Original Article | Open Access

Mini-invasive Surgery

Tramanzoli et al. Mini-invasive Surg. 2026;10:36  DOI:10.20517/2574-1225.2026.33

Standardizing Rezum training with high-fidelity
simulation: is technical performance associated with
age?

Pietro Tramanzoli’, Andrea Casati?, Claudio Cesana?, Franco Palmisano’, Vito Lorusso’, Marco Sciotta?,
Francesco Antomarchi’, Andrea Benedetto Galosi¢, Andrea Gregori’, Carlotta Nedbal'*

Keywords:

Impact of Chronological Age on Rezim Simulation Training
Benign prostatic hyperplasia,

Performance in BPH Treatment
RezUm, simulation-based

training, surgical education, Reziim: Minimally Invasive Cohort Comparison Performance Results Summary
Therapy for BPH & Study Context -
competency-based Scenario 1 2 3 4 5
Junior Senior .
assessment <35yr >35yr J(‘;g's")’ 9338 89.59 84.98 93.55 93.85
?fg':)’ 9330 89.21 8069 9156 9555
Citation: Tramanzoli P, -
Significant No No Yes Yes Yes
Casati A, Cesana C, Difference? | (p-089) (=061 | (p<001) | (p<001) | (p=0.02)
Palmisano F, Lorusso V, 6 ) = )
Sciotta M, Antomarchi F, _ =P L !
Galosi AB, Gregori A, Online Theoretical Simul;tor June 2023 - July 2025
Nedbal C. Standardizing Module Assessment 46 Institutions
RezUm training with high- Five consecutive scenarios

1 in complexity

fidelity simulation: is

technical performance « Chronological age showed no uniform iation with technical per in Rezim simulation training.
. . > . Key conclusion -« Differences were modest, scenario-dependent, and emerged only in complex scenarios.
associated with age?. Mini- « Complex scenarios are critical for proficiency-based progression and targeted remediation.

invasive Surg. 2026;10:36.

https://dx.doi.org/10.20517
/2574-1225.2026.33 Abstract

Aim: To assess whether chronological age (< 35 years vs. > 35 years) is associated with

Received: 20 Apr 2026 technical performance during a standardized high-fidelity Reziim simulation pathway.

First Decision: 7 Jul 2026

Revised: 5 Aug 2026
Accepted: 11 Aug 2026 Methods: This retrospective observational simulation-based study was conducted within a

Published: 28 Sep 2026 national itinerant Reztim training program across 46 Italian institutions between June 2023
and July 2025. Board-certified urologists and senior residents (postgraduate years 4-5)

Academic Editor: _ .. . . oe

Riccardo Autorino who were Reziim-naive and had no prior simulator exposure were enrolled and stratified

Copy Editor: into Junior (= 35 years) and Senior (> 35 years) cohorts. After completing a standardized

Ting-Ting Hu online theoretical module and qualification test, participants underwent a single-pass

?;}"g‘?:‘:}g:’:Edit°" assessment without familiarization, repetition, or real-time feedback. Five fixed-order
scenarios of increasing anatomical and cognitive complexity were completed. The primary
outcome was the scenario-specific normalized simulator score (0-100).

") Check for updates

'Urology Unit, IRCCS San Gerardo dei Tintori, Monza 20900, Italy.

2Universita degli Studi di Milano Bicocca, Monza 20900, Italy.

3Department of Urology, Universita degli Studi di Brescia, Brescia 25123, Italy.

“Urology Unit, Universita Politecnica delle Marche, Ancona 60126, Italy.

*Endourology Section, European Association of Urology, Arnhem 6803, The Netherlands.

Correspondence to: Dr. Carlotta Nedbal, Endourology Section, European Association of Urology, Arnhem 6803, The Netherlands. E-mail:
carlottanedbal@gmail.com

www.oaepublish.com Submit a Manuscript: https://ucenter.oaepublish.com


https://www.oaepublish.com
https://ucenter.oaepublish.com
https://orcid.org/0000-0003-2031-347X
https://dx.doi.org/10.20517/2574-1225.2026.33
https://dx.doi.org/10.20517/2574-1225.2026.33
https://crossmark.crossref.org/dialog/?doi=10.20517/2574-1225.2026.33&domain=pdf

Page 2 of 11 Tramanzoli et al. Mini-invasive Surg. 2026;10:36

Results: Overall, 460 participants were included (Junior, n = 120; Senior, n = 340). Mean scores were similar in
Scenario 1(93.38 vs. 93.30; P = 0.89) and Scenario 2 (89.59 vs. 89.21; P = 0.61). Junior participants scored higher in
Scenario 3 (84.98 vs. 80.69; P < 0.01) and Scenario 4 (93.55 vs. 91.56; P < 0.01), whereas Senior participants
showed higher scores in Scenario 5 (95.55 vs. 93.85; P = 0.02).

Conclusion: Chronological age was not consistently associated with simulator performance. Differences were
modest and scenario-specific, supporting standardized high-fidelity simulation while underscoring the need for
transfer-validity studies and Rezim-specific proficiency benchmarks.

INTRODUCTION

Benign prostatic hyperplasia (BPH), which typically manifests as lower urinary tract symptoms (LUTS),
represents one of the most prevalent chronic conditions affecting ageing men and a major driver of
healthcare utilization worldwide. Contemporary burden estimates from the Global Burden of Disease (GBD)
project confirm a substantial and growing population impact of BPH across regions, paralleling demographic
ageing and increasing diagnostic and treatment demand"’. Current international guidelines accordingly place
BPH/LUTS among the core conditions requiring scalable, safe, and reproducible pathways of evaluation and
intervention®. Although medical therapy remains the recommended first-line treatment for most patients
with BPH/LUTS, long-term symptom control, treatment adherence, and medication-related adverse effects
remain important challenges, contributing to the increasing interest in minimally invasive surgical therapies
(MIST) as alternatives for appropriately selected patients'.

Over the last decade, surgical management of BPH has expanded beyond conventional transurethral
resection (TURP) and anatomical enucleation of the prostate (AEP), to include a wide spectrum of MIST,
designed to reduce perioperative morbidity and preserve sexual function while offering clinically meaningful
symptom relief?). Although several of these technologies are “less invasive” by design, they are not “less
technical”: outcomes remain highly dependent on correct endoscopic orientation, consistent respect for
anatomical safety margins, and strict adherence to device-specific procedural algorithms. In this setting,
training quality becomes a primary determinant of both short-term safety and long-term durability,
especially during dissemination phases when techniques transition from expert centers to broad clinical
practice.

As modern urological training faces structural constraints that may amplify inter-operator variability, recent
European surveys describe heterogeneous exposure to operative endourology during residency and highlight
a growing reliance on simulation to compensate for reduced case volumes and variability among training
programs'’’. Pan-European initiatives aimed at standardizing surgical education, including competency-
based frameworks and structured curricula, have been introduced to address these gaps and improve equity
in training access and assessment®”). These dynamics create a particularly relevant generational question:
whether younger surgeons, often with fewer years of independent endoscopic practice but potentially greater
familiarity with digital platforms, can achieve technical performance comparable to senior colleagues when
training is delivered through a standardized, metrics-driven pathway.

Simulation-based education provides a pragmatic response to this challenge. Modern high-fidelity simulators
can capture objective, detailed performance metrics (e.g., spatial accuracy, procedural timing, error patterns)
and thereby transform training from an apprenticeship model with potentially subjective assessments into a
reproducible and auditable process'. Importantly, proficiency-based progression (PBP) approaches, where
trainees advance only after meeting predefined objective benchmarks, have been associated with fewer errors
and improved technical performance compared with conventional simulation or unstructured practice,
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supporting the concept that “measured proficiency” can replace “time served” as the core criterion of
competence®. In urology specifically, recent evidence syntheses indicate that simulation can improve
educational outcomes and, in selected domains, translate into measurable improvements in operative
performance, although heterogeneity in study design and endpoints remains a limitation of the field"”.

Against this background, the purpose of the present study was to compare objective technical performance
between younger (< 35 years) and older (> 35 years) urologists during a fully standardized high-fidelity
convective water-vapor thermal therapy (Rezam) simulation pathway, thereby informing the design of
effective, equitable, and safe training programs.

METHODS

Study design and setting

A retrospective, observational simulation-based study was designed to quantify technical performance
during a standardized high-fidelity Rezim training and assessment pathway. The study was conducted
within an itinerant national training program delivered across multiple Italian hospital sites between June
2023 and July 2025, on a prospectively collected database. Because the protocol was entirely simulator-based,
no patients were involved and no clinical outcomes or sensitive patient data were collected.

Study population, eligibility criteria

Eligible participants were board-certified urologists or senior residents (postgraduate years 4-5) enrolled in
the standardized Rezam simulation training program. To ensure a truly Rezim-naive cohort, participants
were excluded if they had previously performed Rezim in clinical practice or had already trained on the
simulator. Also, participants unable to complete the full five-scenario assessment pathway would have been
excluded from the analysis.

For the primary analysis, participants were stratified by chronological age into two age-defined cohorts:
Junior (< 35 years) and Senior (> 35 years). The 35-year threshold was prespecified before data analysis as a
pragmatic distinction between early-career and more established urologists. In the Italian training system,
urology residency is typically completed at approximately 30 years of age; therefore, this threshold
approximately corresponds to the first five years of independent specialist practice.

Pre-simulation theoretical training and qualification

Before simulator assessment, all participants completed a mandatory standardized online theoretical module
covering: (a) physical principles of convective water-vapor thermotherapy; (b) evidence-based indications
and patient selection; (c) procedural steps and safety landmarks according to the Rezam protocol. Access to
the practical evaluation required passing a theoretical test. Immediately before the simulated assessment, a
brief standardized procedural review was delivered. However, no free practice, warm-up, or familiarization
with the simulator interface was permitted to minimize learning effects unrelated to the structured pathway.

Simulator platform, performance capture, and scoring metrics

A dedicated high-fidelity simulator was used to reproduce the endoscopic workflow of convective water-
vapor thermal therapy with Rezim. Training was performed using the VirtaMed UroS™ platform
(Ergonomic VirtaMed AG, Zurich, Switzerland) equipped with the dedicated Rezam™ simulation module
(NxThera/Boston Scientific). The simulator integrates the original Rezam handpiece with high-fidelity haptic
feedback and an immersive endoscopic interface that reproduces the ergonomics and functional steps of the
clinical system, including needle deployment and the mechanical constraints of endoluminal navigation.
During each task, the simulator continuously recorded kinematic and procedural variables and automatically
generated a normalized composite performance score (SimProctor™; 0-100) using a proprietary internal
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algorithm, thereby avoiding rater-dependent subjectivity. Scoring was built to reflect clinically meaningful
domains of competence: the spatial precision of vapor delivery toward predefined anatomical targets, the
ability to maintain safe margins from critical landmarks (including the verumontanum), and appropriate
control of needle depth and injection distribution to prevent undertreatment or unsafe delivery patterns. In
parallel, the system captured indicators of procedural discipline, including adherence to the prescribed step
sequence and compliance with time constraints. Operational quality and safety proxies were also
incorporated, such as incomplete treatment patterns, simulated “vapor leakage” events (as a surrogate for
potentially harmful energy delivery), and excessive or improper device rotation during injection, interpreted
as a marker of poor manual stability. Finally, the simulator quantified operative efficiency and visibility
management through procedural time and irrigation volume, with irrigation serving as an objective correlate
of the operator’s ability to maintain a stable endoscopic view under adverse conditions. To further increase
realism and decision-making demands, incorrect manoeuvers, such as abrupt movements, inappropriate
angulation, or traumatic contact with the urethral wall or bladder neck, could trigger simulated bleeding with
consequent degradation of visibility. In these situations, appropriate use of a high-flow “turbo” irrigation
mode was required to restore visualization, and failure to do so was penalized by the scoring algorithm.

Simulation pathway and scenario architecture

The assessment pathway consisted of five sequential scenarios completed once each, in a fixed order, without
repetition and without real-time feedback. Each scenario was conceived to reproduce a specific anatomical
configuration and to progressively increase cognitive and technical demands, moving from standard
morphologies to situations characterized by greater volumetric and outlet complexity.

- Scenario 1 represented a baseline anatomy with a 40 g prostate and a bladder neck-verumontanum distance
of 2 cm, requiring two injections per lateral lobe under strict constraints for procedural time (< 3 min) and
irrigation use (< 300 mL).

- Scenario 2 introduced a small median lobe in a 45 g prostate with a 2.5 cm distance, maintaining the same
time and irrigation thresholds while increasing the required delivery plan to include a median-lobe injection
in addition to bilateral lateral-lobe injections.

- Scenario 3 constituted the most demanding “extreme” configuration, modeling a large bilobar gland (80 g)
with a 4 cm distance and a total of ten injections, with expanded time (< 5 min) and irrigation (< 600 mL)
limits to reflect the higher procedural burden and the need for sustained spatial planning and manual
control.

- Scenario 4 simulated a 55 g prostate characterized by an elevated bladder neck and altered outlet geometry,
again requiring a multi-injection strategy (three per lateral lobe and one median-lobe injection) within the
same expanded limits (< 5 min; < 600 mL), thereby emphasizing anatomical orientation and landmark
recognition in a distorted configuration.

- Finally, Scenario 5 modeled a small-volume prostate (30 g), in which a reduced working space heightened
the requirement for fine motor precision and strict landmark discipline; the task involved one injection per
lateral lobe, again under the more restrictive constraints for time (< 3 min) and irrigation (< 300 mL).

Across the entire pathway, participants were exposed to identical virtual anatomy, objectives, constraints,
and scoring rules, enabling direct comparability of performance between age-defined cohorts.
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Outcomes

The primary outcome was the scenario-specific normalized score (0-100) generated by the simulator. The
primary comparison assessed differences between Junior and Senior cohorts for each scenario, reflecting
performance under increasing anatomic complexity.

Statistical analysis

Continuous variables are reported as means with 95% confidence intervals (CI). Each simulation scenario
was analyzed independently. Between-group comparisons (Junior vs. Senior) were performed within each
individual scenario using Student’s t-test for independent samples. No between-scenario comparisons were
performed. All tests were two-sided, and statistical significance was set at P < 0.05. Analyses were conducted
on the simulator-derived normalized scores using R (version 4.4.3).

Ethical and data handling considerations

The study involved no patients and no patient-related or patient-identifiable information. Only anonymized
simulator-generated performance data were collected and analyzed in aggregate. Participation was voluntary
and uncompensated. Data were handled in accordance with applicable data protection regulations (GDPR).
Given the exclusively simulation-based nature of the study and the use of anonymized performance data, no
formal ethics submission was undertaken.

RESULTS

All enrolled participants successfully completed the five-scenario simulation pathway. Therefore, no
participants were excluded from the final analysis. The final cohort comprised 460 urologists from 46
institutions nationwide [Table 1]. Mean age was 45.6 years (range 27-74). Most participants were male
(406/460, 88.3%). For the primary comparison, participants were stratified a priori by chronological age into
two groups: Junior (£ 35 years, n = 120; mean age 32.9 years) and Senior (> 35 years, n = 340; mean age 50.1
years).

Performance across the five scenarios was summarized as mean normalized score (0-100) with 95%CI for
each group, and between-group comparisons were assessed with two-sided P values.

Across the five scenarios, mean scores in the Junior group ranged from 84.98 to 93.85, whereas mean scores
in the Senior group ranged from 80.69 to 95.55. Scenario-specific results are reported below and in Figure 1.

- Scenario 1: the mean score was 93.38 (95%CI: 92.32-94.44) in the Junior group and 93.30 (95%CI:
92.70-93.89) in the Senior group (P = 0.89). The mean difference (Junior -Senior) was +0.08 points.

- Scenario 2: the mean score was 89.59 (95%CI: 88.34-90.84) in the Junior group and 89.21 (95%CI:
88.47-89.96) in the Senior group (P = 0.61). The mean difference was +0.38 points.

- Scenario 3: the mean score was 84.98 (95%CI: 83.04-86.92) in the Junior group and 80.69 (95%CI:
79.17-82.21) in the Senior group (P = 0.001). The mean difference was +4.29 points.

- Scenario 4: the mean score was 93.55 (95%CI: 92.36-94.74) in the Junior group and 91.56 (95%CI:
90.68-92.43) in the Senior group (P = 0.008). The mean difference was +1.99 points.

- Scenario 5: the mean score was 93.85 (95%CI: 92.56-95.14) in the Junior group and 95.55 (95%CI:
94.95-96.15) in the Senior group (P = 0.019). The mean difference was -1.70 points.
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Figure 1. Scenario-specific normalized simulator scores by age cohort. Comparisons were performed between Junior (£ 35 years; n =120)
and Senior (> 35 years; n = 340) participants within each individual scenario. For each scenario, mean scores, MD and their relative 95%
confidence intervals (square brackets), with corresponding P values, are reported. MD: Mean differences.

Table 1. Baseline characteristics of the study cohort stratified by chronological age

Characteristic Total (n = 460) <35 years (n=120) > 35 years (n = 340)
Mean age, years (SD) 45.6 (10.68) 32.9(1.45) 50.1(8.4)

Age range, years 27-74 27-35 36-74

Male sex, n (%) 406 (88.3%) 92 (76.7%) 314 (92.4%)

Female sex, n (%) 54 (1.7%) 28 (23.3%) 26 (7.6%)

SD: Standard deviation.

DISCUSSION

In this retrospective, simulator-based analysis, chronological age (< 35 years vs. > 35 years) was not a
consistent determinant of technical performance during a standardized, high-fidelity Rezim pathway. Mean
scores were high across all five scenarios, and between-group differences were scenario-dependent.
Performance was essentially identical in the first two tasks. The Junior cohort achieved higher scores in the
large bilobar prostate scenario (Scenario 3; 84.98 vs. 80.69, P = 0.001) and in the altered outlet geometry
configuration (Scenario 4; 93.55 vs. 91.56, P = 0. 008), whereas the Senior cohort showed higher performance
in the small-volume precision task (Scenario 5; 95.55 vs. 93.85, P = 0.019). Collectively, these findings suggest
that, within a structured and objectively scored curriculum, generational differences, often presumed to
reflect variability in prior endoscopic exposure, do not translate into systematic gaps in simulator-derived
competence. Instead, task design and cognitive and technical demands appear to influence where
performance dispersion emerges. Although statistically significant in selected scenarios, between-group
differences were modest in magnitude within an overall high-performing cohort, suggesting limited practical
separation in simulator-derived competence.
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The scenario-dependent pattern observed in the present study can be interpreted as a curriculum signal
rather than a demographic label.

Although chronological age has sometimes been considered a surrogate for differences in endoscopic
experience or familiarity with digital technologies, these variables were not directly measured or controlled
for in the present study. Therefore, the observed differences should not be interpreted as evidence of causal
relationships, but rather as hypothesis-generating findings that warrant further investigation.

In structured simulation, between-group differences often emerge in tasks that increase cognitive load (e.g.,
extended injection planning, multi-lobe sequencing, and outlet geometry changes) or impose higher
visuomotor demands under time and irrigation constraints. The Junior cohort’s advantage in Scenarios 3
and 4 may be consistent with differences in visuomotor performance in a technology-mediated environment
under higher cognitive load. However, because these factors were not directly measured or controlled for,
this interpretation should be considered speculative and hypothesis-generating. In contrast, the Senior
cohort’s trend toward higher performance in Scenario 5 may reflect consolidated endoscopic heuristics and
more conservative landmark discipline in constrained anatomy. A standardized, objective, simulation-based
pathway may function as a “competency equalizer,” limiting the practical impact of heterogeneous prior
exposure and producing reproducibly high technical execution across age groups.

From a clinical and implementation standpoint, these results are relevant because BPH/LUTS remains a
high-burden condition with expanding demand for procedural solutions, and contemporary guidelines
increasingly position MISTs as scalable options between long-term pharmacotherapy and more invasive
transurethral surgery! . The proliferation of device-based therapies creates a training bottleneck, as
procedural reproducibility depends on consistent anatomical targeting, disciplined adherence to stepwise
device algorithms, and avoidance of seemingly minor technical deviations that may have outsized
consequences for retreatment patterns and adverse events. In this setting, training is not merely preparatory;
it functions as a clinical governance tool to standardize quality as technologies disseminate beyond expert
centers.

Against this backdrop, competency-based education and simulation are increasingly central to modern
surgical training. Contemporary evidence syntheses in urology indicate that simulation-based education can
improve technical performance and support structured assessment, particularly when curricula are
standardized and grounded in objective metrics rather than purely time- or volume-based exposure'***.. PBP
provides a particularly strong educational rationale, as meta-analytic data across randomized and prospective
studies show that PBP reduces procedural errors and improves performance compared with conventional
simulation or unstructured practice”. In BPH surgery specifically, a recent scoping review highlights the
rapid expansion of endoscopic BPH simulators and underscores a key gap in the field: the need for robust
validation pathways and stronger linkage between simulator metrics and clinically meaningful endpoints"'.

Learning-curve effects are well described across endourology and BPH surgery, particularly for procedures
that combine complex psychomotor control with intraoperative planning. AEP has been characterized by a
substantial learning curve before efficiency and outcomes stabilize, reinforcing the value of structured
mentorship and objective assessment during adoption?. Similar experience-related effects have been
reported for GreenLight photovaporization, where stepwise, proctored programs have been proposed to
support safe progression and reduce early variability””). Importantly, even when MISTs are engineered to
simplify treatment delivery, measurable learning curves can still be observed: Aquablation shows progressive
improvement across multicenter experiences, and prostatic urethral lift (PUL) has a relatively short but
discernible learning trajectory, with performance and efficiency influenced by operator experience and case
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complexity"*'?l. Collectively, these observations argue that a “minimally invasive” label should not be
conflated with “training-light,” particularly when broad dissemination is anticipated.

In contrast, despite the rapid diffusion of Rezim as an outpatient-oriented option for BPH, the evidence base
on Rezim-specific training remains comparatively sparse. A recent European Association of Urology (EAU)
Endourology systematic review focusing on simulation-based training for Rezim and UroLift concluded that
the overall literature is limited and that key validity domains (including predictive validity and standardized
performance endpoints) remain underexplored"”. Empirically, only a small number of studies have
specifically evaluated Rezam simulator performance metrics and validity in trainee populations, leaving a
clear knowledge gap regarding how simulator-derived proficiency relates to operator characteristics and,
ultimately, to clinical execution"*.

Rezam is particularly suitable for simulation-based training because procedural effectiveness depends on
several discrete, measurable elements, including accurate identification of the bladder neck and
verumontanum, correct needle deployment depth, appropriate number and spacing of injections by lobe,
and tailored management of median lobe obstruction. These steps map naturally to objective simulator
endpoints (accuracy, procedural accuracy, and adaptability), supporting the role of high-fidelity simulation
as part of a preclinical competency assessment prior to broader clinical implementation. Clinically, Rezam is
supported by randomized, sham-controlled evidence demonstrating durable 5-year improvements in LUTS
and flow parameters with low retreatment rates, while preserving sexual function in appropriately selected
patients"”.. More recent clinical evidence has further confirmed the favorable safety and tolerability profile of
Rezam across different patient populations, supporting its role as a reliable minimally invasive treatment
option for BPH"". Real-world and expanded-indication cohorts further suggest feasibility in challenging
settings such as catheter-dependent retention and larger prostates, although outcomes vary by population
and highlight the importance of appropriate anatomical strategy!>'**\. In this context, large-scale,
standardized simulator datasets may be particularly valuable for clarifying how operator factors relate to
objective performance and for informing transparent credentialing frameworks. More broadly, these
developments are consistent with the emerging paradigm of intelligent surgery, in which artificial
intelligence, high-fidelity simulation, and data-driven performance assessment are increasingly integrated to
support personalized surgical training, objective competency evaluation, and continuous performance
improvement®",

From a training-design perspective, our findings support a pragmatic model for MIST implementation.
Training should begin with standardized didactic instruction and then employ high-fidelity simulation with
objective performance metrics to verify competence prior to clinical practice. Educational resources should
be primarily directed toward scenarios that show the greatest performance dispersion (here, the large bilobar
prostate scenario and the altered outlet geometry), because these tasks impose higher cognitive load and
spatial-planning demands and are most likely to expose variability in execution. This framework is consistent
with competency-based progression and supports credentialing based on predefined, measurable proficiency
thresholds rather than demographic characteristics or loosely defined “experience”..

Limitations

This study is limited by its simulation-only design, which cannot fully reproduce tissue behavior, patient
factors, intraoperative variability, or perioperative complexity. The analysis did not evaluate transfer validity
by linking simulator proficiency to intraoperative quality measures or longitudinal clinical outcomes (e.g.,
IPSS, Qmayx, retreatment, complications); therefore, no direct inference can be made regarding patient-level
impact. Potential confounders, including previous endoscopic experience, procedural volume, exposure to
other MIST platforms, career stage, and variability in local training environments, were not systematically
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collected or controlled for. Consequently, chronological age should not be considered a direct surrogate for
these factors, and residual confounding cannot be excluded. The high mean scores observed in several
scenarios raise the possibility of ceiling effects, which may have reduced the simulator’s discriminatory
capacity and limited its ability to detect subtle between-group differences among high-performing
participants. Scenarios were completed once each in a fixed sequence without repetition and without real-
time feedback, which may introduce order-related influences (learning-on-the-fly and/or fatigue). Each
simulation scenario was analyzed independently because it represented a prespecified task with distinct
anatomical and technical characteristics. Nevertheless, future studies could benefit from mixed-effects
models or other repeated-measures approaches to account for within-participant correlations across
scenarios. Five scenario-level comparisons were performed, introducing potential multiplicity; results were
therefore interpreted primarily as scenario-specific signals to inform curriculum design rather than as
definitive evidence of group separation.

Finally, the composite simulator score was generated using a proprietary algorithm whose internal weighting
was not accessible to the investigators. Although the evaluated performance domains are predefined and
clinically relevant, the limited transparency of the scoring algorithm should be considered when interpreting
the results. Furthermore, although the simulator has previously undergone validation, the educational and
clinical relevance of the small between-group differences observed in the composite score has not yet been
established, and no validated Rezim-specific proficiency thresholds are currently available.

Future directions

Prospective multicenter studies should establish transfer validity by linking simulator-derived proficiency to
intraoperative technical quality (e.g., objective error metrics, landmark safety, and procedural adherence)
and longer-term clinical outcomes. Comparative educational trials evaluating different training models,
simulation-only vs. mentored clinical initiation vs. blended curricula, potentially using PBP thresholds and
standardized proficiency cut-offs, could identify the most efficient pathway for safe dissemination. Finally,
defining and externally validating device-specific proficiency benchmarks for Rezim, potentially weighted by
scenario complexity and supported by transparent standard-setting methods, could strengthen credentialing
frameworks and reduce heterogeneity during early implementation.

Conclusions

In this large, national cohort of Rezim-naive urologists completing a fully standardized five-scenario high-
fidelity simulation pathway, chronological age showed no uniform association with simulator-derived
technical performance. Overall scores were high, and any between-cohort differences were modest and
scenario-dependent, emerging primarily in anatomically or cognitively more demanding configurations.
These findings suggest that objectively scored, high-fidelity simulation may represent a scalable approach for
standardizing Rezim training across participants with heterogeneous backgrounds, while highlighting
complex scenarios as the most informative targets for PBP and focused remediation.
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