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Abstract

Purpose Staple line reinforcement (SLR) during laparoscopic sleeve gastrectomy (LSG) is controversial. The purpose of
this study was to perform a comprehensive evaluation of the most commonly utilized techniques for SLR.

Materials and Methods Network meta-analysis of randomized controlled trials (RCTs) to compare no reinforcement (NR),
suture oversewing (SR), glue reinforcement (GR), bioabsorbable staple line reinforcement (Gore® Seamguard®) (GoR),
and clips reinforcement (CR). Risk Ratio (RR), weighted mean difference (WMD), and 95% credible intervals (Crl) were
used as pooled effect size measures.

Results Overall, 3994 patients (17 RCTs) were included. Of those, 1641 (41.1%) underwent NR, 1507 (37.7%) SR, 689
(17.2%) GR, 107 (2.7%) GoR, and 50 (1.3%) CR. SR was associated with a significantly reduced risk of bleeding (RR=0.51;
95% Crl 0.31-0.88), staple line leak (RR=0.56; 95% Crl 0.32-0.99), and overall complications (RR=0.50; 95% CrI 0.30-
0.88) compared to NR while no differences were found vs. GR, GoR, and CR. Operative time was significantly longer for
SR (WMD=16.2; 95% CrI 10.8-21.7), GR (WMD=15.0; 95% Crl 7.7-22.4), and GoR (WMD=15.5; 95% Crl 5.6-25.4)
compared to NR. Among treatments, there were no significant differences for surgical site infection (SSI), sleeve stenosis,
reoperation, hospital length of stay, and 30-day mortality.

Conclusions SR seems associated with a reduced risk of bleeding, leak, and overall complications compared to NR while
no differences were found vs. GR, GoR, and CR. Data regarding GoR and CR are limited while further trials reporting
outcomes for these techniques are warranted.

Keywords Laparoscopic sleeve gastrectomy - Staple line reinforcement - Suture reinforcement - Oversewing

Introduction

Laparoscopic sleeve gastrectomy (LSG) has gained increas-
ing worldwide recognition since its excellent results in terms
of weight loss and over long-term sustained comorbid reso-

Key Points

e There are several technical methods for staple line
reinforcement during LSG.

e Compared to NR, SR seems associated with a reduced risk of
bleeding, staple line leak, and complications.

o Postoperative bleeding, staple line leak, and overall
complications are similar for SR vs. GR, SR vs. GoR, and SR vs.
CR.

o There are no significant differences for stricture, SSI,
reoperation, and 30-day mortality among all treatments.
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lution [1-3]. Compared with other bariatric surgeries, it has
many advantages such as technical simplicity, lack of anasto-
moses, feasible bridge treatment in high-risk patients, lower
major morbidity (0.2-10%), and mortality (<1%) [4—6]. For
all these reasons, LSG has become the most common bariat-
ric for morbid obesity all around the world [7-10].

Early staple line complications (SLC), such as bleeding
and leak, may occur and their incidence may vary from 1
to 6% [11, 12]. Results can be clinically devastating for the
patient and expensive for the facility with prolonged hospi-
talization and resources utilization. In attempt to reduce the
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incidence of early SLC, different techniques for staple line
reinforcement (SLR) have been described [13, 14]. Suture
oversewn (SR), reinforcement with glue (GR), bioabsorb-
able staple line reinforcement (Gore® Seamguard®) (GoR),
and clipping (CR) have been reported. By contrast, there are
many surgeons who chose to not reinforce the staple lines
(NR) either for concern over the costs and/or the lack of
proven benefits [15]. Many studies have been published to
assess the impact of various reinforcement techniques on the
prevention of early SLC [16—-19]. However, outcomes were
heterogeneous because of the retrospective design, limited
sample sizes, and low postoperative complication rates. Sim-
ilarly, previously published meta-analyses gave conflicting
and heterogeneous conclusions because of the inclusion of
observational studies. Furthermore, different reinforcement
techniques were grouped and considered together in the pair-
wise comparison thus making unfeasible a real subgroup
analysis [20-23]. Therefore, a robust consensus supported
by low heterogeneity with a comprehensive consideration of
all techniques is lacking.

Hence, the aim of this study was to perform a network
meta-analysis to provide a comprehensive evidence on effi-
cacy of NR, SR, GR, GoR, and CR on early SLC in the
setting of randomized controlled trials (RCTs).

Materials and Methods

A systematic review was performed following the Preferred
Reporting Items for Systematic Reviews and Network Meta-
Analyses (PRISMA-NMA) checklist guidelines [24]. Institu-
tional review board approval was not required. MEDLINE,
Scopus, Web of Science, Cochrane Central Library, and
ClinicalTrials.gov were used [25]. The last date of search
was October 30th, 2021. A combination of the following
MeSH terms (Medical Subject Headings) were used (“sleeve
gastrectomy”’ (tiab), OR “vertical gastrectomy” (tiab)) AND
(“reinforcement” (tiab), OR “staple line reinforcement”
(tiab)) AND (“bleeding” (tiab), OR “hemorrage” (tiab))
AND (“leak” (tiab), OR “leakage” (tiab)). All titles were
initially evaluated and suitable abstracts were then extracted.
The study protocol was registered at the international pro-
spective register of systematic reviews (PROSPERO Regis-
tration Number: CRD42021286380).

Eligibility Criteria

Inclusion criteria: (a) RCTs comparing surgical outcomes for
NR, SR, GR, GoR, and CR in the setting of elective LSG;
(b) when two or more papers were published by the same
institution, study group, or used the same dataset, articles
with the longest follow-up or the largest sample size; (c)
in case of duplicate studies with accumulating numbers of

patients, only the most complete reports were included for
quantitative analysis. Exclusion criteria: (a) articles were
not written in English; (b) the study methodology or surgi-
cal technique was not clearly reported; (c) studies reporting
mixed data including other surgical approaches (i.e., gastric
bypass, and gastric banding); (d) studies non-reporting any
of the a priori defined primary outcomes; (e) studies report-
ing outcomes for re-do surgery; (f) studies with <15 patients
per treatment-arm.

Data Extraction

The following data were collected: authors, year of publica-
tion, country, study design, number of patients, sex, age,
body mass index (BMI), American Society of Anesthesiolo-
gists (ASA), comorbidities, surgical technique for staple line
reinforcement, and postoperative surgical outcomes. All data
were computed independently by three investigators (AA,
CL, AS) and compared at the end of the reviewing process.
A fourth author (DB) reviewed the database and determined
discrepancies.

Outcomes of Interest

Primary outcomes were postoperative bleeding and staple
line leak within a short-term (90-day) assessment. Second-
ary outcomes were sleeve stenosis, surgical site infection
(SSI), reoperation, estimated intraoperative blood loss
(ml), operative time (OT) (minutes), hospital length of stay
(HLOS) (days), overall complications, and 30-day mortal-
ity. Postoperative bleeding was defined as significant early
postoperative hemodynamic changes, including one or more
of the following: an increase in heart rate >20 beats/min,
a decrease in blood pressure >20 mmHg, a drop in hemo-
globin >3 g/dl, transfusion requirement, or signs of active or
recent bleeding on CT scan [26]. Staple line leak was classi-
fied according to the modified UK Surgical Infection Study
Group definitions [27]. Leakage was confirmed by extrava-
sation of the contrast material outside the gastric tube on an
abdominal computed tomography (CT) scan and suspected
in case of collections near the gastric tube confirmed dur-
ing repeat laparoscopy or upper gastrointestinal endoscopy.
Surgical site infection (SSI) was defined as the development
of superficial, deep, or organ/space SSI in accordance with
the Center for Disease Control and Prevention guidelines
(https://www.cdc.gov/nhsn/opc/ssi/Accessed on October
15" 2021).

Quality Assessment
Three authors (AA, CL, AS) independently assessed the

methodological quality of selected trials by using the
Cochrane risk of bias tool [28]. This tool evaluates the
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following criteria: (1) method of randomization; (2) allo-
cation concealment; (3) baseline comparability of study
groups; and (4) blinding and completeness of follow-up.
Trials were graded as having low (green circle), high (red
circle), or unclear (yellow circle) risk of bias.

Statistical Analysis

We performed a fully Bayesian arm-based random effect
network meta-analysis [29-31]. Compared to the fre-
quentist meta-analysis, the Bayesian approach takes into
account all sources of variation, reflects these variations in
the pooled result, can provide accurate estimates for small
samples, and allows computation of predictive distribu-
tion [32, 33]. We used risk ratio (RR) as a pooled effect
size measure for categorical outcomes and weighted mean
difference (WMD) for continuous outcomes. Related to
RR, we adopted a “sceptical” prior distribution with mean
and scale equal to 0 and 0.4 (10% of the distribution is
contained within the clinically unimportant null interval).
A consistency generalized linear model as described in
the NICE-DSU technical document was fitted [34]. We
assigned normal distribution with zero mean and scale
100 as vague prior distribution. Assuming a common het-
erogeneity parameter across the treatment comparisons,
we used an informative half-normal prior with zero mean
and scale 0.5 or the between-study variability (z) [35].
Sensitivity analysis regarding the choice of prior distribu-
tion for = was considered [36]. The local inconsistencies
were investigated using the node split, but was not possible
to conduct a formal assessment of the consistency of the
direct and indirect evidence where the evidence network
included open loops. Statistical heterogeneity (/* index)
was evaluated: value of 25% or smaller was defined as
low heterogeneity, value between 50 and 75% as moder-
ate heterogeneity, and 75% or larger as high heterogene-
ity [37]. The inference was performed using mean and
relative 95% credible intervals (Crl). We consider the
estimated parameter statistical significant when its 95%
Crl encompasses null hypothesis value [38]. The plot of
leverage values vs. the square root of the residual devi-
ance was used to identify potential outlier. The transitivity
assumption was considered and descriptive statistics were
generated to compare the distributions of baseline partici-
pant characteristics across studies and treatment compari-
sons. The treatment ranking probability indicates which
approach is the best in dependence of a given outcome.
The confidence in estimates of the outcome was assessed
using Confidence in Network Meta-Analysis (CINeMA)
[39]. Statistical analyses were performed using JAGS and
R-Cran 3.4.3 (Distributed Statistical Computing; Vienna,
Austria) [40, 41].

@ Springer

Results
Systematic Review

The selection process flow chart is reported in Figure 1.
Our initial search identified 3083 publications. After
removing duplicates, 2728 titles and abstracts were
reviewed. Further screening found 17 RCTs meeting the
predefined inclusion/exclusion criteria. The included
RCTs had issues regarding blinding taking into consid-
eration that the application of blinding into surgical RCTs
is challenging (Supplementary Figure 1). The method of
randomization was reported in 12 studies while 6 RCTs
described the operating surgeon’s proficiency. Details
regarding the power analysis were specified in 5 studies,
1 study was underpowered, and 12 studies do not report
these data (Supplementary Table 1).

Overall, 3994 patients were included for the analysis.
Of those, 1641 (41.1%) underwent NR, 1507 (37.7%)
SR, 689 (17.2%) GR, 107 (2.7%) GoR, and 50 (1.3%) CR
(Table 1). The patient’s age ranged from 28 to 51 years and
the majority were female (63.9%). The BMI ranged from
38.2 kg/m? to 54.1 kg/m? and the ASA score was reported
in 4 studies. There was no evidence of violation of the
transitivity assumption, based on the observations that
the common treatment (NR) was consistent across trials,
effect modifiers were equally distributed across studies,
and participants could in principle be randomized to any
of the treatments being compared in the network. Finally,
the design-by-treatment interaction model showed no evi-
dence of statistically significant inconsistency (P=0.693).
Descriptive statistics for all outcomes are reported in
Table 2.

Network Meta-analysis
Primary Outcomes

Seventeen studies (3994 patients) [42—-58] reported post-
operative bleeding (Figure 2A). SR was associated with a
significantly reduced postoperative bleeding compared to
NR (RR=0.51; 95% CrI 0.31-0.88) while no significant
differences were found for SR vs. GR (RR=0.79; 95% Crl
0.44-1.47), SR vs. GoR (RR=0.82; 95% CrI 0.41-1.68),
and SR vs. CR (RR=0.84; 95% CrI 0.39-1.81). The global
heterogeneity was low (I°=8.2%; 95% Crl 0.0-23.7%). Sta-
ple line leak was reported in 17 studies (3994 patients)
[42-58] (Figure 2B). SR was associated with a signifi-
cantly reduced risk of leak compared to NR (RR=0.56;
95% Crl 0.32-0.99). No significant differences were
found for SR vs. GR (RR=0.86; 95% CrI 0.45-1.62), SR
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vs. GoR (RR=0.74; 95% CrI 0.37-1.51), and SR vs. CR
(RR=0.88; 95% Crl 0.41-1.90). The global heterogeneity
was zero (I’=0.0%; 95% CrI 0.0-23.3%). The treatment
ranking evaluation graded SR as the surgical approach
with the lowest probability to be ranked as first treatment
for high postoperative bleeding (21.3%) and staple line
leak (22.8%).

Secondary Outcomes

SR was associated with a significantly longer operative
times (17 studies; 3994 patients) [42—58] compared to NR
(WMD=16.2; 95% CrI 10.8-21.7), GR (WMD=15.0; 95%
Crl 7.7-22.4), and GoR (WMD=15.5; 95% CrI 5.6-25.4)
while no significant differences were found for the com-
parison with CR (WMD=14.1; 95% Crl-5.1; 33.2). Sleeve
stenosis was reported in 7 studies (1692 patients) [44, 46,
48, 50, 52, 53, 56]. No significant differences were found
for SR vs. NR (RR=1.09; 95% CrI 0.55-2.17), SR vs. GR
(RR=0.77; 95% CrI 0.37-1.59), and SR vs. CR (RR=0.88;
95% Cr1 0.41-1.91). SSI (10 studies; 2733 patients) [42, 43,
47,49-51, 55, 56] was similar for SR vs. NR (RR=0.67; 95%
Crl 0.37-1.33), SR vs. GR (RR=0.76; 95% CrlI 0.32—1.81),

and SR vs. GoR (RR=0.72; 95% CrI 0.27—-1.98). Postopera-
tive complication was reported in 17 studies (3994 patients)
[42-58]. SR was associated with a significantly reduced risk
compared to NR (RR=0.50; 95% CrI 0.30-0.88) while no
significant differences were found for SR vs. GR (RR=0.98;
95% Crl 0.55-1.76), SR vs. GoR (RR=0.84; 95% Crl
0.42-1.71), and SR vs. CR (RR=0.88; 95% Crl 0.38-1.75).
Hospital length of stay (17 studies; 3994 patients) [42—58]
and 30-day mortality (17 studies; 3994 patients) [42-58]
were comparable among treatments. The league table for
all outcomes with both direct and indirect comparisons is
reported in Table 3. The node split analysis did not show evi-
dence against inconsistency. The sensitivity analysis showed
robustness of findings. The leverage plots do not show evi-
dence of study outliers into this network meta-analysis.

Discussion

There are several technical methods for SLR during LSG.
Up to date, a definitive consensus regarding the benefits
of one technique over another is missing while a robust
evidence-based indication is lacking. Our results suggest
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Table 1 Demographic and clinical characteristics of patients under-
going NR (no reinforcement), SR (suture staple line oversewing), GR
(glue reinforcement), GoR (bioabsorbable staple line reinforcement;
Gore® Seamguard®), and CR (clips reinforcement). Yrs years, BMI

body mass index, ASA score American Society of Anesthesiologists
Classification, OT operative time, HLOS hospital length of stay, Nr
not reported. Data are reported as numbers, mean + standard devia-
tion, and median (range).

Author, Study Techniques No. of Mean age  Sex ratio Mean BMI Mean ASA Mean OT Mean HLOS
year, coun- period patients (yrs) (F/IM) (kg/mz) (min) (days)
try

Daprietal., 2008-2009 NR 25 443 15/10 442+63 25+05 474+107 3.6+14
2009, GoR 25 39.4 14/11 497 +7 24+05 489+184 3.9+15
fi;‘;‘ce SR (PDS®)* 25 413 8/17 4774105 25+05 59.9+19.6 2.8+0.8

Albanopou- 2009-2010 GoR 48 376 29/19 46.08 nr 553+4.1 39421
12%51? al., SR (PDS®) 42 37.9 24/18 474 nr 69.4+38 33+l1.1
Gree(’:e
[43]

Musella 2007-2011 SR 50 339+ 104 25/15 496+29 202 89+4 nr
etal., (Prolene®)*

i&l]l, Italy NR 50 333+ 10.1 18/22 489 +31 214 80 + 4 nr

Gentileschi  2010-2011 SR 35 44.6+9.6  35/5 472+63 nr 84+46  nr
etal, GoR 34 44183 34/6 47+ 6.7 nr 64 +3.2 nr
?251]2, Ttaly GR (Floseal®) 33 44.1+103 33/7 474465 nr 66+32  nr

Aggarwal  2009-2011 SR (PDS®)* 30 383 21/9 498 nr 139+ 10 4.3 +09
etal, NR 30 375 19/11 493 nr 117+19  44+09
2013,

India [46]

Biilbiiller 20122013 NR 15 35.2 9/6 492 nr 138.1 nr
etal, SR 16 35.6 10/6 50.2 nr 196.0 nr
2013, Tur- (Prolene®)*
key [47] SR (V-loc®)* 16 396 10/6 483 nr 166.4 nr

GR (Fibrin) 18 36.2 11/7 48.7 nr 138.2 nr

Musella 2009-nr GR (Fibrin) 50 323+9.9  14/36 436+44 248 828+52 5.1+1.1
ctal, NR 50 332+79  21/29 44885 234 843462 52412
2014, Ttaly
[48]

Shahetal, 2011-2012 SR (PDS®) 51 392+ 14.6 51/30 46.1+85 nr 58.8+19.7 nr
2014, NR 49 36+11.6  49/16 447+98 nr 72.84258 nr
India [49]

Albanopou- 20122013 SR (PDS®)* 84 38+ 13 52/32 469 £7.6 22413  45+21 4.0 +3.75
12%51?; al., NR 62 36+ 17 18/44 4565 +6.6 23+12 40420 3.542.0
Gree(;e
[50]

Srokaetal., 2013-2014 GR (Evicel®) 49 39.6 + 35/14 4311 + nr 64+23 nr
2015, 10.15 5.87
Israel [51] SR (PDS®)* 49 359+ 11.6 34/15 42.13 + nr 74421 nr

4.46
NR 67 384126  43/24 4382 + nr 54+19 nr
532

Carandina  2012-2014 NR 150 393+ 113 123/27 433+51 nr 100.7+16.4  5.7+1.1
etal, GR (Evicel®) 150 372+ 111 123/27 43457 nr 104.5422.1 6.1+6.1
12:?;1165.3 SR 150 355+ 11.2 118/32 44 +13 nr 126.2+18.9 6+4.6
(52] iMonocryl)

SR (V-loc®)* 150 37.1« 1.7 120/30 438 +10.7 nr 124.6+22.8 6.1+4
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Table 1 (continued)

Author, Study Techniques No. of Mean age  Sex ratio Mean BMI Mean ASA Mean OT Mean HLOS

year, coun- period patients (yrs) (F/IM) (kg/mz) (min) (days)

try

Kwiat- 2014-2015 SR (Bio- 50 36.8 +£10.3 27/23 49 + 8.5 nr 782 +£20.5 3.2+04
kowski syn®)*

tal.,
S0l CR 50 39.5+105 19724 45749  nr 64.1+165 3.6+1.3
Poland

[53]

Alamdari 20152016 NR 100 32.8+4.2 62/38 44.61+5.8 nr 52.03+8.1 nr
etal, SR (PDS®)* 99 31.6+3.7 58/42 44.97+6.6  nr 69.64+9.6  nr
2018, Iran
[54]

Hany etal., 2016-2017 SR (V-loc®)* 460 37.8+11.8 207/153 47.64 + nr 69 + 1.65 1.92 +£0.33
2018, 7.29
Egypt [55] NR 460 38.0 + 293/167 47.07 + nr 50.8 +1.58 1.97 +0.42

11.15 7.38

Rebibo 2014-2017  GR (Fibrin) 293 40.1+ 10.7  216/77 446 +£5.5 nr 56.7+163 1
;t()?lé’ NR 293 38.9+ 103 215/78 445+55 nr 559 +144 1
France
[56]

Tahaetal.,, 2014-2016 SR (Vyecril) ¥ 200 33.9+9.2 117/83 424 +44 nr 513+43 25+1.2
2018, NR 200 335+9.6  113/87 424+43 or 443455 26+09
Egypt [57]

Pilone et al., 2017-nr GR (Glubran 96 374 +35 52/44 44.6 + 4.1 nr 83.3 45+1.5
2019, Italy 2®)

(58] NR 90 39.6+5 58/32 457+38 nr 75.3 58 +2.0

*Running/continuous suture

Table 2 Descriptive statistics stratified according to different treat-
ment. NR (no reinforcement), SR (suture staple line oversewing), GR
(glue reinforcement), GoR (bioabsorbable staple line reinforcement;
Gore® Seamguard®), and CR (clips reinforcement). HLOS hospital

length of stay, SS/ surgical site infections. Values are presented as
percentages (range) for categorical variables and as mean (range) for
continuous variables

CR (r=50) GoR (n=107) GR (n=689) NR (n=1641) SR (n=1507)

Categorical outcomes

Postoperative bleeding 4.0 (4.0-4.0) 1.87 (0.0-2.94) 1.6 (0.0-6.12) 3.72 (0.0-16.0) 1.1 (0.0-8.0)

Staple line leak 2.0 (2.0-2.0) 3.74 (0.0-8.0) 0.87 (0.0-3.0) 1.64 (0.0-6.67) 0.59 (0.0-6.25)

Sleeve stenosis 2.0 (2.0-2.0) 3.74 (0.0-8.0) 0.87 (0.0-3.03) 1.64 (0.0-6.67) 0.59 (0.0-6.25)

Reoperation 4.0 (4.0-4.0) 1.87 (0.0-4.0) 0.29 (0.0-3.03) 0.06 (0.0-4.08) 0.04 (0.0-6.25)

Morbidity 6.0 (6.0-6.0) 1.87 (0.0-2.94) 3.05 (1.36-6.12) 5.85 (0.0-20.0) 1.77 (0.0-10.0)

30-day mortality 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.29 (0.0-2.0) 0.0 (0.0-0.0) 0.07 (0.0-6.25)

SSI - 0.0 (0.0-0.0) 0.22 (0.0-2.04) 1.01 (0.0-10.0) 0.62 (0.0-4.0)
Continuous outcomes

Operative time (minutes) 64.1 (64-64) 56.6 (48.9-64) 75.8 (56.7-138) 61.1 (40-138) 76.6 (45-196)

HLOS (days) 3.6 (3.6-3.6) 3.9(3.9-3.9) 3.22 (1.0-6.1) 2.79 (1.0-5.8) 2.99 (1.92-6.0)

that compared to NR, SR may be associated with a reduced
risk of postoperative bleeding, leak, and overall compli-
cations in spite of a reasonable longer operative time.
No significant differences among treatments were found
in terms of sleeve stricture, SSI, risk of reoperation, and
30-day mortality.

Over the last decades, LSG has become a worldwide
approved weight loss bariatric operation [10]. The proce-
dure involves a mostly vertical stapled transection of the
stomach, removal of the gastric fundus, and proximal antrum
to create a tubular alimentary channel along the lesser cur-
vature [5]. Food restriction, early satiety, decreased ghrelin
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Fig.2 Network geometry for
primary outcomes: A postopera-
tive bleeding, B staple line leak.
Node size reflects the sample
size while edges width reflects
the number of studies for a spe-
cific pairwise comparison. Con-
tinuous lines represent direct
comparisons while dashed lines
represent indirect comparisons
obtained with the network anal-
ysis. No reinforcement (NR),
suture reinforcement (SR), glue
reinforcement (GR), bioabsorb-
able staple line reinforcement
(Gore® Seamguard®) (GoR),

and clips reinforcement (CR)

production, and increased production of GLP-1 and PYY-36
have been reported [59, 60]. According to a recent meta-
analysis, LSG has been associated with 57.6% mean excess
weight loss (EWL) at 1 year and 70.1% EWL at 3 years
[1]. Principal advantages of LSG include its relative pro-
cedural simplicity, absence of anastomosis, maintenance of
gastrointestinal continuity, no or low risk of ulceration and
internal hernia, lower rates of dumping syndrome, lowered
ghrelin levels, and improved quality of life [9, 61, 70. ]. The
overall complication rate in referral centers is <15% while
in-hospital mortality is around 0.3% [6, 62]. Specifically,
early SLC such as bleeding and staple line leak may occur
up to 6% of patients [11, 12, 63]. These SLC are associ-
ated with an increased mortality risk with higher hospital
costs and resources utilization [64]. Therefore, even a small
reduction in early SLC could prevent serious events such as
reoperation, blood transfusions, peritonitis, and septic shock
with a presumed benefit on global costs.

The incidence of postoperative bleeding has been
reported ranging from 1.1 to 8.7% [45, 65]. In line with
literature, our results seem to reflect previously reported
data ranging from 1.1 to 4.0% (Table 2). In our study, SR
was associated with a significantly reduced risk of post-
operative bleeding compared to NR (RR=0.51; 95% Crl
0.31-0.88) while no significant differences were found in
the comparison with other treatments. However, despite the
lack of statistical significance, the point estimation of SR
compared with other treatments was below 1.00 thus pos-
sibly suggesting a trend toward a clinical benefit (Table 3).
This is in line with D’Ugo et al. that, in recent multicenter
retrospective study, reported lower bleeding rates for sta-
ple line oversewing compared to no reinforcement (1.4%
vs. 13.7%; p=0.02) [66]. Similarly, Sroka et al. found that
suture oversewing minimized hemorrhagic complications
with reasonable operative time prolongation [51]. In con-
trast, Choi et al. [20] did not found any significant benefit for
staple line suture oversewing while other authors argued that
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suture oversewing could potentially increase the risk bleed-
ing because of tissue tearing at the point of stitch penetration
[67]. Interestingly, the treatment ranking evaluation graded
SR as the surgical approach with the lowest probability to
be ranked as first treatment for high postoperative bleeding
while the global heterogeneity was low 8.2%. These findings
add robustness to the result. However, even if the majority
of bleeding events after LSG derive from the gastric staple
line, it should be considered that the omentum, short gastric
vessels, spleen, gastroepiploic artery, and abdominal wall
may constitute other possible sources of oozing. Therefore,
despite the low heterogeneity, our results should be inter-
preted cautiously as potentially influenced by operating
surgeon experience and expertise, learning curve, patient
comorbidities (i.e., hypertension and chronic renal failure),
postoperative drugs use (i.e., ketorolac and heparinoids),
technical tricks (i.e., use of bipolar or unipolar electrocau-
tery devices), type of suture (interrupted vs. continuous),
and thickness of laparoscopic staplers. Finally, the type of
suture material (absorbable vs. nonabsorbable), sewing tech-
nique (baseball stitch, simple oversewing, locking, imbricat-
ing, etc.), and extension of staple line oversewing (entire
staple line vs. selected regions) may potentially constitute
other sources of bias and should be assessed in future RCT.

The incidence of staple line leak after LSG has been
previously reported ranging from 0.5 to 2.7% [13]. In our
study, the pooled quantitative results for staple line leak
ranged from 0.5 to 3.7% (Table 2). Interestingly, SR was
associated with a reduced risk of staple line leak compared
to NR (RR=0.56; 95% CrI 0.32-0.99). This result should
be interpreted extremely cautiously because the 95% Crl
upper limit approaches the non-significant limit (1.00).
Therefore, future studies and large sample size are man-
datory to deeply assess this issue. Again, despite the lack
of statistical significance, the point estimation of SR com-
pared with other treatments seems to suggest a clinical trend
toward reduced staple line leak (Table 3). This is in line
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Table 3 League table. NR (no reinforcement), SR (suture staple line
oversewing), GR (glue reinforcement), GoR (bioabsorbable staple
line reinforcement; Gore® Seamguard®), and CR (clips reinforce-
ment). Each row represents a specific outcome. Values in each col-

umn represent the relative effect of the referral treatment (bold) with

the comparator. Values are expressed as risk ratio (RR) and 95%
credible intervals (95%Crl) for categorical outcomes and as weighted
mean difference (WMD) and 95% credible intervals (95%Crl) for
continuous outcomes. I? heterogeneity

Categorical variables

I (95%Crl)

Outcomes

CR

0.98 (0.35-2.73)
0.94 (0.36-2.47)
0.59 (0.24-1.49)
1.19 (0.56-2.55)
CR

0.84 (0.30-2.36)
0.97 (0.36-2.61)
0.64 (0.25-1.62)
1.13 (0.53-2.42)
CR

0.87 (0.31-2.50)
1.24 (0.44-3.43)
1.13 (0.52-2.43)
CR

0.86 (0.31-2.45)
0.99 (0.36-2.66)
0.94 (0.37-2.41)
1.12 (0.57-2.53)
GoR

0.96 (0.34-2.67)
0.72 (0.27-1.92)
1.07 (0.49-2.3)
CR

1.02 (0.36-2.87)
1.19 (0.46-3.09)
0.61 (0.25-1.53)
1.21 (0.57-2.56)
CR

0.84 (0.29-2.46)
0.73 (0.26-2.08)
0.96 (0.34-2.65)
1.07 (0.50-2.31)

1.02 (0.37-2.87)
GoR

0.96 (0.39-2.38)
0.61 (0.26-1.43)
1.22 (0.6-2.42)
1.18 (0.42-3.35)
GoR

1.16 (0.47-2.99)
0.76 (0.32-1.78)
1.34 (0.66-2.68)
1.15 (0.40-3.27)
GR

1.42 (0.55-3.57)
1.29 (0.63-2.65)
1.16 (0.41-3.24)
GoR
1.15(0.43-3)
1.08 (0.43-2.71)
1.38 (0.67-2.83)
1.04 (0.37-2.92)
GR

0.77 (0.32-1.80)
1.12 (0.56-2.25)
0.98 (0.35-2.76)
GoR

1.17 (0.48-2.85)
0.60 (0.26-1.44)
1.19 (0.58-2.40)
1.19 (0.41-3.47)
GoR

0.87 (0.32-2.44)
1.14 (0.42-3.06)
1.27 (0.60-2.67)

Continuous variables

CR

1.40 (=20.09;
22.98)

0.95 (-=19.54; 21.6)

2.07 (—17.8; 22.07)

—14.09 (-33.2;
5.04)

—1.40 (=22.98;
20.09)

GoR

—0.48 (—11.68;
10.75)

—0.67 (=9.83;
11.18)

—15.49 (=25.45;
~5.66)

1.06 (0.41-2.78)
1.04 (0.42-2.57)
GR

0.63 (0.33-1.25)
1.27 (0.68-2.29)
1.02 (0.38-2.74)
0.86 (0.35-2.14)
GR

0.66 (0.31-1.35)
1.16 (0.61-2.18)
0.81 (0.29-2.28)
0.704 (0.28-1.83)
NR

0.91 (0.46-1.81)
1.0 (0.38-2.79)
0.87 (0.33-2.32)
GR

0.94 (0.42-2.14)
1.20 (0.62-2.32)
1.38 (0.52-3.65)
1.32 (0.56-3.09)
NR

1.49 (0.80-2.67)
0.84 (0.32-2.18)
0.86 (0.35-2.10)
GR

0.51 (0.27-1.03)
1.02 (0.57-1.81)
1.36 (0.48-3.83)
1.15 (0.41-3.16)
GR

1.31 (0.53-3.16)
1.46 (0.72-2.96)

~0.95 (-21.6;
19.54)

0.48 (—10.75;
11.68)

GR
1.15 (=5.81; 8.15)

15.04 (=22.42;
—7.68)

1.69 (0.67—4.14)
1.65 (0.7-3.82)
1.59 (0.8-3.02)
NR

2.02 (1.13-3.28)
1.56 (0.62-1.06)
1.32 (0.56-3.09)
1.52 (0.74-3.18)
NR

1.77 (1.01-3.05)
0.89 (0.41-1.91)
0.77 (0.38-1.60)
1.09 (0.55-2.17)
SR

1.06 (0.41-2.72)
0.92 (0.37-2.31)
1.06 (0.47-2.37)
NR

1.28 (0.70-2.28)
0.93 (0.43-2.02)
0.89 (0.44-1.79)
0.67 (0.37-1.25)
SR

1.64 (0.65-4.04)
1.67 (0.69-3.90)
1.96 (0.97-3.67)
NR

1.99 (1.13-3.27)
1.04 (0.38-2.92)
0.88 (0.33-2.38)
0.76 (0.32-1.91)
NR

1.12 (0.57-2.17)

—2.07 (=22.07;
17.8)

—0.67 (—11.18;
9.83)

~1.15 (-8.15;
5.81)

NR

16.2 (=21.57;
~10.85)

0.84 (0.39-1.8)
0.82 (0.41-1.68)
0.79 (0.44-1.47)
0.5 (0.31-0.88)
SR

0.82 (0.41-1.90)
0.74 (0.37-1.50)
0.86 (0.46-1.63)
0.56 (0.33-0.99)
SR

0.84 (0.40-1.77)
0.72 (0.35-1.50)
0.83 (0.43-1.60)
0.78 (0.43-1.42)
SR

0.83 (0.39-1.76)
0.84 (0.42-1.71)
0.98 (0.55-1.76)
0.50 (0.30-0.88)
SR

0.934 (0.43-2.01)
0.79 (0.37-1.66)
0.68 (0.34-1.39)
0.89 (0.46-1.74)
SR

14.09 (—5.043;
33.24)

15.49 (5.66; 25.45)

15.04 (7.68; 22.42)

16.2 (10.85; 21.57)

SR

8.2 (0.0-18.3)

0.0 (0.0-23.3)

0.0 (0.0-27.4)

0.0 (0.0-22.3)

0.0 (0.0-32.1)

26.4 (14.3-39.5)

0.0 (0.0-26.1)

I? (95%CrI)
97.8 (82.3-100)

Postoperative
bleeding

Staple line leak

Sleeve stenosis

Reoperation

SSI

Postoperative com-
plications

30-day mortality

Outcomes

Operative time
(minutes)
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Table 3 (continued)

Categorical variables

I? (95%CrI) Outcomes

CR 032 (=1.10; 1.71)  —0.61 (=1.95; -0.31 (—1.53; —0.40 (—1.53; 72.9 (59.3-85.6) Hospital stay (days)
0.74) 0.92) 0.73)

-0.32 (-1.71; GoR -0.92 (~1.98; —0.63 (=1.53; —-0.72 (-1.55;

1.10) 0.17) 0.29) 0.14)

0.60 (=0.74; 1.95)  0.92(=0.17; 1.98) GR 0.29 (—=0.29; 0.88)  0.20 (=0.53; 0.94)

0.31(=0.92; 1.53)  0.63 (=0.29; 1.53)  —0.29 (—0.88; NR —0.09 (=0.56;
0.29) 0.38)

0.40 (=0.73; 1.53)  0.72(=0.14; 1.55)  —0.20 (—0.94; 0.09 (—0.38;0.56) SR

0.53)

with Aggarwal et al. [46] that reported a reduced leak rate
in patients that underwent staple line oversewing. Notably,
no significant differences were found for the comparison SR
vs. GoR. This is similar to what reported by Albanopoulos
et al. [43] and Gentileschi et al. [45] that described similar
postoperative leak rates comparing staple line oversewing
and reinforcement with bioabsorbable reinforcement mate-
rial (Gore® Seamguard®). Interestingly, despite the lack of
statistically significant differences for the comparison GoR
vs. NR, the point estimation was below 1.00 thus possibly
suggesting a trend toward an improved clinical benefit for
GoR. This is in line with what reported by Gagner et al. in
a recent systematic review [13]. These results may be influ-
enced by the limited patient population in the GoR (n=107)
and CR (n=50) group. Therefore, these initial suggestions
should be considered with caution while future and further
analyses are needed to corroborate these preliminary find-
ings. The treatment ranking evaluation graded SR as the
surgical approach with the lowest probability to be ranked
as first treatment for high postoperative leak (21.3%) and
the global heterogeneity was 0.0%. However, it should be
considered that despite the low heterogeneity, several fac-
tors such as patient age, comorbid conditions, BMI, ASA
score, smoking status, smaller bougie size, distance of the
transection from the pylorus, hospital protocols, implemen-
tation of enhanced recovery after surgery protocols (ERAS),
and surgeons’ experience may constitute source of bias. The
included RCTs reported only data for bioabsorbable staple
line reinforcement (Gore® Seamguard®); therefore, further
RCT are required in the future to deeply assess the role of
other bioabsorbable reinforcement materials (i.e., bovine
pericardium) [13, 15].

Interestingly, SR was found to be associated with a
reduced risk of postoperative complications compared to
NR (RR=0.50; 95% CrI 0.30-0.88) while no differences
were found in the comparison with other treatments. This
is similar to what reported by Wang et al. [23]. This effect
may be driven by the reduced risk of postoperative bleeding
and staple line leak. The global heterogeneity was moderate
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(I’=26.4%); therefore, this result should be interpreted with
caution because possibly influenced by patients’ comor-
bidities, preoperative patients’ selection, BMI, antibiotic
therapy, ASA grade, smoke status, surgical technique, and
surgeon experience [68]. Finally, differently from Albanop-
oulos et al. [43] that reported higher rate of sleeve stenosis
after oversewing, we were not able to find significant differ-
ences in terms of sleeve stenosis, after SR. A longer opera-
tive time was found for SR vs. NR (WMD=16.2 min), SR vs.
GR (WMD=15.0 min), and SR vs. GoR (WMD=15.5 min).
This time prolongation seems reasonable and related to the
adjunctive procedure performed after gastric stapling. These
data are comparable with a previous study that concluded
that oversewing the staple line during LSG determines an
extra operative time of 14.4 min (range 8—18) [45, 69]. This
may influence overall costs because of the increased utiliza-
tion of materials and operative room occupation [64]. How-
ever, it should be considered that the reduced postoperative
bleeding and postoperative complications may mitigate the
initial expenses with ultimate global cost-effectiveness. A
dedicated cost analysis was not feasible in our study as the
majority of the included studies did not report financial data.
Therefore, further studies are required to deeply assess this
issue.

The surgeons’ performance with different levels of train-
ing and experience might have impact on patient outcomes
and can be a significant source of bias. It has been shown
that these operator-related factors are of outmost importance
for determining operative time, blood loss, and overall com-
plications. In the present meta-analysis, 11 studies do not
report specific data about the surgeon that performed the
procedure while 6 trials described the operating surgeons’
proficiency. The included RCT data were reported from
high-volume teaching hospitals; therefore, results should
be interpreted carefully and may not be applicable to small
non-teaching hospitals. Therefore, this meta-analysis also
intends to plea for further qualitative and standardized RCTs
to address the type of suture (absorbable vs. non absorbable),
the type of sewing (single suture vs. continuous, etc.), the
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role of other bioabsorbable reinforcement materials (i.e.,
bovine pericardium), and related costs.

To our knowledge, this is the first systematic review
and network analysis that includes all RCTs of this topic
that have been published up to date. Using network meta-
analytical techniques, we were able to globally synthesize
data from numerous studies and therefore rank the treat-
ments. The study was planned in agreements with PRISMA
guidelines, and followed a rigorous methodology that was
a priori stated in the PROSPERO protocol. This included
comprehensive outcome measures and the evaluation of
quality at study level (risk of bias) and confidence in results
at outcome level (CINeMA). The selection criteria led to a
homogenous population for the two primary outcomes, as
confirmed by low heterogeneity.

There are some limitations to the current analysis. First,
although transitivity assumption was met with no evidence of
statistically significant inconsistency in the network analysis,
the accuracy of our results can be tempered by differences in
operating surgeon proficiency with a possible confounding
effect on bleeding, leak rates, and postoperative complica-
tions. Second, even though only RCTs were included for
our analyses, the quality of evidence remained moderate, in
part, due to no blinding of patients and/or surgeons, limited
power in some trials, different methods for randomization,
and quality control. Specifically, the assessments of confi-
dence in the estimates using CINeMA show moderate to
very low confidence, essentially due to study limitation and
imprecision. Third, as surgeries were performed by expert
surgeons at high-volume referral centers, results may not be
generalizable. Fourth, there was no uniformity in the surgi-
cal technique with differences in the choice of the stapler,
staple cartridge, and bougie size depending on operating
surgeon preference. Fifth, definitions and outcomes report-
ing may be different among included studies; however, it
may be presumed that these disparities would be equally
distributed across treatment groups. Sixth, the number of
patients in the GoR and CR groups was limited. Lastly, effi-
cacy in terms of postoperative percentage excess weight loss
and co-morbidity resolution was not assessed because data
were lacking.

Conclusions

There are several technical methods for staple line reinforce-
ment during LSG. Compared to NR, SR seems to be associ-
ated with a reduced risk of postoperative bleeding, staple
line leak, and overall complications in spite of a reasonable
longer operative time. No significant differences were found
in terms of sleeve stricture, SSI, risk of reoperation, and
30-day mortality among all treatments. Data regarding GoR
and CR are still limited; therefore, further trials reporting

outcomes for these surgical techniques are necessary. As
the overall quality of included RCTs was narrow because
of issues regarding blinding, methods of randomization,
and operating surgeon proficiency, further well-designed
appropriate powered trials are warranted to corroborate our
findings.
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