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Abstract

Background: Robot-assisted surgery ensures minimal invasiveness; since the
expiry of the Da Vinci patent, new robotic systems have entered the market.
Recently, the Hugo RAS received CE approval for several surgical procedures.
However, more is needed to know about skill acquisition at the new simulator.
Objective: This study aims to analyse the factors impacting basic surgical skills at
the Hugo RAS simulator.
Design, setting, and participants: We present a cross-sectional study involving 71 par-
ticipants of different backgrounds invited to a hands-on session with the Hugo RAS
simulator voluntarily. All of them had no prior expertise with the system.
Participants were recruited among medical/nurse students, residents, and laparo-
scopic and robotic surgeons.
Intervention: All participants underwent a hands-on ‘‘pick and place’’ exercise at the
Hugo RAS simulator; the metrics of a second-round pick and place exercise were
recorded.
Outcome measurements and statistical analysis: Metrics were analysed with regard to
the following variables: demographics, videogame use, and prior surgical experi-
ence (no surgical expertise, experience with laparoscopy, and experience with
robotic console).
Results and limitations: All participants completed the test. Of them, 77.5% were
naïve to surgery, 8.5% had prior laparoscopic expertise, and 14.1% had prior robotic
sevier B.V. on behalf of European Association of Urology. This is an open access article
mons.org/licenses/by-nc-nd/4.0/).
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console experience. The time to complete the pick and place exercise was signifi-
cantly lower (p < 0.001) among prior robotic surgeons (38 s, interquartile range
[IQR] 34–45) compared with both naïve participants (61 s, IQR 53–71) and laparo-
scopists (93 s, IQR 53–162). The overall score of the exercise decreased with age
(p = 0.046); however, the overall scores were significantly and steadily higher
among surgeons experienced in robotic consoles across all age groups
(p = 0.006). Neither gender (p = 0.7) nor videogame use (p = 0.9) correlated signif-
icantly with the metrics.
Conclusions: This is the first study analysing factors impacting basic skill acquisition
at a new robotic simulator. Experience with robotic consoles may represent a major
factor, raising the hypothesis of the transferability of basic robotic skills across dif-
ferent robotic systems. Further studies are required to explore this issue.
Patient summary: In the present study, we analysed which characteristics may
affect the basic surgical skills at a novel robotic platform.

� 2023 The Authors. Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Robot-assisted surgery has been established as a technology
ensuring minimal invasiveness while overcoming the limi-
tations of conventional laparoscopy. The first Da Vinci was
approved for human use in 2000 by the US Food and Drug
Administration. However, since the patent’s expiry, novel
robotic contenders have recently emerged to reduce costs
and improve the accessibility to robotic surgery. These
new systems are expected to maintain most of the Da Vinci
characteristics (enhanced three-dimensional [3D] vision,
magnification, and dexterity) while displaying some typical
features, such as the open console or the presence of sepa-
rate carts/bedside units for port placement. Given these dif-
ferences, novel systems require a dedicated setup and
training to achieve implementation. As for Da Vinci, new
robots are provided with simulators for acquiring robotic
skills, such as speed, workspace efficiency, and force, and
for tracking the acquisition of robotic performance.

Whereas several studies analysed skills and surgical pro-
ficiency with the Da Vinci Skills Simulator (Intuitive Surgi-
cal, Sunnyvale, CA, USA) [1–4], few data are available for
simulators of new robotic systems.

This study aims to evaluate the performance of partici-
pants of different backgrounds during their first experience
with the Hugo RAS simulator. The new Hugo RAS system
(Medtronic, Minneapolis, MN, USA) has recently received
European CE mark approval for gynaecological, urological,
and general surgery procedures in adults [5]. It displays some
differences from Da Vinci: it consists of a single system tower
with a Valleylab electrosurgical generator, an open console,
and four independent arm carts. For console operators, hand
controllers have a new ’’pistol-like’’ design and 3D glasses
are required for surgical vision. We sought to analyse the fac-
tors impacting basic surgical skills at the Hugo RAS simulator.
2. Patients and methods

This cross-sectional study was performed at the ASST Santi Paolo and

Carlo, Milan, Italy. This tertiary referral centre has two Da Vinci surgical

systems, Hugo RAS and Versius robotic platforms. The latter were settled
up in October 2022. Seventy-one participants of different backgrounds

were invited to participate in a hands-on practice test with the Hugo

RAS simulator (Mimic Technologies) voluntarily. All of them had no

experience with the Hugo RAS simulator. Participants were recruited

from among medical students, nurse students, residents of different sur-

gical disciplines, laparoscopic surgeons, and robotic surgeons. Students

were invited during academic courses. On enrolment, participants were

surveyed about the following variables: (1) baseline demographics (age,

gender, and qualification), (2) prior experience with videogames (0 = no

experience, 1 = intermediate level, and 2 = advanced level/frequent

users), and (3) prior surgical experience (no surgical expertise, defined

as naïve; experience in laparoscopy; and robotic console expertise,

defined as at least five total cases completed at the Da Vinci console).

Laparoscopic surgeons have long-lasting expertise in laparoscopy, and

robotic surgeons have been involved in Da Vinci console activity for at

least 1 yr.

A brief introduction to the Hugo RAS simulator was performed,

explaining the screen, 3D glasses, hand controllers, and pedals. After

that, hands-on practice with the ‘‘pick and place’’ exercise was per-

formed by all participants to test their ability in the instrument naviga-

tion task; the exercise required participants to place letters into the

correct location according to their colour (Supplementary Fig. 1). After

completing the first exercise, the metrics of a second-round pick and

place exercise were recorded for each participant. The following vari-

ables were collected: time to exercise completion (in seconds), economy

of motion (the total distance [in centimetres] travelled by all instru-

ments), master workspace range (determined by defining a spherical

volume that encloses all the positions of each master grip they are

moved during the exercise; the metric reports the radius [in centime-

tres] of the larger of the two spherical volumes calculated for each mas-

ter grip), excessive force (total time [in minutes] an excessive

instrument force is applied above a prescribed threshold force), and

instruments out of view. For most metrics, smaller raw values mean per-

forming better (eg, less time, fewer drops, and fewer collisions). The

overall score (the aggregate of the user’s score) was recorded too, and

the higher the value, the better the proficiency.
2.1. Statistical analysis

Data were collected in a deidentified format. Correlations between

robotic surgery performance and background experiences and variables

were analysed. Continuous variables were described as the mean and

standard deviation if normally distributed (the Kolmogorov-Smirnov
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test was used to assess distribution normality) or as the median and

interquartile range (IQR) if not. Frequencies in contingency tables were

compared with the chi-square test for independent samples or Fisher’s

exact test in case of expected frequencies <5. Analysis of covariance

(ANCOVA) was used to test the differences between the participants

(grouped by surgical experience: none, robotic console, and laparoscopy)

in terms of the overall scores and the time required to complete the

exercise. The model took into account age and previous experience with

video games. Before performing ANCOVA, normality of data distribution

and homoscedasticity (Levene’s test) were performed; since the overall

scores were not normally distributed, Blom’s transformation [6] was

used to obtain a Gaussian curve. No correction was required for the

homogeneity of variances. The R-squared parameter was used to assess

the goodness of fit, and an analysis of residuals was performed to

exclude the existence of clinically relevant ties in the data. The effect size

was calculated as Cohen’s d with 95% confidence interval (CI) [7]. The

significance threshold was set at 0.05 for all calculations; an analysis

was performed with SAS 9.4 for Windows (SAS Inc., Cary, NY, USA).
3. Results

Seventy-one individuals participated and completed the
test. Thirty males and 41 females were involved. Of the par-
ticipants, 49 (69.0%) were aged 22–25 yr, eight (11.3%) were
between 26 and 35 yr old, and 14 (19.7%) were older than
35 yr; women were significantly younger than men
(p < 0.001). Fifty-five participants (77.5%) were naïve to
any surgery, six (8.5%) had prior expertise with laparoscopy,
and ten (14.1%) were robotic console surgeons. Laparo-
scopic surgeons were significantly older (median 52, IQR
45–58) than robotic surgeons (median 36, IQR 31–46) and
those naïve to surgery (median 22, IQR 22–22, p < 0.001).
Forty-one participants (58.6%) declared no significant expe-
rience with video games. Eighteen (25.5%) had intermediate
expertise, and 11 (15.7%) declared solid experience or were
current users. None of the participants with prior laparo-
scopic expertise used to play video games.

Table 1 summarises separate metrics obtained by the
participants according to prior surgical experience (no
experience, and laparoscopic and robotic console surgeons).
The time required to complete the exercise was signifi-
cantly lower (p < 0.001) among surgeons with prior console
expertise (median 38.5 s, IQR 34.4–45.3, p < 0.001) com-
pared with both naïve participants (median 60.0 s, IQR
53.0–71.5) and laparoscopic surgeons (median 94.5 s, IQR
55.5–153.0). Robotic surgeons performed better than
Table 1 – Summary of the metrics stratified by prior surgical experience

Measure No experience Non

Time to exercise completion (s) 60.0 (53.0–71.5) 94.5
Economy of motion 143 (132–166) 177
Master workspace range 6.10 (5.40–6.60) 6.30
Number of collisions 0 (0–0) 0 (0
Excessive force 0 (0–0) 0 (0
Out of view 0 (0–0) 0 (0

Data are reported as median (quartile 1–quartile 3); Kolmogorov-Smirnov test p <
test. Null hypothesis: all three groups are the same.
a Significant p value related to small variations in the extreme values of the var
laparoscopists in terms of economy of motion (p = 0.01);
however, the difference was nonsignificant when compared
with naïve participants (p = 0.33). Similarly, the overall
score was higher among robotic surgeons than among
laparoscopists (p = 0.044), whereas the difference was non-
significant compared with naïve individuals (p = 0.84).

The age effect was deeply analysed with regard to sepa-
rate metrics (Table 2).

The time required to complete the exercise increased—
and thus impaired—with age, although the only strong inde-
pendent predictor of performance remained previous con-
sole experience (partial omega-squared = 0.20, 95% CI
0.06–0.37). After adjusting the analysis by age, the time
required by laparoscopic surgeons and naïve participants
to complete the exercise showed no statistically significant
differences (p = 0.99), while robotic surgeons still per-
formed better than naïve participants (p = 0.002) and
laparoscopic surgeons (p = 0.004; Fig. 1).

The overall score of the exercise impaired with age
(p = 0.046) for all categories (naïve participants, laparo-
scopists, and prior robotic surgeons; Fig. 2); generally, the
overall scores were significantly and steadily higher among
surgeons experienced in robotic console across all age
groups (p = 0.006).

Neither gender (p = 0.7) nor prior use of videogames
(p = 0.9) correlated significantly with the overall score and
time to complete the exercise metrics.

However, in a subgroup analysis excluding high-level
videogame users, all surgeons, including laparoscopists,
perform better than individuals naïve to surgery Overall
scores (p = 0.007; Fig. 3). However, also in this subgroup
analysis, previous expertise as a console surgeon was the
variable mostly related to the overall score of the exercise
and the only one to determine an effect size that could be
defined as ‘‘large’’ (Cohen’s d = 0.55, 95% CI 0.15–0.82).

Regarding risk and safety metrics, collisions occurred
during four simulations (two collisions during two sessions,
one and three collisions in one session each). Instrument
drops occurred during nine sessions (one drop in seven ses-
sions and two in the remaining); these events occurred
more frequently among participants naïve to surgery than
among other participants with prior laparoscopic or robotic
experience (p = 0.043). The p values regarding the safety
metrics suggested the existence of relevant differences in
the performances of the three categories of participants.
However, it should be noted that most people in all groups
robotic laparoscopic Robotic console p value

(55.5–153.0) 38.5 (34.4–56.3) <0.001
(162–199) 145 (129–156) 0.042
(6.20–7.75) 6.00 (5.93–6.85) 0.2
–0) 0 (0–0) 0.4
–0) 0 (0–0) 0.008 a

–0) 0 (0–0) 0.003 a

0.05 for most variables. The p values are generated from the Mann-Whitney

iable(s).



Table 2 – Summary of the metrics stratified by age

Measure Aged <25 Aged 25–39 Aged 40+ p value

Time to exercise completion (s) 60 (53–71) 50.5 (42.0–66.5) 61.5 (35.0–87.0) 0.1
Economy of motion 143 (131–164) 147.5 (136.0–156.0) 170 (133–206) 0.02
Master workspace range 6.2 (5.4–6.6) 6.1 (5.9–6.7) 6.1 (5.6–6.7) 0.7
Number of collisions 0 (0–0) 0 (0–0) 0 (0–0) 0.2
Excessive force 0 (0–0) 0 (0–0) 0 (0–0) 0.2
Out of view 0 (0–0) 0 (0–0) 0 (0–0) 0.14

Data are reported as median (quartile 1–quartile 3); Kolmogorov-Smirnov test p < 0.05 for most variables. The p values are generated from the Mann-Whitney
test. Null hypothesis: all three groups are the same.

Fig. 1 – Age, prior surgical expertise, and time required to complete the exercise—a multivariate analysis (ANCOVA). ANCOVA = analysis of covariance.
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scored 0, meaning that no events occurred (98.59% in the
‘‘out of view’’ metrics, 95.77% regarding excessive force,
and 94.37% of the participants never caused collisions).
These p values are therefore related to the remaining small
percentages of participants who experienced the events
during the simulation.
4. Discussion

Previous experience with the Da Vinci robot emerged as a
variable impacting the time to complete a basic exercise
at the novel Hugo RAS simulator; robotic surgeons per-
formed better than laparoscopists and individuals naïve to
surgery in the pick and place exercise. In addition, age rep-
resents another important variable affecting the overall
score of the exercise; however, the benefit of prior console
experience remained consistent across all age groups.

The role of console experience has recently been evalu-
ated in a pilot investigation by Larkins et al. [8] to test the
hypothesis that technical robotic console skills are trans-
ferrable across different robotic platforms. In this study,
ten participants sequentially completed four simulation
exercises on two robotic platforms (Da Vinci and Hugo
RAS). The first group completed the simulation exercises
on console A first and then repeated these exercises on con-
sole B; the second group completed the simulated exercise
on console B and then repeated these exercises on console
A. Overall, the quality and efficiency metrics and the risk
and safety metrics were equivalent across consoles; the
authors concluded that the overall acquired experience is
equivalent regardless of the platform the participant is
exposed to and introduces the issue of skill transferability
across different robotic consoles [8].

Similar conclusions were stated for the training with the
Versius surgical system in a preclinical setting. Butterworth
et al. [9] analysed the acquisition of skill performance on 17
surgical teams participating in a structured training pro-
gramme with Versius. When stratifying the achievement
of skill proficiency by prior robotic expertise, those with



Fig. 2 – Age, prior surgical expertise, and overall score—a multivariate analysis (ANCOVA). ANCOVA = analysis of covariance.

Fig. 3 – Overall score and age in participants naïve to surgery after excluding those highly experienced in videogame.

E U R O P E A N U R O L O G Y O P E N S C I E N C E 5 3 ( 2 0 2 3 ) 8 3 – 8 9 87
extensive prior experience scored higher than a surgeon
with little or no robotic experience [9].

Introduction of new platforms will evolve robotic surgi-
cal training, and novel learning paradigms are yet to be
defined. The current study raises some considerations: first,
prior console expertise with Da Vinci is seemingly facilitat-
ing essential skill acquisition, such as time to complete the
exercise, with new robotic systems. However, the amount
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of training required by the naïve participants to reach equi-
poise with prior robotic surgeons is still unknown. Second,
this study may reinforce the hypothesis of skill transferabil-
ity across platforms. The pick and place exercise is directly
comparable across both the Da Vinci and the Hugo RAS sim-
ulator, with the same metrics set for this activity [10]. Even
when accounting for the difference in console feature and
hand controller, prior Da Vinci surgeons had some better
metric performance than robotic-naïve participants, intro-
ducing the likelihood of skill reproducibility. Third, these
outcomes lead to implications for the design of multiplat-
form training and certification. According to Larkins et al.
[8], training can safely occur across multiple consoles con-
temporaneously: the hypothesis of skill transference across
systems, as suggested in the present article, may reinforce
this concept and pave the way to new training and perfor-
mance tracking models.

In the current series, prior videogame experience is not
impacting the metrics of the pick and place exercise with
the Hugo RAS simulator. Several studies have addressed
the issue with the Da Vinci simulator, leading to conflicting
results [10–14]. However, high videogame experience may
be considered a confounder in participants naïve to surgery;
in the subgroup analysis excluding highly experienced
videogame users, prior surgical expertise—regardless of
the type—is a variable favouring skill acquisition, consistent
with previous studies [14,15].

Till now, a total of 25 Hugo RAS procedures were per-
formed at our institution by experienced Da Vinci console
surgeons (nine urological, eight gynaecological, and eight
general intervention surgeons); no major intra- or postop-
erative complications were recorded, thus confirming the
reproducibility of robotic skills at the new platform.

This article is not devoid of limitations. First, the limita-
tions include the small sample size and the different pro-
portion of naïve and surgeon participants; the difference
in median age between groups—naïve laparoscopists and
surgeons with prior console experience —may be consid-
ered a limitation too, even though representative of the
real-life scenario. Second, the ‘‘pick and place’’ exercise
could be regarded as too simple and unrepresentative of
the whole setup of robotic skills. However, it has deliber-
ately been chosen since it is similar across simulators [10]
and represents basic robotic skills.

More complex exercises, such as those involving sutures,
may have surely been impacted by prior robotic expertise.

Third, the present study was not designed to analyse the
achievement of proficiency at repeated exercises and thus
fails to track further performance acquisition.

Beyond these issues, to our knowledge, this is the first
study analysing variables impacting basic skill achievement
at new robotic systems [16,17]. However, further studies
are required to provide insights into the training with the
Hugo RAS simulator and to design new learning models
accounting for the upcoming multiplatform scenery.

5. Conclusions

This is the first study that analyses the factors impacting
basic skill acquisition at a new robotic simulator. Previous
experience with the robotic console is seemingly a signifi-
cant factor; this occurrence paves the way for the hypothe-
sis of the transferability of basic robotic skills across
different robotic systems. Further studies are required to
analyse this issue and achieve knowledge about the learn-
ing curve of new robotic systems, in both the preclinical
and the real-life setting.
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