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Abstract

Objectives: As robot-assisted surgery (RAS) is on the rise,
feasible and effective simulator training for surgical resi-
dents is needed. This study compares the effectiveness and
feasibility of two compact simulator training protocols on
the DaVinci skills simulator (dVSS) for preparing robotic
surgery novices.

Methods: In this randomized controlled trial, RAS novices
were randomized 1:1 into a conventional group (Control),
including four repetitions of five simulator exercises in two
sessions, and a fast group (Fast), with two repetitions of the
same five simulator exercises in a single training session. The
primary endpoint was the mean efficiency score achieved in
the final exercise.
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Results: Fifty-two participants (22 males) were randomized,
26 in each group. Forty-eight per cent were between 30 and
50 years old and most of the participants were residents
(44.2 %) or consultants (42.3 %), 13.5 % were students. The
primary endpoint results showed a mean efficiency score of
48.2 + 26.7 (Fast) vs. 52.3 + 30.4 (Control) in the intention-to-
treat analysis (p=0.527). The most significant improvement in
efficiency and penalty scores was observed between the 1st
and 4th repetitions in the control group. Participants over
50 years old and consultants performed worse than younger
participants, students and resident doctors. Participants
interested in robotic surgery outperformed those with little
or no interest.

Conclusions: A training of 10-20 exercises on the dVSS with
ascending levels is insufficient to succeed in complex simu-
lation exercises but improves performance and motivation.
These findings emphasize the need for tailored training
programs and continuous skill development in robotic
surgery.
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Introduction

The rise of robotic surgery has fundamentally changed
prostatectomy procedures as well as elective abdominal
surgery, including colorectal, gastric, pancreatic, liver, and
esophageal resections and thoracic surgery [1, 2]. This trend
is further fuelled by recent trials that have demonstrated
improved short-term outcomes after minimally invasive
robot-assisted resections [3-5]. In addition, the use of the
robotic approach has significantly increased in emergency
abdominal operations [6]. Currently, robotic abdominal
surgery is even forecasted to become more common than
laparoscopy for colorectal, pancreatic or esophageal re-
sections by the year 2025 [7]. As a logical consequence, ro-
botic surgery must be implemented in surgical training
programs. However, surgical residents will have to learn
robotic skills in addition to their other responsibilities
within limited working hours.
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Simulation training effectively enables specific robotic
skills, prepares individuals for live procedures and is a key
element of a structured modular robotic training curriculum
[8-10]. Evidence of the effect of specific training programs is
still rare, but single reports have demonstrated superior
outcomes after robotic training and shortening of the
learning curve for complex operations [11]. Although there is
broad consensus on the core of the multimodal components
of robotic training curricula, there is no clear definition of
the optimal simulation exercises on the DaVinci skills
simulator (dVSS) to reach a high proficiency level in a min-
imum amount of time. Therefore, the aim of the present trial
was to evaluate and compare the feasibility and effective-
ness of two defined, compact dVSS training protocols in
preparing robotic surgery novices for the first steps during
assisted clinical cases. Furthermore, personal characteristics
and profiles, which enable fast or delayed adoption of ro-
botic skills, were investigated.

Methods
Trial design

The study was designed as an investigator-initiated, ran-
domized controlled single-center trial with two different
parallel training designs (short [Fast]- and long-course
[Control] sessions) on the dVSS (Intuitive Surgical, Inc.,
Sunnyvale, CA, USA). The reporting of the study methods and
results was in line with the CONSORT statement [12]. Fund-
ing for the trial was covered by the institutional budget.

Intervention and simulation exercises

The participants in the intervention group performed fast
training (Fast) on the dVSS with two repetitions of the same
five simulator exercises in a single training session. The
training in the control group (Control) comprised four
repetitions of five simulator exercises in two sessions (on
separate appointments) (Figure 1). The exercises were
carefully designed to equip all participants with the basic
skills required for a subsequent final exercise on the dVSS on
the basis of the simulation content basic skill matrix (Ta-
ble S1). The five training exercises were “Camera 0”, “Sea
Spikes 17, “Three Arm Relay 17, “Energy Pedals 17, and
“Anterior Needle Driving — Horizontal” and were performed
in this order. Each exercise was repeated once (two repeti-
tions) except for the “Camera 0” exercise. After completion
of the training, all participants accomplished an identical
complex test exercise (“Combo Exercise”) once. Whereas the

DE GRUYTER

Fast
Control

Camera 0 x1

Anterior Needle Driving
- Horizontal x2

e
Energy Pedals 1 x2

Three Arm Relay 1x2

Figure 1: Training plan.

test exercise was subsequently scheduled after the training
session in the Fast arm, the second training session was
followed by the test in the Control group. Participants were
allowed to implement breaks not exceeding 2h between
exercises. Since the study and the training sessions were
conducted outside of regular operating hours, a compact
schedule had to be implemented, and a 2.5-h time limit was
set for the first training session. Participants exceeding this
limit proceeded directly to the test exercise to avoid sched-
uling conflicts. In the Fast group, this had no effect in the
analysis, but Control group participants were excluded from
the protocol and analyzed “as treated”. A minimum time
interval between the first and second training sessions for
the control group of 24 h was mandatory.

Outcomes

The primary end point of the study was the mean efficiency
subtotal score (ESS) that was achieved in the final test ex-
ercise (“Combo Exercise”) by participants in the Fast or
Control group. The ESS is a composite score provided by the
dVSS and is calculated based on two performance parame-
ters: (1) economy of motion and (2) time to complete. This
endpoint was selected due to the importance of the economy
of motion parameter, as emphasized by Walliczek—-Dwor-
schak et al. [13], who highlighted its significance as a key
indicator of surgical efficiency. Additionally, the inclusion of
the completion time parameter enables the evaluation of the
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impact of varying training durations on the time efficiency
regarding completion of complex simulations.

The secondary end points included the overall (=ESS-
penalty subtotal) and penalty scores in the final test; the
individual learning curve based on the ESS and penalty
scores in each exercise; the correlation of the ESS (in the
training and test exercises) with the participants’ age,
medical/surgical or laparoscopy experience; the evaluation
of the duration and feasibility of the training sessions; and
the participants’ subjective assessment of the importance of
the robotic training.

Participants, eligibility criteria and
randomization

Eligible participants were physicians or medical students in
their last year before the final exam (6th year medical stu-
dents) aged>18 years and had no experience performing
operations on the DaVinci Si or Xi platform or the dVSS.
Participants were also eligible if they had observed or
assisted with robotic cases as first assistance. The exclusion
criteria were that the participants would not be able to
attend the appointments for the training sessions or that the
time to complete the first training session exceeded 2.5 h.
Potential participants were screened by the trial staff. If the
participants fulfilled the inclusion criteria and consented to
inclusion, they were randomized 1:1 using consecutively
numbered, sealed opaque envelopes, and an appointment
for the training sessions was scheduled. The randomization
sequences were generated via the R software package
(version 3.1.3, https://www.r-project.org) with fixed block sizes
of 4. The randomization envelopes were prepared by an
authorized trial coordinator at the center. The participants
and the study coordinators were not blinded with respect to
the intervention.

Study visits and questionnaires

There were three study visits for the Control group and two
for the Fast group, including the training and test sessions.
Before the first training session, the participants were asked
to complete a pretraining questionnaire, which covered
basic participant characteristics such as age, gender, pro-
fession and medical experience (Table 1), as well as their
individual perceptions of RAS, including their interest in
RAS, experience, and perceived advantages of RAS (Table 2).
After completing the final training session, the participants
were further surveyed about their subjective evaluation of
the final exercise (Table S2) as well as the entire training
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program (Table S3), and they were asked to reevaluate their
perceptions of RAS (Table S4).

Sample size calculation and statistical
analysis

For information about the score variability, we obtained a
sample of scores from six participants during a training
session with the conventional method before the trial star-
ted. The average score of the ESS was 62.2, with a standard
deviation of + 18.1 and a margin of error of 19.0. For the
sample size calculation, we assumed that the score distribu-
tions of the training groups were independent and approxi-
mately normal, with a standard deviation of 18 points. We
considered the difference in mean scores of 10 points, that is,
approximately half of the observed margin of error, as being
the clinically relevant minimum. Under these assumptions, a
precision of + 10 points in estimating the difference between
mean scores with a 95% confidence level can be reached
with a sample size of 25 per group. To adjust for a drop-out,
we planned to enroll one additional patient per group (n=26).

Descriptive variables are presented as medians and
interquartile ranges (IQRs). The mean scores achieved in the
groups were additionally described via 95 % confidence in-
tervals (95% CIs). Differences between the groups were
analyzed via Fisher’s exact or t-test. To compare the survey
results, a Likert scale was used, and each item score of the
participants in a group was added and compared via the
Mann-Whitney U test. Subgroup analyses with a sample size
of three or more were conducted with the Kruskal-Wallis
test, and repeated measurements were analyzed with Wil-
coxon signed-rank and Friedman test. A p-value<0.05 was
considered significant. The primary and secondary end
points were analyzed as intention-to-treat (ITT) and per
protocol (PP). Statistical calculations and plots were per-
formed via the R software package (version 3.1.3).

Results

Between June and July 2023, 52 participants (22 males) were
randomly assigned to the Fast (n=26) or Control (n=26) group
(Figure 2). The majority of participants were aged between
30 and 50 years (48.1%), and approximately one-quarter of
participants were less than 30 or older than 50 years
(Table 1). In total, 44.2 and 42.3 % of the participants were
residents or consultants, respectively. Seven students were
included (13.5 %). Almost all the physicians were trained in
the field of surgery: 42.3 % were general/visceral surgeons,
and 20% were urologists or gynecologists. Half of the


https://www.r-project.org

4 —— Emmanouilidis et al.: FastSim trial: robotic surgery training DE GRUYTER
Table 1: Characteristics of the study participants.
Variable Fast (n=26) Control (n=26) Total (n=52) p-Value®
Gender Female 16 (61.5) 14 (53.8) 30 (57.7) 0.779
Male 10 (38.5) 12 (46.2) 22 (42.3) 0.779
Age <30y 8(30.8) 6(23.1) 14 (26.9) 0.755
30-50y 12 (46.2) 13 (50.0) 25 (48.1) 1.000
>50y 6(23.1) 7 (26.9) 13 (25.0) 1.000
Dominant hand Left-handed 1(3.8) 2(7.7) 3(5.8) 1.000
Right-handed 25(96.2) 24 (92.3) 49 (94.2) 1.000
Professional position Medical student 4 (15.4) 3(11.5) 7 (13.5) 1.000
Resident 11 (42.3) 11 (42.3) 22 (42.3) 1.000
Consultant/Senior 11 (42.3) 12 (46.2) 23 (44.2) 1.000
Specialty General surgery 10 (38.5) 12 (46.2) 22 (42.3) 0.779
Gynecology 4 (15.4) 2(7.7) 6(11.5) 0.668
Urology 1(3.8) 4 (15.4) 5(9.6) 0.350
Vascular surgery 4(15.4) 2(7.7) 6(11.5) 0.668
Neurosurgery 2(7.7) 2(7.7) 4(7.7) 1.000
Internal medicine 0(0.0) 1(3.8) 1(1.9 1.000
Medical student 4 (15.4) 3(11.5) 7(13.5) 0.419
Laparoscopic experience None 14 (53.8) 12 (46.2) 26 (50.0) 0.782
1-25/y 5(19.2) 9 (34.6) 14 (26.9) 0.349
>25/y 7 (26.9) 5(19.2) 12 (23.1) 0.743
Technically proficient Low 6(23.1) 6(23.1) 12 (23.1) 1.000
Medium 18 (69.2) 18 (69.2) 36 (69.2) 1.000
High 2(7.7) 2(7.7) 4(7.7) 1.000
Experience with playing video or computer games None 15 (57.7) 15(57.7) 30 (57.7) 1.000
Current and past (total) 11 (42.3) 11 (42.3) 22 (42.3) 1.000
Current <10 h/wk 1(3.8) 2(7.7) 3(5.8) 1.000
>10 h/wk 0(0.0) 0(0.0) 0(0.0) -
Past <10 h/wk 8(30.8) 8(30.8) 16 (30.8) 1.000
<10 h/wk 2(7.7) 1(3.8) 3(5.8) 1.000
Experience with playing musical instruments None 7 (26.9) 15 (57.7) 22 (42.3) 0.048
Beginner and 19 (73.1) 11 (42.3) 30 (57.7) 0.048
advanced (total)
Beginner 10 (38.5) 8(30.8) 18 (34.6) 0.771
Advanced 9 (34.6) 3(11.5) 12 (23.1) 0.097

Values in parentheses are percentages unless indicated otherwise; y, years; h, hours; wk, weeks. *Mann-Whitney-U-Test.

participants had prior laparoscopic experience, and 42.3 %
were accustomed to video or computer gaming. There were
no significant differences between the two groups, except
that more participants in the intervention group played
musical instruments (p=0.048).

With respect to robotic surgery experience, only three
participants in each group had previously assisted in surgi-
cal cases (Table 2). However, one-third of the participants
were motivated to learn about robot-assisted surgery, and
almost 90 % would recommend the robotic approach to
selected patients.

The primary endpoint (ESS) in the test exercise was not
significantly different between the groups in either the
intention-to-treat (ITT) or per protocol (PP) analysis:
48.15 + 26.65 (Fast) vs. 52.28+30.42 (Control, ITT: p=0.527) and
48.19 + 26.13 (Fast) vs. 52.42 + 31.06 (Control, PP: p=0.473),

respectively (Table 3). Similarly, the economy of motion,
time to completion, penalty and overall scores were not
significantly different. Repetitions of identical exercise were
associated with improved performance, which was more
pronounced in the control group (Figure S1). The most
significant improvement in efficiency and penalty score was
observed between the 1st and 4th repetitions in the Control
group (Table S5).

Participants over 50 years old and consultants per-
formed worse than younger participants, students and
resident doctors (Figure 3). Laparoscopic experience did not
have a significant effect on performance (Figure S2). In
addition, specialty, technical proficiency, experience with
video or computer games, and playing musical instruments
did not significantly impact the performance of the partici-
pants. A preexisting interest in RAS in the control group
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Table 2: Survey on robot-assisted surgery prior to training.
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Variable Fast Control Total p-value®
(n=26) (n=26) (n=52)
Experience with robot-assisted surgery None 22 (84.6) 20 (76.9) 42(80.8) 0.726
Introductory course 1(3.8) 3(11.5) 4(7.7) 0.610
Assistant 3(11.5) 3(11.5) 6(11.5) 1.000
Interest in performing robot-assisted procedures Does not apply 4(15.4) 2(7.7) 6(11.5) 0.668
Does rather not apply 8(30.8) 4(154) 12(23.1) 0.324
Partially applies 9(34.6) 7(26.9) 16(30.8) 0.764
Applies 5(19.2) 13(50.0) 18 (34.6) 0.040
Recommendation of robot-assisted procedures to patients Unlikely 3(11.5) 3(11.5) 6(11.5) 1.000
Likely 23(88.5) 23(88.5) 46(88.5) 1.000
Acceptance of novel medical technologies Yes, even in developmental stage 17 (65.4) 10(38.5) 27 (51.9) 0.095
Yes, with proven benefits and cost advantages 9 (34.6) 14 (53.8) 23 (44.2) 0.264
No/Skeptical 0(0.0) 2(7.7) 2(3.8) 0.490
Conviction of benefits of robotic surgery Does not apply 0(0.0) 0(0.0) 0(0.0) -
Does rather not apply 3(11.5) 4(154) 7(13.5) 1.000
Partially applies 15(57.7) 13(50.0) 28 (53.8) 0.781
Applies 8(30.8) 9(34.6) 17(32.7) 1.000
Values in parentheses are percentages unless indicated otherwise. *Mann-Whitney-U-Test.
- [ Assessed for elghiity -84 | Table 3: Primary and secondary endpoints of the final exercise.
é Exc:_uded n=_28 5 R
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[ Analysed as treated n=27 ] [ Analysed as treated n=24 ]
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( Analysed per protocol n=26

Analysis

Analysed per protocol =25 )

Figure 2: CONSORT flow diagram.

correlated with a significantly better test score in some ex-
ercises (Sea spikes 1; Three Arm Relay 1; Anterior Needle
Driving — Horizontal; Table S6). All participants in the Fast
group and 88% of the participants in the Control group
believed that more training would have yielded an improved
performance test. Stress, concentration, and exhaustion
levels were similar in both groups (Table S3). While 61 % of
the Fast group and 36 % of the control group reported the
training as physically strenuous, 50 and 56 %, respectively,
found it mentally taxing. Nonetheless, neither physical nor

SD, standard deviation. Mann-Whitney-U-Test.

mental effort significantly correlated with the overall scores
achieved in the final exercise (p=0.099 and p=0.471, respec-
tively, Kruskal-Wallis test). The time to complete the
training sessions was significantly shorter in the second
training session (Control group, repetitions 3 and 4) and
shorter than that in the training session in the Fast group. In
contrast, the mean duration of the final test exercise was not
significantly different (1,040.25 s [Control] vs. 1,119.73 s [Fast])
(Figure S3). The participants completed an entire training
session in approximately 61 min (Fast group, without any
interruption) and in approximately 92 min (Control group).
The interest in performing robotic-assisted operations
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Figure 3: Performance stratified by age and experience according to
subgroup. (A) Grouped boxplot of the efficiency subtotal scores in the
final exercise stratified by age. (B) Grouped boxplot of the efficiency
subtotal scores in the final exercise stratified by experience. *Defines a
p-Value<0.05; **defines a p-Value<0.01. Abbreviation: y, years. Statistical
testing was performed using the Kruskal-Wallis test with bonferroni
correction.

significantly increased after the training, especially in the
Fast group (Figure 4).

Discussion

This randomized trial focuses on the need for a simulator-
based robotic training curriculum and is in line with recent
studies that aimed to define optimal simulator exercises.
One such study concluded that future trials should explore
further limiting the duration of the training exercises to
maintain the concentration and motivation of the trainees
[13]. The participants in the latter study performed three
different dVSS exercises with three repetitions each in two
separate training sessions followed by two final text exer-
cises (=18 training exercises). The present study considered
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20 training exercises for the control group compared with 10
exercises for the intervention group and thus aimed to
investigate a highly condensed training session. According to
the primary endpoint analysis, there was no significant
difference in the ESS score after these two training sessions.
Both trainings resulted in an insufficient mean score of
approximately 50 (max. 100), although a continuous increase
in skill was observed during the repetitions. Both studies
indicate that major increase in skill occurs between the 1st
and 4th repetitions and that the expected ESS or overall
score is dependent on the individual exercise.

In contrast to the findings of Walliczek—-Dworschak
et al,, the present study revealed no significant difference in
the subjective assessment of physical and mental effort or in
the concentration levels between the fast and control
groups. The physical and mental effort did not correlate with
the final scores of the participants, suggesting that exhaus-
tion from the training program is a minor factor in robotic
training. However, compared with those in the control
group, the daily and weekly working time, daily sleep time,
and subjective fatigue in the fast group tended to correlate
more strongly with test scores (not shown). This implies that
a faster training program may make the test performance of
participants more susceptible to fluctuations in their phys-
ical fitness. In support of this, studies on motor skill learning
have shown that task repetition over different days en-
hanceslearning and consolidates motor skills, thus reducing
performance fluctuations due to stress and fatigue [14].

Younger participants in both groups had significantly
better test scores than older participants, corroborating
previous studies that have found that younger age benefits
robotic surgery training [15]. Similarly, students and resi-
dents outperformed consultants, likely due to the greater
average age of the latter group. The advanced experience of
consultants in minimally invasive and open surgery did not
translate into better robotic surgery performance, which is
consistent with findings showing that skills in these areas
have limited transferability to robotic surgery [16]. A pre-
vious study revealed the benefits of recent gaming experi-
ence and previous video game experience on robotic surgery
ability [17]. Thus, the high level of technological growth in
our contemporary society, especially among young people
and adolescents, is increasing their experience in computer
skills and video games [18], which potentially serves as a
beneficial factor for the acquisition of robotic surgery skills
and might be an explanation for the better test results of
younger participants.

Moreover, better test scores were observed in partici-
pants with a preexisting interest in robotic surgery. This
aligns with previous studies that have shown that motivation
can have a long-term impact on surgical skill performance,
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Comparison of interest in performing robotic assisted operations prior to and post training
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Figure 4: Comparison of interest in performing

Prior Post Prior

Fast P=0.005, Control P=0.593, Overall P=0.008

emphasizing the importance of motivation in surgical
training [19]. Conversely, robotic surgical training could in-
crease both interest in performing robotic-assisted opera-
tions and conviction regarding the advantages of robotic
surgery. Consequently, including robotic surgery simulation
training in medical school curricula appears to be a viable
option. This inclusion could provide better insights into
innovative surgical techniques and attract potential new
surgeons.

Specifically for surgical residents, the results suggest
that they may benefit most from simulator-based robotic
training early in their education. The data also indicate that
short, compact training — even if not sufficient for full pro-
ficiency - can still improve skills and motivation. This sup-
ports the feasibility of brief but structured simulator
training in residency programs with limited time and
resources. The impact of daily workload and sleep on per-
formance in the Fast group should also be considered when
planning curricula, favoring training during periods of
lower clinical burden.

The present study has several limitations. The trial eval-
uated very short-course training sessions (maximum of 20
exercises), which resulted in an inefficient performance
outcome to achieve a proficiency level with an ESS or overall
score of >80. However, the trial highlighted several benefits of
simulator training and provided insight into success and
motivation. One may critically note that the trial design
considered only one final test exercise after the simulator
training, and it can be speculated that implementation of the
text exercise before the training would have yielded more
precise information. On the other hand, the authors held the
opinion that the test exercise was too difficult without prior
training.

In conclusion, training with 10-20 exercises on the dVSS
with ascending levels is insufficient to succeed in complex

robotic-assisted operations prior to and after
training. Statistical testing was performed us-
ing the Wilcoxon signed-rank test.

Post

simulation exercises but improves skills and motivates sur-
geons independent of their surgical experience. Experienced
surgeons do not require less training than students or resi-
dents. The findings emphasize the need for tailored training
programs and continuous skill development in robotic sur-
gery for diverse participant profiles.
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