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Is the Learning Curve of Robotic Low Anterior Resection
Shorter Than Laparoscopic Low Anterior Resection

for Rectal Cancer?
A Comparative Analysis of Clinicopathologic Outcomes Between
Robotic and Laparoscopic Surgeries
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Abstract: As robotic surgery was developed with ergonomic

designs, there are expectations that the technical advantages of

robotic surgery can shorten the learning curve. However, there is no

comparative study, so far, to evaluate the learning curve between

robotic and laparoscopic rectal cancer surgeries. Therefore, the aim

of this study is to compare the learning curve of robotic low anterior

resection (LAR) with laparoscopic LAR for rectal cancer.

Patients who underwent robotic or laparoscopic LAR by a single

surgeon were compared retrospectively (robot n¼ 89 vs laparoscopy

n¼ 89). Cumulative sum (CUSUM) was used to evaluate the

learning curve. The patients were divided into phase 1 (initial

learning curve period) and phase 2 (post-learning curve period). The

perioperative clinicopathologic characteristics were compared by

phases and surgical procedures.

According to CUSUM, the learning curve of robotic LAR was

the 44th case and laparoscopic LAR was the 41st case. The learning

phases were divided as follows: phase 1 (cases 1–41) versus phase 2

(cases 42–89) in the laparoscopic group, and phase 1 (cases 1–44)

versus phase 2 (cases 45–89) in the robotic group. Comparison

between phase 1 and phase 2 in each type of surgery showed no

significant difference for the perioperative outcomes. Comparison

between robotic and laparoscopic surgeries in each phase showed

similar perioperative results. Pathologic outcomes were not signifi-

cantly different in both procedures and phases.

The learning curve of robotic LAR for rectal cancer was similar

to laparoscopic LAR, and the clinicopathologic outcomes were

similar in both the procedures.
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Abbreviations: ASA = American Society of Anesthesiologists,
CUSUM = cumulative sum, LAR = low anterior resection, TME =

total mesorectal excision, TNM = tumor nodes metastasis.

INTRODUCTION

Laparoscopic colorectal surgery has been an alternative
method of open surgery with comparable clinical and

oncologic outcomes.1–4 However, in terms of surgical
training, it demands a more challenging process to acquire
surgical competence during the learning curve. There are
studies that the learning curve of laparoscopic surgery was
considered as steeper than open surgery because it required
to be performed in a limited pneumoperitoneum surgical
space by using long nonergonomic surgical instruments.5,6

Especially, a higher level of surgical technique is necessary
in laparoscopic rectal cancer surgery because of the narrow
pelvic cavity that is an unfavorable circumstance to use long
laparoscopic instruments. Jamali et al7 demonstrated that
laparoscopic low anterior resection (LAR) required the highest
level of technical challenge among laparoscopic colorectal
surgeries. In this aspect, robotic surgery has advantages with the
ergonomic designs of surgical instruments such as 3-dimensional
view, and the 7-degrees of freedom. The elaborate manipulation
of the robotic arms may aid in a precise dissection in the pelvic
cavity and thus help the surgeon to perform rectal cancer surgery
more easily. If these theoretical potential advantages of robotic
surgery are considered, there are expectations that the advanced
technologies of robotic surgery could shorten the learning curve.

So far, previous reports suggested that the learning
curve of robotic surgery might be shorter than laparoscopic
surgery.8–10 The learning curve of laparoscopic colorectal
surgery has been from 30 to 70 cases.8,11–15 On the contrary,
the learning curve of robotic surgery suggested a range of 20
to 40 cases.9,16–18 However, these studies evaluated the
learning curve by a limited number of patients. Moreover,
most reports of the learning curve for robotic surgery were
1-arm studies, which analyzed short-term clinical outcomes
of only robotic surgery during the learning period.9,18 This
means that it is uncertain whether the learning curve of
robotic surgery is shorter than laparoscopic surgery in rectal

ancer. Thus, this study aims to evaluate whether the
earning curve of robotic rectal cancer surgery is shorter than
aparoscopic rectal cancer surgery by comparing the learning
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curve between robotic and laparoscopic surgeries. Moreover,

Park et al
the perioperative clinical and pathologic outcomes were

compared between both the procedures by each initial
learning curve period and the post-learning curve period.

METHODS

Study Population and Patient Selection
A total of 288 patients, at the Severance Hospital, Yonsei

University College of Medicine, Seoul, South Korea, from
April 2006 to August 2011, were initially enrolled for this
study. These patients underwent robotic or laparoscopic LAR
for rectal cancer by a single surgeon (SH Baik), consecutively.
The surgeon received 2 years of colorectal fellowship training
(from 2004 to 2005) after 4 years of general surgery resident
training. The surgeon received laparoscopic training during the
colorectal fellowship period. Training for the laparoscopic
surgical technique with the basic principle of colorectal cancer
surgery was done by participating as an assistant surgeon and
also by participating twice in an animal laboratory.

The surgeon assisted 86 cases of laparoscopic colorectal
surgery during the colorectal fellowship training period prior to
performing the procedures: 43 cases of laparoscopic LAR, 29
cases of laparoscopic anterior resection, 11 cases of laparoscopic
right hemicolectomy, 2 cases of laparoscopic abdominoperineal
resection, and 1 case of laparoscopic total proctocolectomy.On the
contrary, robotic surgerywas not learned during the training period
because of the later adoption of robotic surgery than laparoscopic
surgery. Before performing the first robotic rectal cancer surgery,
the surgeon observed robotic-assisted prostatectomy that was
performed by KH Rha (Department of Urology, Severance
Hospital, Korea) and went to Italy to observe robotic colorectal
surgeries performed by A D’Annibale (Divisione di Chirurgia
Generale, Ospedale di Camposampiero, Padova, Italy), and had
opportunities of dry laboratory training using the robotic surgical
system. The first laparoscopic and robotic rectal cancer surgeries
were performed in April and June 2006, respectively. These cases
were supervised by experienced surgeons (NK Kim, KH Rha, and
WJ Lee) in our institution. They proctored and gave advice on
surgical tips for manipulation of the instruments and technical tips
for robotic and laparoscopic surgeries during the initial learning
curve period. Ten open and 6 laparoscopic rectal cancer surgeries
were performed prior to the first robotic rectal cancer surgery.

In this study, there were 93 laparoscopic LAR patients
and 145 robotic LAR patients using the da Vinci surgical
system (Intuitive Surgical, Sunnyvale, CA). The patients who
underwent synchronous operations (laparoscopy n¼ 4 and
robot n¼ 14) and pelvic lymph node dissection (robot n¼ 1)
were excluded. Therefore, the study population constituted of
89 laparoscopic and 130 robotic LAR patients. However,
because this study proposed to compare the same number of
consecutive patients between laparoscopic and robotic sur-
geries, 89 patients in the laparoscopic group and 89 patients
in the robotic group were evaluated (Figure 1). During the
study period, 264 cases of laparoscopic colorectal cancer
surgery, except for laparoscopic LAR, were performed: 103
cases of laparoscopic anterior resection, 129 cases of
laparoscopic right hemicolectomy, 28 cases of laparoscopic
left hemicolectomy, 1 case of laparoscopic transverse colec-
tomy, and 3 cases of laparoscopic subtotal colectomy.

However, all robotic surgeries were performed for LAR
except for only 1 case of robotic right hemicolectomy within
the study period.

2 | www.md-journal.com
The patients were explained about the detailed characteristics
of the robotic and the laparoscopic procedures before surgery. The
final choice between robotic and laparoscopic surgeries was
decided by the patient’s preference with an informed consent.

This study was approved by the Institutional Review
Board of Severance Hospital (IRB No. 4-2013-0467).

Data Collection and Evaluation Parameters
Perioperative clinical outcomes were retrospectively

evaluated using the Yonsei Colorectal Cancer Database and
electronic medical charts. The database was established by
the prospective data collection.

The total operation time was defined as the time from the
first skin incision to the final closure of the abdominal wall.
The surgeon console time and docking time were evaluated to
analyze more detailed processes of robotic surgery. The
surgeon console time was defined as the actual time that a
surgeon purely performed at the robotic console. Docking time
was the time from moving robotic instruments in the surgical
field to setting robotic arms into the port sites.

The American Society of Anesthesiologists (ASA) Classi-
fication was used for categorizing the preoperative status of the
patients. The location of the tumor was divided by the distance
from the anal verge: low (<5 cm), mid (5.1–10 cm), and upper
rectum (10.1–15 cm). Conversion was defined as the unintend-
ed extension of a laparotomy (>4 cm) to complete the
operation. Postoperative complications that occurred within 30
postoperative days were stratified by the Clavien–Dindo
classification.19 Major postoperative complications were de-
fined as a complication with a grade of III or IV.

Pathologic outcomes were evaluated by the tumor nodes
metastasis (TNM) stage.20 Involvement of the circumferential
resection margin (CRM) was defined when a primary tumor
was present within 1mm from the mesorectal fascia.21 Local
recurrence was defined as the relapse of a tumor from the
primary site by radiological or histological confirmation.

The learning curve period was evaluated using statistical
methods. All patients of each of the robotic and the laparoscopic
group were divided into 2 phases: phase 1 of the initial learning
curve period and phase 2 of the post-learning curve period.
Clinicopathologic outcomes were compared between each robotic
LAR and laparoscopic LAR group, and subgroup comparisons
were performed according to the groups (robotic LAR vs
laparoscopic LAR) and learning curve phases (phase 1 vs phase 2).

Surgical Techniques
Robotic LAR was performed using the hybrid technique in

all cases of this study. The hybrid technique is composed of 2
steps and is a combination of laparoscopic and robotic
procedures. The ligation of inferior mesenteric vessels and the
mobilization of both left colon and splenic flexure were
performed by conventional laparoscopic techniques. Then, rectal
dissection throughout the mesorectal plane was performed by
the robotic system in accordance with total mesorectal excision
(TME) or tumor-specific mesorectal excision principles.22,23

Intracorporeal anastomosis with the double stapling method was
applied to all cases. The specimen was extracted through the
minilaparotomy (3–4 cm incision) by extension of the left lower
da Vinci trocar site. Further details of the surgical techniques are
explained in our previous reports.22,23

Medicine • Volume 93, Number 25, November 2014
Laparoscopic LAR was performed in the same manner
as described above. However, all procedures were carried out
using laparoscopic instruments.
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April 2006 ~ August 2011
LAR for Rectal cancer

n = 288

50 open LAR

Study population
minimally invasive surgery

for Rectal cancer
n = 238

Laparoscopic group
n =  93

Laparoscopic group

Robotic group
n =  145

Robotic group

Robotic group
n =  130

The last 41 patients were excluded for
comparison with the laparoscopic group
in this history

Synchronous operation (4)
1 primary repair of bladder
1 laparoscopic cholecystectomy
1 TAH and BSO
1 primary repair of vaginal wall

Synchronous operation (14)

4 major hepatectomy
1 wedge resection of the lung
6 co-operation with urology
3 TAH and BSO
Pelvic lymph node dissection (1)

in
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Statistical Analyses

Continuous variables were analyzed by the independent
two-sample t test. Categorical variables were performed by
the χ2 test or Fisher exact test. The SPSS program (Statistical
Product and Service Solution 20 for Windows; SPSS Inc,
Chicago, IL) was used for statistical analyses. The moving
average method and cumulative sum (CUSUM) were used to
evaluate the learning curve in terms of operation times.
P values of <0.05 were considered statistically significant.

In this study, we analyzed the operation times by using the
moving average method. This method was created by an average
of subsets, which were modified by adding new data to the
subsets and then shifting forward all data sets. It was useful to
apprehend the flow of overall data and detect cumulative
changes from average values. After the patients were arranged
chronologically, the total operation time, the surgeon console
time, and the docking time were evaluated by this method. In
this study, a moving average order of 20 was used.

CUSUM is a statistical technique, which is useful to
quantitatively assess the learning curve. It is a statistical method

n =  89

FIGURE 1. Flow chart of patient selection. TAH-BSO¼ total abdom
of sequential analysis tests, which was initially used for quality
control in the industrial process.24 In the aspect of surgical
performance, CUSUM is a useful method to detect persistent

ã 2014 Lippincott Williams & Wilkins
changes between the individual data and the mean value. It
allows investigators to visualize indiscernible data trends and
judge whether the variations of performance is acceptable.
Because it shows the sequential difference between the individu-
al data and the mean value, the learning curve can be intuitively
represented while detecting consistent changes.25–27 The
CUSUM of the first case was calculated from the difference
between the operation time and the mean of all cases. Then, the
CUSUM of the second case was calculated by the difference
between the operation time of the second case and the mean
value added with the CUSUM of the first case. This process was
continued until the final case. In this study, CUSUM was a
crucial method to determine the learning curve period.

RESULTS

Patient Characteristics
The mean age of the robotic group was younger than the

laparoscopic group (robotic group; 58.1� 10.5 [mean� standard
deviation] years vs laparoscopic group; 63.3� 11.2 years)

n =  89

al hysterectomy with bilateral salpingo-oopherectomy.
(P¼ 0.002). The total number of major complications for
laparoscopic surgery was higher than robotic surgery (robotic
group; 3.4% vs laparoscopic group; 12.4%) (P¼ 0.026). The
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total operation time was not significantly different between the
robotic and the laparoscopic surgeries (robotic group;
208.6� 54.8minutes [range, 110–338minutes] vs laparoscop-
ic group; 202.7� 76.1minutes [range, 94–405minutes]) (P
¼ 0.551). Other parameters showed no significant difference
between the robotic and the laparoscopic groups (Table 1).

Learning Curve Period: Phase 1 Versus Phase 2

Park et al
The learning curve period of this study was determined
as the 41st case of laparoscopic surgery and the 44th case of
the robotic surgery by the following analysis.

TABLE 1. Overall Characteristics Between Laparoscopic and Robo

Laparoscopy (n =

Age, y 63.3� 11.2 (29–
Gender
Male 64 (71.9)
Female 25 (28.1)

BMI, kg/m2 22.9� 2.6 (17.0–2
ASA score
1 52 (58.4)
2 31 (34.8)
3 6 (6.7)

Previous operative history 11 (12.4)
Tumor location from anal verge
Low (0–5 cm) 14 (15.7)
Mid (5.1–10 cm) 43 (48.3)
Upper (10.1–15 cm) 32 (36.0)

Total operation time, min 202.7� 76.1 (94–
Surgeon console time, min —
Docking time, min —
Days to 1st gas passing 2.4� 1.1 (1–6
Days to 1st soft diet 5.2� 1.7 (2–11
Hospital stay, d 10.0� 6.3 (5–4
Intraoperative bleeding, mL 73.2� 157.1 (0–7
Conversion 5 (5.6)
Diverting ileostomy 21 (23.6)
Coloanal anastomosis 6 (6.7)
Total number of major complications 11 (12.4)
Postoperative complications
Grade I 8 (9.0)
Grade II 4 (4.5)
Grade III 8 (9.0)
Grade IV 3 (3.4)

TNM stage
I 22 (24.7)
II 28 (31.5)
III 32 (36.0)
IV 7 (7.9)

Numbers of harvested lymph nodes 17.6� 10.2 (2–4
Lymphovascular invasion 29 (32.6)
Mass size, cm 4.1� 2.3 (1–15
DRM, cm 2.9� 1.6 (1–9
CRM
Noninvolved (>1mm) 83 (93.3)
Involved (�1mm) 6 (6.7)

Local recurrence 0 (0.0)

ASA¼American Society of Anesthesiologists, BMI¼ body mass index, CR
Continuous variables are described as mean� standard deviation (range
*Independent t test; †χ2 test; ‡Fisher exact test.
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According to the moving average method, the total
operation time of laparoscopic surgery tended to de-
crease with cumulative number of cases (Figure 2A). In
contrast, robotic surgery showed a different pattern from
laparoscopic surgery: a concave-shaped graph with 2
peak points, as the 21st case of the first peak (total
operation time, 233.4 minutes) and the 67th case of the
second peak (209.3 minutes), respectively. The surgeon

Medicine • Volume 93, Number 25, November 2014
console time showed similar graph patterns with the
total operation time of robotic surgery: the 19th case of
the first peak (75.5 minutes) and the 63rd case of the

tic Surgeries

89) Robot (n = 89) P Value

83) 58.1� 10.5 (32–86) 0.002*

0.201†

56 (62.9)
33 (37.1)

9.4) 23.0� 3.0 (14.6–32.8) 0.733*

0.822†

56 (62.9)
28 (31.5)
5 (5.6)
4 (4.5) 0.059†

0.732†

18 (20.2)
40 (44.9)
31 (34.8)

405) 208.6� 54.8 (110–338) 0.551*

64.4� 28.6 (20–175) —
5.6� 1.9 (2–13) —

) 2.2� 0.8 (1–5) 0.289*

) 4.9� 1.3 (3–10) 0.185*

8) 8.4� 3.8 (4–28) 0.053*

00) 55.8� 119.4 (0–500) 0.409*

0 (0.0) 0.059‡

20 (22.5) 0.859†

7 (7.9) 0.773†

3 (3.4) 0.026†

0.055‡

5 (5.6)
1 (1.1)
3 (3.4)
0 (0.0)

0.102‡

33 (37.1)
20 (22.5)
34 (38.2)
2 (2.2)

9) 16.0� 9.1 (2–43) 0.278*

32 (36.0) 0.636†

) 4.0� 1.9 (1–10) 0.818*

) 2.7� 1.9 (1–14) 0.451*

0.999†

83 (93.3)
6 (6.7)
1 (1.1) 0.999‡

M¼ circumferential resection margin, DRM¼ distal resection margin.
); categorical variables are described as n (%).
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second peak (63.9 minutes). Docking time was
5.6� 1.9 minutes (range 2–13), and it was relatively
consistent, as shown in Figure 2B.

According to CUSUM of Figure 3, the peak point of
the total operation time was the 41st case of laparoscopic
surgery (CUSUM, 1626.9minutes) and the 45th case of
robotic surgery (944.6minutes). The surgeon console time
was shown at the 44th case of the peak point
(464.1minutes). The CUSUM of robotic surgery between
the total operation time and the surgeon console time also
represented a similar pattern. The CUSUM of the docking
time showed the peak point at the 21st case (36.6minutes).
Figure 4 shows the CUSUM of robotic surgery (n¼ 130,
robotic cases, while 89 laparoscopic cases that were
performed). The peak point of the total operation time was
not changed.

According to these results, the total operation time of
laparoscopic LAR and the surgeon console time of robotic
LAR were used to divide the learning curve into the initial
learning period (phase 1) and the post-learning curve period
(phase 2) from the CUSUM method. Finally, the phases were
defined as follows: phase 1 (cases 1–41) versus phase 2
(cases 42–89) in the laparoscopic LAR group, and phase 1
(cases 1–44) versus phase 2 (cases 45–89) in the robotic
LAR group. In robotic surgery, the surgeon console time was
used to assess the learning curve instead of the total
operation time because it reflects the actual operative times
to perform in the robotic console. The reason why we
selected CUSUM as the decisive method to determine the
learning curves was that CUSUM was adequate to visualize
the sequential changes of the operation time with discernable
points. Although the moving average method was useful to
apprehend the overall trend of the operation times, it was not
appropriate to find a critical point of the learning curve.
Thus, in this present study, the learning curve of laparoscop-
ic LAR was the 41st case and robotic LAR was the 44th
case in terms of operation time by CUSUM.

Comparison of Patient Characteristics
According to the Learning Curve Phase

Comparison of patient characteristics between the learn-

Medicine • Volume 93, Number 25, November 2014
ing curve phases showed that all parameters had no signifi-
cant differences except for the BMI of laparoscopic surgery.
The BMI of laparoscopic surgery was 23.6� 2.6 kg/m2 of
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phase 1 and 22.3� 2.5 kg/m2 of phase 2 (P¼ 0.018). Age,
sex, ASA score, and tumor locations showed no significant
differences between robotic and laparoscopic LAR. More-
over, previous operative history, incidence of diverting
ileostomy, and coloanal anastomosis were not significantly
different between phase 1 and phase 2 in both the groups
(Table 2).

Comparison of Clinicopathologic Outcomes
According to the Learning Curve Phase (Robotic
Group: Phase 1 vs Phase 2; Laparoscopic Group:
Phase 1 vs Phase 2)

Short-Term Outcomes
The total operation time of phase 2 was shorter than

phase 1 in both laparoscopic and robotic groups. The surgeon
console time and docking time during phase 2 were also
shorter than phase 1 in the robotic group. However, days to
1st gas passing of phase 2 were longer than phase 1 in both
the groups (P¼ 0.027 and 0.005, respectively). The intra-
operative bleeding amounts of phase 2 were less than phase
1 in the laparoscopic group (phase 1: 115.9� 206.3mL vs
phase 2: 36.7� 83.9mL; P¼ 0.020). However, the robotic
group showed no significant difference of intraoperative
bleeding amounts between the phases (P¼ 0.523). Days to
1st soft diet and hospital stay showed no significant
difference in both the groups. Conversion in the laparoscopic
group was 4 cases (9.8%) of phase 1 and 1 case (2.1%) of
phase 2 (P¼ 0.176). However, there were no conversions in
all phases of robotic surgery.

Postoperative complications stratified by the grades
showed no significant difference between phase 1 and phase
2 in both laparoscopic and robotic LAR (P¼ 0.836 and
0.109, respectively). Major complications, including grades
III and IV, also did not show any statistical differences
between the phases in both groups (P¼ 0.490 and 0.117,
respectively). However, the complications in phase 2 of the
robotic group were only grade I although there was no
statistical significance in comparison between phase 1 and
phase 2 of the robotic group (Table 3).

Learning Curve of Robotic Low Anterior Resection
Pathologic Outcomes
There were no significant differences in all parameters

with respect to pathologic outcomes according to the phases
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TABLE 2. Comparison of Patient Characteristics According to Learning Curve Phases: Phase 1, the Initial Learning Curve
Period; Phase 2, the Post-Learning Curve Period

Laparoscopy (n¼ 89) Robot (n¼ 89)

Learning Phase
Phase 1
(n¼ 41)

Phase 2
(n¼ 48)

P
Value

Phase 1
(n¼ 44)

Phase 2
(n¼ 45)

P
Value

Age, y 62.1� 10.3
(30–79)

64.3� 12.0
(29–83)

0.356* 58.0� 7.9
(39–78)

58.2� 12.7
(32–86)

0.905*

Gender 0.240† 0.310†

Male 27 (65.9) 37 (77.1) 30 (68.2) 26 (57.8)
Female 14 (34.1) 11 (22.9) 14 (31.8) 19 (42.2)

ASA score 0.343‡ 0.292‡

1 27 (65.9) 25 (52.1) 27 (61.4) 29 (64.4)
2 11 (26.8) 20 (41.7) 16 (36.4) 12 (26.7)
3 3 (7.3) 3 (6.2) 1 (2.3) 4 (8.9)

BMI, kg/m2 23.6� 2.6
(18.6–29.4)

22.3� 2.5
(17.0–28.4)

0.018* 23.1� 3.0
(14.6–32.8)

22.9� 3.1
(16.0–28.6)

0.759*

Tumor location from AV 0.163† 0.232†

Low (0–5 cm) 5 (12.2) 9 (18.8) 6 (13.6) 12 (26.7)
Mid (5.1–10 cm) 17 (41.5) 26 (54.1) 23 (52.3) 17 (37.8)
Upper (10.1–15 cm) 19 (46.3) 13 (27.1) 15 (34.1) 16 (35.6)

Previous operative history 4 (9.8) 7 (14.6) 0.490† 1 (2.3) 3 (6.7) 0.616‡

Diverting ileostomy 10 (24.4) 11 (22.9) 0.870† 9 (20.5) 11 (24.4) 0.652†

Coloanal anastomosis 2 (4.9) 4 (8.3) 0.683‡ 4 (9.1) 3 (6.7) 0.714‡

I¼
nge

Park et al Medicine • Volume 93, Number 25, November 2014
of laparoscopic and robotic groups. Postoperative pathologic
stage and histologic grade distribution were similar in both
phases of laparoscopic and robotic groups. The mean number
of harvested lymph nodes was more than 12 in both the
groups. This is regarded as the number to achieve oncologic
safety and was not significantly different between the phases
of both robotic and laparoscopic groups (P¼ 0.509 and
0.695, respectively).

ASA¼American Society of Anesthesiologists, AV¼ anal verge, BM
Continuous variables are described as mean� standard deviation (ra
*Independent t test; †χ2 test; ‡Fisher exact test.
Distal resection margin and CRM involvements showed
no significant differences between the phases in both the
groups. Mass size, lymphovascular invasion, and local
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CUSUM¼ cumulative sum, SCT¼ surgeon console time.
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recurrence had no significant difference between the phases
in both groups (Table 4).

Comparison of Clinicopathologic Outcomes in
Phase 1 and Phase 2 Between Groups (Phase 1:
Robotic vs Laparoscopic Group; Phase 2:
Robotic vs Laparoscopic Group)

body mass index.
); categorical variables are described as n (%).
In phase 1, days to 1st soft diet of robotic surgery was
shorter than laparoscopic surgery (laparoscopy: 5.5� 1.6 days
vs robot: 4.8� 1.3 days) (P¼ 0.028). However, in phase 2,
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operation time of laparoscopy and robot; the peak point of
rgery, the 45th case. (B) CUSUM graph of SCT and docking
case of SCT, and the 21st case of docking time.
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there was no significant difference of days to 1st soft diet
between the groups (P¼ 0.777). Conversion occurred more
frequently in phase 1 of the laparoscopic group than the
robotic group (P¼ 0.050). Meanwhile, there was no statistical
difference of conversion rate between the groups of phase 2
(P¼ 0.999).

Laparoscopic surgery had more postoperative major
complications (14.6% vs 0.0%, P¼ 0.013) and total postop-
erative complications (31.3% vs 8.9%, P¼ 0.015) than
robotic surgery in phase 2. However, there was no signifi-
cant difference of major complications and total postopera-
tive complications in phase 1 (P¼ 0.707 and 0.781,
respectively).

TNM stage, the number of harvested lymph nodes,
distal resection margin, CRM involvement, and local recur-
rence rate were not significantly different between the
laparoscopic and robotic groups in phase 1 and phase 2.
Local recurrence occurred in 1 patient (TNM stage,
T2N0M0) of phase 2 in the robotic group. In this patient,
the disease-free survival period was 49.5� 21.7 months
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(range 1–80 months). Median follow-up period of all

enrolled cases was 54.0� 19.7 months (range 1–80 months)
(Table 5).

DISCUSSION
According to CUSUM, the learning curve of laparoscop-

ic surgery was the 41st case and that of robotic surgery was
the 44th case of the surgeon console time in this study.
Although there were expectations that the technical advan-
tages of the robotic system could shorten the learning curve

of robotic colorectal surgery, the results of this study did not
prove this assumption. The learning curve of robotic LAR
was similar to laparoscopic LAR. Moreover, this study
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FIGURE 4. CUSUM comparison for the total operation time
between robotic surgery (n¼130) and laparoscopic surgery
(n¼89); the peak points of CUSUM in both procedures
did not change with the original results using the same
number of robotic and laparoscopic cases (n¼89).
CUSUM¼ cumulative sum.
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showed that the learning curve of robotic surgery was
relatively longer than previous studies.15–17,28

To the best of our knowledge, the learning curve of
laparoscopic colorectal surgery was reported as 30 to 70
cases.10,12–14 The results of our study for laparoscopic surgery
corresponds with the previous reports. However, the learning
curve of robotic colorectal surgery is uncertain so far because
of the late adoption in 2001.29 A few previous studies reported
that the learning curve of robotic colorectal surgery is from 15
to 35 cases.9,16,18 Bokhari et al16 suggested that the learning
curve of robotic colorectal surgery was achieved at 15 to 25
cases with 3 learning phases after analyzing 50 patients by
using CUSUM. Jim�enez-Rodriguez et al18 also reported that
the estimated learning curve in the 43 patients with robotic
rectal surgery was 21 to 23 cases with 3 phases. The latest
studies in 2013 by Sng et al9 reported multiphasic learning
curve of robotic rectal surgery from 197 patients. They
suggested that the initial learning curve period was 35 cases by
the analysis of CUSUM.

In this present study, the learning curve of robotic
surgery was estimated as the 44th case with a bimodal
distribution from the analysis of CUSUM (Figure 3). The
44th case is longer than the results of the previous
studies.9,16,18 The reason of this different results can be
interpreted by discrepancy of number of enrolled patients in
each study. Previous reports, which enrolled <50 patients
represented the learning curve as 20 to 25 cases.16,18

Interestingly, as shown in Figure 2 of this study, the total
operation time of robotic surgery showed a 2-peak-shaped
concave graph by the moving average method. If the total
sample sizes are limited to 50 cases, there is the risk of
making a hasty conclusion that the learning curve of robotic
surgery is the 21st case because of the first highest turning
point. This aspect can explain why the previous study
reported a relatively shorter learning curve as 15 to 35 cases
compared with the present study.9,16,18 In terms of the small
sample size, it is noticeable that an increased number of
enrolled patients can lead to different findings and obtain a
more reliable conclusion about the learning curve definition.

In this study, the most important finding is that the
learning curve of robotic LAR was similar to laparoscopic
LAR. Although the advanced technologies of the robotic
system might give a positive effect to shorten the learning
curve period of robotic LAR, some drawbacks of robotic
technology also can affect the learning curve. At the initial
training period of robotic surgery, the surgeon needs more
knowledge about the robotic system and intensive practice to
manipulate the complicated robotic instruments compared to
the operation of conventional simple laparoscopic instruments.
The absence of tactile sense during surgery can be an obstacle
to manipulate soft tissues in a narrow pelvic cavity during the
initial learning period. These limitations of the robotic system
might countervail the advantages of the robotic system.
Moreover, robotic surgery is basically the same as laparoscopic
surgery because both procedures are performed in the pneumo-
peritoneum using long surgical instruments. For these reasons,
the learning curve period according to CUSUM might be
similar between both procedures in this study.

It can be assumed that perioperative clinical and patholog-
ic outcomes during the learning curve phase may be compro-
mised because of the surgeon’s poor surgical skills during the

Learning Curve of Robotic Low Anterior Resection
learning curve. However, short-term clinical and pathologic
outcomes of robotic surgery were similar between phase 1 and
phase 2. These results were also similar to laparoscopic LAR.
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TABLE 3. Short-term Outcomes and Postoperative Complications According to the Learning Curve Phases

Laparoscopy (n¼ 89) Robot (n¼ 89)

Learning Phase
Phase 1
(n¼ 41)

Phase 1
(n¼ 48)

P
Value

Phase 1
(n¼ 44)

Phase 2
(n¼ 45)

P
Value

Total operation time, min 242.3� 80.6
(100–405)

168.8� 52.5
(94–330)

<0.001* 229.8� 48.5
(150–338)

187.9� 53.2
(110–325)

<0.001*

Surgeon console time, min — — — 75.2� 29.4
(35–175)

53.7� 23.6
(20–107)

<0.001*

Docking time, min — — — 6.2� 2.2
(5–13)

5.0� 1.2
(2–9)

<0.002*

Days to 1st gas passing 2.2� 0.9
(1–5)

2.6� 1.2
(1–6)

0.027* 2.0� 0.7
(1–3)

2.4� 0.8
(1–5)

0.005*

Days to 1st soft diet 5.5� 1.6
(3–11)

4.9� 1.6
(2–9)

0.102* 4.8� 1.3
(4–10)

4.9� 1.2
(3–8)

0.671*

Hospital stay, d 10.2� 4.1
(6–25)

9.7� 7.7
(5–48)

0.843* 9.0� 3.3
(6–21)

7.9� 4.2
(4–28)

0.167*

Intraoperative bleeding, mL 115.9� 206.3
(0–700)

36.7� 83.9
(0–500)

0.020* 64.1� 133.4
(0–500)

47.8� 105.0
(0–500)

0.523*

Conversion 4 (9.8) 1 (2.1) 0.176‡ 0 (0.0) 0 (0.0) —
Postoperative complicationsa 0.836‡ 0.109†

Grade I 3 (7.3) 5 (10.4) 1 (2.3) 4 (8.9)
Ileus 1 2 — 2
Voiding difficulty 1 3 1 2
Pleural effusion 1 — — —

Grade II 1 (2.4) 3 (6.3) 1 (2.3) 0 (0.0)
Transfusion due to bleeding 1 2 — —
Chyloperitoneum — 1 1 —

Grade III 3 (7.3) 5 (10.4) 3 (6.8) 0 (0.0)
Anastomotic site bleeding 1 2 2 —
Anastomotic leakage 2 3 1 —

Grade IV 1 (2.4) 2 (4.2) 0 (0.0) 0 (0.0)
Pneumonia 1 1 — —
Asthma attack — 1 —

Number of major complicationsb 4 (9.8) 7 (14.6) 0.490† 3 (6.8) 0 (0.0) 0.117†

Continuous variables are described as mean� standard deviation (range); categorical variables are described as n (%).
aPostoperative complications were stratified by the Clavien–Dindo classification of surgical complications; bmajor complications were
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These aspects can support the feasibility of the learning curve
period in both laparoscopic and robotic surgeries.

The comparison of short-term outcomes in both surger-
ies by phases showed that robotic LAR had faster 1st soft
diet and lower conversion rate than laparoscopic LAR during
phase 1 (Table 5). Postoperative complications were lower in
robotic LAR during phase 2 (P¼ 0.015). The technological
advantages of robotic surgery can affect lower conversion
rates and faster recovery during the initial learning period.30

However, this assumption is not appropriate to consider this
result as a final conclusion because the ages of the robotic
group were younger than the laparoscopic group in this
study. Moreover, the retrospective nonrandomized study
design of this study has inevitable selection bias, and this is
a major limitation of this study.

There are several limitations that generalize the findings
of this study. The enrolled patients were not randomized to

estimated by the cases >Grade III of the Clavien–Dindo classification;
*Independent t test; †χ2 test; ‡Fisher exact test.
either the robotic or laparoscopic groups and the consecutive
patients did not have the same anatomical features, which
affects the technical difficulty during the operation. In this

8 | www.md-journal.com
study, more male patients underwent laparoscopic surgery
than robotic surgery although the difference did not reach
statistical significance (laparoscopy [71.9%] vs robot
[62.9%]; P¼ 0.201). The surgical technique is usually
technically demanding in male patients because they have a
relatively narrow pelvis than female patients. This can be a
potential selection bias in this study.

The most important issue is that validation using the data
of other surgeons is necessary to obtain a general conclusion
because this study was evaluated with consecutive cases by a
single surgeon. There may be different results compared to this
study and among surgeons if the data of other surgeons are
evaluated. However, these limitations can affect the specific
learning curve case, but relatively not affect the results in
which the learning curve case was similar between robotic and
laparoscopic LAR. For additional explanation, the one
surgeon’s inherited ability for the surgical technique may

equally influence both the robotic and laparoscopic procedures.
Because of this reason, the question about the difference of
learning curves between both procedures may be similar to the

ã 2014 Lippincott Williams & Wilkins



TABLE 4. Pathologic Outcomes Between Laparoscopic and Robotic Surgeries According to the Learning Curve Phases

Laparoscopy (n¼ 89) Robot (n¼ 89)

Learning Phase Phase 1 (n¼ 41) Phase 2 (n¼ 48) P Value Phase 1 (n¼ 44) Phase 2 (n¼ 45) P Value

TNM stage 0.945† 0.074‡

I 10 (24.4) 12 (25.0) 17 (38.6) 16 (35.6)
II 13 (31.7) 15 (31.3) 14 (31.8) 6 (13.3)
III 14 (34.1) 18 (37.5) 12 (27.3) 22 (48.9)
IV 4 (9.8) 3 (6.3) 1 (2.3) 1 (2.2)

Grade of differentiation 0.577‡ 0.348‡

Well 8 (19.5) 12 (25.0) 15 (34.1) 10 (22.3)
Moderate 32 (78.1) 32 (66.6) 26 (59.1) 33 (73.3)
Poorly 0 (0.0) 2 (4.2) 3 (6.8) 2 (4.4)
Undifferentiated 1 (2.4) 2 (4.2) 0 (0.0) 0 (0.0)

Harvested no. of LN 17.2� 11.6 (2–49) 18.0� 8.9 (2–36) 0.695* 16.7� 7.9 (4–32) 15.4� 10.2 (2–43) 0.509*

DRM, cm 2.6� 1.5 (1–9) 3.2� 1.6 (1–7) 0.106* 2.8� 1.6 (1–7) 2.7� 2.2 (1–14) 0.860*

CRM
Noninvolved (>1mm) 39 (95.1) 44 (91.7) 0.683‡ 40 (90.9) 43 (95.6) 0.434‡

Involved (�1mm) 2 (4.9) 4 (8.3) 4 (9.1) 2 (4.4)
Mass size, cm 3.9� 2.1 (1–8) 4.2� 2.5 (1–15) 0.495* 4.1� 2.0 (1–10) 3.9� 1.8 (1–9) 0.584*

Lymphovascular invasion 15 (36.6) 14 (29.2) 0.457† 18 (40.9) 14 (31.1) 0.336†

Local recurrence 0 (0.0) 0 (0.0) — 0 (0.0) 1 (2.2) 0.999‡

CRM¼ circumferential resection margin, DRM¼ distal resection margin, LN¼ lymph node, TNM¼ tumor nodes metastasis.
nge)
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conclusion of this study although the specific learning curve
case can be longer or shorter according to each surgeon’s
inherited ability for their surgical technique. This is the main
concept of this study. This study focused on evaluating
whether the learning curve of robotic LAR is different or
similar compared to laparoscopic LAR.

Previous surgical experience of open or laparoscopic surger-
ies prior to the first robotic surgery can influence the learning
curve of robotic surgery. In this study, 10 open and 6 laparoscopic
LARs were performed. However, manipulation of the instrumen-
tal tips and controlling the surgical field are different between
robotic and laparoscopic surgeries. The essence of rectal cancer
surgery is to keep the principle of TME, which requires a more
sophisticated manipulation of surgical instruments. Thus, prior
surgical experience before robotic surgery may not significantly
influence the learning curve of robotic surgery.

In this study, the last 41 cases were excluded from the
130 total cases of robotic surgery. The main reason of
exclusion was to compare the learning curve and clinicopath-
ologic outcomes more objectively by using the same number
of consecutive patients between the robotic and laparoscopic
groups. The reason why a comparison of the same number
of consecutive patients between groups is objective is that
the learning curve of surgical procedure depends on number
of consecutive cases and does not depend on the period.
Thus, we matched the same number of cases between
laparoscopic (n¼ 89) and robotic surgeries (n¼ 89). Howev-
er, if data should be compared based on the same period, 89
cases of the laparoscopic group should be compared to the
130 cases of robotic surgery. However, in the robotic group,
the last 41 cases that were excluded could not change the

Continuous variables are described as mean� standard deviation (ra
*Independent t test; †χ2 test; ‡Fisher exact test.
conclusion of learning curve of robotic surgery (44th case)
because there were already 89 cases. Moreover, the results
shown in Figure 4 support this point.

ã 2014 Lippincott Williams & Wilkins
Another limitation of this study is that other robotic or
laparoscopic procedures other than LAR was performed
during the learning curve period. During the learning curve
period of laparoscopic surgery, 43 cases of laparoscopic
anterior resection, 40 cases of laparoscopic right hemi-
colectomy, 10 cases of laparoscopic left hemicolectomy, and
1 case of laparoscopic subtotal colectomy were performed.
There were no robotic cases of such surgeries mentioned
above during the learning curve period of robotic surgery.
This surgical experience can be biased to compare the
learning curve between robotic and laparoscopic LAR
because it may shorten the learning curve of laparoscopic
surgery. However, these surgical experiences might only be a
tiny influence because these surgical procedures only
involved resection of the colon. In this study, the evaluated
surgical procedure was LAR for rectal cancer, which is a
technically demanding procedure.

There could have been a crossover effect of learning
techniques that could have influenced the learning curve
because the surgeon performed both laparoscopic and
robotic surgeries during the study period. However, we
think that there was rare crossover effects of learning
techniques between both the procedures. The main differ-
ence between robotic and laparoscopic surgeries is rectal
dissection with TME. The manipulation of instruments
while controlling the surgical team are differentiated during
rectal dissection in both the procedures. These character-
istics were reflected in the differently shaped graphs
between laparoscopic and robotic surgeries as shown in
Figure 2. Because surgeon console time reflects actual
robotic procedures, similar patterns between total operation

; categorical variables are described as n (%).
time and surgeon console time can demonstrate that robotic
procedures had independent factors from the laparoscopic
procedures.
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TABLE 5. Comparison of the Learning Curve Phases Between Laparoscopic and Robotic Surgeries

Initial-Learning Curve Period Post-Learning Curve Period

Laparoscopy Robot Laparoscopy Robot

Phase 1 (n¼ 41) Phase 1 (n¼ 44) P Value Phase 2 (n¼ 48) Phase 2 (n¼ 45) P Value

Total operation time, min 242.3� 80.6
(100–405)

229.8� 48.5
(150–338)

0.390* 168.8� 52.5
(94–330)

187.9� 53.2
(110–325)

0.084*

Days to 1st gas passing 2.2� 0.9 (1–5) 2.0� 0.7 (1–3) 0.402* 2.6� 1.2 (1–6) 2.4� 0.8 (1–5) 0.537*

Days to 1st soft diet 5.5� 1.6 (3–11) 4.8� 1.3 (4–10) 0.028* 4.9� 1.6 (2–9) 4.9� 1.2 (3–8) 0.777*

Hospital stay, d 10.2� 4.1
(6–25)

9.0� 3.3 (6–21) 0.126* 9.7� 7.7 (5–48) 7.9� 4.2 (4–28) 0.165*

Intraoperative bleeding, mL 115.9� 206.3
(0–700)

64.1� 133.4
(0–500)

0.177* 36.7� 83.9
(0–500)

47.8� 105.0
(0–500)

0.573*

Conversion 4 (9.8) 0 (0.0) 0.050‡ 1 (2.1) 0 (0.0) 0.999‡

Diverting ileostomy 10 (24.4) 9 (20.5) 0.663† 11 (22.9) 11 (24.4) 0.999‡

Coloanal anastomosis 2 (4.9) 4 (9.1) 0.677‡ 4 (8.3) 3 (6.7) 0.862†

Postoperative complications 0.781‡ 0.015‡

Grade I 3 (7.3) 1 (2.3) 5 (10.4) 4 (8.9)
Grade II 1 (2.4) 1 (2.3) 3 (6.3) 0 (0.0)
Grade III 3 (7.3) 3 (6.8) 5 (10.4) 0 (0.0)
Grade IV 1 (2.4) 0 (0.0) 2 (4.2) 0 (0.0)

Number of major complications 4 (9.8) 3 (6.8) 0.707‡ 7 (14.6) 0 (0.0) 0.013‡

TNM stage 0.321‡ 0.127‡

I 10 (24.4) 17 (38.6) 12 (25.0) 16 (35.6)
II 13 (31.7) 14 (31.8) 15 (31.3) 6 (13.3)
III 14 (34.1) 12 (27.3) 18 (37.5) 22 (48.9)
IV 4 (9.8) 1 (2.3) 3 (6.3) 1 (2.2)

Harvested no. of LN 17.2� 11.6
(2–49)

16.7� 7.9
(4–32)

0.829* 18.0� 8.9
(2–36)

15.4� 10.2
(2–43)

0.191*

DRM 2.6� 1.5 (1–9) 2.8� 1.6 (1–7) 0.691* 3.2� 1.6 (1–7) 2.7� 2.2 (1–14) 0.227*

CRM 0.677‡ 0.678‡

Noninvolved (>1mm) 39 (95.1) 40 (90.9) 44 (91.7) 43 (95.6)
Involved (�1mm) 2 (4.9) 4 (9.1) 4 (8.3) 2 (4.4)

Local recurrence 0 (0.0) 0 (0.0) — 0 (0.0) 1 (2.2) 0.484‡

CRM¼ circumferential resection margin, DRM¼ distal resection margin, LN¼ lymph node, TNM¼ tumor nodes metastasis.
nge
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This study is the first comparative study of the
learning curve between laparoscopic and robotic surgery
for colorectal cancer with a relative large number of cases.
The CUSUM was the statistical method, which can detect
the perceptible changes of the learning process among
indistinguishable operative data. The results of this study
could be more reliable in terms of the large number of
cases and precise comparative CUSUM analysis compared
to previous studies. Thus, the results of this study could
give us some clue to develop a new module for proper
surgical training.

In conclusion, this study demonstrated that the learning
curve of robotic LAR for rectal cancer was similar to
laparoscopic LAR although there are many advanced
technologies of the robotic system. Moreover, short-term
outcomes compared in the learning phases were not
significantly different between laparoscopic and robotic

Continuous variables are described as mean� standard deviation (ra
*Independent t test; †χ2 test; ‡Fisher exact test.
LAR except days to 1st soft diet, conversion rates, and
postoperative complications. Future advanced studies are
necessary to clarify the present conclusion.
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