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significantly higher than mean post-training duration 
[1.76  ±  1.54  min (range 1.00–6.34)] (p  =  0.008). At 
the end of the day, the trainers checked the integrity of 
the collecting system both by endoscopy and by fluor-
oscopy and could not detect any injury of the upper 
ureteral wall or pelvicalyceal structures. The functional-
ity of the scopes was also checked, and no scope injury 
(including a reduction in the deflection capacity) was 
noted.
Conclusions  The fURS simulation training model using 
soft human cadavers has the unique advantage of per-
fectly mimicking the living human tissues. This similar-
ity makes this model one of the best if not the perfect 
simulator for an effective endourologic training.

Keywords  Retrograde intrarenal surgery soft cadaver · 
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Abstract 
Purpose  The aim of the current study was to evaluate the 
use of fresh-frozen concurrently with embalmed cadavers 
as initial training models for flexible ureteroscopy (fURS) 
in a group of urologists who were inexperienced in retro-
grade intrarenal surgery (RIRS).
Methods  Twelve urologists involved in a cadaveric 
fURS training course were enrolled into this prospective 
study. All the participants were inexperienced in fURS. 
Theoretical lectures and step-by-step tips and tricks 
video presentations on fURS were used to incorporate 
the technical background of the procedure to the hands-
on-training course and to standardize the operating steps 
of the procedure. An 8-item survey was administered 
to the participants upon initiation and at the end of the 
course.
Results  Pre- and post-training scores were similar for 
each question. All the participants successfully com-
pleted the hands-on-training tasks. Mean pre-train-
ing duration [3.56  ±  2.0  min (range 1.21–7.46)] was 
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Introduction

Flexible ureteroscopy (fURS) has gained popularity and 
widespread use in recent years. The indications of retro-
grade intrarenal surgery (RIRS) have expanded from treat-
ment of small upper calyceal or pelvic stones to disintegra-
tion of large stones or stones located in difficult-to-reach 
sites of the pelvicalyceal system such as the lower pole 
and diverticula, as well as to the treatment of intrarenal 
transitional cell carcinoma. A number of recent techni-
cal advancements supported this evolution, while increas-
ing the complexity of the procedure. The learning curve of 
ureterorenoscopy has not been studied adequately, as dif-
ferent surrogate outcomes defining the learning curve for 
fURS are very variable and may include stone-free rates, 
tumor recurrence rates, complication rates, operating time, 
fluoroscopy time, radiation doses, instrument damage, and 
repair costs [1, 2].

Several training models have been used to reduce the 
steep learning curve of fURS, including virtual reality 
simulators [3], low- and high-fidelity bench [4] and animal 
(porcine) models [5–8]). The use of these models helped to 
differentiate the level of experience among the trainees and 
resulted in more rapid acquisition of ureteroscopic skills 
in novice trainees with no prior surgical training [9–11]. 
Training on a simulator may be useful in the education pro-
cess and assessment of the trainee at the end of the course. 
However, they cannot override the impact of clinical train-
ing [3]. Despite the growing interest in training models in 
urology, the validation studies of these models are few in 
number and with low evidence levels [12].

Although the use of human cadavers as training mod-
els for various extra-urogenital surgical procedures has 
been well-studied [13–17], their relevance to endourolog-
ical interventions has yet to be investigated. Beside the 
advantage of having the real human anatomy, cadaveric 
models easily transfer the skills from the simulator to the 
patient, the most important step in a model’s validation 
process.

The aim of the current study was to evaluate the use of 
fresh-frozen concurrently with embalmed cadavers as ini-
tial training models for flexible ureteroscopy in a group of 
urologists who were inexperienced in RIRS.

Materials and methods

Cadaveric simulator preparation

Both fresh-frozen and embalmed cadavers were used. Injec-
tion of one amount of pure ethanol, one amount of 37 % for-
maldehyde, 3 amounts of distilled water and 0.2 amount of 

glycine via the route of common carotid and femoral arteries 
was performed for embalmment procedure. The embalmed 
cadavers were used just for anatomical dissection in the pre-
liminary program, and not for hands-on-training fURS (is this 
correct?).

Overall, two female amputated fresh-frozen cadavers 
were used for the hands-on-training procedures. Amputated 
cadavers lack the head and extremities and consist of the 
torso (Fig. 1). They were placed in supine position over a 
radiolucent table. The bladder was entered with a rigid 16 
Fr cystoscope, and a0.038-in. hydrophilic guidewire was 
passed into the renal pelvis under fluoroscopic guidance. 
Following successful placement of the guidewire, an 11/13 
Fr ureteral access sheath (Navigator™ Ureteral Access 
Sheath, Boston Scientific, Marlborough MA, USA) was 
placed 2–3 cm below the ureteropelvic junction and fixed 
to the both labium majors to allow optimal upper tract visu-
alization and manipulation. An 8.5 Fr digital flexible uret-
eroscope (Flex XC Flexible Uretero-Renoscope, Karl Storz 
GmbH and Co, Tuttlingen, Germany) was used for inves-
tigation of the collecting system. A 5 × 2 mm stone frag-
ment was also placed into the lower calyx using a basket 
device.

Training protocol

Certified urologists involved in the cadaveric fURS training 
course were enrolled in this prospective study. All the par-
ticipants were inexperienced in fURS. Theoretical lectures 
on stages of the procedures together with the tips and tricks 
video presentations of fURS and anatomical retroperitoneal 
dissection of the embalmed cadavers were used to incor-
porate the technical background to the subsequent hands-
on-training course. Nine trainers—six academic urologists 
and three anatomists, who were eligible and experienced 
in cadaveric training models—participated in the course as 
instructors.

An 8-item survey was administered to the participants 
upon initiation and at the end of the course (Table-1). The 
survey consisted in questions designed to evaluate the 
expectations and the degree of satisfaction of the train-
ees (1 point =  very low (much less than expected) and 5 
points = very high (far above the expectations)).

During the first day of the course, lectures focusing on 
the anatomy of the collecting system and the technical 
details of the fURS procedure were followed by two live 
surgeries performed by the course trainers. During the 
fURS procedures, the important anatomical landmarks, 
preparation of the operating room and of the patient, han-
dling of the instruments, steps of the procedure, orientation 
within the collecting system and the simultaneous use of 
endoscopy and fluoroscopy were explained in detail.
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On the second day of the course, after a brief theoreti-
cal and practical retroperitoneal anatomy lecture on the 
embalmed cadavers, the trainees were divided into two 
groups. The experienced trainers explained and demon-
strated the steps of the procedure in a one-by-one fashion. 
The steps of the simulation consisted in: (1) advancing the 
scope inside the access sheath, (2) advancing the scope 
inside the proximal ureter up to the renal pelvis, overpass-
ing the ureteropelvic junction, (3) visualizing the whole 

collecting system with fluoroscopy and retrograde contrast 
medium injection, (4) locating the stone into the collecting 
system, (5) grasping the stone with the basket, (6) re-locat-
ing the stone into the upper calyx, (7) releasing the stone, 
and (8) removing the scope from the access sheath.

For each participant, the total duration of the proce-
dure—starting from the entrance into the renal pelvis and 
ending with the removal of scope from the access sheath—
was measured using a stopwatch. Pre- and post-training 
scores of the survey and the duration of the tasks were 
compared.

Statistical analysis

Statistical analysis was performed using the SPSS version 
17.0 (SPSS, Chicago, IL, USA). In addition to descriptive 
statistics (mean values, standard deviation (SD), median 
values, interquartile range), nonparametric Wilcoxon 
signed-rank test was used to compare repeated measure-
ments. Statistical significance was set as p < 0.05.

Results

Overall, 12 certified urologists with a mean age of 
37.41  years  ±8.19 SD who attended the theoretical and 
hands-on-training sections were enrolled.

Of the 12 trainees, five rated the suitability for the edu-
cation content as very high and three as high. Satisfaction 
from training was very high in four of the trainees. Contri-
bution to the knowledge and satisfaction from the training 

Fig. 1   Hands-on-training per-
formance of a trainee, starting 
the cadaveric RIRS procedure

Table 1   Survey questions and results

The comparison of pre- and post-training duration of the time needed 
to complete all of the tasks, together with the trainee satisfaction 
scores (significance was set to p < 0.05)

Category Pre-training Post-training p

Mean duration (minutes) ± SD 3.56 ± 2.0 1.76 ± 1.54 0.008

A—suitability for the educational 
content

4.25 4.18 0.999

B—satisfaction from training 4.17 4.17 0.915

C—contribution to your knowl-
edge

4.25 4.00 0.458

D—eligibility for the physical 
environment

4.00 3.91 0.163

E—satisfaction from the course 
organization

4.17 4.36 0.380

F—educational materials 3.58 4.30 0.168

G—eligibility for the training 
methods

4.25 4.18 0.999

H—suitability for the training 
period

3.58 3.55 0.863
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course organization was achieved far away from the expec-
tations in four and six participants, respectively. The low-
est score was obtained for the suitability for the training 
period. Pre- and post-training scores were similar for each 
question (Table 1).

All participants successfully completed the hands-on-
training tasks. Mean pre-training duration for completing 
the task was significantly longer than mean post-training 
duration (3.56  min ±  2.0 SD and 1.76  min ±  1.54 SD, 
respectively, p = 0.008) (Table 1).

At the end of the day, the trainers checked the integrity 
of the collecting system of the fresh-frozen cadavers both 
by endoscopy and by fluoroscopy, and could not detect any 
injury of the upper ureteral wall or pelvicalyceal structures. 
The functionality of the scope was also checked and no 
scope damage was noticed, being the scope deflection fully 
preserved.

Discussion

The human cadaver model has been traditionally used by 
anatomists to educate medical students on basic anatomy 
knowledge during their medical education. On the other 
hand, surgeons usually revisit the clinical and surgical 
anatomy during the live cases with their trainees. It can be 
summarized that training on human cadavers has a value 
during both the undergraduate and postgraduate periods 
for medical training. The human cadaver model has some 
advantages including the similarity of real anatomical 
structures to the real patient and the bloodless environment 
[1, 18, 19]. However, training models other than human 
cadavers—including animal models and simulators—have 
their own pros and cons. High costs, suboptimal simula-
tion of virtual training models or lack of human anatomical 
landmarks of animal models are the main disadvantages 
[19]. Also although not proven by other studies, it has been 
speculated that training models using animals may have 
the risk of contamination with bovine spongiform enceph-
alopathy virus [10]. Giger et al. reported that surgery train-
ing on human cadavers provided high overall attendees 
satisfaction [19, 20]. The fresh-frozen cadavers used in 
the current course offer a normal human anatomy and the 
possibility to have a tactile sensation of the elasticity of 
the ureter and of the collecting system, possibly involved 
in a subsequent decreased morbidity in the real patient. 
However, the collaboration of faculty from the anatomy 
and urology departments is crucial for the success of the 
cadaveric training programs as we improved the novel 
training model on fURS with the support of anatomists 
[19]. The popularity of minimal invasive urologic surgery 
(MIUS) is globally gaining popularity among the urolo-
gists. Due to this popularity, the exploration of appropriate 

training models for MIUS became essential. fURS has 
become the standard diagnostic and treatment modality for 
upper urinary stone disease, ureteral strictures and transi-
tional cell carcinoma [21]. The increasing indications of 
fURS forced the endourologists to improve their surgi-
cal skills. Indeed, this was the main reason for our team 
to set up the novel fURS training model on a fresh-frozen 
cadaver model. Ogan et  al. [3] reported that for novice 
endoscopists performance on the virtual reality ureteros-
copy simulator after training predicted cadaveric perfor-
mance may be useful for the education and evaluation of 
physicians in training. In another report, the MIS training 
on soft cadavers was shown as a feasible model with great 
satisfaction in laparoscopic surgery [2]. Brehmer et  al. 
[4] underlined the need for alternative training models in 
endourology apart from the computerized simulators. In 
order to improve the dexterity in semi-rigid ureteroscopy, 
they presented the bench model and achieved results simi-
lar to the real surgery. Skolarikos et al. in their meticulous 
review article confirmed their findings with similar papers 
and recommended to incorporate these novel models into 
the ureteroscopy training [1]. There are several reports in 
the literature describing the training models for rigid uret-
eroscopy using human cadavers [12], but the most suitable 
method for postgraduate training has not been determined 
yet. However, to the best of our knowledge, this is the first 
report defining the training model for fURS using fresh-
frozen cadavers. To our knowledge, this is the first MIUS 
training on RIRS using fURS to implement anatomical 
coordinated use of soft and embalmed cadavers. Blaschko 
et  al. [10] confirmed that the preservation technique of 
cadavers has provided excellent tissue quality for dissec-
tion and allows for refrigeration of the cadaver between 
the first and second use. We also demonstrated that despite 
being used by each participant during the hands-on-train-
ing session, these cadavers could be reused in the next 
training program without compromising the tissue qual-
ity. This effectively reduces the cost of cadaver use for 
training by half; however, endoscopic surgical training on 
cadaver also provides excellent tissue preservation com-
pared to open surgical training model. Wong et al. reported 
that a limited supply of cadavers, the difference in tissue 
quality between cadaveric and blood-perfused tissue, and 
only once usage, were the limitations on widespread use 
of human anatomical material for surgical skills training 
[10, 22]. Adversely, we believe that the improvement in 
soft tissue preservation technique and minimal invasive 
approach to the tissue obtain similar quality and satisfac-
tion compared to live tissue. However, Özcan et  al. [23] 
evaluated the efficacy of cadaveric dissection training on 
urology residents’ knowledge in some urologic organs, and 
showed that the cadaveric model was effective in improv-
ing surgical anatomy knowledge in most urology residents.
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There are several limitations of the current study. First 
of all, the fresh-frozen cadavers do not bleed. However, 
with the modern ureteroscopes, lasers and the well-defined 
steps of the procedure, the bleeding rates of fURS are also 
very low. Moreover, we think that—different from laparos-
copy or percutaneous nephrolithotomy models—a blood-
less medium offers a real advantage in fURS. The absence 
of respiratory movements influencing the mobility of the 
kidneys and of the targeted stone constitutes another prob-
lem that an endourologist may encounter during a fURS 
case. Another limit is the absence of ureteric tone and the 
immediate application of the ureteral access sheath from 
the very beginning, limiting the learning of the access 
technique to the ureteric orifice and of how to overpass 
ureteric spasms and/or kinkings. Finally, the survey does 
not reflect the effects of the described training on the daily 
clinical practice of the trainees as they just completed the 
course.

Conclusions

fURS simulation training model using soft human cadav-
ers has the unique advantage of mimicking the living 
human tissues. This similarity makes this model one of 
the best if not the perfect simulator reported in the litera-
ture by now.
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	23.	 Özcan S, Huri E, Tatar İ, Sargon M, Karakan T, Yağlı ÖF, 
Bağcıoğlu M, Larre S (2015) Impact of cadaveric surgical anat-
omy training on urology residents knowledge: a preliminary 
study. Turkish J Urol 41(2):83–87. doi:10.5152/tud.2015.87422

http://dx.doi.org/10.1159/000341429
http://dx.doi.org/10.1016/j.eururo.2008.03.052
http://dx.doi.org/10.5152/tud.2015.87422

	Simulation of RIRS in soft cadavers: a novel training model by the Cadaveric Research On Endourology Training (CRET) Study Group
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Cadaveric simulator preparation
	Training protocol
	Statistical analysis

	Results
	Discussion
	Conclusions
	Author contribution 
	References




