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Abstract We aim to review the available literature on obese
patients treated with laparoscopic Roux-en-Y gastric bypass
(LRYGB) or laparoscopic sleeve gastrectomy (LSG) after
failed laparoscopic adjustable gastric banding (LAGB), in or-
der to compare the clinical outcomes of the two methods. A
systematic literature search was performed in PubMed,
CENTRAL, and Scopus databases, in accordance with the
PRISMA guidelines. Eight studies met the inclusion criteria
incorporating 635 patients. Both procedures are associated
with comparable complications, conversions, mean hospital
stay, and weight loss at 6 and 12 months. In the LRYGB
group, % excess weight loss (%EWL) and BMI reduction
after 24 months were increased. Well-designed, randomized
controlled studies, comparing revisional LRYGB and LSG,
are necessary to further assess their outcomes.
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Introduction

Obesity is a rising epidemic, and bariatric surgery continues to
be the main therapeutic mode for a high rate of sustainable
weigh loss [1]. Laparoscopic adjustable gastric banding
(LAGB) is one of the most commonly performed procedures
for morbid obesity, mainly due to its reversibility and minimal
invasiveness. However, LAGB has been associated with high
failure rates requiring revisional operation [2-5].

There are three available options to manage the com-
plications of LAGB. Two of those, band removal without
replacement and band revision, are associated with poor
outcomes [6]. Conversion to an alternative bariatric pro-
cedure is another option, and laparoscopic Roux-en-Y
gastric bypass (LRYGB) has been proposed as the main
operation of choice [7, 8]. Recently laparoscopic sleeve
gastrectomy (LSG) has gained increased popularity both
as a primary operation for weight reduction [9] and as a
revisional procedure after failed LAGB [10, 11]. On the
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other hand, the conversion to biliopancreatic diversion or
duodenal switch is a demanding operation with long mean
operative time and higher complication rates [12]. As the
number of studies comparing the feasibility of LRYGB
and LSG as salvage procedures after failed LAGB in-
creases, it is necessary to examine whether the results
between the two techniques are at least equivalent. The
purpose of this study is to summarize the existing evi-
dence comparing the surgical outcomes of LRYGB and
LSG after failed LAGB.

Materials and Methods
Search Strategy and Articles Selection

The present study was conducted in accordance with the pro-
tocol agreed by all authors and the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses [13]. A thorough
literature search was performed in Pubmed (Medline),
Cochrane Central Register of Controlled Studies
(CENTRAL), and Socpus (ELSEVIER) databases (last
search: December 30, 2016) using the following terms in ev-
ery possible combination: “failed adjustable gastric band,”
“adjustable gastric banding,” “revisional,” “conversion,”
“roux-en-y gastric bypass,” “gastric bypass,” “rygb,” “sleeve
gastrectomy,” “sg.” Inclusion criteria were (1) original reports
with >10 patients, (2) written in the English language, (3)
published from 1970 to 2016, (4) conducted on human sub-
jects, and (5) reporting outcomes of LRYGB or LSG per-
formed after LAGB on obese patients. Two independent re-
viewers (DEM, VST) extracted the data from the included
studies. Any discrepancies between the investigators about
the inclusion or exclusion of studies were discussed with the
guarantor author (DZ) in order to include articles that best
matched the criteria, until consensus was reached. Moreover,
the reference lists of all included articles were reviewed for
additional potentially eligible studies. No search for unpub-
lished literature was performed.

Data Extraction

For each eligible study, data were extracted relative to demo-
graphics (number of patients, mean age, sex, preoperative
body mass index (BMI)), time from LAGB to conversion,
along with the intraoperative parameters and outcomes (num-
ber of stages; mean operative time; length of hospital stay;
conversion rate; intraoperative and postoperative complica-
tions; charges; BMI after 6, 12, and 24 months; and % excess
weight loss (%EWL) after 6, 12, and 24 months). Moreover,
categorical outcomes were 2 x 2 tabulated, referring patients
presenting the outcome and patients free of the outcome, sep-
arately for LRYGB and LSG groups. Regarding continuous
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outcomes, we extracted the mean, the standard deviation, and
the number of patients. In those cases where standard devia-
tion was not available, it was calculated using the available
data.

Statistical Analysis

Regarding the categorical outcomes, the odds ratio (ORs) and
95% confidence interval (CI) were calculated, based on the
extracted data, by means of random-effects model
(Mantel-Haenszel statistical method), where the number of
studies providing data was sufficient. OR <1 denoted an out-
come that was more frequent in the LSG group. Continuous
outcomes were evaluated by means of weighted mean differ-
ence (WMD) with its 95% CI, using random-effects (inverse
variance statistical method) models, appropriately to calculate
pooled effect estimates. In cases where WMD < 0, values in
the LSG group were higher. Between-study heterogeneity was
assessed through Cochran Q statistic and by estimating
[14]. A p value of less than 0.05 was set as the threshold
indicating a statistically significant result.

In cases where multiple studies analyzed the same popula-
tion (ie, series from the same hospital), only the larger study or
the one with the longest follow-up (if the sample was similar)
was included in the meta-analysis.

Quality and Publication Bias Assessment

The Newcastle-Ottawa Quality Assessment Scale (NOS) [15]
was used as an assessment tool to evaluate non-RCTs. The
scale’s range varies from zero to nine stars, and studies with a
score equal to or higher than five were considered to have
adequate methodological quality to be included. There were
no RCTs in the literature to be included. Two reviewers
(DEM, VST) rated the studies independently and final deci-
sion was reached by consensus.

The existence of publication bias could not be evaluated
using the Egger’s formal statistical test, by the funnel plot
method [16], because the number of the included in the anal-
yses studies was not adequate (less than 10). As a result, the
power of the test was substantially compromised and was not
used [16].

Results
Article Selection and Patient Demographics

The flow diagram of the search of the literature is shown in
Fig. 1 and the Prisma Checklist is shown in Table S1. The
characteristics of the included studies are summarized in
Table 1. Eight studies were included in the qualitative synthe-
sis [17-24]. The study design was retrospective in all studies
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Fig. 1 Roux-en-Y gastric bypass
vs. sleeve gastrectomy after failed
laparoscopic adjustable gastric
band flow diagram
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and no randomized controlled studies were identified. The
included studies were conducted in France [17, 21], the UK
[18], Kuwait [20], and USA [19, 22-24] and were published
between 2013 and 2015. The LRYGB sample size ranged
from 12 to 74 patients, while the LSG ranged from 13 to 72.
The total sample size was 635 patients; 355 patients treated
with LRYGB, and 280 patients treated with LSG.
Pre-conversion mean BMI was >30 kg/m? in all included
patients. Time from LAGB to conversion ranged from 30.6
to 82.5 months.

Indications for Conversion

The indications for conversion are presented in Table 2.
The most common indication in both groups was the insuf-
ficient weight loss (67.88 and 63.93% for LRYGB and
LSG, respectively). The second most common indication
was problems related to band (i.e. slippage or erosion)
(8.39 and 17.81% for LRYGB and LSG, respectively). In
most cases of band erosion, conversion was performed in
two stages [17-20, 22]. The band was removed at the first
stage and the revision was planned at a later step. Other
common indications were persistent dysphagia (LRYGB
4.74%; LSG 3.2%), gastric pouch dilation (LRYGB

5.47%; LSG 3.65%), and intractable gastroesophageal re-
flux (LRYGB 2.19%; LSG 1.83%).

Number of Stages

The number of stages of the bariatric procedures performed is
presented in Table 3. In five studies [18-22], both one-stage and
two-stage procedures were performed. In one study [24], all
patients were treated with one-stage operations, while in one
study [17], two-stage surgery was performed in all patients. In
total, 63.3% of the patients reported in the included studies were
treated with one-stage procedure and 36.7% patients with
two-stage.

Mean Operative Time and Mean Hospital Stay

Mean operative time ranged from 142 to 224 min for the
LRYGB and from 108.4 to 156 min for the LSG (Table 3).
According to our two-arm analysis, mean operative time was
significantly increased in the RYGB group (WMD 37.67
[95% CI: 6.54, 68.80]; p = 0.02). The mean hospital stay
was 3 days for LRYGB and ranged from 2 to 3 days for the
LSG group (Table 3). No significant difference was reported
(WMD —0.35 [95% CI —1.02, 0.32]; p = 0.31).
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Table 2 Summary of the assessment of indications for conversion of
patients treated with laparoscopic Roux-en-Y gastric bypass (LRYGB)
and laparoscopic sleeve gastrectomy (LSG)

Indications for conversion All n, (%) LRYGB n, (%) LSG n, (%)

Insufficient weight loss 432 (68.03) 186 (67.88) 140 (63.93)
Intractable GE reflux 17 (2.68) 6(2.19) 4(1.83)
Band slippage/erosion 87 (13.7) 23 (8.39) 39 (17.81)
Port infection 9 (1.42) 2 (0.73) 7(3.2)
Gastric pouch dilation 23 (3.62) 15 (5.47) 8 (3.65)
Esophageal dilation 6 (0.94) 5(1.82) 1 (0.46)
GE stenosis 1(0.16) 1 (0.36) 0 (0)
Persistent dysphagia 23 (3.62) 13 (4.74) 73.2)
Catheter disconnection 4(0.63) 3(1.09) 1 (0.46)
Psychological intolerance 10 (1.57) 4 (1.46) 6(2.74)

LSG laparoscopic sleeve gastrectomy, LRYGB laparoscopic Roux-en-Y
gastric bypass, GE gastroesophageal

Conversions and Mortality

Conversion rate in the LRYGB group was 0-1.9% and in LSG
group, it was 0%, as shown in Table 3. No deaths were reported.

% EWL

The results of meta-analysis of %EWL for 6, 12, and
24 months are shown in Table 4. Three studies [17, 19, 20]
assessed the %EWL after 6 months, and no significant differ-
ence was found (WMD —-3.00 [95% CI —14.63, 8.64];
p=0.61). Six studies [ 17-20, 22, 23] reported on %EWL after
12 months, and it was significantly greater in the LRYGB
group (WMD 5.95 [95% CI1 —1.84, 13.75]; p = 0.13)
(Fig. S1). Four studies assessed the %EWL after 24 months,
and it was significantly greater in the LRYGB group (WMD
11.19 [95% CI1 0.97, 21.42]; p = 0.03) (Fig. 2).

Post-Operative BMI

The results of meta-analysis of BMI after 6, 12, and 24 months
are shown in Table 4. Two studies assessed the BMI after
6 months and no significant difference was found (WMD
—0.46 [95% CI —5.65, 4.73]; p = 0.86). Three studies reported
on BMI after 12 months and there was no significant differ-
ence between the two groups (WMD —1.97 [95% CI —6.24,
2.30]; p=0.37) (Fig. S1). Three studies assessed the BMI after
24 months and it was significantly lower in the LRYGB group
(WMD -3.61 [95% CI —5.16, —2.05]; p < 0.00001) (Fig. 2).

Complications

The results of meta-analysis on complications are shown in
Table 4 and figures. Six studies [17, 18, 20-22, 24] reported

on leaks and there was no significant difference between the
LRYGB and LSG groups (OR 1.36 [95% CI 0.43, 4.31];
p = 0.60) (Fig. S2). Moreover, no significant difference was
found regarding post-operative bleeding (OR 2.62 [95% CI
0.51, 13.54]; p = 0.25) (Fig. S2), abscess (OR 2.43 [95% CI
0.28, 20.92]; p = 0.42), incisional hernias (OR 1.10 [95% CI
0.09, 14.09]; p = 0.94), and internal hernias (OR 2.12 [95% CI
0.23, 19.78]; p = 0.51). Furthermore, no significant difference
between the two groups was reported regarding intestinal ob-
struction (OR 3.48 [95% CI 0.59, 20.36]; p = 0.17), marginal
ulcer (OR 1.97 [95% C10.20, 19.43]; p = 0.56), stenosis (OR
0.23 [95% CI1 0.04, 1.46]; p = 0.12), and chronic abdominal
pain (OR 3.27 [95% CI1 0.37, 28.80]; p = 0.29).

Quality and Publication Bias

Quality assessment of each study according to Newcastle-Ottawa
Assessment Scale is shown in Table 1. Publication bias was not
calculated for the outcomes because of the small number of the
studies that were included.

Discussion

This meta-analysis identified eight articles comparing
LRYGB and LSG as two alternative revisional bariatric pro-
cedures performed after failed LAGB, measuring patients’
outcomes, and published between 2013 and 2015. No similar
meta-analysis was identified through literature search. Only
one similar systematic review [25] published in 2013 was
identified which did not include quantitative analysis. Since
2013, the number of comparative studies, along with the need
for a meta-analysis has increased. The articles included in this
study bring us closer to the implementation of either method
with improved standards of safety and efficiency.

In the past, the LAGB was one of the most commonly
performed bariatric operations. However, it has been associ-
ated with high rates of complications requiring revision [2—5].
According to our findings, insufficient weight loss was the
most common indication for revisional surgery (67.88 and
63.93% for LRYGB and LSG, respectively). This trend is in
accordance with previous findings [25] and the reported high
pre-conversion mean BMI (>40 in all studies). Problems re-
lated to band, such as slippage and erosion, gastric pouch
dilation, and persistent dysphagia, were the main complica-
tions requiring salvage operation. An interesting point is that
one study [17] reported on four cases with intractable gastro-
esophageal reflux that underwent LSG as revisional proce-
dure. A possible explanation may be the multiform, instead
of just restrictive, mechanism of action that the authors of that
study [17] attribute to LSG. There is no comment made by the
authors [17] regarding the effect of LSG on those patients. In
the same study [17], four patients underwent revisional

@ Springer
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Table 4 Summary of the analysis of the categorical and continuous
outcomes

Categorical outcomes n  OR (95% CI)* Heterogeneity
P p
Leaks 6 1.36[043,4.31] 0% 0.63
Bleeding 3 2.62[0.51, 13.54] 0% 0.78
Incisional hernia 2 1.10[0.09, 14.09] 30% 0.23
Intestinal obstruction 3 3.4810.59, 20.36] 0% 0.87
Internal hernia 2 2.12[0.23, 19.78] 0% 0.53
Marginal ulcer 2 1.9710.20, 19.43] 0% 0.86
Stenosis 3 0.23]0.04, 1.46] 0% 041
Abscess 2 2.43710.28,20.92] 0% 0.76
Other complications 2 1.14]0.21, 6.09] 0% 0.50
Continuous outcomes ~ n WMD (95% CI) F p
Mean hospital stay 2 —035[-1.02,0.32] 0% 0.86
Mean operative time 2 37.67 [6.54, 68.80] 87%  0.006
%EWL 6 months 3 -3.00[-14.63,8.64] 87% 0.0004
%EWL 12 months 6 5.95[-1.84,13.75] 80%  0.0001
%EWL 24 months 4 11.19[0.97, 21.42] 64% 0.04
BMI after 6 months 2 —0.46 [-5.65,4.73] 84% 0.01
BMI after 12 months 3 —1.97 [-6.24, 2.30] 90% <0.0001
BMI after 24 months 3 —3.61 [-5.16, —2.05] 0% 0.51

CVA cerebrovascular accident, /CU intensive care unit, RBCs red blood
cells, FFP fresh frozen plasma, OR odds ratio, WMD weighted mean
difference, CI confidence intervals

surgery due to catheter disconnection. In those cases, the cath-
eter was not reconnected possibly due to the coexistence of
additional indications for conversion.

Mean Difference

The present study demonstrates that both LRYGB and
LSG are well-tolerated and safe surgical approaches.
According to our analysis, complication rates were similar
between the LRYGB and LSG approaches. Leaks and hem-
orrhage are the main risks of bariatric procedures, due to the
long stapled lines and gastrointestinal anastomosis. According
to our findings, the incidence of leaks and hemorrhage was
comparable between the two groups. Mean operative time was
significantly greater in the LRYGB group. Mean hospital stay
was similar between the LRYGB and LSG groups. The rate of
conversions to open was low and no deaths were reported in
either group.

It is still debatable whether the option of one-stage or
two-stage revisional procedure is better. According to a recent
meta-analysis [26], both options have similar rates of compli-
cations, morbidity, and mortality. The majority of the patients
reported in the included studies were treated with one-stage
procedure.

Since the main indication for revision is insufficient
weight loss, it has been debatable whether performing
LSG, which is a restrictive procedure, after a failed re-
strictive procedure would be effective in reducing weight.
According to our findings, both procedures demonstrate
similar %EWL and BMI reduction in 6 and 12 months.
This is reflective of the additional hormonal effects, ex-
cept for the restrictive principles, of sleeve gastrectomy
[27]. Moreover, those findings are in accordance with pre-
vious reported outcomes of both procedures as primary
operations [28]. However, %EWL and BMI reduction
were significantly greater in the RYGB group after
24 months.

Mean Difference

Study or Subgroup  Weight IV, Random, 95% CI IV, Random, 95% ClI
Caradina 2014 35.6% 10.30 [4.14, 16.46] -
Carr 2014 23.5% 5.90 [-7.83, 19.63] I e —
Marin-Perez 2014 24.7% 27.00 [14.05, 39.95] —
Moon 2013 16.2% -3.20[-22.89, 16.49] ) —
Total (95% CI) 100.0% 11.19[0.97, 21.42] @
o 2 _ . 2 _ _ L 12 — R49 I } t d
Heterogeneity: Tau’ = 66.68; Chi* = 8.42, df = 3 (P = 0.04); I° = 64% 0o 20 ) =0 100

Test for overall effect: Z = 2.15 (P = 0.03)

a.
Mean Difference

%EWL 12-months [RYGB] %EWL 12-months [SG]

Mean Difference

Study or Subgroup  Weight 1V, Random, 95% CI IV, Random, 95% CI
Caradina 2014 53.8% -3.70[-5.82,-1.58] ||
Carr 2014 25.7% -4.70[-7.77, -1.63] -
Marin-Perez 2014 20.6% -2.00([-5.43, 1.43]
Total (95% CI) 100.0% -3.61 [-5.16, -2.05] )
P 2 _ . 2 _ _ _ 12 — 0O ! } } } |
Heterogeneity: Tau’ = 0.00; Chi* = 1.34, df = 2 (P = 0.51); I = 0% 100 -5 ) =0 100

Test for overall effect: Z = 4.55 (P < 0.00001)
b.

Fig. 2 Forest plot describing the differences in a % excess weight loss
(%EWL) after 24 months, b BMI after 24 months. a %EWL after
24 months was significantly greater in laparoscopic Roux-en-Y gastric

BMI after 24 mo [RYGB] BMI after 24 mo [SG]

bypass. b BMI after 24 months was significantly greater in laparoscopic
sleeve gastrectomy indicating that BMI reduction was greater in the lap-
aroscopic Roux-en-Y gastric bypass group
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This meta-analysis demonstrates the need for additional
studies comparing RYGB and LSG as revisional procedures
after failed LAGB. Ideally, these would be randomized con-
trolled studies, with prospective design and longer follow-up.
For rare events, such as conversions and mortality, a large
sample is needed. The studies included offer specific linkage
to patient outcomes, complications, and weight loss.

The limitations of this systematic review and meta-analysis
reflect the limitations of the studies included. All studies in-
cluded were retrospective. There were no randomized con-
trolled studies between the comparative studies included, thus
posing a certain limitation in this study.

On the other hand, the strengths of this study are (1) the
clear data-extraction protocol, (2) the well-specified
inclusion-exclusion criteria, (3) the search in three different
databases, (4) the quality assessment of the included studies,
and (5) the detailed presentation of the results of
data-extraction and analysis.

Conclusion

This meta-analysis identified eight unique peer-reviewed stud-
ies of revisional LRYGB and LSG procedures after failed
LAGB with patient outcomes data. These studies suggest that
LRYGB and LSG are associated with comparable clinical
outcomes, mean hospital stay, and complications. Mean oper-
ative time was increased in the LRYGB group. There was no
significant difference between the two groups regarding the
%EWL and BMI reduction after 6 and 12 months. However,
%EWL and BMI reduction were greater after 24 months in the
LRYGB group. These results should be interpreted with cau-
tion due to the lack of randomized controlled studies. Future
studies with greater clarity in significant outcomes and com-
plications, such as the %EWL and complications, are neces-
sary to demonstrate the differences in efficacy between
LRYGB and LSG after LAGB.
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