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Abstract

Background: Bariatric surgery is performed to control morbid obesity secondary to failed medical approaches.
Practical knowledge of post-surgical anatomy allows accurate interpretation of imaging findings related to normal
post-surgical anatomy and common post-surgical complications.
The purpose of this study was to highlight the role of imaging in the assessment and detection of complications
after bariatric surgery.

Results: This prospective study included 49 patients who had bariatric surgery. Sleeve gastrectomy was the most
common bariatric surgery. The leak was the commonest complication (12%). The sensitivity of upper GI series for
diagnosis of post-operative complication after bariatric surgery was 70% and specificity 94% while the sensitivity of
CT study was 95% and specificity 95%.

Conclusion: CT has a golden role in the diagnosis of post-operative complications. Both post-contrast CT and
upper GI series should be used in diagnosing complications following bariatric surgery. US is useful for diagnosis of
a superficial problem.
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Background
Obesity is a medical and socioeconomic problem. Obesity
is associated with many different illnesses, chief among
them are the type 2 diabetes mellitus, high blood pressure,
gallstones, certain types of cancer, fatty liver, and psychi-
atric disease. It lowers life expectancy by 5 to 20 years [1].
Obesity is measured by body mass index (BMI), a value

based on a combination of weight and height (BMI =
weight [kilograms]/height [meters]2) [2].
Bariatric surgery is increasingly performed to control

morbid obesity secondary to failed medical approaches. As
a result, imaging plays an important role in post-operative
evaluation and management. Practical knowledge of post-
surgical anatomy allows accurate interpretation of imaging

findings related to normal post-surgical anatomy and com-
mon post-surgical complications [3].
There are three main categories of surgical procedures:

laparoscopic adjustable gastric banding (LAGB), sleeve
gastrectomy (SG), and Roux-en-Y gastric bypass (RYGB).
The specific challenges faced by the imaging department
can be divided into three categories: technical factors,
training issues, and service provision. With regard to
technical factors, there are issues related to weight and
size limits, image quality, and radiation dose imparted
[4].
The role of radiologists in surgical treatment of obesity

is mainly to evaluate conditions immediately after sur-
gery and detection of early complications. During the
initial evaluation after bariatric surgical procedure, it is
necessary above all to locate the gastric band, volume of
gastric reservoir, and the width of its junction with the
distal part of the stomach, as well as the continuity of
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the staple line [5]. The key role in the evaluation of
post-operative changes is played by radiographic imaging
because in patients after bariatric surgery, it is usually
difficult to perform gastroscopy. Radiographic imaging
in the early post-operative period is also necessary if
early complications occur [5].
When bariatric surgery patients present with complaints

of heartburn, nausea or vomiting, abdominal pain, or
weight loss failure, imaging studies should be obtained to
ensure prompt diagnosis of infection, obstruction, and is-
chemia. Radiographic evaluation and endoscopy may have
a complementary role. Usually, imaging is performed first,
and then, a decision about proceeding to endoscopy is
made based on the imaging findings and symptoms of the
patients [6].

Aim of the work
The aim of this study was to determine the role of im-
aging in the assessment and early detection of complica-
tions after bariatric surgery.

Methods
This prospective descriptive study was carried out during
the period from March 2017 till January 2019. Forty-nine
patients (16 males and 33 females) who had bariatric sur-
gery were enrolled in this study; their ages ranged from 17
to 53 years. Morbid obese patients with BMI ≥ 40, patients
with renal failure, patients with known contrast hypersen-
sitivity, and pregnant women were excluded.
All patients were subjected to B-mode abdominal

ultrasound then, according to patient complaints, other
imaging modalities were chosen as follows: upper GI
water-soluble contrast study or/and contrast-enhanced
computed tomography (CE-CT).

Ultrasonography
All 49 patients were subjected to B-mode abdominal
ultrasonography examination by using the ultrasound
machine LOGIQ E9 (GE Healthcare).

Procedure
Patients were scanned in supine, oblique, and lateral po-
sitions and preferred to be fasting for 4 h.

Upper GI series studies
Thirty-one patients were subjected to upper GI series
study, done by using the fluoroscopy unit (Toshiba Rad-
PRO® OMNERA® 400A) with a spot film device [kilovolt
(kV) 90–110].

Procedure
Patients were preferred to be fasting for 4–6 h. Before the
administration of contrast, the plain abdominal X-ray film
was taken. Twenty-one patients in the early post-operative

period (first month) were examined by swallowing 50 to
100 ml diluted water-soluble contrast. Ten patients in the
late post-operative period (up to 12 months) were exam-
ined by swallowing barium sulfate.
The patient lies down and rolls over and over several

times to coat the surface of the stomach and duodenum.
A further series of X-rays is taken showing these areas in a
variety of projections to demonstrate any abnormalities.

Contrast-enhanced computed tomography (CE-CT)
Twenty-nine patients were subjected to CT examination
done by using multi-detector computed tomography
(MDCT) with 128 slices (Toshiba Prime Aquilion).

Position
The patients were placed supine and sometimes with the
left side down and right side slightly elevated in an ob-
lique manner to allow total opacification and filling of
the stomach with oral contrast and pushing the air to
the duodenum.

Technique
Patients were preferred to be fasting for 4–6 h. CT scan
started immediately after the oral ingestion of about 300
ml of diluted water-soluble contrast to allow the opacifi-
cation of the stomach.
Not all patients were able to ingest the whole amount

which depends on the capacity of their stomach.

Technical parameters used for CT examinations
Scout: anterior-posterior (AP) scan projection radio-
graph is obtained. Slice thickness, 10 mm; reconstruction
interval, 1 mm; and field of view, 35 cm kV (120–140)
and mAs (200).

3D CT volumetry
By using semi-automated post-processing software in
multi-detector computed tomography (MDCT) with 128
slices at the radiology department. All the ultrasounds,
upper GI series, were performed by and in attendance of
2 radiologists (NF and EO), both had 30 and 25 years of
experience in ultrasound and upper GI series examin-
ation, respectively. Contrast-enhanced CT examinations
were evaluated by 3 radiologists (NF, EO, and MAL),
and they had 25, 20, and 15 years of experience in CT
study, respectively. The final results were reached by
consensus.

Statistical analysis
The data from B-mode abdominal ultrasound, upper GI
series, and CT study results were transferred to statistical
package for social science (SPSS) program, version 20, on
Microsoft Windows, for statistical analysis. Quantitative
data were summarized by the mean and standard deviation
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(SD). Qualitative data were summarized by frequency and
percentage. Sensitivity and specificity for certain cutoff
point were selected according to the highest sensitivity and
specificity.
For all the abovementioned statistical tests done, the

threshold of significance is fixed at 5% level (p value).
The following results were considered:

� Non-significant when the probability of error is
more than 5% (p value > 0.05)

� Significant when the probability of error is less than
5% (p value < 0.05)

� Highly significant when the probability of error is
less than 0.1% (p value < 0.001). The smaller the p
value obtained, the more significant are the results

Results
This study included 49 patients (females n = 33, males n =
16), and their age ranged from 17 to 53 years with the
mean age of 33.0 ± 9.2 for all patients, 32.1 ± 9.8 for fe-
males, and 35.5 ± 7.6 for males.
The different pre-operative trials to reduce body

weight: all patients (n = 49) (100%) failed to reduce body
weight by diet, 30 patients (61%) used medical drugs, 23
patients (46%) tried gym and exercise, 14 patients (28%)
tried mesotherapy, and 7 patients (14%) tried local
acupuncture.
Regarding the types of bariatric surgery, sleeve gastrec-

tomy was the most common type in all 28 patients (57%)
and then Roux-En-Y gastric bypass 12 (24%), stomach
band 6 (12%), and mini-gastric bypass 3 (6%) (Table 1).
The outcome of bariatric surgery of studied 49 pa-

tients are as follows: 29 patients (61%) were radiologic-
ally and clinically free, and 20 patients (39%) showed
different complications (Table 1).
The early complications are as follows: 7 patients

(14%) complained from persistent vomiting, but with
normal pelvic-abdominal US scanning and upper GI
series and they improved later on metoclopromides; 1
patient (2%) complained of dyspnea and tachypnea, and
chest X-ray showed minimal pleural effusion and was di-
agnosed by contrast CT chest study as pulmonary em-
bolism; this patient was admitted to coronary care unit
and then improved. In 3 patients (6%), imaging revealed

leak and treated by endoscopic stent placement. Finally,
only 1 patient (2%) died 1 day after RYGB (Table 2).
The late complications are as follows: leak in 3 pa-

tients (6%), stenosis/stricture in 4 patients (8%), inci-
sional hernia in 1 patient (2%), band slippage in 1
patient (2%), fistula in 2 patients (4%), abscess in 2 pa-
tients (4%), chest complications in 1patient (2%), and
death in 1 patient (2%) (after SG) (Table 3). Concerning
complications related to type of surgery, see Table 4.
Gastric band complication in 6 patients are as follows:

4 non-complicated (67%) (Fig. 1), 1 band slippage
(16.5%) (Fig. 2), and 1 stenosis (16.5%). Sleeve gastrec-
tomy complications of 28 cases: 17 non-complicated
(61%) (Fig. 3). Leak was the commonest complication 4
(14.2%) (Fig. 4), fistula 2 (7.15%), stenosis 2 (7.15.%), ab-
scess collection 1 (3.5%), chest infection 1 (3.5%), and
death 1 (3.5%).
RYGB complications in 12 patients are 6 non-

complicated (50%) (Fig. 5). Leak in 1 patient (8.3%), inci-
sional hernia 1 (8.3%), pulmonary embolism 1 (8.3%)
(Fig. 6), abscess collection 1(8.3%), stricture/stenosis 1
(8.3%), and death 1 (8.3%). The outcome of 3 mini-
gastric bypass patients is 2 non-complicated (67%) and
leak in 1 patient (33%).
Ultrasound examination was done for all 49 patients

(100%), CT study was done for 29 patients (59.1%), and
upper gastric series was done for 31 patients (63.2%).
Both combined CT and UGI studies were done for 11
patients (22.4%).
Table 5 shows that the sensitivity of upper GI series

for diagnosis of post-operative complication after

Table 1 Type of bariatric surgeries in 49 studied patients

Bariatric surgery All patients Complicated Non-complicated

Gastric band 6 2 4

Laparoscopic
Sleeve gastrectomy

28 11 17

RYGB 12 6 6

Mini-gastric bypass 3 1 2

Total 49 20 29

Table 2 Early complications in studied patients (during the first
month post-operative)

Early complications Number %

Persistent vomiting 7 14

Wound infection 2 4

Pulmonary embolism 1 2

Death 1 2

Leak 3 6

Table 3 Late complications of studied patients

Late complications Number %

Leak 3 6

Stricture/stenosis 4 8

Incisional hernia 1 2

Band slippage 1 2

Fistula 2 4

Abscess/collection 2 4

Death 1 2

Chest complications 1 2
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bariatric surgery was 70% and specificity 94%, while the
sensitivity of CT study was 95% and specificity 95%, as 2
patients were normal with the abdominal US and diluted
water-soluble upper GI study but after CT study re-
vealed leak and collection.

Discussion
Patel [7] stated that radiology is an important element
that must be accessible to individuals undergoing a bar-
iatric operation, and radiology plays a great part in the
management of these patients in both late and early
post-operative periods. The radiologist should have satis-
factory information on the surgical procedure performed
and expected anatomical presentations and post-
operative complications. Computed tomography and
upper GI studies are considered the keystone imaging
modalities.
The aim of this study was to evaluate the outcome of bar-

iatric surgery and the detection of complications in 49
obese patients who failed to reach the ideal weight by non-
surgical trials. They had comparable age, sex, duration of
obesity, and different procedures of bariatric surgery.
There are two primary categories of surgical strategy:

[1] restrictive strategy induces weight loss by consider-
ably decreasing gastric capacity and developing early sa-
tiety, examples include laparoscopic adjustable gastric
banding and sleeve gastrectomy and [2] combined re-
strictive and mal-absorptive strategy incorporate the
Roux-en-Y gastric bypass [4].

Shah et al. [4] proved that Roux-en-Y gastric bypass is
the commonest bariatric operation that was performed
in North America. Lo Menzo et al. [8] stated that the
gastric band won adorability in the period between 2007
and 2010, and it became the commonest bariatric oper-
ation done in the world. Nearby, a dramatic drop in
popularity of the gastric band and increment interest in
sleeve gastrectomy have occurred.
In the present study, the results show that sleeve gas-

trectomy is the commonest procedure of 57% (28 pa-
tients) and then Roux-en-Y gastric bypass 24% (12
patients), stomach band 12% (6 patients), and mini-
gastric bypass 6% (3 patients).
According to Bairdain and Samnaliev [9], the preva-

lence of bariatric surgery among the obese students and
adolescents was more common in females near 90% and
in males are only 10%.
In this study, 14 students underwent bariatric surgery;

10 of them were female students (71.5%), while male
students were 4 (28.5%). Lee and Almulaifi [10] reached
that mortality for bariatric surgery was 2% in the first
month post-operative, and 1-year mortality was up to
5% in the USA. The operative risk was found to be
closely related to surgeon’s encounter and hospital cap-
acity. Development in technology has significantly
moved forward the safety of this strategy.
In the current study, a 30-day operation death after

bariatric surgery (RYGB) was 2% coping with Lee &
Almulaifi [10], but in contrary, the incidence of 1-year
mortality (after sleeve gastrectomy) was 2%.
Concors et al. [11] stated that stenosis/stricture regu-

larly presents as dysphagia, vomiting, nausea, and/or ab-
dominal cramps. Stenosis can happen following 4 to
7.5% of RYGB and 3.5% of SG. Usually, endoscopic dila-
tation treated stenosis successfully. Stenosis can happen
either intensely after surgery or as a late way. Acute
stenosis regularly happens in the first weeks after sur-
gery auxiliary to tissue edema and is self-limited. Long-
term stenosis presents as nausea, spewing, and late dys-
phagia and usually was diagnosed by UGI studies with
oral contrast material.
In the present study, the incidence of stricture/stenosis

following RYGB is 8.5% and 7% in SG. The percentage
of stenosis is 16% in the gastric band, which is due to a
dramatic disappearance of the procedure (one patient
out of 6).
Kehagias et al. [12] reported that gastric leak (spill) is a

dangerous complication with a frequency rate of 3.7%.
Distal staple line leaks are less common than proximal
ones. The essential concept is that a leak occurs when the
intraluminal pressure surpasses the tissue strength of the
staple line. When local factors such as poor blood supply,
stapling issues, or infection are found, leaks usually hap-
pen. So, to avoid leakage (spill), tissues should be handled

Table 4 Sequelae of bariatric surgeries and different
complications related to type of surgery

Type of bariatric surgery and its sequelae Number %

Gastric band

Non-complicated
Band slippage
Stenosis/stricture

4
1
1

67
16.5
16.5

Sleeve gastrectomy

Non-complicated
Leak
Fistula
Stenosis/stricture
Abscess/collection
Chest infection
Death

17
4
2
2
1
1
1

61
14.2
7.15
7 15
3.5
3.5
3.5

RYGB

Non-complicated
Leak
Incisional hernia
Abscess/collection
Pulmonary embolism
Death
Stricture/stenosis

6
1
1
1
1
1
1

50
8.3
8.3
8.3
8.3
8.3
8.3

Mini gastric bypass

Non complicated
Leak

2
1

67
33
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Fig. 2 A 22-year-old female patient presented with persistent vomiting 2 weeks post-gastric band. Plain X-ray abdomen erect: A-P view (a, b),
gastric band positioned enface (vertical) giving O sign appearance characteristic for band slippage (black arrow) and widening phi angle = 118°.
Diagnosis: band slippage

Fig. 1 A 41-years-old female patient presented with epigastric pain after the gastric band since 6 months. Plain X-ray abdomen and barium meal
study: correct positioning of an adjustable gastric band at the left side of the spine and below the diaphragm with normal Phi angle = 44°
(Normal 4° to 58°) and normal stoma with a diameter of 3.3 mm (normal 3 to 4 mm). Diagnosis: essentially normal findings
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carefully and devices like staples, electro-cautery, or other
surgical devices should be utilized wisely.
In the current study, the incidence of leaks was 6% in

early 30 days after the operation and 6% as a delayed
complication, with a percentage of 14% following SG
and 8% following RYGB.
In the present study, no cases of leaks were diagnosed

by ultrasound examination. By using the upper GI series:
two cases were free, and after CT examination, there was
an obvious leak (one for patients who underwent SG and
the other who underwent RYGB). The sensitivity of upper
GI series is 70% and specificity 94%, while CT study sensi-
tivity is 95% and specificity 95%. These results are consist-
ent with many studies such as Kehagias et al., Xu et al.,
and Lager et al. [12–14], and they concluded that CT is
more sensitive in diagnosis of leaking and CT scans
should only be performed when the clinical suspicion is
high and not for screening.
Many surgical schools routinely perform upper gastro-

intestinal swallow studies post-operatively in order to
evaluate the presence of an early leak, between the 1st
and 3rd post-operative day. But the sensitivity of these

studies is low and a negative test does not exclude the
presence of a leak [14].
Boerlage et al. [15] said that staple line leakage is a se-

vere adverse event of both RYGB and SG. Revisional
surgery (surgical repair of the staple line) has been often
necessary, although conservative management consisting
of abscess drainage, antibiotics, and nil per os in com-
bination with a naso-jejunal feeding tube is sometimes
sufficient. Endoscopically placed self-expandable stents
can be an alternative to surgery in selected cases when
there is relatively limited leakage or when leakage per-
sists despite revisional surgery. Stent placement is effect-
ive in more than 50% of these selected cases.
Al Hajj & Chemaly [16] stated that diagnosis of

leak/fistula was radiologically confirmed in 100% of
cases after water-soluble UGI series and double-
contrast abdominal-pelvic CT scan. The three antici-
pated types of fistula were readily defined as either a
type I fistula, a tiny leak; type II fistula, extensive leak
or abscess; or type III fistula, a complex leak with in-
ternal sub-diaphragmatic fistula or external gastro-
cutaneous fistula.

Fig. 4 A 28-year-old male patient underwent sleeve gastrectomy since 8 months complained about severe abdominal pain and burning
sensation. Diluted water-soluble upper gastrointestinal study: A staple line leak is shown just below the esophageo-gastric junction. Diagnosis:
leak from the staple line post-sleeve gastrectomy

Fig. 3 A 37-year-old female patient underwent sleeve gastrectomy since 8 months came for follow-up. Diluted water-soluble upper
gastrointestinal study: long tubular gastric tube and no evidence of leakage through the staple line. Diagnosis: essentially normal findings
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Fig. 5 A 23-year-old female patient underwent a surgical Roux-en-Y gastric bypass since 2 months presented with constipation and abdominal
cramps. Diluted water-soluble upper gastrointestinal study: opacified gastric pouch (white arrow), free passage of contrast in the Roux limb (*)
with an average diameter of 2.2 cm and normally less than 2.5 cm, and no evidence of stenosis/stricture. Diagnosis: essentially normal findings
after RYGB

Fig. 6 A 46-year-old female patient underwent a surgical Roux-en-Y gastric bypass since 3 weeks presented with cough and dyspnea. a Plain
X-ray chest (PA view): clear lung fields. b, c Post-contrast CT chest: multiple filling defects in the pulmonary artery. Diagnosis: acute
pulmonary embolism
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In the present study, 6 patients suffered from leaks; 4
patients showed good improvement after stenting with a
percentage near 66% (two were considered as type I fis-
tula, the other two were type II fistula), while two cases
with type II fistula still leak and surgical closure of staple
line became necessary (one underwent SG and the other
underwent RYGB).
According to Susmallian et al. [17], ultrasound may be

useful to assess for superficial wound collections, but it
is less useful to exclude deep post-operative collections.
A common ultrasound indication is to assess for gall-
stones. Obese patients are at higher risk of cholelithiasis,
and there is also an increased frequency of stone forma-
tion following bariatric surgery, particularly Roux-en-Y
gastric bypass. Ultrasound remains the best first test for
the assessment of gallstone disease.
In the present study, no cases of gallstone formation

were reported after bariatric surgery. This is probably
due to short post-operative follow-up period. In the
current study, incisional hernia occurred in 1 patient
(8.5%) after RYGP (2% of all cases). This is not matched
with Vilallonga et al. [18], who found that the percentage
of incisional hernia was 11% (this may be related to a
small sample number of patients in the current study).
Morbidly obese patients are predisposed to developing
abdominal wall hernias, and these are a common cause
of morbidity and mortality. Overweight is an important
issue for incisional hernias. Incarceration of such hernias
can lead to small bowel obstruction (SBO).
As regards band slippage, Mazzariol and Wolf [19]

stated that gastric band slippage was observed in 4 to 13%
of patients and resulted in an eccentrically dilated pouch.
In a rare type of slippage, the pouch was eccentrically di-
lated medial to the band, resulting in a Φ angle < 4°. More
commonly, tearing of the anterior fundoplication sutures
can lead to anterior slippage of the band with upward her-
niation of the stomach, resulting in a Φ angle > 58°. Plain-
film findings of slippage include inferior displacement of
the upper margin of the band by greater than 2.4 cm from
the diaphragm. The “O sign” is specific for band slippage
and refers to a circular, or O-shaped, configuration of the
band seen in the supine AP radiograph of the abdomen,
due to a tilt of the horizontal axis of the band caused by
the weight of superiorly herniated stomach.
In the present study, the percentage of band slippage

was 16%, which is the commonest type (anterior slip-
page) with Φ angle > 58°, and O sign was noted.

Yazgan et al. [20] reported that stricture or stenosis at
the gastro-jejunostomy site is a relatively common com-
plication of mini-gastric bypass. Post-operative edema
obstructs the passage which is transient, and recovery is
expected within 2 weeks. Anastomotic leaks are uncom-
mon but very essential complications and occur in only
0.5–1.9% of patients. Ulcers at the gastro-jejunal anasto-
mosis are important complications which occur 0.6–8%.
Detecting marginal ulcers on a UGI study or CT scan is
less reliable than endoscopy. However, findings of scar
or fibrosis might be identified on CT images. This study
included only 3 cases that underwent mini-gastric bypass
(not yet widespread). One case showed leak (33%) 2 days
post-operative.
In brief, both imaging modalities (post-contrast CT

study and upper GI series) should be used in diagnosing
complications following bariatric surgery as complemen-
tary to the clinical manifestations of the patient.

Limitation
There is a relatively small number of patients.

Recommendations
Further study with a large number of patients is
recommended.

Conclusion
Post-contrast CT study is the modality of choice for
assessing and diagnosing of post-operative complica-
tions. Both post-contrast CT study and upper GI series
should be used in diagnosing complications following
bariatric surgery according to the complaints of the pa-
tient. The US study showed a limited role in the diagno-
sis of free fluid or collection. It is useful for the
diagnosis of the superficial problem as hernia or abscess.
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