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Abstract
Background The traditional bariatric surgery guidelines is-
sued by the National Institute of Health in 1991 did not in-
clude moderate obesity as an indication for bariatric surgery.
These patients also develop risk of significant comorbidity
and mortality. Nonsurgical treatment for them is not generally
effective. This study compared the results of patients

undergoing laparoscopic adjustable gastric banded plication
(LAGBP) with laparoscopic sleeve gastrectomy (LSG) in pa-
tients with BMI between 30 and 35.
Methods A review of data was done for patients who
underwent either LAGBP or LSG in our hospital from February
2007 to October 2012. The inclusion criterion for both groups
was BMI between 30 and 35 with or without comorbidity.
Results One hundred thirty-nine patients were included in the
study out of which 42 underwent LAGBP and 97 LSG. The
operating time for LAGBP was significantly longer: 105.39±
39 vs. 59±29.56 min. The postoperative hospital stay was not
statistically different between the two procedures. The mean
percent excess weight loss (%EWL) was significantly lower
for LAGBP at 1 year but became insignificant at 2 years. Both
groups had two postoperative complications, but the rate was
not statistically different. The comorbidity resolution data did
not show any significant difference between the two groups.
Conclusion In the present study, both LAGBP and LSG seemed
to be safe and effective bariatric procedures in moderate obesity
with 2-year results. But the long-term results are still awaited.
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Introduction

Bariatric surgery has gained popularity in the last 20 years
from its rapid but long-lasting effect on weight loss and co-
morbidity resolution inmorbidly obese patients. The tradition-
al bariatric surgery guidelines issued by the National Institute
of Health in 1991 did not include moderate obesity (BMI ≥30
and ≤34.9) as an indication for bariatric surgery [1]. Other-
wise, these patients with moderate obesity also develop risk of
significant comorbidity and mortality [2].

OBES SURG (2016) 26:552–557
DOI 10.1007/s11695-015-1791-7

Workwas performed in E-Da Hospital, 1, E-Da Rd, Yan-Chau District,
Kaohsiung City, Taiwan 824, Tel: +886-7-6150011

* Chih-Kun Huang
dr.ckhuang@hotmail.com

Jasmeet Singh Ahluwalia
docjasmeet@gmail.com

Po-Chi Chang
dyno910076@hotmail.com

Chi-Ming Tai
chimingtai@gmail.com

Ching-Chung Tsai
u101130@yahoo.com.tw

Po-Lin Sun
ed103539@edah.org.tw

1 Bariatric and Metabolic International (B.M.I.) Surgery Centre, E-Da
Hospital, 1, E-Da Rd, Yan-Chau District, Kaohsiung City, Taiwan
824, Republic of China

2 Department of General Surgery, E-Da Hospital, 1, E-Da Rd,
Yan-Chau District, Kaohsiung City, Taiwan 824, Republic of China

3 Department of Internal Medicine, E-Da Hospital, 1, E-Da Rd,
Yan-Chau District, Kaohsiung City, Taiwan 824, Republic of China

4 Department of Pediatrics, E-Da Hospital, 1, E-Da Rd, Yan-Chau
District, Kaohsiung City, Taiwan 824, Republic of China

5 Department of Radiology, E-Da Hospital, 1, E-Da Rd, Yan-Chau
District, Kaohsiung City, Taiwan 824, Republic of China

http://crossmark.crossref.org/dialog/?doi=10.1007/s11695-015-1791-7&domain=pdf


Position statement of the American Society for Metabolic
and Bariatric Surgery (ASMBS) for moderate obesity (2012)
concluded that nonsurgical treatments for class I obesity are
not generally effective, and bariatric surgery should be an
available option to them [3]. It further added that laparoscopic
adjustable gastric banding (LAGB), laparoscopic sleeve gas-
trectomy (LSG), and gastric bypass have been shown in ran-
domized controlled trials to be well-tolerated and effective
treatment for this group in short and medium term. The Food
and Drug Administration recently voted to extend the use of
Lap Band ® to people afflicted with class I obesity with >1
comorbidities [3]. Angrisani L. has recently reported long-
term outcomes of gastric banding in moderate obesity with
and without comorbidities and shown favorable results [4].

Though bariatric surgery definitelymakes goodweight loss
and resolution of comorbidities, trend of surgical procedures
seems to be changing in recent few years. We have seen a
gradual fall in popularity of LAGB because of long-term fail-
ure of weight loss and complications [5] and a rise in the
acceptance of LSG as a stand-alone bariatric procedure. De-
spite good weight loss after LSG, complications like hemor-
rhage, leaks, strictures, and gastroesophageal reflux are of
concern, and its irreversible nature also make it unacceptable
to some patients [6]. Few years ago, we combined adjustable
gastric band and plication, laparoscopic adjustable gastric
band plication (LAGBP), and reported preliminary results of
weight loss comparable to LSG at 2 years [7].

The aim of the present study was to report and compare the
results of patients undergoing two different restrictive bariatric
procedures in patients with BMI between 30 and 35.

Methods

A retrospective review of prospectively maintained data was
done for patients who underwent either LAGBP (with the
approval of the E-DA Hospital institutional review board;
approval numbers—LAGBP: EMRP22098N and LSG:
EMRP39102N) or LSG in our hospital from February 2007

to October 2012. The inclusion criterion for both groups was
BMI between 30 and 35 with or without comorbidity. Patients
with type 2 diabetes of recent onset (<5 years) and C-peptide
>3 ng/ml were offered these restrictive surgeries. Patients
were given choice between LAGBP and LSG after detailed
discussion with them. For patients with longer duration of
diabetes or lower C-peptide, we prefer gastric bypass or loop
duodenojejunal bypass with sleeve gastrectomy [8, 9]. The
exclusion criterion was lack of at least 1 year follow-up. All
patients had failed previous attempts of losing adequate
weight by diet, exercise, life style modification, or medicine.
The prospectively collected data included patient demo-
graphics like age, sex, BMI, and obesity-related comorbidi-
ties. Operative time, intra- and postoperative complications, as
well as the length of stay of hospitalization were also recorded.
Postoperative follow-up data was recorded at 1, 3, 6, 9, 12, 18,
and 24 months after surgery and analyzed.

Statistical Methods

Mean±standard deviation (SD) was used for normally distrib-
uted continuous variables or as percentages for categorical
variables. The p value was calculated using paired t test, chi-
square test, or Fisher’s exact test when appropriate. All anal-
yses were performed with SPSS statistical software (version
18.0; SPSS Inc., Chicago, IL, USA). A p value of <0.05 was
considered statistically significant.

Operative Technique

The patients were placed in the supine position with their arms
abducted. Surgeon stood on the patient’s right side and assis-
tant on the left. Five ports were used in either procedure.

In LAGBP, devascularization of the greater curvature was
performed from gastroesophageal junction to 3 cm from the
pylorus. Plication was started from the fundus and progressed
towards the pylorus stopping 3 cm from it. Amount of plica-
tion was decided using gastric plication formula (Fig. 1). The
greater curvature was inverted with five to six interrupted

Fig. 1 Amount of plication using
gastric plication formula and
transverse view of the gastric
lumen
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nonabsorbable sutures (2–0 Ethibond Excel Ethicon, St. Ste-
vens-Woluwe, Belgium) and was then reinforced with a con-
tinuous seromuscular suture (polypropylene 2–0). Adjustable
band was then placed using the pars flaccida technique.

In LSG, devascularization of greater curvature was per-
formed from gastroesophageal junction to 4 cm from the py-
lorus. A 36-F bougie was inserted and marking was done
along the lesser curvature. Excess stomach was resected with
multiple fires of endostaplers. The stomach was then secured
to the retroperitoneal tissue with a single 3–0 polyglactin su-
ture to prevent gastric torsion.

Results

One hundred thirty-nine patients were included in the study
out of which 42 underwent LAGBP and 97 LSG. Table 1
summarizes demographic and operative data. The age of
LAGBP group was significantly less (mean=31.67 years) as
compared to LSG group (mean=36.16 years). There were no
significant differences in the two groups with respect to

preoperative sex, BMI, or comorbidities (except fatty liver).
The operating time for LAGBP was significantly longer:
105.39±39 vs. 59±29.56 min. The postoperative hospital stay
was not statistically different between the two procedures.

The mean percent excess weight loss (%EWL) was signifi-
cantly lower for LAGBP at 1 year but became insignificant at
2 years. For LAGBP, %EWL was 29.5±10.04, 44.93±14.93,
53.95±16.47, 60.1±18.68, 64.29±20.62, 66.45±22.9, and
70.65±21.49 at 1, 3, 6, 9, 12, 18, and 24 months; whereas for
LSG, it was 32.19±13.1, 54.43±17.99, 66.85±20.16, 76.79±
21.81, 79.75±22.58, 79.01±21.86, and 75.69±23.02 (Table 2).

Both groups had two postoperative complications, but the rate
was not statistically different. In LAGBP group, one patient
developed gastric perforation near the band. We performed de-
plication and repair of gastric perforation and band removal. The
total hospital stay was 10 days. The second patient had discon-
nection of the tube, which needed re-laparoscopy and revision of
the band. Hospital stay for second procedure was 4 days.

In LSG group, two patients had complications in the form of
a leak.We did a laparoscopic repair of gastric tube with drainage
to one patient who recovered well with hospitalization of

Table 1 Patient demographics,
comorbidities, operation time,
postoperative hospital stay, and
complications

LAGBP LSG p value

n 42 97 –

Age (years±SD) 31.67±9.66 36.16±10.81 0.017

Sex (M:F), n (%) 8:34 (19:81) 20:77 (20.6:79.4) 0.832

BMI (mean±SD) 32.76±1.58 32.64±1.49 0.687

Comorbidities (n)

Diabetes mellitus type 2 3 (7.1 %) 8 (8.2 %) 1.000

Hypertension 5 (11.9 %) 18 (18.6 %) 0.332

Dyslipidemia 23 (54.8 %) 52 (53.6 %) 0.900

Fatty liver 32 (76.2 %) 40 (41.2 %) <0.001

Hyperuricemia 7 (16.7 %) 16 (16.5 %) 0.980

Operative time (minutes±SD) 105.39±39 59±29.56 <0.001

Postoperative hospital stay (days±SD) 1.69±0.68 1.74±0.88 0.708

Complications (n) 2 2 0.584

LAGBP laparoscopic adjustable gastric banded plication, LSG laparoscopic sleeve gastrectomy, SD standard
deviation

Table 2 Percentage excess
weight loss Time (months) LAGBP (n) LSG (n) LAGBP (mean±SD) LSG (mean±SD) p value

1 42 97 29.5±10.04 32.19±13.1 0.191

3 42 97 44.93±14.93 54.43±17.99 0.002

6 42 97 53.95±16.47 66.85±20.16 <0.001

9 42 97 60.1±18.68 76.79±21.81 <0.001

12 42 97 64.29±20.62 79.75±22.58 <0.001

18 28 65 66.45±22.9 79.01±21.86 0.019

24 22 56 70.65±21.49 75.69±23.02 0.377

LAGBP laparoscopic adjustable gastric banded plication, LSG laparoscopic sleeve gastrectomy, SD standard
deviation
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44 days. The second patient required multiple surgeries and
conversion to open Roux-en-Y gastric bypass. The total hospi-
talization was over 1 year.

In the LAGBP group, the mean gastric band adjustment
rate was 3.36±2.86 in 2 years. The comorbidity resolution
data are shown in Table 3 and does not show any significant
difference between the two groups.

Discussion

A BMI between 30 and 35 is classified as class I obesity or
moderate obesity [3]. Data is increasingly showing that many
of the metabolic problems that accompany obesity begin at a
BMI of 30 or even earlier [10, 11]. ASMBS has recently con-
cluded in its position statement that moderate obesity is a health
problem that leads to additional serious comorbidities and a
shortened life expectancy. There is no current justification on
grounds of evidence of clinical effectiveness, cost-effective-
ness, ethics, or equity that this group should be excluded from
a life-saving treatment [3]. Therefore, bariatric surgery should
be an available option for suitable individuals in this group.

It is also clear that nonsurgical therapies will not provide a
durable solution to their disease of obesity. Systematic reviews
and randomized controlled trials of nonsurgical therapies in-
volving diet regimen, pharmacotherapy, behavioral therapy,
and exercise have reported a mean weight loss in the range
of 2–6 kg at 1 year [12, 13] with poorweightmaintenance [14].
Still, there are individuals who have achieved substantial and
durable weight loss with a higher initial BMI and have been
able to maintain it for several years. Therefore, a trial of non-
surgical methods for weight reduction must be given before
considering surgery for any obese patient.

But surgical management of patients in this category is still
debated. There is currently no predictive method to match a
particular patient with a particular operation to achieve the
optimal outcome. A procedure which is relatively safe and
gives satisfactory results can make surgery an attractive option
for these patients.

Substantial comparative and long-term data have now
been published in peer-reviewed studies demonstrating du-
rable weight loss, improved medical comorbidities, long-
term patient satisfaction, and improved quality of life after
LSG. However, it also mentioned that LSG has a risk/benefit
profile between laparoscopic adjustable gastric banding and
laparoscopic Roux-en-Y gastric bypass (LRYGB) [15]. Sta-
ple line leaks and bleeding after LSG continue to be the
most serious complications and occur in 1–3 % of patients
in large published series [16].

In the present study, complication rate was 4.7 % in
LAGBP and 2.1 % in LSG (n=2 in both and p value=
0.584), and it revealed that the complications after LSG re-
quired a much longer stay and complex re-operation in com-
parison with LAGBP. This might be because of high pressure
inside the gastric tube after LSG, which makes management
of leak extremely challenging [17]. Sometimes, LSG might

Table 3 Comorbidity resolution

Comorbidity LAGBP LSG p value

Diabetes mellitus type 2 3/3 (100 %) 6/8 (75 %) 1.000

Hypertension 4/5 (80 %) 16/18 (88.89 %) 0.217

Dyslipidemia 15/23 (65.22 %) 34/52 (65.38 %) 0.946

Fatty liver 28/32 (87.5 %) 32/40 (80 %) 0.14

Hyperuricemia 6/7 (85.71) 14/16 (87.5 %) 1.000

LAGBP laparoscopic adjustable gastric banded plication, LSG laparo-
scopic sleeve gastrectomy
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require conversion to LRYGB for managing of the leak. In
case of LAGBP, after removing the band and sutures, normal
anatomy is restored and management of complications be-
comes simpler [18]. But the larger series are needed to confirm
these findings.

Themean adjustment rate in our LAGBP group was 3.56 in
2 years, which was much lower than required for LAGB pa-
tients to have a satisfactory weight loss. Dixon et al. reported
that male patients who followed up less than 13 times in
2 years were not able to achieve good weight loss [19]. Since
LAGBP has dual restriction (from plication and band), it
needs fewer adjustments as compared to LAGB which solely
depends on band for weight loss. We did not observe any
complication arising out of band after starting band adjust-
ments, and this might be because of the decreased frequency
of band adjustment, as a higher number of adjustments may
cause slippage, erosion, or infection. In a recently published
case-matched series, Umer et al. concluded that LAGBP is a
safe alternative bariatric procedure which can potentially be
reversed if needed [20].

As shown in graph 1, the weight loss trend differed in the
two groups. LSG group lost weight quicker than the LAGBP
group in the first year, but by the end of 2 years, the EWL was
similar. This may be because ofmore reduction in ghrelin levels
after LSG as fundus of the stomach is removed and leads to
higher suppression of hunger [21]. Also, it is interesting to note
a stagnation of weight loss after 1 year and little regain of lost
weight at 2 years after LSG. This may be explained by dilata-
tion of the remaining gastric tube [22]. The persistent weight
loss in LAGBP might be due to band adjustment.

Both the groups achieved significant resolution of comor-
bidities. Also, there was no significant difference between the
resolutions of comorbidities in-between two groups. Although
both procedures are restrictive, the substantial weight loss
achieved might explain better outcomes in terms of comorbid-
ity resolution. The number of patients with diabetes was very
few in our series, and this could be explained partly by selec-
tion bias as we tend to perform malabsorptive procedures in
such patients to give them a better chance of complete remis-
sion [7, 8]. Also, the patients were relatively younger (mean
age 32–36 years in both groups) and diabetes was of recent
onset without insulin use.

Conclusion

In the present study, both LAGBP and LSG seemed to be safe
and effective bariatric procedures in moderate obesity with 2-
year results. But randomized trials and long-term results are
still awaited.
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