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Abstract
Background This study was performed to assess postoper-
ative nausea and vomiting (PONV) with application of
postoperative continuous positive airway pressure (CPAP)
for patients undergoing Roux-en-Y gastric bypass (RYGB).
Methods The anesthesia database was searched for patients
who underwent RYGB for 5 years. Three hundred fifty-six
patients met the inclusive criteria. Wilcoxon two-sample
rank test, Fisher’s exact test, and multivariate logistic
regression were used to analyze the data and identify the
potential factors. A p value less than 0.05 was considered
significant.
Results The overall incidence of the PONV (nausea or
emesis or both) was 42%during the first 24 h postopera-
tively. Thirty-six percent and 35% in CPAP and no-CPAP
groups respectively had reported nausea in postanesthesia
care unit (PACU). There was no difference between groups
(p>0.05). There was a less frequent occurrence of emesis in
both groups. The incidence of emesis in PACU was 19% in
CPAP group and 17% in no-CPAP group (p>0.05). No
statistically significant differences of PONV in postopera-
tive 24 h could be shown between the groups (p>0.05).
The postoperative hypertension occurred more often and
intravenous antihypertensive medications were required
more in no-CPAP patients (p=0.013). More patients in
no-CPAP group developed oxygenation disturbances (p=
0.012).The mean length of PACU stay was significantly
longer in this group (p=0.029). Reintubation and intensive
care unit admission occurred more frequently in no-CPAP

patients; however, the difference did not reach statistical
significance.
Conclusions There was no significantly increased risk of
PONV with the use of postoperative CPAP. We recommend
the routine use of postoperative CPAP for patients with
obstructive sleep apnea undergoing RYGB to optimize their
respiratory function.
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Introduction

Obesity is probably the most important risk factor for
obstructive sleep apnea (OSA). Several studies have shown
an association between increase in body mass index (BMI)
and the risk of OSA [1]. Significant OSA is present in 40% of
obese individuals and 70% of OSA patients are obese [2].
The incidence of obesity is increasing in the US, resulting in
the performance of a greater number of bariatric operations.
Roux-en-Y gastric bypass (RYGB) is commonly performed
for the treatment of clinically severe obesity [3].

Morbidly obese patients are greatly at risk from
postoperative respiratory insufficiency [4]. The combina-
tion of preexisting OSA and abdominal surgery significant-
ly increases morbidity and mortality from respiratory
complications in obese patients [5]. Continuous positive
airway pressure (CPAP) is currently the most effective
medical treatment for OSA [6]. CPAP improves respiratory
function in morbidly obese patients and accelerates rees-
tablishment of preoperative pulmonary function [7, 8].
Despite the theoretical risk of anastomotic injury from
pressurized air delivered by CPAP, the use of CPAP has
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been increasingly accepted for patients with OSA following
upper gastrointestinal surgery because some studies have
confirmed that routine use of CPAP after gastric bypass
does not convey added risk of anastomotic disruption to
patients with significant OSA [9, 10].

The application of CPAP causes pressurized air to inflate
the stomach and intestine, which may result in an increased
risk of postoperative nausea and vomiting (PONV),
potentially aspiration. This study was undertaken to assess
the risk of PONV with application of postoperative CPAP
for patients undergoing laparoscopic gastric bypass. We
were also interested in noting the pattern of using of CPAP
and its impact on the postoperative outcome.

Methods

With Institutional Review Board approval, the anesthesia
database was searched for patients who underwent laparo-
scopic RYGB for 5 years, from January 2001 through
December 2005. The search was limited to patients aged 18
to 65 years and the American Society of Anesthesiology
physical status I to III. Patients with more than one
abdominal surgery during the same admission, preexisting
nausea or vomiting, history of motion sickness, and history
of PONV were excluded. A retrospective chart review was
then undertaken. The medical history, the anesthesia
records, the recovery room records, the nursing records,
the information of preoperative and postoperative CPAP
utilization, and the medication administration records for
the first 24 postoperative hours were reviewed and a case
report form was filled out for each patient by two trained
graduate students. Although the reviewers were aware that
the study was about CPAP, they were not informed of the
objective of this study.

The following patient data were collected: demograph-
ics, comorbidities, and presence of PONV in recovery room
and in the postoperative 24 h. Anesthetic data collected
included total intraoperative propofol dose, choice of
inhalation agents, administration of neuromuscular block-
ing and reversal agents, total intraoperative narcotic dose,
preoperative and intraoperative antiemetic administration,
anesthesia time, postoperative opioid and antiemetic ad-
ministration, and postoperative course. We focused partic-
ularly on recording the details of the diagnosis of OSA,
preoperative and postoperative CPAP utilization, the type of
postoperative complications, and the reason for intensive
care unit transfers.

Nausea was considered present only if noted as such in
the nursing records. Emesis was recorded if retching or
vomitus were noted by nursing staff. Antiemetic adminis-
tration alone was not taken to indicate PONV. No attempt
was made to grade nausea or emesis.

Postoperative incidence rates of nausea and vomiting
were calculated from the data.

We used binomial logistic regression to identify which
covariates (gender, BMI, choice of inhalation agents, total
intraoperative narcotic dose, preoperative and intraoperative
antiemetic administration, preoperative and postoperative
CPAP utilization, settings of CPAP, and postoperative
narcotic dose) were associated with PONV. The variables
“male,” “sevoflurane,” “no postoperative opioid adminis-
tration,” and “no postoperative CPAP utilization” were used
as the referent category.

Univariate regressions were run first, using one covariate
at a time. Then, covariates that were significant predictors
at a p<0.15 level were considered together in the
multivariate regression model.

Data were analyzed using a software package (SAS;
Cary, NC). Wilcoxon two-sample rank test, Fisher’s exact
test, and multivariate logistic regression were used to
analyze the data. For all tests, a p value<0.05 was
considered significant.

Results

Three hundred fifty-six patients who underwent RYGB
met the inclusion criteria. Table 1 summarized the patient
demographic information. There was a predominance of
females in the study. There were 281 (79%) women and
76 (21%) men. The male patients had higher BMI (p<
0.05). Of the 356 patients undergoing RYGB, 146 had
OSA confirmed by polysomnography. All of the 102
patients who were CPAP dependent received postopera-
tive CPAP using their preoperative settings (range 10 to
15 cm H2O at a rate of 12 to 15 cycles per minute).Use of
CPAP was significantly more frequent in men than in
women (p<0.05).

There was no difference in intraoperative data of
whether CPAP was used preoperatively during surgery
(Table 2). The anesthetic times, anesthetic agents, propofol

Table 1 Demographic data

Total patients Female Male

Number 356 281 76
Age (year) 46.5±0.4 46±0.2 46±0.6
Body mass index
(kg/m2)

51.5±0.3 50.2±0.2 55.6±0.6*

Sleep apnea CPAP 146(41%) 101 (36%) 45 (60%)**
Dependency 102 (29%) 70 (25%) 32 (42%)***
Smoking history 75 (21%) 58 (21%) 17 (22%)

*p<0.05 females vs males, Wilcoxon two-sample rank sum test; **p<
0.01 females vs males, Fisher’s exact test; ***p<0.05 females vs
males, Fisher’s exact test
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dose, and fentanyl dose did not differ. The antiemetics were
administered intraoperatively to 353 patients (99%) for
prophylaxis.

The overall incidence of the PONV (nausea or emesis or
both) was 42% during the first 24 h postoperatively. The
postoperative data are shown in Table 3. Of 102 patients, 37
(36%) and 89 of 254 patients (35%) in CPAP and no-CPAP
groups, respectively, had reported nausea in PACU. There
was no difference between groups (p>0.05). There was a
less frequent occurrence of emesis in both groups. The
incidence of emesis in PACU was 19% (19/102) in CPAP
group and 175% (42/254) in no-CPAP group (p>0.05). No
statistically significant differences of PONV in postopera-
tive 24 h could be shown between the groups (p>0.05).

The postoperative hypertension occurred more often and
intravenous antihypertensive medications were required
more in no-CPAP patients (p=0.013). More patients in the
no-CPAP group developed oxygenation disturbances (p=

0.012). The mean length of PACU stay was significantly
longer in this group (211±82 versus 159±78 min, p=
0.029). Reintubation and intensive care unit admission
occurred more frequently in no-CPAP patients; however,
the difference did not reach statistical significance.

Factors identified for inclusion in multivariate regression
model were gender, smoking history, and age. The
multivariate regression model showed female gender (odds
ration (OR)=1.6, p<0.001), age≤39 years (OR=1.4, p<
0.04), and nonsmoking (OR=1.8 p<0.001) as significant
risk factors for PONV (Table 4).

Discussion

The incidence of OSA among morbidly obese patients is
very high [6]. In our study, 146 (41%) patients were
documented with OSA, of whom 102 patients were CPAP
dependent. Gupta et al. reported a significantly higher
percentage of patients with OSA who suffered serious
complications or needed unplanned intensive care unit
transfers compared with controlled patients. These compli-
cation included acute hypercapnia, with a PaCO2>
45 mmHg; episodic desaturation reflected by SpO2<90%
with by witnessed apneic events; arrhythmias; myocardial
ischemia or infarction; and delirium The incidence of
serious complications was higher in patients with OSA
who were not using CPAP at home compared with OSA
patients who were using CPAP at home [11]. Aside from

Table 2 Intraoperative data

CPAP
(n=102)

No CPAP
(n=254)

p

Anesthetic time (min) 213±87 218±80 0.628a

Received of desflurane 46 (45%) 112 (44%) 0.437b

Received sevoflurane 41 (40%) 104 (41%) 0.527b

Received isoflurane 15 (15%) 38 (15%) 0.818b

Propofol dose (mg)a 226.9±48.4 228±49.1 0.543a

Fentanyl dose (µg) 364.3±52.5 365±53.9 0.783a

Received muscle relaxants 102 (100%) 254 (100%)
Received reversal drugs 102 (100%) 254 (100%)
Prophylactic antiemetic 102 (100%) 253 (99%)

aWilcoxon two-sample rank sum test
b Fisher’s exact test

Table 3 Postoperative data

CPAP (n=102) No CPAP (n=254) p

Nausea in PACU 37 (36%) 89 (35%) 0.91c

Emesis in PACU 19 (19%) 42 (17%) 0.80c

Nausea in 24 h 17 (17%) 41 (16%) 0.32c

Emesis in 24 h 9 (9%) 24 (9%) 0. 86c

Hypertensiona 18 (18%) 74 (29%) 0.013c

O2 disturbance
b 5 (5%) 43 (17%) 0.012c

Stay PACU (min) 159±78 211±82 0.029d

Reintubation 2 (2%) 12 (5%) 0.45c

Admission to ICU 2 (2%) 13 (5%) 0.45c

a Hypertension was stated when systolic blood pressure was >
160 mmHg, or diastolic blood pressure > 90 mmHg and antihyper-
tensive medication had to be given
b An O2 disturbance was defined as paO2<70 or SpO2<90% despite a
FiO2 of 0.7 or more applied
c Fisher’s exact test
dWilcoxon two-sample rank sum test

Table 4 Results of logistic regressions for PONV in 24 h

Logistic regression Odd ratio (95%
confidence interval)

p value

Univariate
Male 1.0
Female 1.8 (1.3–2.4) <0.001
Age≤39 years 1.0
Age≥39 years 1.5(1.1–2.1) 0.015
BMI, kg/m2 ≤39 1.0
BMI, kg/m2 ≥39 1.2 (0.89–1.7) 0.27
Sevoflurane 1.0
Desflurane 1.5 (1.0–2.3) 0.054
Smoking 1.0
Nonsmoking 1.6 (1.3–1.9) <0.001
No CPAP 1.0
CPAP 0.9 (0.7–1.2) 0.55
CPAP setting≤10 H2O 1.0
CPAP setting≥10 H2O 0.9 (0.8–1.1) 0.39
Fentanyl≥250 μg 0.8 (0.5–1.2) 0.27

Multivariate
Female 1.6 (1.3–1.9) <0.001
Age≤ 39 years 1.4 (1.0–2.1) 0.04
Nonsmoking 1.8 (1.5–2.1) <0.001
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OSA, obese patients have an increased risk for postopera-
tive pulmonary complications such as sputum retention,
atelectasis, and bronchopulmonary infection [12].The most
effective and widely used treatment for OSA is the CPAP
[13, 14]. CPAP treats apnea–hypopnea episodes by provid-
ing air under positive pressure through a nasal or facial
mask, thus creating a pneumatic splint in the pharynx,
which prevents collapse of the pharyngeal airway [13].

There are many side effects associated with CPAP
treatment. This technique prevents airway collapse by
providing high pressure during inspiration and low pressure
during expiration. Aerophagia and bloating may occur [14].
The application of CPAP causes pressurized air to inflate
the stomach and intestine, which may result in an increased
risk of PONV. To our knowledge, the risk of PONV to the
use of postoperative CPAP has not been cited previously.
This study allowed us to evaluate this risk. Despite
concerns that positive pressure ventilation may result in
an increased risk of PONV, we did not identify a
relationship between the use of CPAP and PONV. A
possible limitation in our study is that the recorded PONV
in a retrospective study may underestimate the extent of
PONV. Patients may not volunteer that they are experienc-
ing nausea; unless it is actively sought by nursing staff, it
may not be recorded.

The length of PACU stay was significantly longer at a
mean ± SD of 211±82 min for patients in no-CPAP group
compared with 159±78 min for patients in the CPAP group.
Many factors may contribute this prolonged PACU stay.
Postoperative complications are more frequent in patients
with OSA. These include airway obstruction, oxygen
desaturation, and the need for reintubation as well as
systemic hypertension, cardiac dysrhythmias, and need for
admission [15]. Our data demonstrated a significant higher
incidence of hypertension in the no-CPAP group patients
postoperatively (p=0.013). A number of studies assessed
the effect of CPAP on systemic hypertension. The study of
Becker and coworkers [16] found a reduction in mean
arterial pressure in the region of 10 mmHg with therapeutic
CPAP. Pepperell and coauthors [17] also found a greater fall
in blood pressure levels among severe OSA patients with
therapeutic CPAP use. A recent meta-analysis of the impact
of CPAP therapy on blood pressure levels in OSA has
confirmed an overall significant clinical benefit [18].

Our data have shown that a reduced number of patients
in the CPAP group developed oxygenation disturbances in
PACU. A few studies have investigated the role of
noninvasive ventilation as a breathing support in preventing
complications in general and cardiothoracic surgery [19,
20]. Böhner and coworkers reported that a 12-h prophylactic
nasal CPAP treatment significantly reduces the number of
postoperative severe oxygenation disturbances after major
vascular surgery [21]. This study was able to show that

using CPAP had a significant benefit of improving
oxygenation and reducing oxygenation disturbances.

The nature of retrospective design of this study has all
limitations associated with retrospective studies. We tried to
avoid overinterpreting medical records by strictly defining
nausea and vomiting. It is likely that routine medical charts
may not capture processes and outcomes as accurately as
more rigorous case report forms used in a prospective
study.

In conclusion, we did not find the increased risk of
PONV with the use of postoperative CPAP. Patients who
were not using CPAP had a significantly higher incidence
of postoperative hypertension and oxygenation disturban-
ces. These are some of the contributing factors that cause
prolonged PACU stay. This study provides the rational for
the recommendation of CPAP treatment in this patient
population. We recommend the routine use of postopera-
tive CPAP for patients with OSA undergoing laparoscopic
gastric bypass surgery to optimize their respiratory
function.
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