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Introduction

Laparoscopic adjustable gastric banding (LAGB) 
is a bariatric procedure with a history of more than 
30 years. The popularity of LAGB has recently de-
creased. At its peak, it was the most popular bariat-
ric procedure worldwide, while in 2013 the number 
of LAGB operations dropped to 10% [1]. This trend 
is mainly caused by a high number of band compli-

cations in the long term and the rising popularity of 
sleeve gastrectomy [2].

In tandem with a rising rate of morbidly obese 
individuals globally, there is also a rising prevalence 
of superobesity (body mass index (BMI) > 50 kg/
m2). Although bariatric surgery is the only treat-
ment modality that can dramatically reduce the 
body weight and improve obesity-related comor-
bidities in superobese (SO) individuals, the optimal 
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A b s t r a c t

Introduction: Laparoscopic adjustable gastric banding (LAGB) is considered to be the least invasive, reversible, and 
the safest bariatric operation regarding mortality and morbidity, and its application to high-risk superobese (SO) 
individuals seems rational.
Aim: There are differing viewpoints regarding the effectiveness of LAGB in superobese (BMI > 50 kg/m2) patients. The 
aim of this study was to compare the safety and efficacy of LAGB in SO and non-superobese (NSO) patients in the 
long term (> 5 years).
Material and methods: We undertook a prospective single-center study to compare the safety and efficacy of LAGB 
in SO and NSO patients after 5 years. One hundred and three morbidly obese patients underwent LAGB in the period 
from January 2009 to January 2010. Sixty-four of the patients were NSO and 39 SO. After 5 years, we evaluated their 
weight loss, comorbidities, complications, and quality of life.
Results: A total of 90 of 103 patients (87.3%) completed the 5-year follow-up. The percentage excess weight loss 
was 50.4% in the NSO and 38.8% in the SO group (p = 0.072). The proportion of patients who lost > 50% excess 
weight was significantly larger in the NSO group (p = 0.045). There were significantly more patients in the NSO group 
whose metabolic syndrome had resolved (p < 0.001). There were no differences regarding the resolution of other 
comorbidities and postoperative complications.
Conclusions: This study suggests that LAGB can lead to substantial and long-lasting weight loss after 5 years. Our 
study found that SO patients demonstrate inferior weight loss results, and lower overall BAROS scores; thus we do 
not support the primary use of LAGB in SO patients.
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surgical strategy is still in dispute. Some studies 
have shown that superobesity is associated with 
poor weight loss results and higher morbidity af-
ter bariatric surgery [3, 4]. The use of LAGB in the 
SO population is also controversial. Although some 
studies have demonstrated excellent weight loss 
results [5–7], there are studies that have found that 
the application of LAGB in SO individuals is associ-
ated with weight loss failure and a high incidence 
of gastric band removal [8].

Since LAGB is considered to be the least invasive, 
and safest bariatric operation, regarding mortality 
and morbidity in the early postoperative period, its 
application to high-risk SO individuals seems rational. 

Aim

The aim of this study was to compare the safety 
and efficacy of LAGB in SO and non-SO (NSO) pa-
tients in the long term (> 5 years).

Material and methods

The study was reviewed and approved by the 
Lithuanian bioethics committee. All patients seek-
ing bariatric surgery were invited to participate in 
the study. Patients were eligible if they were aged 
between 18 and 70 years, with a BMI of more than 
40 kg/m2, or a BMI of 35–40 kg/m2 with obesity-re-
lated comorbidities. Candidates were excluded 
if they had a  history of previous bariatric surgery 
or were pregnant, or had other contraindications 
for laparoscopic surgery. Between January 1, 2009 
and January 31, 2010, 103 morbidly obese patients  
(64 NSO and 39 SO patients) underwent LAGB at the 
Vilnius University Hospital ‘Santariškių Klinikos’. All 
patients underwent a standard LAGB using the pars 
flaccida technique, which has been described pre-
viously [9]. A  single surgeon performed all of the 
operations.

Early mobilization was started 3–4 h after the 
operation. Oral liquids were started on postop-
erative day one. All patients were discharged on 
the first postoperative day, as soon as oral fluid 
was tolerated and pain controlled by oral analge-
sics. The first band adjustments were scheduled  
4 weeks postoperatively, when patients had re-
turned to a normal diet. Further band adjustments 
were dependent on individual weight loss results. 
The patients were asked to come for band adjust-
ment in cases of discontinuance of weight loss for 

more than 2 weeks, but not earlier than 4 weeks 
after the previous adjustment. A  complete multi-
disciplinary evaluation was performed at 1, 3, and 
5 years postoperatively.

The primary endpoint was weight loss, and the sec-
ondary endpoints were postoperative morbidity, mor-
tality, improvement of comorbidities, and quality of life.

A multidisciplinary team, consisting of an endo-
crinologist, gastroenterologist, dietitian, cardiologist, 
and bariatric surgeon, performed the preoperative 
patient evaluation. 

Assessed comorbidities consisted of diabetes 
mellitus (DM), arterial hypertension (AHT), cardio-
vascular diseases (CVD), dyslipidemia, metabolic syn-
drome (MS), gastroesophageal reflux disease (GERD),  
and degenerative joint disease (DJD). Comorbidities 
were assessed based on information given by the 
patients, clinical examination, and blood samples 
obtained after an overnight fast. Moreover, all pa-
tients underwent upper gastrointestinal endoscopy, 
abdominal sonography, and upper gastrointestinal 
tract radiography.

The resolution and improvement criteria of the co-
morbidities were adapted according to the Bariatric 
Analysis and Reporting Outcome System (BAROS) [10].

Diabetes mellitus was defined as either a fasting 
plasma glucose of ≥ 7.1 mmol/l, glycated hemoglo-
bin (HbA1c) ≥ 6.5%, or the use of antidiabetic medi-
cation [11]. Arterial hypertension, dyslipidemia and 
MS were diagnosed according to the Adult Treat-
ment Panel III guidelines [12]. Diagnosis of CVD was 
based on previously documented evidence of coro-
nary artery disease, peripheral vascular disease, or 
congestive heart failure. Gastroesophageal reflux 
disease was diagnosed by upper gastrointestinal en-
doscopy, self-reported symptoms, and the use of an-
ti-reflux medication. Degenerative joint disease was 
diagnosed based on self-reported symptoms and 
previously documented radiographic studies.

Quality of life was estimated using a  modified 
Moorehead-Ardelt quality of life (M-AQoL) question-
naire, which evaluates self-esteem, physical well-be-
ing, social relationships, work, sexuality, and eating 
behavior [13]. The evaluations of the M-AQoL ques-
tionnaire scores range from –3 (very poor quality of 
life) to +3 (very good quality of life). Changes in ob-
structive sleep apnea and infertility were not includ-
ed in the final score because there was no possibility 
of conducting polysomnography and hormonal stud-
ies, as suggested by the BAROS.
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Statistical analysis

Statistical analysis was performed using SPSS 
version 21.0 (SPSS Inc., Chicago). Pearson’s χ2 or 
Fisher’s exact test was used to test for differences in 
categorical variables, and the t-test or Mann-Whit-
ney 2-sample test for continuous variables was used, 
depending on the distribution. P-values < 0.05 were 
considered statistically significant.

Results

A total of 103 (64 NSO and 39 SO) morbidly obese 
patients underwent LAGB (Figure 1). The mean pa-
tient age at the time of surgery in both groups was 
45.9 years (range: 21–70). Among the patients, 69 
(67%) were women and 34 (33%) were men. The 
mean preoperative BMI was 47.5 kg/m2 (range: 
35–68). The baseline characteristics are presented in 
Table I. A total of 90 out of 103 (87.3%) patients com-
pleted the 5-year follow-up: 4 (3.8%) patients died, 
6 (5.8%) had their bands removed, and 3 (2.9%) pa-
tients were unable to attend. One death was caused 

by lung cancer, and the remaining died because of 
acute cardiovascular events (1–4 years postoper-
atively). Patients whose bands had to be removed 
were excluded from further weight loss analysis. 

The body mass changes of NSO and SO patients 
at 5 years are depicted in Table II. The mean % ex-
cess weight loss (%EWL) after 5 years was 47.3%. 
The %EWL > 50% was observed in 37 (41.1%) pa-
tients. The proportion of patients who lost > 50% 
excess weight was significantly greater in the NSO 
group (p = 0.045). There was also a  significantly 
greater proportion of patients who reached a BMI of 
< 35 kg/m2 in the NSO group (p = 0.011).

The preoperative distribution of comorbidities 
is shown in Table III. There were significantly more 
patients with MS in the SO group. Five years after 
LAGB, resolution or improvement of type 2 diabetes 
was observed in 14 (42.4%) of the patients, and AHT, 
CVD, dyslipidemia, GERD, and DJD had improved 
or resolved in 35 (39%), 7 (33.3%), 44 (63.7%),  
21 (46.6%), and 24 (33.8%) of the patients, respec-
tively (Table IV). Five years following LAGB, only  

Assessed for eligibility (n = 110)

Patients underwent LAGB (n = 103)

Excluded (n = 7)
• Not meeting inclusion criteria (n = 5)
• Declined to participate (n = 2)

NSO group (n = 64)
• Received allocated intervention (n = 64)

SO group (n = 39)
• Received allocated intervention (n = 39)

Allocation

Lost to follow-up (n = 6)
• Died (n = 2)
• Bands removed (n = 3)
• Was unable to come (n = 1)

Lost to follow-up (n = 7)
• Died (n = 2)
• Bands removed (n = 3)
• Were unreachable (n = 2)

Follow-up

Analysed (n = 46) 
• Excluded from analysis (n = 3)

– Died (n = 2); unable to come (n = 1)

Analysed (n = 35) 
• Excluded from analysis (n = 4)

– Died (n = 2); unreachable (n = 2)

Analysis

Figure 1. Study flow chart
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41 out of 69 patients who had MS before the oper-
ation met the MS criteria. There were significantly 
more patients in the NSO group whose MS had re-
solved – 24 (64.8%) vs. 4 (12.5%) (p < 0.001).

The overall complication rate at 5 years was 
14.5%. Complications consisted of 5 band erosions, 
4 port-related complications, 3 band slippages, and 

3 band intolerances (Table V). Port-related com-
plications consisted of 3 port-site infections and 
1 port inversion. None of the port-site infections 
were related to band erosion. There were no signif-
icant differences between the NSO and SO groups. 
Thirteen complications were managed surgically. 
Six bands were removed, 3 in the NSO group and 

Table I. Baseline characteristics

Parameter All patients BMI < 50 kg/m2 BMI ≥ 50 kg/m2 P-value

Patients 103 64 39 NS

Age [years] 45.9 ±11.7 44.8 ±12.2 47.7 ±10.6 NS

Gender, n (%): 

Female 69 (67) 44 (68.8) 25 (64.1) NS

Male 34 (33) 20 (31.2) 14 (35.9) NS

Body weight [kg] 137.6 ±24.4 125.3 ±18.0 157.8 ±19.4 < 0.001

BMI [kg/m2] 47.5 ±7.3 42.7 ±3.9 55.3 ±4.3 < 0.001

EBMI [kg/m2] 22.5 ±7.4 17.7 ±3.9 30.3 ±4.3 < 0.001

NS – non-significant, BMI – body mass index, EBMI – excess BMI.

Table II. Body mass changes after 5 years

Weight variable All patients BMI < 50 BMI ≥ 50 P-value

WL [kg] 28.8 ±18.3 25.4 ±15.5 32.3 ±22.6 0.085

BMIL [kg/m2] 10.1 ±6.7 8.7 ±5.5 11.7 ±8.3 0.069

%TWL 21.2 ±13.2 20.4 ±12.2 21.1 ±15.4 0.807

%EWL 47.3 ±29.7 50.4 ±29.8 38.8 ±29.1 0.072

BMI < 35, n (%) 38 (40.4) 33 (55) 5 (14.7) < 0.001

%EWL > 50%, n (%) 37 (35.9) 28 (46.6) 9 (27.2) 0.045

WL – weight loss, BMIL – body mass index loss, TWL – total weight loss, %EWL – percentage excess weight loss.

Table III. Comorbidities at baseline

Comorbidities Total, n (%) BMI <50 kg/m2 
n (%) 

BMI ≥ 50 kg/m2 
n (%) 

P-value

DM 36 (34.9) 19 (29.6) 17 (43.5) 0.094

AHT 82 (79.6) 46 (71.9) 36 (92.3) 0.013

CVD 21 (20.3) 8 (12.5) 13 (33.3) 0.022

Dyslipidemia 69 (66.9) 42 (65.6) 27 (69.2) 0.831

MS 69 (66.9) 37 (57.8) 32 (82.1) 0.012

GERD 45 (43.6) 25 (39.1) 20 (51.3) 0.306

DJD 71 (68.9) 40 (62.5) 31 (79.5) 0.082

DM – diabetes mellitus, AHT – arterial hypertension, CVD – cardiovascular disease, MS – metabolic syndrome, GERD – gastroesophageal reflux disease,  
DJD – degenerative joint diseases.
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3 in the SO group (p = 0.67), 3 bands due to ero-
sions and 3 due to the psychological intolerance of 
the patient and insufficient weight loss. All 3 band 
slippages were managed by laparoscopic band re-
positioning.

At baseline, the average M-AQoL questionnaire 
scores were significantly higher in the NSO group 
(0.36 ±1.0 vs. –0.55 ±1.2; p < 0.001) (both scores 
correspond to the fair quality of life). In both groups, 
the average M-AQoL questionnaire score significantly 
improved, from 0.02 ±1.2 points (fair quality of life) 
at baseline to 1.0 ±1.2 (good quality of life) after  
5 years (p < 0.001). After 5 years, all scores, except 
the social activity score (p = 0.08), significantly im-
proved. After 5 years, the average M-AQoL question-
naire scores remained higher in the NSO group, but 
the difference was not significant (1.1 ±1.1 vs. 0.48 
±1.0; p = 0.066).

The mean BAROS score after 5 years was signifi-
cantly higher in the NSO patients (3.44 ±2.1 vs. 2.23 
±2.6; p = 0.038).

Discussion
Choosing the ideal surgical strategy for the treat-

ment of SO patients is still a subject of debate, due 
to the unique perioperative technical difficulties, 
increased surgical risk, inferior weight loss results  
[5, 7], and resistance to behavioral change [14].

Many bariatric/metabolic operations, including 
LAGB [5–7], sleeve gastrectomy [15, 16], Roux-en-Y 
gastric bypass [17, 18], and biliopancreatic diversion 
with duodenal switch [19], have been shown to be ef-
fective; however, with the increasing complexity of the 
procedure, morbidity and mortality also rise [20, 21].

Although LAGB is not the most effective bariatric 
procedure concerning weight loss [18, 19], it is the 
least invasive, and also the safest bariatric operation 
regarding mortality and morbidity in the early post-
operative period [20–22]. Therefore, its application 
to high-risk SO patients seems rational.

In a prospective study, Mittermair et al. reported 
that the %EWL 4 years following LAGB in 60 SO pa-

Table IV. Resolution and improvement of comorbidities at 5 years

Comorbidities Resolution Improvement

Total 
n (%)

BMI  
< 50 kg/m2

n (%)

BMI  
≥ 50 kg/m2

n (%)

P-value Total 
n (%)

BMI  
< 50 kg/m2

n (%)

BMI  
≥ 50 kg/m2

n (%)

P-value

DM 5 (15.1) 4 (23.5) 1 (6.2) 0.33 9 (27.2) 5 (29.4) 4 (25) 0.89

AHT 12 (14.6) 8 (17.3) 4 (11.1) 0.74 23 (28) 13 (28.2) 10 (27.7) 0.79

CVD 1 (4.7) 1 (12.5) 0 (0) 0.42 6 (28.5) 2 (25) 4 (30.7) 0.62

DYS 44 (63.7) 29 (69) 15 (55.5) 0.73 – – – –

MS 28 (40.5) 24 (64.8) 4 (12.5) < 0.001 – – – –

GERD 12 (26.6) 10 (40) 2 (10) 0.065 9 (20) 1 (4) 8 (40) < 0.001

DJD 10 (14) 8 (20) 2 (6.4) 0.29 14 (19.7) 9 (22.5) 5 (16.1) 0.89

DM – diabetes mellitus, AHT – arterial hypertension, CVD – cardiovascular disease, DYS – dyslipidemia, MS – metabolic syndrome, GERD – gastroesophageal 
reflux disease, DJD – degenerative joint diseases.

Table V. Complications 5 years after LAGB

Adverse event Total 
n (%)

BMI < 50 kg/m2

n (%)
BMI ≥ 50 kg/m2

n (%)
P-value

Band erosion 5 (4.8) 4 (6.2) 1 (2.5) 0.647

Band slippage 3 (2.9) 1 (1.5) 2 (5.1) 0.555

Intolerance 3 (2.9) 1 (1.5) 2 (5.1) 0.555

Port related 4 (3.8) 2 (3.1) 2 (5.1) 0.632

Total 15 (14.5) 8 (12.5) 7 (17.9) 0.566
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tients was 60.4%, and the overall complication rate 
was 26.7% (4 pouch dilations, 5 band migrations, 
and 7 band leakages) [6].

Torchia et al. prospectively estimated the efficacy 
of LapBand in 95 SO patients. They found that %EWL 
after 1, 2, 3, and 4 years was 53.6%, 69.7%, 81.3%, 
and 82.1%, respectively [7].

Fielding et al. estimated the efficacy of LAGB in 76 
super-SO patients (BMI > 60 kg/m2). The %EWL after 
1, 3, and 5 years was 46.6%, 56.5%, and 61.4%, re-
spectively. The authors concluded that LAGB is a safe 
and relatively simple procedure, which can lead to 
excellent weight loss results in SO patients [5].

In contrast, Arapis et al. performed a  study in-
volving 186 SO patients who underwent LAGB. The 
%EWL after 4, 8, and 10 years was 38.3%, 41.1%, 
and 37.9 %, respectively. Moreover, during the 9-year 
follow-up period, 46.8% of patients experienced 
major complications that resulted in band removal. 
Therefore, the authors concluded LAGB was not an 
appropriate bariatric approach for SO patients [8].

In our analysis, the mean %EWL, 5 years after 
LAGB, was 47.3%. The NSO patients demonstrated 
better %EWL (50.4% vs. 38.8%), but the difference 
was not statistically significant (p = 0.072). Howev-
er, there were significantly more NSO patients who 
reached EWL > 50% (46.6% vs. 27.2%; p = 0.045). 
A total of 7 (17.9%) SO patients experienced long-
term complications, which resulted in 3 (7.6%) 
band removals during the 5-year period. Moreover, 
we found no statistically significant differences be-
tween SO and NSO patients regarding postoperative 
complications and quality of life.

The strengths of our study consist of its prospec-
tive fashion and 5-year follow-up rate of 87.3%. 
Although this study was limited by its single-cen-
ter design, and the relatively low sample size, our 
results add evidence for the safety and efficacy of 
LAGB application in SO patients.

Conclusions

This study suggests that LAGB can lead to sub-
stantial and long-lasting weight loss, and a signifi-
cant improvement in obesity-related comorbidities 
after 5 years in both NSO and SO patients. Our study 
found that SO patients demonstrate inferior weight 
loss results, and lower overall BAROS scores; thus 
we do not support the primary use of LAGB as an 
effective procedure in SO patients.
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