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The aim of surgical treatment of colorectal cancer is to
remove the primary tumor, including lymphatic drainage,
with clear surgical margins.1 Results of the Clinical
Outcomes of Surgical Therapy Study Group (COST) trial in
2004 showed that laparoscopy has comparable long-
term oncological outcomes to open colectomy in the
treatment of colon cancer.2 To date, utilization of the
laparoscopic technique in colon cancer surgery has been
increasing.3

However, laparoscopy has important drawbacks, includ-
ing lack of three-dimensional visualization, limited ma-
neuverability because of rigid instrumentation, poor
ergonomics, amplified impact of physiological tremors,
and assistant-dependent camera movements and retrac-
tion. Robotic surgery was developed to overcome the
technical difficulties of conventional laparoscopy
(►Fig. 1).4,5 The initial experiences with robotic colectomy
(for both benign and malignant tumors) were reported in
the early 2000s, mostly as case series and case reports.6–8

The consensus was that robotic colectomy was safe and
feasible, but had longer operative times and higher costs
than conventional laparoscopy.7

In this article, the authors will review the outcomes,
advantages and disadvantages, and future clinical implemen-
tations of robotic colon cancer surgery compared with con-
ventional laparoscopy and open surgery.

Robotic Right Colectomy for Cancer

Commonly, a 12-mm incision is made left to the umbilicus for
initial access and is used as the camera site. The preferred
trocar placement for robotic right colectomy is shown
in ►Fig. 2 and the operating room design is shown
in ►Fig. 3. The reported port number for robotic right
colectomy for cancer varies from 4 to 5 trocars.9–14 The basic
concept in port placement is to place the camera in the
middle, with one working arm superior and one inferior to
the camera. One 5-mm assistant port is added in the left
abdomen for additional retraction. An additional third arm is
usually placed on the right side of the abdomen to improve
traction/counter-tractions. Both an inferior-to-supe-
rior9,10,12,13 and medial-to-lateral11 dissection techniques
can be performed during robotic right colectomy.15 The
ileocolic pedicle can be takenwith Hem-o-Lok (Weck Surgical
Instruments, Teleflex Medical, Durham, NC) clips or any
vessel-sealing energy devices. The colon is then dissected
from the fascia of Gerota and retroperitoneum; the duode-
num, ureters, and gonadal vessels are preserved. Finally, take
down of the hepatic flexure is performed using sharp
dissection.

Prolonged operating time is one of the major drawbacks
of robotic surgery. The only randomized clinical study
comparing robotic and conventional laparoscopic right
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Abstract Robotic surgery is an emerging field in colorectal surgery and may overcome the
limitations of conventional laparoscopic surgery, such as rigid instrumentation, poor
ergonomics, and assistant-dependent camera movements and retraction. In addition,
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colectomy with limited long-term outcomes data. Prolonged operating time, increased
costs and learning curve are the major drawbacks of robotic colectomy for colon cancer.
Although new robotic platforms promise improved ingenuity through developing
technology, the role of the robot in colon cancer surgery is still unclear.
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colectomy in colon cancer showed that the operative time
was significantly longer in the former group.9 Similarly,
robotic right colectomy was associated with a longer oper-
ating time than open right colectomy for colon cancer.11

However, the study comparing the first 30 laparoscopic and

robotic right colectomies of the same surgeon and institute
suggested statistically comparable operating times for both
the groups.12 Previous studies, including patients with
both benign and malign disease, reported either pro-
longed16 or comparable17 operating times for robotic right
colectomy. D’Annibale et al reported docking time, sur-
geons’ experience (place on the learning curve), and intra-
corporeal creation of anastomosis as factors influencing the
prolonged operating time for robotic right colectomy. In
addition, operating time gradually decreased as the num-
ber of robotic right colectomy cases increased,10,18 suggest-
ing that as the surgeon and surgical team gain experience,
operating time shortens.

Previous studies showed similar blood loss during ro-
botic and laparoscopic right colectomy for cancer.9,12 On
the other hand, robotic surgery was found to be associated
with significantly reduced blood loss when compared with
open right colectomy.11 Reduced blood loss is an advantage
of robotic colectomy over open surgery, but laparoscopic
colectomy offers comparable outcomes in this regard.
Because intracorporeal anastomosis is challenging with
nonarticulated rigid instruments, extracorporeal creation
of anastomosis during conventional laparoscopic colec-
tomy is preferred. Intracorporeal anastomosis creation is
not only possible with robotic surgery but is also safe19 and
associated with fewer wounds and anastomotic complica-
tions.20 Although the reported conversion rates were simi-
lar for robotic and laparoscopic procedures,9,12 there were

Fig. 1 The introduction of the da Vinci robotic surgical system (Intuitive Surgical, Inc., Sunnyvale, CA) has revolutionized the field of minimally
invasive surgery. This robotic system provides high-definition, three-dimensional vision, surgeon-motion filtration, articulating movements of the
instruments, stable camera control and retraction, and better ergonomics. The fatigue that is associated with unnatural positions during
laparoscopy was eliminated by the use of robotic technology.5

Fig. 2 Trocar placement for robotic right colectomy.
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no conversions to open surgery in 106 robotic right colec-
tomies, which suggests that robotic surgery is associated
with better ergonomics as well as visualization and
dexterity.

Another benefit of minimally invasive surgery is that the
length of hospital stay is shorter than that of open surgery.
This holds true for robotic right colectomy for colon cancer as
well.11 However, length of hospital stay was comparable
between robotic and laparoscopic right colectomy.9,12 In
addition, robotic right colectomy provides similar overall
morbidity and mortality rates with open11 and conventional
laparoscopic right colectomy.9,12

New techniques and devices have reduced the number of
necessary ports and improved cosmesis while decreasing
abdominal wall and body trauma. Robotic single-port co-
lorectal surgery has been introduced with right colec-
tomy.21–23 Single-incision robotic colectomy can also
offer an advantage in terms of specimen extraction and
improved cosmesis.

Robotic right colectomy for colon cancer is feasible and
does not compromise oncological principles.9,11,12 A disease-
free survival rate of 90% and an overall survival rate of 92%
were reported after robotic right colectomy for colon cancer
at a median follow-up time of 36 months (6–96 months).10

Previously reported 30-month overall survival rates by the
American Joint Committee on Cancer (AJCC) were 89.2% for

stage II and 72.7% for stage III colon cancer.24 These results
suggest that robotic right colectomy may offer the same 3-
year survival rate for patients with colon cancer as open and
conventional laparoscopic surgery.

Intraoperative, pathological, and short-termpostoperative
outcomes for robotic right colectomy are shown in ►Table 1.

Robotic Left Colectomy for Cancer

To perform a robotic left colectomy, five to six ports are
required including camera and assistant ports.25 ►Fig. 4

shows the port placement for three robotic arms, camera,
and assistant ports. A 12-mm camera port is placed in the
supraumbilical area using an open technique. The camera is
inserted and additional trocars are placed as shown
in ►Fig. 4. A right upper quadrant robotic port (port #3) is
used for splenic flexuremobilization and left colectomy. Once
the robot is redocked for the pelvis, the port in the right upper
quadrant is released from the robotic arm, and it can be used
as an assistant port. An additional robotic port (port #3P) is
placed in the left-mid abdomen, lateral to the edge of the
rectus muscle and at an equal distance from the right upper
and lower quadrant trocars, when pelvic dissection is neces-
sary (anterior resection, low anterior resection, and abdom-
inoperineal resection procedures). The assistant port can be
used for small bowel/colon retraction and suction irrigation.

Fig. 3 Operating room design for robotic right colectomy.
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There are several described techniques for robotic left
colectomy: hybrid (with laparoscopic splenic flexure mobili-
zation), single docking (mobilizing the second and third
robotic arms for different parts of the surgery), and double
docking (first docking from the left upper quadrant for splenic
flexure mobilization and then docking to the left lower
quadrant for the rest of the procedure).26 Recently described
“single-position flip arm technique” allows performing
splenic flexure mobilization and low anterior resection
with only one docking position.27 We use single docking
technique for isolated left colectomy procedure and double
docking technique for splenic flexure mobilization requiring
procedures in our current practice. The operating room
design during robotic left colectomy and splenic flexure
mobilization is shown in ►Fig. 5. We prefer to dock robot
at a 45-degree angle from the patient’s left side for procedures
requiring pelvic dissection (►Fig. 6).

One study that compared laparoscopic and robotic anteri-
or resection for sigmoid colon cancer found that the robotic

procedure was associated with a significantly longer opera-
tive time.28 Shin12 reported comparable operative times for
robotic and laparoscopic resection of left-sided colon cancer.
On the other hand, comparable operating times were re-
ported for patients who underwent laparoscopic or robotic
colectomy for colon cancer.29 In addition, a study comparing
laparoscopic and robotic left colectomies for either benign or
malignant disease of the colon reported a longer operating
time for the robotic cases.17 Comparing operative times
between studies and procedures is difficult because of the
lack of a uniform study design for evaluating the operative
time during robotic colectomy. However, the presence of a
trained and experienced robotic surgical team in the operat-
ing room may be as important as the experience of the
surgeon.

Reported blood loss and conversion rates during robotic
cases were comparable with those of laparoscopic left colec-
tomy.12,28 On the other hand, either a comparable or shorter
length of hospital stay was reported for robotic left colectomy
for cancer.12,28 Similarly, outcomes in terms of blood loss and
length of hospital stay were comparable between robotic and
laparoscopic left colectomy for benign and malignant disease
of the colon.17

It has been hypothesized that image-guidance technol-
ogy may help in reducing rates of anastomotic leak. One of
the main causes of this complication is thought to be poor
perfusion of the intestinal stump/segment. Evaluating co-
lonic segment perfusion is usually subjective, but the near-
infrared camera of the robotic platform (firefly) allows
surgeons to visualize the vascular structure of the colon
after indocyanine green (ICG) injection. Fluorescence im-
aging has been shown to reduce the anastomotic leak rate
after low anterior resection and may also help to identify
sentinel lymph nodes.30

No severe complications ormortalitieswere reported after
robotic anterior resection for sigmoid colon cancer, and
postoperative morbidity and mortality rates were similar to
those of the laparoscopy group.28 Similarly, a 92% overall and
an 89% disease-free 3-year survival rate were reported after
robotic sigmoid colectomy, which were comparable to those
in the laparoscopy group.28

Intraoperative, pathological, and short-termpostoperative
outcomes for robotic left colectomy are shown in ►Table 2.

Table 1 Outcomes of robotic right colectomy for colon cancer

No. of patients Operative
time (min)

Blood
loss (mL)

Conversion No. of
harvested
lymph nodes

Anastomosis
leakage

Length of
stay (d)

Park et al 2012 35 195 35.8 0 29.9 1 7.9

Shin 2012 6 342.5 185 0 25.8 0 10.7

Park et al 2012 15 201.4 41.7 0 24.2 0 7

Luca et al 2011 33 191.7 6.1 N/Aa 26.6 0 5

D’Annibale et al 2010 50 223.5 20 0 18.8 0 7

aNo data included for conversion.

Fig. 4 Port placement for robotic left colectomy and rectal resections.
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Fig. 5 Operating room design for left colectomy and splenic flexure mobilization.

Fig. 6 Operating room design for sigmoid colon and rectal resections.
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Our Experience with Robotic Colorectal
Surgery

In total, 99 robotic colorectal resections were performed in
our department between October 2010 and July 2014
(►Table 3). Primary surgical indications were colorectal
cancer, rectal prolapse, ulcerative colitis, Crohn disease,
diverticular disease, constipation, and endometriosis
(►Table 4). Our recently published case-matched study com-
paring outcomes of robotic and laparoscopic procedures that
were performed in our institution between October 2010 and
July 2014 showed comparable outcomes, with the exception
of operating time.31 Operating time was significantly longer
in patients with robotic surgery (185 vs. 267 minutes,
p < 0.0001).

Recently, we compared our results for robotic versus
conventional laparoscopic rectal cancer surgery in obese

patients. Obesity adds to the technical difficulty of laparosco-
pic colorectal surgery. Robotic approach has the potential to
overcome this limitation because of its proposed technical
advantages over laparoscopy. However, it is unknown if
robotic approach would actually serve as a better option in
obese patients. The aim of this study was to compare the
short-term outcomes of robotic surgery versus conventional
laparoscopy surgery in this patient population. In this un-
published series, there were 29 robotic- and 27 laparoscopic
proctectomy patients. The perioperative parameters, oncol-
ogic findings, and postoperative 30-day short-term outcomes
of these patientswere compared between the robotic surgery
and laparoscopic surgery groups. Both groups were compa-
rable in terms of patient demographics, body mass index
(34.9 � 7.2 vs. 35.2 � 5.0 kg/m2, p ¼ 0.71), comorbidities,
and surgical and tumor characteristics except for histologic
differentiation (p ¼ 0.007). Comparison of the intraoperative
findings revealed no significant differences between the two
groups, including operative time (329.0 � 102.2 vs.
294.6 � 81.1 minutes, p ¼ 0.13), blood loss (434.0 � 612.4
vs. 339.4 � 271.9 mL, p ¼ 0.68), tumor distance to distal
margin (3.9 � 2.1 vs. 3.2 � 2.0 cm, p ¼ 0.17), resection mar-
gin involvement (2 [6.9%] vs. 2 [7.4%], p ¼ 0.99), conversions
(2 [6.9%] vs. 5 [18.5%], p ¼ 0.24), and intraoperative compli-
cations (2 [6.9%] vs. 0 [0%], p ¼ 0.49]. Regarding postoperative
outcomes, there were no significant differences in complica-
tions, including surgical site infections, sepsis, ileus, and

Table 2 Outcomes of robotic left and sigmoid colectomy for cancer

No. of patients Operative
time (min)

Blood
loss (mL)

Conversion No. of harvested
lymph nodes

Anastomosis
leakage

Length of
stay (d)

Lim et al 2013 34 252.5 60.3 0 12 0 5.5

Helvind et al 2013 101a 243 N/Ab 5 23.4 5c 6.4

Shin 2012 7 337.1 105.7 0 16.9 0 9.1

Luca et al 2009 55d 290 68 0 18.5 7e 7.5

aCohort includes 44 left colectomies.
bNo data for blood loss.
cAnastomotic leak for all colectomies.
dCohort includes 27 left colectomies.
eTwo out of seven anastomotic leaks were after colectomy.

Table 3 Robotic colorectal procedures that were performed at
our institution

Procedure performed N (%)

Anterior proctosigmoidectomy 32 (32.3)

Abdominoperineal resection 15 (15.2)

Rectopexy for prolapse 12 (12.1)

Completion proctectomy with IPAA 9 (9.1)

Resection rectopexy for prolapse 9 (9.1)

Sigmoid colectomy 6 (6.1)

Completion proctectomy with end-ileostomy 4 (4)

Ileocecectomy 2 (2)

Right hemicolectomy 2 (2)

Total abdominal colectomy 2 (2)

Total proctocolectomy 2 (2)

Pouch excision with end-ileostomy 1 (1)

Total proctocolectomy with IPAA 1 (1)

Other 2 (2)

Abbreviation: IPAA, Ileal pouch anal anastomosis.

Table 4 Primary diagnoses of patients who underwent robotic
colorectal procedures at our institution

Diagnosis N (%)

Colorectal cancer 49 (49.5)

Rectal prolapse 22 (22.2)

Ulcerative colitis 13 (13.1)

Crohn disease 7 (7.1)

Diverticular disease 5 (5.1)

Constipation 2 (2)

Endometriosis 1 (1)
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urinary complications. No anastomotic leak and no ureter
injury were observed in both the groups. Other outcomes
were also similar except that robotic surgery was associated
with quicker return of bowel function (3.2 � 1.9 vs. 4.3 � 2.3
days, p ¼ 0.01) and shorter hospital stay (6.4 � 4.2 vs.
8.4 � 4.4 days, p ¼ 0.02). In conclusion, our own results
suggest that robotic surgery compared with laparoscopy
has similar short-term outcomes with an additional benefit
of quicker return of bowel function and shorter hospital stay
in obese patients undergoing rectal cancer surgery.

Cost of Robotic Colectomy

The cost of a robotic system, including its yearly maintenance
fees and disposables, can represent a significant cost to
hospitals and health systems. This is compounded by the
lack of reimbursements by payers. Currently, robotic prosta-
tectomy is the only procedure with an associated Current
Procedural Terminology code. However, the reimbursements
remain the same for laparoscopic and robotic cases. Initial
studies reported that robotic colorectal surgery is associated
with an additional $350 direct equipment cost per case.7

Despite the increasing clinical implementation of robotic
colectomy, it is still more expensive than conventional lapa-
roscopic procedures9,32 as well as open surgery.33 To date,
there are no published reports that have established the cost-
effectiveness of robotic colorectal surgery. Expected improve-
ments in technology and potential competitions may reduce
the cost of robotic surgery in the future.

Learning Curve
A few studies in the literature have investigated the learning
curve for robotic colorectal surgery,34–39 including resection
procedures. Specified learning curve values range from 15 to
35 cases. A study investigating learning curve of robotic total
mesorectal excision showed that even a surgeon without
laparoscopy experience could adapt robotic surgery after
20 cases in terms of operating time.39 However, further
studies are warranted to determine the learning curve for
robotic colon resection for cancer.

Advantages of Robotic Colectomy

1. Three-dimensional high-definition video imaging
2. Image magnification
3. Filtration of physiological tremor
4. Better ergonomics
5. Articulating robotic instruments
6. Intracorporeal anastomosis
7. Opportunity to perform remote surgery regardless of

distance

Disadvantages of Robotic Colectomy

1. Prolonged operating time
2. Increased cost
3. Need of double docking in left colectomy requiring splenic

flexure mobilization
4. Learning curve and need for specialized surgical team

Future Directions

The da Vinci Xi System (Intuitive Surgical Inc. Sunnyvale, CA)
has just been made available to surgeons and it offers several
potential advantages as compared to the previous versions of
the da Vinci system. The major advancement with this new
system is the ability to perform multiquadrant surgeries
without repositioning the robot because of its overhead
instrument arm design. In addition, it has improved three-
dimensional visualization and smaller and thinner robotic
arms which offer increased range of motion.

Conclusion

In the scope of colectomy for cancer, robotic surgery appears to
offer short-term outcomes that are comparable to those of
conventional laparoscopy in terms of length of hospital stay,
morbidity, and mortality. In addition, robotic colectomy can be
performed without compromising oncological principles, but
data for long-term outcomes are still limited. Prolonged operat-
ing time, increased costs, and learning curve are the major
drawbacks. Furthermore, the most commonly used robotic
platform is very large and has a limited intracorporeal range
of motion. Therefore, it poorly fits in efficient traction of the
colon and multiquadrant operations. Newer generation ma-
chines offer new opportunities for complex colorectal surgery;
however, the value of robotic-assisted surgery compared with
conventional laparoscopic surgery remains unknown.
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