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Abstract 

Background 

 

Laparoscopic right hemicolectomy is a commonly performed procedure. Little is known on 
how to perform the enterotomy closure after stapled side-to-side intracorporeal anastomosis. 

Method 

 

A multicentric case-controlled study has been designed to compare different ways to fashion 
enterotomy closure: double layer versus single layer, sewn versus stapled, and robotic versus 
laparoscopic approach. Furthermore, additional characteristics including sutures’ materials, 
interrupted versus running suture and the presence of deep corner suture has been 
investigated. 



Results 

 

We collected data for 1092 patients who underwent right hemicolectomy at ten centers. We 
analyzed 176 robotic against 916 laparoscopic anastomosis: no significant differences were 
found in terms of bleedings (p = 0.455) and anastomotic leak (p = 0.405). We collected data 
from 126 laparoscopic sewn single-layer versus 641 laparoscopic sewn double-layer 
anastomosis: a significant reduction was recorded in terms of leaks in double-layer group 
(p = 0.02). About double-layer characteristics, we found a significant reduction of bleedings 
(p = 0.008) and leaks (p = 0.017) with a running suture; similarly, a reduction of bleedings 
(p = 0.001) and leaks (p = 0.005) was observed with the usage of deep corner closure. The 
presence of a barbed suture thread seemed to significantly reduce both bleedings (p = 0.001) 
and leaks (p = 0.001). We found no significant differences in terms of bleedings (p = 0.245) 
and anastomotic leak (p = 0.660) comparing sewn versus stapled anastomosis. 

Conclusions 

 

Fashioning a stapled ileocolic intracorporeal anastomosis, we can recommend the adoption 
of a double-layer enterotomy closure using a running barbed suture in the first layer. Totally, 
stapled closure and robotic assistance have to be considered a non-inferior alternative. 

 

 

Laparoscopic right hemicolectomy for right-sided colonic cancer is a commonly performed 
procedure. The new trend of surgery towards minimally invasive techniques and the 
introduction of new devices have facilitated intracorporeal stapled anastomosis: surgeons 
may use a smaller low abdominal extraction wound and perform a right colon resection with 
less mobilization and mesenteric traction [1]. 

 

The rationale to prefer an intracorporeal anastomosis over an extracorporeal one has been 
widely reported in the current literature [2,3,4,5,6,7,8,9]. 

 

However, little is known [10,11,12] on how to perform the remnant enterotomy closure after 
stapled side-to-side intracorporeal anastomosis. 

 

To analyze the advantages and disadvantages of double layer versus single layer, sewn versus 
stapled and robotic versus laparoscopic approach, in a representative study population, we 
designed a multi-institutional audit. 

Materials and methods 

 



Institutional Review Board approval was obtained before review of any patient material. 
Utilizing prospectively maintained colorectal cancer databases, all consecutive patients from 
January 2007 to December 2017 who underwent laparoscopic right hemicolectomy were 
identified to be included in a multicenter experience. In details, only patients with minimally 
invasive right hemicolectomy with a side-to-side intracorporeal anastomosis have been 
included. 

 

Only institutions with a high volume of colorectal surgery have been included, and only the 
data prospectively recorded have been analyzed. Each center enrolled a number of patients 
ranging between 30 and 300 (median = 65). 

 

To minimize the bias related to the different surgical technique, only the procedures 
performed according to standardized criteria have been included in the study. In detail, the 
ileocolic pedicles and the right branches of the middle colic artery were divided close to their 
origin intracorporeally, and the anastomoses have been fashioned by 60 mm mechanical 
stapler (sewn anastomosis has been considered as exclusion criteria). 

 

Therefore, a case-controlled study has been designed to compare different ways to fashion 
enterotomy closure: 

 

    double layer versus single layer 

 

    sewn versus stapled 

 

    robotic versus laparoscopic approach. 

 

Furthermore, additional characteristics including sutures’ materials, interrupted versus 
running suture and the presence of deep corner suture (stay sutures) has been investigated. 

 

Enterotomy closure has been performed according to the clinical advice of each individual 
surgeon. A propensity score analysis has been performed to exclude any bias related to the 
allocation of each patient in the different study groups. 

 

The predicted probability of undergoing one of the procedures was estimated for each patient 
using a multivariate logistic regression model in which the surgical procedure was the 
dependent variable and baseline patient and tumour characteristics (age, sex, BMI, ASA 



score, tumor localization and tumor stage) were the independent variables. The groups were 
entirely matched for the analyzed characteristics. Thus, no propensity matching was needed 
for further analysis. 

 

Patient characteristics, prospectively collected, included gender, age, body mass index (BMI), 
American Society of Anesthesiologists risk class (ASA), tumor localization and tumor stage 
(according to AJCC). 

 

Outcomes used to evaluate the safety and efficacy of anastomosis was the occurrence of 
early post-operative complications including stenosis, endoluminal bleeding and leakage. 
Anastomosis time has been investigated to determine technical challenging. 

 

The short-term follow-up was conducted at 5 and 30 days after discharge. All adverse events 
that occurred within 30 days after surgery were considered complications. 

 

The term anastomotic leakage defines all conditions with clinical or radiologic anastomotic 
dehiscence, with or without the need of surgical revision. Any endoluminal bleeding has been 
considered if required blood transfusions. Stenosis was defined endoscopically as a pinhole 
appearance or radiologically as a passage disturbance of the anastomotic site. 

 

Statistical analysis was performed using the SPSS 20 system (SPSS Inc., Chicago, IL, USA). 
Continuous data were expressed as the means ± standard deviation (SD), and categorical 
variables were expressed as the % changes. The Chi square χ2 test was used to analyze 
categorical data, and the Mann–Whitney test was used to analyze continuous variables. Post 
hoc Bonferroni correction was used for intragroup comparison. All results are presented as 
two-tailed values with statistical significance defined as p values < 0.05. To adjust for major 
covariates and to generate predictions, a multivariate analysis was applied, with endoluminal 
bleeding, anastomosis leaks and operative time, as the dependent variables, and age, sex, 
BMI, ASA score, tumor localization and AJCC stage as independent variables. 

Results 

 

We collected data for 1092 patients who underwent right hemicolectomy at ten departments 
of surgery. There were 498/1092 females (45.6%) and 594/1092 males (54.4%), with a median 
age of 69.13 ± 11.4 years. Mean BMI was 25.00 ± 3.76 kg/m2 and mean ASA score was 
2.28 ± 0.59. About tumour staging, 298 (27.3%) patients had an AJCC stage 1 tumour, 491 
(45%) an AJCC stage 2 tumour, 190 (17.4%) had a stage 3 neoplasm and 113 (10.3%) patients 
had an AJCC stage 4 neoplasm. Moreover, tumor localization was assessed: in 224 cases the 
tumor was located at ileocecal valve, in 620 cases in ascending colon, in 157 cases at hepatic 



flexure and in 91 cases at proximal transverse colon. In terms of surgical complications, we 
recorded 64 bleedings (5.8%), 47 leaks (4.3%) and 1 stenosis (0.1%). 

 

To better analyze surgical outcomes, the study population was divided in different groups: 
first, we divided all patients in a robotic (n = 176) and a laparoscopic (n = 916) group. After 
that, laparoscopic group has been further divided in stapled (n = 149), sewn double-layer 
(n = 641) and single-layer (n = 126) enterotomies. All data are resumed in Table 1. 

 

To obtain more informative data, double-layer enterotomies were analyzed layer by layer, 
considering the dichotomous couples interrupted/running suture, with/without deep corner 
suture and the type of suture thread (braided/non-braided/barbed). 

Robotic versus laparoscopic anastomosis 

 

We analyzed 176 robotic anastomosis against 916 laparoscopic anastomosis. Demographic 
and pathological data did not differ between the groups [gender: p =  0.101; age: p = 0.05; BMI: 
p = 0.673; ASA score:, p = 0.390; AJCC stage: p = 0.17]. No statistical differences were found 
also in terms of surgical complications such as bleedings [15/176 (8.5%) vs 49/916 (5.3%), 
p = 0.455], anastomotic leak [3/176 (1.7%) vs 46/916 (5.0%), p = 0.405] and anastomotic 
stenosis [0/176 (0%) vs 1/916 (0.1%), p = 0.661]. 

 

Considering the same type of suture (running, double layer, without deep corner suture, with a 
non-braided suture thread), robotic anastomosis were compared with 40 laparoscopic 
anastomosis. No differences were noticed about age (71.03 ± 10.69 vs 69.18 ± 10.86, 
p = 0.571), BMI (25.13 ± 4.56 vs 26.02 ± 2.40, p = 0.28), ASA score (2.44 ± 0.58 vs 2.23 ± 0.62, 
p = 0.336), AJCC stage (p = 0.157) and gender [102/176 (57.9%) vs 12/40 (30%) males, 
p = 0.41]. 

 

About enterotomy complications, no statistical significant differences were found in terms of 
bleedings and anastomotic leak. No stenosis was recorded (Table 2). 

About anastomosis time, no differences were noticed. 

 

High BMI determined an increased anastomosis time (95% confidence interval [CI], 1.12-
5.08; p = 0.004) as revealed by the multivariate analysis. 

Single layer versus double layer 

 



We collected data from 126 laparoscopic sewn single-layer anastomosis versus 641 
laparoscopic sewn double-layer anastomosis. The two groups were homogeneous regarding 
age (p = 0.867), BMI (p = 0.089), ASA score (p = 0.112), AJCC stage (p = 0.157) and gender 
[p = 0.159]. No differences were found analyzing bleedings but a significant reduction were 
recorded in terms of anastomotic leaks in the double-layer group [9/126 (7.1%) vs 29/641 
(4.5%), p = 0.02]. No stenosis was recorded both in single and double-layer groups (Table 3). 

 

No differences were found in terms of anastomosis time Again, the multivariate analysis 
revealed an increased anastomosis time depending on patients’ high BMI [95% confidence 
interval (CI) 0.95–0.99; p = 0.002]. 

Sewn versus stapled double-layer approach 

 

Comparing the sewn technique to the stapled approach, we analyzed 641 double-layer sewn 
anastomosis versus 149 stapled anastomosis. There were no differences in the two groups 
regarding demographic data and pathologic staging [age: p = 0.117; BMI: p = 0.814; ASA score: 
p = 0.231; AJCC stage: p = 0.157; gender p = 0.408]. We found no significant differences in 
terms of bleedings and anastomotic leak. One stenosis (0.7%) was registered in stapled group 
(Table 4). 

Anastomosis time did not differ between two groups. 

 

The multivariate analysis revealed high BMI determined an increased anastomosis time (95% 
CI 1.02–1.10; p = 0.004. 

Additional double-layer suture characteristics 

 

After defining that a double layer enterotomy closure has better outcomes despite a single-
layer approach, we decided to analyze the characteristics of this kind of anastomosis. 

 

Particularly, in patients who received a double-layer enterotomy, we found different results in 
the features of the first layer despite the second layer. 

 

In the first layer, we found a statistical reduction of bleedings (p = 0.008) and leaks (p = 0.017) 
with a running suture; similarly, a significant reduction of bleedings (p = 0.001) and leaks 
(p = 0.005) was observed with the usage of deep corner closure. Finally, the presence of a 
barbed suture thread seemed to significantly reduce both bleedings (p = 0.001) and leaks 
(p = 0.001). 

 



About the second layer, on the contrary, both the interrupted and running suture did not 
significantly impact on bleedings and leaks Considering the type of suture thread, there is not 
a statistically significant difference between braided, non-braided and barbed both on 
bleedings and leaks (Table 5). 

 

The multivariate analysis revealed there was not an influence of any demographic parameter 
on the anastomosis complications. 

 

Of interest, we conducted the same analysis also on the single-layer group and we found no 
significant differences in terms of bleedings [1/41 (2.4%) vs 0 (0%), p = 0.292] and 
anastomotic leak [5/41 (12.2%) vs 5/45 (8.9%), p = 0.617] between non-braided and barbed 
suture thread; the same results were found for interrupted and running sutures [bleedings: 
1/41 (2.4%) vs 0 (0%), p = 0.292; leak: 5/41 (12.2%) vs 4/45 (8.9%), p = 0.617]. 

Discussion 

 

Colorectal is the third most common malignancy affecting the population worldwide. Surgery 
remains the cornerstone of treatment [13]. 

 

Laparoscopic colonic resection is increasingly regarded as the gold standard for malignant 
colonic lesions: it was first introduced in 1991 and, currently, laparoscopy is the most 
common utilized approach across colorectal surgery, as it is associated with reduced 
complications, shorter length of hospital stay, due to earlier mobilization, and return to 
normal bowel function, with comparable oncological outcomes [14]. 

 

Nevertheless, for many years, the standardization of the technique, particularly pertaining to 
the ileocolic anastomosis (extracorporeal [laparoscopic-assisted right hemicolectomy (LRH)] 
versus intracorporeal [total laparoscopic hemicolectomy (TLRH)]), has not been 
internationally agreed [8]. 

 

Recently, relevant experiences and meta-analytic reports stated that totally laparocopic right 
colectomy with intracorporeal anastomosis have considerable benefits regarding 
perioperative outcomes compared to laparoscopic-assisted right colectomy with 
extracorporeal anastomosis [15,16,17,18,19]. 

 

However, on a clinical point of view, it is worth mentioning to report that few centers are able 
to reproduce the totally intracorporeal approach [12]. 

 



Undoubtedly, one of the reasons is the increased technical difficulty. Surgeons must be 
sufficiently proficient in laparoscopic suturing and knotting as well as in using linear 
mechanical staplers intracorporeally. 

 

Overall suturing and knotting should be considered needful skills to fashion the remnant 
enterotomy closure after stapled side-to-side ileocolic intracorporeal anastomosis. In this 
setting, different ways have been described, including totally stapled and sewn approach 
[20,21,22]. 

 

Regarding sewn approach, single-layer and double-layer enterotomy closure have been 
described with different types of sutures and materials. Furthermore, robotic assistance has 
been proposed to facilitate intracorporeal anastomosis [23]. 

 

However, little is known about the preferred way to perform the enterotomy closure. 

 

Few studies compared the different approaches. In our best knowledge there are only three 
papers, [10,11,12] including two papers analyzing barbed versus traditional suture and one 
single-layer versus double-layer closure. Furthermore, one of the major limitations of these 
papers is the few representative study population. 

 

By pooling together 1092 patients who underwent a stapled intracorporeal ileocolic 
anastomosis we are able to provide the better way to perform the remnant enterotomy 
closure, providing information about the approach (sewn, stapled or robotic), the fashioning 
(single/double layer and interrupted/running) and the suture material (braided, non-braided or 
barbed). 

 

The intracorporeal anastomosis can be done in either isoperistaltic or anisoperistaltic 
orientation and a recent randomized clinical trial stated that both approaches present similar 
results in terms of performance, safety and functionality [24]. 

 

In isoperistaltic anastomosis, the closure of stapler-access enterotomy should be performed 
with stitches. With an antiperistaltic orientation, the anastomosis can be performed with a 
totally stapled anastomosis, as described by Bergamaschi et al. [25]. 

 

Potential disadvantage of a totally stapled intracorporeal anastomosis has been advocated in 
the literature. One is a resulting everted staple line closing the enterotomy, which cannot be 
inspected for intraluminal bleeding but our analysis provided that no additional risk of 



bleeding has been reported in stapled versus sewn enterotomy closure. Additional drawbacks 
of totally stapled anastomoses could include a reduced size of the anastomosis. Regarding 
this aspect we have recognized that the only one stenosis (1/149, 0.7%) occurred after a 
stapled approach, even if this is absolutely not statistical significant. 

 

Comparing stapled and sewn anastomosis closure, our results are similar to data from Roy et 
al. [26] who reported that the stapled group had significant lower anastomotic leaks despite 
the sewn group (2.4% vs 6.1%). 

 

Thus, we can state that, although sewn closure could be considered the most popular and 
validated approach, stapled anastomosis could be considered a valuable alternative being 
careful to the warning of a possible reduced size of the anastomosis. 

 

In the recent years, there has been increase enthusiasm for robotic approach [27,28,29,30]. 
Robotic surgery may potentially overcome the technical challenge performing an 
intracorporeal anastomosis. However main opponents cite that it is associated with overall 
increased healthcare cost with limited data to date on its superiority. 

 

In our best knowledge, this is the first comparative analysis of stapled versus sewn 
enterotomy closure via laparoscopic and robotic techniques. 

 

Thus, wanting to be impartial referees of this dispute, we can state that safety of robotic 
approach could be assessed even if any superiority of robotic platform failed to be assessed. 
This cannot exempt us from affirming that the additional cost of robotic approach was not 
justified by better outcomes when we perform an intracorporeal anastomosis. However, it is 
worth mentioning that in our series, only very expert laparoscopic surgeons were involved, 
thus we cannot exclude that robotic surgery could be useful to increase the widespread 
diffusion of minimally invasive colorectal surgery. 

 

Fashioning a sewn enterotomy closure, after stapled side-to-side ileocolic anastomosis, can 
be performed using a single layer or a double layer. 

 

In our best knowledge, there is only a single-center experience [12] providing this comparative 
evaluation (77 versus with single-layer enterotomy closure versus 85 patients with double-
layer enterotomy closure) concluding that adoption of double-layer closure of the enterotomy 
resulted in significantly improved outcome. 

 



Our results can confirm the results obtained by Reggio et al. [12]. Additional risk of leakage 
and a trend toward an additional risk of bleeding has been identified after a single-layer 
enterotomy closure. 

 

Thus, we have to strongly recommend a double-layer closure technique. 

 

Additionally, we have evaluated, for the first time, all additional characteristics of double-layer 
closure as shown in Table 5. 

 

Primarily, we have evaluated the impact of suture’s material. Regarding this issue, two papers 
have been published to provide the safety and efficacy of barbed suture [10, 11]. 

 

Barbed sutures have recently been proposed to facilitate laparoscopic suturing, and to date, 
the efficacy of this new method has been evaluated in different types of surgery [31,32,33]. 
Knot integrity is obviously particularly important in bowel anastomosis or closure because 
failure may cause serious complications. 

 

We have compared barbed with braided and non-braided conventional suture in the first and 
the second layer of the closure. Of interest, our results overcome the good results of previous 
experiences that provided safety and reproducibility of barbed approach. In fact, we have 
found that the use of barbed suture in the first layer reduced the risk of bleeding and leakage. 
At difference, our statistical analysis revealed no significant differences in suture material for 
the second layer. 

 

Furthermore, we have evaluated if running or interrupted suture have to be preferred. Of 
interest an interrupted suture of the first layer was associated with an additional risk of 
leakage and bleeding. 

 

Finally, we have investigated if a deep corner suture could be considered useful performing a 
running suture, providing the result that it cannot reduce the risk of leakage and bleeding. 

 

This study has some limitations which have to be pointed out: the retrospective design does 
not allow us to draw any definitive conclusion and, even if our study has an adequate sample 
size, it can suffer from limited impact from factors such as a strong selective pathological 
condition. 

 



Thus, fashioning a stapled ileocolic intracorporeal anastomosis, we can recommend the 
adoption of a double-layer enterotomy closure using a running barbed suture in the first layer. 
Totally, stapled closure and robotic assistance have to be considered a non-inferior 
alternative conditioned by the warning of reduced size for the stapled and by the warning of 
additional cost for the robotic. 
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