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Abstract word count: 250
Background 72
Fundamentals of Robotic Surgery (FRS) is a proficiency-based progression curriculum developed by
robotic surgery experts from multiple specialty areas to address gaps in existing robotic surgery training
curricula. The RobotiX Mentor is a virtual reality training platform for robotic surgery. Our aims were to
determine if robotic surgery novices would demonstrate improved technical skills after completing FRS

training on the RobotiX Mentor, and to compare the effectiveness of FRS across training platforms.

Methods 86

An observational, pre-post design, multi-institutional rater-blinded trial was conducted at two American
College of Surgeons Accredited Education Institutes certified simulation centers. Robotic surgery novices
(n=20) were enrolled and trained to expert-derived benchmarks using FRS on the RobotiX Mentor.
Participants’ baseline skill was assessed before (pre-test) and after (post-test) training on an avian tissue
model. Tests were video recorded and graded by blinded raters using the Global Evaluative Assessment
of Robotic Skills (GEARS) and a 32-criteria psychomotor checklist. Post-hoc comparisons were conducted

against previously published comparator groups.

Results 53

On paired-samples T tests, participants demonstrated improved performance across all GEARS domains
(p<0.001 to p=0.01) and for time (p<0.001) and errors (p=0.003) as measured by psychometric checklist.
By ANOVA, improvement in novices’ skill after FRS training on the RobotiX Mentor was not inferior to

improvement reported after FRS training on previously published platforms.



Conclusion 39
Completion of FRS on the RobotiX Mentor resulted in improved robotic surgery skills among novices,
proving effectiveness of training. These data provide additional validity evidence for FRS and support

use of the RobotiX Mentor for robotic surgery skill acquisition.
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Background 330

The practice of robotic surgery has spread widely since the technology was first introduced into
clinical practice in the mid-1990s. In order to train surgeons in the safe, effective use of robotic surgery,
a variety of skills curricula have been developed by individual investigators and organizations, and
mandatory participation in an industry-sponsored robotic training pathway is required before use of
robotic surgery in clinical practice.[1-5] However, despite increasing implementation, robotic training
curricula vary in terms of structure, content, and proficiency requirements. This is especially true for
curricula aimed at surgical novices. Green, et al recently described the current state of robotic surgery
training curricula across 12 general surgery residency training programs in the United States. They
identified critical gaps in the content of existing curricula for technical skill acquisition and in the
teaching of important intra-operative principles such as tissue handling.[6]

As an optimal way to address these gaps, proficiency-based progression has been demonstrated
to be effective in expediting skill acquisition and ensuring skill durability.[2, 4, 5, 7-13] The Fundamentals
of Robotic Surgery (FRS) curriculum is a proficiency-based progression curriculum that was developed by
66 robotic surgery experts from multiple specialty areas using a Full Life-cycle Curriculum Development
process.[14, 15] This curriculum consists of didactic modules and a simulation-based skills curriculum for
the acquisition of basic robotic skills. In a recent multi-institutional, multi-national randomized
controlled trial, the effectiveness of this curriculum in improving trainee basic robotic skills was
demonstrated in a physical training model and in two virtual reality (VR) training simulators.[15] Since
this trial was conducted, the RobotiX Mentor, which is a stand-alone VR simulation platform developed

by 3D Systems (formerly Simbionix) for robotic training, was introduced to the market. Our aims in this



study were to determine if robotic surgery novices would demonstrate improved technical skill
performance after completing FRS proficiency-based psychomotor skills training using the RobotiX
Mentor VR platform; and, to compare the effectiveness of the RobotiX Mentor VR platform to other

previously published FRS training platforms.

Methods 879

The study conducted was an observational, pre-post design, multi-institutional rater-blinded
trial. The participating sites were two tertiary institutions with American College of Surgeons Accredited
Education Institutes (ACS-AEI) certified simulation centers. Both institutions received local IRB approval
prior to execution of the study protocol.

Participants recruited to the study were residents in Accreditation Council for Graduate Medical
Education (ACGME) accredited urology, gynecology, or general surgery training programs. With respect
to robotic surgery, they were novices according to Dreyfus’ Five-Stage Model of Adult Skill
acquisition.[16] At the beginning of training, participants who went on to complete the study protocol
averaged only 0.6 hours of prior experience on any robotic surgery simulator (range = 0 to 4 hours) and
had performed fewer than 0.5 robotic surgery cases as bedside assistant (range = 0 to 2 cases). No
participant had ever performed a robotic surgery case as the primary surgeon. The mean age of
participants who completed the protocol was 30.5 years (standard deviation = 3.4 years). One
participant self-identified as female. One participant was left-handed (Table 1: “RobotiX Mentor”).

Participants first reviewed the online didactic modules of the FRS curriculum and were required
to pass the FRS cognitive exam.[17] Participants’ baseline robotic surgery skills were then assessed (pre-
test) on a previously-described avian tissue model[15] using the da Vinci Si surgical system (Intuitive
Surgical Inc., Sunnyvale, CA). Briefly, the avian tissue model consists of 5 technical tasks that mirror the

FRS training tasks and are germane to the performance of robotic surgery (knot tying, suturing, 4™ arm



cutting, puzzle piece dissection, and vessel dissection & energy application). There is previously-
published validity evidence for use of this model as an assessment tool for the FRS curriculum.[15]

After baseline assessment, participants trained in the proficiency-based progression curriculum
on the FRS tasks (docking, ring transfer, knot tying, suturing, 4™ arm cutting, puzzle piece dissection, and
vessel dissection & energy application) using the RobotiX Mentor VR platform (Figure 1). Expert
proficiency levels (benchmarks) were established by having six experts perform all seven FRS tasks on
the RobotiX Mentor VR platform until no performance improvement was observed on two consecutive
attempts. Outlier performances were excluded, and the remaining expert performance scores were
then averaged for each task. Following the proficiency-based progression model of the FRS curriculum,
the training goal for participants was to perform each successive task equally well as the benchmark set
by the expert surgeons on two consecutive attempts before proceeding to the next task. After
successful completion of all FRS curriculum training tasks on the VR platform, participants were tested
again on the avian tissue model (post-test).

Participant pre- and post-test performances were video recorded using local video recording
devices and uploaded to Crowd-Sourced Assessment of Technical Skills (C-SATS, Seattle, WA) HIPAA-
compliant cloud storage.[18] At the conclusion of the study period, all videos were reviewed by two
expert raters provided by C-SATS. Raters were blinded to pre- and post-test status, participant, and
institution. The two C-SATS provided raters used the Global Evaluative Assessment of Robotic Skills
(GEARS) rating scale to assess participants’ performance. GEARS is a tool for assessing robotic operative
skill across five domains (depth perception, bimanual dexterity, efficiency, use of force, and instrument
control); it uses a 5-point, anchored Likert scale for each domain, and it has previously-published
content validity evidence for the avian tissue model used in the pre- and post-test.[19] Inter-rater
reliability (IRR) was calculated between these two raters and final GEARS scores were calculated as the

average of the two raters’ scores. These scores lacked normal distribution, so non-parametric paired T



tests were used to compare GEARS pre-test scores to GEARS post-test scores. Both cumulative
performance scores and domain-specific performance scores were compared.

At the conclusion of the study period, pre- and post-test performance videos were also assessed
by one local rater at each of the two participating institutions. Both raters were expert robotic surgeons.
These local raters used a 32-criteria psychomotor checklist that was developed to specifically assess
performance on the avian tissue model tasks. The psychomotor checklist measures time and errors, and
it has been previously associated with high inter-rater reliability (IRR = 0.82-0.97) among different rater
pairs.[15] Parametric paired T tests were used to compare psychomotor checklist pre- and post-test
scores.

Additionally, one-way analysis of variance (ANOVA) was performed to compare psychometric
checklist scores of the RobotiX Mentor participants with psychometric checklist scores of robotic surgery
novices (Table 2) from another recently published pre-post study of the FRS curriculum by Satava, et al.
The robotic surgery novices of the Satava, et al study had either participated in the Intuitive da Vinci
curriculum with no FRS training (“control”); they had completed FRS training on a physical practice
model, the FRS Physical Dome (“Dome”, Florida Hospital Nicholson Center, Celebration, FL); or they had
completed FRS training on one of two VR practice platforms—the da Vinci backpack VR simulator
(“DVSS”, 3D Systems, Tel Aviv, Israel) or the Mimic robotic surgery VR simulator (“dV-Trainer”, Mimic
Technologies, Inc., Seattle, WA). Of important note, because only residents were recruited to the
RobotiX Mentor group, fellow and attending data from the Dome, DVSS, dV-Trainer, and control groups
of the Satava, et al study were intentionally excluded from the comparative analysis so that only the

performance of residents was compared across all groups.

Results 387



Twenty residents who were robotic surgical novices were initially enrolled to participate in the
RobotiX Mentor group, thirteen of whom (n = 13) completed the FRS curriculum and the avian tissue
model post-test (35% attrition rate). Two participants’ GEARS post-test data were incomplete, so these
participants were excluded from the GEARS analysis. Another participant’s pre-test time was a
significant outlier—greater than five standard deviations beyond the mean—and therefore that
participant was excluded from analysis of the psychomotor checklist data. On dependent-samples sign-
test, all participants who completed the study protocol demonstrated improved performance from pre-
to post-test as measured by GEARS scores. This was true both for overall cumulative score (p<0.001) and
across specific GEARS domains (p=0.01 to p<0.001) as reported in Table 2. “Median of the differences” is
interpreted as the median improvement in GEARS score from pre- to post-test. This pre- to post-test
improvement is further visualized in the box & whisker chart of GEARS scores in Figure 2. There was a
non-significant positive correlation (r=0.58, p=0.06) between pre- and post-test cumulative GEARS
scores. Among specific GEARS domains, the only significant positive correlation between pre- and post-
test scores was for efficiency (r=0.71, p=0.01). Between the two C-SATS provided raters, GEARS inter-
rater reliability was 0.43 (0.8) for the pre-test scores and 0.41 (1.0) for the post-test scores.

On paired-samples T tests of psychomotor checklist scores, participants again demonstrated
significant pre- to post-test improvement. This was true both for time to task completion (t(11)=7.42,
p<0.001) and number of errors (t(11)=3.80, p=0.003). Number of errors on the pre-test was a significant
predictor of number of errors on the post-test (r=0.64, p=0.03), while pre-test time was not a significant
predictor of post-test time (r=0.55, p=0.07). By one-way ANOVA, there were no significant baseline
differences in pre-test time (F(4,49)=1.86, p=0.13) or pre-test errors (F(4,49)=1.78, p=0.15) between the
RobotiX Mentor group and the Dome (n=11), DVSS (n=9), dV-Trainer (n=12), and control groups (n=10)
of the Satava, et al study. Similarly, no significant differences in performance improvement from pre- to

post-test were observed between any of the groups from either study for either time (F(4,49)=1.20,



p=0.32) or errors (F(4,49)=1.11), p=0.36). The pre- to post-test changes in time and errors for each group
are illustrated in Figures 3 & 4; more negative values (reduction in time, reduction in errors) indicate

greater improvement.

Discussion 829

Robotic surgery novices in our study demonstrated improved performance of robotic surgery
technical skills after completing the FRS proficiency-based progression curriculum on the RobotiX
Mentor VR training platform. The skills acquired during training on this VR simulator transferred to a
realistic model (avian tissue model) that is relevant to use of the actual robot in clinical practice. These
results are consistent with other studies which have shown trainee improvement in confidence level and
in the performance of technical skills following participation in organized robotic surgery skills
curricula.[20, 21] Additionally, every individual RobotiX Mentor participant demonstrated score
improvement from pre- to post-test for time, errors, and across every unique GEARS domain following
completion of the curriculum. Among GEARS items, observed improvements in dexterity, use of force,
and instrument control potentially address Green, et al’s identified gap in the teaching of tissue handling
among currently existing curricula.[6] Importantly, the improvement in novices’ robotic skill observed in
the RobotiX Mentor VR platform group was not inferior to improvement observed among similar
novices who also trained in the FRS curriculum using two other VR platforms (dV Trainer, DVSS) and who
were assessed using the same avian tissue model and psychometric checklist.[15] This suggests that the
quality of the curriculum may be more important for effective skill acquisition than the actual simulation
platform used. Indeed, Satava, et al found only minor participant performance differences across all
training platforms they evaluated.[15]

A limitation of this study is the lack of a true parallel control group against which to compare

pre- to post-test score improvement. Although the control group whose data were borrowed to serve as



a comparator participated in the Intuitive da Vinci curriculum without FRS training, they may have been
influenced by FRS curriculum participants at their own institutions to pursue additional practice, thus
leading to more-than-expected improvement as previously reported by Satava, et al.[15] In theory, the
pre-test itself could have been enough of an inoculation to the avian tissue model to improve post-test
performance, with or without participation in any training curriculum. However, the lack of significant,
positive correlations between pre- and post-test time and GEARS scores does not support that the pre-
test led to increased familiarity or comfort with the post-test. Moreover, it is unlikely to expect
significant performance improvements in the absence of training.

The study also suffered from a high attrition rate, with 7 of the initial 20 RobotiX Mentor group
participants failing to complete the protocol. The study administrators attribute this to trainees’
prioritization of clinical obligations over robotic skills practice and to rotations across multiple training
sites separate from the location of the simulators. This is consistent with a recently published paper by
Tam, et al, in which 13 of 24 residents similarly started but failed to complete a voluntary robotic skills
training curriculum (54% attrition rate). When surveyed, 10 of the residents from that study attributed
their attrition to prioritization of clinical responsibilities and research activities, and to a lack of physical
access to the simulator due to rotations at other facilities.[22] In ongoing studies conducted by
members of our group, we have moved simulators from a central skills lab out to the hospitals where
residents are rotating in hopes of removing at least this one barrier to participation.

In a post-hoc analysis of GEARS scores, participants in our study who completed the curriculum
and post-test did not have significantly different pre-test scores compared with participants who only
completed the pre-test but did not complete the rest of the training protocol (W = 33.5, p = 0.68). In
other words, all initial participants had similar baseline performance, suggesting that attrition was not
due to early poor performance. There were likewise no notable demographic predictors of performance

among RobotiX Mentor participants, and despite the fact that every participant who completed the

10



curriculum improved, we were only able to show non-inferiority to other platforms. Therefore, we must
also consider the possibility that attrition led to a Type Il error.

Finally, the IRR of the two C-SATS provided raters using the GEARS tool was moderate. The
GEARS tool also suffered less than desirable IRR in the study by Satava, et al.[15] We can only speculate
as to why this was the case. Other authors have reported high IRR using the GEARS tool after a
“proficiency phase” to develop initial agreement among expert raters, as well as high Cronbach’s alpha
between expert raters and C-SATS crowd-sourced GEARS scores.[23] Perhaps IRR in this instance could
have been improved if raters had undergone more rigorous rater training prior to conducting the
assessments.

In conclusion, completion of the proficiency-based progression FRS curriculum on the RobotiX
Mentor VR training platform resulted in improved performance of robotic surgery skills among robotic
surgery novices with results similar to those on previously-reported VR platforms. These data provide
further validity evidence for the FRS curriculum itself and support the use of the FRS curriculum on the

RobotiX Mentor as an additional VR simulation platform for robotic skill acquisition.
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Table 1. Participant Demographic Data.

RobotiX Mentor | dV Trainer! DVSS?! Physical Dome! | Control?
Self-identified gender 12:1 6:5 8:5 9:4 9:2
(M:F)
Handedness (R:L) 12:1 9:2 13:0 12:1 10:1
Mean age (SD) 30.5(3.4) 31.7 (3.1) 32.6(9.0) 30.2(3.1) 30.4 (2.6)
Mean simulator 0.6 (1.2) 2.1(3.6) 0.7 (1.2) 4.4 (8.9) 2.5(4.3)
experience, hours (SD)
Prior robotic
experience:
Mean no. of cases as 0.5 (0.9) 19.0(30.6) | 10.5(16.7) 12.1 (15.5) 7.2 (9.1)
bedside assistant (SD)
Mean no. of cases as 0(0) 0(0) 0(0) 1.2 (2.1) 0.1(0.3)

primary surgeon (SD)

IFrom Satava, et al, 2019. These demographic data include residents only. Attendings and fellows

were excluded from our comparative analysis.

15




Table 2. Pre- to Post-Test Performance Improvement, by GEARS Domain.

GEARS Domain Median of differences | 95% ClI p-value
Depth perception 0.7 0.3-1.0 p<0.001
Dexterity 0.5 0.1-1.0 p<0.01
Efficiency 0.8 0.3-1.0 p<0.001
Use of force 0.8 0.4-1.0 p<0.01
Instrument control 0.6 0.2-1.0 p=0.01
Cumulative score 3.55 1.4-4.8 p<0.001
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