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Abstract

Robotic surgery enhances the precision of minimally invasive surgery through improved three-dimensional views and
articulated instruments. There has been increasing interest in adopting this technology to colorectal surgery and this has
recently been introduced to the Irish health system. This paper gives an account of our early institutional experience with
adoption of robotic colorectal surgery using structured training. Analysis was conducted of a prospectively maintained
database of our first 55 consecutive robotic colorectal cases, performed by four colorectal surgeons, each at the beginning
of his robotic surgery experience, using the Da Vinci Si® system and undergoing training as per the European Academy of
Robotic Colorectal Surgery (EARCS) programme. Overall surgical and oncological outcomes were interrogated. Fifty-five
patients underwent robotic surgery between January 2017 and January 2018, M:F 34:21, median age (range) 60 (35-87) years.
Thirty-three patients had colorectal cancer and 22 had benign pathologies. Eleven rectal cancer patients had neoadjuvant
chemoradiotherapy. BMI was > 30 in 21.8% of patients and 56.4% of patients had previous abdominal surgery. Operative
procedures performed were low anterior resection (n=19), sigmoid colectomy (n=9), right colectomy (n=22), ventral mesh
rectopexy (n=3), abdominoperineal resection (n=1) and reversal of Hartmann’s procedure (n=1). Median blood loss was
40 ml (range 0—400). Mean operative time (minutes) was 233 (SD 79) for right colectomy and 368 (SD 105) for anterior
resection. Median length of hospital stay was 6 days (IQR 5-7). There was no 30-day mortality, intraoperative complications,
conversion to laparoscopic or open, or anastomotic leakage. Median lymph nodes harvest was 15 in non-neoadjuvant cases
(range 7-23) and 8 in neoadjuvant cases (2—14). Our early results demonstrate that colorectal robotic surgery can be adopted
safely for both benign and neoplastic conditions using a structured training programme without compromising clinical or
oncological outcomes. The early learning curve can be time intensive.
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Introduction improved with less postoperative adhesions, fewer inci-

sional hernias and easier reoperation when needed [3-7].

Minimal invasive surgery has gained wide acceptance and
utilisation in colorectal surgery over the last two decades.
Randomised controlled trials have established that the
laparoscopic approach is associated with good oncologi-
cal outcomes, shorter hospital stay, fewer morbidities and
less postoperative pain [1, 2]. Long-term outcomes are
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As aresult, laparoscopic resection has become the standard
of care in colorectal resections in many institutions [8—11].
However, despite these benefits, adoption of laparoscopy,
particularly it’s utilisation in rectal cancer surgery remains
around 30-50% in the Western world [12]; this is partly due
to limitation of straight instruments particularly in narrow
pelvis and longer learning curve associated with learning
such techniques [13-16].

Robotic surgery brings technical advantages over laparo-
scopic surgery with increased degrees of instrument move-
ment, reduced fulcrum effect and better optics. Robotic
systems provide an interface between the operating sur-
geon and the patient into which enabling technology can be
built to overcome ergonomic difficulties and to enhance the
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precision of surgical procedures. The Da Vinci Robotic®
system (Intuitive Surgical Inc., Sunnyvale, CA, USA) is cur-
rently the most widely used robotic system and provides a
three-dimensional view, using a stable platform for precise
dissection. The Endowrist® feature offers a wide range of
movement allowing 7 degrees of freedom, 180° articulation
and 540° rotation [17, 18]. These attributes allow a vastly
more sophisticated range of movements when compared to
the straight laparoscopic instruments. This advantage is par-
ticularly important in confined spaces such as the lower third
of rectum and the pelvic floor.

Weber performed the first robotic colonic resection in
2002, and since then there has been an increasing interest
in adopting robotic platforms in many colorectal units [19].
Robotic colorectal surgery was introduced to the Irish health
system in 2016, and our hospital is among the first in the
country to embrace this technology.

This manuscript describes our institutional experience
with the adoption of robotic colorectal surgery for a variety
of benign and malignant conditions following the training
structure outlined by the European Academy of Robotic
Colorectal Surgery (EARCS) [20].

Methods
Study population

Prospective data on 55 consecutive patients who underwent
robotic colorectal procedures from January 2017 to Janu-
ary 2018 were analysed. Robotic surgery was performed by
four colorectal surgeons who were closely supervised by a
robotic trainer for initial part of their experience.

Patients’ selection and preoperative workup

Patients with both benign and malignant conditions were
offered robotic surgery. All patients with colorectal cancer
had preoperative staging and were discussed in our MDT
meeting. Patients with T3/4 rectal cancer, node-positive
disease and/or involved or a threatened circumferential
mesorectal margin had neoadjuvant therapy. It involved
long course chemoradiation regime with surgery per-
formed between 8 and 12 weeks following the completion
of down-staging.

Robotic training

Four surgeons with prior laparoscopic colorectal experience
were enrolled into the EARCS robotic training program at
different times during the year. Da Vinci Si® robot was used
in all patients. Robotic training was as outlined by EARCS
[20] and involved the following steps:
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1. Theoretical knowledge and case observations:

This step consisted of lecture-based teaching to cover the
knowledge of pelvic anatomy and the theory behind Total
Mesorectal Excision (TME). It also incorporated live case
observation at a faculty member institution.

2. Robotic system and dissection training course:

A 2-day course was conducted at a designated training cen-
tre to provide insight and competence with the system and
console using a porcine training model for procedure specific
training.

3. Hands-on clinical training:

Proctored clinical training was conducted by EARCS
faculty members at Beacon Hospital. Surgeons started with
benign and malignant right and left sided resections and pro-
gressed to rectal resections at a pace directed by the supervis-
ing proctor. Five satisfactory rectal resections was a minimum
requirement for competence.

4. Final competence assessment and accreditation:

Global Assessment Score (GAS) forms were used for
assessment of competence. Upon completion of training, two
unedited videos of self-performed robotic low anterior resec-
tion (LAR) were submitted for blind assessment by EARCS
faculty. Satisfactory performance as independently judged was
arequirement for graduation from the programme and EARCS
certification. At the time of preparation of this manuscript,
two of our surgeons has achieved EARCS accreditation, one
is half way through and the other is at an earlier stage of the
training pathway.

Ethical consideration

This study was reviewed and approved by the ethics committee
in our institute.

Statistical analysis

IBM SPSS version 24 (SPSS Inc., Chicago, IL, USA) and
Microsoft Excel 2016™ were used for the statistical analysis.
Data variables were expressed as median with range or inter-
quartile range (IQR) for non-parametric data and mean with
standard deviation for parametric data.
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Results
Patient demographics

Fifty-five patients underwent robotic colorectal surgery
at our hospital between January 2017 and January 2018.
There were 34 males (61.8%) and 21 females (38.2%).
Median age was 60 years (range 35-87). Median body
mass index (kg/mz) was 26.9 (range 17.8-41.6), and 21.8%
of patients had BMI greater than 30. Thirty-one patients
(56.4%) had previous laparoscopic or open abdominal sur-
gery. Sixty percent (n=33) of procedures were performed
to treat bowel cancer, while the remaining 40% were for

Table 1 Patients characteristics and indications for surgery

n %
Males 34 61.8
Females 21 38.2

Median age (years) 60 (range 35-87)

Median body mass index (kg/mz) 26.9 (range 17.8-41.6)

<25 18 327
25.1-30 25 45.5
30.1-40 11 20
>40 1 1.8
ASA grade
I 7 12.7
I 34 61.8
III 14 25.5
v 0 0
Previous abdominal surgery 31 56.4
Major abdominal procedures 10
Minor abdominal procedures 21

Indications for surgery

Bowel cancer 33 60
Rectal cancer 19
Left side colon cancer 4
Right side colon cancer 10

Benign conditions 22 40
Rectal prolapse 3
Benign polyps 12

Complicated diverticular disease 3
Others 4

benign conditions. Patient characteristics and surgical
indications are summarised in Table 1.

Operative and clinical outcomes

Procedures performed included low anterior resection
(n=19), sigmoid colectomy (n=9), right colectomy
(n=22), ventral mesh rectopexy (n=3), abdominoper-
ineal resection (n=1) and reversal of Hartmann’s proce-
dure (n=1). Median blood loss was 40 ml (range 0—400).
Mean operative time was 233 min (SD 79.07) for right
colectomy and 368 min (SD 104.65) for anterior resection.
The median length of hospital stay was 6 days (IQR 5-7).

There was no mortality within 30 days of surgery and
no intraoperative complications or conversion to open or
laparoscopic surgery. Readmission within 30 days rate was
7.3% (4 patients). Two patients (3.6%) required reopera-
tion within 30 days from the index procedure; one required
relook laparoscopy and the other had evacuation of port
site haematoma. One patient had a colonoscopy for a late
reactive short-lived anastomotic bleed. Other comorbidi-
ties included pelvic collection (n =2) and wound infec-
tion (n=3). Operative details and outcomes are outlined
in Tables 2 and 3.

Oncological outcomes

Thirty-three patients were operated on for colorectal can-
cer; 19 had rectal cancer (57.6%), 3 had sigmoid cancer
(9.1%), and 11 had right-sided colon cancer (33.3%). In
the rectal cancer group, 11 patients (57.9%) had neoadju-
vant chemoradiotherapy. Preoperative TNM classification
is summarized in Table 4.

Postoperative histopathology showed 14 patients had
T3 or T4 tumours and median lymph nodes harvested were
15 in non-neoadjuvant cases (range 7-23) and 8 in neo-
adjuvant cases (range 2—14). In rectal cancer patients, the
circumferential margin (CRM) was reported negative (RO)
in 18 patients (95%), while 1 patient was reported to have
an R1 margin <1 mm from CRM (this was a 52-year-old
male with T3NOMO low rectal cancer who had LAR fol-
lowing neoadjuvant chemoradiotherapy) Table 5.

Table 2 Individual surgeons

. Surgeon n Anterior resection Right colectomy Rectopexy Cancer Non-cancer
caseload and learning curves
A 29 21 (72%) 7 (24%) 1 (3%) 16 (55%) 13 (45%)
B 17 8 (47%) 9 (53%) 0 13 (76%) 4 (24%)
C 5 1 (20%) 2 (40%) 2 (40%) 2 (40%) 3 (60%)
D 4 0 4 (100%) 0 2 (50%) 2 (50%)

@ Springer



660

Journal of Robotic Surgery (2019) 13:657-662

Table 3 Perioperative outcomes and short-term clinical outcomes

Table 5 Histopathology results of colorectal cancer patients (n=33)

Mean operative time (min) Right colectomy:
233 (SD 79.07)
Anterior resection:

368 (SD 104.65)

Median blood loss 40 ml (range 0-400)
Conversion to open or laparoscopy 0
Median length of hospital stay 6 days (IQR 5-7)
30-day mortality 0
30-day reoperative surgery n=2 (3.6%)
30-day readmission n=4(73%)
Total morbidities® n=28 (14.5%)
Grade 1 2
Grade 11 2
Grade I1I 4
Anastomotic leakage 0
Wound infection n=3(5.5%)
Pelvic collection n=2 (3.6%)
Port site haematoma n=2 (3.6%)
PR bleeding n=1(1.8%)

IOR inter-quartile range

*Morbidities grouped using Clavien-Dindo classification

Table 4 Colorectal cancer preoperative staging (n=233)

Colon (n=14) Rectum Total (n=33)

(n=19)
Preoperative T staging
T1 2 6
T2 6 3 9
T3 1 12 13
T4 5 0 5
Preoperative N staging
NO 10 13 23
N1 3 3 6
N2 1 3 4
Preoperative M staging
MO 14 19 33
M1 0 0 0
Neoadjuvant chemoradio- 0 11 11
therapy
Discussion

Colorectal surgery has become increasingly precise over
recent decades with the introduction of minimally inva-
sive surgical techniques. The adoption of laparoscopic
surgery in colorectal resection has played a key role in
more precise surgery and the use of the robotic systems
has further enhanced this development. The utilisation of
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Colon (n=14) Rectum Total (n=33)
n=19)
pTNM stage

Tumour
TO 1 5 6
T1 1 1 2
T2 6 5 11
T3 2 8 10
T4 4 0 4

Lymph nodes
NO 10 15 25
N1 3 3 6
N2 1 1 2

Mesorectum resec-
tion margins (R)

RO n=18 (95%)
R1 n=15%)
R2 n=0
Number of har- Neoadjuvant cases: 8 (range 2—14)

vested lymph

Non-neoadjuvant cases: 15 (range 7-23)
nodes (median)

robotic technology can help to overcome the inherent tech-
nical difficulties associated with laparoscopic colorectal
surgery. The (Intuitive®) robotic platform provides a three-
dimensional view, using a stable platform. The robotic
wristed instruments allow a more sophisticated range of
movements compared to straight laparoscopic instruments,
especially during dissection within the confines of the pel-
vis [15, 16]. There is a growing body of literature that
recognises the safety and feasibility of robotic colorectal
surgery [21]. For rectal cancer, in particular, it would seem
to offer significant advantage to the surgeon. Despite being
initially reported in 2002, the introduction of robotic colo-
rectal surgery has been slow due to cost considerations,
technical difficulty and technologic limitations.

The successful and safe adoption of any new surgical
technique requires structured approach to learning and
close supervision which in turn leads to better short term
outcomes for patients. Whilst adopting new techniques, the
impact of learning curve on patient clinical outcomes remain
the most challenging aspect. We present our initial experi-
ence with robotic colorectal surgery and compare our surgi-
cal and oncological outcomes with the existing literature.
Our results have demonstrated the safety and feasibility of
incorporation of robotic systems in colorectal surgery using
a structured approach. Our data showed there were no intra-
operative complications nor conversion to open or laparo-
scopic surgery, which is in keeping with the reported low
conversion rates in the literature [22-24]. The median length
of stay in hospital was 6 days and the readmission rate was
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7.3%. There was no mortality in our series. These findings
compare very favourably to previously published data [25].

Our mean operative times were 233 min in right colec-
tomy and 368 min in anterior resection which appear to be
longer than some reported series [26, 27]. These prolonged
operative times should be viewed in the context of an early
learning curve for four different surgeons at variable stages
in their robotic training. It worth mentioning that early
reports from laparoscopic colectomies showed the operative
time was prolonged when compared with open approach;
however, this prolongation improved significantly when
surgeons were more experienced with the laparoscopic
approach [28]. Additionally, this prolongation of opera-
tive time did not translate into poor operative outcomes, as
shown in our results. This observation concurs with the find-
ing of a previous study by Sunu et al. [29], which concluded
that prolongation of operative time in minimally invasive
colon and rectal surgery does not adversely affect early post-
operative outcomes.

In this series, 33 patients had resection for colonic
cancer. Oncological outcomes in terms of RO resections
and the number of harvested lymph nodes were compara-
ble with reported laparoscopic outcomes in the literature
[30]. The same favourable results were maintained in the
rectal cancer subgroup, which benefits the most from the
robotic approach. Twenty-one percent of our patients had
BMI greater than 30 and more than half of the rectal cancer
patients were males, and 58% received preoperative neoad-
juvant chemoradiotherapy. It is well recognized that these
factors can make surgery more challenging, yet we observed
favourable outcomes in these patients.

Our study demonstrates the safety and feasibility of
adopting a robotic platform in colorectal surgery in an
Irish healthcare setting. Further studies will follow which
will address the long-term outcomes and will compare the
robotic approach to laparoscopic approaches.

Conclusion

We believe that the robotic platform has enhanced the preci-
sion of minimally invasive colorectal surgery through better
views and articulated instruments. We have embraced the
EARCS training programme and achieved the introduction
of robotic colorectal surgery without undermining clinical
or oncological outcomes.
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