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Abstract

Purpose Although there have been many reports on learning curves for robotic surgery, it is unclear how surgeons’ con-
ventional laparoscopic surgical skills influence their ability in performing robotic surgery for colorectal cancer (CRC). The
aim of this study was to determine the surgical outcomes of robotic surgery for CRC during the induction phase by skilled
laparoscopic surgeons.

Methods Surgical outcomes of consecutive CRC cases between January 2021 and March 2023 following the skilled phase
of laparoscopic surgery and introductory phase of robotic surgery performed by three skilled laparoscopic surgeons were
compared.

Results Overall, 77 consecutive patients diagnosed with sigmoid colon or rectosigmoid cancer were analysed, including 50
in the laparoscopy group (LAP) and 27 in the robotic group (Ro). Patient characteristics, including age, sex, body mass index,
and tumour progression, did not differ between the groups. The median operation time was 204 min in the robotic group
and 170 min in the laparoscopic group (p <0.001). Blood loss was significantly lower in the robotic group (p=0.0059). The
incidence of grade 2 or higher complications did not differ between the two groups (LAP, 10.0% vs. Ro, 7.4%, p=1). In the
robotic group, the time required for lymph node dissection had a greater impact on operative duration.

Conclusion Skills acquired from performing conventional laparoscopic surgery may contribute to the safe and reliable per-
formance of robotic surgery for CRC.

Trial registration UMIN000050923.
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Introduction

Colorectal cancer (CRC) is the third most common can-
cer worldwide [1]. Minimally invasive surgery (MIS)
has been widely performed for CRC, and its safety and
usefulness have been reported. Conventional laparo-
scopic surgery was introduced in 1980 and has continu-
ously been developed [2]. The types of MIS that surgeons
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should learn include laparoscopic and robotic surgeries.
Additionally, surgeons should strive to improve their sur-
gical skills. Robotic surgery in CRC is characterised by
improved operability compared to conventional laparo-
scopic surgery by utilising an articulated arm from the
viewpoint of ergonomics [3-5]. It has been reported that
a learning curve exists even with this state-of-the-art
technology [6—8]. However, there is no clear evidence
that robotic surgery can be performed safely by surgeons
in the early stages of implementation, and it is unknown
how surgeons’ experience and skills in laparoscopic sur-
gery will affect their transition to performing robotic
surgery.

In Japan, an objective evaluation system for the qual-
ity of conventional laparoscopic surgery was introduced
in 2004 by the Japan Society for Endoscopic Surgery
(JSES), contributing to the improvement of surgical
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skills of young surgeons[9, 10]. The number of success-
ful applicants in the field of CRC using this evaluation
system has been somewhat low (21-34% in the last 10
years) as it is a high-level evaluation system. Surgeons
certified under this system have been objectively evalu-
ated as having a certain level of laparoscopic surgical
skill. However, it remains to be seen whether robotic sur-
gery can be safely performed by certified laparoscopic
surgeons. Although several reports have examined the
learning curve required for successfully robotic surgery,
there is no evidence of how experience with laparoscopic
surgery influences a surgeon’s ability in performing
robotic surgery.

Therefore, we aimed to determine how being certified
as a “skilled laparoscopic surgeon (SLS)” is related to
surgical outcomes following robotic colorectal surgery.

Patients and methods

This multicentre retrospective cohort study was con-
ducted by the Yokohama City University Medical Cen-
tre (Yokohama, Japan). This study was conducted in
accordance with the Declaration of Helsinki. Because of
the retrospective nature of the study, written informed
consent was not required, and subjects were given the
opportunity to refuse to participate in the study using an
opt-out method. This study was approved by the Institu-
tional Review Board of Yokohama City University Medi-
cal Centre (Number F230300043) and registered in the
Japanese Clinical Trials Registry as UMIN000050923.
Patients who underwent laparoscopic or robotic sur-
gery for CRC at two high-volume centres (Yokohama
City University Hospital and Yokohama City Univer-
sity Medical Centre) between January 2021 and March
2023 were selected for this study. Patient data, includ-
ing clinical and pathological information, were extracted
from their medical records. The Union for International

Fig. 1 Transition from mastery
and proficiency in laparoscopic
surgery to robotic surgery

Cancer Control TNM classification (eighth edition) was
used to identify tumour progression [11].

The laparoscopic skill evaluation system in colorectal
surgery covers laparoscopic surgery for sigmoid colon or
rectosigmoid colon cancer. Under this system, a surgeon’s
laparoscopic video is evaluated by several colorectal sur-
geons to determine the SLS certification.

Between January 2021 and March 2023, three inde-
pendent and young colorectal surgeons from two high-
volume centres performed conventional laparoscopic
surgery for sigmoid colon or rectosigmoid cancer. As a
result, the three young surgeons were simultaneously cer-
tified as SLS by the JSES in April 2022. After the SLS
qualification, the three surgeons also began performing
robotic surgery. All surgeons were trained using the da
Vinci Surgical Skills Simulator (Intuitive Surgical Inc.,
Sunnyvale, CA, USA) prior to the introduction of robotic
surgery. We compared the outcomes of conventional lap-
aroscopic surgery performed by the three surgeons imme-
diately prior to SLS certification with those of robotic
surgery in the induction phase immediately after certifi-
cation (Fig. 1).

Patient selection

The inclusion criteria were as follows: (1) patients who
underwent laparoscopic or robotic surgery for sigmoid
colon or rectosigmoid cancer performed by any of the
three surgeons, and (2) patients who underwent D2 or D3
lymph node dissection. Patients with ulcerative colitis-
associated colorectal cancer, a history of colectomy, and
those who underwent emergency surgery were excluded.
Patients requiring splenic flexure mobilisation were also
excluded because it increases the risk of splenic injury,
increases operative difficulty, and prolongs operation
time. In this study, the definition of tumour localisation
was determined with reference to sagittal images, such
as those from computed tomography, magnetic resonance
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imaging, or irrigoscopy. The height of the sacral prom-
ontory was defined as the rectosigmoid junction (RSJ)
and was used as an anatomic landmark. Sigmoid colon
and rectosigmoid cancer were defined as tumours arising
from the proximal and distal RSJ, respectively (Fig. 2).
Cases wherein the inferior margin of the tumour exceeded
the second sacral vertebra were excluded from cases of
rectosigmoid cancer.

Surgical procedure

The same procedures and techniques were employed in
all cases, including anastomosis and mesenteric dissec-
tion, in both laparoscopic and robotic surgery. Conven-
tional laparoscopic resection was performed using five
trocars (Fig. 3a). Robotic surgery was performed using
the da Vinci Xi surgical system (Intuitive Surgical Inc.,
Sunnyvale, CA, USA), with four dedicated robotic ports
for the tip-up grasper, monopolar curved scissors, fenes-
trated bipolar forceps, and camera. Additionally, one
Fig. 2 Schematic illustration of the ana-

tomical definition of sigmoid colon and
rectosigmoid cancer

assistant port used by the assistant surgeon was placed in
the upper abdomen (Fig. 3b).

The surgical procedure was as follows: (1) sigmoid
mesenteric mobilization through the medial approach,
(2) resection of the inferior mesenteric artery (IMA) with
apical lymph node dissection, (3) resection of the inferior
mesenteric vein and the left colic artery (LCA), (4) lat-
eral approach, (5) rectal mobilization, (6) rectal resection
on the anal side of the tumour by linear stapler, and (7)
anastomosis.

D3 lymph node dissection was the protocol; however,
D2 dissection was performed in some patients, including
elderly patients and those with several comorbidities. For
D3 dissection, the apical lymph nodes were dissected, and
the IMA was clipped at the origin and divided (Fig. 4a).
In D2 dissection, the apical nodes were not dissected, and
the IMA was clipped peripherally after the LCA bifurca-
tion (Fig. 4b). In the present case, blood perfusion to the
LCA was preserved. Subsequently, the lateral approach
began at the lateral peritoneal fold near the descending
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Fig. 3 Standard port position of laparoscopic and robotic surgery. (a) Laparoscopic surgery.(b) Robotic surgery

sigmoid flexure and was continuous with the dissected
layer of the medial approach. The tumour-specific meso-
rectal excision concept was then used to dissect the pre-
sacral space in the order of midline, right side, and left
side while protecting the hypogastric nerves. The end-
point of the distal dissection was approximately 5 cm
below the tumour in cases of rectosigmoid cancer and
10 cm in cases of sigmoid colon cancer. Therefore, the
techniques for sigmoid colon and rectosigmoid cancer
were almost identical. The rectum was then transected
using a linear stapler.

The specimen was extracted by extending the umbili-
cal incision by 3—5 cm. Before anastomosis, anastomotic
perfusion was evaluated using indocyanine green fluores-
cence imaging or intraoperative visual judgment based
on clinical findings such as colour and pulsation. Anas-
tomosis was performed intracorporeally using the double
stapling technique.

Interest of outcomes
The primary endpoint of this study was the incidence of
perioperative complications. The Clavien—Dindo (CD)

classification was used to evaluate complications, and
grade 2 or higher complications were considered major
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complications [12]. The secondary endpoints were opera-
tion time, blood loss, and console time. Additionally, the
minimally invasive surgical duration (MID) required for
each part of the surgery was analysed for each group. In
accordance with our surgical procedures, we categorised
procedures into the following: Sect. 1, from the start of
the medial approach to IMA ligation (lymph node dissec-
tion); Sect. 2, continuation of the medial approach to the
end of the lateral approach; Sect. 3, rectal mobilisation;
and Sect. 4, mesorectal dissection and rectal resection
with a stapler. To compare the time required for each part,
the start of the procedure was defined as the beginning
of the incision of the medial approach and the end of the
rectal dissection with the stapler.

Statistical analyses

All statistical analyses were performed using EZR
(Saitama Medical Center, Jichi Medical University,
Saitama, Japan), a graphical user interface for R (The R
Foundation for Statistical Computing, Vienna, Austria).
The Mann—Whitney U test was used to compare con-
tinuous variables. Differences between categorical vari-
ables were identified using the Fisher’s exact probability
test. Additionally, the ratio of MID for each of the four
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sections to the total MID and their correlation were anal-
ysed in the laparoscopic and robotic groups using Spear-
man’s rank correlation coefficient. All statistical analyses
were two-tailed, and p-values < 0.05 were considered sta-
tistically significant.

Results

Demographic and clinicopathological characteristics
of patients who underwent minimally invasive
surgery

Overall, 77 consecutive patients diagnosed with sigmoid
colon or rectosigmoid cancer were included in the study,
including 50 in the laparoscopy group and 27 in the
robotic group. Patient characteristics, such as age, sex,
body mass index, American Society of Anesthesiologists
physical status, Eastern Cooperative Oncology Group
Performance Status Scale, and tumour progression, did
not differ between the two groups (Table 1). Sigmoid

D2 lymphadenectomy

\ gonadal vessels
__—ureter

colon cancer was significantly more common in the lapa-
roscopic group (80.0% vs. 37.0%, p <0.001).

Summary of surgical outcomes for the laparoscopic
and robotic groups

The short-term surgical outcomes in each group are sum-
marised in Table 2. The median operation time was 204
and 170 min in the robotic and laparoscopic groups,
respectively (p<0.001). Histograms of the operation
time in both groups are shown in Fig. 5. The operation
time tended to be more equalised in the robotic group
than in the laparoscopic group. Additionally, blood loss
was significantly lower in the robotic group (p =0.0059).
There was no difference in the extent of lymph node dis-
section or number of retrieved lymph nodes between the
two groups. The perioperative complications developed
in five patients in the laparoscopy group (10%), including
two with surgical site infections, one with dysuria, one
with anastomotic bleeding, and one with bowel obstruc-
tion. Patients with bowel obstruction due to port-site
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Table 1 Demographic and clinical characteristics of the study popula-
tion

Table 2 Summary of short-term surgical outcomes in laparoscopic and
robotic surgery groups

LAP Ro P-value LAP Ro P-value
(n=50) (n=27) (n=50) (n=27)
Age (years) ? 71 (57-79) 70 (58-79) 0.62 Operative duration (min) ? 170 204 <0.001
Gender 1 (149-194) (197-221)
Male 28(56.0)  15(55.6) Bleeding (ml) * 0(0-13) 0(0-0)  0.0059
Female 22 (44.0) 12 (44.4) Extent of LN dissection 0.24
Body mass index (kg/m?) 22.7 22.9 0.53 D3 42 (34.0) 19(70.4)
(20.8-25.5) (20.1-25.1) D2 8(16.0) 8(29.6)
ASA-PS 0.32 Conversion, n (%) N.S
1 5(10.0) 5(18.5) Yes 0 (0) 0(0)
2 41 (82.0) 18 (66.7) No 50 (100) 27 (100)
3 4(8.0) 4 (14.8) ICG-FI for perfusion assessment 0.36
ECOG-PS 0.31 Yes 39(78.0) 24(88.9)
0 38(76.0) 16 (59.3) No 11(22.0) 3(11.1)
1 9 (18.0) 9(33.3) Number of harvested LNs 16 15 0.93
2 3 (6.0) 2(7.4) (11-23)  (10-24)
Tumor location <0.001 Postoperative stay (day) ? 7 (6-8) 7(6-10.5) 0.62
Sigmoid 40 (80.0) 10 (37.0) Complications, n (%)
Rectosigmoid 10 (20.0) 17 (63.0) Total (CD>2) 5(10.0) 274 1
Serum CEA level (ng/mL) 35 3.6 0.90 Surgical site infection 2(4.0) -
(2.5-8.5) (2.1-10.6) Port site hernia 1(2.0) -
Antithrombotic agents 0.78 Urinary dysfunction 1(2.0) -
Yes 11 (22.0) 5(18.5) Anastomotic bleeding 1(2.0) -
No 39 (78.0) 22 (81.5) Pneumonia - 2(7.4)
T factor 0.39 Re-operation, n (%) 0(0) 0(0) N.S
Tis 1(2.0) 0(0) 30-day postoperative mortality 0(0) 0(0) N.S
Tl 14 (28.0) 9(33.3) * median (IQR)
T2 4(8.0) 5(18.5) LAP, laparoscopic surgery; Ro, robotic surgery;
T3 20(40.0)  6(22.2) LN, lymph node; /CG-FI, indocyanine green fluorescence imaging;
T4 11(8.0) 7(25.9) CD, Clavien-Dindo classification
N factor 0.31
NO 30 (60.0) 19 (70.4) 25 —
N1 13(26.0) 3 (11.1)
N2 7 (14.0) 5(18.5)
Stage 0.72
20
0 1(2.0) 0 (0)
I 16 (32.0) 13 (48.1) .LAP
I 13(26.0) 6(22.2) ]
T 14(28.0)  5(18.5) 8 157 | [Ro
v 6 (12.0) 3(11.1) S
2 median (IQR) b5}
LAP, laparoscopic surgery; Ro, robotic surgery; 'g 10
ASA-PS, American Society of Anesthesiologists physical status; E
ECOG-PS, Eastern Cooperative Oncology Group performance sta- s
tus;
CEA, Carcinoembryonic antigen Ij
hernia required reoperation. In contrast, two patients in 0- T T T T -1_ -1_
the robotic group had pneumonia; there were no intra- 150 200 250 300 350 400

abdominal complications. There were no intraoperative
complications, such as intraoperative equipment failure,
organ damage, iatrogenic tumour perforation, or massive
bleeding, in the robotic group. The median postoperative
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hospital stay was 7 days in both groups, and no surgery-
related deaths occurred.

Comparison of time required for each part of the
minimally invasive procedures

The MID of the four sections is summarised in Table 3. The
median total MID was 86.0 min (IQR: 73.0-95.5 min) and
129.0 min (IQR: 119.0-136.5 min) in the laparoscopic and
robotic groups, respectively (p <0.001). From Sects. 1 to 4,
all parts took significantly longer to perform in the robotic
group. The correlation of the MID required for each section
with the total MID is presented in Table 4. In the laparos-
copy group, the correlation coefficients in Sects. 1-3 were
almost constant, but in the robotic group, the time spent in
Sect. 1 had the greatest impact on the total MID.

Discussion

The present study revealed the safety and feasibility of per-
forming robotic surgery after being certified as a skilled
laparoscopic surgeon. Although the robot induction phase
prolonged the operation time, blood loss was reduced, and
postoperative complications were comparable between lap-
aroscopic and robotic surgeries. Proficiency in laparoscopic
surgery suggests that robotic surgery can be safely initiated.
Additionally, we compared the time required for each surgi-
cal procedure and found that improving the surgical tech-
nique up to lymph node dissection may be an important
issue for the mastery of robotic surgery.

Approaches to colorectal cancer have changed over time
from open surgery to laparoscopic surgery to robotic sur-
gery, and each technique has its own advantages and disad-
vantages [13—15]. Generally, in robotic surgery, the roles of
the main and assistant surgeons in laparoscopic surgery are
performed by a single robotic surgeon, reflecting the skill of
the individuals.

Robotic surgery for colorectal cancer has rapidly
expanded from conventional laparoscopic surgery [16—18].
The advantages of robotic surgery include a faster learning
curve and the ability to perform procedures safely and eas-
ily in confined spaces by making full use of the multi-joint
function [19]. On the other hand, adapting existing surgical
skills acquired from performing open and conventional lap-
aroscopic surgery to robotic surgery is an important clinical
issue.

Park et al. reported that the learning curve for robotic
surgery for low anterior resection was 44 cases, while that
for laparoscopic surgery was 41 cases, which were similar
[20]. In contrast, De’Angelis et al. reported a faster learn-
ing curve for robotic surgery for right-sided colon cancer

Table 3 Minimally invasive surgical duration required for each section

LAP Ro P-value
(n=50) (n=27)
Total MID (min) * 86.0 (73.0-95.5) 129.0 (119.0-136.5) <0.001
Section 1 18.0 (14-23.0)  25.0(19-36.5) 0.0076
Section 2 34.0 (27.5-38.5) 58.0 (28.0-71.0) <0.001
Section 3 12.0 (8.0-18.5)  24.0 (16.5-30.0) <0.001
Section 4 19.0 (15.0-21.0) 26.0 (20.0-30.0) <0.001

Percentage of time required for each part (%)*

Section 1 22.6 (18.8-26.6) 21.0(15.3-25.1) 0.20
Section 2 38.3(33.7-43.4) 43.6 (37.6-56.7) 0.014
Section 3 13.6 (9.7-18.7)  18.9(12.1-23.6)  0.049
Section 4 22.6 (17.6-25.4) 21.4(15.8-25.1) 0.39
? median (IQR)

LAP, laparoscopic surgery; Ro, robotic surgery;

MID, minimally invasive surgical duration

Table 4 Correlation between time required for each section and total
minimally invasive surgical duration

LAP Ro

(n=50) (n=27)

Correlation P-value Correlation P-value

coefficient coefficient
Section 1 0.60 <0.001 0.64 <0.001
Section 2 0.67 <0.001 0.41 0.032
Section 3 0.62 <0.001 0.42 0.029
Section 4 0.42 0.0049 0.037 0.86

LAP, laparoscopic surgery; Ro, robotic surgery;

(16 cases for robotic surgery vs. 25 cases for laparoscopic
surgery) [21]. Additionally, a systematic review of learning
curves in colorectal cancer surgery by Flynn et al. pointed
out the possible influence of surgeon experience on the cor-
relation between platform selection and operation time [22].
Thus, there have been many reports on robotic surgery pro-
ficiency. However, most of them do not consider “the objec-
tive surgical skill” of the surgeon.

In their review of learning curves in robotic surgery,
Wong et al. pointed out factors that may be related to the
operation time, including surgical case mix, hybrid tech-
nique, operating room team, case complexity, and lapa-
roscopic and open colorectal surgery experience [23].
Odermatt et al. also analysed the robotic total mesocolic
resection proficiency process of two surgeons with different
levels of laparoscopic surgery experience (206 laparoscopic
and 43 robotic vs. 88 laparoscopic and 47 robotic) using
propensity score matching and cumulative sum (CUSUM)
charts[24]. They revealed that for the more experienced
surgeon, the CUSUM curve did not show a clear learning
process compared to his laparoscopic surgical standard.
In contrast, less experienced surgeons reported a learning
process after 15 cases and generally reached their goals.
Although robotic surgery is considered a useful platform
in minimally invasive surgical procedures, understanding
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the surgical anatomy and procedures is no different from
open or conventional laparoscopic surgery. In this study, we
examined the safety and usefulness of robotic surgery per-
formed by an SLS, who was evaluated using an objective
evaluation system. The results of the present study showed
that the surgical time during the robotic introduction phase
was longer, but blood loss was less, and the complication
rate was the same, indicating that the same results can be
achieved during the robotic introduction phase if the sur-
geon is skilled in laparoscopic surgery. The ROLARR trial,
one of the most well-known randomised control trials of
robot-assisted rectal cancer surgery, reported an intraopera-
tive complication rate of 15.3%, including organ damage,
significant haemorrhage, anastomotic complication, equip-
ment failure, and iatrogenic tumour perforation [25]. In the
present study, however, none of these intraoperative com-
plications were observed in the robotic surgery group. This
indicates that robotic surgery can be safely performed by a
surgeon proficient in laparoscopic surgery. Additionally, in
CRC surgery, the concept of radical resection of the cancer
is similar regardless of platform, and proficiency in lapa-
roscopic surgery will help surgeons to master the surgical
procedure and anatomy, which will contribute to the intro-
duction of safe robotic surgery.

This study also evaluated the surgical time by dividing
the procedure into four parts. In the robotic group, the time
from the medial approach to central vascular ligation had a
greater impact on total MID than that during laparoscopic
surgery. In contrast to conventional laparoscopic surgery,
in robotic surgery, one surgeon performs the three roles of
main surgeon, assistant and scopist, and may not be familiar
with the operation of the third arm in the early stages of
implementation. In addition, during the introduction of the
robot, more time may have been required for perivascular
dissection, such as for inferior mesenteric artery dissec-
tion, which requires delicate forceps manipulation. In other
words, improving one’s skills during central lymph node
dissection may contribute to the learning curve of perform-
ing robotic colorectal surgery.

The present study had some limitations. First, the sam-
ple size was small with low statistical power. However, the
present study examined robotic surgical procedures started
“at the same time” by technically certified laparoscopic sur-
geons who started “the same procedure at the same time,”
and because the procedures were homogenised, it is thought
to be a clearer representation of the results of the induction
phase of robotic surgery compared to the previous report.
Second, only cases with localisation in the sigmoid colon or
rectum were included. These localisations require relatively
less complicated procedures during minimally invasive sur-
gery, and the results of surgery for right-sided colon can-
cer, transverse colon cancer, and lower rectal cancer, which

@ Springer

require delicate dissection around the vein, have not been
examined. However, in the introductory phase of robotic
surgery, cases with relatively standardised procedures are
often selected, as in this study, and are considered more
in line with clinical practice. Future studies on the perfor-
mance of robotic surgery for relatively difficult cases, such
as transverse colon cancer and splenic flexure cancer, are
needed.

In conclusion, when training for robotic surgery, profi-
ciency in laparoscopic surgery may contribute to the safe
and reliable performance of robotic surgery. Additionally, it
was suggested that improving one’s technique during cen-
tral lymph node dissection may be important in the intro-
duction phase of robotic surgery for colorectal cancer.
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