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INTRODUC TION

There has been a longstanding debate regarding the optimal anasto-
motic technique in minimally invasive right hemicolectomy, namely 
intracorporeal anastomosis (ICA) or extracorporeal anastomosis 

(ECA) and handsewn or stapled anastomosis. The current evidence 
base suggests that ICA is associated with faster gastrointestinal re-
covery, a shorter length of stay and reduced opiate consumption [1]. 
However, despite these demonstrable benefits, ECA is employed 
more widely due to its ease of formation. Furthermore, in 2015 the 
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Abstract
Aim: Robotic right hemicolectomy is gaining in popularity due to the recognized technical 
benefits associated with the robotic platform. However, there is a lack of standardization 
regarding the optimal anastomotic technique in this cohort of patients, namely stapled 
or handsewn intra- or extra-corporeal anastomosis. The ergonomic benefit associated 
with the robotic platform lends itself to intracorporeal anastomosis (ICA). The aim of this 
study was to compare the short-term clinical outcomes of stapled versus handsewn ICA.
Method: A multicentre prospective cohort study was undertaken across four high-volume 
robotic centres in France between September 2018 and December 2020. All adult pa-
tients undergoing an elective robotic right hemicolectomy with an ICA performed and a 
minimum postoperative follow-up of 30 days were included. The primary endpoint of our 
study was anastomotic leak within 30 days postoperatively.
Results: A total of 144 patients underwent robotic right hemicolectomy: 92 (63.8%) 
had a stapled ICA and 52 (36.1%) a handsewn ICA. The operative indication was adeno-
carcinoma in 90% with a stapled ICA compared with 62% in the handsewn ICA group 
(p < 0.001). The overall operating time was longer in the handsewn ICA group compared 
with the stapled ICA group (219 min vs. 193 min; p = 0.001). The anastomotic leak rate 
was 3.3% in stapled ICA and 3.8% in handsewn ICA (p = 1.00). There was no difference 
in the rate or severity of postoperative morbidity.
Conclusion: ICA robotic hemicolectomy is technically safe and is associated with low 
rates of anastomotic leak overall and equivalent clinical outcomes between the two 
techniques.

K E Y W O R D S
Right colectomy, robotic approach, intracorporeal anastomosis, handsewn anastomosis, 
mechanical anastomosis

www.wileyonlinelibrary.com/journal/codi
mailto:﻿
https://orcid.org/0000-0002-8493-3312
mailto:﻿
https://orcid.org/0000-0003-3088-5244
mailto:deena_harji@hotmail.com
mailto:quentin.denost@chu-bordeaux.fr
mailto:quentin.denost@chu-bordeaux.fr


    | 863HARJI et al.

European Society of Coloproctology reported the variable use of 
anastomotic technique, with stapled anastomosis in 61.6% of pa-
tients and handsewn anastomosis in 38.9% of patients undergoing 
right hemicolectomy [2]. Handsewn ileocolic anastomosis is associ-
ated with a longer operating time [3]; however, the evidence for the 
impact on anastomotic leak rates between the two techniques is 
mixed [2–5].

As minimally invasive surgery continues to cross over from 
laparoscopic to robotic surgery, there is likely to be an increase 
in the number of right hemicolectomies performed robotically, 
with a concomitant rise in the rate of ICA performed [6]. The 
robotic platform overcomes some of the difficulties associated 
with laparoscopic ICA due to its stable platform, improved ergo-
nomics and dexterity, which lends itself well to performing ICA. 
However, there remains a lack of standardization in anastomotic 
technique following robotic right hemicolectomy, with Guadagni 
et al. reporting variation in approach (handsewn versus stapled), 
stapler use (robotic versus laparoscopic) and closure of enterot-
omy (single versus double layer). To date, the majority of studies 
reporting the outcomes of robotic colectomy have focused on 
comparing outcomes between laparoscopic and robotic colectomy, 
with comparisons between the two minimally invasive platforms 
[7–9] or between differing anastomotic techniques, i.e. ICA versus 
ECA [9–11]. There have been no studies focusing on intracorpo-
real anastomotic techniques alone in robotic colectomy, despite it 
being widely accepted that ICA is associated with improved clini-
cal outcomes. The aim of our study was to compare two different 
techniques of robotic ICA, handsewn and stapled, for patients un-
dergoing right hemicolectomy.

METHOD

A multicentre prospective cohort study was undertaken across four 
expert robotic centres in France to compare outcomes between pa-
tients undergoing robotic right hemicolectomy and mechanical ICA 
with handsewn ICA. Eight expert robotic surgeons participated in 
this study, with equal numbers performing each technique, thus 
employing an expertise-based assessment approach to both anasto-
motic techniques. All surgeons performed their preferred technique 
in all consecutive cases, irrespective of disease or patient charac-
teristics. All consecutive patients undergoing right hemicolectomy 
between September 2018 and December 2020 were considered for 
inclusion in the study. Ethical approval was provided locally by all 
participating sites with informed consent obtained from all patients.

Eligibility criteria

All adult patients (>18 years old) undergoing an elective robotic right 
hemicolectomy with an intracorporeal anastomosis and a minimum 
postoperative follow-up of 30 days were included. Patients were ex-
cluded if they underwent a robotic right hemicolectomy with ECA, 

laparoscopic surgery, emergency surgery or if they had a permanent 
stoma formed.

Operative technique

All patients underwent a standard robotic right hemicolectomy with 
a medial to lateral approach. The procedure is started by incising 
the visceral peritoneum below the ileocolic vessels to dissect along 
Toldt’s fascia between the mesothelium covering the colonic mes-
entery and that covering the retroperitoneum. This dissection is 
continued anteriorly to the third part of the duodenum and beyond 
to under the hepatic flexure. The ileocolic vascular pedicle is then 
divided close to the superior mesenteric artery/superior mesenteric 
vein with locking clips or an energy device. If a right colic vessel is 
present that is also divided in a similar fashion. Following medial-
to-lateral dissection, the colon is pulled cephalad and the hepatic 
flexure attachments divided; this incision is continued along the 
right paracolic gutter along the white line of Toldt to complete the 
mobilization. The transverse colon and terminal ileum are then di-
vided using the da Vinci® Xi EndoWrist Stapler (Intuitive Surgical, 
Inc.). The steps of each anastomotic technique are standardized and 
performed in a stepwise fashion as outlined below and in Video S1 in 
the Supporting Information.

Robotic ICA stapled anastomosis

An isoperistaltic stapled ICA anastomosis is performed. A stay su-
ture is placed at the apex of the terminal ileum and transverse colon 
using a 3/0 Vicryl with a further stay suture placed 6 cm proximally 
from this. An enterotomy and colotomy are created and the da 
Vinci® Xi EndoWrist Stapler (Intuitive Surgical, Inc.) is introduced 
and fired to form the anastomosis. The enterotomy is then closed 
using a continuous 3/0 V-Loc suture.

Robotic ICA handsewn anastomosis

An isoperistaltic handsewn anastomosis is performed. A 3/0 Vicryl 
stay suture is placed at the apex of the terminal ileum and transverse 
colon. A 6 cm longitudinal serosal incision is made over the terminal 
ileum and transverse colon preserving the integrity of the underly-
ing mucosa to reduce contamination. The posterior wall of the anas-
tomosis is formed using a continuous 3/0 V-Loc suture. Following 

What does this paper add to the literature?

This paper highlights the differing intracorporeal anasto-
motic techniques available for robotic right hemicolectomy.
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this, the mucosa of terminal ileum and transverse colon are incised, 
and the anterior wall of the anastomosis is formed using a second 
continuous 3/0 V-Loc suture.

Following formation of the anastomosis the specimen is ex-
tracted through the umbilicus.

Quality assurance for each procedure was ensured through appro-
priate training of each participating surgeon in their preferred tech-
nique at each hospital site. Surgeons were trained using a standardized, 
component-based robotic approach to achieve technical proficiency in 
robotic right hemicolectomy, with the anastomosis being a key opera-
tive step within this training pathway. All surgeons submitted training 
videos for expert analysis prior to enrolment into the study.

Outcome assessment

The primary endpoint of our study was anastomotic leak within 
30 days postoperatively. This was defined as either (i) gross anasto-
motic leak proven radiologically or clinically requiring either radio-
logical or surgical intervention or (ii) the presence of intraperitoneal 
(abdominal or pelvic) fluid collection on postoperative imaging [2]. 
Secondary endpoints included total operating time, blood loss, 
30 day postoperative mortality, 30 day postoperative morbidity and 
length of stay.

Length of hospital stay was defined as the number of days follow-
ing the day of surgery until medically fit for discharge. Postoperative 
complications were classified as adverse events within 30 days of 
the operation and were graded according to the Clavien–Dindo (CD) 
classification [12].

Statistical analysis

This manuscript was prepared in accordance with the Strengthening 
the Reporting of Observational Studies in Epidemiology statement 
for observational studies. Continuous variables are expressed as me-
dian and interquartile range. Categorial variables are expressed as 
number and percentage. Given the exploratory nature of our cohort 
study a formal sample size calculation was not performed. Analysis 
between groups was performed using the chi-square test or Fisher 
exact test to compare categorical variables and the nonparametric 
Mann–Whitney U-test to compare continuous variables. All tests 
were two-sided, with type I error set at α = 0.05. All analyses were 
conducted using IBM SPSS Statistics version 26.0.0.1 for Macintosh 
(IBM Corp., Armonk, NY).

RESULTS

A total of 144 patients underwent robotic right hemicolectomy dur-
ing the study period, with 92 (63.8%) patients undergoing a stapled 
ICA and 52 (36.1%) undergoing a handsewn ICA. The operative in-
dication was adenocarcinoma in 90% of patients who underwent 

a stapled ICA compared with 62% in the handsewn ICA group 
(p < 0.001). Baseline patient and clinical characteristics are outlined 
in Table 1.

Postoperative outcomes

The overall median operating time was longer in the handsewn ICA 
group than the stapled ICA group: 219 min vs. 193 min (p = 0.001). 
The overall conversion rate was similar in both groups, with rates of 
5.4% (n = 5) in the stapled ICA group and 5.8% (n = 3) in the hand-
sewn ICA group (p = 1.00). Of the five conversions in the stapled 
ICA group, four were converted to open surgery and one to laparo-
scopic surgery. In comparison, all three conversions in the handsewn 
anastomosis group were converted to open surgery. There were no 
observed differences in anastomotic leak rates between the stapled 
ICA and handsewn ICA groups, with observed rates of 3.3% and 
3.8%, respectively (p = 1.00). The median length of stay was shorter 
in the handsewn ICA group compared with the stapled ICA group, at 
5 and 6 days respectively, p = 0.03. There were no differences be-
tween the two groups with regard to 30 day postoperative morbid-
ity, grade of morbidity or 30 day postoperative mortality (Table 2).

DISCUSSION

This study reports on the differing approaches to ICA in robotic right 
hemicolectomy including handsewn and stapled techniques, and dem-
onstrates the safety of both approaches, with low rates of anastomotic 
and overall morbidity. The ICA approach, irrespective of technique, 
is associated with low rates of postoperative gastrointestinal dys-
function and earlier postoperative recovery. Our work demonstrates 
largely equivalent clinical outcomes between the two approaches, 
echoing previous works in this area [13], and supports broader works 
supporting superior clinical outcomes observed with ICA overall [14].

This study employs an expertise-based approach to surgical tech-
nique, in which participating surgeons provide the intervention in 
which they have expertise alone, this helps to overcome issues with 
equipoise, systemic bias and the learning curve [15]. Handsewn ICA 
was associated with increased operating time and a shorter length of 
overall hospital stay compared with stapled ICA. The difference in the 
observed operating time is a reflection of the different technical re-
quirements and abilities between the two approaches. Our study does 
not specifically measure the individual learning curve associated with 
either technique; however, is likely that the differences observed in 
operating time will converge as further expertise and experience are 
gained [16,17]. Furthermore, the shorter length of stay observed in the 
handsewn ICA group is reflective of the younger overall population 
with benign disease enrolled into this cohort, with a median age of 62 
compared with 70 in the stapled ICA cohort (p = 0.03) and a higher 
proportion of patients with Crohn's disease (10% vs. 38%; p < 0.001).

The robotic platform has revolutionized minimally invasive 
right hemicolectomy and primary anastomosis by enabling the 
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transition from ECA to ICA [18–20]; with a stapled ICA, robotic 
anastomosis is now considered to be the gold standard [13]. 
The ongoing development of robotic stapling technology en-
hances the utility and application of stapled ICA. The da Vinci® 
Xi EndoWrist Stapler 45 incorporates SmartClamp™ technology 
(Intuitive Surgical, Inc.), which provides objective feedback prior 
to firing, thus optimizing staple line formation. Furthermore, the 
robotic platform offers a number of marginal gains in terms of 
technical advantages over traditional laparoscopic surgery, in-
cluding three-dimensional vision, articulating wristed instruments 
and lack of tremor, thus making it ideally suited for handsewn ICA. 
These key technical advancements enable the safe formation of 
ICA, with a low associated rate of anastomotic leak, irrespective 

of anastomotic technique. Our overall rate of anastomotic leak 
was 3.4%, with no observed differences between the stapled and 
handsewn groups (p = 1.00). This is supported by previous works, 
with Johnston et al. reporting an anastomotic leak rate of 0.9% 
following stapled robotic ICA [21] and Guadagni et al. reporting 
an anastomotic leak rate of 1.5% in handsewn robotic anastomo-
sis [13]. The overall reported rates of anastomotic leak following 
robotic hemicolectomy are low, ranging from 0.9% to 3.1% [13,21–
23]. In comparison, the reported anastomotic leak rates for open 
and laparoscopic right hemicolectomy are much higher, with the 
European Society of Coloproctology right hemicolectomy audit 
reporting anastomotic leak rates of 11.4% and 5.4%, respectively 
[2]. The technical advantages associated with the robotic platform 

Variable
Stapled ICA (N = 92), 
n (%)

Handsewn ICA 
(N = 52), n (%) p-value

Gender

Male 51 (55) 21 (40) 0.083

Female 41 (45) 31 (60)

Age (years)a 70 (59–78) 62 (46–75) 0.03

ASA grade

1 12 (15) 6 (11) 0.644

2 43 (54) 20 (38)

3 23 (29) 7 (13)

4 2 (3) 0 (0)

Missing data 12 (13) 19 (36)

BMI (kg/m2)a 24.2 (22.5–26.7) 24.7 (21.5–27.1) 0.694

Indication

Adenocarcinoma 83 (90) 32 (62) <0.001

Crohn’s disease 9 (10) 20 (38)

Abbreviations:: ASA, American Society of Anesthesiologists; BMI, body mass index; ICA, 
intracorporeal anastomosis.
aMedian (interquartile range).

TA B L E  1  Baseline patient and clinical 
characteristics

Variable
Stapled ICA 
(N = 92), n (%)

Handsewn ICA 
(N = 52), n (%) p-value

Operating time (min)a 193 (150–234) 219 (186–280) 0.001

Blood loss (ml)a 0 (0–100) 50 (0–100) 0.269

Conversion rates 5 (5) 3 (6) 1.000

30-day postoperative morbidity 42 (46) 19 (37) 0.288

30-day postoperative mortality 1 (1) 0 (0.0) 1.000

Clavien–Dindo grade

0 50 (54) 33 (64) 0.470

I–II 32 (35) 13 (25)

III–V 10 (11) 6 (12)

Anastomotic leak rate 3 (3.3) 2 (3.8) 1.000

Ileus/bowel obstruction 6 (6.5) 7 (13.5) 0.226

Length of hospital staya 6 (5–10) 5 (5–7) 0.034

Abbreviation:: ICA, intracorporeal anastomosis.
aMedian (interquartile range).

TA B L E  2  Operative and clinical 
outcomes
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and the subsequent precision that is afforded in creating an anas-
tomosis are likely to contribute to the overall low rates of anasto-
motic leak [24]. Reducing anastomotic leak in colorectal surgery 
has been identified as a key priority [25], with focus on a number 
of areas including standardization of anastomotic technique [26] 
and the use of indocyanine green enhanced fluorescence [27]. 
The robotic platform must be considered as a key technological 
advancement in reducing the anastomotic leak rate, given the uni-
formly low rates of anastomotic leak reported in the literature.

One of the key criticisms of robotic colorectal surgery centres 
on its lack of cost-effectiveness; however, there are now emerg-
ing data to the contrary [7,28]. Ferri et al. demonstrated the cost-
effectiveness of robotic right hemicolectomy with a handsewn ICA 
compared with laparoscopic right hemicolectomy with a handsewn 
ECA. This group demonstrated that despite higher operative costs 
associated with the robotic platform, overall associated hospital 
costs were lower than with laparoscopic surgery. Furthermore, their 
cost–utility analysis demonstrated an increase in quality adjusted 
life years (QALYs) for patients undergoing robotic surgery (0.105 
QALY per patient) [7]. Holzmacher et al. demonstrated the cost-
effectiveness of the robotic stapler compared with a laparoscopic 
stapler when performing colorectal resections, with stapler costs of 
$473.28 and $631.45, respectively (p = 0.001) [29].

Our work contributes to the evolving landscape and utility of 
robotic surgery for colonic surgery and pushes the boundaries in 
achieving entirely intracorporeal robotic procedures whilst demon-
strating good clinical outcomes.

The key strengths of our work include the reporting of standard-
ized robotic techniques across a number of expert French centres, 
thus ensuring surgical quality assurance and reducing operator vari-
ability. Furthermore, the multicentre nature of our work ensures the 
overall generalizability of our findings. The key limitations of our 
work are its nonrandomized nature which may have led to selection 
bias that is reflected in the observed differences between the two 
population cohorts. Furthermore, the lack of cost-effectiveness data 
limits our findings given the equivalent clinical outcomes observed. 
It is likely that future cost-effectiveness data will help inform the 
superiority of one technique over the other.
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