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Abstract
Background The purpose of this study was to determine if
the routine use of postoperative continuous positive airway
pressure (CPAP) in patients undergoing laparoscopic Roux-
en-Y gastric bypass (RYGB) is associated with an increase
in transmural gastric pouch pressure, which may create the
risk for anastomotic leak.
Methods Transmural gastric pressures (difference between
gastric pouch and bladder pressures) were measured postop-
eratively [post-anesthesia recovery care unit (PACU) arrival
(prior to initiation of CPAP), 5 min, 30 min, and PACU
discharge] in 28 patients (19 patients used CPAP, 9 patients did
not) following laparoscopic RYGB. Changes in pressure over
time were assessed using a generalized estimating equation,
taking into account the repeated measurements obtained for

each subject. In all cases, two-tailed P values ≤0.05 were
considered statistically significant.
Results Among patients that used CPAP, there were no
changes in transmural pouch pressure from baseline at any
point in time (P=0.628). However, in patients that did not
use CPAP, there was a trend towards increased transmural
gastric/pouch pressure (P=0.053), which could be attribut-
ed to a transient decrease in bladder pressure at the 5-min
measurement interval.
Conclusions Application of CPAP did not increase trans-
mural gastric pouch pressure in our bariatric patients;
therefore, its use in the post-RYGB patients does not pose
a risk for pouch distension, which could lead to the
disruption of anastomotic integrity.

Keywords Continuous positive airway pressure .

Transmural gastric pouch pressure . Anastomotic leak .

Bariatric surgery

Introduction

Perioperative management of bariatric patients presents
unique challenges to the healthcare team [1]. Obstructive
sleep apnea (OSA) may be present in up to 80% of bariatric
patients [2, 3]. The presence of OSA can increase the
likelihood of postoperative respiratory complications [4].
Noninvasive ventilatory devices (continuous positive airway
pressure [CPAP] and bilevel positive airway pressure
[BiPAP]) can be used to reduce the incidence of postoper-
ative respiratory complications in patients with OSA
including obese patients undergoing bariatric surgery [5–7].
We recently demonstrated that, when bariatric patients were
evaluated preoperatively by polysomnography and managed
accordingly with noninvasive ventilation postoperatively, the
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severity of OSAwas not associated with the increased rate of
postoperative complications [8]. The American Society of
Anesthesiology recommends that patients with OSA who
preoperatively use CPAP or BiPAP should have it reinstated
as soon as feasible after tracheal extubation [9].

A serious postoperative complication of bariatric surgery
is the development of an anastomotic leak. Prevalence of
this complication ranges from 0.5% to 2% [7, 10–12].

It is believed that aerophagia, i.e., forcing of air into the
stomach and bowel, may be a relatively frequent event
during noninvasive positive pressure ventilation [13].
Several isolated reports [14–16] described severe gastric
distension while using noninvasive ventilatory devices in
both postoperative and nonoperative settings, which have
resulted in calls for caution regarding the use of CPAP or
BiPAP in the postoperative period in bariatric postsurgical
patients [15, 17, 18].

To our knowledge, there is no published data on the
effects of CPAP on gastric pouch pressure in the postop-
erative setting in patients who have undergone Roux-en-Y
gastric bypass (RYGB). Theoretically, an increase in pouch
pressure could increase the risk of leakage from the newly
formed gastrojejunostomy. However, it is unknown whether
the use of CPAP results in increases in pouch pressure in
patients undergoing RYGB. The purpose of this prospective
study is to assess and quantify gastric pouch pressures
during the use of CPAP following RYGB operation.

Methods and Materials

The Mayo Clinic Institutional Review Board approved this
investigation, and each subject gavewritten informed consent.
We enrolled in the study 20 competent adult subjects that used
CPAP to treat OSA and 10 subjects that did not use CPAP. All
our patients underwent first-time laparoscopic RYGB per-
formed by two surgeons (JMS and MK) who used identical
surgical techniques. Exclusion criteria included: open RYGB,
revision RYGB, or prior esophageal or gastric surgery,
contraindication to the placement of a nasogastric catheter,
history of significant pulmonary disease other than OSA, a
history of neurologic disorders that could affect the upper
airway/esophageal/lower gastrointestinal muscle tone or
breathing pattern, use of rescue CPAP in the post-anesthesia
recovery care unit (PACU) in patients that did not use CPAP
preoperatively. Patients that used CPAP were instructed to
bring their home CPAP device to the hospital and this device
was used postoperatively.

Perioperative Management

Patients underwent a standardized general anesthetic used
at the Mayo Clinic for the anesthetic management of

bariatric surgery. Intravenous induction consisted of fen-
tanyl 1–3 μg/kg and propofol 2–3 mg/kg, both according to
the ideal body weight. Placement of an endotracheal tube
was performed after induction under direct laryngoscopy
facilitated by succinylcholine 1.0–1.5 mg/kg ideal body
weight (with a maximum of 140 mg in any patient).
Anesthesia was maintained with desflurane in a mixture of
oxygen and air, resulting in an inspired oxygen concentra-
tion of 50%. After induction, the bladder was catheterized.
Oxymorphone was used for additional analgesia and,
usually, ketorolac 15 mg was administered at the end of
the operation. Muscle relaxation was provided with
vecuronium. Neuromuscular blockade was reversed with
neostigmine 5 mg and glycopyrrolate 1 mg at the end of the
operation. Since nausea and vomiting can affect abdominal
(and gastric) pressure, all our patients received triple
antiemetic prophylaxis before emerging from anesthesia
(droperidol, dexamethasone, and ondansetron). The
patient’s trachea was extubated at the end of the surgery
in the operating room with the patient in a semi-sitting
position with the head elevated to 30°, and all patients were
provided with supplemental oxygen during transport to the
PACU, again in the semi-sitting position. For patients that
used CPAP preoperatively, their personal CPAP device was
placed after arrival to the PACU after the first set of gastric
pouch and bladder pressure measurements were done.

Data Collection

Before the end of the operation, while still under general
anesthesia, an esophageal pressure balloon catheter was
inserted nasally into the gastric pouch under visual
guidance with an endoscope. This gastric pouch catheter
was constructed using standard technique from PE200
Intramedic Polyethylene tubing (internal diameter of
1.3 mm) with the distal 4 cm of the catheter perforated
and covered with a small latex balloon [19]. Before clinical
use, the physiologic characteristics of the balloon (compli-
ance and distending pressure characteristics) were validated
in the laboratory. After insertion, the catheter was attached
to a pressure transducer [modified by sealing the flushing
port] (Pressure Monitoring Set PX-MK053, Edwards Life-
sciences, Irvine, CA, USA) and the balloon was filled with
0.6 mL of air. Bladder pressures are used as proxy for intra-
abdominal pressure [20]. Bladder pressure measurements
were obtained using a Foley catheter placed intraopera-
tively using standard technique with a pressure transducer
(Pressure Monitoring Set PX-MK053, Edwards Lifescien-
ces, Irvine, CA, USA). A bladder volume of 50 mL of 0.9%
saline was used for each measurement [20]. Analog output
from both pressure transducers were converted to digital
output using a commercially available analog/digital con-
verter (PowerLab 8/30 ML870, ADInstruments, Bella

OBES SURG (2011) 21:1900–1905 1901



Vista, Australia) and acquired by the CardioCap5 Monitor
(GE Datex Ohmeda, Madison, WI, USA). This digital
waveform was recorded by the Chart 5 software (Chart 5,
version 5.5.6, ADInstruments, Bella Vista, Australia),
which was calibrated for the expected physiological
pressure ranges. Output was measured in millimeters of
mercury and converted into centimeters of water (1 mmHg=
1.36 cm H2O). Both transducers (gastric pouch and
bladder) were zeroed in the usual fashion and secured with
tape (≈5 cm above and 10 cm lateral from the umbilicus) on
abdominal wall. After obtaining stable waveforms, the
values for both pouch and bladder pressures were calculat-
ed as a mean of each waveform for five respiratory cycles.
For patients that use CPAP, intragastric pouch and bladder
pressure measurements were made immediately before and
after the initiation of CPAP, 30 min after CPAP has been
initiated, and prior to PACU discharge. In patients who did
not use CPAP, these measurements were obtained upon
arrival to the PACU, 5 and 30 min after arrival to PACU,
and prior to PACU discharge. All measurements in all
patients were done in a semi-sitting position with the head
elevated to 30° and the pressure transducers were kept in
constant position. The gastric catheter was removed at the
time of PACU discharge.

Statistics

Mean pouch and bladder pressures from each subject were
calculated from measurements during five respiratory
cycles as outlined above. The differences between gastric
pouch and bladder pressures were calculated to estimate the
transmural pressure across the gastric/pouch wall (PTm=
PGa−PAb). Repeated-measures analyses were performed for
each pressure characteristic using a generalized estimating
equation (GEE). In all cases, an initial analysis was
performed, which included time (baseline, 5 min, 30 min,
discharge) and CPAP use (yes, no) as explanatory variables.
The time-by-CPAP interaction effect was included to assess

whether changes in pressure over time were dependent on
CPAP use. Subsequent repeated-measures analyses were
performed to assess changes in pressure separately for each
CPAP group. In all cases, two-tailed P values ≤0.05 were
considered statistically significant.

Results

Thirty subjects that underwent laparoscopic RYGB were
enrolled in the study, 20 that used CPAP preoperatively and
10 that did not use CPAP preoperatively. Two patients did
not complete the study. In one patient that used CPAP, the
gastric catheter became dislodged during tracheal extuba-
tion. The other patient that did not use CPAP requested that
the gastric catheter be removed immediately upon arrival to
the PACU. Among the patients who used CPAP, all used
nasal CPAP except for two patients that used a full-face
mask. The mean CPAP pressure was 10±4 cm H2O. All
other patients tolerated the gastric catheter well. The
clinical and demographic characteristics of patients who
completed the study were similar except all the patients that
did not use CPAP were female (Table 1). None of the
patient in this study reported nausea and none required
antinausea medications while in PACU

From repeated-measures analysis, there was some
evidence (P=0.055) of a two-way interaction suggesting
that transmural gastric pouch pressure changed differential-
ly over time for patients with vs. without CPAP. From
subsequent analyses performed separately for each patient
group, CPAP patients were not found to have a change in
transmural gastric pouch pressures with the application of
CPAP (P=0.628), but there was some evidence (P=0.053)
suggesting that non-CPAP patients had modest changes,
which could be attributed primarily to variations in bladder
pressure. Specifically, in these patients, mean bladder
pressure at 5 min was slightly lower, and with unchanged
pouch pressure, the calculated transmural pressure was

Characteristic CPAP (N=19) No CPAP (N=9) P valuea

Age, years 49±11 43±9 0.18

Gender 0.14
Female 13 (68) 9 (100)

Male 6 (32) 0 (0)

BMI, kg/m2 46.7±7.4 42.6±5.5 0.16

GERD 11 (57.9) 3 (33.3) 0.42

ASA physical status 0.23
I 0 (0) 0 (0)

II 8 (42) 7 (78)

III 9 (47) 2 (22)

IV 2 (11) 0 (0)

Table 1 Patient characteristics

CPAP continuous positive air-
way pressure, BMI body mass
index, GERD gastroesophageal
reflux disease
a Age and BMI are summarized
using the mean±SD and compared
between groups using the two-
sample t test. Gender, presence of
GERD, and ASA physical status
are summarized using n (%) and
compared between groups using
Fisher’s exact test
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higher (mean of 2.5 cm H2O or 1.8 mmHg). By 30 min,
bladder pressures in this group were not different from
measurements taken either at arrival or discharge from
PACU (Table 2). No statistically significant differences in
pouch pressure or bladder pressure over time were noted in
either group (all P>0.05).

Discussion

Postoperative application of CPAP in patients undergoing
laparoscopic RYGB did not significantly affect intragastric
(pouch) pressure or transmural pouch pressure. Although
these results are obtained on a relatively small number of
RYGB patients, they are reassuring given concerns regard-
ing the possibility of excessive gastrointestinal distension
with noninvasive ventilation that may lead to anastomotic
disruption.

Postoperative anastomotic leak following bariatric sur-
gery is a dreaded complication resulting in increased
hospitalization, utilization of intensive care unit resources,
and increased mortality [10, 21]. In one series of laparo-
scopic RYGB, the development of gastrojejunostomy leak
resulted in 22% mortality [22]. Based on several case
reports of significant gastric distension that occurred during
the use of BiPAP, caution has been advised with the use of
noninvasive ventilatory devices in patients after bariatric
surgery [15, 17, 18]. Vasquez et al. [15] reported about two
patients who used BiPAP after open RYGB and developed
massive bowel distension and subsequent anastomotic leaks
1 week after surgery. It remains questionable whether
gastric distension in these patients could be attributed to
the use of BiPAP or rather to the postoperative paralytic
ileus. Severe gastric distension has been reported with the
use of noninvasive positive pressure ventilation in the
nonoperative setting for the treatment of respiratory failure
[14, 16]. Yamada et al. [16] reported a case of massive
gastric distension with the use of BiPAP in a patient with
amyotrophic lateral sclerosis. Severe neurologic diseases
including spinal cord injury may be associated with

dysphagia, altered esophageal motility, and altered lower
esophageal sphincter (LES) tone, and all may predispose
patients to aerophagia. Another report described a patient
with respiratory failure who developed acute gastric over-
distension while using BiPAP; the large increase in intra-
abdominal pressure (patient developed abdominal compart-
ment syndrome) caused cardiovascular collapse, which
resolved with gastrointestinal gas evacuation with gastric
tube [14]. In a small series of 40 patients with chronic
respiratory failure treated with noninvasive positive pres-
sure ventilation (BiPAP used in 85% of patients), 13% of
the patients did complain of aerophagia [13]. It is possible
that patients in respiratory distress [13, 14] or those with
neurologic conditions (amyotrophic lateral sclerosis) [16]
may be more predisposed to aerophagia due to desynchro-
nization between breathing and swallowing. The negative
results from our study are in agreement with observations in
larger series of patients undergoing bariatric surgery where
the use of CPAP was well tolerated and not associated with
an increased rate of anastomotic leaks [6–8]. Finally,
balance of compliances between chest wall and abdomen
can be responsible for the direction of air (lungs vs.
stomach) during CPAP breathing, and we postulate that
low abdominal compliance in morbidly obese patients may
be a protective factor against gastric insufflation.

While we observed no changes in pouch pressures with
the implementation of CPAP, Shepherd et al. [23] demon-
strated that gastric pressure modestly increased with
increasing CPAP setting in awake, normal-weight, healthy
adults. The maximum CPAP pressure of 15 cm H2O
resulted in an increase of 3.4 cm H2O over baseline, while
the increases in gastric pressures at 5 and 10 cm H2O were
1.2 and 2.0 cm H2O, respectively. Regardless of the fact
that these pressure increases were statistically significant,
they are not clinically significant. At the end of the bariatric
surgery, we routinely test the potential for gastrojejunal
anastomotic leak by distally occluding the Roux limb,
submerging the anastomosis under saline, and insufflating
oxygen via endoscope into the gastric pouch, allowing it to
achieve full distension. While this pressure is substantial,

Characteristic Arrival 5 min 30 min Discharge P valuea

Gastric pouch pressure, cm H2O

CPAP (n=19) 21.2±1.5 22.4±1.6 22.7±1.7 22.4±1.8 0.451

No CPAP (n=9) 22.8±2.4 22.5±2.7 21.4±2.8 20.3±2.3 0.200

Bladder pressure, cm H2O

CPAP (n=19) 12.0±1.9 12.1±1.1 12.1±1.2 12.6±1.1 0.336

No CPAP (n=9) 14.5±2.0 11.7±2.0 13.1±2.1 13.8±1.7 0.147

Transmural pressure, cm H2O

CPAP (n=19) 9.2±2.9 10.3±1.9 10.6±2.2 9.8±2.3 0.628

No CPAP (n=9) 8.4±2.6 10.9±3.0 8.3±3.6 6.5±2.9 0.053

Table 2 Gastric pouch, bladder,
and transmural pressures in the
PACU

aData are presented as the mean±
SE. Repeated-measures analyses
were performed for each pressure
characteristic using a GEE. The P
values are from analyses per-
formed separately for each CPAP
group assessing changes in the
given pressure characteristic over
time
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we did not directly measure it. In clinical practice,
colorectal anastomoses are tested by distending it with an
effective distending pressure of 30 cm H2O [24], which is
threefold greater than the pouch distending pressure in our
patients (approximately 10 cm H2O). An animal study
showed that a properly closed gastrostomy can withstand
high testing pressures [25].

It is interesting to note that the mean baseline pouch
pressures in our study were higher (21.2 cm H2O) than that
reported by Shepherd (6.4 cm H2O for normal-weight
individuals) [23], which may reflect primarily differences in
body habitus between the two cohorts (normal weight vs.
obese). Pandolfino et al. [26] demonstrated that intragastric
pressure is significantly higher in obese patients (14 mmHg
or 19 cm H2O) compared to those with a normal BMI
(6 mmHg or 8 cm H2O). In addition, the shape of the
container where the pressure is measured may affect
pressure measurement. More specifically, compared to
intact gastric cavity, we measured pressure in the gastric
pouch, which is a smaller-radius chamber, and therefore,
according to the Law of Laplace would be expected to
develop higher pressures for a given volume of air.

It has been shown that CPAP improves symptoms of
nocturnal gastroesophageal reflux disease (GERD) in
patients with OSA [27] and reduces episodes of low
esophageal pH [28, 29]. Furthermore, in normal subjects,
the application of CPAP increases the tone of LES [23, 30]
and decreases the duration of LES relaxation during
swallowing [23]. Because the LES tone is the primary
barrier between stomach and esophagus, these reflexes
represent a potential mechanism how CPAP may mitigate
both the reflux and air ingress during CPAP use. In our
series, 58% of patients that used CPAP had also been
diagnosed with GERD. We did not find any change in
pouch pressures after the application of CPAP in patients
with and without GERD (P≥0.60) or in those with and
without CPAP. Because our study was not designed to
evaluate the function of LES tone, we cannot comment on
the potential role the CPAP may have had on the integrity
of LES in our patients. The question of air ingress during
CPAP may be even more complicated because the gastric
pouch is not a closed container but rather has a fully open
passage to the Roux jejunal limb; therefore, even if the air
enters at an increased rate with CPAP breathing, it may not
be detected. At the same time, if the air ingress was
substantial, one would detect it as a gastrointestinal
distension that would lead to an increase in abdominal
pressure, which was not confirmed in our study.

This study has several limitations. First, we cannot
generalize our conclusions to all forms of noninvasive
ventilation and different types of patients and surgeries. For
example, our cohort did not include patients treated with
BiPAP and anecdotal reports of clinically relevant compli-

cations related to aerophagia that occurred in patients using
this ventilatory device [15]. All the patients included in this
study used their own individual CPAP equipment. At our
institution, patients considering bariatric surgery that have
OSA have their CPAP equipment carefully adjusted under
the guidance of a pulmonologist specialized in sleep
medicine. Thus, our findings cannot be generalized to
patients that use CPAP where settings have not been
individualized. Furthermore, we performed experiments
on bariatric patients undergoing laparoscopic RYGB and
our conclusions have limited applicability to patients
undergoing celiotomy, thoracotomy, and esophagectomy,
as well as patients with neurologic diseases where esoph-
ageal integrity may be altered. Second, from the unchanged
pouch pressures, we cannot conclude that the ingress of air
does not occur during the use of CPAP because the pouch
has a wide open communication to the jejunal limb where
the air may readily escape. At the same time, if this had
occurred, one would expect it to be associated with the
increase in bladder (abdominal) pressure, which we did not
confirm. Finally, we studied a limited number of patients,
and the safety of any method can be declared only after
examining a larger population sample.

In conclusion, changes in transmural gastric pouch
pressure with the application of CPAP did not occur in
our bariatric patients. Furthermore, abdominal pressure did
not increase, suggesting that the gas was not entering the
gastrointestinal system passing the pouch in any clinically
significant amounts. This suggests that substantial aero-
phagia leading to pouch distension does not occur routinely
during postoperative use of CPAP in patients after
laparoscopic RYGB. Larger studies are needed to examine
the safety of different noninvasive ventilation devices
(BiPAP) in the perioperative setting.
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