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Approximately a third of Ameri-
can adults were clinically obese 
between 2007 and 2008, and 

the treatment of obesity-related medical 
conditions was estimated to cost almost 
$210 billion, accounting for more than 
20% of U.S. national health expendi-
tures.1 Obesity-associated conditions, 
including coronary artery disease, sys-
temic and pulmonary hypertension, 
diabetes, osteoarthritis, hypercholes-
terolemia, cholelithiasis, respiratory 
problems and an increased incidence of 
endometrial, breast and colon cancer, 
lead to morbidity and mortality propor-
tional to the degree of excess weight.2 

The obesity scale using the body mass 

index (BMI) formula (BMI = weight 
(kg)/ height (m 2)) is shown in Table 1. 

Bariatric procedures are indicated for 
morbidly obese adults (BMI > 40) or 
obese adults (BMI > 35) with an obesity 
related medical condition(s), who have 
failed behavioral and medical treat-
ment.3,4 The procedure of choice is de-
termined by each patient’s motivation, 
age, BMI and associated comorbidities 
after a multidisciplinary medical eval-
uation.3 Gastric restrictive procedures 
have gained favor over gastric bypass 
in the U.S. during the last 10 years. In 
2008, a study of the previous 5 years 
showed an increase of laparoscopic  
adjustable gastric banding (LAGB) 
from 9% to 44% and laparoscopic 
sleeve gastrectomy (LSG) from 0.0% 

to 4%. In the same period, laparoscopic 
Roux-en-Y gastric bypass decreased 
from 85% to 51%.5  Greater than 50% 
excess weight loss (EWL) or other mea-
surable health benefit, including reso-
lution of sleep apnea and better control 
or cure of Type II diabetes mellitus 
and hypertension, define a successful 
surgical outcome. The EWL is approx-
imately 50% for LSG and ranges from 
23% to 70% for LAGB.6 

Gastric restrictive surgery can result in 
complications common to any surgical 
procedure, such as bowel obstruction, 
infection with abscess formation, in-
cisional/port hernia and pulmonary 
embolism. Complications specific to 
bariatric procedures are often diagnosed 
with upper GI fluoroscopy and CT scan 
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Part 1: Gastric restrictive surgery

Editor’s note: This is the first installment of a two-part article. The second part will be published in the December 2016 issue of Applied Radiology.
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Table 1. Obesity scale using body mass index (BMI) 

	 BMI (kg/m2)	 Obesity scale 
	 < 18.5 	 Underweight
	 18.5 – 24.9	 Healthy weight
	 30 – 34.5 	 Overweight (Obesity I)
	 35 – 39.9	 Severely obese (Obesity II)
	 40 – 49.9	 Morbidly obese (Obesity III)
	 > 50	 Super obese (Obesity III)

Table 2. Complications specific to laparoscopic adjustable gastric banding 

Complication	 Clinical factors	 Imaging findings
Band misplacement	 • Surgeon inexperience	 • Abnormal position of band
	 • Band placed in distal stomach or perigastric fat	 • Dilated pouch
	 • Can lead to pouch dilatation/obstruction and 	 • Slipped band 
	    band slippage	
	  
Slippage	 • May result in stoma obstruction, gastric ischemia	 Plain film:  
	    and necrosis		  - inferior displacement of the upper margin of
	 • Slippage may be intermittent		    the band > 2.4 cm from diaphragm
	 • Two types:	 	 - air-fluid level above the band
		  - Pouch dilated eccentrically lateral to band: 	 	 - “O sign” - specific for band slippage. Tilt of the 
		     common – due to anterior slippage of the 		      horizontal axis of the band caused by the 
		     band with upward herniation of the stomach. 		      weight of superiorly herniated stomach 
		     Associated with transbursal approach or tear 		      causes the band to appear as an “O” on 
	 	    of the anterior sero-muscular fixative sutures 	 	     supine abdominal radiograph 
	 	    with the pars flacida technique	 Upper GI series:
		  - Pouch dilated eccentrically medial to band: 		  - The pouch is dilated lateral to the band with a 
	 	    rare – associated to largely abandoned 	 	    Φ angle > 58° + delayed emptying of the 
	 	    transbursal surgical technique 	 	    dilated pouch	
				    - The pouch is dilated medial to the band with 	
	 	 	 	    a Φ angle < 4°
Band erosion	 • Partial or complete	 • Open band
	 • Early: fever, pain, leukocytosis, abscess formation	 • Change in band position
	 • Late: 50% asymptomatic vs vague non-specific 	 • Detection of contrast out of the stomach lumen 
	    symptoms, loss of gastric restriction, weight gain, 	    and/or around the band 
	    turbid fluid from port, frequent port infections. Fever,  
	    pain and leukocytosis may be present
	 • Erosion may not be visible in upper GI series
	 • CT scan may help detect erosion, leak and abscess
	 • Definite diagnosis of erosion: visualization of the band in  
	    the gastric lumen on upper endoscopy	

Concentric gastric 	 • Due to perigastric fibrosis, reaction to silicone, 	 • Concentric dilatation of gastric pouch 
pouch dilatation	    over-inflation of the band or chronic dietary overload 	 • Stoma may be too narrow
	 • Can lead to esophageal dilatation and dysfunction	 • Megapouch, megaesophagus/esophageal
	 • Food intolerance when the band is “too tight”	    dysmotility 

Rotation of the	 • Difficulty accessing the port	 • Abnormal port orientation on lateral film of  
access port			      the abdomen
			     
Band system	 • Band can’t be adjusted	 • Discontinuity of radiopaque tubing seen in plain 
film fluid leakage /  
disconnection of tubing

Gastroesophageal 	 • May improve soon after band placement 	 • Reflux of contrast in the esophagus
reflux disease	 • May develop in late post operative period 	 • Esophageal dysmotility with tertiary contractions 
	 • Can lead to esophagitis, regurgitation, secondary achalasia  	    ± megaesophagus

Bezoar in pouch	 • Rare	  • Filling defect in pouch
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FIGURE 1. Schematic drawing of gastric restrictive operations. (A) Laparoscopic adjustable gastric banding. (B) Laparoscopic sleeve gastrectomy.

A B

Table 3. Complications specific to laparoscopic sleeve gastrectomy

Complication	 Clinical factors	 Imaging findings
Leak	 Time of occurrence post surgery:	 Upper GI series/CT scan: Extra-luminal oral contrast in a
	 	 Early (1-3 days)	 	 track, collection, free in peritoneal cavity and/or in a drain
	 	 Intermediate (4-7 days)	 CT scan may demonstrate subtle leaks and abscess
	 	 Late (> 8 days)	 Site of leak:
	 Types:	 	 Majority from the superior aspect of the staple line close
	 	 I – contained without dissemination or fistula	 	       to the angle of His 
	 	       to abdominal or pleural cavities	 	 Antral leaks are less common but seen with increased
	 	 II –dissemination to abdominal or pleural cavity 	 	       frequency when division is performed close to 	 	
      		        or contrast appearing in a drain		        the pylorus
	 Clinical indicators: tachycardia, respiratory distress,	 Pitfall: A linear or globular outpouching (“dog ear”) of 
	 	 fever, abdominal pain and leukocytosis	 	 non-resected fundus may simulate a leak in UGI series
	 Late chronic leaks may be asymptomatic 	 	
	 High clinical index of suspicion clinically is crucial  
	 	 (sensitivity of fluoroscopic exam varies  
	 	 from 22 to 75%)	
	
Hemorrhage	 Sites: majority at the staple line but may occur at a 	 CT scan: hyperdense (60 to 80 HU) fluid collection 
	 	 port site, mesentery or solid viscera due to 	 	 adjacent to the staple line, other abdominal site or in 
		  surgical trauma		  abdominal wall
	 Majority are self-limited 
	 Staple line hemorrhage:
	 	 Intra-luminal: presents with upper GI bleeding  
		        (diagnosed and treated with endoscopy)
	 	 Intra-abdominal: presents with drop in  
	 	       hematocrit without upper GI bleeding	 	

Early post-operative 	 Nausea and vomiting	 Upper GI series: Expected anatomy of the post-sleeve 
functional obstruction	 Post-operative edema / ileus		  stomach + contrast stasis at the incisura angularis  
				   which resolves

Mechanical 	 Food intolerance	 Upper GI series: Short or long stricture at the level of the 
obstruction	 Due to excessive surgical narrowing of the stomach, 		  incisura angularis 
	 post operative edema or scarring		

Late onset 	 Flattening of the weight loss curve or weight gain	 Upper GI series: Distention of the sleeve 
gastric dilatation			 

Gastroesophageal 	 Increased incidence in the first year (up to 20%)	 Upper GI series: Reflux of contrast in the esophagus, 
reflux disease 	 	 due to reduced gastric compliance; improves 	 	 esophageal dilatation and dysmotility 
(GERD)	 	 after 3 years as the stomach adjusts to its new size
	 Late de novo GERD after 3 years in 20%
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FIGURE 2. Normal post-gastric banding upper GI series. Adjustable 
gastric band (black arrow) inclined approximately 45o to the left (nor-
mal Φ angle ranges from 4o to 58o). Small gastric pouch (short white 
arrow) and narrow stoma through the band (long white arrow).

FIGURE 3. Coronal CT scan. Gastric band (black arrows) misplaced 
around the left gastric artery (white arrow). The band was subse-
quently removed.

FIGURE 4. Band erosion. (A) Scout film. The band is nearly parallel to the spine (black arrow). (B) Upper GI series. The malpositioned band 
(black arrow) is embedded in the stomach (white arrow). (C) Axial CT scan. The band eroded into gastric lumen (black arrow).

FIGURE 5. Band erosion. (A) Upper GI series. The band is in appropriate position, but there is 
contrast around the band (black arrows). (B) Axial CT scan. One side of the band has eroded 
into the gastric lumen (black arrow) with the other outside the stomach (white arrow).
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FIGURE 6. Upper GI series. Band over-
inflation with distended esophagus (short 
white arrow) and pouch (long white arrow) 
and very narrow, almost obstructed stoma 
(black arrow) with slow passage of contrast 
into distal stomach.
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and are summarized in Tables 2 and 3. 
This article will highlight the clinical 
features of gastric restrictive surgery 
relevant to the radiologist and review 
the radiologic appearance of normal 
and complicated LAGB and LSG. 

Laparoscopic adjustable gastric 
banding (LAGB)

With LAGB, an adjustable, radi-
opaque silicone band is placed lapa-
roscopically around the fundus of the 
stomach, creating a small gastric pouch 

that empties through a narrow stoma 
into the distal stomach (Figure 1). The 
gastric restriction aims to achieve early 
satiety, which will lead to decreased 
food intake.7-9 Advantages of LAGB 
over other procedures are reversibility, 
maintenance of normal gastrointestinal 
(GI) anatomy and less severe post-op-
erative complications. LAGB has been 
shown to successfully control diabetes 
mellitus (>60%), hypertension (>40%) 
and hyperlipidemia (>50%).9 Inconsis-
tent weight loss and the use of foreign 

material; ie, the silicone band, tubing 
and port are the main drawbacks of this 
operation.

The band is placed around the gastric 
fundus 2 cm below the esophagogastric 
junction without violating the lesser sac 
(pars flacida surgical technique). The 
band is secured with an anterior fun-
doplication of the gastric serosa to the 
pouch or metal barbs, which are present 
in some band models. Four to 6 weeks 
after the operation, the stoma size can 
be adjusted as needed by inflating the 

FIGURE 7. (A) Coronal CT scan. A chronically dilated pouch (white arrow) above the band (black arrow). (B) Esophagogram in the same patient 
showing dysmotility with tertiary contraction (white arrow).

FIGURE 8. Band slippage. Upper GI series. (A) The superior margin of the band is displaced > 2.4 cm below the diaphragm (black arrow) and 
the Φ angle is nearly 90o. (B) Superior herniation of stomach (short white arrow) and dilated distal esophagus (long white arrow) due to band 
slippage (black arrow).
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FIGURE 9. The “O sign.” (A) Scout film. The herniated stomach has tilted the band along its horizontal axis and the band has O configuration 
(black arrow) on supine abdominal radiograph. (B) Upper GI series. The herniated stomach (white arrow) with stomal obstruction projects ante-
rior to the band with (black arrow). 

FIGURE 10. Lateral abdominal radiograph. Inaccessible port showing 
dorsal orientation of the access port (black arrow).

FIGURE 11. Supine abdominal radiograph. Catheter detachment 
(black arrows).

A B
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band with saline through the subcuta-
neous access port connected to the band 
via catheter. 

In an anterior-posterior (AP) pro-
jection, the band projects close to the 
diaphragm, inclined about 45° to the 
patient’s left. The normal Φ angle (the 
angle between the band and the spi-
nal column) ranges 4–58°. The normal 
pouch capacity is 15-20 ml (approx-
imately 4 cm in diameter) and the 
normal stoma diameter is 3 to 4 mm 
(Figure 2).7-9 Postoperative complica-
tions include band misplacement or 
slippage, infection, gastric band ero-
sion, and pouch dilatation. The band 
may be misplaced in the perigastric fat 
or in the distal stomach. Misplacement 
in the distal stomach can lead to ob-
structive symptoms, pouch dilatation, 
and predisposes to slippage (Figure 3). 

Early gastric band erosion usually 
presents with fever, pain and leukocy-
tosis, and may result in an abdominal 
abscess. Suspected perforation and leak-
age are usually evaluated with upper GI 
series using water-soluble contrast. CT 
scan can demonstrate subtle leaks, which 
may not be seen in UGI series, and iden-
tify and guide drainage of an abscess.8 

Late gastric band erosion occurs in 0.3 
to 14% of patients9 with variable clini-
cal presentations. Nearly half of patients 

are asymptomatic,10 while some may 
complain of loss of gastric restriction or 
weight gain, or there may be absence of 
fluid return or turbid fluid return from 
the port. Recurrent port infections may 
be a sign of band erosion. Intraoperative 
trauma to the gastric wall during band 
placement, inflammatory reaction to sili-
cone, superimposed infection, and/or use 
of nonsteroidal anti-inflammatory medi-
cation have been implicated as possible 
etiologies. Erosion can be partial or com-
plete. The imaging findings of erosion 
include an open band, change in band 
position and detection of contrast outside 
the lumen of the stomach and around the 
band (Figures 4 and 5). Partial erosion 
into the gastric wall may be difficult to 
detect on upper GI series. Definite di-
agnosis is made by visualization of the 
band in the gastric lumen during upper 
endoscopy. The treatment is removal of 
the band.

Gradual concentric distention of the 
pouch can be attributed to postsurgical 
perigastric fibrosis, a reaction to silicone, 
over-inflation of the band (Figure 6), 
or chronic dietary overload.7,8 Chronic 
pouch dilatation in the presence of a nor-
mal stoma due to dietary indiscretion is 
seen in 3 to 8% of patients and can result 
in a megapouch, esophageal dilatation 
and esophageal dysmotility (Figure 7).

Gastric band slippage is observed in 
4% to 13% of patients11-13 and results in 
an eccentrically dilated pouch. In a rare 
type of slippage, related to a largely 
abandoned transbursal surgical tech-
nique, the pouch is eccentrically dilated 
medial to the band. The inferior and 
posterior parts of the stomach herniate 
and the band rotates counter-clockwise, 
resulting in a Φ angle < 4o. More com-
monly, tearing of the anterior fundoplica-
tion sutures can lead to anterior slippage 
of the band with upward herniation of 
the stomach.7,8 The gastric pouch is ec-
centrically dilated lateral to the band, the 
band rotates clockwise resulting in a Φ 
angle > 58o, and there is delayed empty-
ing of the dilated pouch which may con-
tain an air-fluid level (Figure 8). 

Plain-film findings of slippage with 
high sensitivity and specificity include 
inferior displacement of the upper mar-
gin of the band by greater than 2.4 cm 
from the diaphragm (Figure 8) and air-
fluid level above the band in the upright 
position.14 The “O sign” is specific for 
band slippage15 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 (Figure 9). 
Band slippage may result in obstruction 

FIGURE 12. Upper GI series. Stricture after sleeve gastrectomy at 
the level of the incisura angularis (white arrow).

FIGURE 13. Upper GI series. Type II leak post-sleeve gastrectomy with 
dissemination of contrast in the peritoneal cavity (black arrows) and 
contrast in the Jackson-Pratt drain (white arrow).
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of the stoma and cause gastric ischemia 
and necrosis. Rarely, slippage can re-
sult in gastric volvulus with ischemia.16 
Intermittent band slippage, seen only 
when the pouch is full, may be a chal-
lenging diagnosis.

Additional complications include 
rotation of the access port (Figure 10), 
catheter detachment or breakage (Fig-
ure 11), fluid leak from the banding 
system, infection, trapping of food 
in the pouch, fibrosis along the band, 
bowel obstruction or erosion of adja-
cent tissue caused by the catheter.

Gastroesophageal reflux disease 
(GERD) can improve in the early post-
operative period due to an anti-reflux 
mechanism provided by the band;17 
however, pre-existing gastroesopha-
geal sphincter insufficiency and inade-
quate dietary modification predispose 
to GERD in the late postoperative pe-
riod. Esophageal complications include 
secondary achalasia, reflux with regur-
gitation, esophagitis, esophageal dys-
motility and dilation. 

Laparoscopic sleeve gastrectomy 
(LSG)

Laparoscopic sleeve gastrectomy 
(LSG) is a relatively new bariatric op-
eration that is becoming increasing 

popular. Its advantages include ade-
quate weight loss, avoidance of foreign 
material, excellent patient tolerance, 
ease of conversion to another bariat-
ric procedure, decreased incidence 
of nutritional deficiencies and peptic 
ulcer disease, and preservation of nor-
mal gastro-intestinal continuity, which 
is suitable for endoscopic surveil-
lance.6,17,18,20

In LSG, 75% of the stomach’s 
greater curvature is removed, resulting 
in a narrow, “banana-shaped” stom-
ach with a capacity of 100 to 150 mL 
(Figure 1).21 The body of the stomach 
is divided with a staple-cutter device 3 
to 6 cm proximal to the pylorus, at the 
level of the incisura angularis, preserv-
ing the antrum. A bougie (34–42 Fr) is 
used to guide sequential firings of the 
stapler to the angle of His. After the 
greater curvature is removed, continu-
ous running sutures or buttress material 
applied over the staple-line help control 
hemorrhage and decrease adhesions. 
The two major advantages of LSG are 
removal of the elastic portion of the 
stomach and elimination of most of the 
ghrelin-producing portion of the stom-
ach. The neuropeptide ghrelin controls 
the feeling of hunger and the distribu-
tion and rate of energy use in the body.6 

LSG has a higher EWL and greater de-
crease in hunger sensation compared to 
LAGB, which can be attributed to the 
combination of gastric restriction and 
decreased post-operative serum ghrelin 
levels.17,22 Conversely, serum ghrelin 
levels remain unchanged or increase 
after LAGB.22

Early postoperative ileus after LSG 
presents with nausea and vomiting and 
the upper GI series will be normal23 or 
barium may pool in the proximal portion 
of the elongated stomach.21 Mechanical 
obstruction, most commonly at the in-
cisura angularis, is associated with ex-
cessive narrowing from postoperative 
edema or scarring resulting in stricture 
(Figure 12). Endoscopic dilatation of a 
short stricture is often effective, while 
refractory long strictures may require 
surgical revision or conversion to Roux-
en-Y gastric bypass.21,23

Staple line bleeding and leak are the 
two most common early complications 
of LSG. Contributing factors include 
poor healing of the suture line and de-
creased blood supply due to use of 
electrocautery for dissection along the 
greater curvature causing gastric wall 
heat ischemia.18, 19

The incidence of leaks in LSG ranges 
from 0.7 to 5.3% (mean 2.3%).18 The 

FIGURE 14. Upper GI series. Postoperative day 0 after sleeve gas-
trectomy to rule out leak showing narrow tubular stomach (black arrow) 
and the “dog ear” (white arrow) at the gastric fundus, which should not 
be confused with a contained leak. 

FIGURE 15. Axial CT scan. Large hematoma (black arrow) along the 
resection margin of sleeve gastrectomy. The greater curvature suture 
line (white arrow) and the gastric sleeve (arrowhead).
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clinical presentation varies from as-
ymptomatic to peritonitis, septic shock, 
multi-organ failure and death. Leaks are 
classified chronologically as: early (1-3 
days), intermediate (4-7 days) and late 
(> 8 days), and clinically as: (a) Type I – 
contained leak, with no dissemination or 
fistulae to abdominal or pleural cavities 
and lack of contrast material in the drain, 
and (b) Type II — dissemination to ab-
dominal or pleural cavities, and/or with 
appearance of contrast material in the 
drain (Figure 13).18

Respiratory distress and tachycardia 
are the most reliable clinical indicators 
of a leak.18 Leaks may not be visible on 
the initial upper GI study, and appear 
on a subsequent study performed 4 to 
28 days after surgery.24 The sensitivity 
of upper GI in diagnosing a leak ranges 
from 22 to 75%;23 therefore, a negative 
upper GI series should not dissuade sur-
gical re-exploration or additional imag-
ing when there is high index of clinical 
suspicion of a leak, given its high mor-
bidity and mortality.23, 25

The majority of the leaks (85%) 
occur at the superior aspect of the staple 
line. Antral leaks are less common and 
seen when gastric division is done close 
to the pylorus where the gastric wall is 
thicker and more prone to dehisce.18 On 
upper GI series, extraluminal contrast is 
identified in a track, collection or free in 
the peritoneal cavity. If there is a high 
index of suspicion and water-soluble 
contrast upper GI series fails to detect a 
leak, a barium upper GI series or a CT 
scan may demonstrate a subtle leak and 
abscess.21 Linear or globular out-pouch-
ing from a residual portion of non-re-
sected fundus may simulate a contained 
leak in UGI series (Figure 14).21 The 
remaining so called “dog ear” will fa-
cilitate surgical repair and avoid more 
extensive surgery in case a leak devel-
ops. The treatment of a leak depends on 
the time elapsed after the operation, its 
location and its magnitude. Early leaks 
generally need prompt surgical repair, 
while intermediate and late leaks may 
be managed clinically with placement 
enteral feeding tube, antibiotics, and CT 
guided drainage of abscess.19

Hemorrhage at the staple line may be 
intraluminal, presenting with hemateme-
sis, and diagnosed on upper endoscopy. 
It may also be treated via endoscopic in-
tervention. Intra-abdominal hemorrhage 
presents with drop in hematocrit without 
upper GI bleeding. Bleeding can occur 
at the staple line margin (Figure 15), at 
a port site, in the mesentery or in solid 
viscera due to surgical injury and can be 
diagnosed with CT scan. Most postop-
erative hemorrhages are self-limited and 
can be treated conservatively, but re-op-
eration is required in hemodynamically 
unstable patients.23

Late onset gastric sleeve dilation 
results in flattening of the weight loss 
curve or weight regain and up to 4.5% 
of these patients may need reopera-
tion.23 GERD increases in the first year 
after LSG and improves at 3 years after 
surgery, as the stomach adjusts to its re-
duced size. Still, late de novo GERD 
may appear after 3 years in 20% of pa-
tients with LSG, leading to esophagitis.17 

Conclusion
Bariatric procedures are being in-

creasingly performed to treat the grow-
ing population of obese American 
adults. Clinical insight to bariatric sur-
gery and in-depth knowledge of post-
operative imaging are indispensible for 
timely diagnosis and efficient manage-
ment of complications.
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