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Abstract

Objective: To investigate the value of the physical Simbla Transurethral Resection of a Bladder Tumor (TURBT)
simulator as an educational tool within urological residency training, by means of a training needs analysis (TNA)
and assessment of its feasibility, acceptability, and face, content, and construct validity.
Methods: To analyze the training needs for TURBT, procedural steps and pitfalls were identified and the TNA
was completed during an expert consensus meeting. Participants (n = 76) were divided into three groups based
on their experience in TURBT: novices, intermediates, and experts. Participants performed two standardized
TURBT procedures on the simulator. Face validity and content validity, as well as feasibility and acceptability,
were assessed with a quantitative survey. Construct validity was assessed by comparing the performance of
novices, intermediates, and experts on resection time, quality of tumor resection, and overall performance.
Results: Of the 21 procedural steps and 17 pitfalls defined in TNA, 13 steps and 8 pitfalls were covered by the
Simbla. Participants rated the Simbla’s overall realism (face validity) with a score of 8 of 10 (range 6–9). The
simulator was judged to be most useful (content validity) for learning eye–hand coordination: score 8 (6–10).
All aspects regarding realism and usefulness were rated above the acceptability threshold of 6/10. Intermediates
(100%) and experts (96%) considered the Simbla to be a useful educational tool within the urological curriculum. Resection time was longer for novices than for experts ( p < 0.05; construct validity). In addition, the
overall performance of novices was rated lower compared with intermediates and experts, and novices showed
more irradical resections and bladder perforations (all p < 0.05).
Conclusions: The Simbla TURBT simulator is a valid, feasible, and acceptable educational tool for training
procedural skills and may be implemented in the urological curriculum to complement learning in clinical
practice. TNA is valuable in defining training objectives and evaluating the educational value of a simulator.
Introduction

B

ladder cancer is the most common malignancy of
the urinary tract, initially treated with Transurethral
Resection of a Bladder Tumor (TURBT).1 The main goal of
this procedure is to make a correct diagnosis and to remove
all visible lesions.1 The TURBT is a technically challeng-

ing procedure that demands high oncological accuracy as a
complete and correct TURBT is essential to achieve a good
prognosis.2 The presence of detrusor muscle in TURBT, a
surrogate marker of quality, has appeared to be dependent on
surgical experience.3 Moreover, surgical experience is associated with higher operative times and readmission rates and
is predictive for recurrence after TURBT for Ta/T1 bladder
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cancer.4,5 Brausi and colleagues showed that a dedicated
teaching program improves the quality of TURBT, reflected
by a decrease in the complication rate and an increase in the
presence of detrusor muscle.6
Simulation training is increasingly used in addition to the
classical master–apprentice type of training to provide a safe
and controlled environment for learning and preserving
skills.7 Skills training on simulators can reduce the clinical
training time by effectively advancing residents through
their early learning curve.8,9 Ideally, simulation-based skills
training should be incorporated into urological curricula,
requiring residents to reach minimum proficiency on a simulator before being allowed to undertake surgical procedures
in a supervised clinical setting.7
The first step in the development of procedural skills
training should be to define the intended and desired outcomes of training.10 Training objectives, including procedural steps and pitfalls, can be identified by means of a
training needs analysis (TNA), where the objectives close the
gap between the actual needs of the learners and the desired
outcomes of the training.11,12 Once the TNA has been established, a suitable simulator can be sought. Before incorporating this simulator into a urological curriculum, it should
be validated to ensure that training on this simulator will
actually enable residents to acquire the required operative
skills.11,13,14
The aim of this study was to identify the training objectives
for TURBT using a TNA and to assess the value of the Simbla
TURBT simulator as an educational tool for achieving the
objectives. We addressed the following research questions:
What are the procedural steps and pitfalls of the TURBT
procedure that should be used for training according to an
expert panel? Is the Simbla a feasible and valid simulator for
training these steps and avoiding these pitfalls to complement
learning in clinical practice?
Materials and Methods
Training needs analysis

For the development of the TNA, a method was used that
has been applied in military education and education in
general for decades.15,16 Schout and colleagues have previously translated this method into three major steps to be used
in urological practice: (1) description of general steps of the
procedure based on expert opinion and international guidelines, (2) development of a general inventory of the most
common (type and complexity) pitfalls of the procedure, and
(3) detailed analysis of pitfalls in real-time procedure on
patients.17 All procedural steps and technical and nontechnical pitfalls of TURBT were determined by two urologists
and two residents. Subsequently, the composed framework
was discussed during an expert consensus meeting with eight
expert urologists, who were selected based on their extensive
expertise in TURBT and their involvement in the training of
urological residents. All experts were members of the European Association of Urology (EAU) and Dutch Society of
Urology. They were assumed to be familiar with the EAU
guidelines and, as such, these were also used at the time of the
development. During the expert meeting, final consensus
regarding the procedural steps was reached and additional
technical and nontechnical pitfalls of the procedure were
identified.
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Design and participants

This prospective, observational, and comparative study
was conducted in the urology departments of seven teaching
hospitals across The Netherlands. Participants were recruited
and divided into three groups based on their experience in
TURBT: novices (residents with <5 TURBT procedures
observed/assisted); intermediates (residents with >5 TURBT
procedures observed/assisted, but <50 TURBT procedures
performed independently), and experts (urologists with more
than 50 TURBT procedures performed independently). All
participants received a verbal introduction on the use of the
simulator, which was provided by two tutors (HvG and HdV).
HvG gave the instructions in the first three hospitals, and
HdV provided the instructions in the remaining four hospitals. To ensure identical instructions, an instruction form was
used. Furthermore, HdV attended four procedures in which
the explanation was provided by HvG.
The participants performed two standardized TURBT
procedures. Standardization was incorporated to enable a
reliable comparison of performance between novices, intermediates, and experts. This included the use of identical
bladder substrates and a predefined order of tumor resection
(bladder map; Supplementary Fig. S1; Supplementary Data
are available online at www.liebertpub.com/end). Before the
start of the procedure, the tutor showed the bladder map and
explained the order of resection. The participants were instructed to perform a complete tumor resection and to resect
the tumors until 2 to 3 mm below the surface of the bladder
wall. No further information was given on the procedural
steps or on how to conduct the procedure from the beginning
to the end. The tutor was present throughout the procedure
and performance was recorded on video to enable video
assessment. Video recordings consisted of external views in
combination with endoscopic views.
The simulator

The Simbla TURBT simulator (SAMED GmbH, Dresden,
Germany) is a high-fidelity physical simulator that consists of a basic unit (Resection-Trainer LS10-31 2.0.) in
which the Simbla operation case is placed (Fig. 1). In this

FIG. 1. Simbla TURBT simulator (Samed GmbH, Dresden,
Germany). Simbla TURBT simulator, copyright: Samed
GmbH.
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operation case, a bladder substrate that consists of resectionable material is inserted. The bladder substrate includes
anatomical structures (bladder base, ureteral orifices) and
embedded tumors. The simulator is used with real-life instruments and monopolar or bipolar diathermy to resect the
tumors. The basic unit and resectoscope are connected to an
irrigation system that enables continuous flow through the
system. All participants performed the resection using bipolar diathermy.
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Outcome parameters

Immediately after performance of the task, participants
completed a questionnaire to collect data on general demographics, face validity, and content validity, as well as feasibility and acceptability. Question formats included multiple
choice, grading on a 10-point Likert scale (1 = not at all realistic/useful, 10 = highly realistic/useful), and open-ended
questions. A copy of the questionnaire can be obtained from
the primary author on readers’ request.
Outcome parameters used to evaluate construct validity
included resection time, quality of tumor resection, and assessment of overall performance. Quality of tumor resection
was reflected by radicality of tumor resection and the presence of a bladder perforation. This was assessed by an expert
urologist who critically inspected all physical bladder substrates using a light torch to ensure an optimal view. As
participants were instructed to perform a complete tumor
resection until 2 to 3 mm below the surface of the bladder
wall, the resection was judged to be incomplete if the
slightest residual tumor tissue was visible. The bladder substrate did not exactly simulate the anatomical layers of the
bladder; however, it was possible to objectify a perforation since the tissue turns red when the resection is too
deep. Examples of an incomplete resection and a perforation
are shown in Supplementary Fig. S2.
Based on video recordings, the overall performance was
judged by two independent expert urologists per participant,
who were blinded for training status. The expert urologists
(eight urologists in total) were instructed to rate the overall
performance on a 10-point Likert scale and to include all
aspects of the TNA in their general judgment. To optimize the inter-rater reliability (IRR), an assessor meeting was
conducted before the video assessment. In this meeting, two
TURBT procedures of a novice participant and two procedures of an expert participant were viewed and assessed.
Consequently, the assessment results were discussed until
consensus was reached.
Statistical analyses

To investigate the IRR of the two examiners on the assessment of overall performance, a generalizability analysis
was performed for this variable.18 For each of the two cases, a
different pair of raters assessed a participant’s performance.
Per case, each pair of raters assessed a set of 16 to 21 participants, resulting in a set of performance rating pairs. Using
this setup, with two cases and four pairs of raters, 2 · 4 = 8
sets of performance rating pairs resulted. For each set, a
separate G-analysis was performed, using a participant ·
rater model resulting in estimates of the variance components
(VCs) Vp (between-participant variance), Vr (between-rater
variance), and Vp · r (person–rater interaction variance). Vp
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is the variance of interest, and Vr and Vp · r represent the
measurement error VCs. For each VC, the average value over
the eight participant groups was obtained, and based on these
values, the IRR was calculated according to the following
expression:
IRR ¼

Vp
,

Vp þ Vr þ Vp · r =Nr

where Nr is the number of raters per participant–case combination, which in the current setup, was equal to 2. An IRR of
0.80 or higher may be considered to indicate adequate interrater agreement.19
Comparisons between groups (novice–intermediate–expert)
were analyzed using the Mann–Whitney U-test (continuous
variables) or the chi-square test (categorical variables). A
p-value <0.05 was considered statistically significant. Analyses were performed using the software package, IBM SPSS
Statistics, version 20.0.
Ethics

Ethical approval was sought from the institutions’ research
and ethics committee. They ruled that ethical approval was
not required, according to the Dutch Medical Research
(Human Subjects) Act, since no patients or patient details
were involved. Written informed consent with assurance of
anonymity and confidentiality was obtained from all participants before the start of the procedure.
Results

Between February and July 2015, a total of 76 participants
were included in this study: novices (n = 25), intermediates
(n = 26), and experts (n = 25). The general demographics are
described in Table 1.
Training needs analysis

The TNA resulted in a detailed document for whole task
training in TURBT. Table 2 presents the 21 identified procedural steps and Table 3 gives an overview of the 17 technical and nontechnical pitfalls. Both tables include the
assumption of whether the Simbla simulator is able to simulate (parts of) the procedural steps and pitfalls. A total of 13

Table 1. General Demographics
Novices
(n = 25)
Age (year)
28 (25–35)
Gender (M/F)
13/12
Dexterity
21/4
(right/left)
Experience
0 (0)
in TURBT
(independently
performed)

Intermediates
(n = 26)

Experts
(n = 25)

32 (29–38)
13/13
24/2

49 (32–64)
23/2
24/1

4 (0–38)

100 (50–500)

Values for variables (age and experience in TURBT) are
presented as medians with range.
TURBT = Transurethral Resection of a Bladder Tumor.

SIMBLA TURBT SIMULATOR IN UROLOGICAL RESIDENCY

Table 2. Training Needs Analysis:
Procedural Steps

Downloaded by UNIV OF MAASTRICHT from www.liebertpub.com at 09/27/21. For personal use only.

Procedural steps
Preparatory phase
Check patient-related details (correct patient,
indication, allergies, culture, antibiotics,
anticoagulants, n.obt block)
Check material-related details (equipment
up to date, presence of materials, settings
diathermy, irrigation fluid)
Patient preparation (positioning, bimanual
examination, disinfection, sterile drapes)
Procedural phase
Assembling instruments and connecting tubes
Adjustment of light settings, focus camera,
white balance
Instillation of lubricant into meatus and final
end obturator
Introduction resectoscope
Inspection bladder, including orientation,
identification of orifices, and bladder tumors
Tumor resection
Tissue evacuation
Judgment of end result
Continuous variables procedural phase
Change of instruments during procedure
Orientation in the bladder
Regulation of irrigation and emptying bladder
Hemostasis
Completion phase
Removal of instruments
Bimanual examination
Introduction of transurethral catheter
Check drainage and connect continuous
flow system
Debriefing (check count materials and tissue
collection, discussion complications, and
postoperative policy)
Registration (operating report, pathology file,
patient file, financial registration)
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Table 3. Training Needs Analysis:
Technical and Nontechnical Pitfalls
Simbla
(+/-)
+
+
+/+
+
+
+
+
+
+
+
+
+/-

Pitfalls
Technical pitfalls
Eye–hand coordination
Orientation of the camera
Haptic feedback
Strokes inadequate
(too short/incomplete)
Visual check of depth resection
(presence detrusor)/ability
to check resection depth
Bladder perforation
Coagulation in/around ureteral orifices
Obturator kick
Loss of foot pedal (press cut
instead of coagulate)
Failure to empty the bladder on time
Postoperative check drainage of catheter
Nontechnical pitfalls
Insufficient procedural knowledge
Insufficient knowledge of
materials/electrosurgery
Insufficient preparation
Insufficient/incorrect communication
Total resection time too long
(risk TUR-syndrome)
Lack of recognition/anticipation/
handling of complications
(bleeding/perforation/TUR-syndrome)

Simbla
(+/-)
+
+
+
+
+/+
+/+
-

+/-: the assumption of whether or not the pitfalls can be
(partially) trained on the Simbla TURBT simulator.

tween the ratings of intermediates vs experts. The most
frequently mentioned limitation of the simulator was a lack
of bleeding, which precluded learning how to deal with
limited sight.
Feasibility and acceptability

+/-: the assumption of whether or not the procedural steps can be
(partially) trained on the Simbla TURBT simulator.

of 21 procedural steps and 8 of 17 technical and nontechnical
pitfalls were judged to be covered by the Simbla simulator.
Realism and usefulness of the Simbla:
face validity and content validity

Figure 2 presents the results of the evaluation of face validity (realism) and content validity (usefulness), as perceived by intermediates and experts. Responses of the novice
group were excluded due to their inexperience. The overall
realism was median 8 on the 10-point scale (range 6–9). The
simulator was judged to be most useful in learning eye–hand
coordination (score 8 [6–10]) and least useful in learning to
avoid complications (score 6.5 [3–9]). All aspects of the
simulator were rated above the acceptability threshold of
6 of 10,20 clearly demonstrating face validity and content
validity of this simulator. No differences were found be-

All intermediates and 96% of experts considered the
Simbla to be a useful educational tool within the urological
residency training program. The majority (84% of intermediates and 92% of experts) agreed that the simulator would be
useful in assessing residents’ technical skills before granting
privileges for the independent performance of TURBT. The
implementation of a summative TURBT assessment as a
certification method for final year residents was supported by
42% of intermediates and 67% of experts.
Construct validity

Table 4 shows the results of the construct validity, assessing the simulator’s ability to differentiate between different levels of experience. In both TURBT cases, experts had
significantly shorter resection times than novices ( p = 0.04
and p = 0.03 for case 1 and 2, respectively). Novices caused
more bladder perforations than intermediates ( p = 0.007 and
p = 0.002) and experts ( p = 0.002 and p = 0.06). In addition,
novices showed more irradical tumor resections during the
first procedure than intermediates ( p = 0.04) and experts
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FIG. 2. Assessment of face
and content validity of the
Simbla TURBT simulator
by intermediates and experts.
Values for variables are presented as medians (10-point
Likert scale, 1: not at all
realistic/useful; 10: very
realistic/useful).

( p = 0.05). Finally, overall performance of novices was rated
significantly lower for both procedures than intermediates
(both p-values <0.001) and experts (both p-values <0.001),
and intermediates scored significantly lower on overall performance than experts (both p-values = 0.02).
Inter-rater agreement

The IRR for the overall performance as rated by the two
assessors was found to be 0.81, indicating an adequate interrater agreement.
Discussion

The present study showed that the Simbla TURBT simulator is a feasible and acceptable educational tool for procedural skills training in TURBT to complement training in
clinical practice. Face validity, content validity, and construct validity of the simulator were clearly established. The
performance of a TNA is valuable in defining training objectives and evaluating the educational value of a simulator
within a curriculum.

Face validity and content validity of the Simbla were
confirmed as all items of the survey relating to its realism and
usefulness were rated above the acceptability threshold of
6 of 10.20 Unfortunately, a simulator will never be able to
simulate the real situation completely. The most important
limitation of the Simbla was its inability to simulate bleeding,
which is a vital aspect of the TURBT procedure. Despite this
limitation, the vast majority of participants considered the
simulator to be a useful educational tool to complement
learning in clinical practice. In simulation-based training, it is
paramount that the simulator serves the goal of training. If the
goal of training would be to train the basic skills of a TURBT
procedure (e.g., procedural steps, eye–hand coordination,
resections skills), the Simbla would be perfectly suitable.
However, if the goal of TURBT training would be primarily
hemostasis and learning to deal with limited visibility, another simulator should be sought.
Besides establishing face validity and content validity,
which are subjective methods for assessing the simulator,
a more objective assessment also requires evaluation of
construct, concurrent, and predictive validity.21,22 Construct
validity was evaluated by comparing the performance of

Table 4. Assessment of Construct Validity of the Simbla TURBT Simulator
Novices
Time
TURBT 1: time (s)
92.5 (46–286)
TURBT 2: time (s)
100 (49–262)
Quality of resection
TURBT 1: incomplete
60
resection (%)
TURBT 2: incomplete
36
resection (%)
TURBT 1: perforation (%)
40
TURBT 2: perforation (%)
40
Overall performance (1 = min.; 10 = max.)
TURBT 1
3.5 (2–7)
TURBT 2
5.0 (3–8)

Intermediates

Experts

p (N vs I)

p (I vs E)

p (N vs E)

80 (14–286)
76 (26–177)

64 (30–131)
74 (30–157)

0.17
0.08

0.48
0.93

0.04
0.03

31

32

0.04

0.93

0.05

35

48

0.92

0.33

0.39

8
4

4
16

0.007
0.002

1
0.19

0.002
0.06

<0.001
<0.001

0.02
0.02

<0.001
<0.001

7.0 (2–9)
7.0 (4–8)

7.5 (5–9)
8.0 (6–9)

Values for variables are presented as medians (min.–max.) and percentages per group (novices, intermediates, experts).
Individual overall performance of TURBT 1 and TURBT 2 was judged by two expert urologists, and the mean of these two values was
calculated. The reflected value is the median value of the mean overall performance per group (novices, intermediates, experts).
Bold values represent significant differences.
E = experts; I = intermediates; N = novices.
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novices, intermediates, and experts on several outcome parameters. In this study, these parameters were determined
based on the results of the TNA to ensure that the skills to be
assessed would be relevant for clinical practice.17,23 The most
vital outcome parameter was overall performance as this
parameter provides a general judgment regarding all the
aspects of TURBT that were included in the TNA. The overall
performance for novices was rated lower than the overall
performance of intermediates and experts, and between
intermediates and experts, which reflects the ability of the
simulator to differentiate between different levels of experience. Remarkably, there were no significant differences in
the quality of resection performed by intermediates vs experts. This could indicate that the simulator is most suitable
for residents in the beginning of their learning curve. To
confirm that the performance of novices is improved with
repeated sessions on the simulator, it would be interesting to
conduct a learning curve study with novices. This will be a
topic for a future study.
The results regarding incomplete resection and perforation
of the second TURBT procedure (novices vs experts) are
remarkable. The novices showed a decrease in percentage of
incomplete resection and a similar percentage of perforation, whereas both parameters were increased in the expert
group. This difference cannot be explained by the case difficulty as this was kept constant in both cases with a similar
location of the tumors to be resected (bladder map; Supplementary Fig. S1; Supplementary Data are available online at
www.liebertpub.com/end). A possible explanation could be
that the expert group was less thorough and precise during the
second procedure due to their heavy workload, forcing them
to finish the session in an untimely manner. The total inclusion took *1 hour, and it was a challenge to fit this in their
busy schedule. This problem is likely to be less apparent in
the motivated novice and intermediate groups.
A recent review on simulation in urological training presented an overview of the available simulators and their
validation status.24 For TURBT, only two simulators were
described: a virtual reality (VR) simulator (URO-mentor;
Simbionix) and a Bench model (limbs and things). Face
validity, content validity, and construct validity were demonstrated for the URO-mentor.24 To our knowledge, this study
is the first one to validate a physical TURBT simulator (i.e.,
the Simbla). An advantage of a physical simulator over a VR
simulator is that real instruments and irrigation can be used.
Furthermore, the haptic feedback of the Simbla was judged to
be realistic, something that has appeared to be technically
difficult to simulate in a VR simulator.25,26 Therefore, the
validated Simbla simulator could become a valuable educational tool for simulation-based skills training in TURBT.
The approach of validating simulators has been extensively discussed in the literature, but universally accepted
criteria on how to validate simulators are still lacking.17 Up
till now, the majority of validation studies have focussed on
the validation of individual simulators.27,28 However, it is
increasingly recognized that simulation should not be used as
a stand-alone tool for education, but rather be integrated into
a comprehensive curriculum.9,11 By conducting a TNA, the
required skills and training objectives of a certain procedure
can be identified, and consequently the suitability of a simulator in achieving these training objectives can be evaluated.11 It should be emphasized that a simulator does not have
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to cover all procedural steps and pitfalls of a certain procedure to be suitable for simulation-based skills training. As
Brewin and colleagues stated, ‘‘a simulator must replicate the
operative environment well enough to transfer appropriate
skills, but high-fidelity simulation is not always required to
achieve this.’’21 In the future, the checklist resulting from
TNA could be used as a formative assessment tool in clinical
practice. This would generate constructive individual feedback and measure the individual training needs. For the development of a summative assessment tool that can be used in
the certification of residents and urologists, a constructive
methodology such as cognitive task analysis (CTA) is more
suitable.29 CTA aims to capture knowledge, procedural steps,
thought processes, and decision-making during performance
of a complex task to identify conscious and unconscious
skills.30–32 As experts have automated parts of their performance, they are no longer conscious of every step they take
and have difficulties in identifying these points where certain
decisions are made.30,33,34 CTA offers a unique educational
method to deconstruct the automated skills of experts and
to identify relevant steps and decision points.35 The use of
this methodology could lead to a summative assessment tool
that encompasses technical as well as nontechnical (cognitive) skills.
For implementation of skills training on the Simbla
TURBT simulator within urological residency training, several logistic and financial issues need to be taken into account.
For the training, *1 hour is required. Ideally, a supervising
urologist should be (partly) present to provide direct feedback.
Another option would be to record the training on video and
discuss the resident’s performance afterward. The simulator
(Fig. 1) should be placed on a table and real-life instruments
and equipment can be used. This means that the training can
proceed at the operating room, the outpatient department, or
in a skills laboratory. The price of the simulator is e3309,00,
and the disposable bladder substrates cost e62,00 per piece.
The costs of the disposable bladder substrates are the only
ongoing costs of the Simbla TURBT training, in which one
bladder substrate can be used by one or two residents.
A limitation of this study is that a power calculation was
not performed before the start of the study. Instead, the
number of included participants was based on a similar previous study, in which 3 · 22 participants were included for
the validation of a TURP simulator.11 Regarding the development of the TNA, expert opinion on the procedural steps of
TURBT was assumed to take international guidelines into
account, yet these guidelines were not taken as a starting
point. When retrospectively comparing the results of the TNA
with the procedural steps that are described in the current EAU
guideline (nonmuscle invasive bladder cancer), all procedural
steps of the guideline are included in the TNA and some
detailed information is added. However, in the performance
of future TNAs, it might be superior to use the guidelines as a
starting point.
Finally, predictive validity, assessing the effect of training
on a simulator on real-time OR performance, was not yet
evaluated. This is an important aspect since the establishment
of predictive validity could result in a more reliable conclusion regarding the transferability of skills from the Simbla to
the operating room. Assessment of predictive validity will be
a topic for future study, in which training on the Simbla is
followed by assessment of performance in the operating
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room, preferably using a standardized, validated assessment
tool developed by means of CTA.
Conclusions

The Simbla TURBT simulator was considered to be a
feasible and acceptable educational tool for training procedural skills. Face validity, content validity, and construct
validity were clearly established in this study. The Simbla
may be implemented in the urological curriculum to complement learning in clinical practice. TNA is valuable in
defining training objectives and evaluating the educational
value of a simulator within a curriculum.
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