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Abstract

Background: It is hypothesised that simulation enhances progression along the initial
phase of the surgical learning curve.
Objective: To evaluate whether residents undergoing additional simulation, compared
to conventional training, are able to achieve proficiency sooner with better patient out-
comes.
Design, setting, and participants: This international, multicentre, randomised controlled
trial recruited 94 urology residents with experience of zero to ten procedures and no
prior exposure to simulation in ureterorenoscopy, selected as an index procedure.
Intervention: Participants were randomised to simulation or conventional operating
room training, as is the current standard globally, and followed for 25 procedures or over
18 mo.
ogy. Published by Elsevier B.V. All rights reserved.
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Urology
Objective Structured Assessment
of Technical Skill
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Outcome measurements and statistical analysis: The number of procedures required to
achieve proficiency, defined as achieving a score of �28 on the Objective Structured
Assessment of Technical Skill (OSATS) scale over three consecutive operations, was mea-
sured. Surgical complications were evaluated as a key secondary outcome. This trial is
registered at www.isrctn.com as ISCRTN 12260261.
Results and limitations: A total of 1140 cases were performed by 65 participants, with
proficiency achieved by 21 simulation and 18 conventional participants over a median
of eight and nine procedures, respectively (hazard ratio [HR] 1.41, 95% confidence inter-
val [CI] 0.72–2.75). More participants reached proficiency in the simulation arm in flex-
ible ureterorenoscopy, requiring a lower number of procedures (HR 0.89, 95% CI 0.39–
2.02). Significant differences were observed in overall comparison of OSATS scores
between the groups (mean difference 1.42, 95% CI 0.91–1.92; p < 0.001), with fewer total
complications (15 vs 37; p = 0.003) and ureteric injuries (3 vs 9; p < 0.001) in the sim-
ulation group.
Conclusions: Although the number of procedures required to reach proficiency was sim-
ilar, simulation-based training led to higher overall proficiency scores than for conven-
tional training. Fewer procedures were required to achieve proficiency in the complex
form of the index procedure, with fewer serious complications overall.
Patient summary: This study investigated the effect of simulation training in junior sur-
geons and found that it may improve performance in real operating settings and reduce
surgical complications for complex procedures.
� 2021 European Association of Urology. Published by Elsevier B.V. All rights reserved.
1. Introduction

The increasing uptake of new technologies and mini-
mally invasive procedures in surgery [1,2] has been asso-
ciated with prolonged learning curves [3]. This has
proved to be a challenge for modern surgical education,
which has traditionally been delivered through an
apprenticeship model [4]. The situation is further com-
plicated by reduced working time directives driven by
concerns over doctors’ health and wellbeing [5]. Further-
more, financial constraints in health care organisations
and ethical concerns about training on patients have
prompted exploration of alternatives to learning in the
operating room (OR) [3].

With influences from the military and aviation indus-
tries, which heavily depend on simulation-based training
[6,7], there has been widespread adoption of surgical simu-
lation, with a hypothesis that this strategy enhances pro-
gression along the initial phase of the learning curve [8].
Effective simulation can provide safe and controlled envi-
ronments outside of the OR in which residents can acquire
surgical skills without endangering patient safety [9,10].
However, there have also been justified concerns that sim-
ulation may create misleading oversimplification of the
OR, questioning its transferability [11]. It is also unclear if
supervised training of surgeons in the OR can impact
patient outcomes [10,12].

To date, there have been limited data, mostly from
small-scale studies conducted with medical students,
assessing the transferability of surgical simulation
[13,14]. The aim of this multicentre international ran-
domised controlled trial (RCT) was to evaluate whether
surgical residents who undergo additional simulation
training are able to achieve proficiency sooner and with
better patient outcomes when compared to standard OR-
based training.
Abe et al., Effect of Simulati
l, Eur Urol (2021), https://do
2. Materials and methods

Ethical approval was obtained before commencement. The previously

published [15] study protocol and statistical analysis plan (Supplemen-

tary material) were adhered to in conducting and analysing this study.

This trial is registered at www.isrctn.com as ISCRTN 12260261.
2.1. Study design

SIMULATE (Simulation in Urological Training and Education) is a

prospective, international, multicentre, parallel-group, pragmatic, supe-

riority randomised controlled clinical and educational trial that recruited

surgical urology residents enrolled on locally accredited training pro-

grammes from Austria, Canada, China, Germany, Greece, Japan, Switzer-

land, Turkey, UK, and USA. The inclusion criteria was operating

experience of zero to ten independently performed cases for an index

procedure, without prior simulation training. All eligible participants

provided consent and were randomised to simulation-based training

(SBT) or standard non–simulation-based training (NSBT) groups

(Fig. 1) via web-based computer randomisation (www.randomizer.

org). Participant allocations were in a 1:1 ratio, stratified according to

recruitment site or UK deanery (Fig. 2), and concealed from supervising

teams.
2.2. Index procedure and intervention

Owing to fewer variations in approach and the wide availability of train-

ing models, ureterorenoscopy (URS) was selected as the most suitable

core procedure for new urological residents by the senior advisory com-

mittee of the British Association of Urological Surgeons [15]. URS

includes both semirigid ureteroscopy for ureteric stones and flexible

URS for renal stones [16].

Participants in the SBT group (n = 46) were provided with a standard-

ised educational intervention in a simulation setting using the most val-

idated models [17] in an expert-developed multimodality training

curriculum, as previously described [15,18], as well as standard OR train-

ing. The curriculum (Fig. 1) consists of didactic lectures, selected tasks

and cases on the URO-Mentor virtual reality (VR) simulator, dry-
on-based Training on Surgical Proficiency and Patient Outcomes: A Ran-
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Fig. 1 – The study methodology and participant timeline. Participants (n = 94) were randomised to simulation-based training (SBT) or non–simulation-based
training (NSBT) groups. Five training sessions were conducted for the SBT arm (n = 46) using an expert-developed multimodality training curriculum. All
sessions began with didactic lectures on set-up, ureteric access, retrograde studies, equipment, instruments, laser settings and safety, and procedural
techniques and complications. Fresh-frozen cadavers could only be used for UK participants (n = 14). Full immersion simulation for nontechnical skills could
not be conducted for the Chinese cohort (n = 9) because of technical limitations and language barriers; participants received a comprehensive didactic lecture
on the subject instead. Virtual reality (VR) simulation could not be used for the Japanese cohort (n = 5) because of logistic limitations; however, participants
were taught these tasks and cases on dry-laboratory models to compensate. Participants were followed up for 25 procedures or over 18mo. sim. = simulation;
URS = ureterorenoscopy; fURS = flexible URS.
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laboratory models, and fresh frozen cadavers. Variations occurred in cur-

riculum delivery because of local availability of models, which is reflec-

tive of the reality of training (Fig. 1).

2.3. Outcomes and follow-up

The primary outcome was the number of procedures required to achieve

proficiency, defined as achieving a score of 28 or more on the highly val-

idated [19,20] Objective Structured Assessment of Technical Skill

(OSATS) [21] assessment scale (Supplementary material) for three con-

secutive operations without any complications. The proportion of surgi-

cal complications (within 48 h) was selected as a predefined secondary

outcome, as per procedural outcomes. Ureteric injuries were classified

according to a previously reported scale [22]. Other secondary outcomes

were differences in overall OSATS scores and its individual domains

between the two randomised groups. The end of follow-up per resident

was defined as completion of a maximum of 25 semirigid and flexible

URS procedures or 18 mo in the OR. During the follow-up period, SBT

and NSBT participants did not undergo any simulation training and per-

formed URS as supervised by their usual mentors.

2.4. Sample size

Owing to a lack of published data regarding the number of procedures

that residents require to achieve proficiency, our experts agreed that it

would be reasonable to assume that residents will perform between five

and 25 procedures, with an average of 15. Using the range rule, it can

then be assumed that the standard deviation is approximately five. On

the basis of these assumptions for a fixed-sample-size design, the study
Please cite this article as: A. Aydın, K. Ahmed, T. Abe et al., Effect of Simulati
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would need 44 residents to achieve the primary outcome to show a

reduction in the number of procedures in the SBT arm of at least one-

third (mean of �10 procedures) with 90% power and a type I error of

5%. The number recruited needs to be inflated to 48 to account for a

10% dropout rate.
2.5. Statistical analysis

Statistical analysis was performed using SPSS version 26 (IBM Corp.,

Armonk, NY, USA) and all graphical data were produced using GraphPad

Prism version 8 (GraphPad, San Diego, CA, USA). A p value �0.05 was

considered statistically significant for all tests.

Participants who did not return any data were considered as with-

drawn. For analysis of the primary outcome, a Cox regression model with

a time-to-event analysis was used to assess and compare the number of

procedures required to achieve proficiency, defined as three consecutive

procedures with an OSATS score of �28 and the timescale defined as the

number of procedures. A Kaplan-Meier curve was plotted for the overall

performance. Procedures were classified as semirigid URS, flexible URS,

or both. The data were stratified according to procedure and the analysis

was repeated for both semirigid and flexible URS. A weighted t test was

used to compare the number of complications encountered by each par-

ticipant with respect to the number of procedures performed between

the groups. A frequency plot of categorised complications was plotted

to allow graphical comparison. Secondary analyses were performed to

compare mean scores for the OSATS domains and totals between the

groups using weighted t tests, taking into account the number of

procedures.
on-based Training on Surgical Proficiency and Patient Outcomes: A Ran-
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Fig. 2 – Consolidated Standards Of Reporting Trials (CONSORT) flow diagram of the SIMULATE trial outlining enrolment, randomisation, allocation, follow-up,
and analysis according to intention-to-treat and per-protocol standards. A total of 94 residents were recruited, with a response rate of 69% (n = 65) and
involving a total 1140 cases on patients. NSBT = non–simulation-based training; OSATS = Objective Structured Assessment of Technical Skill; SBT = simulation-
based training.
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3. Results

A total of 65 participants continued with follow-up in the
study from the SBT (n = 32) and NSBT (n = 33) arms, perform-
ing a total of 1140 cases. Of these, 27 SBT and 26NSBT partic-
ipants completed the study to 18 mo, with 19 SBT and 17
NSBT trainees reaching 20–25 procedures (Fig. 2). At base-
line, there were no significant differences in demographics
and previous experience between the groups (Table 1).
Please cite this article as: A. Aydın, K. Ahmed, T. Abe et al., Effect of Simulati
domised Controlled Clinical and Educational Trial, Eur Urol (2021), https://do
3.1. Proficiency (primary outcome)

Proficiency was achieved by 21 SBT and 18 NSBT partici-
pants over a median of eight and nine sessions, respectively
(hazard ratio [HR] 1.41, 95% confidence interval [CI] 0.72–
2.75; Fig. 3). Semirigid URS proficiency was achieved by
19 SBT and 16 NSBT participants over six versus seven ses-
sions, respectively (HR 1.55, 95% CI 0.75–3.17). For flexible
URS, 20 SBT and nine NSBT participants reached proficiency
over six versus seven sessions (HR 0.89, 95% CI 0.39–2.02).
on-based Training on Surgical Proficiency and Patient Outcomes: A Ran-
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Table 1 – Baseline demographics and breakdown of the total number
of procedures performed.a

SBT (n = 32) NSBT (n = 33)

Baseline demographics
Sex (male/female) 25/7 28/5
Median age, yr (IQR) 29 (28–31) 29 (27–32)
Median URS experience, cases (IQR) 0 (0–3) 0 (0–3)
Median fURS experience, cases (IQR) 0 (0–1) 0 (0–0)
Cases performed
Median number of overall cases (IQR) 23 (11–25) 21 (10–25)
Median number of URS cases (IQR) 12 (7–16) 13 (6–22)
Median number of fURS cases (IQR) 10 (4–15) 8 (3–12)

fURS = flexible ureterorenoscopy; IQR = interquartile range; NSBT = non–
simulation-based training; SBT = simulation-based training; URS = semi-
rigid ureteroscopy.
a Overall, 1140 cases were performed during this study (593 SBT vs 547
NSBT). A total 645 URS (304 vs 341) and 318 fURS (201 vs 117) cases
were performed, with 176 (89 vs 87) including both forms of the
procedure. In addition, one procedure in the SBT arm was unlabelled
and therefore could not be subcategorised.
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3.2. Surgical complications

The SBT group had a total of 15 surgical complications for
eight participants, compared to 37 for 12 NSBT participants
(mean difference 0.66, 95% CI 0.23–1.09; p = 0.003). Pain
(n = 2 vs 7) and fever (n = 8 vs 6) were seen in both cohorts,
whilst haematuria and intraoperative bleeding, such as
from the renal pelvic mucosa (n = 3) and prostatic haemor-
rhage (n = 1), were only seen in the NSBT group. Ureteric
injury was reported for three SBT participants (n = 3) and
five NSBT participants (n = 9), all of which were high-
grade injuries (mean difference 0.77, 95% CI 0.59–0.96; p <
0.001) of grade �2 according to the well-known scheme
for classification of injury [22]. Each group had one case of
sepsis, while in the NSBT group there was also one case of
acute kidney injury and one urinary tract infection (Fig. 4).
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3.3. Technical skills (OSATS)

In key secondary analyses, statistically significant differ-
ences were observed in the overall comparison of all OSATS
scores between the SBT (mean 26.6, standard deviation
4.31) and NSBT (mean 25.6, standard deviation 4.40) groups
(mean difference 1.42, 95% CI 0.91–1.92; p < 0.001). The SBT
group scored �28 in 310 cases in comparison to 234 cases
for the NSBT group (p < 0.001). Furthermore, for semirigid
URS the SBT participants scored higher (mean difference
1.69, 95% CI 1.07–2.31; p < 0.001) and scored �28 more
often in comparison to NSBT participants (201 vs 177).
OSATS scores for flexible URS were similar in both arms
(mean difference 0.02, 95% CI 0.70–0.75; p > 0.9), with
SBT participants scoring �28 more often (147 vs 99). The
SBT group significantly outperformed the NSBT group for
all OSATS domains (Fig. 5 and Table 2).
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Fig. 3 – Kaplan-Meier curves showing the number of procedures required to
reach proficiency for overall ureterorenoscopy (URS), semirigid URS, and
flexible URS. NSBT = non–simulation-based training; SBT = simulation-
based training.
4. Discussion

To the best of our knowledge, this is the first multicentre
RCT to recruit a precalculated large sample of surgical
Please cite this article as: A. Aydın, K. Ahmed, T. Abe et al., Effect of Simulation-based Training on Surgical Proficiency and Patient Outcomes: A Ran-
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Fig. 4 – Surgical complications outlined and specified for both groups up to procedure number 25. In total, 15 versus 37 complications were reported for eight
SBT and 12 NSBT participants, respectively (mean difference 0.66, 95% CI 0.23–1.09; p < 0.01), with fewer ureteric injuries seen for SBT than for NSBT
participants (three vs nine), all of which were high-grade injuries (mean difference 0.77, 95% CI 0.59–0.96; p < 0.001). Other complications recorded were pain
(two SBT vs seven NSBT), fever (eight SBT vs six NSBT), haematuria (seven NSBT), intraoperative (intraop.) bleeding (five NSBT), acute kidney injury (AKI; one
NSBT), urinary tract infection (UTI; one NSBT), and sepsis (one SBT vs one NSBT). CI = confidence interval; NSBT = non–simulation-based training;
SBT = simulation-based training.
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Fig. 5 – Overall differences in total OSATS and parameters. Significant differences were observed in the overall comparison of OSATS scores between the SBT
(mean 27.3) and NSBT (mean 25.9) groups (mean difference 1.42, 95% CI 0.91–1.92; p < 0.0001). The SBT group statistically significantly outperformed the NSBT
group for all OSATS parameters. SBT participants scored higher for semirigid URS (mean difference 1.69, 95% CI 1.07–2.31; p < 0.0001) and scored �28 more
often (201 vs 177) in comparison to NBST participants. Both groups scored similarly for flexible URS (mean difference 0.02, 95% CI 0.70–0.75; p = 0.96), but with
SBT participants scoring �28 more often (147 vs 99). CI = confidence interval; NSBT = non–simulation-based training; OSATS = Objective Structured
Assessment of Technical Skill; SBT = simulation-based training; URS = ureterorenoscopy.
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residents with strict criteria for eligibility and followed for a
considerable period in the OR to test the widely quoted
hypothesis that additional SBT reduces the initial phase of
the learning curve.

Our study of a total of 65 participants performing 1140
cases demonstrated mixed results. For our primary outcome
measure, while we showed what might be deemed a clini-
cally meaningful difference, it was not statistically signifi-
cant. However, when stratified according to semirigid and
flexible URS, there were statistically significant differences
for the latter, with higher rates of proficiency achieved in
the SBT group. This is an important finding given that flex-
ible URS is technically more challenging and often requires
dedicated fellowships to develop skills [23], suggesting a
positive role for SBT for more complex procedures. Further-
more, residents who were exposed to SBT outperformed the
NSBT group in overall OSATS measures (Fig. 5) with a statis-
tically significant difference, scoring �28 on more occa-
sions. Regarding surgical complications (Fig. 4), there was
statistically significant and clinically meaningful [24] differ-
Please cite this article as: A. Aydın, K. Ahmed, T. Abe et al., Effect of Simulati
domised Controlled Clinical and Educational Trial, Eur Urol (2021), https://do
ence in favour of SBT, in agreement with the previously
demonstrated association between technical skills and
patient outcomes [25].

There have been numerous studies on the perceived edu-
cational benefits of SBT and a handful on transfer of skills
[12,17]. However, the significant majority have assessed
training models in observational studies or small-scale tri-
als [26,27] conducted among medical students [14,28].
Our previous feasibility trial [29] demonstrated the superi-
ority of medical students who were trained via a similar
curriculum using various platforms for URS and nontechni-
cal skills over students trained without simulation.

A small number of other studies among surgical resi-
dents have demonstrated the potential of skills transferabil-
ity to the OR. Maertens et al [30] compared three groups of
residents (simulation curriculum, e-learning, and conven-
tional training) carrying out endovascular procedures and
followed them at 6 and 12 wk. The simulation cohort signif-
icantly outperformed the other groups in global rating
scores, although there were no differences in patient out-
on-based Training on Surgical Proficiency and Patient Outcomes: A Ran-
i.org/10.1016/j.eururo.2021.10.030
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Table 2 – Differences between the groups in terms of OSATS domains and totals

OSATS domain Mean score (SD) MD (95% CI) p value

SBT NSBT

Respect for tissue 4.05 (0.59) 3.86 (0.65) 0.20 (0.12–0.27) <0.001
Time and motion 3.81 (0.55) 3.57 (0.70) 0.24 (0.37–0.16) <0.001
Instrument handling 3.88 (0.62) 3.69 (0.60) 0.20 (0.12–0.27) <0.001
Knowledge and instruments 4.09 (0.58) 3.99 (0.56) 0.10 (0.04–0.18) 0.003
Use of instruments 3.85 (0.65) 3.73 (0.69) 0.12 (0.05–0.20) 0.002
Flow of operation and forward planning 3.84 (0.69) 3.59 (0.67) 0.24 (0.16–0.32) <0.001
Knowledge of procedure 4.00 (0.65) 3.80 (0.64) 0.20 (0.12–0.27) <0.001
OSATS totals
Overall 26.6 (4.31) 25.6 (4.40) 1.42 (0.91–1.92) <0.001
URS cases 27.2 (4.71) 25.5 (4.33) 1.69 (1.07–2.31) <0.001
fURS cases 27.0 (3.66) 27.0 (4.51) 0.02 (�0.53 to 0.93) >0.9

CI = confidence interval; fURS = flexible ureterorenoscopy; MD = mean difference; NSBT = non–simulation-based training; OSATS = Objective Structured
Assessment of Technical Skill; SBT = simulation-based training; SD = standard deviation; URS = semirigid ureteroscopy.

E U R O P E A N U R O L O G Y X X X ( X X X X ) X X X 7
comes. This is not surprising given the limited number of
participants (n = 29) and follow-up. A similar group was
randomised to SBT or NSBT in arthroscopy [31]. The SBT
group received regular training sessions over 13 wk and sig-
nificantly outperformed the control group at final assess-
ment using motion sensors in the OR. These participants
required fewer hand movements, had smoother motions,
and took less time. Angelo et al [32] also conducted a
three-arm randomised study in which the third arm was
randomised to proficiency-based progression alongside
simulation in performing an arthroscopic procedure. This
group undertook simulation while meeting specific bench-
mark scores and subsequently demonstrated significantly
fewer mistakes in the final assessment on cadavers.

According to our findings, simulation training curricula
for complex surgical procedures, including laparoscopic
[33,34] and robotic surgery [35], should be used in the
training of surgical residents. Although SBT may boost resi-
dents’ confidence [36], our primary outcome results indi-
cate that it may not be mandatory for more basic
procedures given the logistic and financial challenges in
running simulation programmes [36–38]. Furthermore,
our study evaluated the role of additional SBT and thus does
not suggest that it should replace existing OR training.
Therefore, efforts should also be made to improve and opti-
mise training in the OR.
4.1. Limitations

There were several limitations in our study. First, 29 partic-
ipants were lost to follow-up (Fig. 2) because of lack of
exposure to URS and changes in host centres by residents
as part of their training. In addition, owing to our inclusion
criteria, recruited participants were not all complete
novices and some had minimal experience (Table 1). Of
those followed up, not all were able to complete 25 proce-
dures before 18 mo and this may have affected the final
results. Another limitation is the reliance on the local avail-
ability of models (as is current practice) during delivery of
the intervention (Fig. 1). Hence, the only standardised com-
ponent delivered on all five occasions was the dry-
laboratory simulation, which constitutes the majority of
the curriculum. VR, full immersion simulation, and fresh-
frozen cadavers were not available at all sites; however,
similar tasks were performed on dry-laboratory models,
Please cite this article as: A. Aydın, K. Ahmed, T. Abe et al., Effect of Simulati
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reflecting the ‘‘real-life’’ availability of simulation tools.
Although OSATS is the most validated assessment scale
and the one that most trainers are familiar with, it is possi-
ble that there may have been variability between sites and
assessors. However, it is hoped that the randomisation,
stratified according to centres, will have reduced this effect.
Moreover, a more bespoke procedure-specific tool might
yield different results. Training of the trainers and assessors
and the use of standardised video assessment by the same
experts [39] may also have further standardised our
approach, but this approach is rather difficult and time-
consuming for specialists. Finally, despite selecting a com-
monly performed surgical index procedure for a standard-
ised approach, the results may have differ with other
procedures.

5. Conclusions

We described a novel clinical and educational RCT evaluat-
ing the direct clinical effects of SBT on OR performance and
patient outcomes in comparison to standard training.
Although we did not definitively demonstrate that surgeons
achieve proficiency quicker using SBT overall, a significantly
higher number of participants reached proficiency in the
more complex form of our index operation, flexible URS.
Statistically significant differences were observed in the
overall number of complications and serious complications,
favouring the simulation cohort. Furthermore, the SBT
group achieved higher proficiency scores overall, affirming
the potential role of simulation in advanced procedural
training.
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