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A Prospective Randomized Trial of Laparoscopic Gastric Bypass
Versus Laparoscopic Adjustable Gastric Banding for the Treatment
of Morbid Obesity
Outcomes, Quality of Life, and Costs
Ninh T. Nguyen, MD, Johnathan A. Slone, MD, Xuan-Mai T. Nguyen, PhD, Jaimee S. Hartman, BS,
and David B. Hoyt, MD

Background: Gastric bypass and adjustable gastric banding are the 2
most commonly performed bariatric procedures for the treatment of
morbid obesity. The aim of this study was to compare the outcomes,
quality of life, and costs of laparoscopic gastric bypass versus laparoscopic gastric banding.
Study Design: Between 2002 and 2007, 250 patients with a body mass
index of 35 to 60 kg/m2 were randomly assigned to gastric bypass or
gastric banding. After exclusion, 111 patients underwent gastric bypass
and 86 patients underwent gastric banding. Outcome measures included
demographic data, operative time, blood loss, length of hospital stay,
morbidity, mortality, early and late reoperation rate, weight loss, changes
in quality of life, and cost. Treatment failure was defined as losing less
than 20% of excess weight or conversion to another bariatric operation
for failure of weight loss.
Results: There were no deaths at 90 days in either group. The mean body
mass index was higher in the gastric bypass group (47.5 vs. 45.5 kg/m2,
respectively, P ⬍ 0.01) while the mean age was higher in the gastric band
group (45 vs. 41 years, respectively, P ⬍ 0.01). Compared with gastric
banding, operative blood loss was higher and the mean operative time and
length of stay were longer in the gastric bypass group. The 30-day complication rate was higher after gastric bypass (21.6% vs. 7.0% for gastric band);
however, there were no life-threatening complications such as leaks or
sepsis. The most frequent late complication in the gastric bypass group was
stricture (14.3%). The 1-year mortality was 0.9% for the gastric bypass group
and 0% for the gastric band group. The percent of excess weight loss at 4
years was higher in the gastric bypass group (68 ⫾ 19% vs. 45 ⫾ 28%,
respectively, P ⬍ 0.05). Treatment failure occurred in 16.7% of the patients
who underwent gastric banding and in 0% of those who underwent gastric
bypass, with male gender being a predictive factor for poor weight loss after
gastric banding. At 1-year postsurgery, quality of life improved in both
groups to that of US norms. The total cost was higher for gastric bypass as
compared with gastric banding procedure ($12,310 vs. $10,766, respectively,
P ⬍ 0.01).
Conclusions: Laparoscopic gastric bypass and gastric banding are both safe
and effective approaches for the treatment of morbid obesity. Gastric bypass
resulted in better weight loss at medium- and long-term follow-up but was
associated with more perioperative and late complications and a higher
30-day readmission rate. There was a wide variation in weight loss after
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gastric banding with a small proportion of patients considered as treatment
failure, and male gender was a predictive factor for poor weight loss.
(Ann Surg 2009;250: 631– 641)

R

oux-en-Y gastric bypass has long been the bariatric procedure of
choice for the treatment of morbid obesity. It consists of constructing a small gastric pouch (30 mL), bypassing the majority of
the stomach, duodenum, and proximal jejunum and reconstructing
with a 75 to 150 cm Roux limb. The mechanisms for weight loss are
both restrictive and malabsorptive, but there have been recent data that
support the metabolic effects of the Roux-en-Y gastric bypass.1–3 The
laparoscopic approach to gastric bypass was first reported in 1994 but
was not widely disseminated until 1998.4 By 2004, the number of
laparoscopic gastric bypass operations exceeded that of open gastric
bypass operations.5 In June of 2001, the Food and Drug Administration approved the laparoscopic adjustable gastric banding system
(Lap-Band, Allergan Inc, Irvine, CA) for use as a less invasive
surgical alternative for the treatment of morbid obesity. The gastric
banding procedure consists of placing an adjustable gastric band
around the gastric cardia using a pars flaccida technique, and a port
is implanted subcutaneously over the rectus fascia. The band can be
adjusted at follow-up. Over the past several years, laparoscopic
adjustable gastric banding has gained popularity. From 2004 to
2007, there was a 329% increase in the number of gastric banding
procedures performed in the Unites States.6 At the current time,
laparoscopic gastric bypass and laparoscopic gastric banding are
the 2 most commonly performed operations for the treatment of
morbid obesity.
Multiple retrospective studies have reported on the outcomes
of gastric bypass versus gastric banding.7–12 There has been only 1
small (55 patients) prospective, randomized trial comparing the
outcomes of gastric bypass versus gastric banding.13 In the present
randomized trial, we sought to evaluate the outcomes, convalescence, quality of life, and costs of laparoscopic Roux-en-Y gastric
bypass versus laparoscopic adjustable gastric banding.

PATIENTS AND METHODS
Study Design
Patients were recruited to participate in this trial at the
University of California, Irvine Medical Center’s bariatric surgery
clinic. The study was performed with approval of the Institutional
Review Board and was registered on the ClinicalTrials.gov website
with an identifier of NCT00247377. Written informed consent to
participate in the study was obtained from all patients who agreed to
undergo randomization. Patients were eligible if they had a body
www.annalsofsurgery.com | 631
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mass index (BMI) between 40 to 60 kg/m2 or 35 kg/m2 with
comorbidities, had acceptable operative risk, and were between the
ages of 18 and 60 years. Exclusion criteria included patients with a
large ventral hernia, hiatal hernia, or those who had previous gastric
or bariatric surgery. After patients gave consent, they were randomly
assigned to laparoscopic gastric bypass or laparoscopic gastric
banding by use of sealed envelopes with a block of 3 groups to allow
for even recruitment. The randomized assignment was discussed
with the patient at the second office visit, when the patient had the
right to withdraw from the study protocol.

Treatment Groups
Laparoscopic Gastric Bypass
Laparoscopic gastric bypass was performed using 5 abdominal ports. A 30 mL gastric pouch was constructed by stapling the
stomach starting on the lesser curvature and exiting through the
angle of His. The ligament of Treitz was identified and the jejunum
was divided 30 cm distal to the ligament of Treitz. The Roux limb
was measured 75 to 150 cm whereby a stapled side-to-side jejunojejunostomy was constructed using a 60 mm linear stapler. The
remaining enterotomy and mesenteric defect were closed with interrupted sutures. In the early part of this trial, a transverse mesocolon defect was constructed for performance of a retrocolic-retrogastric reconstruction. In the latter part of this trial, the omentum
was divided down to the level of the transverse mesocolon with an
antecolic, antegastric reconstruction. In the early part of this trial, a
21-mm circular stapler was used for construction of the gastrojejunal
anastomosis whereas in the latter part of this trial a 25-mm circular
stapler was used. Upon completion, the anastomosis was reinforced
with interrupted sutures. The gastrojejunostomy was inspected endoscopically and tested for air leaks.

Laparoscopic Adjustable Gastric Banding
Laparoscopic gastric banding was performed using 5 abdominal ports. The dissection began with mobilization of the right crus
of the diaphragm posterior to the esophagus and a retroesophageal
tunnel was constructed, otherwise known as the “pars flaccida”
technique. Early in the trial, the 9.75-mm Lap-Band (Allergan Inc,
Irvine, CA) or the 10-mm Lap-Band was used and in the latter part
of the trial, the Lap-Band VG system was used. The gastric band
was positioned at the level of the gastric cardia and securely closed.
To prevent slippage, 3 anterior gastrogastric sutures were placed and
a single suture was placed on the lesser curvature below the band.
The access port was implanted subcutaneously and secured to the
rectus fascia with interrupted sutures.

Postoperative Care and Follow-Up
All patients were transferred from the surgical ward to the
recovery room. Patient controlled analgesia was used for pain
control. A gastrografin contrast study was performed on all patients
on postoperative day 1. Clear liquid was started after the contrast
study demonstrated no obstruction or leaks. Patients were discharged as soon as oral fluid was tolerated. Follow-up was carried
out on an outpatient basis every 3 months in the first year and every
4 months thereafter. An intensive aftercare program was available
for all patients. Gastric banding patients underwent regular adjustment at the clinic at 3 to 4 month interval. Criteria for adjustment
were based on achievement of the ideal weight loss (1–2 lbs per
week), the presence of restriction and satiety with meals, and the
lack of dysphagia or vomiting symptoms. For patients with the 9.75or 10-mm band, initial adjustment was performed at 6 weeks
postoperatively with 1 mL of saline, and 0.2 to 0.5 mL of saline at
each subsequent adjustment. In our aftercare program, patients also
632 | www.annalsofsurgery.com
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met with the nutritionist and social worker at each office visit and
attended regularly held support group meetings.

Outcomes
The endpoints of the study were perioperative and late outcomes, weight loss, quality of life, and costs in the 2 groups.
Operative outcomes include demographics, operative time, estimated blood loss, length of hospital stay, number of patients requiring intensive care unit (ICU) stay, time to return to normal activities
and work, morbidity, and mortality. All surgical complications were
recorded and a single patient could have multiple unrelated complications. Each individual complication was categorized according to
its timing and severity. Early complication was defined as complications occurring within the first 30 days after the index operation
and late complication was defined as complications occurring after
the 30 days. The severity of the complication was graded based on
the classification system proposed by Clavien et al.14 Grade I
complications are alterations from the ideal postoperative course,
non life-threatening, and with no lasting disability. Grade II complications are potentially life-threatening but without residual disability, subdivided into 2 groups, that is, IIa (requiring use of blood
transfusions, total parenteral nutrition, drug therapy, or a hospital
stay greater than twice the median stay) and IIb (requiring therapeutic procedures such as endoscopy or reoperation). Grade III
complications are those with residual disability or requiring organ
resection. Finally, grade IV complications are deaths as a result of
complications. Quality of life was measured by the 36-item Health
Survey (SF-36) questionnaire form and was administered to all
patients in both groups before surgery and at 1, 3, 6, 9, and 12
months postoperatively. The SF-36 measures the following 8 health
concepts: physical functioning, role-physical, role-emotional, bodily
pain, vitality, social functioning, mental health, and general health.
The costs for gastric bypass and gastric banding were derived from
the University of California, Irvine Medical Center’s decision support system database to provide actual cost data as opposed to
patient charge data. Direct costs were divided into operative and
hospital service costs. Indirect costs were overhead costs including
items such as administrative, finance, housekeeping, payroll, insurance, and employee benefits.
Weight loss was expressed as the percent of excess weight
loss (EWL) and reduction in BMI over time. Percent of EWL was
calculated as preoperative weight minus postoperative weight and
divided by preoperative weight minus ideal body weight and multiplied by 100. The ideal body weight was derived from the Metropolitan Life Insurance tables of height and weight using the middle
weight of a medium-framed person. Weight loss was also categorized into 5 groups according to the percent of EWL: poor/failure
(⬍20%), acceptable (20%–39.9%), good (40%–59.9%), excellent
(60%–79.9%), and exceptional (ⱖ80%). Treatment failure was defined as (1) the need for conversion to another bariatric procedure
due to failure of weight loss or (2) having ⬍20% EWL. The
treatment failure rate was calculated for patients with follow-up and
also calculated for all patients to include those who were lost to
follow-up, with all patients lost to follow-up considered as failure.

Statistical Analyses
Data for patients who underwent their randomized assignment were analyzed on the basis of the intention-to-treat basis. Data
for patients with gastric banding that were converted to another
bariatric operation were analyzed within the gastric banding group.
Patients who did not undergo their randomized assignment were
excluded from the analysis.
All data are expressed as mean ⫾ SD. Analyses of differences
between groups for demographic and operative data were performed
using 2-sample t tests or Fisher exact test tests for categorical data.
© 2009 Lippincott Williams & Wilkins
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Comparisons of comorbidities and complications were made using
2 tests for independence. Comparison of changes in percent of
EWL across time was performed using repeated measures analysis
of variance. After the initial analysis, a series of stratified models
were run to look for significant differences between groups at each
time point, using unpaired t tests. The SF-36 scores were compared
between groups using unpaired t tests. Univariate analysis was
performed to determine predictors for poor/failure of weight loss.
All statistical analyses were conducted in SAS 9.1 (SAS Institute
Inc, Cary, NC). A P value of less than 0.05 was considered
significant.
A sample size calculation was performed with the assumption
that the mean percent of EWL after gastric bypass was 60% ⫾ 29%
at 2 years and the mean percent of EWL after gastric banding was
46% ⫾ 39%. A difference of 14% in EWL between the 2 groups was
considered statistically significant. A minimum of 96 patients in
each group was necessary to detect this difference using a 2-tailed t
test with a probability of a type I error (␣) of 0.5 and a probability
of a type II error (␤) of 0.2 (power of 80%). Due to the potential
drop-out rate, 250 patients were accrued for this study.

RESULTS
Demographics
Between November 2002 and September 2007, 250 patients
were randomly assigned to undergo laparoscopic gastric bypass or
laparoscopic adjustable gastric banding. Fourteen patients in the
gastric bypass group and 39 patients in the gastric banding group
were excluded because the patients were unwilling to undergo the
assigned procedure or inability to obtain insurance coverage for the
bariatric operation. After exclusion, 111 patients underwent gastric
bypass and 86 patients underwent gastric banding in this trial.
Characteristics of the 2 groups are depicted in Table 1. The mean
BMI was higher in the gastric bypass group versus the gastric
banding group (47.5 ⫾ 5.5 vs. 45.5 ⫾ 5.4 kg/m2, respectively, P ⫽
0.01) while the mean age was higher in the gastric banding group
(45.8 ⫾ 9.8 vs. 41.4 ⫾ 11.0 years, P ⬍ 0.01). Preoperative weight,
comorbidities, and history of prior abdominal surgery were similar
between the 2 groups. At follow-up, none of the patients has opted
to drop out of the study. At 2 years, follow-up was available for
84.6% of gastric bypass patients and 91.9% of gastric banding
patients. Of the patients with 3 years data, follow-up was available
for 84.6% of gastric bypass patients and 93.3% of gastric banding
patients. Of the patients with 4 years data, follow-up was available
for 83.1% of gastric bypass patients and 93.3% of gastric banding
patients.

Laparoscopic Gastric Bypass Versus Gastric Banding

Operative Data
Perioperative data of the 2 groups are shown in Table 2. All
laparoscopic operations in both groups were performed successfully
without conversion to open laparotomy. The mean operative time for
gastric bypass was double that for gastric banding (136.9 ⫾ 31.9 vs.
68.21 ⫾ 24.7 minutes, respectively, P ⬍ 0.01). The estimated blood
loss was greater in the gastric bypass group. The length of hospital
stay was shorter in the gastric banding group (1.5 ⫾ 1.1 vs. 3.1 ⫾
1.5 days, respectively, P ⬍ 0.01). ICU stay occurred in 2.7% of
patients in the gastric bypass group and 1.2% of patients in the
gastric banding group. The 30-day and in-hospital mortality was
zero for both groups. The time to return to normal activities of daily
living and return to work was significantly shorter after gastric
banding compared with gastric bypass (Table 2).

Complications
Early major (grade IIb, III, and IV) and minor (grade I and
IIa) complications after gastric bypass and gastric banding are
shown in Table 3. Seven major complications (6.3%) occurred in the
gastric bypass group. Two patients developed postoperative gastrointestinal hemorrhage, with 1 patient requiring reoperative laparoscopy and oversewing of the gastric remnant staple-line and the other
patient undergoing endoscopy with epinephrine injection of the
gastric pouch staple-line. Five patients developed early postoperative bowel obstruction. Causes for obstruction were Roux limb
obstruction from scar stricture at the transverse mesocolon, obstruction at the jejunojejunostomy, Richter hernia at the 12-mm port site,
high-grade obstruction of the gastrojejunostomy, and internal herniation through the transverse mesocolon. Two major complications
(2.3%) occurred in the gastric banding group. One patient who
underwent placement of a 10-mm Lap-Band developed postoperative obstruction requiring replacement with a VG Lap-Band. The
other patient developed renal insufficiency, which was managed
expectantly. Early minor complications were more frequent after
gastric bypass than after gastric banding. The most common early
minor complication in the gastric bypass group was wound infection, and dehydration was the most common reason for readmission.
Late major (grade IIb, III, and IV) and minor (grade I and IIa)
complications after gastric bypass and gastric banding are shown in
Table 4. Late major complications occurred more frequently in the
gastric bypass group than in the gastric banding group (26.1% vs.
11.6%, respectively, P ⫽ 0.01). The most frequent major compli-

TABLE 2. Perioperative Outcomes

Outcomes

TABLE 1. Patient Characteristics
Characteristics
Gender: female
Age (yr)
Preoperative weight (lbs)
Preoperative height (in)
Mean BMI (kg/m2)
History of abdominal surgery
Diabetes
Hypertension

Gastric Bypass
(n ⴝ 111)

Gastric Band
(n ⴝ 86)

P

86 (77.4%)
41.4 ⫾ 11.0
293 ⫾ 47
65.8 ⫾ 3.6
47.5 ⫾ 5.5
51 (45.9%)
23 (20.7%)
43 (38.7%)

65 (75.6%)
45.8 ⫾ 9.8
285 ⫾ 46
66.3 ⫾ 3.8
45.5 ⫾ 5.4
41 (47.7%)
23 (26.7%)
44 (51.1%)

NS
⬍0.01*
NS
NS
0.01*
NS
NS
NS

*Two Sample t test.

© 2009 Lippincott Williams & Wilkins

Operative time (min)
Estimated blood loss (mL)
No. patients requiring intensive
care unit stay
Length of hospital stay (d)
30-day reoperation (excluding
endoscopy)
30-day readmission
30-day or in-hospital mortality
Return to activities of daily
living (d)
Return to work (d)

Gastric
Bypass
(N ⴝ 111)

Gastric
Band
(N ⴝ 86)

P

136.9 ⫾ 31.9
80.9 ⫾ 49.1
3 (2.7%)

68.2 ⫾ 24.7
21.9 ⫾ 14.1
1 (1.2%)

⬍0.01*
⬍0.01*
NS†

3.1 ⫾ 1.5
6 (5.4%)

1.5 ⫾ 1.1
1 (1.2%)

⬍0.01*
NS†

6 (5.4%)
0 (0%)
14.5 ⫾ 12.7

0 (0%)
0 (0%)
10.4 ⫾ 10.1

0.04†
NS†
0.02*

21.0 ⫾ 13.6

14.0 ⫾ 10.1

⬍0.01*

*Two Sample t test.
†
Fisher exact test.
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TABLE 3. Early Complications According to Severity*
Complications
Major complications (grade IIb,
III, and IV)
Renal insufficiency
Gastrointestinal hemorrhage
Anastomotic leak/perforations
Gastrointestinal obstruction
Internal herniation
Total
Minor complications (grade I
and IIa)
Dehydration require readmission
Urinary tract infection
Clinically significant atelectasis
Wound infection
Prolonged diarrhea
Clostridium difficile infection
Ileus
Gastrointestinal hemorrhage
Total

Gastric Bypass Gastric Band
(n ⴝ 111)
(n ⴝ 86)

0
2
0
4
1
7 (6.3%)

1
0
0
1
0
2 (2.3%)

4
2
0
7
1
1
1
1
17 (15.3%)

1
1
1
0
0
1
0
0
4 (4.7%)

P

NS

Weight Loss

0.02

*Include all complications. A single patient may have multiple complications.

TABLE 4. Late Complications According to Severity*

Complications

Gastric
Bypass
(n ⴝ 111)

Gastric
Band
(n ⴝ 86)

P

Major complications (grade IIb, III,
and IV)
Anastomotic stricture
17
0
Port revision
0
3
Internal hernia
2
0
Band erosion/slippage/obstruction
0
5
Ventral hernia
3
0
Death related to alcohol/drug abuse
1
0
Failure of weight loss requiring
0
2
revisional surgery
Marginal ulcer requiring revision of
2
0
anastomosis
Abdominal pain requiring laparoscopy
2
0
Bowel obstruction
1
0
Peripheral neuropathy
1
0
Total
29 (26.1%) 10 (11.6%)
0.01
Minor complications (grade I and IIa)
Marginal ulcer
9
0
Gastrointestinal bleeding
2
0
Severe iron deficiency requiring iron
3
0
infusion
Alcohol/drug abuse
1
0
Total
15 (13.5%) 0 (0%)
⬍0.01
*Include all complications. A single patient may have multiple complications.

cation within the gastric bypass group was anastomotic stricture
(14.3%) requiring endoscopic dilatation. One patient in the gastric
bypass group died at 8 months postoperatively secondary to alcohol/
drug abuse. Within the gastric band group, 2 patients developed
634 | www.annalsofsurgery.com

band obstruction requiring removal; 2 patients developed slippage
requiring reduction of slippage; 2 patients had poor weight loss
requiring removal of the band and conversion to sleeve gastrectomy;
and 1 patient developed erosion requiring removal of the band. Late
minor complications within the gastric bypass group included marginal ulceration at the gastrojejunal anastomosis, gastrointestinal
bleeding from the marginal ulcer(s), severe iron deficiency, and
alcohol/drug abuse.
Table 5 summarizes the complications associated with gastric
bypass and gastric banding. The number of patients who developed
any complication was 45.0% for gastric bypass at a mean follow-up
of 4.2 years, and 17.4% for gastric banding at a mean follow-up of
3.6 years. The early and late complication rates and the 30-day
readmission rate were higher in the gastric bypass group. There were
no significant differences between groups with regard to 30-day
reoperation rate, late reoperation rate, and proportion of patients
requiring gastric bypass reversal or band removal. The 90-day
mortality rate was zero for both groups and 1-year mortality was
0.9% for gastric bypass and 0% for gastric banding.
The mean percent of EWL for gastric bypass and gastric
banding is depicted in Figure 1. At 2 years, the EWL was 68.9% ⫾
16.1% after gastric bypass (n ⫽ 94) and 41.8% ⫾ 20% after gastric
banding (n ⫽ 79). At 3 years, the EWL was 67.5% ⫾ 16.9% after
gastric bypass (n ⫽ 81) and 41.5% ⫾ 21.4% after gastric banding
(n ⫽ 62). At 4 years, the EWL was 68.4% ⫾ 19.5% after gastric
bypass (n ⫽ 71) and 45.4% ⫾ 27.6% after gastric banding (n ⫽ 30).
We also analyzed the percent of EWL for gastric bypass and gastric
banding according to BMI and found that, in both groups, patients
with BMI ⬍50 kg/m2 had better weight loss than patients with BMI
ⱖ50 kg/m2 (Figs. 2A, B). Figure 3 depicts weight loss as BMI over
time between gastric bypass and gastric banding. Despite a higher
BMI at baseline in the gastric bypass group, the BMI at 4 years was
significantly lower in the gastric bypass group compared with the
gastric band group (30.5 ⫾ 5.5 vs. 35.7 ⫾ 8.1 kg/m2, respectively,
P ⬍ 0.05).
Figure 4 categorizes weight loss according to the percent of
EWL after gastric bypass and gastric banding. Weight loss categories within the gastric bypass group included 0% of patients with
poor/failure, 5.1% with adequate, 30.8% with good, 51.3% with
excellent, and 12.8% with exceptional weight loss. Weight loss
categories within the gastric band group included 16.7% of patients

TABLE 5. Summary of Complications
Gastric
Bypass
(N ⴝ 111)

Gastric
Band
(N ⴝ 86)

No. patients with any complication 50 (45.0%)
(%)
Early complications (%)
24 (21.6%)
Late complications (%)
43 (38.7%)
6 (5.4%)
30-day readmission† (%)
30-day reoperation (%)
6 (5.4%)
Late reoperation† (%)
8 (7.2%)
No. patients with reversal/band
1 (0.9%)
explant (%)
90-day mortality (%)
0 (0%)
1-year mortality (%)
1 (0.9%)

15 (17.4%)

⬍0.01*

6 (7.0%)
10 (11.6%)
0 (0%)
1 (1.2%)
10 (11.6%)
5 (5.8%)

⬍0.01*
⬍0.01*
0.04*
NS*
NS*
NS*

Complications

0 (0%)
0 (0%)

P

NS*
NS*

*Fisher exact tests.
†
Excluding endoscopy.
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FIGURE 1. Mean percent of excess weight loss,
gastric bypass versus gastric banding. *P ⬍ 0.05
versus gastric banding (2-sample t tests).

FIGURE 2. A, Mean percent of excess weight loss
after gastric bypass according to BMI. *P ⬍ 0.05
versus BMI ⬎50 kg/m2 (2-sample t tests). B,
Mean percent of excess weight loss after gastric
banding according to BMI. *P ⬍ 0.05 versus BMI
⬎50 kg/m2 (2-sample t tests).
with poor/failure, 33.3% with adequate, 34.6% with good, 11.5%
with excellent, and 3.8% with exceptional weight loss.

However, male gender was a significant predictive factor (P ⫽ 0.01)
for poor weight loss after gastric banding.

Treatment Failure

Quality-of-Life

Excluding patients who were lost to follow-up, the treatment
failure rate for gastric bypass was 0% and for gastric banding was
16.7%. Alternatively, with all patients who were lost to follow-up
included as failure of weight loss, the rate of treatment failure for
gastric bypass was 15.3% and 23.3% for gastric banding.
Table 6 details various preoperative factors that may predict
poor/failure of weight loss after gastric banding. The patient’s age,
BMI, and comorbidities were not correlated with poor weight loss.

The preoperative SF-36 scores for gastric bypass and gastric
banding patients were significantly lower than US norms in 7 of 8
health domains (Fig. 5). Only mental health was not outside the
norm at baseline in either group. At baseline, SF-36 scores in all 8
domains were similar between the 2 groups. At 1 month after
surgery, the SF-36 scores had improved in 5 of 8 health domains
(physical functioning, vitality, social functioning, bodily pain, and
general health) after gastric bypass but had improved in only 1 of 8

© 2009 Lippincott Williams & Wilkins
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FIGURE 3. Mean change in body mass index (BMI),
gastric bypass versus gastric banding. *P ⬍ 0.05 versus gastric bypass (2-sample t tests).

FIGURE 4. Category of weight loss according to
percent of excess weight loss, gastric bypass versus gastric banding.

Costs
TABLE 6. Univariate Analysis for Poor/Failure of Weight
Loss After Gastric Banding
Preoperative Factors

No. Failure (%)

P

7 (33%)
6 (9%)

0.01

5 (12%)
8 (22%)

0.23

Gender
Male
Female
Body mass index (kg/m2)
ⱖ45
⬍45
Age (yr)
ⱖ50
⬍50
Diabetes
Yes
No
Hypertension
Yes
No
Dyslipidemia
Yes
No

DISCUSSION

6 (18%)
7 (16%)

0.76

5 (19%)
8 (15%)

0.67

8 (20%)
5 (13%)

0.42

3 (9%)
10 (22%)

0.13

heath domains (general heath) after gastric banding. By 12 months
after surgery, the SF-36 scores for all 8 health domains in both
groups were comparable with that of US norms and were not
significantly different between groups.
636 | www.annalsofsurgery.com

Operative direct costs were similar between groups. However, the hospital service costs were lower in the gastric banding
group. Specifically, the nursing/bed costs for the gastric band group
were less than costs for the gastric bypass group ($952 ⫾ $669 vs.
$1,713 ⫾ $797, respectively, P ⬍ 0.01). The total costs were
significantly higher after gastric bypass compared with gastric
banding procedure ($12,310 ⫾ $3,099 vs. $10,767 ⫾ $1631,
respectively, P ⬍ 0.01).

Laparoscopic gastric bypass has long been the “gold standard” bariatric operation. However, gastric bypass is an invasive
operation requiring gastrointestinal transection and reconstruction
with associated long-term risk for morbidities such as recalcitrant
marginal ulceration and internal herniation. In an effort to reduce the
morbidity associated with gastric bypass, the adjustable gastric band
was first introduced in Europe and later approved by the Food and
Drug Administration in 2001. Since the introduction of the adjustable gastric band in the United State, the procedure has gained
popularity because of its low perioperative morbidity, the lack of
alteration of the gastrointestinal tract, and the possibility for reversal. Several comparative studies have examined the outcomes of
gastric bypass versus gastric banding; however, there has been only
1 small prospective, randomized trial performed to date.7–13 To our
knowledge, the current trial reported here is the largest randomized
trial comparing laparoscopic gastric bypass with laparoscopic adjustable gastric banding for management of morbid obesity. The
results of our study demonstrate that compared with gastric banding,
© 2009 Lippincott Williams & Wilkins
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FIGURE 5. Polar graph of SF-36 scores before surgery (A), at 1 month (B), and 12 months (C) after gastric bypass versus gastric banding.

gastric bypass was associated with a significantly better medium and
long-term weight loss but higher perioperative and late morbidity,
and a higher 30-day readmission rate. Despite the higher morbidity
found in this study, there were no life-threatening complications
such as leaks or sepsis in the gastric bypass group. The superior
weight loss after gastric bypass persisted even at 4-year follow-up,
when gastric bypass patients had lost 51% more of the percent of
EWL compared with gastric band patients. In addition to the lower
weight loss after gastric banding, there was a wider variation of
weight loss with 16.7% of patients had poor weight loss, defined as
losing less than 20% EWL. In the gastric banding group, male
gender was found to be a predictive factor for poor weight loss. Both
gastric bypass and gastric banding improved quality of life, achieving that of US norms at 1-year postoperatively. Finally, the gastric
bypass operation cost more than gastric banding, mainly due to the
longer length of hospitalization.
An important primary outcome measure in this study is
weight loss. We found that the percent of EWL is superior after
gastric bypass at medium (2–3 years) and long-term (4 years)
follow-up. Additionally, weight loss after gastric banding was at a
slower pace compared with gastric bypass. At 1 year, gastric bypass
patients achieved 64% EWL compared with 37% EWL after gastric
banding. Our findings are consistent with other comparative trials of
gastric bypass versus gastric banding which showed better weight
© 2009 Lippincott Williams & Wilkins

loss after gastric bypass.7–13 Kim et al reported 68% EWL after
gastric bypass compared with 47% EWL after gastric banding at 2
years.9 In a study with longer follow-up, Jan et al8 reported a 63%
EWL after gastric bypass and a 35% EWL after gastric banding at
4 years. In the only randomized trial published to date comparing
gastric bypass versus gastric banding, Angrisani et al reported a 67%
EWL for gastric bypass and 47% EWL for gastric banding at 5
years.12 In addition, our study found that weight loss was better for
patients with BMI less than 50 kg/m2. In a comparative study of
gastric bypass versus gastric banding in super morbidly obese
patients (BMI, ⬎50 kg/m2), Bowne et al similarly reported a 52%
EWL after gastric bypass and 31% EWL after gastric banding at a
median follow-up time of 16.2 months.11 In our trial, the subset of
patient with the poorest weight loss were patients with BMI ⬎50
kg/m2 who underwent gastric banding. To our knowledge, there
have been only a single study showing equivalent weight loss between
gastric banding and gastric bypass at 3 and 4 years follow-up.15 In a
systematic review of peer-reviewed bariatric publications, O’Brien
et al reported better weight loss for gastric bypass compared with
gastric banding at years 1 and 2 but the differences subsided at years
3 through 7.15 As noted by the authors, there are many limitations to
their study and the conclusions from their systematic review should
be guarded. In particular, there was no data on baseline characteristics between the gastric bypass and gastric banding groups, includwww.annalsofsurgery.com | 637
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ing BMI data. Knowing our results of superior weight loss in
patients with BMI less than 50 kg/m2, it would be difficult to
interpret weight loss data comparing gastric bypass to that of gastric
banding without comparable baseline BMI data.
Despite the lower weight loss after gastric banding compared
with gastric bypass, gastric banding is an effective bariatric operation with results greatly superior to that of medical weight loss
programs. In one of the most rigorous medical weight loss programs
for diabetes participants, the Look AHEAD (Action for Health in
Diabetes) research group reported the loss of 8.6% of initial weight
at 1-year follow-up through lifestyle intervention with weekly sessions or meetings.16 In contrast, gastric banding patients in the
present trial had lost 23% of initial weight at 4 years follow-up.
Another important finding in this trial is the large variation in
weight loss after gastric banding. Compared with gastric bypass, the
gastric banding group had lower weight loss at 4 years (45% vs. 68%
EWL) but a substantially larger standard deviation of weight loss
(28% vs. 19% EWL). In a large study of 1791 adjustable gastric
banding patients, Favretti et al reported a 35 ⫾ 30% EWL at 10-year
follow-up and similarly showed a large variation in weight loss as
demonstrated by a large standard deviation.17 In a large comparative
study of gastric bypass (n ⫽ 1102) versus gastric banding (n ⫽ 631),
Puzziferri et al similarly reported highly variable weight loss after
gastric banding compared with gastric bypass at 2 years follow-up.18
In the current trial, poor/failure of weight loss was defined as having
less than 20% EWL. In contrast, Angrisani et al defined failure of
weight loss with a BMI cutoff of 35, and they found a 35% treatment
failure rate after gastric banding at 5 years.13 A problem with using
BMI cutoff as a definition for failure is the lack in accounting for the
relative differences in the patients’ actual starting weight. For
example, patients starting with a BMI of 60 decreasing to a BMI of
40 would still be considered as a treatment failure, according to the
above definition. The variability in weight loss after gastric banding
in our study also raises a question regarding possible predictive factors
for failure of weight loss. In our study, using univariate analyses we
found that men who underwent gastric banding were significantly
more likely to have poor/failure of weight loss. Of the 21 men who
underwent gastric banding, 7 men (33%) lost ⬍20% EWL at
follow-up and 2 of the 7 men had undergone conversion to another
bariatric operation for poor weight loss. Similar to our findings,
Bueter et al reported a large variability in postoperative weight loss
in 85 patients who underwent gastric banding and also found that
male gender was a predictor of failure (odds ratio of 3.9).19
Both gastric bypass and gastric banding are safe bariatric
operations as demonstrated by a 30- and 90-day mortality of 0% for
the entire cohort of 197 patients. The only death in the gastric bypass
group was related to alcohol/drug abuse and occurred 8 months
postoperatively, yielding a result of 0.9% in 1-year mortality. Additionally, there were no leak-related complications or open conversions in our study for the 111 patients who underwent gastric bypass.
The favorable outcome in this study is attributed to overcoming the
learning curve of laparoscopic gastric bypass prior to initiation of
this trial. In contrast, Angrisani et al13 performed their randomized
trial at the beginning of their learning curve for laparoscopic gastric
bypass and reported a 4.2% leak rate with a 4.2% conversion rate to
laparotomy. In any surgical trial, timing of the study is of utmost
importance. A study should be performed when the learning curve of
the operation is overcome but early enough in the introduction of the
proposed operative procedure to avoid bias from the patient’s
perspective. In a survey of patients who had undergone gastric
bypass and gastric banding, Ternovits et al found that 21% of
patients were willing to undergo randomization and a busy bariatric
practice should have a sufficient number of patients to perform a
prospective, randomized trial of gastric bypass versus gastric banding.20
638 | www.annalsofsurgery.com
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At the current time, it would be difficult to perform a similar trial
because of the great influence of media coverage and available internet
information on the patient’s decision for a bariatric procedure.
Perioperative and late complications were higher after gastric
bypass than gastric banding; however, these complications were not
life-threatening or associated with residual disability. The rate of late
complication was also higher after gastric bypass with the most
frequent late complications being stricture, marginal ulceration,
gastrointestinal bleeding, and bowel obstruction/internal herniation.
In contrast, most late complications after gastric banding were port
or band-related complications such as port problems, band slippage,
band erosion, and band obstruction. Because of the risk for marginal
ulceration after gastric bypass, our findings suggest that gastric
banding may be a better surgical option for patients who have a
propensity for smoking in the postoperative period or for patients
requiring frequent usage of nonsteroidal anti-inflammatory drugs.
Before incorporating any new laparoscopic bariatric procedure into general practice, the effects on quality of life as well as
economic aspects of the procedure must be evaluated. The value of
any new procedure is directly proportional to the outcome and
inversely proportional to the costs of the procedure. Overall, the cost
for gastric banding was 12.5% lower than that of gastric bypass
because of the shorter operative time and length of hospitalization.
With regard to quality of life, at the outset of the study we found that
our patient population had a depressed quality of life in 7 of 8 heath
domains as measured by the SF-36. However by 12 months postoperatively, quality of life for both groups improved similarly to that
of US norms.
The debate between gastric bypass and gastric banding has
been ongoing. Many single institutional studies of laparoscopic
adjustable gastric banding demonstrate favorable weight loss outcome, achieving that of gastric bypass at long-term follow-up.21
However, most comparative studies to date showed better weight
loss after gastric bypass compared with gastric banding.7–13 Unlike
the findings from systematic review by O’Brien et al,15 Tice et al
found that weight loss outcomes strongly favored gastric bypass
over gastric banding in a review of the Cochrane clinical trials
database.22 A major criticism of the comparative studies is the short
length of follow-up; however, Jan et al reported that patients
undergoing gastric bypass had significantly greater weight loss up to
4 years of follow-up.8 Additionally, Angrisani et al reported significantly greater weight loss after gastric bypass at 5-year follow-up.13
The current trial provides additional long-term data at 4-year follow-up to substantiate the greater efficacy of weight loss after gastric
bypass compared with gastric banding.
Our study has several limitations. First, the baseline BMI was
significantly higher (47 vs. 45 kg/m2, respectively) and age was
significantly lower (41 vs. 45 years, respectively) in the gastric
bypass group than in the gastric banding group. These differences
occurred by chance though the randomization process. Although
statistically different, a BMI difference of 2 kg/m2 between groups
is not of clinical significance. Additionally, despite starting at a
higher BMI, the BMI at 4 years follow-up was significantly lower in
the gastric bypass group. Similarly, despite a higher age in the
gastric banding group, the rates of perioperative and late complication after gastric banding were significantly lower than after gastric
bypass. Second, there were more patients excluded from the study in
the gastric banding group than in the gastric bypass group. This
limitation is a part of any randomized surgical trial as there are
always a number of patients who would elect not to proceed with
their randomized assignment or, as for some patients in this study,
were unable to obtain insurance coverage for the operation. Unlike
other surgical trials of the past, it is not ethically appropriate to
perform the randomization process intraoperatively, with the patient
© 2009 Lippincott Williams & Wilkins
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not knowing the operative procedure until its completion.23 Despite
these limitations, this prospective, randomized trial is the largest to
date comparing the outcomes of gastric bypass with gastric banding.
Additionally, the results from this clinical trial may provide a guide
for surgeons in the selection of a bariatric procedure based on the
patient’s social history, comorbidities, and baseline characteristics.
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CONCLUSIONS
Both laparoscopic gastric bypass and laparoscopic adjustable
gastric banding are safe and effective bariatric procedures for the
treatment of morbid obesity. Compared with gastric bypass, gastric
banding was associated with a shorter operative time, shorter length
of hospital stay, lower perioperative, and late morbidities, and lower
rates of 30-day readmission and reoperation. Despite the higher
morbidities after gastric bypass, the complications were not lifethreatening with a 90-day mortality rate of 0% for both groups in
this study. Medium- and long-term weight losses were consistent
and dramatically better after gastric bypass. Weight loss after gastric
banding was variable, with a small proportion of patients failing to
lose weight. Further, male gender was found to be a significant
univariate predictor of poor/failure of weight loss after gastric
banding. Both procedures were associated with improvement in
quality of life. Finally, gastric bypass costs more than the gastric
banding procedure because of the longer operative time and hospitalization associated with gastric bypass.
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Discussions
DR. BRUCE M. WOLFE (PORTLAND, OREGON): To counter the
weight loss data favoring gastric bypass, the frequency of perioperative life threatening complications including mortality is reported
to be lower after gastric banding. However, a concern persists that
these comparisons are flawed, that they are due to different characteristics of the patient populations undergoing gastric bypass as
opposed to banding, or that they are underpowered as in the case of
the single RCT. The present randomized clinical trial comparing
gastric bypass and banding by Dr. Nguyen and colleagues, therefore,
represents an important contribution. Although Dr. Nguyen reports
no perioperative mortality or life threatening complication in either
group, major complications perioperatively and in the late follow-up
intervals were substantially higher in the gastric bypass group.
Postoperative weight loss for up to 4 years was superior at every
time point after gastric bypass. I have the following questions: Many
believe the conduct of surgical prospective randomized trials in
which the interventions are substantially different, as in this case, are
exceedingly difficult. It is impractical due to the inability to gain
consent from prospective participants. How many potential participants were approached but refused to participate in this trial? It is
commonly believed by proponents of gastric bypass that fine tuning
of the adjustment of band tightness is crucial to optimal weight loss.
Was compliance with or access to multiple adjustments a limitation to
achieving optimal band function? The weight loss is reported for the 2
groups on an intent to treat basis. How do you handle the weight loss
of those patients whose procedure was converted to a different bariatric
surgical procedure such that the weight loss in those patients is now a
reflection of their new bariatric operation? Finally, the most difficult
and perhaps most challenging question relative to these findings is how
to apply these clinical results. How much safer does gastric banding
have to be to justify its continued clinical use?
DR. NINH T. NGUYEN (ORANGE, CALIFORNIA): The patients that
participated in this trial represent approximately 23% of the patients
eligible for the study. So, for every 4 patients that we approached,
only 1 patient was willing to undergo the randomization process.
Your second question related to both the compliance and access to
the multiple adjustments in the band group. I think adjustment is a
critical component for gastric banding patients. Access to adjustment is definitely not a limitation. We ask our patients to follow up
every 3 to 4 months for adjustment. However, I think there can be
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a compliance issue. For patients who experience poor weight loss,
their interval between follow up tends to be greater, and these
patients tend not to use our resources such as attending our regularly
held support group meetings. With regard to your third question, the
data for band patients that were converted to another bariatric
operation were included within the gastric banding group. We did
this because this is a randomized study and we based the data on the
intent to treat principle. Your last question asked how we can apply
these clinical results and how safe the band would have to be to
continue its use. I must stress an important point that although the
efficacy of the band is inferior to that of the gastric bypass, it is
superior to many medical weight loss interventions. One of the
largest medical weight management studies in the literature is the
“Look AHEAD” trial, whereby type II diabetes participants were
randomized to an intensive lifestyle intervention or control group
with only diabetic education. The study found that intensive lifestyle
intervention participants only lost 8.6% of initial weight at 1 year. In
our cohort of gastric banding patients with 4 years follow up, we
found a 23% reduction in initial body weight. There is no doubt that
gastric banding is an effective bariatric procedure even though the
result is inferior to that of the gastric bypass. With regard to clinical
application of our results, I think that male patients, patients with a
BMI greater than 50, and patients with diabetes should be offered
gastric bypass as the bariatric procedure of choice. Certainly,
patients with the propensity for smoking or consuming nonsteroidal anti inflammatory medications in the postoperative period
or patients who do not accept the risk for higher perioperative
complication associated with the gastric bypass should be offered
gastric banding.
DR. PHILIP R. SCHAUER (CLEVELAND, OHIO): This study represents only the second randomized trial in the literature comparing
the most common operations for weight loss, gastric bypass, and
gastric banding. I have 2 lines of questions. The first expands upon
one the question regarding the issue of the band judgment. Unlike
gastric bypass, a key determinant of weight loss is the extent of band
adjustments. Some studies suggest that at least 3 to 4 adjustments
per year are required to reach optimal weight loss. Could you
comment on this, and can you let us know what was the average
frequency of adjustments per patient per year as well as the optimal
band volume for patients? Did either of those fall out as predictors
of failure of adequate weight loss?
My second line of questions deals complications particularly
in the gastric bypass group. There were 2 complications that seemed
to stand out, the rate of strictures and ulcers. You found a 14%
stricture rate, which represented more than half of the major late
complications in your study. Most series report about a 5% to 8%
stricture rate. Why did this high rate occur? Was it related to
technique? Or, did you have a very high threshold for endoscopy or
dilation? Also, there was about an 8% marginal ulceration in your
series, which seems much greater than the typical rate. We see about
3% in most series. Can you account for this high ulceration rate? If
you eliminate or reduce those 2 complications, your overall complication rates for gastric bypass drop quite a bit; much closer to the
gastric band complication rate.
DR. NINH T. NGUYEN (ORANGE, CALIFORNIA): I agree that
adjustment is the key to effective gastric banding. What we want to
find is what we called the “sweet spot.” We normally adjust the band
at an interval of 3 to 4 months. For the 4-mL band, we initially adjust
one mL at the first visit, which is 6 weeks after the operation and
then 0.2 to 0.5 mL thereafter. We perform adjustment based on the
weight lost, with a goal of 2 pounds per week for the first year and
the presence of restriction and satiety after meals. If patients did not
achieve these goals, then we would adjust. I do not know the average
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number of adjustments per year, but I do know the average volume
of fluid within the band. In the 11-mL band, the average band
volume was 6.4 mL, and in the 4-mL band, the average volume was
2.2 mL. We found an interesting fact. For patients who experience
poor weight loss or who fail to lose weight, the volume within their
band is significantly lower than that of patients with good weight
loss. I think the reason for that is certain patients were unable to
tolerate the adjustment. These patients tend to complain of dysphagia with adjustment, so we actually have to back off their fill
volume. Thus, there is a vicious cycle of poor weight loss associated
with dysphagia. With regard to your second question about the
stricture rate, in the early part of the trial we used the 21-mm circular
stapler and saw a stricture rate close to 25%. Since then we changed
to the 25-mm circular stapler and the incidence of stricture rate
reduced to about 8%. On average our stricture rate is 14% for the
trial. The other complication that you noted is margin ulceration. I
believe if you look for margin ulceration you will find it. We have
a low threshold to endoscope our patients who complain of
abdominal pain or vomiting symptoms. It is important to detect
marginal ulceration and treat it before the condition progresses.
That is likely why the incidence of marginal ulceration in our
study is higher than in most others.
DR. AIXUAN HOLTERMAN (CHICAGO, ILLINOIS): Your 1-year
mortality rate of 0.9% for gastric bypass is disconcerting in comparison to your 1-year mortality of 0% and the published long-term
mortality rate of 0.05% for gastric banding, especially when using
gastric banding for the pediatric population. Since you demonstrated
better excess weight loss with gastric bypass, how do you account
for the associated higher mortality rate?
With regard to the metabolic results, in our current trial
evaluating gastric banding for pediatric patients, using very strict
criteria for the definition of diabetes or insulin resistance, we have
seen resolution of insulin resistance as early as 3 months after lap
band placement. I am not sure that the benefit of metabolic improvement may be exclusively restricted to the gastric bypass, and since
the mortality rate associated with gastric bypass is rather worrisome
to us as pediatric surgeons, we do have a measured perspective in
our preference for the surgical procedure to be used for our young
patients. In the overall assessment of risks and benefits for each
procedure, we do not believe that restoring the patient to normal
weight or having more weight loss is as important as restoring the
pediatric patient to active life and improving the health-related
quality of life.
One final comment about compliance with the lap band, in
our own experience, our young patients generally do not come
back for lap band adjustment, not because of compliance but
because of insurance coverage factors, having to pay out of
pocket for band adjustments.
DR. NINH T. NGUYEN (ORANGE, CALIFORNIA): The mortality
rate of 0.9% associated with gastric bypass is not excessive particularly when dealing with a sick patient population. If you look at the
mortality associated with medical treatment for type 2 diabetes, you
see an annualized mortality rate of 2% to 3%. In addition, the only
death in our trial was not related to the actual gastric bypass
operation, but related to alcohol/drug abuse at 8 months postoperatively. Thus, I think we should offer counseling for our patients to
deal with their new lifestyle changes. Although this trial was not
powered to statistically examine differences in mortality between
groups, the 90 days mortality rate was zero for both groups in our
trial. With regard to your second question, the metabolic effect of
gastric banding is primarily related to weight loss. I think there is
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a separate incretin effect associated with the Roux en Y gastric
bypass that results in better resolution of type 2 diabetes. Finally,
I agree with you that the payment and insurance issues with lap
band adjustment is a problem. We should work with our insurance carriers to alleviate these reimbursement issues.
DR. MERRIL T. DAYTON (BUFFALO, NEW YORK): How are you
going to use this information, Dr. Nguyen? In other words, when an
adult patient comes to you and asks which of these procedures they
should have, how will you advise them? Will you use banding for
just women and adolescents?
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DR. NINH T. NGUYEN (ORANGE, CALIFORNIA): I would offer
gastric banding for patients who are considered “high risk”
because gastric bypass is associated with higher perioperative
complications. High-risk patients include morbidly obese patients awaiting transplantation, elderly patients, and patients with
the propensity for smoking or chronic use of nonsteroidal anti
inflammatory medications in the postoperative period. Patients
who smoke or take nonsteroidal anti-inflammatory drugs after
gastric bypass may develop chronic marginal ulceration. However, I would also offer the band for female patients with a BMI
of less than 50, meaning nonsuper obese patient.
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