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Abstract
Background Aiming to clarify the mechanism of weight
loss after the restrictive bariatric procedure of sleeve
gastrectomy (LSG), the volumes and pressures of the
stomach, of the removed part, and of the remaining sleeve
were measured in 20 morbidly obese patients.
Methods The technique used consisted of occlusion of the
pylorus with a laparoscopic clamp and of the gastroesoph-
ageal junction with a special orogastric tube connected to a
manometer. Instillation of methylene-blue-colored saline
via the tube was continued until the intraluminal pressure
increased sharply, or the inflated stomach reached 2,000 cc.
After recording of measurements, LSG was performed.
Results Mean volume of the entire stomach was 1,553 cc
(600–2,000 cc) and that of the sleeve 129 cc (90–220 cc),
i.e., 10% (4–17%) and that of the removed stomach was
795 cc (400–1,500 cc). The mean basal intragastric pressure

of the whole stomach after insufflations of the abdominal
cavitywith CO2 to 15 mmHg was 19 mmHg (11–26 mmHg);
after occlusion and filling with saline it was 34 mmHg (21–
45 mmHg). In the sleeved stomach, mean basal pressure was
similar 18 mmHg (6–28 mmHg); when filled with saline,
pressure rose to 43 mmHg (32–58 mmHg). The removed
stomach had a mean pressure of 26 mmHg (12–47 mmHg).
There were no postoperative complications and no mortality.
Conclusions The notably higher pressure in the sleeve,
reflecting its markedly lesser distensibility compared to that
of the whole stomach and of the removed fundus, indicates
that this may be an important element in the mechanism of
weight loss.
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Introduction

Sleeve gastrectomy (SG), a new procedure for weight loss,
was initially devised to constitute the first stage of bariatric
surgery for the superobese or high-risk patient. The
intention was to achieve a significant weight loss that
would reduce the perioperative risks prior to the perfor-
mance of a more extensive mixed restrictive and malab-
sorptive operation [1, 2]. Recently, some surgeons have
begun to perform LSG as a sole procedure not only for
superobese patients but also for those with a BMI of less
than 50 [3, 4]. The bariatric concept for this operation is to
minimize the capacity of the stomach by resection. Yet to
be determined, however, are the intraluminal pressure and
volume of the remaining stomach. The report of Han et al.
[5] is the first to mention sleeve volume, found by them to
be 50–60 cc; however, they measured the volume by
instilling saline through a gastric tube without controlling
the drainage or the pressure inside the gastric lumen. In
their more recent report, Weiner et al. [6] noted that the
measurement of sleeve volume by the application of fluids
is technically difficult, and they therefore calculated the
sleeve volume by measurement of the total volume of the
stomach and the volume of the removed stomach.

The mechanism responsible for the early satiety follow-
ing sleeve gastrectomy is still unclear. A number of factors
may be involved: alterations in hormonal levels, impaired
gastric motility of the remaining stomach, or elevated
pressure within the sleeve.

The present study was therefore undertaken to investi-
gate the pressure and the volume of the sleeve following
laparoscopic sleeve gastrectomy in relationship to the entire
stomach and the removed fundus.

Materials and Methods

Participants

Enrolled in this prospective noncontrolled study initiated in
October 2007 were 20 consecutive morbidly obese patients
scheduled to undergo LSG, all of whom had given their
informed consent. Their demographic data including BMI
and comorbidities are presented in Table 1.

All of the patients met the standard criteria for bariatric
surgery, having a BMI of 35–40 kg/m2 and obesity-related
comorbidities or a BMI of >40 kg/m2 irrespective of the
presence or absence of comorbid conditions. Excluded were
individuals having previously undergone bariatric surgery,
as well as those with chronic liver disease, chronic
renal disease, or heart failure. The preoperative work-up

included blood tests, chest radiography, electrocardio-
gram, abdominal ultrasound and endocrinological, breath
test for detection of Helicobacter pylori, nutritional, and
psychological/psychiatric evaluation.

Operative Procedure and Measurements of Volume
and Pressure

Under general anesthesia, all the patients were placed in the
lithotomic position. A gastric calibration tube (Ethicon
Endo-Surgery, Cincinnati, OH, USA) with a 10-cc balloon
for measuring the basal pressure of the empty stomach was
inserted. Pneumoperitoneum was induced with CO2 using a
Veres needle and maintained at a pressure of 15 mmHg.
Five trocars were inserted into the peritoneal cavity [4].

Measuring of volume and pressure was performed in
three stages: (1) in the entire occluded stomach, (2) in the
removed gastric fundus, and (3) in the remaining “sleeve”
after LSG.

The pylorus was occluded with an atraumatic laparo-
scopic clamp. An orogastric tube with an inflatable 10-cc
balloon was used to occlude the GE junction and also for
instillation of methylene-blue-colored saline. The volume

Table 1 Patient demographics and comorbidities

Variables Number

Sex (F:M) 17:3
Age (years) 35 (19–58)
Weight (kg) 125 (98–195)
BMI (kg/m2) 45 (37–63)
Sleep apnea 2/20
Diabetes 3/20
Hypertension 7/20
Hypothyroidism 2/20
Polycystic ovaries ovaries2/13 2/20
Asthma 1/20
Hypercholesterolemia 2/20

Table 2 Linear regression analysis of the volume and pressure of the
entire stomach, removed part and the remaining sleeve

Sleeve Removed stomach Entire stomach

0.1866 0.0169 0.0049 aSlope
0.73 0.48 0.46 R
*0.005 0.1 0.1 P<

a The slope of the different parts of the stomach reflect their distensibility.
*P value <0.05 considered to be significant
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of the calibrating tube (20 cc) was added to the total volume
measured. The tube was connected to a manometry device.
The entire stomach was filled with the saline and the
volume and pressure were recorded sequentially. The
infusion of saline into the stomach was continued until
the intraluminal pressure increased sharply, or the inflated
stomach reached 2,000 cc and blocked the operating field.

After completion of the measurements, the Harmonic
Scalpel™ (Ethicon Endo-Surgery) was used to open the
gastrocolic ligament adjacent to the stomach, starting 6 cm
from the pylorus. The greater curvature of the stomach was
freed up to the cardio-esophageal junction. A 50-Fr
orogastric tube was then inserted by the anesthesiologist
into the stomach and directed towards the pylorus. The
gastrectomy was performed using a laparoscopic linear
stapler–cutter device (Endocatter, Endopath, Ethicon Endo-
Surgery) with one 4.1 mm green load firings for the antrum,
followed by five to seven sequential 3.5 mm blue loads for
the remaining gastric corpus and fundus. The staple line
was reinforced with an absorbable running suture. The
resected part of the stomach was removed from the
peritoneal cavity and the wounds closed.

The volume and pressure of the remaining stomach (the
sleeve) were determined by the same method as that used
for the whole stomach, and a drain was placed in the left
subdiaphragmatic space. The volume and pressure of the

resected part of the stomach (after it was removed) were
determined using the same method. The resected specimen
was sent for pathological evaluation.

In the first six patients, the measurements of the volume
of the stomach, the sleeve and the remnant were recorded
only at the beginning and at the end of the infusion of the
saline, whereas in the next 14 patients pressure and volume
determinations were made at several points along the
inflation maneuver for greater precision.

On the second postoperative day, radiological examina-
tion was carried out by swallowing water-soluble contrast
medium. This was done to check for any postoperative
leakage from the suture line and also to measure the volume
of the gastric sleeve and compare it to the volume
measurement obtained during operation. After the initial
three patients had undergone radiological examination, it
was judged to be an unreliable test for volume determina-
tion of the sleeve in view of the technical difficulties
encountered, and its inaccuracy resulting from the immedi-
ate flow into the duodenum.

Statistical Analysis

The study protocol was approved by the local Ethical
Committee. Results are expressed as mean±standard
deviation. A P value <0.05 considered to be significant.

R=0.46
P<0.1 N=17
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Fig. 1 Positive correlation
between volume and pressure
in the entire stomach
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Fig. 2 Positive correlation
between volume and pressure in
the removed part of the stomach
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Correlations between variables were determined by Spear-
man’s correlation coefficient (Table 2).

Results

The volume and pressure assessment of the 20 patients
enrolled in the study is presented in Figs. 1, 2 and 3. These
figures demonstrate the positive correlation found between
these variables, which reflect the distensibility, as also
appeared in Table 2.

Due to the technical difficulties encountered in securing
complete occlusion of the gastro-esophageal junction and
the pylorus, three of the 20 patients had to be withdrawn
from analysis in the initial stage because of leakage.
Figure 1 demonstrates the relationship between the pressure
and the volume in the entire stomach in the 17 patients,
where any additional volume resulted in a relatively
insignificant increase in pressure (R=0.46, P<0.1). The
mean end volume was 1,553±472 cc, and the mean
pressure at that point was 34±6 mmHg.

As shown in Fig. 2, the changes in pressure and volume
of the removed portion of the stomach were similar to those
in the intact stomach. Here too a small addition in volume
resulted in only a small insignificant increase in pressure

(R=0.48, P<0.1): the mean end volume was 795±251 cc,
and the mean pressure at that point was 26±12 mmHg.
Infusion of colored saline into the removed stomach was con-
tinued until the appearance of leakage through the staple line.
This figure shows the data of 15 of the 17 patients enrolled in
the study (in two cases, it proved technically impossible to
inflate the removed stomach in order to evaluate the volume
and the pressure, due to disruption of the suture line).

Figure 3 demonstrates the behavior of the sleeve. In
contrast to the intact stomach or resected portion, in the
sleeve, a small addition in volume resulted in a much earlier
significant elevation of the pressure (R=0.73, P<0.005).
The mean end volume was 129±35 cc, and the mean
pressure at that point was 43±7 mmHg. This figure shows
the data of 14 of the 17 patients enrolled in the study (three
patients were excluded from the study due to leakage of
fluids through the duodenum and the esophagus).

Table 3 presents the average value of the volume and the
pressure in the entire stomach, removed part and the sleeve.
One can see that in addition to the high pressure, the
volume of the sleeve (129±35 cc) is somewhat less than
10% of the mean volume of the entire stomach (1553±
472 cc).

The histology of the resected stomach was normal in ten
patients. Chronic gastritis was present in nine patients, and

R=0.73
P<0.005 N=14
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Fig. 3 Positive correlation
between gastric sleeve volume
and gastric sleeve pressure

Table 3 Volume and pressure
in the entire stomach, removed
part and the remaining sleeve

Average (range)

1514±482 cc (600–2000) Mean volume of the entire stomach
135±37 cc (90–220) Mean volume of the sleeve
786±281 cc (400–1500) Mean volume of the removed stomach
19±4 mmHg (11–26) Mean basal intragastric pressure (after insufflations

of abdominal cavity with CO2 to 15 mmHg
34±6 mmHg (25–45) Mean pressure of the entire stomach (filled with saline)
19±7 mmHg (6–28) Mean basal pressure in the sleeved stomach (with an

insufflated abdomen)
43±8 mmHg (32–58) Mean pressure in the sleeved stomach, filled with saline
27±12 mmHg (12–47) Mean pressure in the removed stomach (filled with saline)
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in one 31-year-old patient, the histologic finding was
surprisingly MALT lymphoma, found to be cured by the
operation. Helicobacter pylori was found incidentally in
four patients and treated before surgery. There were no
postoperative complications such as hemorrhage from the
staple line or leakage, no stenosis, and no mortality.

Discussion

The primary motor function of the stomach is to receive,
store and prepare food for digestion. This task is made
possible by the accommodation reflex, which through
active relaxation of the gastric fundus allows for a volume
increase without a rise in intragastric pressure (IP) and thus
enables the stomach to accommodate large volumes during
food intake [7–9]. The stomach consists of the following
functional parts: two valves (lower esophageal sphincter
and pylorus), antrum (pumping mechanism) and the corpus
or fundus (reservoir). The fundus is the most easily
expanded part of the reservoir with only two thin layers
of muscle [6]. Our measurements of the volume and
pressure of the whole stomach, of the remaining sleeve,
and of the resected portion, clearly demonstrated that
the part removed is indeed the most expansible part of the
stomach. The distensibility of the total stomach and of the
excised fundus was found to be tenfold higher than that of
the sleeve (Table 2). The volume of the sleeve is less than
10% of the volume of the total stomach. These findings
constitute the first reported evidence that it is the distensible
region of the stomach that is removed in this operation.

It is more than likely that the high intraluminal pressure
resulting from the relatively small volume and markedly
lesser distensibility of the sleeve is responsible for the early
satiety following LSG. Indeed, our clinical experience
would appear to support this assumption: many of our
patients have reported that following the operation they
experienced a feeling of fullness even after ingestion of a
very small amount of food. Thus, it would appear that the
size of the gastric sleeve is an important factor in achieving
long-term success with this operation. Prevention of
segmental dilatation may also contribute to its long-term
success. It would therefore appear to be of importance to
make the sleeve as narrow as possible, ensuring the
complete removal of the fundus, which has the greatest
potential for later dilatation.

It is of interest that, in contrast to previous reports [6],
the data of our patients clearly show that the total gastric
volume cannot be calculated by adding that of the sleeve to
that of the removed fundus. Since the gastric distensibility

differs in each part of the stomach, the volume of the sleeve
added to that of the removed part is not the total gastric
volume when measured under the same pressure. In this
respect, the estimates of sleeve volume reported by Han
et al. [5] and obtained by the infusion of saline via a
nasogastric tube, without either clamping the pylorus or
obstruction of the gastro-esophageal junction and without
controlling the pressure, are likely to be inaccurate. On the
other hand, Braghetto et al. [10] measured the volume of
the sleeve and of the resected stomach by instillation of
saline with methylene blue through a nasogastric tube.
Similar to our technique, they transiently blocked the flow
into the duodenum by occlusion of the pylorus with an
atraumatic laparoscopic clamp, but neither occluded the GE
junction to prevent flow into the esophagus nor controlled
the infusion by pressure.

The present study reports for the first time a reproducible
and a reliable technique that enables us to measure
precisely the volume and the pressure of the different
segments of the stomach. Important features of this tech-
nique are complete occlusion of the pylorus and the gastro-
esophageal junction as well as infusion with colored saline
to facilitate diagnosis of a leakage. Moreover, the pressure
measurement apparatus is connected to the infusion set for
controlling the volume determination. In studies involving
organs of varying distensibility, the measurement of the
volume must be measured in relation to or controlled by
pressure.

The findings in this study strongly suggest that the
mechanism of weight loss following the sleeve gastrectomy
procedure is due mainly to a restricted calorie intake, which
results from the combination of the small capacity, low
distensibility of the sleeve and the resultant immediate high
intraluminal pressure. There are, however, other mecha-
nisms that must be taken into consideration, such as
hormonal changes. In recent years there have been a few
reports, based on small series, which have shown that after
LSG there is a decrease in levels of ghrelin, an appetite-
stimulating hormone produced in the gastric fundus [11,
12]. Furthermore, in their report of a prospective double-
blind study comparing the Roux-en-Y gastric bypass
(LRYGBP) and LSG, Karamanakos et al. [13] suggest that
LSG is superior to LRYGBP not only because of volume
restriction but also due to the markedly increased fasting
and postprandial levels of PYY, a hormone inducing a
feeling of satiety, as well as to the significantly decreased
fasting and postprandial ghrelin levels.

Our study has provided important basic information but
there remain several aspects of the early satiety achieved by
LSG that remain to be clarified. It is possible that this
satiety is due not only to the high intraluminal pressure but
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conceivably could also express an effect on gastric motility
as well as on levels of gastric hormones. A more
comprehensive assessment would require data on postop-
erative motility and hormone levels. Further work in this
field is needed to achieve a better understanding of this
novel bariatric procedure.
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