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ABSTRACT
Objective: There is an increasing trend to incorporate Simulator-based training in urology residency pro-
grams. The study was designed to determine the construct validity of UroSim® for that we compared the 
performance of transurethral resection of bladder tumor (TURBT) between experts and novices.

Material and methods: We conducted a cross sectional study at a university hospital to determine the 
construct validity of UroSim® for TURBT. We compared the outcome measures between experts (urology 
consultants) and novices (residents) to determine relationship between clinical experience and performance 
on simulator. Primary outcome measure was resection time and secondary outcome measures were safety, 
bleeding, and visualization during TURBT on UroSim. We requested participant  to resect three tumors to 
assess the test content of the simulator. Comparison of continuous variables such as resection time, resec-
tion, bleeding control, and visualization and blood loss using student t test. Comparison of categorical vari-
able, i.e. perforation of bladder, using Fischer exact test.

Results: We included 30 experts and 30 novices. There was a statistically significant difference in the mean 
resection time between the groups (196±67.4 sec versus 374.6±179.7 sec; p=0.01), suggesting a positive 
relationship between clinical experience and performance on simulator. Additionally, safety parameters, 
namely, bleeding control, inadvertent cuts into bladder wall, ureteric orifices, and bladder perforations var-
ied between the two groups.

Conclusion: We observed significant differences of parameters in performance between experts and nov-
ices. Simulator is a useful tool for teaching TURBT as it demonstrates good construct validity and recom-
mended in urology training for teaching psychomotor skills.
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Introduction

Transurethral resection of the bladder tumor 
(TURBT) is the gold standard for diagno-
sis and initial staging of bladder cancer.[1] All 
urology trainees need to learn this basic skill; 
therefore, a standard way of learning TURBT 
is essential in urology training programs. The 
master apprentice model,[2] animal models,[3] 
and simulator-based training are some of the 
ways of learning surgical skills.[4] Simulators 
are now widely available and included as a 
part of urology training in numerous countries.
[5] Many studies have shown that simulators 
are realistic, easy to use, and good educational 
tools.[6] Simulators not only assist in learning a 
procedure but also in maintaining skills and de-

veloping the ability to deal with complications.
[7] The major advantage of virtual reality (VR) 
surgical simulators is that it provides repetitive 
practice and feedback on performance in a safe 
environment and in absence of direct mentor 
supervision.

Simulators have the potential to shorten the 
learning curve for complex surgical proce-
dures. They can help create skills that can be 
transferred to the operating room and may 
shorten the learning curve. The concept of 
simulator-based training in urology training is 
well-established now. However, access to this 
facility is currently limited.[8] Nevertheless, 
before incorporating simulator-based training 
in urology residency program, proper valida-
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tion is needed, especially in terms of face and construct validity. 
The construct validity is the degree to which a test measures 
what it claims or purports to be measuring.[9] Construct validity 
is usually verified by comparing the test with other tests that 
measure similar qualities to see the correlation between the two 
measures. An updated model of construct validity was described 
by Messick based on five components, namely, test content, re-
sponse process, internal structure, relationship with other vari-
ables, and consequences. In this study, we attempted to establish 
the construct validity of training TURBT on a VR simulator by 
comparing defined outcomes on the simulator between novices 
and experts to establish test content and relationship with expe-
rience of UroSim.

In urology, many simulators have been validated for transure-
thral resection of prostate, but there is little data available on the 
use of simulators for learning TURBT. The Simbla® and UroSim 
are two of the most popular simulators in urological training; 
Simbla has been evaluated for TURBT [10], whereas UroSim has 
been validated for transuretheral resection of prostate (TURP) 
training. In a study by de Vries et al.[10], construct validity of 
Simbla for TURBT was evaluated. The median resection time 
of experts was significantly lower as compared with novices (64 
versus 92.5 s, p value 0.04). Construct validity is established if 
experts and novices perform at different levels on the given task. 
We sought to evaluate construct validity of UroSim for TURBT 
by comparing performance of TURBT on UroSim between urol-
ogy residents and consultants so that its role as a training tool 
can be assessed.

Material and methods

This prospective cross-sectional study was conducted at a cen-
ter for innovation in medical education of a university hospital. 
Our objective was to determine construct validity of UroSim for 
TURBT (Figure 1). Primary outcome measure was resection 
time and secondary outcome measures were safety/bleeding/vi-
sualization during TURBT on UroSim. Outcome measures were 
compared between experts (urology consultants) and novices 
(residents) to determine relationship between clinical experi-
ence and performance on simulator. Resection time was defined 
as the time taken for resection of preselected case of bladder tu-
mor on UroSim. Novices were postgraduate trainees in urology 

or rotating in urology and experts were urologists with experi-
ence of at least 50 independent TURBTs. Postgraduate residents 
with no previous experience of endoscopy were excluded.

A sample size of 30 participants in each group was calculated 
considering confidence interval of 95% and power 80% with 
mean difference of 43.85 in resection time between experts and 
novices as in study by de Vries for Simbla simulator.[10] After 
approval from the Ethical review committee, instructional vid-
eo showing TURBT technique on UroSim was shown to each 
participant and 15 min were given to familiarize with UroSim. 
Performance of TURBT (case 2 on preinstalled software) was 
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•	 Simulator-based training for TURBT provides a near life-like 
situation.

•	 It has potential for training residents in stress-free environ-
ment.

•	 UroSim® shows good construct validity for training for 
TURBT.

Main Points:

Figure 1. Training performing TURBT on UroSim simulator

Figure 2. Transurethral resection simulator view of the resec-
toscope and tumors in the bladder



recorded on proforma. Each participant was instructed to resect 
three tumors (Figure 2): left postero-lateral wall (tumor 1), pos-
terior wall (tumor 2), and the most challenging on dome (tumor 
3, see Figure 1) to assess test content of the simulator. Resection 
time and other parameters (complications/bleeding/ visualiza-
tion) were noted from UroSim at the end of procedure for each 
participant (Annexure 1: UroSim end of procedure parameters). 
Data were analyzed on Statistical Package for the Social Sci-
ences version 19 (IBM SPSS Corp.; Armonk, NY, USA). Con-
tinuous variables such as resection time, resection percentage, 
bleeding control, and visualization percentage, and blood loss 
were compared using student t test. Categorical variable, i.e., 
perforation of bladder was compared using Fischer exact test.

Results

We included 30 experts and 30 novices. Most of the experts 
(24/30) were in academic practice and were associated with 
teaching institutes at the time of study. All the novices had some 
experience of TURBT at least to level of observation (30/30) 
and few had performed it under direct supervision (12/30); there 
was statistically significant difference in mean resection time 

between novice and experts suggesting positive relationship be-
tween clinical experience and performance on simulator. Most 
of the novices were unable to complete resection of tumor three 
on simulator, which was located at dome and was technically 
difficult. In addition, safety parameters, namely, bleeding con-
trol, cuts into bladder wall, cuts into ureteric orifices, and blad-
der perforations were significantly different between two groups 
demonstrating test content of the simulator (Table 1).

Discussion

Simulator training is supposed to amplify or replace real-life ex-
perience in order to train young surgeons in a safe, fully interac-
tive setup. Neither all procedures nor all individuals can be reli-
ably trained on simulators alone. However, simulators are likely 
to shorten the learning curve and minimize patient harm from 
novice surgeons. How far it is able to achieve these goals is still a 
matter of debate. Indeed simulation is not a substitute of real-life 
training; in fact, it can only complement the operating room teach-
ing of urologic surgery. Despite significant developments in the 
field of simulators, there is still dearth of quality evidence to sug-
gest that simulator-trained surgeons have a shorter learning curve. 
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Table 1. Comparison of experts and novices for primary and secondary outcome parameters
	 Experts	 Novices

	 Mean	 SD	 Mean	 SD	 p

Resection Time	 196.10	 67.39	 374.60	 179.65	 0.00

Resection %			 

Tumor 1	 98.77	 2.01	 92.77	 25.24	 0.20

Tumor 2	 97.10	 2.35	 93.07	 21.16	 0.31

Tumor 3	 97.47	 3.70	 82.70	 37.64	 0.04

Bleeding control

Visibility % 	 99.77	 0.43	 96.43	 6.21	 0.01

Blood loss (mL)	 0.00	 0.00	 7.43	 23.67	 0.10

Remaining bleeders	 0.37	 0.67	 0.33	 0.66	 0.85

Safety

Cutting while obscured (sec)	 0.00	 0.00	 0.07	 0.25	 0.16

Tool active without contact (sec)	 0.17	 0.38	 0.10	 0.55	 0.59

Cuts into bladder wall	 1.00	 1.44	 3.97	 2.39	 0.00

Cuts into ureteric orifices	 0.10	 0.31	 0.73	 1.60	 0.04

Perforation	 0.00		  5.00		  0.05

Visualization

Bladder surface %	 76.90	 20.45	 61.27	 22.64	 0.01

Right U.O	 3.03	 4.05	 5.97	 6.20	 0.04

Left U.O	 4.87	 3.74	 8.13	 11.02	 0.13

SD: standard deviation; U.O: ureteric orifice



In particular, there is lack of evidence that non-technical skills 
training improve complication rates in the operating room.[11]

VirtaMed UroSim module on TURBT (Figure 1) has four patients 
with different multiple papillary and solid tumors that offer the 
trainee the opportunity to perform a complete TURBT procedure 
in a safe environment without involving patient-related risk. The 
complexity is added by changing location (from easy to access, 
to more difficult); the simulators assess complications such as 
bleeding and perforations. Structured residency programs all over 
the world are developing ways to train without compromising 
patient safety especially during the learning curve. Incorporating 
simulators into surgical training is one way of doing it. Modern 
urological simulators, e.g., UroSim, Urotrainer, and Simbla have 
excellent face and content validity. Construct validity for trans-
urethral resection of prostate has been established.[12] However, 
TURBT is technically a more demanding procedure and requires 
training of psychomotor skills to a greater degree. Simulator-
based training for TURBT is less well-studied, although consider-
ing the technically demanding nature of the procedure and risk of 
complications; simulator training is more suited for TURBT. De 
Vries et al.[10] previously established validity of Simbla simulator 
for TURBT. They found similar results in terms of resection time 
and complications; both of these parameters were significantly 
more for novices as compared with experts. Neumann et al.[13] 

have similarly shown that it is possible to assess endoscopic skills 
within a virtual environment. They also observed that short train-
ing improved efficacy and safety of VR-TURBT. However, like 
us, they also felt that translational value of improved VR per-
formance into ability to perform better in real-life set up needs 
further work. Our results show that simulator-based training is 
a valid method for teaching TURBT. Residents are likely to face 
same problem as in real-life procedures, for example, a few of the 
residents encountered bladder perforation while resecting tumor 
at dome, whereas none of the experts had this complication. Ad-
ditionally, resection time was almost double for novices, which 
demonstrates construct validity of UroSim for TURBT. Differ-
ence in safety parameters show that simulator can challenge the 
novice with comparable issues during learning curve. Moreover, 
residents can be gradually trained and evaluated for their abil-
ity to avoid complications by showing UroSim end of procedure 
parameters to them and pointing out the key problems. We have 
already incorporated simulator-based training in our residency 
program. We started by creating a module for TURP with the help 
of medical educationist at our institute. As this study has shown 
good construct validity for TURBT as well, we are planning to 
introduce TURBT module in our training program. In future, we 
can develop similar training module for Holmium Laser Enucle-
ation of prostate. In addition, residents’ performance on simula-
tor can be compared with real-life performance and we can see 
whether simulator-based training improves psychomotor skills 
and avoidance of complications in Operation Theater. 

There are wide variety and types of simulators available to learn 
surgery of the bladder and the prostate. These include high- and 
low-fidelity synthetic models, biological tissue models (both 
animal and cadaveric human models), and VR computer-based 
models. In a review of 22 studies in which validation studies 
were conducted, Khan et al.[14] noted that these models provide 
supplementary training facility; these models should be com-
pared for cost effectiveness, ability to transfer skills that can be 
translated into a shorter learning curve.

In a recent review by Goldenberg and Lee [15], they noted that 
validity of simulation should be based on gathering construct 
validity evidence according to Mesick’s framework consist-
ing of five components, namely, test content, response process, 
internal structure, relationship to other variables, and conse-
quences. We found that assessment scores generated by simu-
lator objectively reflect the performance observed in real time 
by experts suggesting good response process. Additionally, nov-
ices consistently had higher resection time and complications 
compared with experts suggesting reliable internal structure of 
simulator for TURBT. However, in this cross-sectional study, 
real-life improvement in skills (Consequences) could not be 
evaluated. Moreover, residents were not stratified according to 
their experience owing to limited sample size so relationship to 
other variables, e.g., experience could only be partially evalu-
ated. As there was little difference in terms of their exposure 
to performing TURBT, further stratification would probably 
provide similar results. Moreover, residents from our own insti-
tute were more familiar with simulator itself as compared with 
others, which may have contributed to somewhat better overall 
group average. The authors consider Mesick’s framework as an 
essential tool for the program directors and educators in assess-
ing the validity of learning tool.

In conclusion, endoscopic simulator is a useful tool to mimic 
real-life difficulties encountered during TURBT. Construct va-
lidity of UroSim is well-demonstrated by this study so it can be 
incorporated in urology training for teaching psychomotor skills 
required for TURBT. Further work is required to provide qual-
ity evidence that simulator-based trainees have shorter learning 
curve and are safer than conventionally trained urologists.

You can reach the questionnaire of this article at https://doi.
org/10.5152/tud.2020.20099
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Supplementary Description
The legend for supplemental file is “Scoring system on the UroSim for grading performance.”
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Annexure 1: UroSim® end of procedure parameters example 

Resection:      Measured Goal 

Amount of prostate resected     >80% 

Amount of capsule resected     <25% 

Procedure time      12:30 

Bleeding Control: 

Average visibility       >80% 

Lost blood       <100ml 

Remaining bleeders      0 

Safety 

Cutting while view obscured     0.20 

Tool active while pushing     0 

Cuts into sphincter      0 

Cuts into verumontanum     0 

Under mining bladder neck     0 

Cuts into ureteral orifices     0 

Visualization 

Bladder surface      >85% 

Left ureteral orifice      0.02 

Right ureteral orifice      0.02 

	


