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Introduction Minimally-invasive partial nephrectomy (MIPN) is the standard treatment for kidney tumors 
with a diameter smaller than 4 cm. It is also performed in selected cases of tumors reaching 7 cm,  
but it may lead to potential complications. We investigated the current literature for simulators that  
could be used to teach urologists alone or within the boundaries of a course or a curriculum. 
Material and methods We performed a literature search using PubMed (Ovid Medline Epub Ahead  
of Print, In-Process & Other Non-Indexed Citations, Ovid MEDLINE [R] Daily, and Ovid MEDLINE [R]). 
Search terms included: simulation, simulation training, education, curricul*, partial nephrectomy,  
and nephron-sparing surgery. The primary endpoints were the efficacy of different simulators and  
the impact of different devices, curricula, or courses in training and trainee learning curves. 
Results We identified 16 studies evaluating simulation with 3D reconstruction, ex vivo, in vivo, synthetic 
models, and virtual reality simulators. Additionally, we identified one study presenting a training cur-
riculum. The results appeared promising, although currently available studies are scarce. Regardless 
of the type of simulator, participants stated that, to some degree, their skills were improved and their 
confidence was elevated. 
Conclusions Simulation-based training can help novice surgeons familiarize themselves with complex 
procedure steps and reduce learning curves. A specific validated curriculum for this operation still needs 
to be included. Validating simulators or curricula for MIPN could be essential to enable more urologists  
to treat patients safely and effectively. 

Article history 
Submitted:  Aug. 28, 2024 
Accepted: Feb. 16, 2025 
Published online: Apr. 28, 
2025

Corresponding author 
Athanasios Bouchalakis 
Department of Urology, 
University General Hospital 
of Heraklion, 
University of Crete, 
Leof. Panepistimiou, 
Heraklion 715 00
Crete, Greece 
mpouxalakisth@gmail.com

Key Words: simulation ‹› simulation training ‹› education ‹› curricula 
‹› partial nephrectomy ‹› nephron-sparing surgery

Citation: Bouchalakis A, Paspalaki  E, Somani BK, et al. Simulation-based training in minimally invasive partial nephrectomy. Cent European J Urol. 2025;  
doi: 10.5173/ceju.2024.0189

Cent European J Urol. 2025
doi: 10.5173/ceju.2024.0189

This is an Open Access article distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0).

License (http://creativecommons.org/licenses/by-nc-sa/4.0/).

Introduction

Renal cell carcinoma (RCC) is the 6th most frequently 
diagnosed cancer in men and the 10th in women, ac-
counting for 5.0% and 3.0% of all oncological diagno-
ses worldwide in men and women, respectively [1]. 
The increase in early diagnosis has been attributed 
mainly to the widespread availability of computed 
tomography (CT) and magnetic resonance imag-
ing (MRI) [2]. For localized RCC, surgery remains  
the gold standard treatment. 

The European Association of Urology (EAU) guide-
lines suggest minimally-invasive partial nephrectomy 
(MIPN) as the first treatment option for localized T1 
cancer [3]. This procedure is considered more complex 
than radical nephrectomy, especially the laparoscopic 
approach, which has a steep learning curve [4] and 
relatively high rates of potential complications [4, 5]. 
The robotic-assisted approach also has a steep learn-
ing curve, with up to 150 cases needed for excellence 
[6]. Training with a simulation modality is one way  
to face these difficulties and improve the outcomes. 
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This work presents a descriptive overview of cur-
rently available simulation modalities and curricula 
in MIPN.

Material and methods

We searched using the following terms: simulation, 
simulation training, education, curricul*, partial ne-
phrectomy, nephron-sparing surgery. We carried out 
a comprehensive electronic search using MEDLINE 
(Ovid Medline Epub Ahead of Print, In-Process & Other  
Non-Indexed Citations, Ovid MEDLINE [R] Daily, 
and Ovid MEDLINE [R]). The study search strategy 
was conducted without limitation on publication year 
until December 2023. Additionally, we reviewed cited 
references from published systematic reviews/meta-
analyses and the included studies. 
The study is registered on the OSF platform with 
registration number (https://doi.org/10.17605/OSF.
IO/Z7FYU). After excluding duplicate records, ci-
tations in abstract form, and non-English citations 
from the final literature search, the titles and ab-
stracts of full papers were screened for relevance 
and defined as original research. A narrative synthe-
sis was conducted due to the nonstandardized qual-
ity appraisal and the heterogeneity of the studies. 
Consideration is given to the drawbacks of utilizing 
a single database for assessment [7].

RESULTS

We included 17 studies suitable for qualitative syn-
thesis. Five studies presented simulation models 
with 3D reconstruction [8–12], 5 presented simula-
tion ex-vivo models [13–17], 2 studied virtual real-
ity (VR) simulation modalities [18, 19], 2 studied 
in vivo models [20, 21], and 2 presented synthetic 
models [22, 23]. 

Simulation with 3D reconstruction 

In a prospective feasibility study, one surgeon had 
rehearsals using the daVinci™ Sirobotic surgical 
system (Intuitive Surgical, Sunnyvale, CA, USA) 
on 10 kidney models with complex renal masses 
(R.E.N.A.L. nephrometry score ≥7). The models 
were based on pre-operative CT or MRI and made 
of silicone and thinner. The rehearsals took place  
in a laparoscopic box trainer. The results were 
promising in surgical planning, pre-surgical re-
hearsal, and robotic-assisted laparoscopic MIPN 
training, showing successful construct validity.  
No differences were detected in volume, shape, 
negative margins, or time to resection between  
the model and the tumor [12]. 

Another prospective study for laparoscopic MIPN 
on 3 patients used 3 silicone models for pre-oper-
ative rehearsals. Resection and renorrhaphy were 
performed on the model before the actual operation. 
The average training and operation time of removal 
was similar in all cases. The study failed to present 
face, content, or construct validity [9]. 
Soft tissue physical individual models from selec-
tively deposited photopolymer material filled with 
agarose were used in another prospective study for 
robotic-assisted MIPN, including 6 patients with 
7  tumors. Investigators prospectively resected tu-
mors on the models using the da Vinci Si surgical 
robot platform (Intuitive Surgical, Sunnyvale, CA, 
USA), followed by renorrhaphy the week before the 
surgery. The average R.E.N.A.L. nephrometry score 
was 8. The results of the operations were compared 
to the prospectively maintained robotic-assisted 
MIPN database. No significant differences were de-
tected except the overall blood loss in favor of the 
study group. Although a larger cohort is needed  
to evaluate face and content validity, the authors 
considered this novel modality a potentially helpful 
training tool [10]. 
Another prospective study included 24 individu-
als: 4 medical students, 14 residents, 3 fellows, and 
3 attending surgeons. A representative kidney with 
a single tumor was selected from the hospital's data-
base. R.E.N.A.L. nephrometry score was 8. Models 
with and without tumors were printed and filled with 
9 : 4 silicone to deadener, initially in the tumor mold. 
Then, in the tumor mold, the cavity was filled with 
silicone. Four trials, 2 on two different days, were 
executed from each participant. All had the same 
script, and the process was performed on a da Vinci 
robot system. One blinded researcher evaluated the 
3 operation-specific metrics (renal artery clamp time, 
preserved renal parenchyma, and surgical margins). 
Metrics were significantly improved from trials 1 to 4.  
Face and content validity were assessed at the end  
of the trial (questionnaire 0–100/realistic–unrealistic, 
useful–useless for training) with mean responses of 
79.2 and 90.7 for realism and usefulness, respectively. 
The trainee self-assessed operative demand was sur-
veyed using the NASA Task Load Index (NASA TLX), 
significantly improving specific metrics from trials 
1 to 4. The standardized and validated Global Evalu-
ative Assessment of Robotic Surgeons (GEARS) was 
used for surgical performance by blinded experts,  
and significant improvement was observed in sev-
eral metrics from trials 1 to 4. The results suggested 
that training could benefit from such a model, espe-
cially for naïve trainees to robotic-assisted MIPN, 
but can also help experienced trainees improve their  
skills [11]. 
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Lastly, a prospective multi-institutional study vali-
dated a perfused robot-assisted MIPN simulation 3D 
platform. Face, content, and construct validity were 
assessed. A CT of a tumor with a nephrometry score 
of 7 and polyvinyl alcohol (PVA) as material were 
used for the model. Water-tight hilar structures were  
3D-printed with an inner lumen to mimic bleeding 
and urine leakage functionality. Finally, other ana-
tomical structures to replicate the anatomy were 
assembled. Artificial blood was perfused to simu-
late bleeding, and a pad allowed diathermy. From  
the 5 participating institutes, a  total of 43 patients 
were recruited. Twenty-seven surgeons, novices  
(1–30 upper tract robotic cases), and 16 experts 
(>150 cases) participated in the study. Si or Xi  
da Vinci robotic platforms were used. Experts com-
pleted non-validated surveys assessing educational 
impact, realism, and comparison with other plat-
forms. The validated GEARS was used for third-party 
validation of 30 participants (10 experts, 20 novices). 
Clinically Relevant Objective Metrics of Simulators 
(CROMS) were used for validation. Experts had sig-
nificantly better results in all aspects of CROMS than 
novices. The same applied to GEARS. 
Finally, experts rated the model higher than por-
cine or cadaveric models in terms of replication  
of the steps of the procedure. The experts believed 
the model's perfused nature benefited trainees [8].
The different simulations with 3D reconstruction 
are presented in Table 1.

Simulation ex vivo models 

One study used a fresh porcine kidney in a metallic 
box for the laparoscopic MIPN training [16]. Red-
dyed water was used to simulate the blood of renal 
vessels. Key steps used in in vivo.
MIPN were reproduced. Five experienced residents 
participated in the study. Two experts mindlessly 
evaluated them after completing 1 simulation every 
2 days for a total of 10 in 20 days regarding the im-
provement of the quality of the operation. The eval-
uation was done through a video of the operations. 
Significant progress was found in all review aspects 
from the first to the last trial, with the mean quality 
score steadily increasing from 2.02 to 4.50 on a scale 
from 1 to 5. 
Finally, the participants completed a questionnaire 
and characterized the model as valuable and help-
ful regarding their skills in laparoscopic MIPN, 
intracorporeal suturing and knotting techniques,  
and instrument manipulation of the renal parenchy-
ma. However, no face, content, or construct validity 
was assessed. 
Another prospective validation study for robotic 
MIPN used a porcine kidney, in which a Styro-
foam ball was built to replicate a tumor [14]. For-
ty-six participants were categorized as novices  
(24 completed no robotic console cases), intermedi-
ate (9, at least one robotic console case but <100 
console cases), or experts (13, ≥100 robotic cases). 

Table 1. Simulation with 3D reconstruction

3D reconstruction

Author,  
year  

of publication
Participants Design and 

structures Evaluation Face 
validity

Content 
validity

Construct 
validity Important findings MERSQI

score

Ghazi et al. 
2021 [8]

n = 43   
(27 novices,16 

experts)

Multi-institutio-
nal prospective

1. CROMS
2. GEARS   

Experts significantly outperformed 
novices  

Model useful as a training tool (93.8%) 
and assessment simulation platform 

(87.5%)

14.5

Golab et al. 
2017 [9]

Expert/s
3 patients Prospective – – – – No complications 

No positive margins 7

Maddox et al. 
2018 [10]

Expert/s
6 patients Prospective – – – – Simulation: significantly lower blood loss 9.5

Monda et al. 
2018 [11]

n = 24  
(4 medical  stu-

dents, 14 residents, 
3 fellows, 3 

experts)

Prospective 1. GEARS   
2. NASA TLX   

Mean responses: 79.2 on realism,  
90.2 for usefulness as a training tool

GEARS scores: significantly better  
in experts Scores: improved across trials

13.5

von Rundstedt 
et al. 2017 [12]

Expert/s
10 patients

Feasibility  
prospective 

study
– – – 

Resection time, resected tumor volume, 
and margins: similar between rehearsals 

and operations
9.5

CROMS – Clinically Relevant Objective Metrics of Simulators; GEARS – Global Evaluative Assessment of Robotic Surgeons; MERSQI – The Medical Education Research 
Study Quality Instrument  score; NASA TLX – the NASA Task Load Index



Central European Journal of Urology
4

The first task was to remove the Styrofoam ball with 
clear margins without damaging the parenchyma. 
After completion, the experts completed a question-
naire concerning realism and its utility as a training 
tool on a scale of 1–10 (face and content validity).  
The model was characterized as very realistic (7/10) 
and valuable as a training tool (9/10) for residents 
and fellows but not for experts (5/10). Furthermore, 
3 experts (>300 robotic cases) blindly validated ob-
jective parameters from video recordings prospec-
tively of all the participants (construct validity), 
such as time to task completion, number of robotic 
instrument collisions, tumor margin status, and 
closest tumor margin if the margin was negative. 
Performance scoring was based on the Global Op-
erative Assessment of Laparoscopic Skills (GOALS). 
Overall, the experts outperformed the intermedi-
ates and the novices. Lastly, 2 novel metrics, “preci-
sion, instrument, and camera awareness”, were cor-
related with the GOALS results. 
The results showed that such a model could be  
an essential tool for training, especially for residents 
and fellows. 
In another ex vivo porcine model for robot-assisted 
MIPN simulation, 12 participants (residents, post-
graduate years 2 to 6) participated [13]. Four sur-
gical simulations were conducted in a year. Each 
surgery was performed with a da Vinci SI surgical 
system with a three-arm setup, and each tumor area 
was marked on the anterior side of the porcine kid-
ney. Excision of the tumor with clear borders and 
depth to the collecting system plus renorrhaphy 
were performed. The participants completed a ques-
tionnaire from 1 to 5 before and after the sessions 
to evaluate content validity, concluding that the 
model improved skills and confidence. Furthermore, 
5 fellowship-trained robotic surgery faculty mem-
bers blindly assessed the participants using GEARS. 
Mean excision, renorrhaphy, and total times de-
creased significantly throughout the simulations. 
Significant improvement to the overall GEARS 
scores was also found for each subsequent session 
from 1 to 4 for residents in postgraduate year 4. 
In another study, testing a hemorrhaging laparo-
scopic MIPN simulation scenario, 7 residents par-
ticipated in testing the non-technical skills with 
the Non-Technical Skills for Surgeons (NOTSS) 
framework [15]. They completed a self-assessment 
NOTSS after the scenario, and it was compared 
with NOTSS recorded videos from the staff.
Each simulation used a porcine kidney with a Sty-
rofoam ball in the renal parenchyma as the renal 
tumor. A foley catheter connected to a bag with 
dyed water was punctured into the renal hilum  
to simulate the bleeding. The four-step scenario 

started with the excision of the tumor, continued 
with minor bleeding after half unclamping the tube 
to cause minor bleeding, and then major bleeding 
with a whole opening of the tube. The scenario fin-
ished with at least one round of chest compressions 
and the alleged success in converting to open sur-
gery to stop the bleeding. 
The residents stated that the simulation's useful-
ness lay in decision-making and communication 
with anesthesia. This feasibility study found that 
urology residents needed more experience prac-
ticing non-technical surgical skills in simulation  
and cited interdisciplinary communication as the 
most critical aspect of the study. The study failed  
to present face content or construct validity.
Finally, an randomized controlled trial (RCT) evalu-
ated a continuously perfused laparoscopic MIPN 
model using porcine kidneys [17]. A plastic bag 
containing 1,000 ml of red gelatin and glycerol was 
placed above the porcine kidney to simulate blood 
perfusion with a specially designed glass syringe 
and rubber catheter connected to the plastic bag 
and renal artery. Six experts (more than 100 cases), 
5 intermediate (some experience), and 18 novices 
(little exposure) were recruited. Before the training, 
novices were asked to attend lectures, pre-train-
ing sessions, and examinations. Finally, they were 
examined on picking up beans, suturing silicone 
models, and having basic knowledge of laparoscop-
ic MIPN. Those who passed the test were eligible  
to participate. They were then randomly assigned 
to 2 groups completing 15 rounds of training,  
a single-model training group (SMTG) training 
only on a continuously perfused model (CPTM)  
or a mixed-model training group (MMTG) training 
first half on a low-fidelity dry-box training models 
(DBTMs) and the second half on (CPTM). The ex-
perts completed a laparoscopic MIPN on a CPTM. 
The validity was based on the Messick frame, which 
has 3 parts: content, relationships with other vari-
ables, and consequences elements. 
Experts assessed content validity and intermediates 
on a 5-point scale regarding the realism, anatomy, 
surgical feedback, and sensation during the model's 
cutting, stitching, and bleeding. All experts and in-
termediates gave positive questionnaire scores. Sig-
nificant differences were detected among experts  
and intermediates compared to the novices. Signifi-
cant intergroup differences were detected regard-
ing tear length and postoperative bleeding volume 
within 5 minutes between the SMTG and MMTG  
in the 8th round in favor of SMTG, with the same 
results plus fixation rate in the 15th round. The 
learning curve in the SMTG also showed signifi-
cant progression of skills, with a plateau in the  
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in a prospective study with 42 participants (15 ex-
perts with at least 100 procedures,13 intermedi-
ate with less than 100 procedures, and 15 novices  
without experience) [18]. 
A recorded operation was shown, and questions and 
tasks regarding the anatomy and steps of the opera-
tion were given. In the end, a full VR renorrhaphy 
exercise was embedded. Experts found the platform 
very realistic and helpful as a training tool for resi-
dents and fellows, with a median of 9/10 and 8/10 on 
a scale from 1 to 10, respectively (face and content 
validity). However, the platform seemed inferior 
compared to an in vivo porcine model. Experts out-
performed novices in all tasks of the AR platform. 
Finally, for the renorrhaphy task, GEARS was as-

11th round. The study showed positive results and 
suggested that CTPM is a valuable tool for laparo-
scopic training for novices.
The simulation ex vivo models are presented in Ta-
ble 2.

Virtual reality simulation modalities 

The application of virtual reality (VR) in every-
day practice is becoming increasingly imminent  
(Table 3). Although some verified VR simula-
tions exist for robotic surgeries, none are specific  
to MIPN. A novel platform based on the dV-Train-
er (Mimic, Seattle, WA, USA) that features aug-
mented reality (AR) and VR content was validated  

Table 2. Simulation ex vivo models

Ex vivo models

Author,  
year  

of publication
Participants Design and 

structures Evaluation Face 
validity

Content 
validity

Construct 
validity Study result MERSQI

score

Chow et al. 
2021 [13]

n = 12
(resident PGY 2–5) Prospective

Questionnaire 

GEARS
  –

GEARS improves in all residents,  
statistically significant only in PG4 

Confidence and skills improved  
in all participants

12.5

Hung  2012 
[14]

n = 46
(24 novices, nine 
intermediates, 13 

experts)

Prospective
Questionnaire

GOALS
  

Model: cited as realistic (9/10)  
and helpful (9/10) 

Experts outperformed novices 
14

Lusty 2022 
[15]

n = 7 (resident 
PGY 3–5) Prospective

Questionnaire

NOTSS
– – –

Interdisciplinary communication:  
the most important

component of simulation
7.5

Yang et al. 
2009 [16] n = 5 (trainees) Prospective

Questionnaire 
and quality 

evaluation from 
2 supervisors

– – –
Model: helpful in increasing  

confidence 
Quality scores: increased through trials

12.5

Zhang et al. 
2023 [17]

n = 29 (6 experts, 
6 intermedia-

tes,18 novices)
RCT Questionnaire   

Model: better results  
than the dry-box training 14.5

GEARS – Global Evaluative Assessment of Robotic Surgeons; GOALS – Global Operative Assessment of Laparoscopic Skills; MERSQI score – The Medical Education 
Research Study Quality Instrument score; NOTSS – Non-Technical Skills for Surgeons; PGY – postgraduate year; RCT – randomized controlled trial

Table 3. Virtual reality simulation modalities

VR simulations

Author,  
year  

of publication
Participants Design and 

structures Evaluation Face 
validity

Content 
validity

Construct 
validity Study result MERSQI 

score

Hung et al. 
2015  [18]

n = 42 (14 
experts, 13 

intermediates, 
15 novices)

Prospective
Questionnaire

GEARS
  

Experts found the model very realistic 
(8/10) and a good training tool (8/10)

Experts outperformed novices
13.5

Rasheed 2023 
[19]

n = 12 (7 final 
year residents,          

5 interns)
Prospective Questionnaires   –

Precision and interactivity: Metrics  
with the highest scores (6/9) 

Model: helpful for novices to improve  
cutting skills (7/9)

7.5

MERSQI score – The Medical Education Research Study Quality Instrument score; VR – virtual reality
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learning experience, 63.0% thought the tumors to be 
easily resectable. Seventeen participants used ultra-
sound to locate the tumor, and 4 had difficulties with 
hemostasis. This novel model with liquid plastic re-
sembles features of actual tumors and can be used 
as a training model for laparoscopic MIPN. 
Another study using in vivo swine models evalu-
ated the time required to complete different steps  
in laparoscopic radical nephrectomy and MIPN, 
with 12 residents participating [20]. The curricu-
lum lasted 2 weeks, including didactic instruction, 
inanimate simulation, and live-tissue models. After  
the didactic instructions and laparoscopic training 
box skills, on the 14th day, participants participated 
in live tissue surgery. Senior residents were ran-
domly assigned to junior residents for the live tis-
sue operations. Ten laparoscopic MIPNs were per-
formed, 6 of which were from seniors and 4 of which 
were junior residents. The mean times were 152 and  
173 minutes, respectively. The senior residents re-
quired half the time to achieve hilar control, tak-
ing 23 minutes vs 42 minutes for junior residents. 
Additionally, seniors outperformed junior residents 
during the excision of the simulated lesion. 
The results showed that the only significant differ-
ence in time to complete a step was found in hilar 
control, and thus, focusing on this area in the train-
ing process should be necessary. No face, content,  
or construct validity was assessed.

Synthetic models

In this category, the simulation training is done on 
a kidney made of an artificial material (Table 5).  
In one study, a kidney model made of polyvinyl alcohol 
with two threaded tumors was used. Five residents 
participated, completing 10 identifications, each with 
laparoscopic ultrasound and 10 laparoscopic MIPN. 
From the 50 identification processes, the tumor was 
not visible in only one case, and the same applied  
in the MIPN with 49 successful procedures. Thir-
teen cases had positive margins. In the questionnaire 
(scale 1 to 5), residents found that the tumor was eas-

signed as a validation score by computer metrics 
and blinded expert video review. Experts outper-
formed intermediates, and the correlation between 
porcine and VR models was high. This study showed 
that specific VR simulations are possible and that 
further understanding tissue deformity will elevate 
the whole process. 
Another prospective study with 12 participants (7 fi-
nal-year residents and 5 interns) validated a novel 
VR laparoscopic MIPN modality [19]. The modality 
has an interactive interface with a physical and a 3D 
visualizing aspect. The trainees needed a CT scan  
to identify the mass and then identify the mass on 
the kidney being displayed. Trainees could mark 
and cut with precision along the malignant struc-
ture with the aid of 2 laser-emitting controllers while 
minimizing harm to the nearby tissues. After com-
pleting the task, participants answered question-
naires with a scale of 0–9 for face and content validity.  
The platform was found easy to use with precision 
and interactivity as the metrics with the highest 
scores (6/9). The simulation could have been more 
helpful for advanced surgeons but was useful for nov-
ices to enhance their cutting tissue skills (7/9).

In vivo models

Porcine models are standard in vivo models for lapa-
roscopic training. Specific models for laparoscopic 
MIPN are scarce (Table 4). 
In one study, investigators used liquid plastic and 
placed it in the kidneys of 5 pigs under anesthesia 
to simulate exophytic tumors [21]. The study as-
sessed content validity. The model was evaluated 
in 2 phases. The first 5 experienced surgeons per-
formed unilateral laparoscopic MIPN. The tumors 
were easily detected with ultrasound; visually, the 
margins were negative, and the mean operational 
time was 32 minutes. In the second phase of evalu-
ation, 28 urologists attended the course, and one 
week after, a questionnaire with a scale of 1 to 10 
was completed. The response rate was 86.0%, 96.0% 
considered the tumor model to have enhanced their 

Table 4. In vivo models stimulations

In vivo models

Author,  
year of publication Participants Design and 

structures Evaluation Face 
validity

Content 
validity

Construct 
validity Study Result MERSQI 

score

Eber et al. 2022 
[20]

n = 12  
(residents PGY 

3–6)
Prospective NA – – – Junior residents: longer time for hilar control 14

Hidalgo et al. 2005 
[21]

n = 28 
(experts) Prospective Question-

naire –  – Model: enhanced laparoscopic skills (96.0%) 8.5

MERSQI score – The Medical Education Research Study Quality Instrument score; PGY – postgraduate year
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(ERUS) developed a curriculum for robot-assisted 
MIPN and made a pilot clinical validation [24]. Us-
ing the Delphi modified method and through sur-
veys based on robotic-assisted MIPN and robotic-
assisted training programs literature, opinions from 
30 experts were collected. The clinical validation 
was done with one trainee in an ERUS operational 
center under mentorship for 18 months. 
Robot-assisted MIPN was divided into 10 steps, each 
with a 1 to 5 degree of difficulty. In the first phase, 
the trainee observed cases and received theoretical 
material. In the second phase, the trainee practiced 
robotic skills using various types of simulators, 
from VR to in vivo porcine models. The third phase 
was clinical training with a console, and the fourth 
consisted of a blind evaluation of recorded video  
of robotic-assisted MIPN. During the curriculum,  
40 patients were treated while the trainee took part 
in the operation and 160 by an expert. No significant 
differences were found regarding outcome or com-
plications except the duration of the operation (lon-
ger for the patients treated involving the trainee). 
The curriculum from ERUS seemed very effective; 
it successfully transitioned a beginner surgeon to be 
able to complete an entire case and ensured patients 
were treated safely during the learning curve period 
of a surgeon. The most significant cohort of trainees 
and patients is needed to establish the program.
The results of this review of MIPN simulation mod-
els and curricula are promising, although currently 
available studies are scarce. Each study was assessed 
for quality using the MERSQI score as a tool [25]. 
The mean score for all the studies was 11.2. The  
ex vivo studies achieved the highest score, with 12.2, 
while the lowest score was shared between phantom 
models and VR simulators, with 10.5. The average 
score of studies that are published is above 10.7. 
Those getting rejected have a score below 9 [26]. 
This assessment shows that the quality of the pub-
lished studies trying to create a model for partial 
nephrectomy needs significant improvement. Even 
though the mean was above 10.7, some studies had 

ily identified in the model with good realism. The tex-
ture was found realistic except for one student who 
considered it moderate (face validity). 
Residents found conducting laparoscopic MIPN  
on the model strenuous and moderate, respectively. 
All residents found the model helpful for training 
and would recommend it for teaching. However, be-
cause of the small sample of participants, content 
validity was not evaluated. Polyvinyl alcohol, a ma-
terial resembling actual tissue in US CT and MRI, 
showed promising results as a simulation modality 
for partial nephrectomy [23]. 
Another study for laparoscopic MIPN simulation 
also used a polyvinyl alcohol kidney model with  
a 3-cm exophytic tumor affixed to a silicone slab. 
Anesthesia urology residents and the nursing staff 
participated in the study. The number of urology 
residents was 9. The NOTSS assessment tool was 
used to evaluate non-technical skills, which was  
the study's primary goal. Technical skills involved  
in MIPN were also assessed as the second goal. 
The study involved a scenario with phases, control 
of the right tools, the patient's anaphylaxis during 
the tumor's excision, and wrong reports from the pa-
thologist during the renorrhaphy. After the scenario, 
a debriefing session followed. Residents in postgrad-
uate years 4–5 were considered seniors, and those 
in postgraduate years 2–3 were considered juniors.  
As far as the results of the technical skills, seniors 
outperformed the juniors. Non-technical skills were 
assessed blindly by 2 raters based on recorded vid-
eos. The overall Network Time Protocol (NTP) score 
was significantly higher for the seniors. Residents 
thought the debriefing was essential and gave them 
insight into what is necessary for communication. 
The residents agreed that simulation-based training 
improves technical and communication skills [22].

Curricula

There are no validated curricula for laparoscopic 
or robotic MIPN. EAU's Robotic Urology Section 

Table 5. Synthetic models stimulations

Phantoms/Materials models

Author, year of 
publication Participants Design and 

structures Evaluation Face 
validity

Content 
validity

Construct 
validity Study result MERSQI

score

Abdelshehid et al. 
2013 [22]

n = 9 (resi-
dents) Prospective

Questionnaire

NOTSS
–  –

Model: helpful in developing 
communication skills (100.0%),  

and developing technical skills (88.0%)
12.5

Fernandez et al. 
2012 [23]

n = 5 (resi-
dents) Prospective Questionnaire  – – Model: realistic and helpful for training 8.5

MERSQI – The Medical Education Research Study Quality Instrument  score; NOTSS – Non-Technical Skills for Surgeons
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ing as the main objective, and the sample of par-
ticipants was too small to make conclusions about  
the model’s usefulness safely. Finally, only a few stud-
ies included face, content, and constructed validity, 
while 5 studies did not conduct any validation.

Conclusions 

Through simulation-based training, inexperienced 
surgeons can shorten their learning curves and be-
come more comfortable with intricate procedural 
processes like MIPN. However, a specialized, veri-
fied curriculum for this procedure remains neces-
sary. Validating MIPN simulators or curricula might 
empower more urologists to provide safe and effi-
cient patient care.
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a mean below 9, and the mean score of the 2 cat-
egories in this review was below 10.7. Regardless  
of the different types of modalities used as a simula-
tion model, participants stated that, to some degree, 
their skills were improved, and their confidence 
was elevated. Simulations can help novice surgeons  
familiarize themselves with complex procedures  
and reduce learning curves. These aspects are es-
sential in clinical practice, considering that robotic 
and laparoscopic operations tend to replace open 
surgeries completely. Nevertheless, the laparoscopic 
and robotic MIPN approach is highly demanding, 
and a validated simulator/curriculum, especially  
for this operation, is absent. 
That leads to a wide heterogeneity between the stud-
ies and renders it impossible to compare the differ-
ent models and their efficiency. One critical hetero-
geneity factor is the non-uniformly defined surgeon 
experience through the studies. External validation  
is also lacking in most studies, and the results are 
based on participants' opinions or non-validated ques-
tionnaires. Another limitation is the non-randomized 
design of most of the included studies and the lack  
of comparison between the model and a control group. 
Furthermore, some studies did not have MIPN train-
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