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Abstract Minimally invasive surgery has gained world-
wide acceptance in the treatment of colonic cancer in the
last decades, thanks to its well-known advantages in short-
term outcomes. Nevertheless, the penetrance of minimally
invasive colorectal surgery still remains low. Few studies
and metanalysis, to date, have analyzed the results of
robotic versus laparoscopic colorectal surgery, often with
conflicting conclusions. The robotic platform, thanks to its
technological features, may potentially overcome the lim-
itation of standard laparoscopy, especially when perform-
ing a complete mesocolic excision resection and an
intracorporeal anastomosis. Robotic surgery could also
shorten the learning curve of young novice surgeons, pro-
vided that strict protocols of structured training are applied.
This paper is an update on the current available outcomes
of robotic vs laparoscopic surgery in right colectomy.

Keywords Robotic right colectomy - Complete
mesocolic excision - Intracorporeal anastomosis - Learning
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Introduction

Minimally invasive surgery has gained worldwide accep-
tance in the treatment of colonic cancer in the last decades,
thanks to its well-known benefits in terms of 30-day post-
operative outcomes and equivalent long-term oncological
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results as shown by multicenter randomized controlled tri-
als [1-3].

Nevertheless, the penetrance of laparoscopic colectomy
still remains low [4-7] and the role of laparoscopic right
colectomy is still controversial. This is probably due to the
good outcomes obtained by standard open surgery, such as
short operative time, a favourable length of stay and a short
learning curve. Moreover, a main controversial and deba-
ted issue still remains about whether the anastomosis
should be performed intra- or extracorporeally. To date, the
majority of the published series dealing with minimally
invasive right colectomy have reported an extracorporeal
fashioning of the anastomosis (EA) [8].

Furthermore, the introduction of the concept of com-
plete mesocolic excision (CME) by Hoenberger et al. [9],
together with its potential long-term oncological advan-
tages, has led to another matter of debate when dealing
with laparoscopic right colectomy. The principle of CME
with central vascular ligation with complete exposure and
lymphadenectomy along the superior mesenteric axis may
potentially increase the technical difficulties of minimally
invasive surgery, especially when dealing with right colon
cancer.

Robotic surgery may potentially overcome the limita-
tions of straight laparoscopic instruments thanks to its
technical features, with the aim of increasing the diffusion
of minimally invasive right colectomy. To date, however,
few comparative studies exist between robotic and
laparoscopic right colectomy, and only in one report
robotic and laparoscopic approach with intracorporeal
anastomosis (IA) are analyzed [10].

This paper reports the current available data on laparo-
scopic versus robotic approach in right colectomy, focusing
on some technical aspects as CME, IA and learning of the
technique.
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Robotic right colectomy: technical aspects

The patient is placed on the operating table in a supine
position, with arms along the body and legs closed. Pneu-
moperitoneum is established via a Veress needle at the
Palmer’s point and trocar are placed as shown in Fig. 1. A
laparoscopic exploration of the peritoneal cavity, together
with liver intraoperative ultrasound examination, is then
carried out in order to rule out peritoneal seeding or liver
metastasis. In order to achieve exposure of the right and
transverse mesocolon, a slight Trendelenburg (5°-10°) and
left tilt (5°-10°) are applied and the system is docked.
Operative room setup is shown in Fig. 2. The three working
arms carry a monopolar cautery hook/scissors in the left
upper quadrant port (R1), bipolar forceps in the suprapubic
port (R3) and Cadiere’s fenestrated forceps in the right
lower quadrant port (R2). R2 is used to keep the superior
mesenteric axis in traction, while R1 and R3 are used for
dissection. After gentle cephalad traction on the transverse
mesocolon with the grasp in R2, the ileocolic vessels are
identified and lifted up with R3: the peritoneum is then
opened just below their prominence and along the left side
of the anterior aspect of the superior mesenteric vein. Ileo-
colic vessels, right colic vessels (if present), middle colic
veins and the right branch of the middle colic artery can be
easily and safely ligated at their roots along the right border
of the superior mesenteric axis and at the Henle sinus.
A CME is performed by sharp dissection of the posterior
visceral fascial layer from the parietal one along Gerota’s
and Fredet’s fascias, thus exposing the duodenum and the
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Fig. 1 Trocar layout for robotic right colectomy
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pancreatic head and providing a specimen with intact vis-
ceral fascial layers on both sides. When the hepatic flexure
or the proximal transverse colon are involved (T3-N+
tumors), en-bloc resection of the right gastroepiploic lym-
phovascular chain is also performed close to the greater
curvature of the stomach. After bowel transection and
complete colonic detachment, a side-to-side isoperistaltic
mechanical anastomosis (with a double-layered continuous
suture closing the enterotomies carried out for the intro-
duction of the 60 mm linear stapler) is performed. All the
surgical steps are executed intracorporeally and the speci-
men, previously inserted into a plastic bag, is extracted via a
mini-Pfannenstiel incision at the site of the suprapubic tro-
car. No abdominal drain is routinely left in place. Laparo-
scopic right colectomy is carried out following the same
surgical principles, including intracorporeal anastomosis.

Intracorporeal (IA) vs extracorporeal (EA)
anastomosis

Although minimally invasive colonic surgery has demon-
strated better short-term outcomes and equivalent onco-
logical results when compared to the open approach, LRC
remains a procedure performed by a limited number of
surgeons and mainly with EA [11], probably because of the
good outcomes of the conventional open approach. It is
technically considered more challenging than laparoscopic
left-sided resections and the difficulty significantly
increases when anastomosis is performed intracorporeally
[12]. A systematic review comparing laparoscopic and
open right colectomy found that on 17 comparative studies,
14 reported LRC with EA, while the remaining three did
not report this information [8].

Data in the available literature are still conflicting:
although two meta-analysis and one retrospective study
have failed to clarify the debate between intra- and extra-
corporeal anastomosis [13—15], other studies [16-18], on
large cohorts of patients, have demonstrated several
advantages in favor of intracorporeal anastomosis. Data are
summarized in Table 1.

Feroci et al. [16] analyzed the results of five non-ran-
domized studies comparing 202 patients who underwent to
IA and 223 to EA and concluded that IA has a faster return
to bowel function, earlier oral intake, a decreased use of
analgesic as well as a shorter hospital stay. No differences
were observed in terms of operative room time, incision
length, number of harvested nodes and intra- and post-
operative complications.

In the multicentric case—control Italian study [17], com-
paring 286 patients submitted to LRC with IA and 226 to
LRC with EA, Milone et al., showed that the majority of
complications and the severity of them (according to
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Fig. 2 Operative room setup
for robotic right colectomy

Clavien-Dindo classification), as well as the incidence of
wound infections, were higher in EA group. In the IA’s group
bowel function recovery was faster than EA’s group, while
similar data concerning anastomotic leak, anastomotic
bleeding and operative time were found in the two groups.

The faster recovery of bowel function associated with
LRC with IA technique, theoretically, should be due to the
reduction of visceral trauma, caused by tissue-stretching,
particularly at the level of the mesenteric pedicle.

Another potential advantages of IA also include the
possibility of performing a smaller abdominal incision for
specimen extraction and in more convenient sites (usually
Pfannenstiel incision), with better cosmetic results,
decreased incisional hernia rates (ranging from 0 to 2 %)
and less postoperative pain [19].

Moreover, although apparently operative time should be
longer for LRC-IA than LRC-EA because it requires
laparoscopic suturing skills, several studies have failed to
show this finding [16]. In any case, the encountered diffi-
culties to perform LRC-IA could be overcome by the use of
the robotic system.

To date, few papers have compared robotic right
colectomy with IA with both LRC with TA and EA.

Park et al., comparing robotic with laparoscopic right
colectomy in a randomized clinical trial, found no advan-
tages in the robotic group, but the study was jeopardized
because laparoscopic and robotic cases were performed
with a mixed anastomotic technique, with the majority of
intraorporeal anastomosis in the robotic arm [20].

Morpurgo et al., comparing RRC-TA with LRC-EA in a
case control study, found in the RRC-IA’s group a shorter

2016 © Intuitive Surgical Inc.

time to first flatus, shorter length of hospital stay and lower
anastomotic complication rates. On the other hand, Rawl-
ings found no differences between the RRC-IA and LRC-
EA in all of the examined outcomes [21].

In a recent retrospective multicentric study by Trastulli
et al. [10], RRC-IA (102 pt) was compared with both LRC-
IA (40 pt) and LRC-EA (94 pt). The authors reported for
RRC-TA a significantly shorter time to first flatus and
length of hospital stay compared to LRC-EA. Compared to
LRC-IA, although robotic group has a shorter time to first
flatus, no statistically difference was found in term of
hospital stay between these two groups. Moreover the
overall 30-day complication rate, anastomotic leak rate,
wound infections and postoperative ileus did not signifi-
cantly differ between the three groups.

In our experience, when comparing laparoscopic right
colectomy with TA vs robotic right colectomy with IA (69
laparoscopic, 53 robotic), we found no anastomotic leak in
the robotic group (0 vs 7.2 %, unpublished data). Notice-
ably, a consistent proportion of right colectomy with TA
were performed by a novice colorectal surgeon only in the
robotic arm (10 out of 53, 18 %).

Learning curve: overview of the literature
and personal remarks

The learning curve in minimally invasive colorectal sur-
gery is often ill-defined and the quantification to evaluate
surgeons’ proficiency is variable. A single parameter (i.e.
operative time) is often used to establish surgical
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Table 1 Studies, metanalysis and reviews comparing intracorporeal (IA) and extracorporeal anastomosis (EA) in right colectomy

Authors Year Type of study LRC RRC IA EA Results
Rawlings 2007 Retrospective X X 17 RRC 15 LRC  No statistically significant differences between the groups
et al.
Grams 2010 Retrospective X 14 15 IA:
et al. Earlier return of bowel function
Decreased postoperative narcotic use Decreased length of
stay and morbidity
Cirocchi 2012 Sistematic review X 177 145 Failed to solve the controversies between the groups
et al. and meta-analysis
Park et al. 2012 Randomized clinical X X 37 33 No statistically significant differences between the groups
trial 30 RRC 5 RRC
7 LRC 28 LRC
Lee et al. 2013 Retrospective X 51 35 Comparable short- and long-term outcomes in LRC for
colon cancer
Stein et al. 2013 Non-systematic X 164 195 Failed to solve the controversies between the groups
review
Feroci 2013 Sistematic review X 202 223 1A:
etal. and meta-analysis Faster return to bowel function
Earlier oral intake
Decreased use of analgesic as well as a shorter hospital stay
Morpurgo 2013 Case control study X X 48 48 RRCIA:
etal. RRCIA  LRCEA  ghorter time to first flatus
Shorter length of hospital stay
Lower anastomotic complication rates
Milone 2015 Multicentric case— X 286 226 EA:
et al. control Higher incidence of complication and severity of them
(according to Clavien—Dindo classification)
Higher incidence of wound infections
IA:
Faster bowel function recovery
Trastulli 2015 Retrospective X X 142 94 RRCIA compared to LRCEA:
et al. multicentric study 102 RRC  LRCEA Longer operative time
40 LRC Shorter time to first flatus and length of hospital stay

Compared to LRCIA:
Shorter time to first flatus

No statistically difference was found in term of hospital
stay

LRC laparoscopic right colectomy, RRC robotic right colectomy

competence, but this unfortunately offers only a subjective,
incomplete and simplistic view on the real level of profi-
ciency achieved.

According to the recent review by Barrie et al. [22],
currently three types of studies exist in literature defining
the learning curve in MI colonic resection: studies that use
a single parameter, studies using multiple parameters and
finally studies performing a cumulative sum (CUSUM)
analysis.

If all this types of studies are matched together, the
number of operations necessary to complete the learning
curve ranged from 5 to 310 cases for laparoscopic and from
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15 to 30 cases for robotic surgery. The wide range reported
clearly shows that a multidimensional analysis with the
CUSUM method should be performed, thus assessing at the
same time trends in multiple and significant surgical out-
comes (OR time, conversion rates, post-operative compli-
cations, oncological outcomes, case complexity, surgeon
experience and level of teaching/mentoring provided).
Although operation time and conversion rate have histori-
cally been the most widely used criteria for learning curve
assessment, Chen et al. [23] demonstrated that, especially
for left side resection, a shorter operative time is related to
a much higher morbidity rate.
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On the other hand, when taking into account only
studies in which the CUSUM method was used, the vari-
ability clearly decreases and a shorter learning curve for
robotic colorectal surgery, if compared to its laparoscopic
counterpart, is confirmed (robotic group: 15-30 cases vs
laparoscopic group 60-80 cases) [22].

Unfortunately, given the relatively recent introduction
of robotic surgery, it’s important to underline that the
evidence on robotic colorectal learning curve is still lim-
ited. Furthermore, most studies focused the attention on
robotic rectal surgery [22, 24-31] and no paper is available,
to date and to the best of our knowledge, on right
hemicolectomy.

In any case, structured educational programs are
mandatory to certify robotic surgical proficiency and the
steps of our own training schedule for young and novice
surgeons are summarized in Table 2.

Obviously, the first steps of the learning curve are
focused on the correct use of the console, in order to
achieve complete and safe control of master controllers and
pedals (simulators, dry lab). Then, the porcine model is
very useful to understand the spatial relationship of the
robotic instruments with the patient’s body and to face the
adaptation to the loss of tactile and tensile feedback
through animal tissue handling.

Then, procedure-specific case observation in specialized
centers is fundamental to reach proficiency in trocar
placement, cart docking and arm positioning. When start-
ing with the first case, that should be carefully selected
(low BMLI, no prior abdominal surgery, no bulky masses), a
proctor should be available on site. The list of procedures
to be performed, according to surgical complexity, is
summarized in Table 3.

In our experience, a young novice surgeon, who com-
pleted is residency in a specialized center and performed
more than 150 colorectal operations as table assistant (but
without having performed open or laparoscopic colorectal
surgery as leading surgeon), was able to perform 10 robotic
right colectomy (intracorporeal anastomosis) with accept-
able operative times, no conversions and no intra- or post-

Table 2 Training schedule

. Simulator

. Dry lab/inanimate models

. Wet lab (animal and cadaver)

. Case observation

. Mentoring and proctoring

. Telementoring and teleproctoring

. Procedure selection/patient selection

. Advanced training/complex procedure (COE)

O 00 N O L AW N =

. Continous education

Table 3 Cases selection according to procedure complexity

Sigmoidectomy

Left colectomy

Right colectomy

Rectal anterior resection (PME)

Sigmoidectomy (complicated diverticular disease)
Rectal anterior resection (TME)

Intersphincteric resection/APR

Transabdominal intersphincteric resection

Transabdominal levator transection

operative complications. Obviously, a continuous quality
assessment is mandatory.

Discussion

Data on potential advantages of robotic vs laparoscopic
right colectomy are, to date, still lacking. Nevertheless,
there is potential room for investigation and improvement
when dealing with CME, intracorporeal anastomosis and
the learning curve of young novice surgeons.

If compared to left-sided resections, dissection of the
vascular pedicle and intracorporeal anastomosis are con-
sidered the most complex steps of laparoscopic right
colectomy [12]. The relatively recent introduction of the
CME concept [9] has further highlighted this issue, since
some single-center series [9, 32] and population-based
studies [33] have shown that this approach could poten-
tially improve long-term oncological outcomes. Following
the CME concept, the level of vessel ligation and central
lymphadenectomy with complete exposure of SMV and
pancreatic head can be difficult steps during minimally
invasive right colectomy [34].

There have been a number of studies looking at the
feasibility of performing a CME laparoscopically [35—-40]:
though feasible and safe, the evidence for oncological
adequacy in hepatic flexure and transverse colon cancers
still remains lacking [34, 41].

To date, however, no study has directly focused on
robotic CME for right-sided colonic malignancies.
Noticeably, in our experience of 122 minimally invasive
right colectomy with IA (69 laparoscopic, 53 robotic), a
reduction in conversion rates (1.8 vs 8.7 %) was observed
in favour of the robotic group (unpublished data). The
lower conversion rate, as a technical outcome, might sug-
gest that minimally invasive right colectomy with CME
could be more easily carried out under robotic assistance.
Further high-quality studies are necessary to confirm these
preliminary findings. Moreover, due to potential technical
advantages in central vascular dissection (i.e., middle colic
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pedicle), future studies should also focus on its role in the
treatment of hepatic flexure/proximal transverse colon
cancers.

Intracorporeal vs extracorporeal anastomosis in right
colectomy remains another debated issue. Recent studies
have highlighted some benefits of intracorporeal anasto-
mosis, if compared to the extracorporeal technique, in
terms of faster recovery of bowel function, shorter time to
oral intake, shorter length of stay and lower complication
rates [10, 16, 17]. In our experience, we had no anasto-
motic leakage in the robotic group (0 vs 7.2 %), even if
these preliminary findings need to be confirmed by larger
studies. Surgeons that routinely perform an extracorporeal
anastomosis after a LRC and are not familiar with
laparoscopic intracorporeal suturing could maximize the
advantages of using the robotic system thanks to the
wristed instruments and their suturing capabilities.

Robotic surgery could also potentially reduce the
learning curve process in minimally invasive colorectal
surgery [22], even if, to date, no study has selectively
addressed the issue of right colectomy.

The robotic platform with the dual console offers an
invaluable tool for fast, safe and optimal training. It could
potentially shorten the learning curve in colorectal surgery
and facilitate the widespread diffusion of the minimally
invasive approach even among young and novice surgeons.
This could be an added value especially when considering
that the penetrance on minimally invasive colorectal sur-
gery is still quite low (about 30—40 %) in most countries
[4-T7].

To conclude, the robotic approach, if compared to its
laparoscopic counterpart, could potentially improve short-
term clinical outcomes by reducing anastomotic leak and
conversion rate and shorten the learning process of young
novice surgeons through structured teaching programs. The
added value of CME on oncological outcomes should be
further evaluated before recommending its adoption in
routine practice.
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