
Research Article

Gennaro Martines, Giovanni Tomasicchio*, Arcangelo Picciariello, Rigers Dibra,
Giuseppe Trigiante, Giuliano Lantone, Donato Francesco Altomare

Staple line reinforcement with nebulized
cyanoacrylate glue in laparoscopic sleeve
gastrectomy: A propensity score-matched study

https://doi.org/10.1515/med-2022-0426
received October 23, 2021; accepted January 5, 2022

Abstract
Background ‒ A dreaded complication of laparoscopic
sleeve gastrectomy (LSG) is suture leak. The study aimed
to assess the efficacy of the nebulized comonomer Glubran
2® (N-butyl-cyanoacrylate + metacrylosysolfolane) applied
to the LSG staple line.
Methods ‒ A propensity-matched comparison analysis
was conducted in 125 patients undergoing LSG between
2017 and 2019. Groups included those treated with Glubran®

(group 1, n = 70) and those without Glubran® treatment
(group 2, n = 55).
Results ‒ There were differences in the mean body mass
index (44.4 vs 43 kg/m2; P < 0.05) between the groups.
There was a non-significant increase in the operative time
for group 1 compared with group 2 (97 ± 8 vs 93.8 ±
10.7 min; P = 0.07), with a greater amount of estimated

blood loss (94.5 mL vs 87.8; P < 0.01). There were more
severe complications in group 2 over group 1 cases (8 vs
0%; P < 0.05), although postoperative bleeding did not
differ between the two groups (1.4 vs 5.4%). There were
no postoperative leaks in group 1 patients, but there were
two leaks in group 2 cases with an increased length of
hospital stay in patients with a leak.
Conclusion ‒ Glubran® LSG support may reduce leak
risk without increasing operating time.

Keywords: laparoscopic sleeve gastrectomy, leak, suture
reinforcement, sealant

1 Introduction

Since 1975, worldwide obesity has tripled in incidence
affecting all age groups in a manner that has been
described as a global pandemic [1]. Over a decade ago,
global overweight and obesity have been estimated to be
responsible for 3.4 million deaths, 4% of years of life lost,
and nearly 4% of disability-adjusted life years [2], with
the expected rise in obesity in the United States projected
to cause a decline in the future population life expec-
tancy [3]. Although the management of obesity requires
a multidisciplinary approach that includes dietary and
lifestyle interventions, there are consensus indications
for bariatric surgery, which when indicated have proven
very effective in weight loss and weight maintenance
[4–6]. Currently, laparoscopic sleeve gastrectomy (LSG)
is one of the most common operations for morbid obesity
[7], proving relatively easy and quick to perform andmark-
edly less complex than other procedures such as Roux-en-Y
gastric bypass or biliopancreatic diversion [8,9]. Compared
with Roux-en-Y gastric bypass, LSG requires less operating
time and is accompanied by an easier learning curve and
has 50% fewer complications [10].

With LSG, staple line problems remain a concern
with reported leak rates ranging from 1.1 to 4.7% [11]
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and hemorrhage in up to 4% of the cases [12]. Both of
these serious complications are technique dependent and
are related to the degree of staple compression and the
appropriateness of staple height selection. In each case,
such a major perioperative complication has significant
implications for mortality, morbidity, and health care
costs [13]. There has been a considerable focus over the
last decade on the possible risk factors for complications
following an LSG, with particular emphasis on mechanisms
for reducing suture-line leaks. These approaches have included
varying the bougie size, altering the distance from the
pylorus, and a variety of different staple-line reinforce-
ment techniques [14]. Recently, the nebulized comonomer
cyanoacrylate (N-butyl-cyanoacrylate [NBCA] + metacry-
losysolfolane [MS], Glubran 2®, (GEM s.r.l. Viareggio [LU]–
Italy) has been proposed as a novel gastric suture reinforce-
ment material with Pilone et al. [15] demonstrating its
efficacy when Glubran® spray is combined with an omen-
topexy. This modified glue, which is widely used in surgery
and endoscopy, in particular, in the emergencymanagement
of patients with upper gastrointestinal bleeding, results in an
adhesive, hemostatic seal when nebulized and sprayed on
tissues, which also acts as an antiseptic barrier against the
most commons pathogenic agents [16]. We present a retro-
spective observational single-center study evaluating the effi-
cacy of a nebulized cyanoacrylate seal in LSG in a cohort of
morbidly obese patients, comparing these with the standard
procedure in a control group.

2 Materials and methods

A dedicated electronic database was prospectively main-
tained of obese patients undergoing LSE in a tertiary referral
center for bariatric management. The analysis examines
patients managed in the unit between January 2017 and
January 2019. Inclusion criteria were those patients over
18 years of age, with a body mass index (BMI) >40 or
>35 kg/m2 with at least one comorbid condition, such as
hypertension, dyslipidemia, or diabetes, who were con-
sidered medically fit for surgical intervention. Exclusion
criteria were those patients who had any intraoperative evi-
dence of a minor leak on testing, cases with other active
gastric disease or patients with either an uncontrolled med-
ical complaint, or an attendant psychiatric condition. These
inclusion and exclusion criteria were developed in accor-
dance with published international guidelines [17].

Patients were separated into two groups: group 1
managedwith Glubran® reinforcement and group 2, a con-
trol arm, where there was no staple-line reinforcement
used. All procedures were performed by the same surgeon.

Demographic data were collated including patient age, gender,
weight (kg), BMI (kg/m2), and comorbidity. Intraoperative para-
meters collected included the operative time, the esti-
mated intraoperative blood loss, and the open conversion
rate. Postoperative parameters registered included the length
of hospital stay (LOHS), the timing of removal of abdominal
drains, and the incidence of hospital readmission within 30
days. Postoperative complications were recorded in accor-
dance with the published Clavien–Dindo classification [18],
including staple-line leakage and/or gastric fistula, post-
operative hemorrhage, intra-abdominal sepsis/collection(s),
and cardiopulmonary problems.

Permission for the conduct of this retrospective ana-
lysis was provided by the local hospital Ethics Committee.
Informed consent was obtained from all individual partic-
ipants included in the study. All investigations complied
with the principles of the Declaration of Helsinki.

3 Surgical procedure

All patients provided informed consent for surgery after
thorough explanation and counseling of the benefit:risk
ratio. Under general anesthesia, patients were placed in a
modi-
fied lithotomy position with a 10° reverse Trendelenburg
tilt. Thromboprophylaxis was provided with elastic stock-
ings during surgery along with the administration of LMW
heparin, which was continued for 21 days postoperatively.
A 5-mm trocar method was used to establish pneumoperi-
toneumat 15mmHg. The omentumwas dissected away from
the great curvature of the stomach with an Harmonic
Scalpel® (EthiconEndo-surgery, LLC,Guayanabo,PR,USA),
beginning opposite the Crow’s foot (approximately 6 cm
proximal to the pylorus) and reaching as far as the angle of
His.Transectionof thestomachwasperformedusinga60mm
linear Echelon® stapler (Ethicon Endo-Surgery Cincinnati,
OH) with sequential firing in the antrum of a green (4.1mm
staple height open, 2mm closed) stapler cartridge, a yellow
(3.25 and 1.5mm) cartridge for the greater curvature, and a
blue (3.5 and 1mm) cartridge for the upper stomach.

To reduce the chances of intraoperative bleeding, we
allowed a period of 30 s to elapse between the time the
stapler was closed and when it was fired. Any staple-line
bleeding was managed with diathermy coagulation. A 38
Fr. gastric bougie was passed and positioned against the
lesser curvature to calibrate the final volume of stomach
after transection. A standard intraoperative leak test was
performed using methylene blue instilled via the bougie.
Nasogastric tubes were not used. A thin layer (1mL volume)
of nebulized Glubran 2® was applied with a laparoscopic
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nebulizer (GEM s.r.l. Via dei Campi, 2 –Viareggio, Italy) as a
reinforcement of the staple line in group 1 cases. A 19 Fr.
silicon drain (BLAKE ® Ethicon USA) was placed alongside
the staple line checking for the possibility of gastric rota-
tion or any sign of tension in the stomach remnant. A
Gastrografin® (Bayer S.p.A., Leverkusen, Germany) study
was routinely performed on the fifth postoperative day after
which a fluid oral diet was commenced if there was no
evidence of contrast leakage.

4 Statistical methods

Statistical analysis was performed with the SAS 9.1.3 (SAS
Institute Cary NC) software. Continuous parameters were
reported as frequencies, means ± standard deviation
(SD),whereappropriate.Categoricalvariableswere recorded
as numbers andpercentages. The statistical analysis to com-
pare the two groups was performed using the Student t-test
where indicated with the homogeneity of variance between
study groups verified with the F test. The Satterthwaite
approximation was used to determine effective degrees
of freedom in instances of unequal variance. Comparisons
of categorical variables were performed by the Chi-square
andFisher’s exact testwhere appropriate. Group 1 andgroup
2 caseswere not paired. As there were unequal sample sizes
andanonhomogeneousdistributionof gender,weight, and
BMI, propensity score matching was used to reduce the
biases inherent in the analysis [19]. Propensity scores were
calculated using a logistic regression model where age,
gender, weight, BMI, and the number of comorbidities
for each subject were the covariates and the treatment
(Glubran® or no Glubran®) was the dependent variable.
The Greedy data matching algorithm was used to produce
matched sampleswithbalanced covariates.Withinpropen-
sity scores, the Mahalanobis distance was used for correla-
tion as a measure of the distance between points in the
distribution. All P-values <0.05 were considered significant.

5 Results

There were 125 patients enrolled in the study (mean age:
42.6 years, min ÷max: 19 ÷ 64). Of these patients, 70 were
in group 1 with Glubran® reinforcement (mean age: 43.5
years, min ÷ max: 20 ÷ 64) and 55 had no reinforcement
and were in group 2 as controls (mean age: 41.4 years,
min ÷ max: 19 ÷ 60). In group 1, there were 58 (83%)
women and 12 (17%) men, whereas in group 2, there
were more women (52 women [95%] and 3 men [5%],
P < 0.05). Differences were noted between group 1 and

group 2 in mean weight (117.1 kg, min ÷ max: 90 ÷ 160 vs
110.3 kg, min ÷ max: 94 ÷ 130, respectively; P < 0.01) and
in mean BMI (44.4 kg/m2, min ÷max: 34 ÷ 60 vs 43 kg/m2,
min ÷max: 37 ÷ 50; P < 0.05). The demographic features of
the groups are shown in Table 1. The comorbidities of the
patient cohort are shown in Table 2 with a difference
between group 1 and group 2 in the incidence of diabetes
(36 vs 60%, respectively; P = 0.01) and in respiratory ail-
ments (69 vs 35% respectively, P = 0.003). There were no
differences evident between the groups in patients with no
comorbidities or with at least one comorbidity. All of the
procedures were performed laparoscopically without the
need for open conversion in any case.

The intraoperative data are summarized in Table 3. The
mean operative time was greater in group 1 cases when
compared with group 2 cases (97 ± 8 vs 93.8 ± 10.7min,
respectively; P = 0.07), although this did not reach signifi-
cance. There was a significantly greater amount of esti-
mated blood loss in group 1 patients when compared with
group 2 cases (94.5 ± 30 vs 87.8 ± 29.8mL, respectively;
P < 0.01). No intraoperative complications were recorded,
and there was no perioperative mortality. Table 4 shows the
list of postoperative complications according to Clavien–
Dindo grade. The percentage of patients with more severe

Table 1: Demographic features of group 1 and group 2 patients
(n = 125)

Parameter Statistic Glubran
(N = 70)

Control
(N = 55)

All subjects
(N = 125)

Age (years) Mean 43.5 41.4 42.6
Min ÷ max 20 ÷ 64 19 ÷ 60 19 ÷ 64
SD 10.6 10 10.3
^P 0.2755 N.S.
§P 0.6669 N.S.

Gender
Male N (%) 12 (17%) 3 (5%) 15 (12%)
Female N (%) 58 (83%) 52 (95%) 110 (88%)

P 0.0459 P < 0.05
Weight (kg) Mean 117.1 110.3 114.1

Min ÷ max 90 ÷ 160 94 ÷ 130 90 ÷ 160
SD 15.7 8.5 13.4
^P 0.0024 P < 0.01
§P <0.0001 P < 0.01

BMI (kg/m2) Mean 44.4 43 43.8
Min ÷ max 34 ÷ 60 37 ÷ 50 34 ÷ 60
SD 4.7 2.8 4.1
^P 0.0443 P < 0.05
§P 0.0002 P < 0.01

Notes: ^The P-value is based on the t-test with unequal variances
according to the Satterthwaite variation. § of F test significant
where P <0.05.
All other P-values are based upon t-testing with equal variances.
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complications was significantly higher in the group 2 cases
when compared with group 1 patients (9 vs 0%, respec-
tively; P < 0.05). Table 5 shows the specific complications
recorded in the groups. There were no differences recorded
between the two groups concerning the frequencies of
postoperative bleeding, intra-abdominal abscess, or cardio-
pulmonary complications. There were three (5.4%) of the
patients from group 1 and one (1.4%) of the patients from
group 2 who had postoperative bleeding with each success-
fully managed by conservative means and with no require-
ment, in any case, for transfusion. The intra-abdominal
abscesses in the group 2 caused by acute infection of blood
were successfully treated with surgical intervention under
local anesthesia. There were no postoperative leaks in the
Glubran®-treated group 1 patients, whereas there were two
leaks in the group 2 control cases. Three of these two leaks
were evident between the seventh and the eighth post-
operative days. All of the patients with a leak were success-
fully managed with laparoscopic peritoneal lavage and
insertion of a silicon drain to the subdiaphragmatic space.
Abdominal drains were removed on average at 7 days
in each group (P = 0.32) with no significant differences
noted between the groups in the median LOHS (group 1,
6.2 ± 0.7 days vs group 2, 8 ± 7 days; P = 0.07).

The Greedy data matching algorithm identified 49
pairs with the best matching for age, gender, weight,
BMI, and comorbidities. No significant differences were
found for any intraoperative or postoperative variable.
There were no differences between the groups in the
time to drain removal or in hospitalized days, but in
patients with a leak, the hospitalization was 10 days
longer than in those without a leak (median of 6 days).
The incidence of severe complications (Clavien–Dindo
grades III–IV) was significantly higher in group 2 patients.

Table 2: Comorbidities of the patient cohort

Parameter Category Statistic Glubran (N = 70) Control (N = 55) All subjects (N = 125)

Comorbidity None N (%) 11 (15.7) 8 (14.5) 19 (15.2)
At least one comorbidity N (%) 59 (84.3) 47 (85.5) 106 (84.8)

P-value* 0.8566 N.S.
Cardiovascular N (%) 42 (60.0) 30 (54.5) 72 (57.6)
Diabetes N (%) 25 (35.7) 33 (60.0) 58 (46.4)
Arthropathy N (%) 13 (18.6) 7 (12.7) 20 (16.0)
Respiratory N (%) 48 (68.6) 19 (34.5) 67 (53.6)

*Chi-square test.

Table 3: Intraoperative parameters

Parameter Glubran (N = 70) Control (N = 55) All subjects (N = 125)

Operative time (min) Mean 97.0 93.8 95.6
Min ÷ max 82 ÷ 117 80 ÷ 120 80 ÷ 120
S.D. 8.0 10.7 9.4
^P 0.0711 N.S.
§P 0.0203 P < 0.05

Estimated intraoperative Mean 94.5 79.3 87.8
Blood loss (mL) Min ÷ max 50 ÷ 150 50 ÷ 150 50 ÷ 150

SD 30 27.4 29.8
^P 0.0041 P < 0.01
§P 0.4941 N.S.

Notes: ^P-value is based on t-test with unequal variances (Satterthwaite approximation) §P < 0.05).
All other P-values are based on t-testing with equal variances.

Table 4: Postoperative complications according to grade

Group
1 (%)

Group
2 (%)

Total (%) P-value

No complication 63 (90) 48 (82.2) 111 (88.8) 0.037*
Grade I 5 (7.1) 0 (0) 5 (4) 0.066
Grade II 2 (2.9) 2 (3.6) 4 (3.2) 1
Grade III 0.034*
a 0 (0) 3 (5.4) 3 (2.4)
b 0 (0) 2 (3.6) 2 (1.6)

*Chi-square test. Complications were listed according to the
Clavien–Dindo classification [18].
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6 Discussion

We performed a propensity-matched analysis in patients
undergoing a LSG for morbid obesity, comparing patients
with or without Glubran® (GEM, s.r.l., Italy) reinforce-
ment of the gastric staple line. There were significantly
fewer Clavien–Dindo grade III/IV postoperative compli-
cations and fewer suture leaks in the treated group with a
substantial increase in the LOHS if a leak occurred. The
LSG procedure was initially introduced as a first-step in
super obese patients (BMI > 50) and as an alternative to
the more complex surgeries such as gastric bypass or
biliopancreatic diversion [5]. Over recent years, LSG has
gained worldwide popularity with a declaration in 2012
by the American Society for Metabolic and Bariatric Sur-
gery (ASMBS) that it was the acceptable primary bariatric
surgical option [20]. Since then, LSG is the most com-
monly performed low-risk surgical procedure, which con-
sistently provides durable weight loss and significant
improvements in medical comorbidities [21]. The position
of the ASMBS has recently been updated confirming the
value of LSG in obesity treatment [22] where, in compar-
ison with Roux-en-Y gastric bypass, the initial weight loss
appears similar as does the improvement in weight-related
comorbid conditions and hospital readmission rates, but
there were far fewer major postoperative complications [23].

A leak from a staple line remains the most important
and dangerous complication associated with LSG, resulting
in prolonged hospitalization, an impaired clinical outcome,
and increased health care costs [13,20,24]. Assessment of
the available literature shows a leak rate varying between
1.5 and 4.2% with a reported mortality of 9% among leak
patients overall [25]. Our reinforced leak rate is in keep-
ing with previously published studies [26], with the leaks
generally detectable by the fourth postoperative day. Intra-
operative methylene blue testing, however, was not uni-
formly predictive where Sethi et al. [27] have shown a
poor sensitivity but a high specificity of the test. Given the
low incidence of a leak, the overall clinical utility of such
intraoperative testing is questionable [28] particularly when
there has been a concern that the stress imposed on the

staple line during testing may actually contribute to weak-
ness [29]. Given that themajority of leaks occur several days
after surgery, most probably, as a result of tissue ischemia
or gastric wall hematomas, intraoperative testing might only
be of benefit in a staple misfire. Over time, there have been
improvements in surgical technique, which have reduced
leaks with less risk of thermal injury, better staple height
selection, choice of an adequate larger bougie size leading to
less risk of narrowing, routine takedown of the short gastric
vessels, and complete mobilization of the fundus [30].

Numerous studies have defined the risk factors asso-
ciated with leaks, identifying as significant predictive
markers: older age, male gender, preoperative sleep apnea,
the bougie size, the distance from the pylorus, the level of
surgical expertise and the type of staple line reinforcement
used [11,31,32]. Specifically concerning the issue of staple-
line buttressing, an expert international panel surveying
surgeons who had personally performed >1,000 cases com-
pared bariatric practice at two time points, 2011 and 2014
[21]. In both surveys, expert surgeons reported that buttress-
ing of staple lines was acceptable with a higher percentage
of acceptance in a larger number of surgeons questioned
in the later survey (77.3% of 23 surgeons questioned in 2011
vs 81.4% of 120 surgeons questioned in 2014; P < 0.001).
There is a consensus regarding the use of the appropriate
staple height for the different elements of the sleeve gas-
trectomy where a greater height is used for the antrum and
the thicker part of the stomach. There is, however, still
debate around the optimal technique for staple line rein-
forcement and the need to oversew, with different opinions
between identified experts and bariatric general surgeons
[20,33–35].

In a systematic review by Gagner and Kemmeter [13]
comparing five different staple-line reinforcement tech-
niques that included simple oversewing, tissue sealants,
bovine pericardial strips, and no reinforcement, there
was a significant reduction in leaks when an absorbable
polymer membrane was used. By contrast, in a prospec-
tive randomized study reported by Carandina et al. [34], no
benefit was evident from supplementing either an imbri-
cated or a nonimbricated running suture with fibrin glue.

Table 5: Specific postoperative complications

Glubran (N = 70) Control (N = 55) Total P-value (N = 125)

Postoperative hemorrhage (%) 1 (1.4) 3 (5.4) 4 (3.2) 0.319
Leak (%) 0 (0.0) 2 (3.6) 2 (1.6) 0.191
Intra-abdominal abscess (%) 0 (0.0) 3 (5.4) 3 (2.4) 0.082
Cardiopulmonary complication 2 (2.8) 3 (5.4) 5 (4) 0.653

P values are determined with the Chi-square test.
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In animal studies, buttressing results in a higher bursting
strength [36] with the material that is used as a bolster
capable of more evenly distributing the staple pressure
over a wider surface area [37]. Providing that the correct
staple heights have been selected for thicker tissues, but-
tressing will improve the staple compression [38]. The
expectation of a staple-line benefit depends upon the timing
of a leak following an LSG, where typically an ischemic
event occurs at 5–7 postoperative days, whereas leaks at
48 h are mechanical in nature. There would be an apparent
rationale for buttressing or other forms of staple-line rein-
forcement that are applicable to these earlier types of leak.
In this respect, the addition of Glubran® and its derivative
Glubran 2® (NBCA + MS), which both take advantage of
rapid polymerization upon contact with water and blood,
would appear to support this approach.

In vivo applications of cyanoacrylate evidenced an
excellent hemostatic and adhesive properties in bonding
biologic tissues and realized resistant glutting of tissues
without alteration of the elasticity and preserving its
integrity even in high tensile levels [39]. Furthermore, the
hemostatic effect could contribute to prevent the hematoma
formation on the staple line, and the nebulized form of the
sealant allows an even distribution, preventing delayed
bleeding and microperforation throughout the staple line.
All these properties could play a role in the reinforcement of
the staple line, reducing the risk of leak.

The use of a cyanoacrylate for specific use in LSG is a
logical translation from other surgical procedures [40] as
well as from successful use in the endoscopy room [41]
and the radiology suite [42].

Our study has several limitations. First, the retrospec-
tive design potentially leads to analytic bias, second, there
were only small numbers with unequal sample sizes, and
third, there was no comparison with other staple line rein-
forcement methods. A propensity-matched score analysis,
which obviated some of the analytical challenges, sug-
gests an advantage for nebulized Glubran® reinforcement
of the staple line in obese patients undergoing LSG in the
prevention of suture leaks. The addition of Glubran® did not
increase operative time and was not associated with post-
operative complications. A future prospective, multicenter
randomized controlled study that compares Glubran® with
other staple-line reinforcement techniques is indicated.

7 Conclusion

Since the LSG was first introduced, there has been a range
of techniques designed to reduce the dreaded complication

of a staple line leak. The present study adds to the available
literature suggesting that support with nebulized cyano-
acrylate (Glubran®) is preventative of leaks and can reduce
postoperative morbidity.

Funding information: No funding was received.

Author contributions: GM: conception and design of the
study, acquisition analysis and interpretation of data,
writing the paper, final approval of the version to be
published. GT: acquisition analysis and interpretation
of the data, writing the paper, final approval of the ver-
sion to be published. AP: acquisition analysis and inter-
pretation of the data, interpretation of the results, writing
the paper, final approval of the version to be published.
RD: acquisition analysis and interpretation of the data,
interpretation of the results, final approval of the version
to be published. GT: acquisition analysis and interpreta-
tion of the data, final approval of the version to be pub-
lished. GL: acquisition analysis and interpretation of the
data, final approval of the version to be published. Prof
DFA: acquisition analysis and interpretation of the data,
interpretation of the results, final approval of the version
to be published.

Conflict of interest: Giovanni Tomasicchio, Rigers Dibra,
Giuliano Lantone, Giuseppe Trigiante, Arcangelo Picciariello,
andDonato FrancescoAltomare have no conflicts of interest or
financial ties to disclose. Gennaro Martines serves as an Editor
in OM, but it has not impacted the peer-review process.

Data availability statement: The datasets generated during
and/or analyzed during the current study are available from
the corresponding author on reasonable request.

References

[1] Ng M, Fleming T, Robinson M, Thomson B, Graetz N,
Margono C, et al. Global, regional, and national prevalence of
overweight and obesity in children and adults during
1980–2013: a systematic analysis for the global burden of
disease study 2013. Lancet. 2014;384(9945):766–81.

[2] Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-
Rohani H, et al. A comparative risk assessment of burden of
disease and injury attributable to 67 risk factors and risk
factor clusters in 21 regions, 1990–2010: a systematic analysis
for the global burden of disease study 2010. Lancet.
2012;380(9859):2224–60.

[3] Olshansky SJ, Passaro DJ, Hershow RC, Layden J, Carnes BA,
Brody J, et al. A potential decline in life expectancy in the

202  Gennaro Martines et al.



United States in the 21st century. N Engl J Med.
2005;352(11):1138–45.

[4] Scheen AJ. Results of obesity treatment. Ann Endocrinol
(Paris). 2002;63(2 Pt 1):163–70.

[5] Wolfe BM, Kvach E, Eckel RH. Treatment of obesity: weight loss
and bariatric surgery. Circ Res. 2016;118(11):1844–55.

[6] Cayci HM, Erdogdu UE, Demirci H, Ardic A, Topak NY, Taymur I.
Effect of health literacy on help-seeking behavior in morbidly
obese patients agreeing to bariatric surgery. Obes Surg.
2018;28(3):791–7.

[7] Varela JE, Nguyen NT. Laparoscopic sleeve gastrectomy leads
the U.S. utilization of bariatric surgery at academic medical
centers. Surg Obes Relat Dis. 2015;11(5):987–90.

[8] Trastulli S, Desiderio J, Guarino S, Cirocchi R, Scalercio V,
Noya G, et al. Laparoscopic sleeve gastrectomy compared with
other bariatric surgical procedures: a systematic review of
randomized trials. Surg Obes Relat Dis. 2013;9(5):816–29.

[9] Shi X, Karmali S, Sharma AM, Birch DW. A review of laparo-
scopic sleeve gastrectomy for morbid obesity. Obes Surg.
2010;20(8):1171–7.

[10] Gero D, Raptis DA, Vleeschouwers W, van Veldhuisen SL,
Martin AS, Xiao Y, et al. Defining global benchmarks in bar-
iatric surgery: a retrospective multicenter analysis of mini-
mally invasive Roux-en-Y gastric bypass and sleeve gas-
trectomy. Ann Surg. 2019;270(5):859–67.

[11] Aurora AR, Khaitan L, Saber AA. Sleeve gastrectomy and the
risk of leak: a systematic analysis of 4,888 patients. Surg
Endosc. 2012;26(6):1509–15.

[12] Redmann JG, Lavin TE, French MS, Broussard TD, Lapointe-
Gagner M. Improving hemostasis in sleeve gastrectomy with
alternative stapler. JSLS. 2020;24(4).

[13] Gagner M, Kemmeter P. Comparison of laparoscopic sleeve
gastrectomy leak rates in five staple-line reinforcement
options: a systematic review. Surg Endosc.
2020;34(1):396–407.

[14] Berger ER, Clements RH, Morton JM, Huffman KM, Wolfe BM,
Nguyen NT, et al. The Impact of different surgical techniques
on outcomes in laparoscopic sleeve gastrectomies: the first
report from the metabolic and bariatric surgery accreditation
and quality improvement program (MBSAQIP). Ann Surg.
2016;264(3):464–73.

[15] Pilone V, Tramontano S, Renzulli M, Romano M, Monda A,
Albanese A, et al. Omentopexy with Glubran(R)2 for reducing
complications after laparoscopic sleeve gastrectomy: results of
a randomized controlled study. BMC Surg. 2019;19(Suppl 1):56.

[16] Grassia R, Capone P, Iiritano E, Vjero K, Cereatti F,
Martinotti M, et al. Non-variceal upper gastrointestinal
bleeding: Rescue treatment with a modified cyanoacrylate.
World J Gastroenterol. 2016;22(48):10609–16.

[17] Fried M, Yumuk V, Oppert JM, Scopinaro N, Torres A, Weiner R,
et al. Interdisciplinary European guidelines on metabolic and
bariatric surgery. Obes Surg. 2014;24(1):42–55.

[18] Clavien PA, Barkun J, de Oliveira ML, Vauthey JN, Dindo D,
Schulick RD, et al. The Clavien-Dindo classification of surgical
complications: five-year experience. Ann Surg.
2009;250(2):187–96.

[19] Haukoos JS, Lewis RJ. The propensity score. JAMA.
2015;314(15):1637–8.

[20] Rosenthal RJ, International Sleeve Gastrectomy Expert Panel,
Diaz AA, Arvidsson D, Baker RS, Basso N, et al. International

sleeve gastrectomy expert panel consensus statement: best
practice guidelines based on experience of >12,000 cases.
Surg Obes Relat Dis. 2012;8(1):8–19.

[21] Gagner M, Hutchinson C, Rosenthal R. Fifth international
consensus conference: current status of sleeve gastrectomy.
Surg Obes Relat Dis. 2016;12(4):750–6.

[22] Ali M, El Chaar M, Ghiassi S, Rogers AM, American Society for
M, Bariatric Surgery Clinical Issues C. American society for
metabolic and bariatric surgery updated position statement on
sleeve gastrectomy as a bariatric procedure. Surg Obes Relat
Dis. 2017;13(10):1652–7.

[23] Li JF, Lai DD, Lin ZH, Jiang TY, Zhang AM, Dai JF. Comparison of
the long-term results of Roux-en-Y gastric bypass and sleeve
gastrectomy for morbid obesity: a systematic review and meta-
analysis of randomized and nonrandomized trials. Surg
Laparosc Endosc Percutan Tech. 2014;24(1):1–11.

[24] Parikh M, Issa R, McCrillis A, Saunders JK, Ude-Welcome A,
Gagner M. Surgical strategies that may decrease leak after
laparoscopic sleeve gastrectomy: a systematic review and
meta-analysis of 9991 cases. Ann Surg. 2013;257(2):231–7.

[25] Al Zoubi M, Khidir N, Bashah M. Challenges in the diagnosis of
leak after sleeve gastrectomy: clinical presentation, labora-
tory, and radiological findings. Obes Surg. 2021;31(2):612–6.

[26] Sakran N, Goitein D, Raziel A, Keidar A, Beglaibter N,
Grinbaum R, et al. Gastric leaks after sleeve gastrectomy: a
multicenter experience with 2,834 patients. Surg Endosc.
2013;27(1):240–5.

[27] Sethi M, Zagzag J, Patel K, Magrath M, Somoza E, Parikh MS,
et al. Intraoperative leak testing has no correlation with leak
after laparoscopic sleeve gastrectomy. Surg Endosc.
2016;30(3):883–91.

[28] Bingham J, Lallemand M, Barron M, Kuckelman J, Carter P, Blair K,
et al. Routine intraoperative leak testing for sleeve gastrectomy: is
the leak test full of hot air? Am J Surg. 2016;211(5):943–7.

[29] Causey MW, Fitzpatrick E, Carter P. Pressure tolerance of newly
constructed staple lines in sleeve gastrectomy and duodenal
switch. Am J Surg. 2013;205(5):571–4; discussion 4–5.

[30] Varban OA, Sheetz KH, Cassidy RB, Stricklen A, Carlin AM,
Dimick JB, et al. Evaluating the effect of operative technique on
leaks after laparoscopic sleeve gastrectomy: a case-control
study. Surg Obes Relat Dis. 2017;13(4):560–7.

[31] Birkmeyer JD, Finks JF, O’Reilly A, Oerline M, Carlin AM,
Nunn AR, et al. Surgical skill and complication rates after
bariatric surgery. N Engl J Med. 2013;369(15):1434–42.

[32] Cesana G, Cioffi S, Giorgi R, Villa R, Uccelli M, Ciccarese F,
et al. Proximal leakage after laparoscopic sleeve gastrectomy:
an analysis of preoperative and operative predictors on 1738
consecutive procedures. Obes Surg. 2018;28(3):627–35.

[33] Chen B, Kiriakopoulos A, Tsakayannis D, Wachtel MS, Linos D,
Frezza EE. Reinforcement does not necessarily reduce the rate
of staple line leaks after sleeve gastrectomy. A review of the
literatureandclinical experiences.ObesSurg. 2009;19(2):166–72.

[34] Carandina S, Tabbara M, Bossi M, Valenti A, Polliand C,
Genser L, et al. Staple line reinforcement during laparoscopic
sleeve gastrectomy: absorbable monofilament, barbed suture,
fibrin glue, or nothing? results of a prospective randomized
study. J Gastrointest Surg. 2016;20(2):361–6.

[35] Coskun H, Yardimci E. Effects and results of fibrin sealant use
in 1000 laparoscopic sleeve gastrectomy cases. Surg Endosc.
2017;31(5):2174–9.

Cyanoacrylate glue in sleeve gastrectomy  203



[36] Arnold W, Shikora SA. A comparison of burst pressure between
buttressed versus non-buttressed staple-lines in an animal
model. Obes Surg. 2005;15(2):164–71.

[37] Baker RS, Foote J, Kemmeter P, Brady R, Vroegop T, Serveld M.
The science of stapling and leaks. Obes Surg.
2004;14(10):1290–8.

[38] van Rutte PW, Naagen BJ, Spek M, Jakimowicz JJ, Nienhuijs SW.
Gastric wall thickness in sleeve gastrectomy patients: thick-
ness variation of the gastric wall. Surg Technol Int.
2015;27:123–8.

[39] Kull S, Martinelli I, Briganti E, Losi P, Spiller D, Tonlorenzi S,
et al. Glubran2 surgical glue: in vitro evaluation of
adhesive and mechanical properties. J Surg Res.
2009;157(1):e15–21.

[40] Kukleta JF, Freytag C, Weber M. Efficiency and safety of mesh
fixation in laparoscopic inguinal hernia repair using n-butyl
cyanoacrylate: long-term biocompatibility in over 1,300 mesh
fixations. Hernia. 2012;16(2):153–62.

[41] Martines G, Picciariello A, Dibra R, Trigiante G, Jambrenghi OC,
Chetta N, et al. Efficacy of cyanoacrylate in the prevention of
delayed bleeding after endoscopic mucosal resection of large
colorectal polyps: a pilot study. Int J Colorectal Dis.
2020;35(11):2141–4.

[42] Li ZR, Jiang ZB, Huang MS, Zhu KS, Wang Q, Shan H.
Transvenous embolization of cavernous sinus dural arteriove-
nous fistulas using detachable coils and Glubran 2 acrylic glue
via the inferior petrosal sinus approach. Eur Radiol.
2010;20(12):2939–47.

204  Gennaro Martines et al.


	1 Introduction
	2 Materials and methods
	3 Surgical procedure
	4 Statistical methods
	5 Results
	6 Discussion
	7 Conclusion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


