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Background: Bariatric surgery has become a widely accepted treatment option among the population for obesity
management. Nevertheless, different complications may still be encountered during the late post-operative period.
Our prospective cross-sectional study aimed to show the incremental value of multislice CT for diagnosis of such

Results: Within the included twenty patients who underwent multislice CT of upper abdomen, gastric pouch
dilatation causing recurrent weight gain was the commonest complication detected in 70% of the studied patients
and was found mainly after sleeve gastrectomy in whom mean gastric pouch volume was 248.4 ml. Gastric stricture,
gastric herniation through plication suture, hiatus hernia and incisional hernia were less commonly encountered

Conclusion: Multislice CT is a useful non-invasive imaging modality for detection of late bariatric surgery
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Background

Obesity is continuing to be a major health problem that
affects people of all ages, and its incidence is rising at an
alarming rate. Morbid obesity is closely associated with
chronic diseases such as hypertension, type II diabetes
mellitus, coronary artery disease, different arthropathies
as well as reduced life expectancy [1].

Different treatment options are available for morbidly
obese patients; the results of non-surgical ones have been
disappointing, whereas the surgical procedures are now
widely offered with favorable outcomes starting from
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dramatic weight loss to alleviation of obesity-related co-
morbidities [2].

Among different bariatric surgical procedures that are
being performed nowadays, sleeve gastrectomy, Roux-
En-Y gastric bypass (RYGB) and mini-gastric bypass are
the most adopted techniques [3].

Despite gaining much popularity, certain complications
could be encountered with bariatric surgery and must be
diagnosed accurately to improve the patient’s outcome.
Such complications include postoperative leakage, weight
regain, intestinal blockage, marginal ulcers, slipping
bands, and strictures [4].

Upper GI series using water-soluble contrast is still
being used effectively for diagnosis of early post-opera-
tive complications including anastomotic or staple line
leakage, with subjective measurement of gastric pouch
size in case of weight regain [5].
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Multislice CT with its multiplanar reformations, three-
dimensional reconstructions and volumetric measure-
ments is gaining much attention as regard imaging of
patients underwent bariatric surgical procedures to
detect certain complications in the late post-operative
period [6].

Our study aimed to demonstrate the incremental value
of multislice CT in diagnosis of late complications of
the most widely performed bariatric surgeries nowadays
and to familiarize radiologists’ eyes with the anatomical
changes in such patients.

Methods

Study population

This cross-sectional study was conducted prospectively
over a period of two years on 20 patients who previously
underwent bariatric surgery to treat morbid obesity and
presented later on to surgery department’s outpatient
clinic with clinical picture suggestive of late bariatric
surgery complications. All patients enrolled in this study
underwent Multislice CT examination of the upper abdo-
men with oral contrast administration. Written informed
consent was obtained from all individuals participating in
this study after explanation of the benefits and possible
risks of the procedure. The study was approved by our
local institutional ethical committee.

Multislice CT imaging technique

Pre-imaging preparation

Patients were instructed to be fasting for at least six
hours before the CT study to ensure no food particles
within gastric lumen that may act as filling defects and
alter the diagnosis. They were asked to wear a gown and
to remove any metallic objects over the upper abdomen
to avoid any undesirable streak artifacts.

Oral contrast preparation

We used 30 ml of non-ionic contrast material; Iopro-
mide (Ultravist 370 mgl/ml, Bayer healthcare, Germany)
diluted with 600 ml of water to ensure adequate fill-
ing of stomach, duodenum and proximal jejunal loops.
Such high oral contrast concentration was mandatory to
improve contrast to noise ratio in obese individuals.

At scanner table

Patients were placed supine on a scanner table with their
feet entering the gantry first, their arms were raised
above their heads. They were instructed to hold their
breath during scan. Instructions were given regarding the
sequence of events during the scan as regards technique
of oral contrast administration to ensure good filling of
the stomach.
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Scanning protocol

All CT studies were performed using 320-row multi-
slice CT scanner (Aquilion One, Canon Medical Sys-
tems, Otawara, Japan) installed at our institution. After
acquisition of antero-posterior and lateral scanograms
to calculate optimal radiation dose on individual basis,
planning of actual helical CT scan was done with scan
range extending superiorly from mid-thoracic region
down to iliac crests inferiorly to ensure that different
parts of stomach are included in the scan. Two similar
helical acquisitions 5 s apart were planned in cranio-cau-
dal direction to ensure good contrast filling of stomach
with further opacification of duodenum and proximal
jejunal loops thereafter. After planning both acquisitions
and scanner table is being set at starting position and
ready for scan, the technologist entered scanner room
and asked the patient to slightly lean forward and drink
the diluted oral contrast as rapid as possible and to drink
as much as he/she can. Immediately after oral contrast
ingestion, the CT acquisition was initiated after breath-
holding command. As regard CT acquisition parameters,
we used 120 kV or 135 kV (if BMI was above 40 kg/m?),
milliampere-seconds (mAs) was set automatically by
scanner using SureExposure option on individual basis,
gantry rotation speed was 0.75 s, and collimation was
100 x 0.5 mm. Slices were reconstructed at 0.5 mm thick-
ness with 0.3 mm interval and standard soft tissue kernel.

Image post-processing and analysis

The reconstructed axial dataset was transferred to dedi-
cated workstation (Vitrea Fx, Vital Images, USA) for
image analysis and to obtain multiplanar reformatted
images in sagittal and coronal planes. Maximum inten-
sity projection (MIP) images of stomach were obtained
as well to resemble traditional barium studies. Three-
dimensional volume rendered images of stomach after
bone removal was obtained for anatomical assessment.
Semitransparent 3D volume rendered images were made
as well to delineate different parts of stomach in relation
to bony landmarks.

Gastric volumetry of different parts of stomach was
done in all patients including gastric pouch volume,
residual/excluded stomach volumes as well as total gas-
tric volume (whenever applicable). Gastric volumes were
calculated after semiautomated segmentation of different
parts of the stomach with manual correction of stomach
borders if needed.

Image analysis was done by two radiologists experi-
enced in abdominal radiology with a good knowledge of
bariatric surgery procedures. Image interpretation was
done using Vitrea workstation and included scrolling
through axial slices of the obtained CT dataset searching
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for complications with the aid of multiplanar reforma-
tions (MPRs) in coronal and sagittal planes. Oblique
MPR was done in certain situations to obtain true axial
sections of anastomotic sites in gastric bypass if stenosis
was suspected. MIP and 3D reconstructions were help-
ful to study anatomical changes of different bariatric sur-
geries. Review of gastric volumes was essential in case of
weight regain.

Statistical analysis

Statistical analysis was conducted using SPSS (Statisti-
cal Package for the Social Sciences) software version 22.
Categorical data were presented as numbers and percent-
ages. For continuous data, they were tested for normal-
ity by Shapiro—Wilk test. For normally distributed data,
they were expressed as mean =+ standard deviation. Fur-
thermore, Cohen’s kappa correlation was run to deter-
mine the agreement between multislice CT diagnosis and
the surgical findings in those underwent redo surgeries.
Cohen’s kappa correlation is a robust statistical test use-
ful for either interrater or interrater reliability testing, its
coefficient can range from — 1 to+ 1. Values <0 indicates
no agreement and 0.01-0.20 indicates none to slight,
0.21-0.40: fair, 0.41-0.60: moderate, 0.61-0.80: substan-
tial, and 0.81-1.00: almost perfect or excellent agree-
ment. P<0.05 was considered statistically significant.

Results

The study included 20 patients; 7 males and 13 females,
previously underwent bariatric surgeries with their age
ranged from 26 to 45 years with a mean age of 38.3+5.3
SD. The most common complaint was recurrent weight
gain (65%), followed by persistent vomiting (25%) and
gastro-esophageal reflux (10%).
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Different bariatric surgery procedures were encoun-
tered in our study, sleeve gastrectomy was the most com-
mon one. It has been done in half of the studied patients
(50%). On the other hand, five patients (25%) underwent
butterfly gastroplasty, three patients (15%) underwent
vertical banded gastroplasty, one patient (5%) underwent
gastric plication, and one patient (5%) performed mini-
gastric bypass.

Most of the studied patients (13 patients, 65%) were
presented with recurrent weight gain in whom gastric
pouch dilatation was accurately diagnosed by multislice
CT using gastric volumetry, 3D volume rendered images
and MIP reconstructions (Fig. 1). The remaining patients
encountered other complications including stricture
(25%) either in gastric pouch or in stoma and presented
with persistent vomiting, such narrowing was clearly
demonstrated using 3D reconstructions and oblique
reformatted images through stenosis plane. Minority
of patients developed hiatus hernia, gastric herniation
through plication sutures and incisional hernia, all of
them were clearly demonstrated by CT images as well.

The frequency of late post-operative complications
in this study in relation to each bariatric surgery proce-
dure is demonstrated at Table 1. Among the 10 patients
who underwent sleeve gastrectomy procedure, pouch
dilatation was the commonest late complication as it was
found in 9 patients (90%). On the other hand, both gas-
tric stricture and incisional hernia each was detected in
one patient (10%).

Moreover, among patients who underwent butterfly
gastroplasty, pouch dilatation (Fig. 2) was found in two
patients (40%) and stoma stricture was found in another
two patients (40%), whereas hiatus hernia (Fig. 3) was
detected in one patient (20%).

Stapling line

N,
i
AN

Fig. 1 Gastric pouch dilatation after sleeve gastrectomy. 3D volume rendered image (a) optimally demonstrates the intact stapling line with
significantly dilated gastric pouch that measures about 239 ml at CT gastric volumetry image (b). MIP image (c) resembles the traditional barium
study and demonstrates anatomical changes including the radiodense intact stapling line as well as pouch dilatation
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Table 1 Frequency of late post-operative complications in studied patients in relation to different bariatric surgeries performed

Type of bariatric surgery (N=20) The detected late complication N %
Sleeve gastrectomy (N=10) Pouch dilatation 9/10 90%
Stricture/stenosis 1/10 10%
Incisional hernia 1710 10%
Butterfly gastroplasty (N=15) Pouch dilatation 2/5 40%
Stricture/stenosis 2/5 40%
Hiatus hernia 1/5 20%
Vertical banded gastroplasty (N=3) Pouch dilatation 2/3 67%
Stricture/stenosis 1/3 33%
Gastric plication (N=1) Pouch dilatation with gastric herniation 1/1 100%
Mini-gastric bypass (N=1) Stricture/stenosis 11 100%
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Fig. 2 Gastric pouch dilatation after butterfly gastroplasty with recurrent weight gain. CT gastric volumetry image (a) clearly delineate gastric
pouch (blue color) with its volume measuring 76 ml. 3D volume rendered image (b) and MIP reconstruction (c) demonstrates the anatomical
changes including intact stapling line and widely patent connecting channel (stoma)
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Fig. 3 Hiatus hernia complicating butterfly gastroplasty with symptomatic GERD. Semitransparent 3D volume rendered image (a) accurately
depicts the anatomical changes including intact stapling line with sizeable hiatal hernia containing the whole gastric pouch. The herniated gastric
pouch is dilated as well, its volume =107 ml (b). Coronal reformatted image (c) clearly demonstrates the herniated gastric pouch into posterior
mediastinum well extending above diaphragm through widened esophageal hiatus




Bendari et al. Egypt J Radiol Nucl Med ~ (2022) 53:171

In the three patients who underwent vertical banded
gastroplasty procedure (15%), pouch dilatation was
recorded as a late complication in 2 patients (67%), while
stoma stenosis (Fig. 4) was detected in one patient (33%)
which is the connecting channel between gastric pouch
and residual stomach, such stenosis was better appreci-
ated at axial and oblique reformatted images (Fig. 5). On
the other hand, the patient who underwent gastric pli-
cation procedure presented with pouch dilatation that
was associated with gastric herniation through plication
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sutures as a late complication (Fig. 6). Also, the patient
who underwent mini-gastric bypass procedure showed
late post-operative stenosis at gastric pouch (Fig. 7)
which presented with persistent vomiting and was suc-
cessfully treated with endoscopic dilatation based upon
CT result.

The degree of gastric pouch dilatation when
encountered was significantly higher in patients who
underwent sleeve gastrectomy than those who under-
went other different procedures (Table 2). Gastric
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Fig. 4 Vertical banded gastroplasty complicated with pouch dilatation and stenosis of the connecting stoma. 3D volume rendered image
(a) demonstrates the anatomical changes including intact vertical stapling line with pouch dilatation and tight band around stoma exerting
stenosis. Pouch dilatation is evident in gastric volumetry image (b) coded with blue color, its volume = 76.7 ml. MIP image (c) demonstrates intact
radiodense vertical stapling line, narrowed stoma with filling defects within the dilated pouch mostly representing retained food particles. Normal
appearing gastric stoma from another with the same procedure is demonstrated in (d) for comparison
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Fig. 5 Vertical banded gastroplasty complicated with narrowed stoma. Axial CT image reveals the significant narrowing of gastric stoma (solid
arrow) connecting gastric pouch (*) with remaining stomach (open arrow). Food particles are retained within gastric pouch denoting significant
stenosis of the stoma. Part of the radiodense stapling material is noted as well. Axial oblique reformatted image (b) through the anatomical plane of

the stoma accurately demonstrates the significant stenosis
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pouch volume ranged from 22 to 397 ml in the stud-
ied patients. In the 9 patients who developed gastric
pouch dilatation after sleeve gastrectomy, their gastric
pouch volume ranged from 199 to 397 ml. with a mean
of 248.4+76.1 ml.

Three studies were repeated due to suboptimal dis-
tension of gastric parts with oral contrast. Those with
repeated studies underwent vertical banded gastro-
plasty and butterfly gastroplasty and turned out to
have narrowed stoma or small pouches, respectively.
Patients were instructed to ingest more oral contrast
as possible as they could not tolerate the total amount
in the first scan.

After review of multislice CT findings and discussion
with surgeons, all the studied patients were candidates
for redo surgeries to correct detected late post-oper-
ative complications; twelve of them (60%) underwent
redo surgeries while the remaining did not due to
financial limitations. In those who underwent surgery
after MSCT evaluation, Cohen’s kappa correlation
was carried out to determine the agreement between
MSCT diagnosis and the surgical findings. There was
excellent agreement, k=1.0, p <0.001.

The repeated interpretation of the obtained mul-
tislice CT images with VR and MIP reconstruc-
tions by two radiologists revealed no statistically
significant interobserver differences (p >0.05). Addi-
tionally, inter-rater reliability was excellent (correla-
tion coefficient =0.93).

Discussion

Morbid obesity has become rapidly growing pandemic
affecting more than 300 million worldwide. Bariatric sur-
gery proved to be a safe treatment modality for this prob-
lem and gained much popularity. Despite being a widely
adopted procedure, certain complications can occur
either early or late and needs accurate diagnosis for bet-
ter patient’s outcome [1, 4].

There are five main categories of bariatric surgeries
being described in literature which include Roux-en-Y
gastric bypass, sleeve gastrectomy, vertical banded gas-
troplasty, mini gastric bypass and laparoscopic adjust-
able gastric banding [7]. All of these procedures were
encountered in our study except for the later one which
becomes obsolete nowadays due to higher rate of compli-
cations and failures. Our study also included five patients
with butterfly gastroplasty which is not well known in lit-
erature as it is being performed by very limited number
of surgeons in our country with an unfortunately higher
rate of complications.

With increasing number of bariatric surgeries being
performed nowadays, the radiologist must have adequate
knowledge about the surgical procedures done and the
expected postoperative anatomical changes [5].

Post-operative radiological assessment has been
done traditionally by upper GI fluoroscopy to diagnose
anastomotic or stapling line leakage, pouch dilatation
or hiatal hernia with the advantage of real-time imag-
ing. However, contrast resolution is limited by large
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Fig. 6 Gastric plication is complicated with gastric herniation through plication sutures. Sizeable part of gastric body is seen herniating laterally
through a plication suture line at the proximal part of greater curvature. Such abnormality is well depicted at 3D volume rendered image (a)
and MIP image (b). The volume of the herniated part (155.7 ml) could be measured using CT gastric volumetry (c). The remaining gastric pouch
is significantly dilated as well (d), its volume =342 ml. Retained food particles was demonstrated within the herniated part of the stomach on

reviewing axial dataset (not shown)
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patient’s body built with lack of volumetric assessment
and inability to assess perigastric spaces that could be
the seat of complications [8].

Multislice abdominal CT has gained much accept-
ance nowadays in diagnosis of bariatric surgery com-
plications either early or late due to wide availability,
rapid acquisition times, better spatial resolution with
the ability to measure gastric volume and to obtain 3D
reconstructions which captivate surgeon eyes and facil-
itate conveying the results. Moreover, the perigastric
spaces can be evaluated as well specially in early post-
operative period [6].

Meticulous knowledge of different post-processing
techniques is necessary for image generation, interpreta-
tion and gastric pouch volume calculation, an issue that
could be time consuming. However, the introduction of
automatic and semiautomated techniques has shortened
post-processing times dramatically [9].

Different studies highlighted the role of multislice CT
whenever early post-operative complications are sus-
pected like anastomotic / staple line leakage, stenosis,
bleeding or post-operative infection with both oral and
intravenous contrast are needed at such clinical setting
[6, 10].
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Fig. 7 Gastric pouch stricture complicating mini-gastric bypass. Coronal MIP image (a) reveals the different post-operative anatomical changes
including intact radiodense stapling line, patent gastrojejunostomy site, patent both afferent and efferent jejunal loops with significant concentric
narrowing at gastric pouch. Free passage of oral contrast is noted as well into jejunal loops distally. Axial CT image (b) clearly demonstrates the
severe concentric stenosis at gastric pouch. Patient was complaining of persistent vomiting and endoscopic dilatation with planned thereafter

Table 2 Degree of gastric pouch dilatation in the studied
bariatric surgeries

Type of operation Gastric pouch dilatation

N % Mean
volume
(ml)
Sleeve gastrectomy (N=10) 9 90 2484
Vertical banded gastroplasty (N=3) 2 67 78
Butterfly gastroplasty (N=15) 2 40 75
Gastric plication (N=1) 1 100 101

Multislice CT can also be used for investigating
symptomatic patients during late post-operative period.
Such patients are presented with different complaints
including inadequate weight loss, recurrent weight
gain, persistent vomiting and GERD. Different abnor-
malities may be encountered during late post-operative
period including pouch dilatation, staple line disrup-
tion, gastric stricture, internal hernia, hiatal or inci-
sional hernia [4].

The commonest presenting symptom was recurrent
weight gain which was attributed to pouch dilatation,
a complication that was observed in most of sleeve gas-
trectomy patients. Such complication was reported by
different authors as well [11, 12]. Other complications
like gastric stricture, hiatal hernia, plication suture

disruption with gastric herniation was diagnosed also
but their incidence could not be accurately described
due to the limited number of patients. The ability of
multislice CT to image extragastric structure allowed
us to diagnose incisional hernia in one patient.

Regarding technical considerations, on reviewing many
published articles [5, 6, 9, 10] regarding the role of multi-
slice CT, the authors stated that they used both oral and
IV contrast administration for diagnosing bariatric sur-
gery complications. In our study we found that only oral
contrast is needed for evaluation of late post-operative
complications with no need for IV contrast administra-
tion, the latter could be administered only if early com-
plications are suspected. Furthermore, we found that
two helical acquisitions are preferable after oral contrast
administration to ensure that any areas of stricture rep-
resent true stricture and not a transient peristaltic wave.

For accurate gastric volumetry, it is necessary to fully
distend gastric pouch and remaining stomach whenever
present with oral contrast. Some patients with smaller
pouches or narrowed stoma may find it difficult to ingest
sufficient amount of oral contrast as they are accustomed
to smaller gastric capacity after surgery; such issues lim-
ited the proper distension of gastric parts in three of
our studies and were repeated after ingestion of larger
amount of contrast.

Whenever the gastric pouch is too small, we found
that optimal distension with contrast may be difficult
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sometimes as oral contrast passes rapidly into duodenal
loop necessitating shortest delay time between oral con-
trast ingestion and helical acquisition for optimal volume
calculation. A problem that could be overcome by using
negative contrast like air through ingestion of efferves-
cent granules, a technique that was described by Blan-
chet et al. [13] who demonstrated optimally distended
small gastric pouches. However, such technique may not
be tolerated by certain individuals due to involuntary
eructation and loss of optimal pouch distension.

The major limitation of our study was the small sam-
ple size, which may be attributed to improved surgeon’s
experience, many procedures become obsolete, and bet-
ter stapling materials used nowadays which have lower
rate of complications. Further studies may be needed
with larger sample size to investigate the incidence of
each complication thoroughly in relation to each specific
procedure.

Conclusion

Abdominal multislice CT with different post-processing
techniques can accurately diagnose different late post-
operative complications of bariatric surgeries and can
effectively measure gastric pouch volume in patients with
recurrent weight gain which facilitate planning of further
treatment strategies including redo surgeries.
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