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Laparoscopic adjustable gastric banding (LAGB) brings
everal unique aspects to bariatric surgery. It has provided a
ery safe, effective, reversible, and adjustable system that is
idely applicable. The first human LAGB procedure, using

he Lap-Band system (INAMED Health, Santa Barbara,
A), was performed on September 1, 1993 [1]. Since then,
ore than 130,000 Lap-Band devices have been placed, and
ore than 100 peer-reviewed reports on its use have been

ublished. The extent of the literature on the outcomes of
AGB surgery is comparable (and, in certain aspects, su-
erior) to that on alternative bariatric surgery. Refinements
n the placement technique have been widely applied and
ccepted, making LAGB the most standardized surgical
pproach to the treatment of obesity described to date.

LAGB surgery is the safest, least invasive operative
rocedure that can be offered to patients with severe obe-
ity. Because the Lap-Band is the only band approved for
se within the United States and the majority of research
iterature concerns this device, the information presented
ere refers to Lap-Band use.

ey attributes

djustability

One of the most important advantages of LAGB is the
apability of adjusting stoma size without reoperation. Ad-
ustment is a simple outpatient procedure involving the
njection or withdrawal of saline solution into a subcutane-
us access port. This procedure usually takes about 5 min-
tes. An optimally sized stoma provides for sustained

*Reprint requests: Jaime Ponce, M.D., Dalton Surgical Group, 1504
roadrick Drive, Dalton, GA 30720.
iE-mail: jponce@dalton.net

550-7289/05/$ – see front matter © 2005 American Society for Bariatric Surger
oi:10.1016/j.soard.2005.02.018
eight loss and reasonable food tolerance. This gentle ap-
roach allows for a more controlled weight-loss rate as
ompared with nonadjustable stapling techniques (Fig. 1).

aparoscopic placement

The Lap-Band system can be placed laparoscopically in
lmost all patients who have not undergone previous gastric
urgery, regardless of the degree of obesity (see Video 1).
he procedure can be readily performed with an overnight
tay, is associated with only modest discomfort, and enables
rapid return to normal activities. Although the procedure

equires advanced laparoscopic surgical skills, it is not com-
lex and can be readily performed by appropriately trained
urgeons. The procedure has proven remarkably safe, no
oubt due in part to the minimal alteration to the gastroin-
estinal tract and laparoscopic placement.

eversibility

It should be hoped and expected that the treatments for
besity available today will be superceded by better treat-
ents in the next 20 years. It is an asset of the Lap-Band

hat it can be removed easily and the stomach allowed to
eturn to its normal configuration. A 20-year-old patient will
e only 40 in 20 years’ time, and thus retains the option of
oving to improved treatments if and when they appear.
emoving the band is a minor laparoscopic procedure that
an be performed on a 23-hour outpatient basis.

echnique

Whereas the Lap-Band itself has changed little since its
ntroduction in 1993, certain aspects of its surgical place-
ent, postplacement care, and access port design have

hanged significantly. These changes have been aimed at

mproving outcome and reducing morbidity, especially the

y. All rights reserved.



s
p
l
i

p
c
l
a
p
U

A

h
p
b
m

f
E
i

i
a
p
A
c
fi
t
d
t

c
a
c

O

f
m
b
h

S

c
I
t
a
1
b
g

W

a

F
G t of ob

311J. Ponce and J.B. Dixon / Surgery for Obesity and Related Diseases 1 (2005) 310–316
ignificant late complications: band prolapse/slippage/
ouch dilatation (several ways of describing an abnormally
arge segment of stomach above the band), band erosion
nto the stomach, and system leaks.

Proper placement technique and postoperative care have
roven crucial to achieving optimal outcomes and reducing
omplications. Any problems with surgical technique,
earning curves and postplacement management protocols
re likely to have been important factors in the well-re-
orted “disappointing” early results experienced by some
.S. surgeons [3,4].

voiding late complications

The most common complication of the Lap-Band system
as been enlargement of the gastric pouch, due to either
ouch dilatation or slippage of the stomach up through the
and. To avoid this complication, some preventive technical
odifications to the system have been made:

● Development of the pars flaccida dissection pathway
for the placement of the band posterior to the gastro-
esophageal junction has significantly reduced the in-
cidence of posterior gastric prolapse as compared with
the perigastric approach [5]. This technique has been
described in greater detail by Fielding and Allen [6].

● A very small (� 15 mL) initial pouch (the “virtual
pouch”) is created by proper anterior fixation of the
band. This is achieved by embedding the silicone band
completely (with the exception of the buckle area)
with the application of at least 3 gastro-gastric sutures.
It is essential that the band overlie some stomach to
achieve satisfactory satiety.

Anterior prolapse is uncommon, but represents technical
ailure of the anterior fixation and thus is quite avoidable.
rosion of the band into the stomach is a concern, with an

igure 1. A comparison of %EWL after Lap-Band and RYGB surgery in p
, Game P, et al. Laparoscopic adjustable gastric banding in the treatmen
ncidence of up to 3%. It is noteworthy, however, that the 6
ncidence of band erosion has been markedly reduced by
voiding suturing the gastric wall to the crura of the dia-
hragm or pushing it onto the buckle area of the band. An
ustralian series (P. E. O’Brien and J. B. Dixon, personal

ommunication, 2004) with a high early incidence did not
nd a single case in more than 1000 patients who underwent

he modified placement technique. In addition, a series of
esign changes to the subcutaneous access port has substan-
ially reduced the risk of system leakage.

These modifications have reduced the incidence of all
ommon late complications. Details of the initial surgical
pproach and the current technique are summarized and
ompared in Table 1.

utcomes

Proper placement of the Lap-Band, along with proper
ollow-up and patient support, have permitted the achieve-
ent of critical outcomes in 3 areas that characterize the

enefits of the Lap-Band procedure: safety, weight loss, and
ealth and quality of life.

afety

Lap-Band placement has proven to be a very safe pro-
edure. The Australian Safety and Efficacy Register of New
nterventional Procedures-Surgical (ASERNIP-S), in a sys-
ematic review of the world literature of LAGB (including
ll variations), found an early mortality rate of 0.05%, or
:2000, which is 1/10 the mortality of Roux-en-Y gastric
anding (RYGB) and 1/6 the mortality of vertical banded
astroplasty (VBG) [2].

eight loss

Weight loss progresses over a 2- or even 3-year period
nd then stabilizes, usually in the range of between 50% and

d series with baseline numbers � 50. (Adapted from Chapman AE, Kiroff
esity. A systematic literature review. Surgery 2004;135:326–51).
ublishe
0% of excess weight (Table 2). The ASERNIP-S review
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eported 56% average excess weight loss (EWL) at 3- and
-year follow-up, and noted that this level of weight loss
as not different from that achieved with RYGB. Data from

ecently published U.S. studies demonstrate weight out-
omes similar to those reported by many international
roups (Table 2) [7,8].

ealth and quality of life

Dramatic improvement in or resolution of serious med-
cal comorbidities accompanies the weight loss after LAGB
ith the Lap-Band system. Table 3 summarizes published

omorbidity changes associated with the procedure. There
re major improvements in the conditions of the metabolic
yndrome, which is characterized by impaired glucose tol-
rance, dyslipidemia, and hypertension. Improvement in
nsulin sensitivity and pancreatic beta-cell function associ-
ted with weight loss induces remission in most of those
ith type 2 diabetes mellitus and reduces the risk of devel-
ping type 2 diabetes mellitus in others [30–32]. It is
mportant that type 2 diabetes be treated early, to prevent
rreversible beta-cell damage and maintain the ability to
everse the pathological process. Improvement in dyslipide-
ia is characterized by increased levels of high-density

ipoprotein cholesterol and decreased levels of triglycerides.

24 36 48 60 72 84

59.3*
52 54.8
51.4 55.5

59.1 61
50–60†

52 53 52 54 57
62
61 62 58 53 52‡
65 64

47§

43
75 72
46.6 56.3
able 1
nitial versus current approaches

nitial approach Current approach

and placed �3 cm below the
gastroesophageal junction.

Band placed �1 cm below the
gastroesophageal junction.

reater curve dissection above
the first short gastric
vessels.

Greater curve dissection at the
level of the diaphragm, onto
the left crus.

esser curve dissection in the
perigastric path (next to, or
directly on the lesser curve)
often via the apex of the
lesser sac.

Lesser curve dissection via the
pars flaccida path (window in
avascular space in lesser
omentum, at insertion of right
crus) above the lesser sac.

alibration of balloon volume
attempted with transducer
(Gastrostenometer) with
band filled at surgery.

Band left empty at surgery to
avoid postoperative obstruction
from edema and initial
overtightness.

nterior gastric fixation
limited to 1 or 2 central
sutures.

Anterior fixation more extensive,
extending from extreme lateral
greater curve across the body
of stomach to near the buckle
at the lesser curve.

astro-gastric sutures placed
to anchor the band below a
small gastric pouch, usually
15–30 mL.

Gastro-gastric sutures placed to
fix the band below a “virtual
pouch” just below the
gastroesophageal junction.

ccess port placed within the Access port placed on the rectus
able 2
ercent excess weight loss

tudy n Months after surgery

12 18

nternational
Weiner 2003 [9] 984
Zinzindohoue 2003 [10] 500 42.8
Rubin 2003 [11] 250 42.1
Fielding (2003) [12] 76 46.7
Belachew 2002 [13] 763
O’Brien 2002 [14] 706 47 51
Cadiere 2002 [15] 652 38
Vertruyen et al. 2002 [16] 543 38
Dargent 1999 [17] 500 56
Toppino et al. 1999 [18] 361 42
Fielding et al. 1999 [19] 335 52 62
Paganelli et al. 2000 [20] 156 43
Niville and Dams 1999 [21] 126 48 58
Berrevoet et al. 1999 [22] 120 46 53

.S.
Hewitt 2004 [23] 500 36
Ren and Allen 2003 [24] 445 44.3
Spivak 2003 [25] 271 40
Fox 2003 [7] 105 61
Rubenstein 2002 [8] 63 38.3
Ren, Horgan and Ponce 2002 [26] 43 41.6

* Percentage at 96 months.
† Percentage reduction of excess weight for patients with �5-year follow-up.
‡ Percentage at 86 months.
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ogether with reduced blood pressure, these changes pro-
ide a substantial reduction in cardiovascular risk. Other
edical conditions caused or aggravated by obesity, includ-

ng sleep apnea, daytime sleepiness, asthma, and gastro-
sophageal reflux, are also significantly improved by LAGB
27,29,33]. Weight loss is also associated with improved
ertility and more favorable pregnancy outcomes [34].

All aspects of quality of life improve substantially, es-
ecially physical ability, and post–weight loss quality of life
easures approximate those of the general population [35].
ajor improvements in body image and a reduction in

epressive symptoms have also been reported [36,37].
hese changes provide perhaps the most compelling data
emonstrating the value of Lap-Band surgery and underlie
he great satisfaction reported by those who have undergone
he procedure.

omplications

Although the Lap-Band system is remarkably safe in the
erioperative phase, the possible need for reoperation some
ears after placement because something moved or broke is
n ongoing concern. The ASERNIP-S review reported a
um of perioperative and late complications of any kind of

able 3
ffect of LAP-BAND® system on comorbidities of obesity (2001–2004 a

Resolved

ype 2 diabetes mellitus
Abu-Abeid (Israel) (2001) [27] 71%
Bacci (Italy) (2002) [28] NR
Fielding (Australia) (2003) [12] 100%
Frigg (Switzerland) (2004)‡ [29] 75%
O’Brien (Australia) (2002) [14] 54%
Rubenstein (U.S.) (2002) [8] NR
Zinzindohoue (France) (2003) [10] 45%

ypertension
Abu-Abeid (Israel) (2001) [27] 33%
Bacci (Italy) (2002) [28] 33%
Fielding (Australia) (2003) [12] 56%
Frigg (Switzerland) (2004)‡ [29] 58%
O’Brien (Australia) (2002) [14] 55%
Rubenstein (U.S.) (2002) [8] NR
Zinzindohoue (France) (2003) [10] 28%

leep Apnea
Abu-Abeid (Israel) (2001) [27] 100%
Fielding (Australia) (2003) [12] 67%
O’Brien (Australia) (2002) [14] 4%
Rubenstein (U.S.) (2002) [8] 100%
Zinzindohoue (France) (2003) [10] 80%

steoarthritis, Degenerative Joint Disease, Arthralgia
Abu-Abeid (Israel) (2001) [27] 0%
Frigg (Switzerland) (2004)‡ [29] 52%

NR–not reported specifically.
* Includes those noted as “improved or resolved” where percent resolv
† Combines resolved and improved as not all studies reported these s

ontrolled or adjusted for length of follow-up, study size, method of mea
‡ At 4-year follow-up.
1.3% for LAGB, which compares favorably with the sums i
f 23.6% for VBG and 27.4% for RYGB [2]. As the prob-
ems leading to the need for reoperation have been ad-
ressed with modifications in the LAGB technique, the
ncidence of all common late complications has decreased
38]. Current techniques, if applied carefully, reduce the
ncidence of pouch enlargement to � 5%, and erosions and
eaks in the system should now be rare events. The broad
cceptance of standard techniques developed in a response
o early problems has allowed the Lap-Band system to
ecome the first truly standardized, widely used surgical
herapy for severe obesity. No doubt further refinements
ill allow even better results.

ong-term patient care

Severe obesity is a chronic condition requiring indefinite
herapy and follow-up. Surgery is an effective therapy but is
ot a cure, and patients and bariatric surgical teams must
ecognize the responsibilities of long-term care. This feature
f postsurgical care is quite unlike that of usual surgical
ractice. The care of the Lap-Band patient needs to be
omprehensive, skilled, and indefinite. Training and com-
itment is required to achieve optimal outcomes. The treat-

proved* Resolved or improved† No change Worse

92%
9% 100% NR NR
0% 100% 0% 0%
0% 100% 0% NR
8% 83% NR NR
3% 97% 3% 0%
4% 84% NR NR
5% 80% 17% 3%

78%
6% 99% NR NR
5% 78% 22% 0%
3% 69% 31% NR
2% 100% NR NR
1% 86% 14% 0.7%
5% 45% NR NR
3% 71% 27% 2%

95%
0% 100% 0% 0%
3% 100% 0% NR

94% NR NR
0% 100% 0% 0%
0% 80% 20% 0%

83%
0% 100% 0% 0%
4% 76% NR NR

t specified.
y. The combined averages (means) of studies for comorbidities are not
t, or criteria for assessment.
rticles)

Im

2
10

4
8
3

6
4
1
4
3
4
4

3
NR

10
2

ed is no
eparatel
suremen
ng practitioner needs to know when and how to adjust the
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and; how to suspect, appropriately investigate, and manage
omplications; how to treat obesity-related comorbidities;
nd how to apply the art of general bariatrics, which in-
ludes nutritional, movement and exercise and behavioral
herapies.

It is quite unrealistic to place this burden on the surgeon
lone, because the level of care requires a multidisciplinary
eam if significant numbers of patients are to be treated. As
ith all bariatric surgical patients, long-term care and fol-

ow-up should be considered mandatory for patients under-
oing LAGB.

ndications for therapy

The National Institutes of Health (NIH) criteria were
evised before any laparoscopic procedure of the LAGB
ype was developed, and risk-to-benefit ratios for then-
urrent bariatric surgeries were significantly higher. The
afety, efficacy, and broad applicability of Lap-Band sur-
ery present us with some new issues that need to be
esolved:

1. Are the current NIH criteria still appropriate, or
should a broader group of patients be considered for
Lap-Band surgery? The application to subjects with
BMI 30 to 35 kg/m2 with significant obesity-related
comorbidity (eg, type 2 diabetes mellitus) requires
consideration. It is also a logical choice in adoles-
cents.

2. There is clear evidence to support the safety and
efficacy of LAGB in becoming the primary interven-
tion for bariatric patients in appropriate centers with
comprehensive, long-term follow-up.

3. There is sufficient documentation in the literature to
support using the Lap-Band system in specific sub-
groups of morbidly obese patients, including the su-
perobese [12], diabetics [8,10,14,30–32,34], sweets
eaters [39], adolescents [40–42], the elderly [27],
high-risk patients, and those planning pregnancy [43–
45]. At this time, there is little good evidence that any
specific group of patients will respond better to other
types of obesity surgery.

4. If Lap-Band surgery is to become more common for
treating severe obesity and related diseases, then strat-
egies need to address ongoing care of the large num-
ber of patients needing indefinite follow-up. In fact,
all bariatric patients, regardless of the type of surgery,
need long-term care for their chronic disease. Com-
prehensive training is required for surgeons, physi-
cians, and other members of a multidisciplinary team.

.S. data

Experience with the Lap-Band system began in 1995

ith the initiation of a prospective clinical trial monitored m
y the U.S. Food and Drug Administration (FDA). This first
rial, known as the “A” trial, involved Lap-Band system
mplantations in 292 patients at 8 centers over a 3-year
eriod, with a 3-year follow-up after implantation. All pro-
edures in this trial were completed using the perigastric
issection pathway, and for most of the participating sur-
eons this was their first laparoscopic bariatric experience.
ollow-up nuances specifically related to band adjustment
requency and volumes were not fully appreciated in this
nitial experience. This, combined with the early surgical
echnique, resulted in a mean %EWL of 36.2% at 3 years.

A second trial, also FDA-monitored and known as the
B” trial, included a mix of perigastric and pars flaccida
rocedures as the technique was evolving worldwide during
997 to 1999. One center in the “B” trial reported results
ore in line with the growing body of international data,
ith mean %EWLs of 38.3% at 12 months, 46.6% at 24
onths, and 53.6% at 36 months. Overall, significantly

ewer complications were also seen in “B” trial [8].
A third, “expanded access,” FDA-monitored “C” trial

as also conducted with 1-year follow-up just before FDA
pproval was granted in June 2001. All procedures in the
C” trial were completed using the pars flaccida technique
y surgeons who had gained proficiency with advanced
aparoscopic surgical procedures, such as laparoscopic gas-
ric bypass, before enrolling Lap-Band patients in the study.
hese surgeons also benefited from a more complete under-
tanding of the essential role of band adjustments in concert
ith frequent follow-up. The results of this trial were re-
orted by 4 centers with data on 534 patients, 115 of whom
ad 9 months of follow-up and 43 of whom had 12 months
f follow-up. The average %EWL was 35.6% � standard
eviation (SD) 15.26 at 9 months and 41.6% � SD 19.3 at
2 months [26].

Recently, several publications reported U.S. results. Ren
t al. [24] presented data on 445 patients, 99 of whom had
2 months follow-up with 44.3% EWL. Spivak et al. [25]
eported his results on 271 patients with 1- and 2-year
ollow-up; he achieved 40% EWL at 12 months (n � 72)
nd 43% EWL at 24 months (n � 21). In a report primarily
n early complications in 120 patients, Sarker et al. [46]
eported a %EWL of 31.4% at a mean follow-up of 6.4
onths.

alton Surgical Group experience

From October 2000 through April 2004, 831 Lap-Band
rocedures were performed in our program based in Dalton,
eorgia. The perigastric technique was performed in 44
atients, and the pars flaccida technique was performed in
87 patients. Early data from this cohort were presented in
n earlier report [1]. In our study cohort, the mean age was
1.6 years (range, 18–69 years), the mean BMI was 47.5
g/m2 (range, 34.9–81 kg/m2), and 82% were women. The

ean operative time was less than 1 hour, and the average
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ength of hospital stay was 0.4 day. No deaths occurred. One
onversion to laparotomy was required secondary to hepa-
omegaly with difficult mobilization. The rate of postoper-
tive obstruction was 1.6% (n � 14), with all obstructions
ccurring in the first 150 pars flaccida cases.

After we adopted the principles of perigastric fat exci-
ion and the 2-step technique to avoid encircling the lesser
urvature fat inside of the band, no cases of postoperative
bstruction occurred. Delayed complications included 9
ases (20%) of gastric prolapse (mainly posterior) in the
rst 44 perigastric cases, and 11 cases (1.4%) of anterior
rolapse (including 2 concomitant hiatal hernias) in the 787
ars flaccida cases, along with 3 tubing breaks (0.3%), 6
ort abscesses (0.7%), 2 band erosions (0.2%), and no cases
f persistent esophageal dilatation. One case of erosion
resented 4 months after surgery with a delayed port infec-
ion, and the other presented with a lack of restriction 1 year
ostoperatively.

Weight loss was 41.8% EWL at 1 year (n � 450), 52.6%
WL at 18 months (n � 233),) 59.1% EWL at 2 years

n�96), and 61.3% EWL at 3 years (n � 25), with 88%
ollow-up. Our diabetic patients lost an average of 38%
WL at 1 year (n � 67) and 52% EWL at 2 years (n � 18),
ith a 77% resolution rate and a significant decrease in
bA1C, from 7.6% before surgery to 5.4% 2 years after

urgery.
Most complications were minor and easily managed on

n outpatient basis. Patient satisfaction was very high, even
n those experiencing complications. These results follow
he trends established in the worldwide literature (Table 2).

ummary

Bariatric surgery offers a long-term solution for the prob-
em of severe obesity. The major benefits of sustained
eight loss include the reversal of numerous obesity-related

llnesses, making bariatric surgery one of the most powerful
herapies in current clinical practice. LAGB is proving to be
n acceptable form of bariatric surgery because of its safety,
ffectiveness, long-term weight-loss maintenance, and re-
ersibility. Its appropriate expanded application in our com-
unities requires broader training options and a major com-
itment by surgeons and associates to comprehensive,

ptimal, long-term care of bariatric patients. Our severely
bese patients have a serious, but treatable, condition.

ppendix

upplementary data

Supplementary data associated with this article can be

ound in the online version, at 10.1016/j.soard.2005.02.018.
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