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Abstract
Background Anastomotic leakage (AL) is the most frequent life-threating complication following colorectal surgery. Several 
attempts have been made to prevent AL. This prospective, randomized, multicentre trial aimed to evaluate the safety and 
efficacy of nebulised modified cyanoacrylate in preventing AL after rectal surgery.
Methods Patients submitted to colorectal surgery for carcinoma of the high-medium rectum across five high-volume centres 
between June 2021 and January 2023 entered the study and were randomized into group A (anastomotic reinforcement with 
cyanoacrylate) and group B (no reinforcement) and followed up for 30 days. Anastomotic reinforcement was performed via 
nebulisation of 1 mL of a modified cyanoacrylate glue. Preoperative features and intraoperative and postoperative results 
were recorded and compared. The study was registered at ClinicalTrials.gov (ID number NCT03941938).
Results Out of 152 patients, 133 (control group, n = 72; cyanoacrylate group, n = 61) completed the follow-up. ALs were 
detected in nine patients (12.5%) in the control group (four grade B and five grade C) and in four patients (6.6%), in the 
cyanoacrylate group (three grade B and one grade C); however, despite this trend, the differences were not statistically sig-
nificant (p = 0.36). However, Clavien–Dindo complications grade > 2 were significantly higher in the control group (12.5% 
vs. 3.3%, p = 0.04). No adverse effects related to the glue application were reported.
Conclusion The role of modified cyanoacrylate application in AL prevention remains unclear. However its use to seal colo-
rectal anastomoses is safe and could help to reduce severe postoperative complications.
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Introduction

Managing anastomotic leakage (AL) remains challeng-
ing for colorectal surgeons. The incidence of AL is esti-
mated to be 2–4% following colon cancer resection [1] 
and 10–20% after rectal anastomosis [2]. AL consider-
ably affects clinical outcomes with an increased risk of 
permanent stoma, urinary, defaecatory, and sexual dys-
function, thereby increasing health care expenditure [3, 
4]. Moreover, AL increases the risk of local recurrence 
and decreases overall survival by delaying the initiation 
of adjuvant cancer treatments [5, 6].

The aetiology of AL is complex and multifactorial. 
Many preoperative risk factors [7], including patient-
related factors (such as sex, malnutrition, obesity, Ameri-
can Society of Anesthesiologists (ASA) score, smoking 
history, cardiovascular disease, nonsteroidal anti-inflam-
matory drugs usage, neoadjuvant chemoradiotherapy, age, 
altered gut microbiota), cancer-related factors (stage, dis-
tance from the anal verge), and surgeon-related factors [8, 
9], such as the surgeon’s expertise and experience, type 
of anastomosis, and use of faecal diversion by temporary 
stoma, are implicated [10, 11].

Therefore, adopting preventive measures is highly 
recommended. Although patient- and cancer-related risk 
factors cannot be modified, several intraoperative proce-
dures have been implemented to prevent this serious com-
plication, such as indocyanine green injection to assess 
adequate perfusion of the distal colon, reinforcement of 
the anastomosis by additional manual stitches and/or col-
lagen patches or sealants, and suture protection with an 
omental flap [12–16].

Among the possible options to reinforce and protect 
anastomosis, cyanoacrylate glue application has sig-
nificantly reduced AL in colon anastomosis in a porcine 
model [17–20] and prevents suture leakage after sleeve 
gastrectomy [21]. Furthermore, cyanoacrylate is widely 
used in endoscopy for the emergency management of 
patients with upper gastrointestinal bleeding because of 
its adhesive and haemostatic seal when nebulised and 
sprayed on injured tissues [22]. Furthermore, the sealing 
effect creates an antiseptic barrier against bacteria [23]. 
The application of cyanoacrylate glue in vascular surgery 
[24], urology [25], and bariatric surgery [21] has been 
previously described.

Considering its mechanical, physical, and biological 
properties and safety, cyanoacrylate glue can facilitate the 
healing of colorectal anastomoses and reduce the AL rate, 
as demonstrated in experimental and uncontrolled clinical 
studies [26].

The distance of the anastomosis from the anal verge 
is a well-recognised risk factor for AL; therefore, low/

ultralow anastomosis is generally protected by a covering 
ileostomy, whereas anastomoses performed on the intra-
peritoneal tracts of the colon and rectum are considered to 
have a low AL risk. Therefore, using a covering stoma to 
protect the surgical anastomosis involving the upper part 
of the rectum remains ambiguous, and is often left to the 
discretion of the surgeon.

This prospective, randomized, multicentre trial aimed to 
evaluate the role of a nebulised modified cyanoacrylate in 
preventing AL in colorectal surgery.

Patients and methods

A prospective, multicentre, parallel-arm, randomized, con-
trolled superiority trial was conducted between June 2021 
and January 2023 across five high-volume tertiary referral 
centres for colorectal surgery. A power analysis was con-
ducted to determine the number of patients enrolled in each 
study arm. The study protocol was approved by all local 
ethics committees in accordance with the Declaration of 
Helsinki and registered at ClinicalTrials.gov (ID number 
NCT03941938).

This study included consecutive patients diagnosed 
with histologically confirmed primary adenocarcinoma of 
the high-medium rectum without internal and/or external 
sphincter muscle involvement, with a distal margin of the 
tumour at least 8 cm from the anal verge, stage T2–T4 on 
magnetic resonance imaging (MRI) before neoadjuvant 
chemoradiation. Patients with squamous cell carcinoma, 
stage T1 or T4 adenocarcinoma with pelvic side wall 
involvement or requiring sacrectomy or prostatectomy (par-
tial or total), unresectable primary rectal cancer or inability 
to complete R0 resection, rectal cancer less than 8 cm from 
the anal verge requiring coloanal or ultra-low rectal anasto-
mosis, recurrent rectal cancer, previous pelvic malignancy, 
inability to return for postoperative follow-up, and inability 
to sign informed consent were excluded. Preoperative colo-
noscopy of the entire colon, computed tomography (CT) 
scan staging, and preoperative tumour and nodal staging 
using MRI and/or endorectal ultrasonography were per-
formed for all participants. Surgery was performed within 
8–12 weeks (56–84 days) after the completion of neoad-
juvant therapy, when indicated. All patients were fully 
informed about the study, and informed consent for inclusion 
in the study was obtained. The participants were informed 
of their right to withdraw from the study or refuse initial 
enrolment at any point.

Randomization

Computer-generated randomization was used to create an 
allocation sequence to assign patients to different study 
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arms. Randomization was centrally controlled by an operator 
who was not involved in the study. Patients were randomized 
only after the completion of neoadjuvant chemotherapy 
(when indicated) and before surgery. Patients randomized 
to the cyanoacrylate glue arm received anastomotic rein-
forcement with nebulised modified cyanoacrylate glue, 
whereas no anastomotic reinforcement was used in the con-
trol group. The modified cyanoacrylate used to reinforce the 
anastomosis is Glubran®2 (GEM S.r.l., Viareggio, Italy), 
a synthetic surgical biodegradable cyanoacrylate-based 
glue (NBCA + MS), modified by the addition of a mono-
mer metacryloxysulfolane (MS) into n-butyl-cyanoacrylate 
(NBCA). As part of the educational intervention, all sur-
geons underwent training using a video demonstrating 
the surgical technique for the application of nebulised 
NBCA + MS.

Operative protocol

Patient preparation for surgery followed the general rules 
for Good Clinical Practice. Mechanical bowel preparation 
using an orally administered polyethylene glycol solution 
was performed in all patients, and antibiotic and antithrom-
botic prophylaxis were started immediately before surgery. 
The patients were placed in the lithotomy position for the 
abdominal and perineal procedures. Abdominal procedures 
(open or laparoscopic) were performed according to the 
oncological guidelines, including total mesorectal exci-
sion with adequate lymph node retrieval and at least 1 cm 
of distal clearance with an end-to-end or latero-terminal 
Knight–Griffen anastomosis. A pneumohydraulic test was 
performed to check for AL, and additional sutures were 
applied in positive tests. In patients randomized for the 
anastomotic reinforcement, the modified cyanoacrylate-
based glue (NBCA + MS) was then nebulised all around the 
anastomosis for 2–3 s using the related special catheters for 
open or laparoscopic surgery.

Following the enhanced recovery after surgery protocol 
[27], the nasogastric tube was removed in the operating 
room after surgery completion, and the urinary catheter was 
removed within 72 h for rectal resection. Early mobilisation 
was strongly encouraged in all patients on the first postop-
erative day. Patients were allowed to drink clear liquids in 
the postoperative period once awake and were able to drink 
safely.

Postoperative management

Postoperative care was provided in accordance with the cur-
rent standards directed by the operative surgeon. Narcotics 
or analgesics for pain were initially administered through 
the parenteral route (intramuscular, intravenous, or epi-
dural), followed by oral administration when the patient 

resumed oral intake. Oral intake was allowed according to 
the patients’ tolerance. The patients returned to the ambula-
tory clinic for postoperative follow-up after 30 days. During 
follow-up, the postoperative data were recorded, and proc-
tography was performed by transanal injection of 100 mL 
of hydro-soluble contrast medium (Gastrografin, sodium 
amidotrizoate and meglumine amidotrizoate, Bayer S.p.A.) 
to check the integrity of the anastomosis. AL was graded 
according to the classification system developed by Rahbari 
et al. Patients who did not attend the follow-up were con-
tacted by a research nurse by phone or email, where avail-
able, to ascertain whether the patient had experienced any 
complications and/or adverse events treated in other hospi-
tals. Patients unavailable for postoperative evaluation were 
considered lost to follow-up.

Outcomes measures

Demographic data (age, sex, weight, BMI (kg/m2), ASA 
classification, smoking status, and comorbidities) and intra-
operative data (type of operative approach, operative time, 
type of anastomosis, and sutures) were recorded. Postopera-
tive complications were classified in accordance with the 
Clavien–Dindo classification [28] and recorded along with 
the length of in-hospital postoperative days, 30-day read-
mission rate, and death. AL was defined as a defect in the 
intestinal wall integrity at the colorectal anastomotic site, 
leading to communication between the intra- and extralumi-
nal compartments [29], with the presence of faecal discharge 
from the pelvic drainage at any time after surgery, rectovagi-
nal fistula (defined as faecal or mucus discharge from the 
vagina), and pelvic sepsis (defined by the collection of pus/
faecal material in the pelvis documented by a CT scan). ALs 
were classified according to the Rahbari et al. classification: 
grade A, AL requiring no active therapeutic intervention; 
grade B, AL requiring active therapeutic intervention but 
manageable without relaparotomy; and grade C, AL requir-
ing re-laparotomy [29].

Statistical analysis

Sample size determination

The expected mean percentage of AL after rectal cancer 
is 16%, and a reduction to 10% was considered clinically 
significant. The sample size calculation determined that 67 
patients per arm was sufficient to reject the null hypothesis 
with a power of 0.8 and a type I error probability of 0.05, 
with a confidence level of 95% (sample size calculated by 
R Studio Version 1.1.419,  ©2009–2018 RStudio, Inc.). To 
account for a predicted 5% estimated loss to follow-up, the 
sample size was calculated as 138 (134 + 4).
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Statistical methods

All statistical analyses were performed in an intention-to-
treat manner. No interim analyses were planned. A P value 
of 0.05 indicated statistical significance. Student’s t  test 
was used to provide an unadjusted estimate of the differ-
ence between treatment arms. Analysis of covariance, a 
more robust method that allows the control of key differ-
ences in baseline characteristics, was used to enable adjusted 
comparisons.

Similar to the primary outcome, continuous secondary 
outcomes (such as safety and efficacy) were modelled using 
t tests and analysis of covariance. The relationship between 
AL and other possible adverse factors was evaluated using 
univariate and multivariate regression analyses. When the 
complete case analysis excluded more than 5% of patients 
owing to missing data, exploratory analyses were performed 
to investigate the effect of missing data. To explore the 
mechanism of missing data and the validity of a complete 
case analysis for each endpoint, patient characteristics were 
compared between those with and without missing data, and 
multilevel logistic regression models were used to identify 
any associations between prognostic variables and determine 
if data were missing at random. The prognostic effect of each 
baseline parameter on AL outcomes (present/absent) was 
analysed using logistic regression. All parameters were ana-
lysed individually using logistic regression, and parameters 
with a probability level less than 0.1 were selected for analy-
sis using stepwise multivariable regression. A polychoto-
mous stepwise logistic regression model was used to cor-
relate prognostic factors with Clavien–Dindo classification 

grades. Multilevel logistic regression was used to estimate 
the odds ratios (ORs) for conversion to laparotomy, intra-
operative complications, and postoperative complications 
between the treatment groups.

Results

This study included 152 patients with primary adenocar-
cinoma of the high-medium rectum who were randomized 
into two arms. Following the completion of 30-day postop-
erative follow-up by 133 patients (Fig. 1), 72 and 61 were 
randomized into the control (median age 68, interquartile 
range [IQR] 58–76.5; 34.7% women) and the anastomotic 
reinforcement groups (median age 72, IQR 61–77; 47.5% 
women), respectively. No statistically significant differ-
ences in baseline characteristics were observed between 
the two groups (Table 1). However, the operative approach 
significantly differed between the two groups; 53 patients 
(86.9%) in the anastomotic reinforcement group underwent 
a laparoscopic approach compared to 51 patients (70.8%) 
in the control group (p = 0.0255). Moreover, the operative 
time was significantly longer in the control group than in the 
anastomotic reinforcement group (180 min, IQR 150–240 
vs. 160, IQR 135–180, respectively; p = 0.0129). No conver-
sion to laparotomy was reported in patients who had lapa-
roscopic intervention. The end-to-end anastomosis was the 
most frequent type of anastomosis performed in both groups 
(65.3% vs. 78.7%), without statistical difference (p = 0.088). 
Only two patients (1.5%) in the control group had a hand-
sewn anastomosis. Only three patients received neoadjuvant 

Fig. 1  CONSORT diagram 
of patients in the control and 
cyanoacrylate groups

Eligible pa�etns (n=152)

Control Group (n=83) Cyanoacrylate group (n=69)

Analysed (n=72) Analysed (n=61)

Lost to follow-up 
(n=11)

Lost to follow-up 
(n=8)
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radiochemotherapy (one in the Glubran group and two in the 
controls), and none of them had AL.

Linear Contour or Echelon staplers (Ethicon, J&J) were 
used to close the rectal stump in case of open or laparo-
scopic approach, respectively, whereas 28 or 31 mm circular 
staplers from Covidien or Ethicon Endosurgery were used 
according to the size of the sigmoid lumen and the device 
availability in the different hospitals.

The air leak test was positive in one patient (1.4%) in the 
control group and five patients (8.2%) in the anastomotic 
reinforcement group (p = 0.059), and all patients had hand 
suture reinforcement.

A protocol deviation with a temporary protective ileos-
tomy was performed in five (6.9%) and six (9.8%) patients 
in the control and anastomotic reinforcement groups, respec-
tively, with no statistically significant difference (p = 0.54). 
No significant difference was observed in the duration of in-
hospital stays between the two groups (7.5 days, IQR 6–10 
vs. 7 days, IQR 6–9; p = 0.23). Clavien–Dindo complications 
(grade > 2) were significantly higher in the control group 
(9 [12.5%] vs. 2 [3.3%]; p = 0.04) (Fig. 2). Four patients 
in the control group had Clavien–Dindo grade 3 compli-
cations; one had grade 3A, and three had grade 3B, while 
only one patient in the cyanoacrylate group had grade 3B, 
which required intervention under general anaesthesia. Fatal 
complications requiring intensive care unit management 
were reported in two patients in the control group, one with 
single-organ failure (grade 4A) and one with multi-organ 
failure (grade 4B). None of the patients in the anastomotic 
reinforcement group experienced grade 4 complications. 
Mortality due to postoperative complications was reported 
in one patient in both groups (grade 5).

ALs were observed in nine patients (12.5%): four grade B 
and five grade C in the control group vs. four patients (6.6%), 
three grade B and one grade C in the anastomotic reinforce-
ment group; however, this difference was not statistically 
significant (p = 0.36). No adverse effects due to the applica-
tion of nebulised NBCA + MS around the colorectal anas-
tomosis were reported. No significant differences in 30-day 
readmission and postoperative death rates were observed 
between the groups (Table 2).

None of the parameters analysed using logistic regression 
and/or stepwise multivariate regression were statistically 
significant for AL. Among them, heart disease increased the 
risk of leakage by 2.89 times (OR 2.89; 95% CI 0.84–9.89), 
which was not statistically significant (p = 0.091).

Table 1  Baseline characteristics of patients in the control and 
cyanoacrylate groups

Control
n = 72

Cyanoacrylate
n = 61

p value

Age (years) 68 (58–76.5) 72 (61–77) 0.30
Sex
 Female 25 (34.7%) 29 (47.5%) 0.13
 Male 47 (65.3%) 32 (52.5%)

BMI (kg/m2) 27 (24.4–30) 26 (23.5–28.7) 0.07
Comorbidities
 Smoker 11 (15.3%) 17 (27.9%) 0.07
 Cardiopathy 15 (20.8%) 14 (23%) 0.76
 Hypertension 42 (58.3%) 13 (18.1%) 0.29
 Diabetes 30 (49.2) 12 (19.7%) 0.81

ASA
 I 2 (2.8%) 3 (4.9%) 0.83
 II 46 (63.9%) 41 (67.2%)
 III 23 (31.9%) 16 (26.2%)
 IV 1 (1.4%) 1 (1.6%)

Fig. 2  Clavien–Dindo grade 
and comparison of control and 
cyanoacrylate groups
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Concerning the Clavien–Dindo grade > 1 complica-
tions, patients with higher ASA scores (> 2) are at signifi-
cantly increased risk (three times higher) of developing 
complications (OR 3.35, 95% CI 1.37–8.18) than those in 
the control group (p < 0.01).

The risk of developing Clavien–Dindo grade > 1 com-
plications was lower in women than in men (OR 0.41, 95% 
CI 0.15–1.08). Moreover, two patients who had undergone 
hand-sewn anastomosis experienced five times higher risk 
than those who underwent stapler procedures to develop 
Clavien–Dindo complications grade > 1 (OR 8.7, 95% CI 
0.64–119); however, the difference for both parameters 
was not statistically significant.

Discussion

Anastomotic leakage remains the most fatal postopera-
tive complication in colorectal surgery. Several sealants 
and tissue adhesives have been investigated in animal 
and human models to limit the incidence of AL [30]. 
NBCA + MS, classified by the manufacturer as a class III 
medical device, possesses haemostatic and adhesive 
features [31]. Upon solidification, it forms an antiseptic 
barrier in surgical settings [32]. When NBCA + MS glue 
comes into contact with vital tissue, it creates an elastic 
layer with high tensile strength [31], ensuring firm adhe-
sion conforming to the anatomy of tissue [23].

Since its introduction, cyanoacrylate has gained consid-
erable attention as an anastomotic sealant in colorectal sur-
gery, with controversial results [33–35]. Most studies were 
animal experiments that reported positive outcomes. Few 
clinical studies have been conducted on patients undergo-
ing bowel anastomosis. D’Amore et al. conducted a single-
centre retrospective, uncontrolled study to assess the safety 
of Glubran®2 for colorectal anastomosis in humans [36]. 
Their findings revealed AL in only one patient (0.9%), 
a rate which was lower than that observed in our study. 
However, they included patients with histological diag-
noses of cancer in all possible colorectal locations, and 
different types of surgical procedures, and lacked a control 
group for comparison.

To our knowledge, this study is the first randomized 
controlled multicentre study investigating the efficacy of 
nebulised NBCA + MS in preventing colorectal AL. Our 
findings indicate that only 6.6% of the patients treated with 
this glue developed AL, compared to 12.5% in the con-
trol group; however, the difference was not statistically 
significant, suggesting the possibility of a type II error 
in the sample size calculation. However, the incidence of 
Clavien–Dindo complications (grade > 2) was significantly 
lower in the cyanoacrylate group (p = 0.04). Consistent 
with previous studies [26, 36], no adverse reactions to 
the modified cyanoacrylate were recorded in our patient 
cohort, highlighting its safety as an anastomotic sealant 
in clinical settings.

The effectiveness of other biological sealants in pre-
venting AL has been evaluated in clinical settings, and 
most studies reported a decreased AL rate in their inter-
vention group, suggesting a beneficial effect on colorectal 
anastomosis healing [26]. However, only Lago Oliver et al. 
[37], in a randomized, single-blind, parallel study, found 
a statistically significant difference (18.8% vs. 52.5%, 
p = 0.039) using fibrin-based biological adhesive (Tissu-
col Duo®, Baxter AG, Vienna, Austria) in patients who 
underwent rectal resection. However, the high incidence 
of AL reported in their small sample size compared to that 

Table 2  Operative and postoperative data of patients in the control 
and cyanoacrylate groups

a According to Rahbari et al.’s classification [29]

Control
n = 72

Cyanoacrylate
n = 61

p value

Operative approach
 Open 21 (29.2%) 8 (13.1%) 0.025
 Laparoscopy 51 (70.8%) 53 (86.9%)

Type of anastomosis
 LT 25 (34.7%) 13 (21.3%) 0.088
 TT 47 (65.3%) 48 (78.7%)

Temporary ileostomy
 Yes 5 (6.9%) 6 (9.8%) 0.54
 No 67 (93.1%) 55 (90.2%)

Type of suture
 Hand 2 (2.8%) 0 0.189
 Stapler 70 (97.2%) 61 (100%)

Air leak test
 Positive 1 (1.4%) 5 (8.2%) 0.06
 Negative 71 (98.6%) 56 (91.8%)

Postoperative stay (days) 7.5 (6–10) 7 (6–9) 0.23
Anastomotic leak  gradea

 B 4 (5.5%) 3 (5%) 0.22
 C 5 (7%) 1 (1.6%)

Clavien–Dindo
 0 0 2 (3.3%) 0.04
 1 51 (70.9%) 50 (82%)
 2 12 (16.6%) 7 (11.5%)
 > 2 9 (12.5%) 2 (3.3%)

Readmission at 30 days
 Yes 2 (2.8%) 1 (1.6%) 0.65
 No 70 (97.2%) 60 (98.4%)

Postoperative death
 Yes 1 (1.4%) 1 (1.6%) 0.9
 No 71 (98.6%) 60 (98.4%
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in the literature may have influenced the outcome of their 
statistical analysis. Furthermore, Valsamidis et al. [26] 
in their systematic review emphasised that variations in 
defining, identifying, and detecting AL between studies 
introduce heterogeneity that undermines the reliability of 
the results. To overcome this limitation, our study adopted 
the Rahbari et al. classification for AL and used a widely 
accepted classification of postoperative complications 
such as the Clavien–Dindo classification [26]. Shamiyeh 
et al. [38] reported a complication rate of 5.7% classified 
as Clavien–Dindo III/IV using Obsidian ASG® autolo-
gous platelet-rich fibrin matrix. However, that study did 
not include controls.

Our study had certain limitations. First, the low statistical 
power (0.80) and the risk of type II error for the relatively 
low number of patients recruited, although this is counter-
balanced by stringent eligibility criteria. Moreover, protocol 
deviations occurred in 11 patients who underwent a tempo-
rary protective ileostomy at the discretion of the surgeon. 
Furthermore, the short-term follow-up cannot account for 
any long-term oncological outcomes caused by sealants.

Conclusions

The application of the modified cyanoacrylate to seal colo-
rectal anastomoses could be considered safe and could con-
tribute to reducing severe postoperative complications; how-
ever, its role in preventing AL remains unclear.
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