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Abstract

Background Sleeve gastrectomy (SG) is the most common bariatric procedure performed worldwide. It accounts for more
than 50% of primary bariatric surgeries performed each year. Recent long-term data has shown an alarming trend of weight
recidivism. Some authors have proposed the concurrent use of a non-adjustable gastric band to decrease long-term sleeve
failure.

Objective To compare the outcomes (weight loss) and safety (rate of complication and presence of upper GI symptoms)
between SG and BSG.

Methods A systematic search with no language or time restrictions was performed to identify relevant observational studies
and randomized controlled trials (RCT) evaluating people with morbid obesity undergoing SG or SGB for weight loss. An
inverse-of-the-variance meta-analysis was performed by random effects model. Heterogeneity was assessed using Cochrane
X% and P2 analysis.

Results A total of 7 observational studies and 3 RCT were included in the final analysis. There were 911 participants pooled
from observational studies and 194 from RCT. BSG showed a significant higher excess of weight loss (% EWL). The dif-
ference among groups was clinically relevant after the third year where the weighted mean difference (SMD) was 16.8 (CI
95% 12.45, 21.15, p<0.0001), while at 5 years, a SMD of 25.59 (16.31, 34.87, p <0.0001) was noticed. No differences
related to overall complications were noticed. Upper GI symptoms were up to three times more frequent in the BSG group
(OR 3.26. CI195% 1.96, 5.42, p <0.0001).

Conclusions According to the results, BSG is superior to SG in weight loss at 5 years but is associated with a higher incidence
of upper GI symptoms. However, these conclusions are based mainly on data obtained from observational studies. Further
RCT are needed to evaluate the effect and safety of BSG.
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Introduction

Key Points
- Banded sleeve gastrectomy (BSG) has been proposed as an Sleeve gastrectomy (SG) is the most common bariatric
alternative to SG as it can limit gastric pouch dilation. . procedure performed worldwide. It accounts for 53.6%
- Seven case-control studies and three randomized clinical trials . . .
have compared the outcomes between SG and BSG. of all primary bariatric surgeries completed and has con-
- BSG has significant higher #EWL compared to SG. tinues to gain popularity [1]. Its widespread adoptions is
- BSG showed a higher frequency of upper gastrointestinal related to an overall lower risk of surgical and medical
symptoms on follow-up on observational studies. According to complications, a shorter operative time, and its technical
the RCT, there was no significant difference among groups. . L .
simplicity over the Roux-en-Y gastric bypass (RGYB) [2].
Article Category: Systematic review. No previous presentation in However, as mid- and long-term data become available,
a meeting or to a society. some have called into question the overall efficacy and
durability of weight loss and comorbidity resolution asso-
ciated with this procedure. In fact, compared to RYGB,
the SG has been associated with lower rates of diabetes
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mellitus (DM) and hyperlipidemia remission, higher rates
of weight regain, and a higher proportion of patients who
fail to achieve adequate weight loss. The latter is espe-
cially pronounced in patients with body mass index (BMI)
great than 40 kg/m? [3-8].

There are many technical and patient-related factors that
can lead to inadequate weight loss and weight regain after
bariatric surgery. In the RYGB, the most commonly cited
reason for failure is a progressive dilation of the gastric
pouch or the anastomosis [9, 10]. Similarly, leaving a rem-
nant fundus during sleeve gastrectomy has been attributed to
long-term failure after sleeve gastrectomy. In order to tackle
this issue, Fobi et al. described the banded gastric bypass
(BGBP), which used a silastic ring tube around the proximal
portion of the gastric pouch to prevent stoma and pouch dila-
tion. The concomitant use of the band during RYGB led to a
higher overall weight loss and lower rates of weight regain
with minimal side effects [11]. Following suit, few authors
began advocating for the placement a non-adjustable ring
or band around the proximal portion of the stomach during
SG to prevent gastric pouch dilation. Similar to the BGBP,
banded SG (BSG) has reported with higher weight loss and
overall lower rates of weight regain [12—-14]. We aimed to
perform a systematic review and meta-analysis of patients
undergoing either the standard SG or the BSG with regard
to weight loss, complication rate, and frequency of upper
GI symptoms.

Methods
Search Strategy
Information Sources

A systematic search was performed on October 2020 and
updated on April 2021 to identify relevant studies published
in English, French, Spanish, Italian, or German using the fol-
lowing databases: PubMed, Web of Science, EBSCO host,
Scopus, EMBASE, and the Cochrane Central Library. There
was no time limitation for this search. Relevant publications
were manually searched for additional information. In rel-
evant studies with missing information, the corresponding
authors were reached by available e-mail.

Search Strategy

For the search strategy, the following terms were included
in the search for articles: “banded sleeve gastrectomy” or
“banded sleeve” or “banded gastrectomy” or “banded-
sleeve gastrectomy” or “non-banded sleeve gastrectomy” or
“non-banded sleeve” or “non-banded gastrectomy” or “non

banded sleeve gastrectomy” or “non banded sleeve” or “non
banded gastrectomy” or “nonadjustable banded procedures”
or “nonadjustable banded sleeve” or “nonadjustable banded
sleeve gastrectomy” or “nonadjustable banded bariatric
procedure*” or “nonadjustable banded bariatric surg*” or
“non-adjustable banded sleeve” or “non-adjustable banded
bariatric procedure*” or “non-adjustable banded bariatric
surg* procedure*.”

Protocol and Registration

The protocol was registered in the prospective international
register of systematic reviews before article selection pro-
cess (PROSPERO: CRD42020212175).

Study Selection

All identified abstracts were assessed by 2 independent eval-
uators (G.P-B. and G.R-V.). Disagreement between evalua-
tors was mitigated by the participation of a third independent
investigator (R.M). The study protocol was agreed on by
all authors and reviewed. We followed a PICO (population,
intervention, comparison, and outcomes) format for inter-
vention literature reviews and included the following:

1. Population: adult participants of any gender undergoing
SG or BSG due to morbid obesity,

2. Intervention: banded sleeve gastrectomy (BSG) which
consists in a vertical gastric reservoir and placement of
a non-adjustable banding device at 4 to 6 cm distal to
the gastroesophageal junction,

3. Comparison: non-banded sleeve gastrectomy

4. Outcomes: weight loss up-to 5 years after surgery,
described as follows [15]:

Percent total weight loss (%TWL) = [(Initial
weight) — (Postoperative weight at time of measurement)
/ (Initial weight)] x 100

Percent excess of weight loss (%EWL) = [(Initial
weight) — (Postoperative weight at the time of meas-
urement) / (Initial Weight) — (Ideal Weight — defined as
weight corresponding to a BMI of 25 kg/m?)] x 100

Secondary outcomes were surgical complications, or the
development of upper GI symptoms related to any of the
procedures.

Criteria for inclusion in this systematic review were as fol-
lows: (1) observational studies (retrospective or prospective
cohorts, case—control studies, and case series) or randomized
controlled trials including patients with morbid obesity who
underwent BSG and were compared with controls who
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underwent SG for weight loss. Studies performing any bari-
atric surgery other than BSG and SG were manually removed
from the final analysis, as well as in those where adjustable
banding devices were used. Studies meeting the inclusion
criteria were retrieved and their text was reviewed in full.
In cases of relevant studies with missing information, cor-
responding authors were contacted to acquire additional data.

Data Extraction

Information extracted from eligible studies included basic
study data (last name of the first author, year of publication,
country, design, sample size), demographic data (gender
— % male patients, age, baseline BMI), surgical param-
eters (operative time, type of band used, length of the band,
distance of the band placement from the gastroesophageal
junction, size of gastric calibration tube, distance of gas-
tric transection from the pylorus), weight loss parameters
(EWL and/or TWL), complications (leak, major bleeding,
death, deep wound infection (abdominal abscess, reopera-
tion, stricture or stenosis, band erosion, and/or migration),
and presence of upper gastrointestinal symptoms (GERD,
dysphagia, food intolerance, or persistent vomiting). Two
of the corresponding authors from the selected studies were
contacted to obtain further information.

Risk of Bias Assessment

Two reviewers (G.P-B. and G.R-V.) independently evaluated
the quality of the selected articles. The quality assessment of
the observational studies was carried out using the Newcas-
tle—Ottawa Scale for cohort studies. Each article was evaluated
on three main features: selection of the study groups, ascer-
tainment of the exposure, and comparability of the groups. A
star was given for each signaling question within each dimen-
sion. With a total of nine possible stars, studies with seven or
more stars were considered high-quality for the purposes of
our review [16]. For randomized controlled trials, the qual-
ity of the selected studies was evaluated according to the
Cochrane Collaboration tool for randomized controlled trials
[17]. This tool consists of six questions that address sequence
generation, allocation concealment, blinding, incomplete data,
reporting bias, and other biases. Answers regarding bias were
categorized as low risk, high risk, and unclear risk. Results
from these questions were graphed and assessed using Review
Manager (Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration).

Statistical Analysis
Data synthesis and statistical analysis were performed

using RevMan 5.4 software (Copenhagen: The Nordic
Cochrane Centre, The Cochrane Collaboration). Weighted
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mean differences (SMD) and 95% confidence intervals
(95% CI) were calculated for continuous data, whereas
the Mantel-Haenszel test was used to estimate the odds
ratio (OR) with 95% CI for matched categorical (dichoto-
mous) data. Statistical significance was set at p <0.05
or < 5%. The quantitative synthesis was performed using
random effects model. In case of two or less studies for a
given outcome, fixed effect was preferred for pooling the
effect estimate. Between-study heterogeneity/variability
was assessed using the Tau?, X? (Cochrane 0), and P sta-
tistics. Publication bias was visually assessed by funnel
plots [18, 19] quantified by the Egger method (weighted
linear regression of the treatment effect on its standard
error) [20] when more than 10 studies were available for
a given outcome.

Sensitivity analysis regarding weight loss as the main
outcome using only the information among randomized
controlled trials (RCTs) as the preferred source for quality
recommendations was not able due to lack of data.

Results
Study Selection

A total of 1217 studies (G.P-B. and G.R-V.) were identified
from the previously described search strategy. After remove
of duplicates, 992 studies underwent title and abstract
assessment, from which only 58 were eligible for full text
analysis. After review of the full-text, a total of 48 were
excluded, from which 23 were conference abstracts with
incomplete data, 11 were case reports or multimedia arti-
cles, 4 were excluded due to duplication of data with other
studies, 3 did not provide adequate data about the outcomes
of interest, 2 were in-animal studies, 2 were commentaries
or letters, 2 were review articles, and 1 was related to an
adjustable banding device, leaving only 10 articles for the
final synthesis. Figure 1 shows the PRISMA flow chart of
the included articles. Among these, three manuscripts were
randomized controlled trials, six nested case—control studies,
and 1 was a cohort study. Summary of the included studies
is shown in Table 1 [6, 13, 21-28].

Risk of Bias Assessment

The three included randomized controlled trials showed
low risk of bias in random sequence generation. However,
allocation and blinding of the intervention are impossible
due to the nature of the intervention itself, which is a
specific type of surgical procedure. Thus, the three stud-
ies were rated as high risk of bias in these two items. On
the other hand, these studies were considered low risk
of bias in the incomplete outcome, selective reporting,
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and other biases categories. Supplemental Figs. 1 and 2
show the individual assessment for each included RCT.
Regarding the observational studies, initial concordance
of the NOS scores among reviewers was 87.5%. There
was a single article with a discrepancy among reviewers.
This article was re-reviewed, and a score mutually agreed
upon. Ultimately, there were two papers that had a high
risk of bias. The remaining five manuscripts had a low
risk as shown in Table 2.

Characteristics of the Population

A total of 1105 patients were included, 436 under-
went BSG and 669 SG. However, sample size may be
an over-estimations due to shared patients among the
studies from Bhandari [25, 29], Fink [23, 26], Gentile-
schi [28], and Tognoni [22]. One hundred ninety-eight
patients (45.4%) undergoing BSG were men, compared
to 277 (41.4%) undergoing SG (p=0.11). Patients

who underwent BSG were slightly younger (SMD —
0.36 years; C1 95% — 0.69, — 0.04, p=0.03) but, this was
not considered to be clinically relevant. Baseline BMI
was similar among groups (SMD 0.35 CI 95% — 0.02.
0.72; p=0.06). The follow-up period ranged between 12
and 60 months.

The SG resection technique was similar in most of
the series. Dissection of the greater curvature was com-
monly performed 4-6 cm from the pylorus, except in one
series where it was described 2 to 3 cm from the pylorus
[21]. All authors used a gastric calibration tube (GCT)
between 35 and 38 Fr except for Lemmens et al. who
used a 40 Fr GCT [24]. The non-adjustable bands were
placed between 4 and 6 cm from the gastroesophageal
junction and the size ranged between 6.5 and 7.5 cm.
Bhandari and Gentileschi [6, 22, 25, 28] used the GaBP
Ring Autolock® non-adjustable band. Fink, Lemmens,
and Karcz [13, 23, 26, 27] all used the Minimizer® Gas-
tric ring device. Soliman et al. described the placement

Fig.1 PRISMA flow diagram
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Table 1 Characteristics of the studies included in the systematic review

Author, year Country Study type No. of cases No. males Baseline mean Baseline mean  Band type Band size Maximum
BSG/SG BSG/SG  BMIBSG (kg/m?) BMI SG (kg) (cm) follow-up
(months)
Karcz et al. [13] Germany  Case control ~ 25/25 7/8 56.1+7.2 57+6.3 Minimizer 6.5 12
Soliman and Lasheen [21] UAE Case control ~ 24/24 18/12 48 (39-56) 44 (36-52) Gortex mesh  6.5-7 18
Tognoni et al. [22] Italy RCT 25/25 9/9 4495+5.9 47.03+6.6 GaBP 7-1.5 12
Fink et al. [23] Germany  Case control ~ 42/42 12/14 5493+7.4 53.46+6.7 Minimizer 6.5-7.5 36
Lemmens et al. [24] Belgium Case control ~ 96/51 60/22 43.7+7.3 449+7 Minimizer 6.5-7.5 60
Bhandari et al. [25] India Cohort 33/227 15/100 56.57+5.9 56.39+6.1 GaBP 7.5 36
Bhandari et al. [6] India Case control  68/152 38/71 44.6+8.3 45+84 GaBP 7.5 60
Fink et al. [26] Germany  Case control ~ 51/51 16/16 54.8+8.5 53.4+7.7 Minimizer 6.5-7.5 60
Fink et al. [27] Germany  RCT 47/47 12/16 51 50.7 Minimizer 7.5 36
Gentileschi et al. [28] Ttaly RCT 25/25 11/9 44.95+5.9 47.03+6.6 GaBP 7-1.5 48

of a 6.5-7-cm band of double-layer Gortex ® mesh [21].
Operative time was similar among groups for the obser-
vational studies (SMD 2.72 min, CI 95% —3.73, 9.17;
p 0.41) (Fig. 2), as well as in the study of Tognoni [22]
where it was 84.6 +30.13 min for the BSG group and
74.6 + 14.48 min for the SG group (p =0.14).

Outcome Synthesis

Observational Studies

Main Outcome — Weight Loss Time intervals for follow-
up and weight loss parameters differed between the studies
included in this systematic review. The percentage of excess
of weight loss (% EWL) at 12, 36, and 60 months were used
for the final analysis. Data at 12 and 36 months was avail-
able in 5 studies, and at 60 months in 3 of the studies [13,
21, 23-26, 29]. BSG showed a significant higher %EWL at
each of the analyzed time points as shown in Fig. 3. The dif-
ference among groups was clinically relevant after the third
year where SMD was 17.6 (C1 95% 12.95, 22.23, p <0.005),
while at 5 years, SMD was 25.59 (16.31, 34.87, p <0.0001).
Heterogeneity for weight loss among observational studies
at 1, 3, and 5 years showed a Q <0.05 in all cases and the
proportion was measured as 78%, 73%, and 61% showing
that heterogeneity was due to true effect rather than random
error. Due to the small number of studies in this analysis, we
could not assess publication bias.

Secondary Outcomes

1. Early complications

Data of early complications were available in all the
included series. No significant differences were noticed
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regarding leaks, postoperative bleeding, infectious compli-
cations, or death. Just one leak was registered in a patient
who underwent SG [6], while there were 2 mortalities not
related to the procedures recorded, 1 in each group [6, 13].
Postoperative bleeding comparison is shown in Fig. 4. A Q
statistic of 0.99 and a I? of 0% demonstrates low heterogene-
ity for this outcome.

2. Reoperation

The overall (early and late) reoperations frequency was
compared between procedures. A total of 25 (7.37%) rein-
terventions were reported in the BSG group and 39 (6.8%)
in the SG group.

For the BSG, some of these were due to bleeding at the
staple line, band slippage, functional stenosis or regurgita-
tion related to the band, non-responsive GERD, and insuf-
ficient weight loss, whereas for the SG, interventions were

Table 2 Observational studies risk of bias assessment by the Newcas-
tle-Ottawa Scale

Study Selection Com- Outcome Total Risk of bias
para-
bility
Karcz et al. 4 2 2 8 Low risk
[13]
Soliman and 0 2 6 Moderate risk
Lasheen [21]
Fink et al. [23] 2 3 9 Low risk
Lemmens et al. 1 3 8 Low risk
[24]
Bhandari et al. 1 2 6 Moderate risk
[25]
Bhandari et al. 2 3 9 Low risk
[6]
Fink et al. [26] 2 3 9 Low risk
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BSG SG Mean Difference Mean Difference
Study or Subgroup  Mean 1 _SD [minutes] Total Mean [mi 1 _SD [mil ] Total Weight IV, Rand 95% CI IV,R 95% CI
Bhandari, 2018 47.57 477 33 36.12 1055 227 278%  11.45(9.32,13.59)] =
Bhandari, 2019 49 5 68 46 7152 28.2% 3.00[1.37, 4.63] H
Fink, 2017 63.05 29.96 42 63.55 243 42 148% -0.50[1217,11.17] —_r
Karcz, 2014 53 27 25 68 20 25 131% -15.00[2817,-1.83] —
Soliman, 2015 825 18.3 24 78 192 24 161% 450 [-6.11,15.11] T
Total (95% ClI) 192 470 100.0% 2.72[-3.73,9.17] ?
Heterogeneity: Tau®= 37.75; Chi*= 49.18, df= 4 (P < 0.00001); F=92% 1_1 00 _510 b 510 100’

Testfor overall effect: Z=0.83 (P = 0.41)

Fig.2 Forest plot of comparison between BSG and SG in operative time

due to bleeding, intraabdominal abscess, postincisional her-
nia, insufficient weight loss and/or significant weight regain,
and intractable GERD requiring conversion to RYGB. The
analysis showed a non-significant difference in reoperations
between the groups (OR 0.82, C195% 0.47, 1.43, p=0.48)
(Fig. 5). Despite an I of 34% heterogeneity, Q statistics
show that heterogeneity comes from random error rather
than true sample (p =0.018).

3. Band-related complications

Band-related complications consisted of one band slip-
page [26] and 6 patients diagnosed with functional stenosis

Favours BSG Favours SG

[13, 24]. All these patients underwent revisional surgery,
where the bands were removed, or the band-length was
increased up to 7.5 cm. Neither erosions nor perforation

was described.

4. Upper GI symptoms

(a) Dysphagia, food intolerance, vomiting, and regurgita-

tion

All of the studies included data related to upper gastro-
intestinal (GI) symptoms. The presence of regurgitation,

BSG SG Mean Difference Mean Difference
(a) Study or Subgroup  Mean [%] SD[%] Total Mean[%] SD][%] Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bhandari, 2019 757 578 66 735 519 148 28.0% 2.20[0.57,3.83]
Fink, 2017 6412 9.05 38 57.29 1026 25 228% 6.83[1.88,11.78]
Karcz, 2014 58.02 146 25 58.36 19.2 25 147%  -0.34[9.80,9.132)
Lemmens, 2018 7r4 205 64 606 218 35 157% 16.80[8.00, 25.60] -
Soliman, 2015 524 154 24 41.4 8.3 24 1889% 11.00[4.00,18.00] -
Total (95% CI) 217 257 100.0%  6.84[1.66, 12.01]
Heterogeneity: Tau®= 24.27, Chi*=17.98, df=4 (P=0.001); F=78% p t 1 t t
o _ -100  -50 ] 50 100
Testfor overall effect: Z=2.59 (P =0.010) Favours SG Favours BSG
BSG SG Mean Difference Mean Difference
(b) Study or Subgroup  Mean [%] SD[%] Total Mean[%] SD][%] Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Bhandari, 2018 85.11 71 19 6238 111 181 266% 22.73[19.15, 26.31] b
Bhandari, 2019 91 7.43 61 73 115 134 286% 18.00[15.30,20.70] =
Fink, 2017 B6.74 1252 26 5595 10.26 26 202% 10.79([4.57,17.01] -
Fink, 2019 7275 20 33 62.21 21 32 128% 1054 [0.56, 20.52] —
Lemmens, 2018 833 127 21 59 236 25 11.8% 24.30[13.57,35.03] —_—
Total (95% CI) 160 398 100.0% 17.59[12.95,22.23] L
ity == “Chif= = = R= I t t |
T S A o= W& W
nET : Favours SG Favours BSG
BSG SG Mean Difference Mean Difference
(c) Study or Subgroup  Mean [%] SD[%] Total Mean[%] SD][%] Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bhandari, 2019 83 857 55 53 166 102 493% 3000([26.06, 33.94] =
Fink, 2019 70.74 20 27 55.79 24 23 276% 14.95([2.58, 27.32) —=
Lemmens, 2018 867 119 10 57.8 25 15 231% 28.90[14.26, 43.54] —
Total (95% CI) 92 140 100.0% 25.59[16.31, 34.87] B
ity: 2= cChi= = = E= } 1 t {
Heterogeneity: Tau®*= 41.39; Chi*= 516, df=2 (P=0.08); F=61% oo 20 b a0 100

Test for overall effect: Z=5.41 (P = 0.00001)

Favours SG Favours BSG

Fig. 3 Forest plot of comparison between BSG and SG in excess of weight loss (EWL) for observational studies. a EWL at 1 year; b EWL at

3 years; ¢ EWL at 5 years
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BSG SG Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Bhandari, 2018 33 2227 148% 1.35([0.06, 28.65] -
Bhandari, 2019 1 68 1 152 141% 2.25([0.14, 36.57]
Fink, 2017 1 42 1 42 226% 1.00[0.06,16.53] I
Fink, 2019 1 a1 1 51 227% 1.00[0.06,16.43]
Karcz, 2014 1 25 0 25 109% 3.12[012 80.39]
Lemmens, 2018 2 96 1] 51 147% 272[013,57.84]
Soliman, 2015 i 0 I 1] Mot estimable
Total (95% CI) 315 548 100.0% 1.71]0.53, 5.52] il
Total events B 4
Heterogeneity: Chi®= 0.56, df= 5 (P = 0.99); F= 0% 6 005 011 150 EDIEI

Test for overall effect: 2= 0.90 (P = 0.37)

Favours BSG Favours SG

Fig.4 Forest plot of comparison between BSG and SG in postoperative bleeding for observational studies

vomiting, food intolerance, and mild to severe dysphagia
were used for the final analysis. Overall, upper GI symp-
toms were three times more frequent in the BSG group (66
patients) as compared to the SG group (23 patients) (OR
3.92 CI195% 1.55, 9.88, p=0.004) (Fig. 6). Also, upper GI
symptoms showed a 55% heterogeneity by /> but a Q statistic
of p=0.05, which demonstrates that no true heterogeneity
was found.

(b) Gastroesophageal reflux (GERD)

Data related to GERD was available in 5 studies which
were included in the analysis [13, 21, 23, 25, 26]. The
prevalence of de novo GERD or worsening pre-existing
reflux after surgery was similar between BSG group
(15.7%) and the SG group (11.95%), OR 1.05(CI 95%
0.58, 1.91, p=0.87) (Fig. 7). No true heterogeneity was
found in this outcome (I?=0%; Q0 =0.087).

Randomized Controlled Trials

Main Outcome — Weight Loss At 3 years, Fink et al. [27]
reported an EWL of 73.9% for the BSG group, whereas it
was 62.3% for the SG group. Gentileschi [28] reported data
as percent of excess of BMI loss (%EBMIL) at 3 years for
each group of 103.4% and 86.29%, respectively. Due to the
lack of standard media deviations values and the use of dif-
ferent weight loss parameters, it was not possible to compare
weight loss among each group.

Secondary Outcomes

1. Early complications

There were no significant differences in frequency of sta-
ple line leaks, postoperative bleeding, infections, or deaths.
Postoperative bleeding was recorded in 3 patients, 2 in the
SG group [22, 27], and 1 in the BSG group [22] (OR 0.59,
CI95% 0.08, 4.61; p=0.62).

BSG SG Odds Ratio Odds Ratio
Study or Subgroup  EBEvents Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Bhandari, 2018 1] 33 3227 3.3% 0.96([0.05, 18.959)
Ehandari, 2019 1] 68 19 1582 43.8% 0.05 [0.00,0.84] *
Fink, 2017 7 42 G 42 18.2% 1.20[0.37,3.93] A L —
Fink, 2019 11 a1 10 51 286% 1.13[0.43, 2.95] —
Karcz, 2014 3 25 i 25 1.6% 7.93[0.39,162.07) s
Lemmens, 2018 4 96 1 51 46% 217[0.24,19.98]
Soliman, 2015 1] 24 i 24 Mot estimahle
Total (95% CI) 339 572 100.0%  0.82[0.47, 1.43] <
Total events 25 349
Heterogeneity: Chi®=7.53, df=5{P=0.18); F= 34% 01 0 10 100

Test for overall effect: Z=0.70 (P = 0.48)

Fig.5 Forest plot of comparison between BSG and SG in reoperation for observational studies
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Fig.6 Forest plot of comparison between BSG and SG in upper GI symptoms for observational studies

2. Reoperation and band-related complications

In terms of reoperations (early and late), 3 patients under-
went revisional surgery in each group. In the BSG group, 2
patients underwent conversion to RYGB due to GERD and
in 1 patient, the band was removed due to slippage [27]. In
the SG group, 2 patients were converted to RYGB due to
GERD and one patient was reoperated to repair an incisional
hernia [27, 28] (OR 1, CI1 95% 0.22,4.55; p=1).

3. Upper GI symptoms

(a) Dysphagia, food intolerance, vomiting, and regurgita-
tion

No significant differences were noticed regarding upper
GI symptoms (regurgitation, vomiting, food intolerance, and
mild to severe dysphagia) as shown in Fig. 8. Regurgitation
was the most frequent symptom in the BSG group; however,
no patient required revision for this symptom [27] (OR 2.15,
CI95% 0.62, 7.46; p=0.23).

(b) Gastroesophageal reflux (GERD)

Data regarding GERD was just available in one RCT [27]
and no significant difference was recorded. There were 3
(6.7%) cases in the BSG group and 4 (8.7%) in the SG group
(OR 0.75, CI195% 0.16, 3.56; p=0.72).

Discussion

The laparoscopic SG has become an established bariatric
procedure in the treatment of morbid obesity and its related
complications. Despite initially having promising results,
long-term data has shown that 27.8% of patients will have
inadequate weight loss, defined as an EWL <50%, or sig-
nificant weight regain in the long-term. The term “sleeve
failure” has been proposed to describe this group of patients
whose weight or comorbidities do not respond to SG or
those who relapse after having adequate weight loss. Ulti-
mately, up to 13% of the patients will eventually require
either revision or conversion to another bariatric procedure
as a result of sleeve failure [30]. In our meta-analysis, we

BSG SG Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Bhandari, 20149 1 64 2 154 58% 1.12[010,1254)
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Karcz, 2014 4 25 g 25 321% 0.40[0.10,1.58] —
Soliman, 2015 1 23 2 24 8.9% 0.50[0.04, 5.92]
Total (95% CI) 178 276 100.0% 1.05[0.58, 1.91] S
Total events 28 33
Heterogeneity; Chi®= 3.22, df= 4 (P = 0.52); F= 0% IDAD1 0?1 150 1DU=

Test for overall effect Z=017 (P=0.87)
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Fig.7 Forest plot of comparison between BSG and SG in GERD for observational studies
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Upper Gl symptoms

Fig. 8 Forest plot of comparison between BSG and SG in upper GI symptoms for randomized controlled trials

found that patients who undergo banded sleeve gastrectomy
have better long-term weight loss compared to those who
undergo sleeve gastrectomy alone.

Many authors have described mechanisms that predis-
pose a patient to inadequate weight loss after SG. These
mechanisms can be considered either surgeon dependent,
patient dependent, or simply attributed to the chronic and
relapsing nature of obesity as a disease. One of the com-
monly attributable mechanisms for sleeve failure is a dila-
tion of the sleeve, which can reduce the restrictive effects
of surgery. Some authors suggest that revisional surgery
with reduction of the gastric volume by performing a re-
sleeve gastrectomy (RSG) is a viable option [9, 10, 31].
However, the long-term results have not been encouraging
with only 28% of the patients having a persistent weight
loss [32]. Similar to sleeve failure, mechanisms for failure
after a RYGB have been proposed and have some degree of
overlap, which center around dilatation of the gastric pouch
and the gastrojejunal anastomosis. The long-term care of
these treatment resistant patients is challenging and has led
authors to propose treatments or interventions to prevent
such failures after bariatric surgery.

Fobi et al. initially described the Banded-RGYB
(BRGYB) in the 1980s where a non-adjustable ring was
placed near the gastro-esophageal junction. This ultimately
led to a higher weight loss in the short- and medium-term
periods as well as lower risk for weight regain with an
acceptable rate of dysphagia and local complications [11,
33, 34]. Following the same concept, some authors have
proposed the use of a non-adjustable ring or band at the
time of SG to decrease weight recidivism. Results in early
studies are very encouraging but are limited to single institu-
tion experiences with an overall limited number of patients
[12-14, 22, 23, 26, 27, 35].

The primary objective of this meta-analysis was to com-
pare the weight loss among BSG and SG. Based on the
%EWL at 1, 3, and 5 years with observational studies, BSG
showed significantly greater weight loss compared to SG.
However, at 1 year, the mean %EWL difference between
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groups was only 6.8. After 3 years, the standard mean dif-
ference (SDM) of %EWL between groups was 17.6 (C195%
12.95, 22.23), and at 5 years, this was 25.59 (C195% 16.31,
34.87), which are clinically and statistically significant dif-
ferences. Although there were only 3 studies included for
the analysis at 5 years, a total of 92 and 140 patients were
included in the BSG and SG groups, respectively, and the
sample size was ample enough to assess a hypothesized dif-
ference of at least 10%. SMD differences of %ZEWL between
procedures at 3 and 5 years were greater than 10% in each of
the included studies, which ranged between 10.5 and 24.3%
[24, 26] at 3 years, and between 14.95 and 30% at 5 years
[25, 26].

Interestingly, two of the observational studies provided
data in patients with super obesity (BMI> 50 kg/m?)
(Bhandari, and Lemmens) [24, 29]. Limiting analysis to the
data included in these studies, we found that at 3 years, the
pooled mean %EWL for the BSG ranged between 80.4 and
85.11%, whereas this was 62.3% for the SG in both studies.
The pooled SMD difference of %EWL at 3 years for these
2 studies was 22.58 (CI1 95% 19.1; 26.11, p<0.00001) in
favor of the BSG (BSG n=25, SG n=189) [6, 24]. How-
ever, more data is required to demonstrate the superiority
of the BSG over SG for the management of patients with
super obesity.

BSG has been compared with other procedures such
as the One-anastomosis Gastric Bypass (OAGB/MGB)
and the reported weight loss has been slightly higher
for the BSG than for OAGB/MGB, with an %EWL of
84% vs BEWL of 79% at 6 years [35]. Another possible
advantage for the BSG is that none of the patients
who underwent BSG showed nutritional deficiencies,
whereas 20% of patients of the OAGB/MGB group
developed hypoproteinemia or other nutrient deficiencies.
Nonetheless, the OAGB/MGB is remained superior in
terms of comorbidities resolution, as more than 85% of
patients with DM and hypertension showed complete
remission, whereas these rates were 75% and 64% for the
patients who underwent BSG [35].
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Regarding weight regain, a total of 29 patients of the
SG group underwent a revision, whereas only 2 patients
of the BSG underwent revision due to insufficient weight
loss. However, the analysis of weight recidivism was diffi-
cult to assess with the available data. In fact, only 4 studies
included information on follow-up beyond 3 years. Thus, the
real number of patients that had significant weight regain,
insufficient weight loss, or those who required revision was
not available.

An overall low rate of band-related complications was
demonstrated in the present meta-analysis. Functional
stenosis was the most commonly reported complication, and
it was seen in 6 (1.4%) patients. There were 2 band-slippage
events (0.45%) and no band erosions or perforations
reported. These results are consistent with meta-analyses
that have reported complications in banded-RYGB. These
studies also show a very low frequency of band-related
complications and in fact, none reported band-erosion.
Nonetheless, band slippage and migration ranged between
1.5 and 13.7% and gastric outlet stenosis was seen in 2.8%
[36-38].

The presence of upper GI symptoms such as vomiting,
regurgitation, food intolerance, or dysphagia was up
to three times more common after BSG compared
to SG when considering only observational studies.
Interestingly, there was no difference in the presence of
these symptoms when randomized controlled trials were
pooled into the analysis. When food intolerance and
dysphagia were analyzed, we found that most patients
reported only mild symptoms, which were mostly related
to intake of solid foods. It is important to highlight that
these events were much more frequent in early series
where a band <7 cm was placed. Subsequently, Fink
et al. modified the size of the band up to 7.5 cm after
their initial experience [23] with some improvement in the
frequency of these symptoms. Similarly, Lemmens et al.
reported a few cases of gastric outlet stenosis with his
use of a 6.5-cm band, which, when he adjusted to using
a 7.5-cm band, showed some improvement of symptoms
[24]. When the prevalence of upper GI symptoms between
the series who used a 6.5 cm and > 7 cm was analyzed,
we found that 37.2% of the patients had a least one upper
GI symptom (mild to moderate dysphagia, regurgitation,
vomiting, or food intolerance) when a band of 6.5 cm
was placed, whereas these were present only in 11.4%
in patients where a band > 7 cm was placed (p <0.0001).
Still, this proportion was significantly higher compared
to SG, where the pooled frequency of upper GI symptoms
was only 6% (p=0.016). However, the fact that 2 of the
authors used different sizes of the band because they
noticed a higher presence of symptoms in patients with
a 6.5-cm band-size, as previously mentioned could limit
the comparison.

To the best to our knowledge, this is the first meta-
analysis that compares BSG and SG in terms of weight
loss and upper GI symptoms. Some of the limitations of
the present meta-analysis are that only 2 of the included
series (3 studies) are randomized control trials (RCT),
which highlights the urgent need for more RCT in this
important topic. Related to this, most of the conclusions
of the present study are based on the findings of observa-
tional studies which confer selection bias and are major
limitation.

Secondly, there was a lack of standardization of
weight-loss parameters, and most of the studies used
the %EWL to report the history of weight loss; however,
in some others, the %ZEBMIL (excess of BMI loss) and
%TWL were employed. This made it impossible to
perform a sensitivity analysis using data of the RCT
regarding weight loss.

Another important issue to consider is the lack of band
size standardization. As discussed previously, a smaller size
could be related to a greater risk of upper GI symptoms,
which can alter the weight loss effect do to the presence of
the symptoms.

Also, despite the low incidence of band-related complica-
tions, the follow-up in these studies was limited to 5 years
and surgeon late onset band-complications such as erosion,
migration, and/or perforation could take longer to be noticed.

Finally, and related to the latter, another major limita-
tion was the small sample size with complete follow-up at 3
and 5 years, and this may limit the conclusions that can be
drawn regarding the safety and effect of the BSG at medium
(2-5 years) and long term (> 5 years).

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11695-022-06043-7.
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