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Laparoscopic adjustable gastric banding versus Roux-en-Y gastric
bypass: 5-year results of a prospective randomized trial
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bstract Background: To perform a prospective, randomized comparison of laparoscopic adjustable gastric
banding (LAGB) and laparoscopic Roux-en-Y gastric bypass (LRYGB).
Methods: LAGB, using the pars flaccida technique, and standard LRYGB were performed. From
January 2000 to November 2000, 51 patients (mean age 34.0 � 8.9 years, range 20–49) were
randomly allocated to undergo either LAGB (n � 27, 5 men and 22 women, mean age 33.3 years,
mean weight 120 kg, mean body mass index [BMI] 43.4 kg/m2; percentage of excess weight loss
83.8%) or LRYGB (n � 24, 4 men and 20 women, mean age 34.7, mean weight 120 kg, mean BMI
43.8 kg/m2, percentage of excess weight loss 83.3). Data on the operative time, complications,
reoperations with hospital stay, weight, BMI, percentage of excess weight loss, and co-morbidities
were collected yearly. Failure was considered a BMI of �35 at 5 years postoperatively. The data
were analyzed using Student’s t test and Fisher’s exact test, with P �.05 considered significant.
Results: The mean operative time was 60 � 20 minutes for the LAGB group and 220 � 100
minutes for the LRYGB group (P �.001). One patient in the LAGB group was lost to follow-up.
No patient died. Conversion to laparotomy was performed in 1 (4.2%) of 24 LRYGB patients
because of a posterior leak of the gastrojejunal anastomosis. Reoperations were required in 4
(15.2%) of 26 LAGB patients, 2 because of gastric pouch dilation and 2 because of unsatisfactory
weight loss. One of these patients required conversion to biliopancreatic diversion; the remaining 3
patients were on the waiting list for LRYGB. Reoperations were required in 3 (12.5%) of the 24
LRYGB patients, and each was because of a potentially lethal complication. No LAGB patient
required reoperation because of an early complication. Of the 27 LAGB patients, 3 had hypertension
and 1 had sleep apnea. Of the 24 LRYGB patients, 2 had hyperlipemia, 1 had hypertension, and 1
had type 2 diabetes. Five years after surgery, the diabetes, sleep apnea, and hyperlipemia had
resolved. At the 5-year (range 60–66 months) follow-up visit, the LRYGB patients had significantly
lower weight and BMI and a greater percentage of excess weight loss than did the LAGB patients.
Weight loss failure (BMI �35 kg/m2 at 5 yr) was observed in 9 (34.6%) of 26 LAGB patients and
in 1 (4.2%) of 24 LRYGB patients (P �.001). Of the 26 patients in the LAGB group and 24 in the
LRYGB group, 3 (11.5%) and 15 (62.5%) had a BMI of �30 kg/m2, respectively (P �.001).
Conclusion: The results of our study have shown that LRYGB results in better weight loss and a
reduced number of failures compared with LAGB, despite the significantly longer operative time
and life-threatening complications. (Surg Obes Relat Dis 2007;3:127–133.) © 2007 American
Society for Bariatric Surgery. All rights reserved.
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Surgery for the treatment of obesity is growing exponen-
ially worldwide owing to the concomitant failure of the
revention of this largely psychosocial and genetic predis-
osition problem and long-term failure of all nonoperative
herapy [1,2]. The introduction of laparoscopic techniques
as also contributed to the public acceptance of obesity
urgery [3,4]. Two operations have been standardized and
re commonly performed, laparoscopic adjustable gastric
anding (LAGB), performed primarily in Europe, South
merica, and Australia, and laparoscopic Roux-en-Y gastric
ypass (LRYGB), performed primarily in North America
3–8]. This trend has recently been changing owing to the
ntroduction of the Lap-Band system in the United States
nd a steady increase of LRYGB in Europe [6–8]. These
perations are technically and conceptually very different.
he criteria for a tailored approach in obesity surgery—to
hoose the best operation for a given patient—remain con-
roversial, and only a few comparative studies have ad-
ressed this topic [9–13]. The primary objective of this
tudy was to perform a prospective randomized comparison
f the outcomes of LAGB and LRYGB in patients followed
p for a minimum of 5 years.

ethods

atients

The patients referred for surgical treatment of obesity
ere invited to attend preoperative seminars at which both
AGB and LRYGB (techniques, mechanism of action, mor-

ality, complications, reoperation rate, and short- and long-
erm weight loss results) were presented and explained in
etail. LRYGB had been previously performed by one of us
L.A.) in 5 patients; the risk of being in the early phase of
he learning curve was stated, and our policy of a low
hreshold for conversion to laparotomy was explained. Data
ublished in international studies regarding LRYGB were
resented. New patients also had the opportunity of talking
o patients who had previously undergone LAGB (�150
atients had undergone surgery by the senior author (L.A.)
sing the perigastric technique). Candidates were also of-
ered the opportunity to talk to patients who had undergone
pen Roux-en-Y gastric bypass. After �2 seminars, patients
illing to undergo obesity surgery were offered participa-

ion in the present study. The inclusion criteria were a body
ass index (BMI) of �35 to �50 kg/m2, age �16 but �50

ears, the absence of a hiatal hernia, and no previous major
bdominal operations. To enter the study, patients had to be
illing to accept randomization, which occurred 24 hours
efore surgery, while in the hospital, at which time they
ere informed of the operation to which they had been

andomized. They were allowed to refuse, in which case
hey were excluded from the trial. They were independently
valuated by a team consisting of an internist, dietician, and

sychologist for preoperative selection. A specifically de- c
igned informed consent form, approved by the hospital
nstitutional research board, was signed by all enrolled pa-
ients after explanation of the study and the risks and ben-
fits of the procedures. From January 2000 to November
000, 51 patients were randomly allocated by sealed enve-
ope to 1 of the 2 surgical groups: LAGB or LRYGB. The
atient demographics are reported in Table 1. Eight patients
ere excluded from the study after randomization because
f their refusal to undergo the procedure to which they
ad been assigned (5 LRYGB and 3 LAGB). Data on
ortality, conversion to an open procedure, postoperative

omplications leading to reoperation, hospital stay,
eight, BMI, decrease in BMI, percentage of excess
eight loss, and improvement in co-morbidities were

nalyzed. Patients of both groups were followed up in the
urgeon’s office every 3 months for the first year and
very 6 months for subsequent years. LAGB patient
eight loss data were excluded from the study at con-
ersion to any other bariatric procedure. Band adjustment
as performed when clinically required and was individ-
ally tailored for each patient to obtain weight loss and
ymptoms of satiety, defined as subjective referral of
ullness after eating compared with their previous visit.
he procedure was considered a failure if the patient had
BMI of �35 kg/m2 at 5 years postoperatively. Data are

xpressed as the mean � standard deviation, except as
therwise indicated. The data were not examined on an
ntention-to-treat analysis. Student’s t test and Fisher’s
xact test were used for statistical analysis, with P �.05

able 1
atient demographics according to group

haracteristic LAGB LRYGB

atients (n) 27 24
ex (n)
Male 5 4
Female 22 20

ge (yr)
Mean 33.8 � 9.1 34.1 � 8.9
Range 21–50 21–50
eight (kg)
Mean 117.1 � 12.8 118.2 � 13.2
Range 95–147 92–152

MI (kg/m2)
Mean 43.4 � 4.2 43.8 � 4.1
Range 38.1–49.2 38.9–48.9

WL (kg)
Mean 47.1 � 10.9 48.2 � 11.7
Range 27–66 29–68
EWL
Mean 83.1 � 9.2 83.8 � 8.9
Range 34.6–126.5 36.9–128.8

LAGB � laparoscopic gastric banding; LRYGB � laparoscopic Roux-
n-Y gastric bypass; BMI � body mass index; EWL � estimated weight
oss; %EWL � percentage of EWL.
onsidered significant.
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urgical technique

For LABG, the patients were positioned in the reverse
rendelenburg lithotomy position. A closed carbon dioxide
neumoperitoneum was created, and 5 trocars (2 of 10 mm
nd 3 of 5 mm) were inserted. The dissection was started
ear the angle of His, above the greater curvature of the
tomach. The lesser omentum was opened through the pars
accida, and the fat on the posterior wall of the lesser sac
as retracted to expose the right crus of the diaphragm. A
oint along the anterior border of this muscle, at its lower-
ost aspect, was selected, and the peritoneum was opened.
he Endo-Grasper Roticulator (U.S. Surgical, Tyco Health-
are, Norwalk, CT) was then passed along this retrogastric
unnel to appear on the greater curvature of the stomach
t the site of the previous dissection at the angle of His.
he Lap-Band System (Inamed-Allergan, Santa Barbara-
arpinteria, CA) was passed along this pathway and
losed and fixed to the stomach using 3–5 gastrogastric
titches (Fig. 1). The port was sutured to the left anterior
ectal sheet.

For RYGB, the patients were positioned in the reverse
rendelenburg lithotomy position. A closed carbon dioxide
neumoperitoneum was created, and 6 trocars (5 of 12 mm
nd 1 of 5 mm) were inserted. The balloon gastric bougie
Inamed-Allergan) was placed transorally in the stomach
nd inflated with 30 mL of a saline solution and retracted
ackward by the anesthesiologist to reach the cardioesopha-
eal junction. Dissection was started at its equator in the
erigastric space between the neurovascular bundle of
atarjet and the lesser curvature of the stomach using the
armonic scalpel (Ultracision, Ethicon Endo-Surgery, Cin-
innati, OH). The retrogastric space was entered and gastric
ransection performed by multiple linear staples fired in
equence up to the angle of His. Linear staplers 30–45
ndocutter (Ethicon Endo-Surgery, Cincinnati, OH) and 35,

Fig. 1. Lap-Band System positioned using pars flaccida technique.
5, and 60 mm EndoGIA (U.S. Surgical, Tyco Healthcare)
ere used interchangeably when available and as required.
he flip-top anvil of a 25-mm circular stapler (CEEA, U.S.
urgical, Tyco Healthcare) was advanced transorally into and

hrough the proximal gastric pouch using a modified naso-
astric tube anvil apparatus. The Roux limb was constructed
y transecting the small bowel 40–60 cm from the ligament
f Treitz (Fig. 2). A jejunotomy on the alimentary limb was
reated, and the circular stapler was introduced transab-
ominally and advanced into the lumen of the jejunum to
reate an antecolic, antegastric end-to-side gastrojejunos-
omy. The jejunotomy was closed with a 60-mm linear
tapler. The presence of a gastrojejunostomy leak was tested
y injecting 40–60 mL of methylene blue through the
asogastric tube previously positioned into the temporarily
lamped alimentary limb. A side-to-side jejunojejunostomy
as performed with a 45-mm linear stapler through a jejuno-

omy 100–150 cm distal to the gastrojejunostomy. The anas-
omosis was completed using 2-0 polydioxanone continuous
uture (LapraTy, Johnson & Johnson, Cincinnati, OH).

esults

The mean operative time was 60 � 20 minutes for the
AGB group and 220 � 100 minutes for LRYGB group

P �.001). The mean hospital stay was 2 � 1 days for the
AGB group and 4 � 2 days for the LRYGB group

P �.05). Only 1 LRYGB patient required a total intensive
are unit stay of 40 days during her very long and compli-
ated postoperative recovery period. One LAGB patient
as lost to follow-up. No patient died. Reoperation was

equired in 4 (15.2%) of 26 LAGB patients, in 2 because of
ouch dilation and 2 for band removal because of inade-
uate weight loss. One of these procedures was converted to
iliopancreatic diversion, and the remaining 3 patients were
n a waiting list for LRYGB. Reoperations were required in
(12.5%) of 24.
Fig. 2. Gastrojejunal anastomosis in LRYGB.
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arly complications

Early complications were defined as those occurring
30 days postoperatively. Conversion to laparotomy was

equired in 1 (4.2%) of the 24 LRYGB patients because of
posterior leak at the gastrojejunal anastomosis revealed

uring intraoperative methylene blue test; this leak was
uccessfully repaired by interrupted sutures (Table 2). An
cute abdomen and sepsis were diagnosed 3 days after
astric bypass in 1 female patient (47 years old, BMI
9 kg/m2). At laparotomy, a jejunal perforation, proximal to
he jejunojejunostomy, that was due to an iatrogenic small
owel injury, was found and treated by direct closure. The
atient subsequently developed recurrent symptoms and
epsis and required jejunal resection and small bowel re-
nastomosis. She underwent a difficult postoperative period
ith a 6-month hospital stay. Early complications necessi-

ating reoperation were absent in the LAGB patients.

ate complications

Gastric pouch dilation was diagnosed and treated by
aparoscopic band removal in 2 (7.6%) of 26 LAGB patients
Table 2). One patient presented with small bowel obstruc-
ion 15 months after LRYGB. Diagnostic laparoscopy and
ubsequent laparotomy revealed a 30–40-cm segment of

ig. 3. Comparison of weight between LAGB and LRYGB group during 5

able 2
arly and late surgical complications

roup Complication Presentation time

AGB GPD 24 mo
GPD 36 mo

RYGB Jejunal perforation 3 d
Internal hernia 15 mo
Posterior pouch leak Intraoperative

GPD � gastric pouch dilation.
ears of follow-up (P �.001 at 5 yr). d
limentary limb ischemia due to an internal hernia. Small
owel resection was performed with an uneventful postop-
rative recovery.

o-morbidities

The patients were all screened preoperatively for the
resence of co-morbidities (diabetes, hypertension, and car-
iac disorders). In the LAGB group, 3 patients had hyper-
ension and 1 had sleep apnea. In the LRYGB group, 2
atients had hyperlipemia, 1 had hypertension, and 1 had
ype 2 diabetes. Five years after surgery, the diabetes, sleep
pnea, and hyperlipemia had all resolved.

eight loss

At 5 years (range 60–66 months) after surgery, the
atients in the LRYGB group had a significantly lower
eight and BMI and a greater percentage of excess weight

oss compared with those in the LAGB group (Figs. 3–5).
eight loss failure (BMI �35 kg/m2 at 5 yr) was ob-

erved in 9 (34.6%) of 26 LAGB patients and 1 (4.2%) of
4 LRYGB patients (P �.001). Of the 26 patients in the
AGB group and 24 in the LRYGB group, 3 (11.5%) and
5 (62.5%) had a BMI of �30 kg/m2, respectively
P �.001).

ig. 4. Comparison of BMI trend between LAGB and LRYGB groups

Treatment Hospital stay

Band removal 2 d
Band removal 3 d
Perforation suture; intestinal resection 6 mo
Intestinal resection 11 d
Conversion to laparotomy and suture closure 6 d
uring 5 years of follow-up (P �.001 at 5 yr).
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iscussion

The use of laparoscopic obesity surgery is growing, with
ncreasing demand from the public and an increase in the
umber of surgeons involved. The 2 operations most com-
only performed are LAGB and LRYGB. At the beginning

f the third millennium, LAGB was the procedure of choice
n Europe and was introduced in the United States in 2001
3–8]. Similarly, LRYGB, which was the procedure of
hoice in the United States, became more popular in Europe
3–8]. The selection criteria for these 2 procedures remain
ontroversial.

Four single-center retrospective comparative studies have
een recently published on this topic [10–13]. Two North
merican studies from Portland, Oregon and New York

eported similar weight loss results without a significant
ifference in complication rates between LAGB and
RYGB at 2 and 3 years of follow-up [10,11]. One study

ound no difference in the improvement or resolution of
o-morbidities between the 2 groups but a better outcome
fter LRYGB in patients with a self-reported sweet-eating
abit [11]. These two studies considered both operations
iable alternatives for the surgical treatment of morbid obe-
ity, preferring LAGB for the patients at greatest risk
10,11]. More recently, 2 other comparative retrospective
tudies have addressed this topic. Galvani et al. [12] re-
orted that LAGB and LRYGB were comparable in terms
f weight loss, complications, and the need for reoperation.
ottam et al. [13] reported that at 3 years of follow-up
RYGB provided superior weight and co-morbidity reduc-

ion without a significant difference in terms of complica-
ions.

Different results were reported in 2 European compara-
ive studies at 2 years of follow-up [14,15]. The French

ig. 5. Comparison of %EWL trend between LAGB and LRYGB groups
uring 5 years of follow-up (P �.001 at 5 yr).
tudy reported that LRYGB had a lower early and late i
omplications rate [14]. Similarly, the Swiss study found
hat LRYGB resulted in significantly better co-morbidity
eduction and a lower rate of late complications. These 2
tudies reported better weight loss with LRYGB, but their
ollow-up duration was only 2 years.

Our 5-year prospective, randomized study was under-
aken at beginning of the learning curve for LRYGB. How-
ver, we considered the design of this trial at a particular
oint in our experience when a minimum of surgeon and
atient bias was present [16]. The perigastric band position-
ng technique for LAGB was switched to the newer tech-
ique for retrogastric tunnel dissection using the pars flac-
ida approach to reduce band slippage, pouch dilation, and
ntragastric migration. The LRYGB technique was modified
rom that of Potvin et al. [17] with meticulous pouch cali-
ration and limb length measurement. The indication for
sing this very complex operation in the non-super-obese was
uggested from the experience of Wittgrove and Clark [18].

Our results with non-super-obese patients have con-
rmed not only the better weight loss results with LRYGB,
ut also the high rate of LAGB patients with a postoperative
MI of �35 kg/m2 (7 of 26), as well as the 2 other patients
ho underwent band removal for pouch dilation. However,

n our hands, patients undergoing LRYGB were exposed to
greater risk of life-threatening complications. This might

ave been because of the early phase of our learning curve
ith this very complex laparoscopic technique. The techni-

al problems we encountered were typical of beginners with
his operation, including laparoscopic suturing, inaccurate
owel manipulation, and internal hernia formation (at that
ime, mesenteric defects were not routinely closed). How-
ver, Parikh et al. [19], in their retrospective comparative
tudy of banding, bypass, and biliopancreatic diversion,
fter the surgeon learning curve, found a significantly lower
omplication rate in LAGB patients, with a lower incidence
f organ resection/long-term disability. In our study, it was
ot possible to state whether LAGB or LRYGB was more
ffective in the treatment of obesity co-morbidity because of
he low number of co-morbidity problems in either group
efore surgery. The significantly better weight loss results
f this long-term prospective, randomized study in non-
uper-obese patients have not confirmed the equivalent re-
ults reported in the United States by Jan et al. [10] and Kim
t al. [11] and are more supportive of the data from Europe
14,15].

It is our current policy to fully inform candidates for
ariatric surgery of the risks and benefits of both proce-
ures. Some patients would be pleased to obtain a 47%
WL at 5 years after LAGB without risking life-threatening
omplications and long-term drug requirements. Others
ould accept these risks with LRYGB because of the better

nd easier weight loss. The final choice will be strongly

nfluenced by patients’ desires and expectations. LAGB and
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RYGB continue to be routinely performed in our center
ccording to the patient’s requirements.
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Obesity has become a serious health problem in most
eveloped countries. The development of multiple co-mor-
idities in the obese, including hypertension, type 2 diabe-
es, obstructive sleep apnea, hyperlipidemia, osteoarthritis,
enous insufficiency, and abdominal wall herniation, place
hem at increased risk of morbidity and mortality. Dietary
nd exercise management can be effective for inducing
hort-term weight loss; however, most morbidly obese pa-
ients regain the weight they lost and enter a vicious circle
f weight loss and weight regain. The National Institutes of
ealth Consensus Conference in 1991 concluded that bari-

tric surgery was an effective long-term treatment for pa-
ients with morbid obesity [1]. The 2 operations recom-
ended by the Consensus Conference were the Roux-en-Y

astric bypass and vertical banded gastroplasty. Since the
ational Institutes of Health Consensus guideline was is-

ued, several changes in clinical practice have been ob-
erved. First, vertical banded gastroplasty is now only rarely
erformed because of the inferior weight loss compared
ith gastric bypass and the high rate of late complications

2,3]. Second, the laparoscopic approach for Roux-en-Y
nd considered by most bariatric surgeons to be the proce-
ure of choice [4]. Third, laparoscopic adjustable silicone
astric banding (Lap-Band System, Allergan, Irvine, CA)
as introduced in 2001 in the United States and provides an

quivalent and much safer restrictive weight loss procedure.
The clinical advantages and patient acceptance of lapa-

oscopic Roux-en-Y gastric bypass and Lap-Band are in
arge part responsible for the exponential growth in the
umber of bariatric operations performed in the past decade.
n the United States, the number of bariatric operations
erformed increased from 12,775 in 1998 to 70,256 in 2002,
ith �140,000 operations estimated to have been per-

ormed in 2005 [5]. Since the introduction of the Lap-Band,
eated debates have occurred among surgical colleagues as
o the efficacy of the Lap-Band compared with laparoscopic
oux-en-Y gastric bypass. The answer will likely be forth-
oming after one or more prospective, randomized trials
xamining the outcome of the Lap-Band procedure versus
aparoscopic gastric bypass. Important outcomes that must
e examined include weight loss, particularly in the long
erm (�2 years), changes in co-morbidities and quality of

ife, and costs.
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