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Abstract—Obesity has reached epidemic proportions
n the United States, with an estimated 50% of adults

eeting the definition of being overweight. As this con-
ition has become more prevalent, bariatric surgery has
ecome an increasingly accepted form of treatment of the
everely obese. Patients who have had bariatric surgery
re presenting more commonly to Emergency Depart-
ents as a result. This article will review the most com-
on bariatric surgery procedures, the complications that

an arise post-operatively, and the approach to the assessment
nd management of the bariatric surgery patient in the Emer-
ency Department. © 2008 Elsevier Inc.

Keywords—bariatric surgery; obesity; Emergency De-
artment

INTRODUCTION

besity has become one of the most prevalent conditions
n the United States. More than 50% of adults meet the
linical definition of being overweight or obese, and 5%
re considered severely obese (1). Obese individuals are
t elevated risk for a number of conditions that can
ncrease mortality, including Type II diabetes, hyperten-
ion, hyperlipidemia, obstructive sleep apnea, asthma,
ardiovascular disease, gallbladder disease, and obstetric
omplications (2,3). As a result, obesity is one of the
ost common causes of preventable mortality in the
nited States (4). Unfortunately, medical treatment and
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ietary and lifestyle changes have proven to be of min-
mal benefit to those who are morbidly obese (1,5).
owever, surgical treatment of obesity provides mor-
idly obese individuals with sustained weight loss and
ignificant reductions in the diseases associated with
xcess weight (6).

There has been a dynamic growth in the number of
ariatric surgical procedures for obesity. From 1990 to
000, the national annual rate of bariatric surgery in-
reased nearly six-fold, from 2.4 to 14.1 per 100,000
dults (7). Recently, less invasive techniques, specifi-
ally laparoscopic bariatric surgery, have become com-
onplace in the treatment of morbid obesity. This review
ill discuss the most common surgical procedures for

he treatment of obesity, the complications that can arise
ost-operatively, and the assessment and management of
he bariatric surgery patient who presents to the Emer-
ency Department (ED).

SURGICAL STRATEGIES FOR THE
TREATMENT OF OBESITY

n 2000, the National Institutes of Health published an
vidence-based guideline for the surgical management of
besity. Patients are eligible for bariatric surgery if they
ave failed attempts at non-surgical management and
ave a body mass index, defined as weight in kilograms

006;
ay 2
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14 S. D. Luber et al.
ivided by height in meters squared, � 35 with a phys-
ologically related co-morbidity, such as type II diabetes,
r � 40 years of age without a co-morbidity (1).

There are two main strategies for surgically induced
eight loss—gastric restriction and intestinal malab-

orption. Procedures involving gastric restriction cause
arly satiety by creating a small gastric pouch, which
imits the volume of solid food that can be ingested in a
iven period of time. Satiety is also prolonged by cre-
tion of a small gastric outlet. Restrictive procedures
nvolve gastroplasty and gastric banding. It was deter-
ined early in the development of these procedures that

he gastric outlet needed to be reinforced to prevent
ilatation. Therefore, a prosthetic material is often used
o reinforce the gastric outlet. Both the pouch and the
utlet need to be small enough to restrict intake and
ncrease satiety, but large enough to prevent obstruction.
pecial adjustable band systems have been developed

o allow for fine adjustments of the gastric outlet
iameter. Despite the fact that significant dietary com-
liance is required with restrictive operations, the ben-
fits of these procedures include the technical simplic-
ty with no staples, anastamoses, or bypasses of the
ntestinal tract.

Malabsorptive procedures used today include the bil-
opancreatic diversion with or without duodenal switch
nd the distal gastric bypass. Malabsorptive surgeries
nvolve some degree of gastric volume reduction but,
ore importantly, rely on the bypass of various lengths

f the small intestine. Functionally, this creates what has
een described as a “controlled short-gut syndrome.”
enefits of these procedures include a greater sustained
eight loss that is less dependent on the patient’s dietary

ompliance (8).

BARIATRIC SURGERY PROCEDURES

estrictive Procedures

ertical banded gastroplasty. Vertical banded gastro-
lasty is a restrictive procedure that involves creating a
mall (30–50 mL), vertically oriented pouch with a nar-
ow gastric outlet (Figure 1). The pouch is created by
tapling the front wall of the stomach to the back below
he gastroesophageal junction. The distal end of the
ewly created pouch is constricted with either a 1-cm
iameter polypropylene band or a 1-cm silastic ring.
hese procedures have not been found to be as effective
s other bariatric procedures in achieving long-term re-
uction in excess weight; only 25–45% of patients main-
ain their weight loss at 10 year follow-up (9,10).

astric banding. Gastric banding is a purely restrictive

rocedure that involves placing a silastic band below the U
astroesophageal junction to restrict oral intake. This
imple procedure does not involve surgically entering the
astrointestinal tract; therefore, operative risk and com-
lication rates are reduced (11). Recently, a newer gas-
ric banding technique involving an adjustable band has
een approved for use in the United States (Figure 2).
his technique involves laparoscopically placing an ad-

ustable band around the upper stomach. This band is
onnected to a port is placed subcutaneously that can be
ccessed to inflate or deflate the band. By altering the
mount of fluid in the band, the circumference of the
and changes, thus altering the diameter of the outlet.
his technique is the most popular bariatric surgery
erformed outside of the United States (12). Although
ong-term results have been favorable in Europe, this
urgery has not demonstrated similar success in the

igure 1. Vertical banded gastroplasty. A vertical pouch is
reated by stapling the front of the stomach to the back wall,
elow the esophagogastric junction. The end of the newly
reated gastric pouch is constricted with either a 1-cm di-
meter polypropylene band or a 1-cm silastic ring (vertical
ing-banded gastroplasty). Reprinted with permission from
edscape General Medicine 6(2), 2004. http://www.
edscape.com/viewarticle/471952 © 2004 Medscape.
nited States (13–15).

http://www.medscape.com/viewarticle/471952
http://www.medscape.com/viewarticle/471952
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The Bariatric Surgery Patient in the ED 15
alabsorptive Procedures

astric bypass. Roux-en-Y gastric bypass involves both
estrictive and malabsorptive components and has be-
ome the most common bariatric surgery performed in
he United States (Figure 3). This procedure is estimated
o be performed in the United States approximately
0,000 times per year, 70% of the total gastric bypass
urgeries performed domestically (16). The diversionary
omponent is the Roux limb, which bypasses the distal
tomach, duodenum, and upper jejunum, and contributes
o weight loss by causing malabsorption of calories and
nducing a dumping syndrome. There are multiple vari-
tions in this procedure, but generally, a 15–50-mL gas-
ric pouch is created with a 75–150-cm Roux-limb con-
ected as an enteroenterostomy to the jejunum, 30–50
m distal to the ligament of Treitz.

iliopancreatic diversion. Biliopancreatic diversion is a
wo-component procedure: a limited gastrectomy and the
reation of a long-limb Roux-en-Y anastomosis with a
hort, 50-cm alimentary channel (Figure 4A). The short
hannel is created by transecting the small intestine ap-
roximately 250 cm from the ileocecal valve and attach-

igure 2. Adjustable laparoscopic banding. A band is lapa-
oscopically placed around the upper stomach to create a
estrictive pouch. The balloon in the band is connected to a
ort that is placed subcutaneously and can be accessed to

nflate or deflate the balloon, consequently changing the
ize of the band circumference. Reprinted with permission
rom Medscape General Medicine 6(2), 2004. http://www.

edscape.com/viewarticle/471952 © 2004 Medscape.
ng the distal end to the gastric pouch. The proximal end
M
4

s then joined near the ileocecal valve. This procedure
eaves no defunctionalized small intestine. The biliopan-
reatic diversion can lead to significant weight loss
hrough a decrease in oral intake and induction of sig-
ificant malabsorption of fat by diverting bile and pan-
reatic secretions. Successful weight loss has been re-
orted above 65–75% of excess body weight at 18 years
ost-surgery (17,18).

Biliopancreatic diversion with duodenal switch is a
romising alternative to a standard biliopancreatic diver-
ion (Figure 4B). This procedure involves a sleeve gas-
rectomy involving 70–80% of the greater curvature of
he stomach, maintenance of the pylorus and a small part
f the duodenum, and the construction of a Roux-en-Y
uodenoenterostomy. The benefit of this adaptation is
hat the maintenance of the pylorus and duodenal system
educes the post-operative malabsporption complica-
ions, such as stomal ulceration.

aparoscopic approaches. Laparoscopic bariatric sur-
ery procedures have been emerging since the mid-
990s. Advantages over open procedures include re-
uced peri-operative morbidity, mostly wound related,
nd shorter recovery times (19,20). Laparoscopic tech-
iques have additional challenges in morbidly obese
atients, such as the greater distance through the abdom-
nal wall, and hand-assisted laparoscopic techniques

igure 3. Roux-en-Y gastric bypass surgery. A small pouch
s created by either stapling or transecting the stomach.
he pouch is then connected to and empties into the Roux

imb of the jejunum, which is approximately 50 –100 cm in
ength. Reprinted with permission from Medscape General
edicine 6(2), 2004. http://www.medscape.com/viewarticle/
71952 © 2004 Medscape.

http://www.medscape.com/viewarticle/471952
http://www.medscape.com/viewarticle/471952
http://www.medscape.com/viewarticle/471952
http://www.medscape.com/viewarticle/471952
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16 S. D. Luber et al.
ave been developed (21). The laparoscopic Roux-en-Y
astric bypass procedure has been described as one of the
ost technically challenging laparoscopic procedures to

ate (22).

COMPLICATIONS OF BARIATRIC SURGERY

utcomes after bariatric surgery have dramatically im-
roved over the last two decades. Hospital stays are more
ommonly 3–4 days as opposed to 9–10 days in the past
23). During the 1980s, one review found that 9% of
atients had peri- and post-operative respiratory compli-
ations, 4% had anastamotic leaks, and 6% required
epeat surgical intervention (24). Today, perioperative
ortality of bariatric surgery is less than 1% (25,26).

urgical Complications

here are a number of surgical complications of bariatric
rocedures that can present to the ED (Table 1). The
ost common cause of death after bariatric surgery is

eritonitis from an anastomotic breakdown. This is typ-
cally an early complication, usually diagnosed within 10
ays after surgery. The incidence of post-operative leak
fter Roux-en-Y gastric bypass ranges from 1–6% (27).
pecifically, this has been noted to occur in 1.2% of open

igure 4. (A) Biliopancreatic diversion. A limited gastrectomy
ouch. (B) Biliopancreatic diversion with duodenal switch. A
nastomotic complications. Similar to classic biliopancreatic
tomach via a small part of the first potion of the duodenum.
004. http://www.medscape.com/viewarticle/471952 © 2004
ases and 3% of laparoscopic cases (28). The classic
eritoneal signs are not always present post-operatively,
nd the emergency physician must be aware of subtle
igns and symptoms that may point to this diagnosis
equiring early surgical consultation. These include fe-
er, increasing abdominal pain, back pain, pelvic pres-
ure, hiccups, unexplained tachycardia, and restlessness.

pulse rate that remains above 120 beats/min has been
ssociated with gastric dilatation and leak with peritoni-
is (29). Given the seriousness of this complication and
he vague nature of the presenting symptoms, suspicion
f this diagnosis should lead to early surgical consulta-
ion. Radiologic contrast studies (upper gastrointestinal
eries) are essential to aid in the diagnosis of post-
perative leak. These are routinely performed as part of

ted, and the transected ileum is anastomosed to the gastric
e gastrectomy is created to maintain the pylorus and avoid
sion, the transected, distal small bowel is connected to the
ted with permission from Medscape General Medicine 6(2),

cape.

able 1. Surgical Complications of Bariatric Procedures

arly complications (within 30 days of surgery)
Anastamotic breakdown—Roux-en-Y gastric bypass and

biliopancreatic diversion
Acute gastric distention—Roux-en-Y gastric bypass

ate complications (more than 30 days past surgery)
Incisional hernias—open bariatric surgical procedures
Internal hernias—Roux-en-Y gastric bypass
Stomal stenosis—Roux-en-Y gastric bypass
Band erosion/Migration—vertical banded gastroplasty and

adjustable gastric banding
Staple line disruption—Roux-en-Y gastric bypass and

biliopancreatic diversion
arly or late complication
is crea
sleev
diver
Small bowel obstruction—Roux-en-Y gastric bypass

http://www.medscape.com/viewarticle/471952
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The Bariatric Surgery Patient in the ED 17
he post-operative management of bariatric surgery pa-
ients to define the post-operative anatomy and to assess
or leak, ileus, or obstruction. However, radiologic con-
rast studies can be non-diagnostic and are not extremely
ensitive for anastomotic leak, and often, re-exploration
n the operating room is performed early in the evalua-
ion if this diagnosis is suspected. Initial reports of com-
lications with laparoscopic procedures demonstrated
igher anastomotic leaks, but as surgeons are becoming
ore experienced with the procedures, complication

ates are decreasing (30).
Acute gastric distention can occur after open or lapa-

oscopic Roux-en-Y gastric bypass. This complication
eems to be due to edema or obstruction at the enteroen-
erostomy site. Most cases develop within the first sev-
ral days post-operative, and patients will present with
ausea, vomiting (dry heaves), left upper quadrant bloat-
ng, and hiccups (31). Severe distention can create prob-
ems with staple lines and anastamoses. Plain radio-
raphs may demonstrate significant gastric distension
ith air-fluid levels. Percutaneous decompression has been

uccessful in some, whereas others require re-operation
ith gastrostomy tube placement (28). There is some con-

roversy as to whether nasogastic tube decompression is
arranted should distention of the proximal pouch or small
owel obstruction be found. A distended remnant stomach
ill not be decompressed by a nasogastric tube. It is prudent

o discuss this intervention with a consulting surgeon
efore placement in the ED due to the potential risk for
uncturing suture lines.

Incisional hernias occur in 15–20% of patients after
pen gastric bypass, and lack of this complication is one
f the major advantages of the laparoscopic approach
28). However, given the body habitus of patients under-
oing gastric bypass surgery, hernias can at times be hard
o palpate, and imaging by computed tomography may
e required to make the definitive diagnosis. Unless the
atient is symptomatic from the hernia due to incarcer-
tion or strangulation, it has been suggested to wait for
aximal weight loss before repair. A hernia repair and

anniculectomy (excision of excessive skin and subcu-
aneous tissue post weight loss) can then be completed as
ne procedure (28). Incarcerated hernias can occur at
ort sites as well and are difficult to appreciate on ex-
mination. In one of the author’s experience, they are a
ause of early morbidity and need for re-operation.

Internal hernias can occur after Roux-en-Y gastric
ypass; they are said to occur in up to 6% of patients
32). Internal hernias can develop in the transverse me-
ocolon where the limb passes through, around the mes-
ntery of the roux limb, or in the mesenteric defect at the
nteroenterostomy (28). They have been reported to oc-
ur more frequently with the laparoscopic approach (33).

hese hernias are difficult to identify both clinically and t
adiographically. As with any patient, pain out of pro-
ortion to examination should alert the clinician to the
ossibility of bowel ischemia. Radiographic studies are
ften non-specific, and surgical intervention for visual-
zation may be necessary (28). A dilatated gastric rem-
ant and oral contrast refluxing into the remnant may
uggest internal hernia or distal obstruction.

Stomal stenosis occurs in up to 12% of both gastric
ypass and vertical banded gastroplasty procedures and
ypically occurs 1 or more months after surgery, with a
ean of 49 days after Roux-en-Y gastric bypass (34–

6). The gastric outlet of both procedures is typically
esigned to be 1 cm in diameter. Stenosis of the outlet
an lead to symptoms of post-prandial epigastric pain
nd vomiting. Treatment involves endoscopy with bal-
oon dilatation. Some patients require multiple dilatations.

Band erosion into the stomach after gastric banding
as been reported in 0.3–1.9% of patients. Patients with
his complication may present with progressive left up-
er quadrant pain or pain in the left lower chest that can
imic complaints of angina (22). Outlet obstruction can

lso lead to severe gastroesophageal reflux and esoph-
gitis. Conversion to a gastric bypass may be required to
esolve this complication.

Small bowel obstruction may occur in the early or late
ost-operative period. It has been described in up to 5%
f patients after Roux-en-Y gastric bypass. Etiologies
nclude adhesions, internal hernia, and intussuception
27). As in other post-operative patients, flat and upright
lain radiography of the abdomen will often reveal this
iagnosis. Great care needs to be taken in nasogastric
ecompression of these patients due to the potential for
uture line and anastamotic puncture. Although the inci-
ence of small bowel obstruction seems to be lower in
he laparoscopic approach, there is an increased risk of
nternal hernia with laparoscopic technique. Most hernias
re diagnosed more than 1 month after surgery (37).
iagnosis can be made with the use of plain radiography.
Staple line disruption is a complication of Roux-en-Y

astric bypass and vertical banded gastroplasty and is
ore of a weight-loss complication than a surgical com-

lication. This may occur in the early post-operative
eriod, but more commonly occurs 4 or more months
fter surgery (27). This complication allows the excluded
tomach to communicate with the gastric pouch, which
an lead to inadequate weight loss. It may manifest as a
stula between the pouch and gastric remnant on a con-

rast radiologic study. Patients may also present to the
D with complaints of gastrointestinal bleeding, which
ay be attributed to bleeding from the suture line of the
oux-en-Y gastric bypass limb. This complication may

equire aggressive management, including large-bore in-
ravenous access and fluid and blood resuscitation, given

he decreased oral intake of gastric bypass patients and
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18 S. D. Luber et al.
he resultant potential acceleration of the deterioration in
olume status (31).

ulmonary Complications

eep vein thrombosis with resultant pulmonary embo-
ism is the second most common cause of death after
ariatric surgery, with an incidence of 2% and a mortal-
ty of 20–30%, and does not seem related to the type of
urgery (28,31). This can occur in the immediate post-
perative period and as long as a month after the proce-
ure (28). The ED algorithm for diagnosis of thrombo-
mbolic disease is unchanged in the post-operative
atient. However, post-operative leaks or peritonitis may
asquerade as a pulmonary complication with tachycar-

ia and tachypnea. In one study, those with tachycardia
nd respiratory distress had a 20% incidence of anasta-
otic leak (38).

utritional Complications

alnutrition is uncommon in patients with restrictive
rocedures, such as vertical banded gastroplasty, but
oes occur with malabsorptive procedures. Iron and cal-
ium are absorbed in the duodenum, which leads to these
eficiencies in the bypass patient. Iron-deficiency anemia
as been described in 20–49% of patients (30). Treat-
ent is with ferrous sulfate. Studies have also demon-

trated that between 26% and 70% of patients may de-
elop vitamin B12 deficiencies (30). This is thought to
ccur due to the failure of food-bound vitamin B12 to be
leaved in the upper gastric pouch (31). Patients under-
oing malabsorptive procedures are typically placed on
ultivitamins as well as calcium supplementation post-

peratively. Individuals who have undergone gastro-
lasty are less likely to develop these complications as
pposed to the gastric bypass patient.

Malabsorptive procedures such as the biliopancre-
tic diversion can cause protein calorie malabsorption
n 7.7–11.9% of patients (4). In one series, at 2-year
ollow-up, 33% of patients undergoing biliopancreatic
iversion had developed anemia (28). Hypoalbumine-
ia also has been described (39). Biliopancreatic di-

ersion with duodenal switch demonstrates a lower
ncidence of protein-calorie malnutrition, with 2–3%
f patients developing problems (28).

epatobiliary Complications

allstone formation after bariatric surgery is common. It

s felt to be related to the rapid weight loss and resultant r
ile stasis with biliary sludge formation. The incidence
f sludge in the gallbladder is up to 50% at post-opera-
ively, with an incidence of gallstones at 32% (40).
rophylactic treatment with urosodiol for 6 months after
urgery has been shown to reduce the incidence of gall-
tones to 2% (40,41). After a Roux-en-Y gastric bypass,
ccess to the biliary tree may be impossible via endo-
copic retrograde cholangiopancreatography. Thus, the
iagnosis of choledocholithiasis becomes problematic.
rophylactic cholescystectomy is performed by some sur-
eons, whereas others believe it increases operative com-
lications (4). If this diagnosis is suspected in the ED,
bdominal ultrasonography can aid in making the diagnosis
long with adjunctive laboratory testing such as liver func-
ion tests, complete blood cell count, and pancreatic enzyme
valuation.

astrointestinal Complications

tomal ulceration has been demonstrated in up to 15% of
astric bypass patients, although the etiology is unclear.
atients typically present within the first 90 days after
urgery and complain of severe dyspepsia, burning retro-
ternal pain, and vomiting. Ulceration is diagnosed by
irect visualization with endoscopy. Treatment involves
roton pump inhibitors, carafate or sucralfate, and anti-
iotics if the patient is found to be H. pylori positive (28).

Dumping syndrome, in which the patient complains
f pain, satiety, nausea and vasomotor symptoms (dia-
horesis, weakness, dizziness, flushing), is commonly
een in gastric bypass patients. It has been described in
p to 75% of patients. Some attribute the success of the
rocedure to this effect, because it deters the ingestion of
alorie-dense liquids, but this has not been well estab-
ished (4). Small frequent meals, dry meals, avoidance of
imple sugars, and various other dietary modifications
ave been advocated to help control symptoms. In severe
umping syndrome, octreotide has been recommended to
low gastric emptying (42).

eurological Complications

1987 retrospective review by Abarbanel et al. reported
hat 23 of 500 (4.6%) patients undergoing a bariatric sur-
ical procedure experienced neurologic complications. The
ymptoms occurred anywhere from 3 to 20 months post-
peratively. All of the affected patients experienced pro-
racted vomiting. Patients also presented with neuropathies,
yopathies, encephalopathy, and burning feet (43). More

ecent studies found that 48 of 556 (8.6%) patients who had
ndergone bariatric surgery had complications of the pe-

ipheral nervous system. These complications included
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The Bariatric Surgery Patient in the ED 19
ononeuropathies (carpal tunnel syndrome being most
ommon), peripheral neuropathies, plexopathies, and my-
pathy (44). A deficiency of vitamin B1 (thiamine) is felt to
e a major contributor to the neurologic complications. A
ecent review notes that at least 30 cases worldwide of

ernicke encephalopathy after bariatric surgery have been
ublished and that this condition is mostly seen within 8 to
5 weeks after surgery (45).

CONCLUSION

ore and more patients are turning to surgical management
or weight loss. Despite decreasing complication rates, the
heer number of procedures being performed guarantees
hat more post-operative patients will be seen in EDs across
he country. It is imperative that emergency physicians be
igilant in the evaluation and management of these patients.

thorough search for complications, even in patients with
enign physical examinations, is important. Early surgical
onsultation will also aid in the emergency evaluation and
reatment of bariatric surgery patients.
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