significance was defined as p<0.05. JMP software version 11
was used to conduct the analysis.

Results

Patients’ Characteristics

There were 47 patients with AHI greater than or equal to 5
who did not receive CPAP postoperatively in our sample.
There was a statistically significant lower rate of males in
the non-CPAP group (8.5 vs 35 %, p=0.0004—Table 1).
The CPAP group also had a statistically significant higher
initial AHI on NPSG (9.39 vs 37.98, p<0.0001) and lower
oxygen nadir on PSG (82.91 vs 77.50, p=0.0004) before
surgery. There were no significant differences between two
groups in age (p=0.75), BMI (p=0.53), incidence of diabetes
(p=0.74), incidence of hypertension (p=0.86), serum bicar-
bonate level (p=0.64), or partial pressure of carbon dioxide in
arterial blood (p=0.54). None of the 47 patients in the non-
CPAP group had significant chronic obstructive pulmonary
disease according to pulmonary function tests reviewed.

Perioperative Complications

Table 2 shows the difference in perioperative complications be-
tween two groups. In the non-CPAP group, 7 out of the 47
(14.9 %) developed postoperative pulmonary disturbances with-
out other complications. There were no anastomotic leaks, car-
diac arrhythmias, wound infections, cases of sepsis, or cases of
requiredmechanical ventilation in the non-CPAP group. Of the 7
patients who developed postoperative pulmonary disturbances in
the non-CPAP group, 2 developed pneumonia requiring antibi-
otic treatment, 3 developed atelectasis, as evidenced by clinical

symptoms and supported by imaging studies, 1 developed hyp-
oxemia requiring oxygen supplementation, and 1 developed
pneumomediastinum. Of the 9 patients who developed pulmo-
nary complications in the CPAP group, 5 developed pneumonia,
1 developed atelectasis, 1 developed atelectasis and pneumonitis,
and 2 had perioperative comorbidities requiring prolonged me-
chanical ventilation. The rate of postoperative pulmonary com-
plication was significantly higher in the non-CPAP group (14.9
vs 3.0%, p=0.0002), with an odds ratio of 5.76 (p=0.01). There
was no significant difference in the length of hospital stay
(p=0.48) or all-cause complications (p=0.21). All-cause com-
plications included urinary tract infection, lap band failure or
removal, perforated injury, venous thromboembolism, fever of
unclear etiology, small bowel tear, upper gastrointestinal bleed,
delay gastric emptying, and anastomotic leak in addition to pul-
monary complications stated above.

Discussion/Conclusion

In this retrospective cohort study, we compared the postoperative
outcome of patients undergoing bariatric surgery with or without
perioperative CPAP use. We evaluated postoperative complica-
tionswithin 30 days of surgery and length of initial hospitalization
for each patient. Our hypothesis that CPAP use would decrease
postoperative pulmonary disturbances and possibly affect hospital
length of stay after bariatric surgery was supported by an increase
in the observed pulmonary complication rate and a positive odds
ratio in patients who did not receive CPAP compared to those that
did. There was also an increase in all-cause complications in the
non-CPAP group, but was not statistically significant. This could
have been due to the lack of non-pulmonary complications in our
study group as a result of the small sample size.

Average AHI and male to female ratio was significantly
higher while oxygen nadir was significantly lower in the
CPAP group compared to the non-CPAP group. Although
previous studies have not shown an association between se-
verity of OSA by AHI and increased risk of perioperative
complications [23], one might intuitively expect a higher rate
of pulmonary complications in patients with a higher AHI,
higher male to female ratio, and lower oxygen nadir.
However, we observed that the patients with fewer risk factors
for OSA and less severe disease, when untreated,

Table 1 Basic demographics and risk factors for experimental and
comparison groups

No CPAP CPAP Odd ratio p value

Age [mean ± SEM] 48.02 ± 1.70 47.47 ± 0.63 0.75

Male sex [%] 8.5 35 5.89 0.0004

Diabetes [%] 30 33 1.17 0.74

Hypertension [%] 60 58 0.94 0.86

Body mass index 48.7 ± 1.68 49.7 ± 0.55 0.53

Initial NPSG AHI 9.39± 0.70 37.98 ± 1.92 <0.0001

O2 nadir 82.91 ± 0.81 77.50 ± 0.57 0.0004

HCO3 25.43 ± 0.41 25.61 ± 0.13 0.64

pCO2 39.26 ± 0.72 39.68 ± 0.24 0.54

Data are presented as mean ± standard error of the mean unless otherwise
stated

NPSG nocturnal polysomnography, O2 nadir oxygen nadir,HCO3 serum
bicarbonate level, pCO2 partial pressure of carbon dioxide in arterial
blood

Table 2 Length of stay, pulmonary complications, and all-cause
complications for experimental and comparison groups

No CPAP CPAP Odds ratio p value

Length of stay 3.00 ± 0.12 3.20± 0.11 0.48

Pulmonary
complications [%]

15 3 5.76 0.0002

All-cause
complications [%]

15 8.9 1.88 0.21
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demonstrated a higher rate of pulmonary complications. This
suggests that perioperative CPAP use may be beneficial in
patients with OSAwho undergo bariatric surgery.

While previous studies have also suggested that OSA does
not seem to increase the risk of postoperative hypoxemic ep-
isodes in morbidly obese patient in the first 24 h after bariatric
surgery [24], our study included pulmonary complications
beyond hypoxemic episodes, such as pneumonia, pneumoni-
tis, atelectasis, and pneumomediastinum up to 30 days after
bariatric surgery. This might have resulted in the difference in
our results compared to Ahmad et al.

The similarity in LOS between patients with or without
CPAP therapy may be explained by the presence of major
non-pulmonary complications in our comparison group,
which made the length of stay significantly higher in those
patients. However, as mentioned above, the lack of non-
pulmonary complications in our study group could have been
because of the small sample size. Delays in discharge or
returns to the emergency departments were seen in a number
of patients with perioperative pulmonary complications.

Although we were successful in demonstrating that pulmo-
nary disturbances were much more common in our study
group with untreated OSA, our study is limited by several
factors. First, since most patients with OSA were placed on
CPAP, the sample size for the non-CPAP group was small
compared to our CPAP group. This might have resulted in a
lack of power to demonstrate a difference in the length of stay
between the two groups. Moreover, our data collection only
included a limited assessment of the comorbidities in our pa-
tient population, limiting our ability to analyze the association
of risk factors and complications as in previous published
studies [25–27]. Lastly, the study population was selected
from patients who underwent PSG in our sleep center prior
to surgery so patients without a sleep study in our center were
omitted from this study. We feel this effect is minimal since
every patient that underwent bariatric surgery in our hospital
was seen by a sleep center physician preoperatively.
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