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Abstract

Introduction: Laparoscopy has been introduced into the field of colorectal surgery with the aim of reducing morbid-
ity. One of the major barriers to overcome is the steep learning curve. Robotic surgery offers substantial advantages
over traditional laparoscopy, which make the whole procedure more user friendly.

Aim: To present our initial experiences with robotic assisted colorectal surgery.

Material and methods: Thirty-five patients with colorectal cancer underwent robotic assisted procedures between
2011 and 2013.

Results: In total we performed 16 low anterior resections, 14 right colectomies, 3 abdominosacral resections and
2 left colectomies. There were 22 males and 13 females. The mean operative time was 315 +65 min for a low an-
terior resection. The mean length of hospital stay was 6.4 +1 days. There were 4 conversions to open procedures,
2 anastomotic leaks, and 1 colovaginal fistula. The mean lymph node yield was 12.7 +4.3. The resection margin was
negative in all but 1 patient.

Conclusions: We agree with the opinion that robotic surgery brings many advantages in pelvic dissections. In order to
facilitate safe acquisition of robotic total mesorectal excision skills, surgeons should begin with female patients, and
less advanced rectal cancer. In some instances robotic assistance can be helpful in right colectomies.
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(LCS) offers improved short-term outcomes in elec-

Introduction : ) . o :
tive, benign and malignant colonic disease in com-

Colorectal resection is typically associated with
significant morbidity and mortality. Complications
can occur in up to one third of patients. The most
frequent complications include wound infection,
small bowel obstruction and cardiopulmonary prob-
lems [1].

Laparoscopy has been introduced into the field of
colorectal surgery in the hope of reducing invasive-
ness and decreasing morbidity. Several trials have
demonstrated that laparoscopic colorectal surgery

parison to open surgery [2-5]. The rising interest in
minimally invasive surgery has resulted in an increase
in the use of LCS in the US and Western Europe [6,
7]. In countries such as Poland LCS still remains un-
popular. One of the major limiting factors is the steep
learning curve that requires up to 150 procedures to
reach an expert level of competence [8, 9].

The da Vinci robot is the latest operative mo-
dality in the arsenal of minimally invasive surgery.
The advantages of the robot are widely discussed
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in the literature [10]. Unlike other minimally inva-
sive methods the robotic system offers a camera
with a three dimensional view of the operating field
and 10x magnification. In addition the surgeon has
control of three independently working arms, each
equipped with an EndoWrist instrument that has
seven degrees of freedom, 180° articulation and
540° rotation.

Aim
The aim of this article is to present our initial

experiences with robotically assisted surgery in the
field of colon and rectal surgery.

Material and methods

The da Vinci system was installed in our hospital
(Wroclaw County Hospital, WSSK) in December of
2010. Prior to its installation our surgical staff un-
derwent extensive training in robotics centres across
the US and Europe.

The first robotic procedure at our institution,
a left hemicolectomy, was performed in December
2010 by Professor Giuseppe Spinoglio. Between
2011 and 2013 our surgical team consisting of gen-
eral surgeons, urologists and gynaecologists per-
formed a total 156 robotic procedures. This number

Figure 1. Position of the robot, rectal dissection
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includes 35 robotic colorectal resections performed
mostly by two surgeons with qualifications in robot-
ic surgery. Patients were selected for a robotic ap-
proach based on the surgeon’s discretion and the
availability of the da Vinci system and trained staff.
An attempt was made to offer a robotic procedure
to every consenting patient with a rectal or right co-
lon lesion (T1-T3), ASA class 1 to 3, and without any
additional risk for prolonged anaesthesia. Financial
limitations and time constrains often precluded a ro-
botic approach.

Patient demographics, complications, and periop-
erative outcomes were recorded prospectively into
our departmental database and analysed.

Surgical technique
Low anterior resection

The patient is placed on the operating table in
the Trendelenburg position (Figure 1). For rectal
resection the da Vinci system is situated between
the patient’s legs or on the left side of the patient.
Typically we used 6 ports: a 12 mm camera trocar
placed at the umbilicus, three 10 mm robotic ports
located in the right and left lower quadrant and two
laparoscopic ports (5 mm and 12 mm) for the sur-
gical assistant (Figure 2). At our institution a low
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Figure 2. Port placement, low anterior resection

anterior resection for rectal cancer is routinely per-
formed using a hybrid or totally robotic technique.
The hybrid technique differs from the fully robotic

Figure 3. Position of the robot, right hemicolectomy
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method in the way the first phase of the surgery is
conducted: control of the inferior mesenteric artery
and vein, mobilisation of the left colon and option-
ally the splenic flexure is performed laparoscopically.
The da Vinci system is used exclusively for total me-
sorectal excision [11]. In the totally robotic approach
the robot is used to control both left colon and pel-
vic dissection. This approach might require the rear-
rangement of the robotic arms during the procedure
[12]. The specimen is extracted from the abdominal
cavity via a small Pfannenstiel incision.

Abdominoperineal resection

A totally robotic approach is also used in abdom-
inoperineal resection (APR). The specimen is extract-
ed through a perineal incision and thus a laparoto-
my can be avoided.

Right colectomy

For a right colectomy the da Vinci system is
docked on the right side of the patient. The patient
is placed on the operating table in a supine position
with the right side up (Figure 3). In total 4 ports are
used: a 12 mm camera port at the umbilicus, 2 robot-
ic 10 mm ports are placed in the upper and lower left
quadrants and a 5 mm laparoscopic assistant port
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is placed at the level and left of the umbilicus (Fig-
ure 4). The specimen is extracted via a small midline
minilaparotomy. Anastomosis is routinely performed
extracorporeally [13].

Results

From 2011 to 2013 we performed 35 robotic as-
sisted colon and rectal resections. This number includ-
ed 16 low anterior resections (LAR), 14 right colecto-
mies (Rh), 3 abdominosacral resections (ASR), and
2 left colectomies (Lh). In 2 of the LAR cases a con-
comitant hysterectomy was performed. There were
22 males and 13 females in our series (Table ). The
mean body mass index (BMI) was 29.4 +4.9 kg/m?2.

Among the patients undergoing rectal dissec-
tion 9 (47%) underwent neoadjuvant therapy and
12 (63%) had an advanced T3/T4 lesion. Total oper-
ative time was calculated from the time of the first
incision to skin closure. The average time was 168
+49 min for a right colectomy and 315 +65 min for
low anterior resection. On average blood loss was
estimated at 65 +10 ml for Rh and 120 +53 ml for
LAR. There were 2 cases of intraoperative bowel lac-
eration, which were identified instantly and secured
with serosal stitches. We observed 4 conversions
that occurred solely during the LAR procedure. In
3 cases the reason for the conversion was an inabil-
ity to achieve adequate retraction in a narrow male
pelvis. In the remaining case multiple adhesions
excluded a minimally invasive approach. The mean
length of hospital stay was 6.4 +1 days, excluding
patients with an anastomotic leak. Median number
of harvested lymph nodes was 12.7 +4.3. A positive
circumferential resection margin was noted in one
patient with an advanced rectal cancer after a short
term of neoadjuvant treatment.

Major complications occurred in 3 patients and
included 2 anastomotic leaks (12.5%) and 1 case of
a colovaginal fistula. There were 2 reoperations with-
in 30 days after the initial procedure. In both cases
the reason for re-interventions was an anastomot-
ic leak. The first patient was a 69-year-old woman
with a T3N1 adenocarcinoma in the mid rectum. She
underwent a long course of neoadjuvant treatment
and a subsequent low anterior resection with a di-
verting ileostomy. On the fifth postoperative day she
presented with clinical symptoms of anastomotic
dehiscence and underwent a diagnostic laparosco-
py and subsequently laparotomy with wash-up and
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Figure 4. Port placement, right hemicolectomy

Table I. Demographics and perioperative para-
meters

Parameter Result
Age, mean + SD [years] 65 +12
Male/female 22/13
BMI, mean + SD [kg/m?] 29.4+4.9
T stage (rectal cancer):

T4 2

T3 10

T2 5

Tis 2
Mean operative time, mean + SD [min]:

Low anterior resection 315 +65

Right colectomy 168 +49
Mean blood loss, mean + SD [ml]:

Low anterior resection 107 £53

Right colectomy 45 +10
Conversion, n (%) 4 (11.4)
Length of hospital stay (uncomplicated 6.4 +1
patients), mean + SD [days]
Positive circumferential resection mar- 1(5)
gin (rectal cancer), n (%)
Lymph node harvest, mean + SD 12.7+4.3
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drainage. The second patient was a 68-year-old man
with a T3NO rectal cancer located in the mid rectum
after short course of radiotherapy. He presented
with clinical symptoms of an anastomotic leak on
the seventh postoperative day and required a lapa-
rotomy with a wash-up and a loop colostomy. Two
more patients necessitated re-intervention within
1 year of the primary procedure. The first was
a 49-year-old woman with a T3N1 rectal cancer after
neoadjuvant therapy who underwent an uncompli-
cated robotic LAR with a concomitant hysterectomy
(due to large uterine myomas). Two months later
during her chemotherapy treatment she presented
with symptoms of a colovaginal fistula for which she
received a loop colostomy. The second patient was
a 58-year-old man with a T4N2 lesion located in the
caecum. He underwent a robotic right colectomy.
Out of 15 lymph nodes harvested 6 showed signs of
metastasis on the pathology report. Eleven months
after the primary procedure he developed a recur-
rent disease in the regional lymph nodes, which re-
quired a laparotomy.

Discussion

The development of an automated surgical sys-
tem has been the dream of medical pioneers since
the advent of modern medicine. In the late twenti-
eth century advances in technology and the idea of
telesurgery have driven these ideas to fruition: the
development of a surgical robot. Initially, the first ro-
bots were invented to perform certain tasks in haz-
ardous environments such as battlefields or space
missions.

The true advent in the clinical use of master-slave
telemanipulators is related to introduction of the da
Vinci robotic system. It was the first telerobotic sys-
tem approved for intra-abdominal surgery in the USA
by the Food and Drug Administration. Since then the
popularity of robotic surgery has been steadily grow-
ing. In 2013 there were 2966 surgical robots work-
ing worldwide, with hysterectomies and prostatec-
tomies being the most commonly performed robotic
procedures [14].

The first robotic assisted colorectal resection
was reported by Weber et al. in 2001 [15]. Amaz-
ingly, surgeons have been slow to take up robotic
surgery, perhaps because they had had more than
a decade of experience with laparoscopic surgery. At
present, given the particular benefit of using robot-
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ics in pelvic procedures, there is great interest in the
application of a surgical robot for a total mesorec-
tal excision. Current evidence suggests that robot-
ic rectal surgery might offer better short-term out-
comes when applied in selected patients; however
it is associated with increased cost and operating
time. Obesity, male gender, neoadjuvant therapy
and tumours located in the lower rectum are the
best indications for robotic surgery. Proponents of
the robotic technique claim that endowristed robotic
instruments allow a surgeon to approach the rectum
from different directions and angles, thus permitting
precise retraction and sharp dissection [16-18]. The
application of robotics in colon surgery is more de-
batable. Data available in the literature indicate that
in comparison to standard laparoscopy the robotic
approach produces similar outcomes, but takes lon-
ger and is associated with higher cost [19, 20].

In this article we present our early experiences
with robotic colorectal surgery. In accordance with
the data available, from the beginning we used the
surgical robot for rectal dissection and less often for
colon surgery. Although our team is still learning, we
were able to confirm the safety and feasibility of the
robotic approach. Despite a challenging group of pa-
tients, RO resection was accomplished in all but one
case. The average lymph node harvest of 12.7 lymph
nodes further confirms the efficiency and oncolog-
ic safety of the robotic approach. We agree with an
opinion presented in the medical literature that ro-
botic surgery brings many advantages in pelvic dis-
sections. The rationale behind this is the fact that
a console operator can use three working arms with
articulated instruments. This is an operating system
that allows for total control over the operating field.
The surgeon can use up to three instruments as well
as a camera all at once. The role of a skilled assistant
is still very important but is limited in comparison to
a laparoscopic or open technique. In our experience
from the beginning we tried to attempt difficult TME
in male patients and advanced tumours. In fact we
found this group of patients particularly difficult. Of-
ten it was very challenging to achieve good retrac-
tion and to create a proper plane of dissection deep
in the pelvis. In our series this resulted in prolonged
operative time and conversions. We can conclude
that in order to facilitate safe and stepwise acqui-
sition of robotic TME skills, surgeons should begin
with female patients and ideally less advanced rec-
tal cancer. After gaining adequate experience more
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challenging tumours should be attempted. The
available data suggest that a range from 15 to 25
cases is required to achieve a higher level of com-
petence. This correlates well with our observations
and we suggest circa 20 rectal procedures prior to
attempting robotic TME in more complex patients.

In some instances robotic assistance can be ap-
preciated in right colectomies. At first we believed
that a right colectomy was a good “training” pro-
cedure. Typically a right colectomy is a relatively
straightforward operation with low complication
rates that permits the entire robotic team to ac-
quire experience and competence. With time we
found robotic assistance to be very helpful during
dissection of the ileocolic pedicle. The fine move-
ments of the robotic instruments allow for a pre-
cise lymphadenectomy along ileocolic vessels. This
is an early observation, which needs to be validat-
ed in future.

Prolonged operative time is often described as
one of the major drawbacks of robotic surgery. We
found that our mean operative time of 315 min for
rectal resection is only just acceptable and we hope
to reduce the operating room time with experience.
On the other hand, evidence published in the liter-
ature shows that even in the hands of an expert ro-
botic LAR takes up to 280 min [21].

The other frequently discussed shortcomings of
robotic surgery are the limited range of movements
of the robotic arms, the lack of tactile feedback and
the bulkiness of the entire robotic system. In our
opinion, these shortcomings are of some impor-
tance but the major limiting factor is the high cost
of robotic technology. The da Vinci system costs
approximately USD 1.75-2.2 million depending on
the version. In addition, one should calculate the
cost of robotic disposable instruments. Typically for
a rectal or colon resection the additional expenses
per procedure vary between USD 1000 and 1500.
Obligatory yearly servicing expenses are calculat-
ed at approximately USD 200 000. Combining the
high capital cost of the system, maintenance and
the price of the disposable instruments, cost effec-
tiveness of robotic surgery today is a major issue
not only in Poland. One should understand that the
current da Vinci system is very successful but only
the first routinely used surgical robot. The technolo-
gy continues to develop. We anticipate that progres-
sion in research will reduce the size, improve the
functionality and lower the cost.
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Conclusions

Robotic technology is undoubtedly an exciting de-
velopment in the field of minimally invasive surgery.
Although there is limited evidence from randomized
clinical trials to support the use of robotics in colorec-
tal surgery, we believe it is here to stay. We agree
that robotic surgery brings many advantages in pel-
vic dissections. It permits average surgeons to adopt
minimally invasive techniques and skilled surgeons
to go beyond the boundaries of minimally invasive
procedures. Nevertheless, in order to facilitate safe
and stepwise acquisition of robotic TME skills, sur-
geons should begin with female patients and ideally
less advanced rectal cancer. In some instances robot-
ic assistance can be appreciated in right colectomies.
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