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Abstract Robot-assisted surgery for colon cancer has
been reported in many studies, most of which worked on
right and/or sigmoid colectomy. The aim of this study
was to report our experience of robotic transverse
colectomy with an intracorporeal anastomosis, provide
details of the surgical technique, and present the theo-
retical benefits of the procedure. This is a retrospective
review of prospectively collected data of robotic surgery
for colorectal cancer performed by a single surgeon
between May 2007 and February 2011. Out of 162
consecutive cases, we identified three robotic transverse
colectomies, using a hand-sewn intracorporeal anasto-
mosis. Two males and one female underwent transverse
colectomies for malignant or premalignant disease. The
mean docking time, time spent using the robot, and total
operative time were 5, 268, and 307 min, respectively.
There were no conversions to open or conventional la-
paroscopic technique. The mean length of specimen and
number of lymph nodes retrieved were 14.1 cm and 6.7,
respectively. One patient suffered from a wound seroma
and recovered with conservative management. The mean
hospital stay was 8.7 days. After a median follow-up of
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72 months, there were no local or systemic recurrences.
Robotic transverse colectomy seems to be a safe and
feasible technique. It may minimize the necessity of
mobilizing both colonic flexures, with facilitated intra-
corporeal hand-sewn anastomosis. However, further
prospective studies with a larger number of patients are
required to draw firm conclusions.
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Introduction

The introduction of laparoscopic techniques has con-
tributed greatly to the improvement of short-term out-
comes after surgery. However, several technical
limitations have also been noted for the laparoscopic
approach, including poor ergonomics, limited range of
motion, lack of three-dimensional visualization, and tre-
mor. These limitations led to the emergence of robotic
systems, which were expected to overcome the pitfalls of
conventional laparoscopic techniques. Since robot-assisted
colectomy using the da Vinci® Surgical System (Intuitive
Surgical Inc., Sunnyvale, CA) was first reported in 2002
[1], it has been used increasingly in colorectal surgery,
and a number of studies have demonstrated the safety and
feasibility of robotic colorectal procedures including right
and left/sigmoid colectomies [2-4]. However, few reports
of robotic transverse colectomy exist, and the results of its
use for lesions in transverse colon remain largely
unreported.

The aim of this study was to report our experience of
robotic transverse colectomy with an intracorporeal anas-
tomosis, provide details of the surgical technique, and
present the theoretical benefits of the procedure.

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11701-015-0502-7&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s11701-015-0502-7&amp;domain=pdf

132

J Robotic Surg (2015) 9:131-136

Methods
Patients

This is a retrospective review of prospectively collected
data on the robotic colorectal resections performed using
the da Vinci® S Surgical System (Intuitive Surgical Inc.)
by a single surgeon between May 2007 and February 2011.
Out of 162 consecutive cases, three transverse colectomies
with a hand-sewn intracorporeal anastomosis were identi-
fied. The patients’ demographics, operative details,
histopathologic results, and postoperative outcomes were
reviewed.

Surgical technique

Figure 1 shows the operating room configuration and port
placement for a robotic transverse colectomy. The proce-
dure was carried out with a full robotic technique. A
12-mm trocar for the camera was placed just below the
umbilicus. Three 8-mm trocars for the robotic arms were
placed on the right anterior axillary line, the right mid-
clavicular line, and the left midclavicular line at the um-
bilical level, respectively. Another 12-mm trocar was
placed in the left lower quadrant for the assistant. The
robotic surgical cart was docked from the cephalic side of
the patient.

We used a 30-degree stereoscopic telescope, an ultra-
sonic energy instrument, or monopolar scissors in the first
robotic arm, a fenestrated Maryland bipolar forceps in the
second arm, and Cadiere forceps in the third arm. The
lesion was localized with preoperative tattooing (Fig. 2a)
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or intraoperative laparoscopic ultrasonography (Fig. 2b).
Laparoscopic ultrasonography was performed by a radi-
ologist before the surgical cart was docked to detect the
tumor itself or clips which were applied during preop-
erative colonoscopy. After identifying the lesion, the pro-
cedure began with detachment of the greater omentum
from the transverse colon using an ultrasonic energy de-
vice. The transverse mesocolon was then lifted and spread
with the third arm and an atraumatic grasper through the
assistant port. The middle colic vessels were identified by
its pulsation and contour at the root of the mesentery. The
peritoneal layer of the mesentery was incised at the level of
the origin of the middle colic vessels, and meticulous
dissection around the vessels, including accurate lym-
phadenectomy, was conducted (Fig. 3a). The middle colic
artery and vein were isolated and ligated with 5-mm clips
that were introduced through the assistant port (Fig. 3b).
The transverse mesocolon was divided from the root of the
middle colic vessels to the border of the transverse colonic
wall. With sufficient proximal and distal margins, the
transverse colon was divided using two endolinear cutting
staplers. The specimen was covered with an endoscopic
vinyl bag and placed beside the liver during the anasto-
mosis. The anastomoses were performed intracorporeally
in all cases. After placing three tagging sutures on the
antimesenteric border, the mesenteric border, and their
midpoint, the stapled lines on both cutting edges were re-
moved. A single-layer end-to-end anastomosis was fash-
ioned, using full-thickness interrupted sutures of 3-0
polyglactin (Fig. 4). The specimen was retrieved at the end
of the procedure through a small extension of the camera
port site.
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Fig. 1 a Operating room configuration and b port placement for a robotic transverse colectomy. C 12-mm port for camera; A 12-mm port for
assistant; R/, R2, R3 8 mm trocars for first, second, and third robotic arms
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Fig. 3 Dissection and ligation of the middle colic vessels:
a meticulous dissection around the vessels, including accurate
lymphadenectomy and b ligation with 5-mm clips

Results

During the study period, two males and one female un-
derwent transverse colectomies for malignant or prema-
lignant disease. The patients’ demographics and operative
details are summarized in Table 1. The age of the patients
was 57, 68 and, 54 years, respectively, and the BMI was
26.4,22.7, and 29.2 kg/mz. All of the tumors were located

Fig. 4 A single-layer end-to-end anastomosis using full-thickness
interrupted suture of 3-0 polyglactin

in the middle third segment of the transverse colon on the
abdomino-pelvic computed tomography. The premalignant
lesion failed to be removed by colonoscopic intervention
before surgery. The clinical stage of both malignant lesions
was T2NOMO, according to the American Joint Committee
on Cancer TNM staging system. The docking time defined
as the time for docking the four robotic arms onto the
trocars was 5 min in all cases. The time spent using the
robot was 350, 190, and 265 min for each patient. The total
operative time was 408, 307, and 297 min. There were no
intraoperative complications and no conversions to con-
ventional laparoscopic technique.

Table 2 shows the histopathologic and postoperative
outcomes of the patients. The final histopathologic reports
revealed that patient 1 and 3 had adenocarcinoma of
pT3NO and pT2NO, respectively. Patient 2 had 4.0 cm-
sized tubular adenoma with high-grade dysplasia. The
proximal resection margin was 3.0, 6.5, and 3.5 cm and the
distal resection margin was 10.0, 5.5, and 2.5 cm, respec-
tively. The number of lymph nodes retrieved was 6, 8, and
6 in each patient. Patient 3 developed a wound seroma and
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Table 1 Demographics and operative details of the patients

Patient Gender Age BMI Previous Preoperative diagnosis Location of  Dock time Robot OP time
number (years) (kg/mz) abdominal tumor (min) time (min) (min)
surgery
1 M 57 26.4 No Adenocarcinoma WD, Mid- 5 350 408
cT2NOMO transverse
colon
2 M 68 22.7 No Tubular adenoma with Mid- 5 190 215
high-grade dysplasia transverse
colon
3 F 54 29.2 No Adenocarcinoma WD, Mid- 5 265 297
cT2NOMO transverse
colon
BMI body mass index, OP operation, WD well differentiated
Table 2 Histopathologic and postoperative outcomes
Patient  Pathology Size of Proximal Distal Number of Complications Daysto LOS FU Disease
number tumor margin margin harvested full diet (days) (months) status
(cm) (cm) (cm) LNs
1 Adenocarcinoma 3.2 3.0 10.0 6 No 6 9 82 NED
WD, pT3NO
2 Tubular adenoma 4.0 6.5 5.5 8 No 4 9 72 NED
with high-grade
dysplasia
3 Adenocarcinoma 2.3 3.5 2.5 6 Wound 5 8 63 NED
WD, pT2NO seroma

LN lymph node, LOS length of stay, WD well differentiated, NED no evidence of disease

recovered with conservative management. All patients
were discharged within 9 days. After a median follow-up
of 72 months, there were no local or systemic recurrences.

Discussion

Laparoscopic colorectal resection has proven to be safe and
effective based on several large randomized trials and has
been accepted as an alternative method to the traditional
open procedure for the past two decades [5, 6]. However,
the majority of studies on laparoscopic colectomy have
excluded patients with transverse colon or colonic splenic
flexure lesions because of technical complexities [7-9].
Although there have been several studies, including a meta-
analysis which demonstrated that laparoscopic resection of
transverse colon tumor is a safe and effective technique
compared with open procedure [10], the evidence is still
limited.

Robotic technology, which provides high-definition
three-dimensional vision with magnification, seven de-
grees of freedom of instrumental movement, tremor re-
duction, and comfortable ergonomics [11], was expected
to reduce the technical difficulties of conventional
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laparoscopy and has been actively adopted for colorectal
operations. There have been many reports of robot-as-
sisted colectomies and most of them had concluded that
the procedure was safe and feasible [2—4, 12—-15]. How-
ever, most of the literature has focused on consecutive
series of right hemicolectomy, anterior resection, and low
anterior resection, and reports of robotic transverse
colectomies are scarce.

Technically, it is generally accepted that laparoscopic
anterior resection or right hemicolectomies are easier to
perform than laparoscopic transverse colectomy. Separate
dissection of the middle colic vessels and the harvest of
lymph nodes, and full mobilization of hepatic and splenic
flexure of colon, which are essential elements of laparo-
scopic transverse colectomy, are more challenging than
other laparoscopic colectomies. Moreover, the patient
population requiring a transverse colectomy is usually too
small to overcome the long learning curve associated with
a laparoscopic procedure. Because of this high technical
demand, the advantages of robotic surgery can be max-
imized in a transverse colectomy. Dissection of the root of
the middle colic vessels can be facilitated and performed
more safely under stable three-dimensional magnified view
and meticulous surgeon-controlled countertraction.
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In every case, we carried out an intracorporeal end-to-
end hand-sewn anastomosis. Currently, the majority of
laparoscopic colectomies adopt an extracorporeal anasto-
mosis. For this approach, the transverse colonic mesentery
must be fully mobilized and both colonic flexures should
be taken down to reach the minilaparotomy site, which is
usually made with a small extension of the umbilical in-
cision for the camera port. When adopting an intracorpo-
real end-to-end hand-sewn anastomosis, we can avoid
excessive dissection and colonic flexure takedown to re-
tract the specimen with the mesenteries [16]. Moreover, it
may result in reduction of the incision length because the
specimen could be extracted in a single linear shape instead
of a double loop shape. This advantageous aspect may be
exaggerated in obese patients who have thick abdominal
wall and short transverse mesocolon [16, 17]. The hand-
sewn anastomosis can be challenging with conventional
laparoscopy; however, the robotic approach might provide
specific advantages for this procedure with its improved
ergonomics [18]. Patient 1 was the third case out of a total
162 consecutive series of robotic colectomies and, there-
fore, the total operation time was quite long, but the op-
erator did not feel lots of technical difficulties during the
hand-sewn intracorporeal anastomosis. The endo-wrist
function of robotic instruments makes the suturing and
tying process as easy as in open surgery. One of the
limitations with da Vinci® Surgical System is the absence
of tactile sensation, which was realized as frequent breaks
of threads during knot-tying in our procedure. This is be-
cause the tensile strength on the thread is not transferred to
the master console, so that the operator cannot properly
control the strength in tightening the knots. However, after
several trials and errors even in the first patient, the op-
erator could achieve the proper skill of knot-tying with
visual feedback, that is, observing the degree to which the
colonic wall is compressed by the knots. Colonic bowel
preparation was established with laxatives in all patients,
and there was no inconvenience due to fecal spillage during
the anastomosis.

In addition, because all procedures are performed in the
peritoneal cavity without tactile sensation, precise local-
ization of the tumor is a critical aspect of robotic transverse
colectomy. We identified the lesion with preoperative tat-
tooing or intraoperative ultrasonography. In all cases, the
localization procedure was not difficult and worked well.
Preoperative clipping and intraoperative X-ray are other
possible options.

Transverse colectomy is not a surgery performed fre-
quently, because tumor location in mid-transverse colon is
rare and extended right or left hemicolectomy is carried out
for advanced mid-transverse colon cancer to eradicate
possible lymph nodes metastases around the right colic or
left colic artery, respectively [19, 20]. So, we planned

transverse colectomy with robotic approach for patients
who had premalignant tumor which could not be removed
by colonoscopic intervention or malignant lesion of early
stage (cCT2NOMO) which was located in the mid-transverse
colon. However, one of them was finally reported to have
pT3NO cancer. Although at least 5 cm of surgical resection
margin was allowed intraoperatively [21], histopathologic
examination revealed proximal or distal resection margins
less than 5 cm, owing to shortening of the bowel length
during fixation and, concordantly, the number of harvested
lymph nodes less than 12. Histopathologic results reflecting
oncological radicality were suboptimal [22], but all three
patients were alive without evidence of recurrence at the last
follow-up date. It seems that a careful selection of patients
with early mid-transverse colon cancer is required to per-
form this procedure, especially at the beginning period.

In conclusion, three consecutive cases of robotic trans-
verse colectomy were successfully performed and,
although small in number, we could find the theoretical
benefits of robotic transverse colectomy combined with an
intracorporeal anastomosis. We suggest that patients with
early mid-transverse colon cancer are good candidates for
this type of surgery.
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