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Abstract

Single-incision laparoscopic cholecystectomy (SILC) has declined in popularity, posing a challenge for novice surgeons.
However, robotic single-site cholecystectomy (RSSC) has gained popularity in hepatopancreatic surgery, suggesting a para-
digm shift in minimally invasive procedures due to the advantages of robotic platforms. The purpose of this study was to
compare the surgical outcomes and learning curves between experts and novices without SILC experience, and discuss the
utility and potential of RSSC for novice surgeons. A total of 235 patients underwent RSSC between April 2019 and June
2023 at the OOO University Hospital. Among them, 31 cases from novice and expert surgeons were selected to compare their
initial experience. Comprehensive demographic and perioperative factors were analyzed and statistical comparisons were
made, including cumulative sum analysis (CUSUM) for learning curves. The demographic factors showed no statistically
significant differences between the two groups. Although the docking time (P <0.001) and hospital stay (P =0.014) were
statistically significant, the total operative time and other perioperative factors were comparable. Novice surgeons demon-
strated a shorter absolute total operative time, primarily attributed to differences in docking time. The CUSUM analysis
indicated a shorter learning curve for novice surgeons. This study shows that the inherent benefits of the robotic platform
make it an accessible and reproducible technique for novices. The benefits of integrating observational learning into robotic
surgery training programs and the intrinsic advantages of the robotic platform in minimizing the learning curve for RSSC
were also highlighted.
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Introduction

Robotic surgery has emerged as a pivotal approach in
hepatopancreaticobiliary surgeries, including cholecystec-
tomy, liver resection, pancreaticoduodenectomy, and liver
transplantation. Robotic single-site cholecystectomy (RSSC)
is one of the most frequently performed procedures using
robotic platforms. The necessity of experience performing
laparoscopic surgery before robotic surgery is a subject of
debate, wherein evidence suggests that laparoscopic surgery
may be beneficial prior to robotic surgery. Studies emphasize
the indispensability of laparoscopic skills not only for port
placement but also for addressing adhesions or anatomi-
cal variations that may impede the deployment of robotic
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instruments [1]. The literature suggests that a background
in laparoscopic surgery may expedite the learning curve of
robotic resection [2, 3]. Hence, laparoscopic skills may be
transferred to robotic surgery; however, the extent to which
they are transferred and the optimal training programs for
robotic surgery are still unclear. Recent meta-analyses reflect
a neutral stance on whether laparoscopic surgery contributes
to the effectiveness of robotic surgery [4].

Despite the initial popularity of single-incision lapa-
roscopic cholecystectomy (SILC) owing to its aesthetic
benefits and reduced pain levels, a substantial decline in
its use has been observed in recent years [5]. This decline
is attributed to reported technical difficulties, including
instrument collusion and restricted vision, as well as a
higher incidence of complications compared to conven-
tional laparoscopic cholecystectomy (CLC) [6, 7]. The
inherent limitations of SILC present challenges for nov-
ices, leading to an extended learning curve. Therefore, the
initiation of robotic surgery following mastery of SILC
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is particularly arduous and no longer an indispensable
requirement, especially for novice surgeons.

In addition, the reported advantages of robotic surgery,
such as enhanced angulation, stable 3D magnified opera-
tive field, and improved dexterity, serve to lower the entry
barrier for novices. Recent reports have proposed that
robotic surgery has a shorter learning curve than laparos-
copy [8]. Furthermore, emerging research suggests that
novices lacking prior laparoscopic experience can swiftly
gain proficiency in robotic surgery [9].

In this study, we aimed to investigate and compare the
surgical outcomes and learning curves of RSSC between
expert and novice surgeons, both of whom had no expe-
rience in SILC. Additionally, we discuss the utility and
potential of RSSC for novice surgeons, contributing valu-
able insights to the ongoing discourse in this field.

Materials and methods
Ethical approval

This study was approved by the ethics committee of OOO
University Hospital (IRB No. OOO IRB-23-179). The
requirement for informed consent was waived because of
the retrospective nature of this study. The study was con-
ducted in accordance with the principles of the Declara-
tion of Helsinki.

Study population

Between April 2019 and June 2023, 235 patients under-
went RSSC performed by two surgeons at the OOO Uni-
versity Hospital. The exclusion criteria for RSSC selection
were the same as those in previous studies [10, 11]: (1)
severe acute cholecystitis, (2) emergency room visits, (3)
suspected cancer, and (4) refusal to undergo RSSC due to
expense.

Among the 235 patients, 204 underwent surgery per-
formed by an expert surgeon with advanced laparoscopic
skills and experience in over 2000 CLC cases. The remain-
ing 31 surgeries were performed by a novice surgeon with
basic laparoscopic skills and experience in over 100 CLC
cases. The novice surgeon assisted in RSSC procedures as
a bedside surgeon in 2020 and began performing their own
RSSC procedures in 2022.

Retrospective data collection was conducted on the ini-
tial 31 consecutive cases from the expert's 204 cases and
31 cases from the novice. Subsequently, a comparative
analysis was performed to assess surgical outcomes.
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Surgical procedures

The novice surgeon learned how to perform RSSC exclu-
sively from our expert surgeon; therefore, the surgical tech-
niques of the two operators were identical.

Patients were positioned in the supine and reverse Tren-
delenburg positions with their arms at their sides. A 2 cm
trans umbilical incision was made, and a glove port (NELIS;
Bucheon, Korea) was placed in it. The DaVinci Xi® system
(Intuitive Surgical, Sunnyvale, CA, USA) was positioned
in the right upper region after the pneumoperitoneum was
established. The gallbladder was targeted using an 8 mm
camera cannula placed in the blue channel. Subsequently, a
5 %250 mm curved cannula was placed in the white channel
on the right side for a permanent cautery hook. An identi-
cal cannula is placed under the hook on the left side of the
crocodile grasper. The gallbladder was cranially retracted
by the first assistant using a laparoscopic grasper through
another white channel. Docking time was calculated start-
ing from the skin incision. Once all the ports were in place,
the cystic duct and artery were ligated using robotic Hem-
o-lock® clips (Weck® Closure System; Research Triangle
Park, NC, USA). Finally, the gallbladder was extracted from
the fossa using a glove port. Interrupted sutures were used
to close the fascia.

Statistical analyses

For categorical data, the findings were reported as per-
centages, and for continuous variables, as mean + standard
deviation. The #-test or Mann—Whitney U-test was used to
examine continuous variables, whereas the chi-squared or
Fisher's exact test was used to assess categorical variables.
Statistical analyses were performed using SAS version 9.4
(SAS Institute Inc., Cary, N C, USA). The statistical signifi-
cance level was set at P <0.05. A cumulative sum analysis
(CUSUM) was used. Cases were organized chronologically,
with x; denoting total operative time and p as the mean of
time. As a result, CUSUM was calculated at each time point
as follows [12]:

CUSUM =) (x; — p)

i=1

Results
Demographic and perioperative factors

Each surgeon selected 31 cases and compared their ini-
tial experience. Between the two groups, all preoperative
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factors including sex, age, preoperative diagnosis, body
mass index, Age-adjusted Charlson Comorbidity Index
[13], American Society of Anesthesiologists physical sta-
tus classification, abdominal operation history, and labo-
ratory findings were not significantly different (Table 1).

Postoperative outcomes

The operation time was defined as (1) total operative time,
which is from the initial skin incision to the final skin
closure, and (2) docking time, which is from the skin inci-
sion to the installation of the second robotic arm into the
cannula, as in previous studies [10, 11].

Comparing the two groups, only docking time
(9.68 +3.35 min performed by the expert surgeon ver-
sus 5.98 + 1.48 min performed by the novice surgeon,
P <0.001) and hospital stay (2.74 +1.26 days in the proce-
dure done by the expert surgeon versus 2.16 +0.37 days in
the procedure done by the novice surgeon, P=0.014) were
statistically significant. Other factors including total oper-
ative time, total operative time minus docking time, perio-
perative findings, and postoperative day 1 pain score were
not significantly different. Both groups did not have open
conversion and postoperative complications (Table 2).

Total operative time, docking time, and total
operative time minus docking time

Given the lack of statistical differences in other factors rep-
resenting the comparison of surgical outcomes, a focused
analysis of the operative times between the two groups is
presented in Figs. 1 and 2. While the total operative time
did not exhibit statistically significant differences between
the two groups, it is noteworthy that the novice surgeon’s
total operative time was approximately 3 min shorter than
the expert surgeon’s total operative time. In contrast, the
docking times showed statistically significant differences.
However, when considering the time, minus the docking
time, from the overall surgical time, there was no statistically
significant difference between the two groups. Interestingly,
the absolute value was lower in the procedure performed by
the expert surgeon than that of the novice surgeon (Table 2).
Evaluation of the difference in each operative time accord-
ing to the operation sequence reveals a similar pattern in the
graphs excluding the docking time (Fig. 2).

Cumulative sum analysis in total operative time
Comparing the CUSUM learning curves for the total opera-

tive time between the two groups, the learning curve was
15 cases in the expert surgeon and 10 cases in the novice

Table 1 Patient characteristics

Expert (n = 31)

Novice (n = 31)

Sex, male/female, N (%)
Age, Mean + SD
Pre-op diagnosis, N (%)
Acute cholecystitis
GB stone
ADM
GB polyp
BMI, kg/m?, Mean + SD
CCI[13]
ASA, N(%)
1
2
3
OP history, Yes / No, N (%)
Laboratory findings
WBC (10°/uL)
CRP (mg/dL)
AST (U/L)
ALT (U/L)
T. bil (mg/dL)

7124 (22.58/77.42) 8/23 (25.81/74.19) 0.767

44.10 + 10.75 47.16 + 12.40 0.303
0.62

1(3.23) 2 (6.45)

20 (64.52) 16 (51.61)

1(3.23) 3(9.68)

9 (29.03) 10 (32.26)

24.20 + 2.89 23.15 +3.32 0.192

0.71 £ 0.96 0.68 + 0.94 0.44
0.896

18 (58.06) 16 (51.61)

12 (38.71) 14 (45.16)

1(3.23) 1(3.23)

10/21 (32.26/67.74) 11/20 (35.48/64.52) 0.788

6.69 +2.71 6.73 +2.01 0.699

0.13 +0.17 0.10 + 0.14 0.641

22.94 +8.75 26.35 +21.56 0.927

22.35 £13.82 21.74 + 17.09 0.735

0.69 + 0.32 0.75 +0.31 0.414

SD standard deviation, GB gallbladder, ADM adenomyomatosis, BMI body mass index, CCI Charlson
Comorbidity Index, ASA American Society of Anesthesiologists, OP operation, WBC white blood cell,
CRP C-reactive protein, AST alanine aminotransferase, ALT aspartate aminotransferase, 7. bil total biliru-

bin
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Table 2 Operative outcomes

Expert (n = 31) Novice (n = 31)

Total OP time, min, mean + SD
Docking time, min, mean + SD

Total OP—docking time, Mean + SD

Open conversion, yes/no, N (%)
OP findings, N(%)

Adhesion

Absent

Moderate

Severe
Thickening

Absent

Moderate

Severe
Fibrosis

Absent

Moderate

Severe
POD 1 Pain, NRS, Mean + SD
Hospital stays, days, Mean + SD

Post-op complication, Yes / No, N (%)

45.03 +10.98 42.19 £9.70 0.285
9.68 +3.35 598 +1.48 <0.001
3535+947 36.21 +9.80 0.728
0/31 (0/100) 0/31 (0/100) N/A
0.097
18 (58.06) 24 (77.42)
13 (41.94) 6 (19.35)
0 1(3.23)
0.283
18 (58.06) 22 (70.97)
13 (41.94) 8(25.81)
0 1(3.23)
0.174
18 (58.06) 23 (74.19)
13 (41.94) 7(22.58)
0 1(3.23)
339+1.26 3.06 +1.46 0.058
2.74 +1.09 2.16 +0.37 0.014
0/31 (0/100) 0/31 (0/100) N/A

SD standard deviation, OP operation, POD post-operative day, NRS numeric rating score, N/A not applica-

ble

60 1

Operation time
-
Docking time

2 40

501

OP - Docking time

201
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Group Group

Fig. 1 Comparison of operative outcome between expert and novice surgeons. a Total operative time, b docking time, and ¢ total operative time

minus docking time

surgeon. The maturation phases were over 18 and 16 cases
for the expert and novice surgeons, respectively (Fig. 3).
Discussion

The increased adoption of RSSC in recent years has led to a

proliferation of studies examining its surgical outcomes and
comparing these with those of CLC and SILC. Collectively,
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these studies have provided substantial evidence supporting
the efficacy of RSSC [5, 14—-16]. Moreover, upon comparing
the surgical outcomes of RSSC conducted at our institution
with those reported in a recent publication, we observed that
the results (average complication rate: 0-13.3%; conversion
rate (open or laparoscopy): 0-6.7%) were not only compa-
rable but had significantly shorter operative time even when
performed by novice surgeons. (average operative time:
62.7+16.6—101.57 +£27.05 min) [16-22].
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Fig.2 Comparison of operative outcomes between expert and novice surgeons in chronological order. a total operative time, b docking time, and

¢ total operative time minus docking time

Fig.3 Learning curve for total
operative time using cumulative
sum analysis. Expert (blue) and

Total operative time {min), N=31

novice (orange) surgeons
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|

CUSUM
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Novice

The study sheds light on the comparable postoperative
outcomes of both experienced and novice surgeons in RSSC.
Notably, the operative time and learning curve stand out as
distinctive factors.

While our study indicated no statistical difference in
the total operation time, the average time was shorter for
novice surgeons. This discrepancy is believed to stem from

10 15

Operation sequence

20 25 30

differences in the docking time. Experienced surgeons
required 20 min for the docking time in the initial two cases,
whereas novice surgeons consistently maintained a flat dock-
ing time from the onset (Fig. 2b). This can be attributed to
the fact that, unlike experienced surgeons who commenced
robotic surgeries without observational learning, nov-
ices engaged in approximately two years of observational
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learning as bedside surgeons in robotic surgeries. For this
reason, excluding the docking time from the total operation
time showed no statistical difference; instead, the average
times suggest that experienced surgeons performed better.

This finding aligns with the existing literature emphasiz-
ing the role of observational learning, which is the process
of passively watching another individual perform a task,
playing a crucial role in developing surgical expertise [23],
especially when used as a supplement to physical practice
[24]. In addition, the CUSUM analysis further supported a
shorter learning curve for novices, likely associated with
docking time and observational learning, indicating that
even beginners can achieve surgical outcomes comparable
to those of experienced surgeons with effective adaptation
to the robotic platform.

In general, the surprising but promising fact that novices
and experts had comparable operative times and postopera-
tive outcomes reflects observational learning and the inher-
ent advantages of the robotic platform in compensating for
the lack of experience. The significant impact of observa-
tional learning on shorter docking times and learning curves
of novice surgeons is crucial. This suggests that a structured
training program incorporating observational learning can
substantially benefit novices even before they perform their
first procedure, potentially influencing the design of robotic
surgery training programs that emphasize the need for both
observational and hands-on surgical experience.

Despite these promising results, it is crucial to acknowl-
edge that expert surgeons naturally possess high levels of
experience and skill in performing RSSC. This expertise
enables surgeons to navigate freely and manage challeng-
ing intraoperative situations more effectively, as reported by
Korovin [25]. Expert surgeons are likely to exhibit superior
operative performance and decision-making skills during the
procedure compared with novice surgeons, as reported by
Willuth [8]. Therefore, in challenging cases that may arise
between the two groups, we believe that this pattern is con-
sistent across all surgical procedures.

However, this study had some limitations. First, the data
were collected retrospectively in a single-institution study
with results from only one surgeon in each category, and
generalizability may not be applicable. Second, the com-
parison, based on a limited number of cases performed by
a novice surgeon over a one-year period, did not allow for
matching preoperative findings between the two groups for
comparison.

In conclusion, the results suggest that the intrinsic advan-
tages of the robotic platform make it an accessible and
reproducible technique for novice surgeons. These findings
underscore the benefits of integrating observational learn-
ing into robotic surgery training programs, and the inherent
advantages of robotic platforms in minimizing the learning
curve for RSSC.
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