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Abstract
Background Laparoscopic sleeve gastrectomy (LSG) is a
surgical procedure which reduces the gastric volume caus-
ing a feeling of early fullness while decreasing hunger due
to a reduced secretion of ghrelin. This leads to a consider-
able loss of body weight. The purpose of this study was to
assess the usefulness of early x-ray examination and subse-
quent x-ray follow-up in the detection of postoperative
complications and long-term functional recovery.
Methods From March 2010 to April 2011, 101 consecutive
patients underwent LSG for morbid obesity and were sub-
sequently included in this retrospective study. All patients
were submitted to early x-ray examination 1–3 days after
surgery and x-ray follow-up 3–6 months after surgery to
detect the presence and persistence of surgical and function-
al complications.
Results Early postoperative x-ray examination detected one
case of suture leakage 1 day after surgery as well as one
abscess and one gastric fistula in two patients who had
become symptomatic 9 and 10 days after surgery.
Conclusions Early x-ray examination showed that compli-
cations were mainly functional and rarely surgical. Subse-
quent follow-up showed that functional disturbances were
significantly reduced over time. X-ray is an easy and reliable
method for detecting complications and side effects of LSG.
However, in view of the extremely low incidence of surgical

complications revealed at the early x-ray examination, this
procedure may not be required as a routine examination in
all operated patients and should be performed only in
patients who become symptomatic and those considered at
risk of developing more serious complications.
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Introduction

Laparoscopic sleeve gastrectomy (LSG) is a surgical proce-
dure which reduces gastric volume causing a feeling of early
fullness while decreasing hunger due to a reduced secretion of
ghrelin, a hormone released by the cells in the fundus of the
stomach [1]. This leads to a considerable loss of body weight
which is usually maintained over time [2, 3]. Recently, thanks
to the excellent results obtained in terms of excess weight loss
(EWL) and safe postoperative outcome [4, 5], LSG has been
proposed as a sole bariatric procedure [2].

Indications for LSG were initially restricted to super-
obese patients (BMI >50 kg/m2) [6]. These indications have
gradually been extended, and the guidelines of the American
Society for Metabolic and Bariatric Surgery currently set
forth the following indications: BMI >40 or >35 associated
with comorbidities. Candidates for LSG must have a long
clinical history of morbid obesity, unsuccessful dietary ther-
apy, and be between the ages 18 and 65 years [7–9].

Also, in revision surgery, LSG is a valid solution in
patients who experience insufficient EWL or weight regain
after gastric banding or gastrointestinal bypass [10]. The
most frequent complications after LSG are leaks, hemor-
rhage, gastric stricture, abscess, wound complications, and
gastric dilatation. Diagnostic methods used to detect, diag-
nose, and confirm such complications are contrast swallow
(Gastrografin) in the early follow-up study and multislice
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CT which is performed only in cases which are ambiguous
[11–13].

The purpose of this retrospective study was to assess the
usefulness of early x-ray examination and subsequent x-ray
follow-up in the detection of postoperative complications
and side effects and in the study of short- and long-term
functional recovery.

Materials and Methods

From March 2010 to April 2011, 148 consecutive patients
underwent LSG in the department of laparoscopic surgery of
the authors' university hospital. Of these patients, 101 were
selected for this retrospective study as they could present
reports from early postoperative x-ray examination and sub-
sequent follow-up: 67 females (mean age, 49 years) and 34
males (mean age, 52.5 years); preoperative mean body mass
index (BMI) was 45.36 and 47.15, respectively. Informed
consent was obtained from all patients for the publication of
this paper and related images.

LSG was performed according to the classical technique
involving a longitudinal resection of the stomach on the
greater curvature thereby reducing the stomach volume to
80–120 ml in order to avoid failure in treatment or early
weight regain [14].

All patients underwent early x-ray examination 1–3 days
after surgery and x-ray follow-up 3–6 months after surgery.
Early postoperative morphological and functional x-ray exam-
inationwas carried out after oral administration of water-soluble
iodinated contrast medium (Gastrografin). The patient, in the
standing position, swallowed the contrast medium (about 60 ml
of Gastrografin dilution) under video-fluoroscopic observation
which allowed evaluation of the staple line and functionality of
the gastroesophageal tract and gastric tube. Late x-ray follow-
up was performed using a radiopaque contrast medium consist-
ing of barium sulfate suspension which was orally adminis-
tered; this contrast medium was considered safe as the patients
were already following a regular diet including solid and liquid
food at the time of the follow-up, and they were all asymptom-
atic. Late follow-up permitted evaluation of the gastric function
in the new anatomical condition.

Statistical analysis of the functional variation occurring
between the early x-ray examination and the follow-up was
carried out using the chi-square test (IBM SPSS Statistics).

Results

The x-ray pattern of the gastric tube of the 101 patients
enrolled in this study was classified according to Werquin et
al. [5]: tubular (53 %), superior pouch (28 %), and inferior
pouch (19%). Early x-ray examination revealed only one case

of suture leakage (Fig. 1) occurring in a gastric tube classified
as an inferior pouch pattern. In two patients, a small superior
pouch was suspected, but x-ray revealed no suture leakage,
and subsequent CTscanwas negative. Nine days after surgery,
an additional x-ray examination with oral administration of
Gastrografin revealed gastric fistula in a patient who had
developed fever and high white blood cell count. There were
also six cases of clinical complications which were not detect-
able at x-ray examination: one case of peptic ulcer bleeding,
one case of subhepatic abscess, three cases of suture infection,
and one case of trocar site hernia (Table 1).

Patients who presented surgical complications did not
undergo reoperation. Radiologically guided percutaneous
drainage was placed in the patient with a subhepatic abscess;
in the patients with leakage and gastric fistula, the treatment
was conservative and consisted of jejunal enteral feeding
and total parenteral nutrition; late follow-up revealed no
anomaly in any of these patients.

As to gastroesophageal function after surgery (Table 2),
early x-ray examination showed gastroesophageal reflux in
32 patients (27 females and 5 males), delayed gastroesoph-
ageal transit in 16 patients (12 females and 4 males), and
delayed gastric emptying in 13 patients (10 females and 3
males). Late x-ray follow-up revealed persistent gastro-
esophageal reflux in 12 of the initial 32 patients (seven
females and five males), delayed gastroesophageal transit
in 3 of the initial 16 patients (three females), and disappear-
ance of delayed gastric emptying in all 13 patients.

The data were submitted to the chi-square test with the
following result: gastroesophageal reflux χ2010.489 (p0
0.0012), delayed gastroesophageal transit χ208.366 (p0

Fig. 1 A 46-year-old male patient; video-fluoroscopy after adminis-
tration of iodinated contrast medium shows suture leakage in the
gastric tube (red arrow)
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0.0038), delayed gastric emptying χ28.52 (p00.0035). LSG
resulted in a reduction of mean BMI over 6–8 months from
45.36 before surgery to 41.6 after surgery (−9.1 %) in the
female group and from 47.15 to 42.8 (−9 %) in the male group.

Discussion

Early x-ray examination and subsequent follow-up were
easy to perform and well tolerated by all the patients despite
two cases of transient nausea (1.98 %). LSG resulted in all
patients in an EWL over 6–8 months of 17.7 % in the female
group and of 15.9 % in the male group.

Early x-ray examination revealed only one case of surgical
complication 1 day after surgery. Nine days after surgery, x-
ray detected one case of gastric fistula in a patient who had
developed fever and high white blood cell count. This fistula
was probably missed at the early x-ray examination due to the
smallness of the lumen or possibly due to increased pressure
in the gastric stump occurring after the examination.

Another patient developed fever and strong pain in the
upper right abdominal quadrant and was submitted to an
additional x-ray examination which was negative for suture
leakage and/or fistula; in this patient a subhepatic abscess was
diagnosed by abdominal ultrasound and CT 10 days after
surgery. The relatively late onset of these two complications
(gastric fistula and presumably occult gastric fistula also in the
patient with subhepatic abscess) appears consistent with is-
chemic injury and subsequent wall laceration [15].

As LSG preserves the integrity of the pyloric antrum and
vagal innervation, the physiological functions of the

stomach are maintained and digestion can occur naturally
[16]. Few studies have addressed the effects of LSG on
esophagogastric motility; two studies reported accelerated
gastric emptying [5, 17] while another reported symptoms
of gastroesophageal reflux.

The data related to the gastroesophageal function were
submitted to the χ2 test to evaluate the variation between
early x-ray examination and follow-up. The test revealed a
high statistical significance of the variation in gastroesoph-
ageal reflux (p00.0012), whereas variations in delayed gas-
troesophageal transit and delayed gastric emptying were less
significant (p00.0038 and p00.0035, respectively).

The authors therefore believe that early x-ray examina-
tion is useful particularly for detecting gastroesophageal
reflux in order to intervene with targeted therapies, if re-
quired, while early x-ray seems to be less useful with regard
to the other two functional parameters considered.

The prevalence of early functional disorders in the female
subgroup (gastroesophageal reflux, 84.4 % females vs 15.6 %
males; delayed gastroesophageal transit, 75 % females vs 25 %
males; delayed gastric emptying, 76.9 % females vs 23.1 %
males, respectively) might be due to the fact that the study
group counted more women than men (67 women vs 34 men).

As to the radiological patterns, it was observed that gastro-
esophageal reflux and delayed gastroesophageal transit exclu-
sively affected the “tubular” pattern, while delayed gastric
emptying was equally distributed among the three patterns.
The high incidence of gastroesophageal reflux seen at the early
x-ray examination (31 %) was probably due to the fact that the
staple line, which is often long in the “tubular pattern,” involved
the angle of His. Late x-ray follow-up showed a good function

Table 1 Detection and distribu-
tion of surgical complications Surgical complications detected at early x-ray exami-

nation
Clinically detected surgical complications

Type Patients % Type Patients %

Leak (1st day) 1 0.99 Gastric bleeding (8th day) 1 0.99

Pouch (1st–2nd day) 2 1.98 Suture infection 3 2.97

Gastric fistula (12th day) 1 0.99 Incisional hernia 1 0.99

Subhepatic abscess (10th day) 1 0.99

Table 2 Functional complica-
tions detected at the early x-ray
examination and subsequent
follow-up

ER esophageal reflux, DGT
delayed gastroesophageal tran-
sit, DGE delayed gastric empty-
ing,M male, F female, TOT total

Early x-ray examination Late x-ray follow-up χ2

M F TOT M F TOT

ER 5 27 32 (31.6 %) 5 7 12 (11.8 %) χ2010.489

p00.0012

DGT 4 12 16 (15.8 %) 0 3 3 (2.9 %) χ208.366

p00.0038

DGE 3 10 13 (12.8 %) 0 0 0 (0 %) χ208.52

p00.0035
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of the gastroesophageal junction and the gastric tube with a
reduction of gastroesophageal reflux from 31 to 11 %, delayed
gastroesophageal transit from 16 to 2 %, and total disappear-
ance of delayed gastric emptying. This suggests that the ob-
served early functional disturbances are of a transient character
and may be related to edema and reflex spasms of the tissues
affected by the surgery.

In conclusion, considering the extremely low incidence
(0.99 %) of surgical complications revealed at the early x-
ray examination and detection of two cases of complications
in patients who subsequently developed symptoms, it is our
opinion that early x-ray examination is not required as a
routine procedure in all operated patients. It should be
performed only in patients considered at high risk or in
patients who develop symptoms of complications or possi-
bly in patients in whom the surgeon encountered problems
during the surgical procedure.

Our data also suggest only a modest and temporary
impact of LSG on the gastroesophageal motility and func-
tion, and it is not correlated with the anatomic subtype of the
gastric tube (as defined by the x-ray patterns described by
Werquin [5]). However, gastroesophageal function after
LSG should be investigated further in a prospective study
using specific clinical questionnaires and a study of pH-
metric parameters before and after surgery.
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