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i Role of imaging in bariatric procedures:
§ Roux-en-Y gastric bypass and
laparoscopic adjustable gastric banding

Morbid obesity is an increasing health problem in western countries and as a consequence bariatric
procedures are increasingly performed in both private practice and academic centers. At present, the two
most commonly performed procedures, laparoscopic adjustable gastric band and Roux-en-Y gastric bypass,
are effective treatment options for morbid obesity with sustained weight loss, decreased morbidity,
reversal of comorbidities and prolonged life expectancy. However, many complications may occur following
these procedures and patients are often assessed with CT or fluoroscopy examinations. It is important to
be aware of the expected postsurgical anatomy and potential complications that may be identified on

imaging studies in order to avoid misdiagnosis.

KEYWORDS: bariatric surgery computed tomography fluoroscopy laparoscopic
adjustable gastric banding morbid obesity postoperative complications

Roux-en-Y gastric bypass

Obesity is an increasingly prevalent health prob-
lem in western countries. More than 50% of
the US population is overweight or obese with
a BMI of greater than 25 kg/m?, and as many as
7% of US adults are considered morbidly obese
(BMI >40 kg/m?) [1.2]. Nonsurgical weight loss
measures have had limited long-term success
for morbid obesity, and bariatric surgery over-
all has proven an effective treatment in terms
of sustained weight loss, decreased morbidity,
reversal of comorbidities and prolonged life
expectancy [3-5]. Bariatric surgery may be con-
sidered following failed conservative treatment in
patients with a BMI of >40 kg/m?* or a BMI of
greater than 35 kg/m? with associated high-risk,
obesity-related comorbidities [1,3,4].

Bariatric procedures may be restrictive (lim-
iting the intake of solid food), malabsorptive,
or a combination of restrictive and malabsorp-
tive. The first malabsorptive procedure was the
jejunoileal bypass. This procedure bypassed a
long segment of small intestine to induce malab-
sorption and subsequent weight loss. Although
very successful, it has been abandoned due to
problems from severe malabsorption, includ-
ing liver and renal failure. The early restrictive
procedures included the horizontal gastroplasty
and the vertical banded gastroplasty. These pro-
cedures partitioned a small gastric pouch from
the remainder of the stomach via a fixed stoma
and have been essentially replaced in the USA by
the widely successful Roux-en-Y gastric bypass
(RYGB; restrictive and malabsorptive) and the
adjustable restrictive gastric band.

10.2217/1IM.10.67 © 2011 Future Medicine Ltd

At present, the two most commonly per-
formed procedures in the USA are RYGB and
laparoscopic adjustable gastric band (LAGB),
and this article will primarily discuss these pro-
cedures. RYGB has been the most commonly
performed bariatric procedure in the USA in
recent years, representing an estimated 88% of
procedures in 2002 [2,6]. However, LAGB is now
increasingly performed due to its relative ease of
placement and decreased morbidity as compared
with RYGB. Despite the success of these proce-
dures, many complications may occur and are
often diagnosed with imaging. It is important
to recognize the expected postoperative anatomy
on fluoroscopic and CT examinations and the
potential complications.

Roux-en-Y gastric bypass

The highest long-term success rates have been
demonstrated with RYGB in comparison with
other surgical weight loss procedures [3,5.7-10].
With RYGB, a small gastric pouch is created
from the proximal stomach and anastomozed
to a Roux jejunal limb, most often with an
end-to-side anastomosis. This creates a nar-
row stoma between the gastric pouch and the
jejunum. The remainder of the stomach, duo-
denum and proximal jejunum (biliopancreatic
limb) are excluded from the path of food. The
small pouch and narrow stoma restrict food
intake and cause early and prolonged satiety.
The bypassed biliopancreatic limb contributes
a malabsorptive component of weight loss [5,11].
The Roux limb often has a short, blind-ending
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limb and an antegrade-flowing (alimentary)
limb. The alimentary Roux limb may be retro-
colic (through a defect in the transverse meso-
colon) or antecolic (anterior to the transverse
colon) as it is brought to the gastric pouch.
There is a jejunojejunal (J]) side-to-side anas-
tomosis between the alimentary limb and the
excluded biliopancreatic limb followed by a
common channel of small bowel.

B Imaging techniques following RYGB
Upper gastrointestinal examination
Following RYGB, patients are often evaluated
with upper gastrointestinal (UGI) examination
in the early postoperative period to assess for leak
or obstruction. In the late postoperative course,
patients may be evaluated for pain, dysphagia,
failed weight loss or actual weight gain and
possible obstruction.

In the early postoperative period (less then
1 month following surgery), UGI examination is
initially performed with oral water-soluble, iodi-
nated contrast material. If no leak is identified,
barium may be administered. Late postoperative
UGI examination (more then 1 month follow-
ing surgery) may be performed similarly; how-
ever, only oral barium is administered. At UGI
examination, the patient is initially evaluated in
the supine left posterior oblique position. This
position allows for optimal assessment of post-
surgical anatomy, including the gastric pouch

and the stoma (Ficure 1). Adequate distension
of the pouch and stoma are essential to assess
for leaks [12]. Additional fluoroscopic views are
obtained as necessary. Overhead radiographs
should be obtained until contrast material passes
the J] anastomosis. Late postoperatively, the
study should continue until the terminal ileum is
opacified, as obstruction or internal hernia (IH)
may not become evident until the entire small
bowel is opacified.

Computed tomography

Patients following RYGB may also be assessed
with CT for unexplained pain or for possible
obstruction or IH. Knowledge of the expected
postsurgical anatomy is crucial for the diagnosis
of potential complications following the proce-
dure. CT is ideally performed with positive lumi-
nal contrast to help distinguish the alimentary
limb from the excluded limb, as well as intra-
venous contrast. The gastric pouch, excluded
stomach, Roux limb and JJ anastomosis should
be identified (FIGURE 2).

B Complications after RYGB

Despite the success of RYGB, many complica-
tions may occur in the early (<1 month) and
late (>1 month) postoperative course. Early
complications may include leak, stomal edema
or hematoma, obstruction, staple line disrup-
tion or gastrogastric fistula. Late complications

Figure 1. Expected postsurgical anatomy following Roux-en-Y gastric bypass on upper
gastrointestinal examination. (A) A fluoroscopic upper gastrointestinal examination spot image in
the left posterior oblique position shows the expected postoperative anatomy following Roux-en-Y
gastric bypass with a small gastric pouch, stoma (arrow) and proximal Roux jejunal limb (alimentary
limb). (B) An overhead radiograph from an upper gastrointestinal examination shows the expected
course of the small bowel following Roux-en-Y gastric bypass.

J: Jejunal limb; P: Gastric pouch.
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Figure 2. Expected postsurgical anatomy following Roux-en-Y gastric bypass on CT. (A) Contrast-enhanced axial CT image
shows the gastric pouch, the gastric staple line, the Roux jejunal limb and the excluded stomach. (B) Axial CT image slightly more
caudally shows the distal excluded stomach and the Roux limb (arrow). (C) Axial CT image through the mid-abdomen shows the

jejunojejunal anastomosis (arrow).
ES: Excluded stomach; J: Jejunal limb; P: Gastric pouch.

may include staple line dehiscence or disrup-
tion, marginal ulcers, stomal stenosis, obstruc-
tion, internal or abdominal wall hernia, and
intussusception.

Postoperative leaks

Leaks may occur in up to 6% of patients and are
most often diagnosed within 10 days postopera-
tively (7.9.12,13]. Leaks increase the morbidity and
mortality following RYGB and additional sur-
gery is required in up to 80% of patients [11-13].
Early diagnosis and treatment are essential and
UGI examination should be the imaging study
of choice to detect leaks [12,14].

Most postoperative leaks arise from the gastro-
jejunal anastomosis (77%) and extend to the left
of the stoma (75%), often producing a left upper
quadrant fluid collection (Ficures 3 & 4) [12,14].
Other leak locations include the distal esopha-
gus, gastric pouch, blind-ending jejunal limb
and rarely the JJ anastomosis [12]. On UGI
examination, extravasated contrast material is
identified, most often extending to the left of
the anastomosis (Ficure 3). Leakage of contrast
material to opacify a surgical drain may be the
only indication of leaks (Ficure 5).

Communication with the

excluded stomach

A leak across the gastric staple line into the
excluded stomach may be an early or late post-
operative complication. This allows communica-
tion between the gastric pouch and the remain-
der to the stomach, and may occur in up to 4%
of patients [8,14,15]. Ingested material may enter
the excluded stomach from inadequate surgical
division of the pouch, dehiscence of the staple
line (often due to overdistention of the pouch
with food), as a consequence of free leak or
gastrogastric fistula [15]. This complication can

result in inadequate weight loss and surgical revi-
sion may be required for a more optimal clinical
outcome [14,15].

At UGI examination, contrast material may
enter the excluded stomach via a leak across the
gastric staple line or gastrogastric fistula [14,15].
Contrast material opacifies the gastric pouch
and the excluded stomach (Ficure 6). Depending
on the severity, contrast material may preferen-
tially enter the excluded stomach or the Roux
jejunal limb. This diagnosis should be made
at initial fluoroscopy because later on in the
study contrast can enter the excluded limb via

Figure 3. Roux-en-Y gastric bypass
postoperative leak on upper
gastrointestinal examination. Fluoroscopic
upper gastrointestinal examination spot image
in the left posterior oblique position shows a
leak from the gastrojejunal anastomosis (black
arrow) with extravasation of administered oral
constrast material opacifying a large left upper
quadrant collection (white arrows).

J: Jejunal limb; P: Gastric pouch.

future science group

www.futuremedicine.com

83



Carucci

Figure 4. Roux-en-Y gastric bypass
postoperative leak on CT. An axial CT image
following oral contrast administration shows a
left upper quadrant perisplenic collection
(arrow) of extravasated contrast material
consistent with leak.

ES: Excluded stomach; J: Jejunal limb.

retrograde flow (often with ileus or obstruction).
On CT, it may be difficult to distinguish com-
munication with the excluded stomach from ret-
rograde flow. Contrast material in the excluded
fundus and not in the duodenum on CT may

| &

o

Figure 5. Roux-en-Y gastric bypass
postoperative leak on upper
gastrointestinal examination with contrast
opacifying a surgical drain. Fluoroscopic
upper gastrointestinal examination spot image
in the left posterior oblique position shows a
leak from the gastrojejunal anastomosis with
contrast material opacifying a surgical drain
(arrows). If opacification of the drain is not
identified, leaks may be missed. Note the
transition from the opacified drain to the
unopacified drain (arrowhead).

J: Jejunal limb; P: Gastric pouch.

suggest communication with the excluded
stomach. UGI examination should easily make
this distinction.

Stomal edema or stenosis

Early postoperative obstruction most often
involves an anastomosis due to postoperative
edema and/or hematoma (Ficure 7A). This can
cause mild-to-severe obstruction, and often
resolves spontaneously with delayed initiation of
diet. However, narrowing at the J] anastomosis
can cause a severe acute distention of the excluded
stomach, a serious complication that can result
in perforation or necrosis. This may be tempo-
rarily relieved by percutaneous decompression
until edema and/or hematoma resolve.

In the late postoperative course, stomal steno-
sis may occur with anastomotic fibrosis. Stenosis
occurs most often at the gastrojejunal anasto-
mosis (Ficure 7B) (up to 10% of patients) with
esophageal and pouch dilatation and delayed
emptying [7.8,16,17]. Gastrojejunal stenosis usually
responds well to endoscopic dilatation. JJ stomal
stenosis occurs in less than 0.9% of patients and
may require surgical revision [16].

Late small bowel obstruction
Small bowel obstruction (SBO) following RYGB
occurs in up to 5% of patients and may be due to
adhesions, internal hernia (IH), abdominal wall
hernia, stomal stenosis and rarely intussusception
(2.18,19]. Adhesions are the most common cause
of SBO following open surgery and IH is more
common following laparoscopic surgery [8,18-21].
There are three patterns of SBO that can
be seen on UGI examination or CT following
RYGB due to the altered anatomy of the GI
tract [14]. The patterns of obstruction can be clas-
sified according to an ABC taxonomic system
based on the location of obstruction [22,23]:

= (A) SBO with a dilated alimentary (Roux)
limb and a decompressed biliopancreatic
(excluded) limb (Ficure 8). The collapsed
excluded stomach and duodenum may cause
confusion on CT and identification of a dilated
Roux limb is necessary to make this diagnosis;

= (B) SBO with a dilated biliopancreatic
(excluded) limb only (Ficure 9). This is a type of
closed loop obstruction that exerts pressure on
the excluded stomach and can cause perfora-
tion if not treated promptly. On UGI examina-
tion, there may be mass effect with compres-
sion of an opacified, decompressed alimentary
limb due to a dilated fluid-filled biliopancreatic
limb. This should be readily recognized on CT;
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Figure 6. Roux-en-Y gastric bypass: leak across the staple line into the excluded stomach
(staple line disruption). (A) Fluoroscopic upper gastrointestinal examination spot image in the left
posterior oblique position shows a small collection of contrast material (arrow) along the medial
aspect of the gastric pouch and stomal region. (B) Later in the study, the patient is turned supine to
confirm an intragastric location of the contrast material. Contrast is seen opacifying the gastric pouch
and jejunal limb as well as the excluded stomach.

ES: Excluded stomach; J: Jejunal limb; P: Gastric pouch.

however, the significance of the finding may |nternal hernia

not be realized without recognition of RYGB  [n¢ernal hernia is a potentially fatal complica-
anatomy and a decompressed Roux limb o following RYGB that may occur in up to
(Ficure 9). The excluded stomach should be 304 of patients [78,17.20.24). IH is most often a
decompressed in patients following RYGB; late complication, but it can occur at any time
= (C) SBO with obstruction of the common following RYGB and may occur on more than
channel and dilated alimentary and bilio- one occasion. With IH, bowel herniates through
pancreatic limbs (via retrograde flow). a mesenteric defect, most often a defect in the

Figure 7. Roux-en-Y gastric bypass stomal narrowing in two different patients. (A) A spot
upper gastrointestinal examination image in the left posterior oblique position shows irregularity of the
inferior gastric pouch and the jejunal limb due to pronounced edema and/or hematoma in the early
postoperative course (postoperative day 1). There is stomal narrowing (arrow). (B) In a different
patient, stomal stenosis due to fibrosis is diagnosed on upper gastrointestinal examination performed in
the late postoperative course (6 months following surgery). A spot image in the left posterior oblique
position shows dilatation of the gastric pouch with stasis in the esophagus and a tight stoma (arrow).

J: Jejunal limb; P: Gastric pouch.
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Figure 8. Roux-en-Y gastric bypass:

small bowel obstruction with a dilated
alimentary limb on upper gastrointestinal
examination. An overhead radiograph from
upper gastrointestinal examination shows
dilatation of the gastric pouch and alimentary
jejunal limb with a transition point near the
jejunojejunal anastomosis and decompressed
small bowel in the right lower quadrant.
Arrow shows gastrojejunal anastomosis.

J: Jejunal limb; P: Gastric pouch.

transverse mesocolon for a retrocolic Roux limb,
a small bowel mesenteric defect, or posterior to
the Roux limb (Petersen’s defect) [16,17,20,21,24,25].
TH can lead to obstruction, ischemia, infarction
and perforation [8,16,17,20,21]. IH may be diffi-
cult to diagnose clinically as symptoms may be
intermittent and nonspecific and the imaging

findings of TH may be difficult to identify 119-21).
Diagnosis of IH with UGI examination or CT
requires knowledge of the expected postopera-
tive anatomy and detection of changes in bowel
configuration. A high index of suspicion is also
necessary to make the proper diagnosis.

On UGI examination and CT there is an
altered bowel configuration, often associated
with migration of an anastomotic suture line.
The small bowel anastomotic suture line is most
often displaced into the left upper quadrant [24].
Small bowel loops appear clustered and dis-
placed, often displacing other bowel (Ficure 10).
On UGI examination, clustered small bowel
is most often seen in the left abdomen (90%),
but can be located anywhere in the abdomen
and pelvis [14,24]. UGI examination may also
demonstrate small bowel limbs entering and
exiting the clustered segment and stasis in
the clustered bowel [17,24]. UGI examination
can show changes in the bowel configuration
over time during the study. CT can identify
the associated changes in the mesentery with
stretching and swirling of vessels and mesenteric
engorgement [14,25-27].

Laparoscopic adjustable

gastric banding

Laparoscopic adjustable gastric banding is now
an increasingly popular bariatric procedure in
the USA [28.29]. Although LAGB has gained
worldwide popularity since the early 1990s
and has been the leading procedure performed
internationally for several years, the US FDA
did not approve the first adjustable gastric band
until 2001, delaying its widespread use in the
USA [30,31]. LAGB is the least invasive bariatric

Figure 9. Roux-en-Y gastric bypass: small bowel obstruction with a dilated biliopancreatic, excluded limb on CT.

(A) Contrast-enhanced axial CT image shows suture line (arrow) along the proximal excluded stomach. The excluded stomach is
dilated and fluid-filled with an air—fluid level. The excluded stomach should be decompressed following Roux-en-Y gastric bypass.
(B) An axial CT image more inferiorly shows continued dilatation of the excluded stomach and proximal excluded jejunum
(biliopancreatic limb) with a decompressed Roux limb (alimentary limb) anteriorly (arrow). A nasogastric tube cannot directly
decompress the excluded stomach. (C) More inferiorly, marked dilatation of the excluded jejunum is noted as well as numerous
decompressed distal small bowel loops.
ES: Excluded stomach; J: Jejunal limb.
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surgical procedure, and involves no cutting or
bypassing of portions of the GI tract [31-33]. It
is a restrictive procedure that limits the volume
of food consumed [28]. The adjustable gastric
band allows for stomal adjustments based on
the patient’s individual weight loss curve or
symptoms [34,35]. Weight loss results are similar
to other restrictive procedures, but may be less
than RYGB, especially in the super-obese (BMI
>50 kg/m?) [28,32,33,36-38]. However, LAGB is an
effective bariatric procedure with less overall
significant morbidity than RYGB [28,52.33.37].

Asilicone band with an inflatable balloon cuff
is placed around the proximal stomach to cre-
ate a small gastric pouch and a narrow stoma
communicating with the remainder of the stom-
ach [32,39]. The inflatable cuff is connected via
tubing to a subcutaneous port along the anterior
rectus sheath. Accessing the port percutaneously
allows for band adjustment. Injection of saline
into the port will inflate the cuff and narrow the
stoma and aspiration of saline will deflate the
cuff and widen the stoma [29,35].

B Imaging techniques following LAGB
Conventional radiography

A conventional radiograph can be used to assess
the position of the band, continuity of the tub-
ing and position of the port. The Phi angle is the
angle of the long axis of the band with the verti-
cal, and should be 4-58° in the anteroposterior
projection [2,39].

Figure 10. RYGB: internal hernia on upper
gastrointestinal examination. An overhead
radiograph from uppergastrointestinal
examination shows clustered distal small bowel
loops displaced into the left mid-abdomen
(arrows) with the terminal ileum crossing the
midline to the cecum.

C: Cecum; TI: Terminal ileum.

UGI examination

Early postoperative UGI examination is useful
to assess device position and to detect leak or
obstruction. Late postoperative UGI examina-
tion may be performed for vomiting, food intol-
erance, failed or excessive weight loss, epigastric
pain or planned adjustment. At fluoroscopy, the

Figure 11. Expected postsurgical anatomy following laparoscopic adjustable

gastric banding on upper gastrointestinal examination. (A) Fluoroscopic spot image in the
supine anteroposterior position shows a gastric band in profile, appearing as a straight line.
Administered contrast material opacifies the gastric pouch, stoma through the band (arrow) and
fundus. (B) An overhead radiograph from upper gastrointestinal examination shows contrast material
in the stomach and duodenum. The band is radiopaque (white arrow) and is located in the left
epigastric region along the proximal stomach. Connecting tubing (black arrows) extends from the

band to the injectable port (arrowhead).
F: Fundus; P: Gastric pouch.
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Figure 12. Expected postsurgical anatomy following laparoscopic adjustable gastric banding on CT. (A) A contrast-enhanced
axial CT image shows the band device positioned around the proximal stomach (black arrow) with connecting tubing partially visualized
anteriorly on the left (white arrow). (B) An axial CT image more inferiorly shows the connecting tubing (arrows) and the reservoir along
the right anterior rectus sheath (arrowhead). (C) A coronal MPR CT image depicts the band with an inflated balloon cuff (arrows) around
the proximal stomach.

patient should be positioned prior to administer-
ing contrast material such that the band is visu-
alized in profile rather than as a ring shape. This
allows for optimal evaluation of the stoma and
pouch and is most often in the supine anteropos-
terior or slight right posterior oblique position. If
the patient is improperly positioned, the opaci-
fied fundus will obscure the stoma [35.4041]. In
the early postoperative period or with concern
for perforation, water-soluble contrast material is
administered. If no leak is demonstrated, barium
may be administered. Ingested contrast material
flows from the pouch through the stoma created
by the band and into the remainder of the stom-
ach (Fiure 11). Pouch configuration and stomal
diameter should be assessed. Fluoroscopy allows
for assessment of esophageal motility, esophageal
or pouch distention, and pouch emptying.

Computed tomography

On CT, the radiopaque band can be identified
around the proximal stomach with the attached
connecting tubing extending through the perito-
neal space and then traversing the rectus muscles
to connect to the port along the anterior rectus
sheath (Ficure 12). CT may be helpful to evaluate
for a source of infection and to assess soft tissue
changes related to the tubing and reservoir.

Band adjustment

Band adjustments can be performed with fluor-
oscopy, ideally with UGI evaluation before and
after adjustment. At fluoroscopy, the subcutane-
ous port is accessed with a 20-22 gauge non-
coring, deflected-tip needle. Improper technique
may cause damage and leakage from the sys-
tem [35,40]. A designated volume of saline can
then be injected or withdrawn to narrow or
widen the stoma, respectively. Contrast material

is then administered orally to confirm adequate
narrowing of the stoma without obstruc-
tion [3540]. The use of fluoroscopy may reduce
complications from a tight stoma, including
obstruction, motility disorders, pouch enlarge-
ment, band slippage and band migration [42].
Optimal stomal diameter is 3—5mm and several
band adjustments may be necessary to achieve
adequate weight loss [29,36,37.40.42].

B Complications after LAGB
Laparoscopic adjustable gastric band is a relatively
safe procedure with minimal perioperative mor-
tality [283235,36]. However, many patients may
experience some degree of morbidity, with addi-
tional surgery required in up to 11% of patients
28,31-33,3743]. Early complications of LAGB are
very rare and may include perforation, improper
band positioning, early band slippage and acute
stomal obstruction [28,29,31-33,37.43]. Early dys-
phagia and reflux may occur until dietary habits
change [29.36]. Late complications are much more
common and may include pouch dilatation,
band slippage, band migration, obstruction and
device-related complications, including device
failure [28-30,32,33,36,37.41,44]. Very rarely (<0.3%),
gastric necrosis may occur, most often due to
band slippage with strangulation [28,32,33). Many
of these complications are best diagnosed with
UGI examination [29.31,36,37].

Pouch dilatation

The incidence of pouch dilatation varies with
surgical modifications, but may occur in up to
25% of patients and can lead to failed weight
loss [45]. Pouch dilatation can occur with a
normal or widened stoma, a narrow stoma, or
due to band slippage. Pouch dilatation may be
concentric or eccentric. On UGI examination a
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concentrically dilated pouch may be seen with
a normal caliber or widened stoma. This type
of pouch dilatation is due to chronic overfilling
of the pouch with food and requires nutritional
counseling [29.36.40]. The pouch may also become
dilated due to a narrow stoma, most often caused
by band over inflation at adjustment. On UGI
examination, pouch dilatation also appears con-
centric, but the stoma is tight (Ficure 13). This
presents more acutely with vomiting, dysphagia,
esophageal dysmotility or obstruction [29,36].
Once recognized, the band should be deflated
to attempt to reverse pouch dilatation and
additional complications.

Pouch dilatation & band slippage

With band slippage, the band is dislocated
and the fundus herniates above the band. This
causes eccentric dilatation of the gastric pouch
(Ficure 14) [35,39]. Three types of band slippage
have been described, including anterior, pos-
terior and concentric slippage. Band slippage
may occur in up to 24% of patients; however,
the incidence may be decreased with surgical
modifications and with modification of eating
behaviors [29,32,36,43-48]. Risk factors for band
slippage include pouch overdistention, band
overinflation and excessive vomiting. Patients
may present with acute food intolerance, pain,
vomiting, progressive reflux, early satiety and/
or aspiration pneumonia [33.48.49]. Rarely, band
slippage may produce sudden severe abdominal
pain and acute gastric obstruction [35.49].

On a conventional radiograph, the band is dis-
placed (most often inferiorly) and in a more ver-
tical or horizontal configuration with an abnor-
mal Phi angle. Gas may be seen within a dilated
gastric pouch above or below the band [2932,36].
Contrast material ingestion demonstrates eccen-
tric pouch dilatation, often with a tight stoma
and with some degree of pouch obstruction
(Ficure 14). The band should be deflated imme-
diately to prevent further complications [35.42],
and band repositioning or replacement is often
necessary [29,35,43,48,49]. If band slippage is not
diagnosed and treated, progressive herniation
of the stomach above the band may occur and
this can lead to acute severe obstruction, gastric
volvulus, ischemia, infarction, perforation and
hemorrhage [2939.40].

Band erosion & migration

Intragastric erosion or migration of the band
occurs in approximately 2% of LAGB patients
(30,32,44,45,49,50]. The gastric band may gradually
erode through the gastric wall into the gastric

Figure 13. Laparoscopic adjustable

gastric banding: concentric pouch
dilatation due to a narrow stoma. Upper
gastrointestinal examination fluoroscopic image
in a supine anteroposterior position shows a
concentrically dilated gastric pouch with a
narrow stoma (arrow) through the band.
Contrast material is entering the gastric fundus.
F: Gastric fundus; P: Gastric pouch.

lumen and can even migrate distally [29,30].
This may be related to the use of nonsteroidal
anti-inflammatory medicine, excessive vomit-
ing or pressure from band overinflation [29.32].
Patients may present with pain, gastrointestinal
bleeding, weight gain, lack of satiety, abdominal

Figure 14. Laparoscopic adjustable

gastric banding: eccentric pouch dilatation
due to band slippage. A supine upper
gastrointestinal examination spot image shows
an inferiorly located band with a markedly
dilated, eccentric gastric pouch above the
inferiorly displaced band with stomal narrowing
(arrow). The pouch is dilated eccentrically due
to fundic herniation above the band.

P: Gastric pouch.
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abscess, peritonitis, port site infection, obstruc-
tion or perforation [2930,50]. At UGI examina-
tion, contrast material is seen within the stoma
as well as surrounding the intragastric portion
of the band so that the band appears as a filling
defect [29.30]. Band migration may require urgent
band removal and repair of the stomach [29.30,50].
Band removal may be attempted endoscopically
prior to surgical intervention.

Device-related complications

Device-related complications may involve the
port, connecting tubing or band, and are reported
in up to 26% of patients. These complications
often require surgical repair, but the proce-
dure may be relatively minor [31,3751]. Device-
related infection occurs in up to 6% of patients
28,29.32,3336,51]. The port may migrate or invert,
precluding band adjustment in up to 3% of
patients [30,32,35,51]. As the port is typically radio-
paque, the location and configuration of the port
can be readily assessed with conventional radio-
graphy or at fluoroscopy. Leakage of saline from
the system with band deflation may occur in up
to 5% of patients and may be suspected in the set-
ting of failed weight loss despite seemingly appro-
priate adjustment procedures [29,30,32,4151]. Acute

band deflation widens the stoma and patients
experience a change in dietary habits [29.41,51.52].
Fluid leakage may occur from the port, tubing
or inflatable cuff. If device leakage is suspected,
a plain film should first be obtained to assess the
device and to assess for discontinuity of the con-
necting tubing. Injection of water-soluble con-
trast into the port at fluoroscopy can identify the
location of the leak to direct surgical repair [40,52).

Future perspective

As areversal of the obesity epidemic does not seem
likely in the near future, bariatric procedures will
continue to increase in prevalence. There will
likely be a trend towards less invasive procedures,
including gastric banding devices that may be
adjusted electronically and endoscopic bariatric
procedures. Laparoscopically implanted leads to
block the vagus nerve may prove useful as well.
Any procedure that may be utilized to produce
weight loss will likely require imaging evaluation
to assess for potential complications.

Conclusion

Obesity remains a serious health problem in
the USA and European countries. With the
limitations of conservative treatment for morbid

Executive summary

Indications for bariatric surgery

Mechanisms of bariatric surgery
= Restrictive
= Malabsorptive
= Combined
Roux-en-Y gastric bypass
= Restrictive and malabsorptive
= Very successful procedure
= Serious complications
- Leak

- Internal hernia
- Acute or delayed obstruction

Laparoscopic adjustable gastric banding
= Least invasive bariatric surgical procedure

= Can be adjusted at fluoroscopy
= Complications are less severe overall:
- Pouch dilatation

- Band slippage
- Intragastric band erosion and migration

along the tubing or port.

= Failed conservative measures of weight loss, and, BMI >40 kg/m?, or, >35 kg/m? with comorbidities.

- Communication with the excluded stomach/gastrogastric fistula

= Complications are best assessed with upper gastrointestinal examination and/or CT

= Adjustable according to weight loss curve or patient symptoms

- Device-related complications, including infection and leakage of contents from the system

= Upper gastrointestinal examination may be best to assess positioning and functional problems
related to the band. CT is better to assess for problems in the soft tissues adjacent to the band and
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obesity and the proven effectiveness of bariatric
surgery, procedures for weight loss are increas-
ingly performed. Symptomatic patients follow-
ing bariatric procedures are often evaluated with
UGI examination and/or CT. Understanding
the types of procedures that may be performed,
the expected postsurgical anatomy, the appro-
priate examination techniques and the poten-
tial complications following bariatric surgery is

Role of imaging in bariatric procedures
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