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Introduction

Minimal ly  invas ive  surgery (MIS)  approaches  in 
colorectal cancer have been widely adopted to minimize 
morbidity and enhance recovery. The first descriptions of 
laparoscopic colon resection were reported in the early 
1990s (1,2), with a steady increase during the last 30 years, 
representing now more than 50% of the colectomies 
around the world (3).

Several landmark studies have shown equivalence 
and/or non-inferiority between open and laparoscopic 
colorectal resections (4-6) for both short-term and 
oncological outcomes. The main advantages of MIS 
techniques include an earlier return of bowel function 
and oral intake, shorter length of in-hospital stay, and 
diminished postoperative pain.

In the last 2 decades, robotic platforms have made a 
breakthrough in MIS surgery, especially in anatomically 
difficult areas such as the pelvis. Robotic platforms are well-
suited for difficult pelvic surgery due three-dimensional 
visualization, degree of articulation of instruments, precise 
movements, and better ergonomics.

Since 2010 onward, robotic surgery use has been steadily 
increasing, with an 11% annual increase in colorectal 
resections (7). Despite the aforementioned benefits, there is 
no clarity on the advantages of the use of robotic platforms 
for colon cancer surgery. The aim of the present editorial 
comment is to evaluate the benefits and disadvantages of 
robotics for colon cancer surgery.

Overview of robotic colon surgical resection

Patient setup and trocar disposition

In our personal experience, robotic colectomy is frequently 
performed with a single docking technique using the 
DaVinci® Xi system, with the robotic cart docked over the 
right side (if it is a right colectomy) or left side (if it is a 
left colectomy) of the patient. Patients are usually secured 
with both arms tucked and a foam mattress directly under 
the patient is used to prevent sliding during the operation. 
Routinely we use a urinary catheter that is usually removed 
after 24 hours.

We recommend induced pneumoperitoneum using a 
Veress needle in the left upper quadrant (Palmer’s point). For 
most of the surgeries, a three-arm technique is used, with 
an assistant port to help mobilize the small bowel. A 12-mm 
robotic stapler port may be installed for colon section and/or 
intracorporeal anastomosis (ICA). If available, an operating 
table with integrated motion is highly recommended, 
allowing to reposition the patient while the surgical robotic 
arms are still docked. In the right hand, usually a monopolar 
scissor or vessel sealer is usually used, while a fenestrated 
bipolar forceps is used commonly in the left hand. A 
ProGrasp™ or Cadiere forceps can be used via a 4th arm for 
retraction in special cases when needed.

Right colon cancer

In the robotic approach, we frequently used a retrocolic 
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tunnel using a medial-to-lateral approach. This tunnel 
should be dissected directly below the ileocolic vessels that 
are obtained after lateral traction of them. Alternatively, 
a bottom-up approach can be performed starting from 
the inferior aspect of the cecum. Before any vascular 
division, both the duodenum and right ureter should 
be properly identified. A central vascular ligation of the 
ileocolic vessels should be routinely performed. When 
a complete mesocolic excision (CME) is performed, the 
superior mesenteric vein or artery should be dissected to 
identify the origin of the ileocolic and middle colic vessels  
(Figure 1). In addition, a central ligation may require 
control of the gastrocolic trunk, with an optional 
preservation of the right gastroepiploic vein.

Transverse colon and flexures

The main landmark during a robotic transverse colon 
cancer resection is defined by the middle colic vessels as the 
central vascular pedicle between colonic flexures (hepatic 
and splenic). The greater omentum should be opened 
and/or resected for the proper mobilization of the any of 
the flexures (hepatic and/or splenic). Careful anatomical 
knowledge is critical, since the presence of adhesions in 
relationship with the anterior surface of the transverse colon 
may be different between patients, making the surgical 
approach more challenging. For a central ligation of the 
middle colic vessels, access to the lesser sac is mandatory. 
A complete mobilization of both flexures is needed for an 
oncological resection of the transverse mesocolon. The root 

of the transverse mesocolon can be identified by anterior 
and superior traction of transverse colon, creating a fold 
that separates the mesentery of the small bowel from the 
transverse mesocolon.

Splenic flexure takedown is one of the most difficult 
approaches of MIS in colon cancer. Using a standardized 
approach, we first identify the inferior mesenteric vein 
right below the inferior pancreatic border at the angle 
of Treitz. A retrocolic tunnel is dissected just below the 
inferior mesenteric vein, gaining access to the anterior 
aspect of the pancreas and allowing it to be dissected free 
from medial to lateral. Lateral attachments of the left colon 
are opened until the 2 planes converge using a medial-to-
lateral approach. Once a complete mobilization of the colon 
is achieved, a central vascular ligation should be performed 
in case of tumors located in the distal transverse/splenic 
flexure, controlling both left colic artery and the left branch 
of the middle colic vessels at their respective origins.

Left and sigmoid colon

In our practice, a robotic left colon cancer resection starts 
with identification of the inferior mesenteric vein at the 
level of the ligament of Treitz. At this level, a medial-
to-lateral approach is performed beneath the inferior 
mesenteric vein, lifting the mesocolon over the left ureter, 
left gonadal vessels and Gerotas’s fascia. For central ligation 
in a sigmoid resection, we routinely open the peritoneum 
over the sigmoid mesocolon right above the left common 
iliac artery until the origin of the inferior mesenteric artery 

Pancreas

MCV
MCA

SMV

ICA

Figure 1 Complete robotic mesocolic excision for right colon cancer. Dissection plane is on green. MCV, middle colic vein; MCA, middle 
colic artery; SMV, superior mesenteric vein; ICA, ileocolic artery.
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is identified at the aorta. A similar approach is needed for 
descending colon cancer, but a complete splenic flexure 
takedown may be needed to obtain proper oncological 
margins and a tension-free anastomosis.

Potential benefits of robotic platforms for colon 
cancer resections

Clinical and oncological outcomes

When compared to laparoscopy, robotic surgery results in 
similar or shorter postoperative lengths of in-hospital stay, 
similar perioperative morbidity/anastomotic leak rates and 
lower rates of conversion to open surgery (8,9). Conversion 
to open resection may result in increased postoperative 
complication rates, higher costs, delays in time to initiation 
of systemic neoadjuvant/adjuvant chemotherapy which can 
finally have an impact on overall and disease-free survival (10).

However, is it our opinion that the true potential benefit 
of robotic platforms in colon cancer is defined by its use in 
more difficult or meticulous anatomical dissections such 
as CME in right colon cancer, where delicate vascular 
dissection and visualization is improved when compared to 
laparoscopy. 

The principle underlying a mesocolic-oriented dissection 
in colon cancer surgery is the intact mobilization of the 
associated mesocolon, allowing a vascular central ligation 
with the complete removal of the lymph nodes contained 
within. The resected mesenteric area, lymph node harvest 
and mesocolic plane of excision rates are consistently higher 
in patients who have undergone CME as compared to 
conventional surgery, thereby increasing the nodal yield 
which may improve survival in colon cancer.

Retrospective series have shown that robotic CME is safe 
and feasible, with low morbidity, especially when potential 
vascular injury is considered (Table 1).

In a published experience from Memorial Hospital (21),  
the robotic approach in right colon cancer produced a 
higher lymph node yield compared to other approaches 
such as open and laparoscopic (P<0.01), and a higher lymph 
node to length of surgical specimen ratio compared to 
open right colectomy (P<0.01). Further, in a recent large 
retrospective study from the same institution that included 
2,398 patients that underwent non-metastatic primary 
colon cancer resections, robotic colon cancer was associated 
with higher lymph node yield and radicality of mesenteric 
resection, but no difference in overall survival and disease-
free survival was observed when compared against open 

and/or laparoscopic approach (22). 
Despite all of these data, the rationality of CME in 

right colon cancer may lie in a standardization of surgical 
technique, with some possible advantages of the robotic 
platform above other MIS techniques (23). In terms of 
oncological outcomes, we still await prospective trial 
data to inform the potential benefits and more data from 
randomized controlled trials should be available before 
advocating its widespread use—especially in low-volume 
centers without sufficient expertise.

ICA versus extracorporeal anastomosis (ECA)

One of the main advantages of the robotic platforms is 
the capacity to simplify more difficult MIS maneuvers 
such as intracorporeal suturing, specifically for ICA. In a 
recent systematic review that included only 5 randomized 
control trials, laparoscopic ICA was associated with a faster 
recovery of bowel function and lower rates of surgical site 
infections when compared with ECA (24). Similarly, in a 
multicenter observational trial across 20 institutions, robotic 
and laparoscopic ICA were associated with significant 
improvements in conversion rates, return of bowel function, 
and shorter hospital stay (25). Additionally, robotic ICA was 
associated with lower 1-year estimated incisional hernia rate 
than robotic ECA (2% vs. 12%, respectively) (26).

A retrospective review of 2 Italian hospitals showed 
that robotic right colectomy with ICA was superior to 
conventional laparoscopic right colectomy with ECA 
in terms of recovery outcomes such as shorter length of 
stay (27). However, no differences were observed when 
the comparison was against laparoscopic right colectomy 
with ICA. In a single series of 88 patients, robotic right 
colectomy with ICA had a shorter operative time during a 
standardized intracorporeal reconstruction when compared 
with the laparoscopic approach (28).

Both laparoscopic and robotic ICA have shown 
advantages in patient recovery and aesthetics, with robotic 
platforms making intracorporeal sutures simpler in a 
minimally invasive setting.

Learning curve

MIS learning curve has been studied for both laparoscopic 
and robotic colorectal resections. In a single-center case-
mix adjustment analysis (29) that included conversion rate, 
reoperations, and readmissions, a learning curve of 55 cases 
for right-sided colonic resections versus 62 cases for left-
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sided resection was demonstrated using cumulative sum 
(CUSUM) analysis. The authors also determined that 
median operative time declined after gaining operative 
experience. However, surgical techniques such as ICA and 
CME may prolong learning curves especially in right-sided 
colon cancer. 

Robotic right colectomy with ICA learning curve has 
been estimated at 44 cases according to a single center 
experience (30). In addition, a comparative analysis from 
robotic versus laparoscopic right colon cancer resections 
performed by surgical fellows with minimal experience 
in minimally invasive colorectal resections, the drop 
in operative time was seen earlier in the robotic group  
(16 vs. 25 cases, respectively) (31).

Overall, it seems that the learning curve for colon cancer 
resections is shorter and easier using robotic platforms 
versus a laparoscopic approach. This is of key importance 
for education of upcoming surgical trainees, considering 
that data on current robotics users has shown that general 
surgeons who have less than 10 years of post-training 
experience, board-certified colorectal surgeons and high-
volume surgeons are more likely to be performing robotic 
surgery (32).

Disadvantages of robotic platforms for colon 
cancer resections

Operative time and cost

Operative time has been classically described as longer than 
laparoscopic approach. Recent pooled analysis has showed 
that robotic surgery adds around 51 minutes to operative 
time, which may be associated with an increase in morbidity 
and procedure-related cost. However, it has been shown that 
operative time with a robot can be similar to laparoscopy in 
specialized centers with high volume robotic cases. In our 
experience, operative time in robotic procedures has been 
decreased especially due dedicated personnel, widespread 
use of robotic approach and use of DaVinci® Xi system 
which allows a multi-quadrant approach without the need 
of re-docking.

The cost of robotic platforms is a common discussion 
point .  Robot ic  sys tems  in i t i a l ly  require  a  l a rge  
investment (33), but also adds ongoing maintenance and 
repair, the use of reusable instruments, as well as training 
expenses for the surgical team that is involved in its use. 
In addition, longer operative times and related costs have 
raised doubts about the value of this technology and how 

healthcare resources should be allocated. Approximately 
10 years ago, it was estimated that robotics may add up to 
$3,500 per surgical procedure, adding nearly $2.5 billion 
annually to healthcare costs (33). Using data from national 
databases, several studies found that use of the robot 
was associated with an increased cost of approximately 
$2 ,000–5 ,000  per  procedure  when compared  to  
laparoscopy (34). Robotic technology cost, however, is likely 
still related to surgical volume. A retrospective analysis 
using a national inpatient database showed that low-volume 
robotic colorectal surgeons were associated with higher 
rates of postoperative complications (P<0.0001), higher 
surgical-related costs (P<0.001), and longer in-hospital 
stay (P<0.001). A recent meta-analysis concluded that in 
centers with an annual volume of less than 10 cases having 
multiple surgeons performing robotic procedures led to 
worse outcomes (35). These findings should support the use 
of robotic technology in high-volume centers, potentially 
improving outcomes and reducing the costs associated with 
robotic surgery where the initial investment has been made 
and efforts can be focused on reducing costs and charges for 
consumables and reusable equipment.

Conclusions

Robotic colon cancer resection can be performed safely, 
with favorable short-term postoperative and oncologic 
outcomes and addressing some of the limitations of 
laparoscopy. However, robotic colectomy is associated with 
longer operative times and higher costs than laparoscopic 
colectomy.

In our experience, the use of robotic platforms in 
oncological colon cancer surgery has improved the ability 
to achieve better resections and offers the advantages of 
a minimally invasive approach in complex oncological 
resections. Robotic colectomy offers many advantages to 
the surgeon, but efforts should be made to reduce operative 
time and cost in a safe manner in centers where robotic 
technology has been adopted.
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