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will be able to:

� Discuss the laparo-
scopic Roux-en-Y
gastric bypass proce-
dure.

� Describe the nor-
mal radiologic ap-
pearance after this
procedure.

� Identify complica-
tions of the proce-
dure on upper gas-
trointestinal series or
CT images.
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Obesity is an epidemic in the United States. The laparoscopic Roux-en-Y
gastric bypass procedure is an effective surgical intervention that can pro-
duce dramatic weight loss in morbidly obese patients. Despite the inher-
ent risks, the surgery is increasing in popularity. Radiology plays a crucial
role in postoperative evaluation. Upper gastrointestinal (UGI) series and
abdominal computed tomography (CT) are the primary radiologic tools
used in assessment of possible complications. With knowledge of the nor-
mal postoperative appearance, performance of UGI studies and interpre-
tation of the results should be easy. The 24-hour postoperative examina-
tion allows reliable detection of anastomotic leaks. Although strictures of
the gastrojejunal anastomosis are a common complication, they are often
diagnosed and treated with endoscopy. In a thorough examination, one
also evaluates for degraded pouch restriction, including a patulous gas-
trojejunal anastomosis or gastrogastric fistula, as a late cause of weight
gain. Knowledge of the postoperative anatomy also assists in detection
of internal hernias. CT is invaluable in detection and characterization
of small bowel obstructions and internal hernias. CT may allow diag-
nosis of anastomotic leaks, abscesses, gastrogastric fistulas, and intra-
abdominal hematomas. CT-guided percutaneous procedures, such as
placement of gastrostomy tubes or drainage of fluid collections, can
obviate emergency exploration and may be the only procedural inter-
vention necessary for a cure.
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Introduction

Obesity and its health-related complications are
epidemics. The association of obesity with type II
diabetes, hypertension, hypercholesterolemia,
and other complications—the “metabolic syn-
drome”—is well established, with significant car-
diovascular risk (1–5). Annually, 300,000 deaths
are attributable to obesity (6). It has been shown
that weight reduction, even in modest amounts, is
beneficial (7). The National Institutes of Health
Consensus Development Panel in 1991 declared
that surgical therapy should be considered in pa-
tients with morbid obesity (defined as a body
mass index � 40 or one � 35 with complications)
(8). Obesity surgery is successful in producing
weight loss and cost-effective (9), and a decision
analysis has shown bypass surgery patients to
have a longer survival than patients treated with
diet or exercise alone (10).

Numerous bariatric surgical procedures exist,
the most common being the Roux-en-Y gastric
bypass. The laparoscopic approach to the Roux-
en-Y gastric bypass is quickly becoming the pre-
ferred method due to its decreased hospital stays,
faster recovery, and decreased wound complica-
tions (11,12). However, the laparoscopic Roux-
en-Y gastric bypass procedure is technically diffi-
cult to master, with a steep learning curve that
increases the risk of complications early in a sur-
geon’s experience (12,13).

Radiologists are crucial in the postoperative
assessment of these patients. Many institutions
perform routine upper gastrointestinal (UGI) ex-
aminations within 24 hours of surgery to evaluate
for a life-threatening leak to determine if urgent
re-exploration is necessary. In addition, UGI and
computed tomographic (CT) examinations are
used in the work-up of many other complications,
including small bowel obstructions, abscesses,
and hematomas. Adequate evaluation requires
radiologists to understand the surgical technique,
because complex postsurgical anatomy and sur-
gery-specific complications make interpretation
difficult.

In this article, we describe and illustrate the
laparoscopic Roux-en-Y gastric bypass proce-
dure, depict the normal postoperative findings on
both fluoroscopic and CT images, and review the
radiologic manifestations of complications.

Surgical Technique
There are three classifications of surgical thera-
pies for morbid obesity: restrictive, malabsorp-
tive, and combined. Restrictive types create a
small gastric pouch to induce weight loss through

satiety effects. These include vertical banded gas-
troplasty and adjustable gastric banding, the
former creating a fixed pouch size and the latter
allowing continuous adjustment. Purely restric-
tive therapies are generally less complex (ie, tech-
nically easier to perform with less potential for
serious complications) but may produce less
weight loss and have more long-term failures
(14).

Malabsorptive procedures bypass portions of
small bowel, limiting food digestion and absorp-
tion to a short segment of ileum (15). These in-
clude jejunoileal bypass, biliopancreatic diversion,
and the duodenal switch. There is potential for
metabolic complications including intermittent
diarrhea and steatorrhea due to malabsorption
(14,15). In particular, the jejunoileal bypass is no
longer performed due to excessive protein and
caloric malnutrition, as well as hepatic fibrosis
(16).

The gastric bypass technique was introduced
by Mason and Ito in 1967 (17). Currently, the
Roux-en-Y gastric bypass combines restrictive
and malabsorptive properties by creating a small
gastric pouch and a Roux limb (18). While varia-
tions exist, the Roux-en-Y gastric bypass may be
considered the standard of reference for bariatric
surgery (14). In 1994, Wittgrove et al (19) de-
scribed the laparoscopic approach widely em-
ployed today.

Our current standard laparoscopic Roux-en-Y
gastric bypass procedure involves the following:
construction of a pouch, Roux limb, and en-
teroenteric anastomosis; placement of the Roux
limb; and creation of the gastrojejunal anastomo-
sis.

Figure 1. A gastric pouch (P) is created by dividing
the stomach primarily along the lesser curvature.
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Numerous bariatric surgical procedures exist, the most common being the Roux-en-Y gastric bypass. The laparoscopic approach to the Roux-en-Y gastric bypass is quickly becoming the preferred method due to its decreased hospital stays, faster recovery, and decreased wound complications (11,12).

Teaching Point
Currently, the Roux-en-Y gastric bypass combines restrictive and malabsorptive properties by creating a small gastric pouch and a Roux limb (18). While variations exist, the Roux-en-Y gastric bypass may be considered the standard of reference for bariatric surgery (14).



At least six trocars are placed into the abdo-
men, and a 15–20-mL transected gastric pouch is
created. A stapler-cutter device divides the stom-
ach into two parts: a small pouch created from the
lesser curvature and the much larger excluded
stomach (Fig 1).

Then the Roux limb and enteroenteric anasto-
mosis are created. The jejunum is divided 25–50
cm distal to the ligament of Treitz (Fig 2), creat-
ing two separate limbs of small bowel: the bilio-
pancreatic limb and the Roux limb (often referred
to as the alimentary limb). The Roux limb is mea-
sured to 75–100 cm in length and joined to the
biliopancreatic limb via a side-to-side anastomo-

sis (Fig 3). Small bowel distal to the anastomosis
is called the “common channel.”

The Roux limb may be brought to the stomach
along different paths. We prefer an antecolic-an-
tegastric course due to the relative ease compared
with retrocolic-retrogastric placement and the
advantage of fewer small bowel obstructions (20).
The Roux limb is brought up and over the trans-
verse colon, anterior to the excluded stomach, in
close approximation to the pouch (Fig 4). The
retrocolic-retrogastric path involves tunneling the

Figures 2, 3. (2) The jejunum is divided 25–50 cm distal to the ligament of Treitz. The biliopancreatic limb
(arrow) is temporarily excluded from the remainder of the small bowel. P � gastric pouch. (3) The Roux limb
(R) is measured to 75–100 cm and attached to the biliopancreatic limb (arrow) with a side-to-side anastomo-
sis. There are now three distinct portions of small bowel: the biliopancreatic limb, the Roux limb, and the com-
mon channel (arrowhead) distal to the anastomosis. P � gastric pouch.

Figure 4. Frontal (a) and
lateral (b) views show ante-
colic-antegastric placement of
the Roux limb (R), which is
brought anterior to the trans-
verse colon and stomach. P �
pouch, black arrow � gas-
trojejunal anastomosis, white
arrow in a � biliopancreatic
limb, arrowhead in a � com-
mon channel.
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Roux limb through a surgically created defect in
the transverse mesocolon, behind the excluded
stomach, adjacent to the pouch (Fig 5). It is im-
portant to recognize that the Roux limb path is
variable. Patient anatomic conditions may require
any combination of ante- or retrocolic and ante-
or retrogastric locations. Knowledge of the path is
critical to accurate interpretation of subsequent
radiographs.

The final step is creation of the gastrojejunal
anastomosis. Three means of joining the pouch
with the proximal end of the Roux limb exist: cir-
cular stapling, linear stapling with hand-sewn clo-
sure, and fully hand-sewn closure. We use a linear
stapled and hand-sewn technique. The practical
difference for the radiologist is that a circular
staple device creates an end-to-end anastomosis,
while the partially or fully hand-sewn techniques
are end-to-side anastomoses and demonstrate a
small blind ending stump of jejunum on postop-
erative UGI images.

Inspection and intraoperative endoscopy are
performed to evaluate the pouch for adequacy of
size or evidence of leak. Mesenteric defects are
closed prior to trocar removal.

Normal Anatomy
At our institution, a 24-hour postoperative UGI
examination is performed with up to 250 mL of
water-soluble contrast material, given via a straw.
As the patient swallows, one-per-second rapid-
sequence images of the gastrojejunal anastomosis
are obtained in the frontal projection, then in
shallow oblique projections. If possible, lateral
views should be obtained to visualize the area
posterior to the anastomosis.

This technique demonstrates the distal esopha-
gus, anastomosis, and Roux limb (Fig 6). A small
stump of the Roux limb opacifying with oral con-
trast material is normally seen in patients with a
hand-sewn or partially hand-sewn gastrojejunal
anastomosis. In female patients, excessive breast
tissue can make evaluation of the anastomosis
difficult; having the patient lift her breast allows
better visualization (Fig 7).

In a completely normal postoperative examina-
tion, there is no delay in passage of contrast mate-
rial into the Roux limb. In our experience, it is
not uncommon to have some delay in passage. In
the early postoperative state, we presume this de-
lay is due to secondary anastomotic edema (21).

We wait at least 2 weeks before administering
barium. Often, we give about one-fifth of a packet
of effervescent crystals orally before barium ad-
ministration. Frontal imaging is followed by
oblique imaging, with additional projections used
as needed to demonstrate particular abnormali-
ties. After crystal administration, fine mucosal
detail of a distended esophagus and pouch is well
seen. The contrast material–filled Roux limb
should be examined distally, and often the side-
to-side enteroenteric anastomosis is well seen.

Contrast-enhanced CT is invaluable in detec-
tion of suspected complications. All patients are
given oral contrast material before scanning. Un-
less there is a contraindication, all patients are
administered 100 mL of nonionic intravenous
contrast material, and thin-section images
through the abdomen are obtained.

Knowledge of the employed surgical technique
aids in identification of normal structures. The
gastrojejunal anastomosis is identified as a high-
attenuation suture line in the epigastrium (Fig 8).
The Roux limb is followed from its gastrojejunal

Figure 5. Frontal (a) and
lateral (b) views show retro-
colic-retrogastric placement of
the Roux limb (R), which is
tunneled posteriorly through a
surgically created defect in the
transverse mesocolon. P �
pouch, black arrow � gas-
trojejunal anastomosis, white
arrow in a � biliopancreatic
limb, arrowhead in a � com-
mon channel.
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Figure 6. Normal findings at 24-hour postoperative UGI examination. Frontal (a) and oblique (b) images
show the normal postoperative appearance of the pouch (thick white arrow), gastrojejunal anastomosis (black
arrow), jejunal stump (arrowhead), and proximal Roux limb (thin white arrow).

Figure 7. Displacement of breast tissue. (a) Postoperative UGI image obtained in a female pa-
tient with pendulous breasts shows underpenetration of the image. (b) UGI image obtained after
superior displacement of the breast tissue by the patient shows a marked improvement in depiction
of the postoperative appearance.

Figure 8. Normal gastrojejunal anasto-
mosis. CT scan shows an end-to-side gas-
trojejunal anastomosis (thin arrow), the
gastric pouch (thick arrow), and the ex-
cluded stomach (arrowhead).
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anastomosis to its enteroenteric anastomosis. The
Roux limb path is variable (Figs 9–11). The mes-
entery of an antecolic-antegastric Roux limb may
produce an impression on the colon and excluded
stomach at both CT and UGI series.

The enteroenteric anastomosis is a separate
staple line lower in the abdomen (Fig 9). These
staples mark the junction of the Roux and bilio-
pancreatic limbs with the common channel; the
anastomosis can be a site for small bowel obstruc-

tion. The excluded stomach and biliopancreatic
limb are readily identified and followed to the
enteroenteric anastomosis. The relative position
of the excluded stomach depends on the course of
the Roux limb and may be altered if a gastropexy
has been performed, in which case it will be ad-
herent to the anterior abdominal wall.

The Roux limb and common channel are usu-
ally opacified with oral contrast material. Reflux
of contrast material up the biliopancreatic limb is
variable but not necessarily abnormal (Fig 12); any
distention raises concern about obstruction (22).

Figure 9. Normal antecolic-antegastric Roux limb.
CT scans displayed from cranial (a) to caudal (c)
show the Roux limb (thick arrow in a and b) ante-
rior to the excluded stomach (arrowhead in a) and
colon (thin arrow in b). Arrows in c � sutures of the
side-to-side enteroenteric anastomosis.
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Figure 10. Normal retrocolic-retrogastric Roux limb. CT scans (a obtained cranially to b) show the Roux
limb (thick arrow) posterior to the excluded stomach (arrowhead) and colon (thin arrow).

Figure 11. Normal retrocolic-antegastric Roux limb. CT scans (a obtained cranially to b) show the Roux
limb (thick arrow) anterior to the excluded stomach (arrowhead in a) and posterior to the colon (thin arrow).
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Figure 12. Normal reflux up the biliopancreatic
limb. (a, b) CT scans (a obtained cranially to b)
show wide patency of the enteroenteric anastomosis
(arrowhead in b) and reflux of contrast material up
the biliopancreatic limb (arrow). (c) Image from a
small bowel series, obtained in another patient,
shows reflux of contrast material up the duodenum
(arrows), through the pylorus, and into the excluded
stomach.

Figure 13. Anastomotic leak in a 47-year-old
woman 24 hours after surgery. UGI image shows
contrast material from a large leak arising from the
gastrojejunal anastomosis; the contrast material
completely outlines the spleen. Emergent reexplora-
tion demonstrated an anastomotic leak, which was
repaired.
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Complications

Leak
The most ominous complication is a leak from
the gastrojejunal anastomosis or the enteroenteric
anastomosis, both of which may be life threaten-
ing (23,24). Clinical signs and symptoms includ-
ing fever, tachycardia, abdominal pain, and in-
creasing fluid requirements are nonspecific
(23,24); thus, we perform a 24-hour postopera-
tive UGI examination before patients resume
their diet. Contrast material outside the confines
of the gastric pouch and anastomosis indicates a
leak and may be seen on UGI images (Fig 13) or
CT scans. Although leaks from the enteroenteric
anastomosis are rapidly clinically evident and se-
vere, they are usually not diagnosed radiographi-
cally (23). We and others advocate immediate
surgical exploration if there is high clinical suspi-
cion of a leak, even if the postoperative UGI im-
ages are normal (23,24).

Anastomotic Narrowing
Gastrojejunal anastomotic strictures are relatively
common complications, manifesting with post-
prandial pain and vomiting (24). We presume
that transient holdup in emptying of the esopha-
gus (�1 minute) during immediate postoperative
studies is a result of anastomotic edema (21) and
treat these patients expectantly. Delayed passage
of greater than 1 minute in the immediate postop-
erative period could be the result of more severe
edema or early stricture. These are also managed
conservatively, and a follow-up examination in 2
weeks should show improvement if the delay was
caused by edema (Fig 14). Persisting pouch dis-
tention, with a spherical appearance, and air-
fluid–contrast material levels in the pouch and
esophagus all suggest a stricture (Fig 15) (25).
These are usually diagnosed and treated endo-
scopically (Fig 16), with balloon dilation a safe
and effective means of management (11,26–28).

Figure 14. Gastrojejunal edema in a 33-
year-old woman who was asymptomatic 24
hours after surgery. (a) Routine postop-
erative UGI image shows a marked delay
in passage of contrast material through the
narrowed gastrojejunal anastomosis (ar-
row). (b) UGI image obtained after 1
week of conservative management shows
resolution of the edema, with rapid pas-
sage of contrast material into the Roux
limb.

Figure 15. Gastrojejunal
stricture in a 28-year-old
woman with nausea and vom-
iting 1 month after surgery.
(a) Image from the initial
UGI examination shows tight
narrowing of the gastrojejunal
anastomosis (black arrow) and
a rounded appearance of the
gastric pouch (white arrow).
(b) UGI image obtained 3
months after endoscopy and
balloon dilation shows resolu-
tion of the anastomotic stric-
ture (black arrow) and of the
rounded pouch (white arrow).
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Degradation of Pouch Restriction
Very rapid passage of contrast material through a
patulous anastomosis degrades the restrictive
properties of the laparoscopic Roux-en-Y gastric
bypass and may cause the patient to feel insatiable
and produce weight gain (Fig 17) (18).

Another potential cause of weight gain is a gas-
trogastric fistula. Although uncommon, a fistu-
lous tract arising from the pouch may opacify the
excluded stomach on UGI images or CT scans
and is thought to be a result of the patient over-
eating (29). An example of a gastrogastric fistula
at UGI examination, performed in a patient who
underwent an open gastric bypass procedure, is
shown in Figure 18. A fistulous tract from the
pouch to the jejunal stump (Fig 19) also acts as a
functional increase in gastroenteric communica-
tion and may also induce weight gain.

Ulcer
Prospective radiographic diagnosis of an ulcer is
difficult. In our experience, despite clear evidence
of ulcers at endoscopy, UGI images or CT scans
may be negative. Clinical symptoms of anasto-
motic or poststomal ulcers include dyspepsia,

retrosternal pain, and vomiting (24). Ulcerative
symptoms require only endoscopic evaluation for
diagnosis (Fig 20) and are treated medically. Un-
treated ulcers can lead to stomal stenosis from
scarring and fibrosis (24).

Small Bowel Obstruction
Small bowel obstructions are more frequent after
laparoscopic gastric bypass than after open proce-
dures (30). Most obstructions after laparoscopic
Roux-en-Y gastric bypass are secondary to inter-
nal hernias, with fewer obstructions from post-
operative adhesions or other causes (20). Small
bowel obstructions may occur anywhere and pro-
duce varied radiographic appearances.

Obstructions of the excluded stomach and bil-
iopancreatic limb may be due to stenoses at the
enteroenteric anastomosis, kinking at the anasto-
mosis, or internal hernias. CT demonstrates dis-
tention of the entire biliopancreatic limb, particu-
larly the excluded stomach (Fig 21a, 21b). Bilio-
pancreatic limb obstructions are true closed-loop

Figure 16. Anastomotic stricture. Image from
endoscopy shows a stricture at the anastomosis.
Typically the first study performed in patients
with symptoms of an anastomotic stricture,
endoscopy is both diagnostic and therapeutic.
(Courtesy of David L. Burns, MD, Lahey Clinic,
Burlington, Mass.)

Figure 17. Widened gastrojejunal anastomosis in a
37-year-old woman with lack of satiety and suboptimal
weight loss 1 year after surgery. Image from a double-
contrast UGI study (prone drinking view) shows mild
dilatation of the pouch (arrowhead) and a widened gas-
trojejunal anastomosis (white arrow) with rapid passage
of contrast material into the Roux limb (black arrow).
These findings were confirmed at surgery, and the by-
pass was revised.
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Figure 18. Gastrogastric fistula in a 47-year-old woman with insatiable appetite and weight gain 4 years after
open Roux-en-Y gastric bypass. (a) UGI image shows contrast material opacifying the fundus (arrow) of the
excluded stomach. (b) Image from the CT equivalent of a UGI examination shows oral contrast material (ar-
row) in the fundus of the excluded stomach. Note that no contrast material is seen in the body of the stomach;
thus, this appearance does not represent normal reflux up the biliopancreatic limb.

Figure 19. Pouch-to-stump fistula in a 50-year-old
woman with abdominal pain 11⁄2 years after surgery.
UGI image shows a fistula (thin white arrow) between
the pouch (black arrow) and jejunal stump (thick white
arrow). The symptoms were not attributed to the fis-
tula, and subsequent laparoscopy for evaluation of the
pain revealed a previously undetected internal hernia.

Figure 20. Anastomotic ulcer. Image from en-
doscopy shows a large, white, fibrin-coated ulcer
at the anastomosis. Ulcers can be difficult to di-
agnose with radiography. In general, they are di-
agnosed with endoscopy. (Courtesy of David L.
Burns, MD, Lahey Clinic, Burlington, Mass.)
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obstructions; although all patients should eventu-
ally undergo surgical exploration to exclude an
internal hernia, a temporizing percutaneous gas-
trostomy (Fig 21c) converts an emergent surgery
into an elective one. Lack of early recognition and
treatment can result in perforation of the ex-

cluded stomach or cause a leak due to tension at
the gastrojejunostomy (24). Radiologists should
be aware that perforation could occur even in the
presence of a normal appearance at UGI exami-
nation. Perforation of the excluded stomach may
be seen as free intraperitoneal air or fluid in the
absence of extraluminal oral contrast material at
CT (Fig 22).

Figures 21, 22. (21) Obstruction of the biliopancreatic limb in a 38-year-old woman with abdominal pain 1
week after surgery. (a, b) CT scans (a obtained cranially to b) show a nondistended, contrast material–filled
antegastric Roux limb (arrow in a) but a distended, fluid-filled excluded stomach (arrowhead in a) and bilio-
pancreatic limb (black arrow in b). The enteroenteric anastomosis (white arrow in b) was obstructed, presum-
ably as a result of edema, and was subsequently decompressed with a percutaneous gastrostomy. (c) Follow-up
CT scan obtained after percutaneous gastrostomy (arrow) shows a decompressed excluded stomach (arrow-
head). The biliopancreatic limb obstruction due to enteroenteric anastomotic edema resolved without compli-
cation. (22) Perforation of the excluded stomach in a 28-year-old woman with tachycardia 1 day after surgery.
CT scan of the thorax, obtained to evaluate for a pulmonary embolus, shows excessive free intraperitoneal fluid
and air (arrow) without extraluminal contrast material. Arrowheads � enhancing, crescentic, atelectatic lung.
Surgery revealed perforation of the excluded stomach adjacent to the suture line.
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Roux limb obstructions may be secondary to
adhesions, strictures, kinking, internal hernias, or
occasionally bezoars or intussusceptions (13,31,
32). Early obstructions may be secondary to anas-
tomotic edema (24). Obstructions may also occur
due to scarring at the mesocolic window of a ret-
rocolic Roux limb (20,33). Patients with Roux

limb obstructions typically present with nausea
and vomiting, and radiologic evidence of obstruc-
tion may be detected at UGI examination or CT
(Figs 23, 24).

Figure 23. Edema at the enteroenteric anastomosis in a 24-year-old woman with abdominal pain, nausea,
and dehydration 5 days after surgery. (a) UGI image shows a distended Roux limb (white arrow) and an appar-
ent transition point (black arrow) at the enteroenteric anastomosis. (b) CT scan shows narrowing at the en-
teroenteric anastomosis (arrow). The findings were believed to be a result of anastomotic edema, and the symp-
toms resolved with conservative management.

Figure 24. Obstruction of the Roux limb by a bezoar in a 47-year-old man with nausea and vom-
iting 8 months after surgery. CT scans (a obtained cranially to b) show a bezoar (arrow in a) in the
Roux limb with upstream dilatation (white arrow in b). The excluded stomach (arrowhead in b)
was enhanced with contrast material via a previously placed gastrostomy tube (black arrow in b).
The symptoms resolved with conservative management.
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Obstructions at or distal to the anastomosis
may be a result of strictures, internal hernias, or
adhesions and typically distend both the Roux
limb and excluded segments (Fig 25).

Internal Hernia
Internal hernias occur through defects in the
small bowel mesentery or transverse mesocolon
or through a potential space posterior to the Roux
limb termed the Peterson space. Although current
techniques employ closure of all defects, potential
gaps may expand during weight loss, creating av-
enues for an internal hernia (31).

Defects in the transverse mesocolon often in-
volve the Roux limb and can be seen as a redun-
dant portion of the Roux limb extending into the
defect (31). Signs of internal hernia into a small
bowel mesenteric defect include a cluster of small
bowel loops pressed against the anterior abdomi-
nal wall with crowding and engorgement of mes-
enteric vessels at CT (25). There is often an
abrupt mesenteric twist, producing dramatic
edema both radiographically and intraoperatively,

as lymphatic obstruction is superimposed on ve-
nous obstruction (Fig 26). Bezoars may also be
seen in obstructed Roux limbs. Internal hernias
may also result in dramatic closed-loop obstruc-
tions to short segments of small bowel (Fig 27),
increasing the concern for small bowel perfora-
tion or infarction. Peterson space hernias are diffi-
cult to recognize prospectively and are often not
diagnosed until surgical exploration (25).

Delay in diagnosis of any type of internal her-
nia may be devastating and cause ischemia or
death (34,35). In one series, 20% of patients with
symptomatic internal hernias had normal preop-
erative imaging findings, and surgical exploration
should be considered in any patient with unex-
plained abdominal pain (35).

Hemorrhage and Hematoma
Staple line bleeding can produce postoperative
hemorrhage and hematoma (36). On CT scans,
hematomas are demonstrated as high-attenuation
material (60–80 HU) (22). These often occur
adjacent to the gastrojejunostomy, with hema-
toma in the lesser sac, adjacent to or within the
excluded stomach (Fig 28). Patients in unstable
condition may require urgent surgical control.

Figure 25. Anastomotic obstruction from an internal hernia in a 23-year-old woman with pain, nausea, and
vomiting 10 months after surgery. CT scans (a obtained cranially to b) show a dilated, fluid-filled excluded
stomach and biliopancreatic limb (arrowheads) with a distended, contrast material–filled Roux limb (thick
white arrows in b) and decompressed, clustered distal small bowel loops (thin white arrow in b). This appear-
ance is consistent with obstruction at the anastomosis or in the common channel. Laparoscopy revealed an in-
ternal hernia at a small bowel mesenteric defect (black arrow in b).
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Teaching Point
Delay in diagnosis of any type of internal hernia may be devastating and cause ischemia or death (34,35). In one series, 20% of patients with symptomatic internal hernias had normal preoperative imaging findings, and surgical exploration should be considered in any patient with unexplained abdominal pain (35).




Figure 26. Internal hernia at a small bowel mesenteric defect in a 51-year-old woman with abdominal pain
10 months after surgery. (a–c) CT scans displayed from cranial (a) to caudal (c) show distention of the Roux
loop with a bezoar (white arrow in a, straight arrow in b); narrowing at the enteroenteric anastomosis (black
arrow in a); an abrupt twist in the small bowel mesentery (curved arrow in b); edema of the small bowel mes-
entery (arrowheads in c); and venous engorgement (arrow in c). (d) Photograph obtained during laparoscopy
shows engorged vessels and mesentery with a lymph fluid coagulum. An internal hernia at the small bowel mes-
enteric anastomosis caused a closed-loop obstruction and volvulus.

Figure 27. Closed-loop obstruction and internal
hernia at the mesocolic window in a 43-year-old
man with severe abdominal pain 2 years after sur-
gery. Coronal thick-section average intensity projec-
tion image from contrast-enhanced CT shows a
closed-loop obstruction of a short segment of the
small bowel (arrow). Surgery revealed an internal
hernia at the mesocolic window of a retrocolic and
antegastric Roux limb with volvulus and closed-loop
small bowel obstruction.
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Abscess
Abscess formation is usually the result of intesti-
nal perforation (25,31). CT is the primary means
for abscess evaluation, depicting fluid collections,
generally in the left upper quadrant (25). As with
abscesses elsewhere, these demonstrate rim en-
hancement and often contain both gas and fluid
(Fig 29). Orally administered contrast material
within the collection is diagnostic of an abscess
from an anastomotic leak (22). CT-guided percu-
taneous drainage, with appropriate antibiotic cov-
erage, is the primary means of treatment.

Wound Complications
Although one advantage of the laparoscopic
Roux-en-Y gastric bypass is the decreased preva-
lence of wound complications, these still occur
(36). Mild stranding or bubbles of gas may nor-
mally be seen in closed trocar defects, but larger
fluid collections should raise suspicion of an ab-
scess. Although less likely than with the open
technique, abdominal wall trocar hernias do oc-
cur and may be detected at CT (22).

Conclusions
The laparoscopic Roux-en-Y gastric bypass pro-
cedure is an effective and safe means of producing
dramatic long-term weight loss in morbidly obese
individuals. As the number of bariatric operations
performed in the United States continues to rise
(37), it is crucial that radiologists understand the
normal postoperative anatomy and recognize
complications.

With knowledge of the normal postoperative
appearance, UGI examinations should be easily
performed and the results interpreted. The 24-
hour postoperative examination is reliable for de-
tection of leaks (31). Although gastrojejunal anas-
tomotic strictures are one of the most common
complications with laparoscopic Roux-en-Y gas-
tric bypass (30), they are often diagnosed and
treated at endoscopy. A thorough examination
also evaluates for degraded pouch restriction, in-
cluding a patulous gastrojejunal anastomosis or
gastrogastric fistula, as a late cause of weight gain.
An understanding of postoperative anatomy also
assists in detection of internal hernias.

CT is invaluable in detection and characteriza-
tion of small bowel obstructions and internal her-
nias. The interpreting radiologist should be able
to identify the position of the Roux limb, the loca-
tion of the excluded stomach and biliopancreatic
limb, and the location of the enteroenteric anasto-
mosis.

CT may allow diagnosis of anastomotic leaks,
abscesses, gastrogastric fistulas, and intraabdomi-
nal hematomas. CT-guided percutaneous proce-
dures, such as placement of gastrostomy tubes or
drainage of fluid collections, can obviate emer-
gent exploration and may be the only procedural
intervention necessary for cure.

Although complication rates may decline as
surgeons’ skill and experience increase, the ever-
increasing use of the laparoscopic Roux-en-Y gas-
tric bypass requires all radiologists to be familiar
with this procedure and its complications.

Figure 28. Hematoma in a 61-year-old woman with
oliguria and a falling hematocrit 1 day after surgery.
Nonenhanced CT scan shows high-attenuation mate-
rial in the excluded stomach (arrowhead) and lesser
sac (arrows). Surgery revealed 500 mL of intragastric
blood and 150 mL in the lesser sac. No site of bleeding
was found.

Figure 29. Abscess in a 49-year-old woman with fe-
ver and abdominal pain 18 days after surgery. CT scan
shows a large abscess (arrow) posterior to the excluded
stomach. Percutaneous drainage produced infected
bloody fluid.
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Page 1356 
Numerous bariatric surgical procedures exist, the most common being the Roux-en-Y gastric bypass. 
The laparoscopic approach to the Roux-en-Y gastric bypass is quickly becoming the preferred method 
due to its decreased hospital stays, faster recovery, and decreased wound complications (11,12). 
 
Page 1356 
Currently, the Roux-en-Y gastric bypass combines restrictive and malabsorptive properties by 
creating a small gastric pouch and a Roux limb (18). While variations exist, the Roux-en-Y gastric 
bypass may be considered the standard of reference for bariatric surgery (14). 
 
Page 1363 
The most ominous complication is a leak from the gastrojejunal anastomosis or the enteroenteric 
anastomosis, both of which may be life threatening (23,24). 
 
Page 1364 
Small bowel obstructions are more frequent after laparoscopic gastric bypass than after open 
procedures (30). Most obstructions after laparoscopic Roux-en-Y gastric bypass are secondary to 
internal hernias, with fewer obstructions from postoperative adhesions or other causes (20). 
 
Page 1368 
Delay in diagnosis of any type of internal hernia may be devastating and cause ischemia or death 
(34,35). In one series, 20% of patients with symptomatic internal hernias had normal preoperative 
imaging findings, and surgical exploration should be considered in any patient with unexplained 
abdominal pain (35). 
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