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Abstract
Purpose A subset of patients undergoing Roux-en-Y gastric bypass (RYGB) presents with either insufficient weight loss or
weight regain. Data on the revisional restrictive options including laparoscopic adjustable gastric band (LAGB) is scarce. This
study analyzes the mid-term efficacy and safety of LAGB as a revisional procedure after RYGB.
Methods Data of all patients with revisional LAGB after primary RYGB between January 2011 and May 2019 were retrospec-
tively reviewed. Outcomes included assessment of weight changes, resolution of comorbidities, and early and late complications
during the study period.
Results Twenty patients were included. The median Body Mass Index (BMI) before revisional LAGB was 34.8 (interquartile
range [IQR] 31.9–38.1) kg/m2. After a median follow-up of 33.5 (IQR 19.5–76.5) months, the median BMI was 28.7 (IQR 26.1–
32.2) kg/m2. The median additional Excess Weight Loss (EWL) was 37.6% (IQR 23–44.4), leading to a median total EWL of
79.5% (IQR 54.4–94.6). BMI and EWL post-LAGB improved significantly compared to BMI and EWL pre-LAGB (p<0.001
and p<0.001, respectively). Obstructive sleep apnea syndrome resolved 6 months after LAGB in one patient. Three band
deflations occurred during the follow-up. Six patients underwent band removal after a median time of 19 (IQR 15.8–26) months.
Overall, thirteen patients underwent a reoperation. There was no loss of follow-up until 5 years. After that, two patients were lost
to follow-up.
Conclusion LAGBmay be a salvage option after failed RYGB. However, the high rate of revisions after secondary LAGB needs
to be taken into consideration.
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Introduction

Roux-en-Y gastric bypass (RYGB) is the most effective treat-
ment for obesity with durable weight loss and long-term im-
provement of comorbidities, such as type 2 diabetes mellitus
(T2D), hypertension, and dyslipidemia.1 This efficacy has
been well established in the majority of patients undergoing

RYGB.2 However, a subset of patients presents with either
insufficient weight loss, defined as an Excess Weight Loss
(EWL) of less than 50% during follow-up or weight regain,
defined as gain of at least 15% of the lowest post-operative
weight.3,4 The failure rate varies among studies between 23
and 41%5–7 and is higher in super obese patients with a Body
Mass Index (BMI) over > 50kg/m2.8

Patients with insufficient weight loss or weight regain as
well as persistence or recurrence of comorbidities after RYGB
may need further treatment. Unsatisfactory outcomes after
RYGB may be caused by an unfavorable lifestyle, metabolic
dysfunction, mental disorders, or rarely by anatomical fail-
ures. The latter include the dilatation of the gastric pouch or
the gastroenterostomy, respectively, or the development of a
gastrogastric fistula between the pouch and the gastric
remnant.9,10 Because of the multifactorial etiology of failure
after RYGB, several treatment options have been proposed,
including behavioral modifications, and endoscopic or
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surgical revisional techniques. The latter are classified into
malabsorptive and restrictive revisional procedures.
Malabsorptive techniques include conversion to a distal by-
pass such as the very-very-long-limb Roux-en-Y gastric by-
pass (VVLL-RYGB) or a RYGB with a long biliopancreatic
limb (BPL RYGB) as well as the classic biliopancreatic diver-
sion with duodenal switch (BPD/DS). The restrictive options
consist of a laparoscopic resizing of the gastric pouch or the
implantation of a non-adjustable or adjustable gastric band.11

At present, data on the revisional restrictive options is
scarce.Most studies investigating laparoscopic adjustable gas-
tric band (LAGB) secondary to RYGB report only short-term
outcomes. The aim of this study is to analyze the mid-term
efficacy and safety of the LAGB as a revisional procedure
after index RYGB.

Methods

Design and Subjects

Data of all consecutive patients with implantation of an ad-
justable gastric band after primary RYGB between January
2011 and May 2019 at Limmattal Hospital in Zurich-
Schlieren, the second largest bariatric center in Switzerland,
has been included in this study. If a band removal was per-
formed, only the patients’ data until the band removal have
been analyzed. Exclusion criterion was the concomitant use of
other revisional techniques such as lengthening of either the
Roux or biliopancreatic limbs. Baseline characteristics, early
and late morbidity during follow-up, and changes in EWL and
Body Mass Index (BMI) were registered. The local Ethics
Committee approved the database and its analysis.

Pre-revisional Assessment and Surgical Technique

All procedures were performed laparoscopically by a sin-
gle experienced bariatric surgeon (TK). The primary bar-
iatric procedure was either standard proximal Roux-en-Y
gastric bypass (PRYGB) or VVLL-RYGB, as described
by the Mayo Clinic, Rochester, MN.12 For PRYGB, a
biliopancreatic limb (BPL) of 50–60 cm and an alimenta-
ry limb (AL) of 150 cm were formed. For VVLL-RYGB,
BPL length was 50–60cm and common channel (CC)
length was between 100 and 150 cm. Because of inade-
quate weight loss, conversion of PRYGB into VVLL-
RYGB or BPL RYGB had previously been performed in
some patients before secondary LAGB. For BPL RYGB,
BPL length was 250–300cm and CC length was 100–
150cm. Gastrojejunostomy was performed using a
Premium Plus CEEATM 25-mm circular s tapler
(Covidien, Dublin, Republic of Ireland). Entero-
enterostomy was performed using the Echelon Flex™

Powered Endopath® Stapler (60mm, white; Ethicon,
Somerville, NJ, USA), closing the enteric defect with a
running absorbable PDS® (polydioxanone) 3-0 suture
(Ethicon).

All patients that demonstrated insufficient weight loss or
weight regain were assessed by a multidisciplinary care team
(endocrinologist, dietitian, psychiatrist, and bariatric surgeon)
according to the guidelines of the Swiss Society for the Study
ofMorbidObesity andMetabolic Disorders (SMOB). Patients
underwent a comprehensive evaluation for behavioral failures
such as binge eating, emotional eating, and loss-of-control
over eating. The initial step of treatment included lifestyle,
diet modifications, and behavioral interventions. Patients with
persistent failure were then evaluated for revisional surgery.
Eligibility criteria were either inadequate weight loss (EWL <
50% and/or BMI > 35 kg/m2) or weight regain (15% of the
lowest post-operative weight) 24months after the last bariatric
procedure. Anatomical failures such as dilatation of the gastric
pouch or the gastrojejunostomy and gastrogastric fistula were
exc l uded . The ana t omy o f t he pouch and th e
gastrojejunostomy was evaluated by upper endoscopy, con-
trast studies, or contrast computed tomography (CT).
Corresponding to previous studies, a pouch was considered
enlarged if >6cm in length and >5 cm in width; a
gastrojejunostomy was classified as dilated if > 2 cm in
diameter.13,14

In all patients, the MiniMizer Extra© adjustable gastric
band (Bariatric Solutions, Stein am Rhein, Switzerland) was
used. The band was inserted around the gastroesophageal
junction with the pars flaccida technique. The band was left
empty without volume adjustment for at least 6 weeks post-
operatively.

Post-operative Management

Follow-up was obtained by the bariatric surgeon, dietitian,
and endocrinologist at 6 weeks and every 6 months thereafter
on an outpatient basis over the entire study period. Reviews
during visits included weight change, subjective feeling of
band restriction, stool frequency, laboratory tests, change of
comorbidities, and assessment of post-operative complica-
tions. Band adjustments were performed based on the clinical
assessment of the patient’s subjective feeling of food intake
restriction and the presence of obstructive symptoms such as
vomiting, dysphagia, and/or reflux. The filling volume during
the first adjustment was between 1.5 and 3.5 ml. All further
adjustments were made in 0.5 ml steps under fluoroscopic
guidance. Delayed contrast passage across the band during
the post-adjustment contrast studies with presence of mild-
narrowing of the gastric lumen and absence of obstructive
symptoms after intake of 1dl of water was perceived as a
satisfactory result.
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Outcome Measures

Primary outcome was the assessment of weight changes dur-
ing the study period, including before the index and the
revisional bariatric procedures. Secondary outcomes included
the incidence of comorbidities and early and late complica-
tions according to the Clavien/Dindo classification. The
weight outcomes were recorded as follows: BMI,ΔBMI (ini-
tial BMI – post-operative BMI), % Total Weight Loss
(%TWL) defined as [(Initial Weight) – (Post-operative
Weight)] / (Initial Weight) × 100 and %EWL defined as
[(Initial Weight) – (Post-operative Weight)] / [(Initial
Weight) – (Ideal Weight)] × 100. Ideal weight was defined
by the weight corresponding to a BMI of 25 kg/m2.
Comorbidities evaluated pre- and post-operatively included
T2D, arterial hypertension, abnormal lipid profile, gastro-
esophageal reflux disease (GERD), and obstructive sleep ap-
nea syndrome (OSAS). Definitions of comorbidities were as
follows: arterial hypertension (systolic blood pressure > 140
mmHg, diastolic blood pressure > 90 mmHg with/without use
of antihypertensive medication), T2D (Glycosylated
Hemoglobin > 6.5%with/without the use of antidiabetic med-
ication), hyperlipidemia (elevated cholesterol and/or triglycer-
ides), GERD (esophagitis ≥ grade B according to the Los
Angeles classification), and OSAS (at least five events of ap-
nea or hypopnea per hour diagnosed in an overnight
polysomnogram).

Statistical Analysis

Continuous data is presented as mean ± standard deviation
(SD) or median with interquartile range (IQR) as appropriate.
Comparison of BMI and %EWL changes was performed
using the Wilcoxon rank test. Statistical significance was de-
fined by p < 0.05. All data analysis was performed using R
version 3.5.3.15

Results

Pre-operative Descriptives

Between January 2011 and May 2019, twenty-one patients
(n=21) underwent additional LAGB after RYGB. One patient
underwent concomitant conversion of PRYGB into VVLL-
RYGB and was not included in the study, leaving twenty
eligible patients (n=20, 4 males). Index operations before ad-
ditional gastric banding were as follows: seven patients with
PRYGB, ten patients with VVLL-RYGB, one patient with
conversion from PRYGB to VVLL-RYGB, one patient with
conversion from PRYGB to BPLRYGB, and one patient with
conversion from VVLL-RYGB to BPL RYGB. The median
BMI before the initial bariatric operation was 42.5 (41.3–45.4)

kg/m2. The median time from the last bariatric procedure until
secondary LAGB was 51.5 (31–85.3) months. There was no
loss of follow-up until 5 years. After that, 2 patients (10%)
were lost to follow-up.

Comorbidities

All patients had a complete assessment of their comorbidities
at the last follow-up. Prior to revisional surgery, two patients
(10%) had arterial hypertension, which did not resolve at the
time of the last follow-up. One patient (5%) had OSAS, which
resolved after 6 months.

Perioperative Data

Fifteen patients underwent revisional LAGB because of
weight regain and five patients because of insufficient weight
loss. The median BMI before revisional LAGB was 34.8
(31.9–38.1) kg/m2. The mean age at the time of LAGB was
46.6 ± 10.8 years. The median operative time was 119 (90–
133) min. All operations were performed laparoscopically.
The median length of hospital stay was 3 (3–4) days.

Weight Loss and BMI Changes

BMI and EWL changes for each individual patient during the
study period are presented in Table 1. After a median follow-
up of 33.5 (19.5–76.5) months between revisional LAGB and
last follow-up, the median BMI was 28.7 (26.1–32.2) kg/m2,
leading to a medianΔBMI of 6.1 (3.6–8) kg/m2. The median
additional EWL was 37.6% (23–44.4), leading to a median
total EWL of 79.5% (54.4–94.6). BMI and EWL post-LAGB
improved significantly compared to BMI and EWL pre-
LAGB (p<0.001 and p<0.001, respectively). BMI, ΔBMI,
EWL, and TWL changes over time including number of
available/eligible patients at every time point are shown in
Table 2.

Morbidity and Mortality

No intraoperative or early morbidity occurred. One 30-day
hospital readmission (5%) occurred because of epigastric
pain, with no specific pathology found.

Two cases of de novo GERD (10%) were diagnosed. One
patient had erosive esophagitis Los Angeles Classification
Grade B and one patient developed Barrett’s esophagus, re-
spectively. In the former patient, the band was deflated,
resulting in complete resolution of symptoms. The latter pa-
tient underwent revision into BPL RYGB because of concom-
itant weight rebound. Two additional patients underwent band
deflation. The first demonstrated dysphagia and malnutrition,
while the second patient complained of dysphagia, vitamin D,
and iron deficiency. The latter underwent upper GI
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endoscopy, which revealed an anastomotic ulcer. The symp-
toms resolved after band deflation and treatment with proton-
pump inhibitors.

Six patients (30%) underwent band removal after a median
time of 19 (15.8–26) months; one patient because of slippage
and the other five because of intolerable dysphagia. Three
patients (15%) needed port replacement because of disconnec-
tion. One patient (5%) underwent band replacement due to
defective band system. One port refixation occurred because
of torsion of the alimentary limb around the tube. The median
(IQR) number of band adjustments was 3 (1–5). Overall, thir-
teen patients (65%) underwent a reoperation during the fol-
low-up. Table 3 shows a summary of the post-operative com-
plications according to the Clavien-Dindo classification.

Discussion

The main finding of this study is the significant additional
weight loss achieved by the placement of an adjustable gastric
band in patients with insufficient weight loss or weight regain
after RYGB. The banding of the gastric bypass leads to a
median additional EWL of 37.6% and to a further median
BMI reduction of 6.1kg/m2 after a follow-up of 33.5 months.

These outcomes are consistent with the weight loss outcomes
reported in the literature.16–20 The data of our study is based
on a longer follow-up period than the majority of the previous
studies. Overall, only 94 patients’mostly short-term outcomes
have been published until 2012.21 To our knowledge, four
studies have been published since then, reporting the results
of a total of 297 patients. The mean/median follow-up of these
studies varies among 14 months and 2.48 years and in the
series of Liu et al. 20 out of 86 patients were followed-up at
5 years.16–19

Laparoscopic RYGB is one of the most effective bariatric
procedures with durable weight loss outcomes, acceptable
morbidity, and lowmortality.22–24 However, the issue of insuf-
ficient weight loss or weight regain after RYGB is well
recognized.25 Anatomical, behavioral, and hormonal factors
contribute to the unfavorable outcomes after RYGB.10,26 If
medical and conservative multidisciplinary treatment fails to
manage weight regain, surgical revision options may lead to
further weight loss and control of comorbidities. Strict criteria
to choose the most appropriate revisional procedure for the
individual patient are still lacking. The alteration of the length
of the alimentary or the biliopancreatic limb shows successful
additional weight loss outcomes in well-selected and highly
compliant patients. Still, these patients are at risk of developing

Table 1 Patients’ demographic
characteristics and weight loss
outcomes

Gender Initial
BMI (kg/
m2)

Last bariatric
operation before
LAGB

Pre-revisional
BMI (kg/m2)

FU
(months)

BMI at last
FU (kg/m2)

Band
status

1 Female 41.4 VVLL-RYGB 30.9 91 24.5 In situ

2 Female 43.7 VVLL-RYGB 37.5 72 27.1 In situ

3 Female 61.9 VVLL-RYGB 40.2 87 42.7 In situ

4 Female 42.1 VVLL-RYGB 38.4 59 28.0 In situ

5 Female 48.4 PRYGB 39.4 15 35.9 Removed

6 Female 42.4 VVLL-RYGB 33.8 84 26.5 In situ

7 Female 43.6 VVLL-RYGB 30.8 81 22.7 In situ

8 Female 40.4 VVLL-RYGB 37.8 75 32.0 In situ

9 Female 42.3 PRYGB 32.1 81 33.0 Deflated

10 Female 41.0 VVLL-RYGB 33.5 60 24.7 Deflated

11 Female 50.7 PRYGB 34.9 27 37.6 In situ

12 Male 39.9 PRYGB 31.2 20 23.7 Removed

13 Female 36.5 BPL RYGB 28.8 25 23.4 In situ

14 Male 59.5 BPL RYGB 40.7 38 27.7 Removed

15 Female 45.4 VVLL-RYGB 34.6 29 29.8 In situ

16 Male 42.9 VVLL-RYGB 33.9 9 29.4 Removed

17 Female 45.5 VVLL-RYGB 39.8 18 31.9 Removed

18 Female 42.0 PRYGB 36.4 28 32.9 Removed

19 Male 37.6 PRYGB 30.3 12 26.7 In situ

20 Female 42.7 PRYGB 38.0 18 31.7 In situ

BMIBodyMass Index, LAGB laparoscopic adjustable gastric banding,FU follow-up,PRYGB proximal Roux-en-
Y gastric bypass, VVLL-RYGB very-very-long-limb Roux-en-Y gastric bypass, BPL RYGB Roux-en-Y gastric
bypass with long biliopancreatic limb

3059J Gastrointest Surg  (2021) 25:3056–3063



severe nutritional deficiencies with the need for parenteral
nutrition or reversal to standard RYGB.27–29 Pouch resizing
for patients with weight regain and gastric pouch dilatation is
an accepted treatment, but the results of this procedure have
not been widely studied in the long term.30–32 The reduction of
the gastrojejunal stoma diameter for patients with secondary
stoma dilatation does not seem to offer a major weight
loss effect in the long term, probably because of reoccurring
dilatation of the gastrojejunal anastomosis.33 Banding of
the gastric pouch has been described in the primary and
the revisional setting. As a primary measure during RYGB,
described by Fobi et al. in 1989, a silastic ring band is placed
along the lower third of the pouch.34 Banded RYGB is
suggested to maintain long-term weight loss with low compli-
cation rates.35,36 Additional secondary placement of adjustable
or non-adjustable bands to manage failure of RYGB has been
described in numerous studies and demonstrates promising
short-term outcomes.11,16–18,21,37–40

Due to the lack of a standardized treatment algorithm for
the surgical management of failed RYGB, the choice of the
revisional procedure should be made in a multidisciplinary
and patient-tailored approach. In our clinical setting,
revisional LAGB was offered to patients with a moderate
weight regain or insufficient weight loss, respectively. The
median BMI at the time of revisional LAGB was 34.8 kg/m2

and only two patients had a pre-revisional BMI higher than
40kg/m2. As previously reported, revisional malabsorptive
procedures were chosen for patients with a higher mean pre-
revisional BMI of 41.7 ± 4.4 kg/m2.41 Another selection cri-
terion for revisional LAGB was the pouch anatomy; after
thorough pre-operative endoscopic and radiological examina-
tion, secondary LAGB was performed only in patients pre-
senting with a normal pouch size. In case of a dilated pouch,
pouch resizing was performed.

Most patients with weight regain reported of behavioral or
diet-related factors, including increased caloric intake over
time, big eating, and binge eating. The addition of a restriction
via an adjustable band represented an effective approach to
manage poor diet quality after nutritional counseling had
failed.

In this series, revisional LAGB was not only performed
after failed primary PRYGB, but also in ten patients after
primary VVLL-RYGB. In three cases, a revisional
malabsorptive procedure (BPL RYGB or VVLL RYGB)
had been previously performed after failure of the primary
PRYGB procedure. In these thirteen patients with prior
malabsorptive procedures, the additional band placement con-
tributed to an additional weight loss or the prevention of
weight regain. This indicates that the LAGB may also be a
salvage option in patients that have already undergone a
malabsorptive treatment.

Revisional bariatric surgery after failed RYGB is technical-
ly demanding and associated with a significant morbidity,Ta
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such as anastomotic leaks; superficial, deep, or organ space
surgical site infections; and high reoperation rates.42,43 Our
study shows that LAGB after RYGB is a safe and feasible
procedure with a low early post-operative morbidity. An im-
portant advantage of secondary LAGB is its relative technical
simplicity and the absence of a new gastrointestinal anasto-
mosis or any stapling, thus avoiding the risk of a leak.
However, the reoperation rate in this series in the long term
was high with 65%. The high rate of reoperations due to band-
related problems raises concerns about a widespread use of
this technique. These reoperation rates are higher than those
mentioned in other studies of secondary LAGB, probably be-
cause of the longer follow-up and the lower rates of loss of
follow-up. The post-operative complications in our series in-
cluded dysphagia, GERD, and nutritional deficiencies and
could be managed and reversed through band deflation or
band removal. Port-associated complications were managed
with port replacement and refixation, which are technically
simple procedures with low operative risk, well tolerated by
the patients. Still, an overall reoperation rate of 65% is unac-
ceptable. Thus, the indication for a LAGB after failed RYGB
type procedures must be taken with care and other options
must be scrutinized first. However, conservative treatment
often fails and malabsorptive revisional surgery may have its
own severe consequences. The revisional LAGB is one of
different options for the bariatric surgeon confronted with
weight loss failure.

The number of the primary LAGB procedures progressive-
ly declined in recent years.44 In contrast to revisional LAGB
after RYGB bypass, primary LAGB has been associated with
poor long-term weight loss outcomes. The long-term morbid-
ity such as dysphagia and reflux, however, is similar and re-
quires frequent revision in both situations. The practice of
band adjustments to manage dysphagia and food intolerance
has been criticized because of the difficulty in fine-tuning.

45

High rates of band revision and removal after primary implan-
tation, up to 59.4%, have been reported in the literature.46 In

contrast to primary LAGB, the reported removal rates of sec-
ondary LAGB after failed RYGB are up to 21%, but these
rates refer to smaller sample sizes and to shorter follow-up
periods.16–20 In our study, six (30%) patients required band
removal after a median follow-up of 33.5 months. The lower
band removal rates reported in the previous studies may be
explained by their higher rates of loss of follow-up (between
14 and 35.3% after 12 months).16–18,20 In contrast, no patients
were lost to follow-up until 5 years in our series. Although the
existing data are insufficient to draw safe conclusions, the
lower removal rate of secondary LAGB could be explained
by the anti-reflux effect of the RYGB procedure. The separa-
tion of the major part of the stomach from the gastroesopha-
geal junction leads to a lower exposure to acid or bile, in case
of non-acid reflux. Intolerable GERD is one of the major
reasons for band removal. In addition, due to the small volume
of the gastric pouch, the incidence of band slippage may be
lower among patients receiving secondary LAGB after RYGB
than the slippage incidence after primary LAGB.

The limitations of this study include its retrospective, ob-
servational design. Furthermore, we only observed a highly
selected cohort of patients. Due to the strict selection criteria in
our multidisciplinary team setting, only a small number of
patients qualified to receive revisional RYGB banding.
However, due to the scarcity of long-term data on revisional
banding after RYGB, we believe that this study with a median
follow-up of 33.5months and without loss of follow-up until 5
years provides additional insight into this topic. In addition,
our study reports the outcome of revisional banding in differ-
ent RYGB variations such as PRYGB, VVLL-RYGB, and
BPL RYGB. Further research focusing on the comparison of
the existing revisional techniques may aid in directing future
guidelines regarding revisional surgery after failed RYGB.

Conclusion

LAGB may be a salvage option after failed RYGB. The in-
crease of restriction by the placement of an adjustable band
can be considered as a therapeutic option for patients with
insufficient weight loss or weight regain after RYGB.
However, the high rate of revisions after secondary LAGB
needs to be taken into consideration. Proper patient selection
should be made through a multidisciplinary pre-operative
evaluation.
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Table 3 Post-operative complications during follow-up

Grade (Clavien-Dindo
classification)

Complication type n (%)

IIIa Band deflation 3 (15)

IIIa Anastomotic ulcer 1 (5)

IIIb Band replacement 1 (5)

IIIb Band removal 6 (30)

IIIb Port-associated
complications

4 (20)

IIIb Tube-associated
complications

1 (5)

IIIb Revision to BPL
RYGB (insufficient
weight loss)

1 (5)
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