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Introduction: This study aimed to evaluate fresh-frozen cadavers (FFC) as a novel model for percutaneous nephrolithotomy (PCNL)
training, focusing on ultrasound-guided supine PCNL.

Methods: Sixteen urologists participated in a 2-day course at a tertiary center to assess the utility of an FFC model for ultrasound-
guided supine PCNL. After the procedure, the participants completed a 24-question evaluation of the FFC model using a 5-point Likert
scale. The questionnaire assessed tissue quality, US imaging, procedural steps, overall experience compared to live patient procedures,
and suitability of the model for both basic and advanced supine PCNL training.

Results: The tactile sensation, skin stiffness, and distensibility of the calyces resembled real-life scenarios as the cadavers thawed.
Similarly, US quality was worse in frozen cadavers and improved after irrigation with the collection system. Valdivia-Galdakao
positioning is considered more difficult than in real life, because of rigor mortis.

Conclusion: FFC demonstrated robust content validity as a training model for PCNL. The model provides a realistic and effective
training experience, offering a promising tool for developing critical surgical skills, while minimizing radiation exposure and
procedural risks.
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Introduction

Renal stones are considered one of the most common urinary tract diseases, affecting 5%—10% of the global population,
with an increasing prevalence worldwide.! Among the surgical treatment options, extracorporeal shockwave lithotripsy,
percutaneous nephrolithotomy (PCNL), ureteroscopy (URS), and retrograde intrarenal surgery (RIRS) are the most
commonly performed procedures.” According to the guidelines of the European Association of Urology (EAU) and the
American Urological Association (AUA), PCNL is the preferred treatment for renal stones > 2 cm, and an optional
approach for stones between 1 and 2 cm.>*

Advancements in PCNL include the miniaturization of percutaneous instruments and combined approaches with
URS, such as endoscopic combined intrarenal surgery (ECIRS), thereby expanding its indications and improving patient
outcomes.” Central to the success of PCNL is the ability to achieve safe and precise percutaneous renal access. The
techniques for renal access vary, utilizing ultrasound (US), fluoroscopy, or other needle guidance methods, with the goal
of facilitating comprehensive access to the collecting system.’
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Despite its widespread use, PCNL remains a technically demanding procedure with a steep learning curve, complication rates
as high as 21.3%, and notable re-treatment rates.”’ Novice surgeons often face challenges, including longer operative and
fluoroscopy times, reduced stone-free rates, and higher retreatment rates than experienced practitioners.®” Therefore, structured
training is critical for residents and novice endourologists as it can help minimize patient risk and accelerate surgical proficiency.'”

Various models have been introduced to address the need for high-level PCNL training, including inanimate benchtop
models, virtual reality (VR) simulators, animal models, and human cadavers.""'> Among these, Thiel-embalmed
cadavers (TEC) have gained attention in urology training because of their realistic tissue consistency, color, and
flexibility without the odors typically associated with cadaveric models.'®'?! TEC have already shown promise in
training for laparoscopy and endoscopic procedures involving the upper and lower urinary tract. TEC has already been
evaluated in the context of ECIRS training by Veys et al, who showed that the TEC model was rated as good to excellent,
comparable to real-life procedures, and deemed excellent for both initial and advanced supine PCNL training. TEC
provided good US visualization of the distended calyces during puncture, although the skin penetration was less realistic.
Kidney puncture, dilatation, and anatomy were highly realistic despite the pale mucosa. US needle guidance was
excellent, and needle puncture assessment was realistic and effective for training.”> Despite the several advantages,
TEC are not easy to be prepared and available for training purposes in different settings.

In contrast, fresh-frozen cadavers (FFC) preserve the natural properties of living tissues, including resistance and
bleeding. They provide a closer simulation of live surgical scenarios, particularly for advanced procedures such as
percutaneous nephrolithotomy. However, they degrade quickly after thawing and pose a high risk for pathogen
transmission.?*** Freshly frozen cadavers were subjected to urological training.>> %’

Therefore, in the context of PCNL and ECIRS training, FFC and TEC complement each other, with TEC excelling in
controlled skill-building and FFC realistic procedural challenges. This study aimed to evaluate the FFC as a novel model
for PCNL training, focusing specifically on US-guided supine PCNL, using a previously described methodology for
assessing TEC.*

Materials And Methods

Sixteen urologists (6 tutors and 10 trainees) participated in a 2-day course at a tertiary center to assess the utility of
a fresh frozen cadaver (FFC) model for ultrasound-guided supine percutaneous nephrolithotomy (PCNL). Written
informed consent was obtained from all the urologists who participated in the questionnaire survey.

Each urologist performed a percutaneous kidney puncture under ultrasound (US) guidance using an Arieta™ 650
Deeplnsight ultrasound machine (Fujifilm, Tokyo, Japan) and 18-G 15-cm locking stylet trocar needle (Cook Medical,
Bloomington, Indiana, USA). After successful US- and endoscopy-guided puncture of the targeted calyx, a stiff guide-
wire (Cook Medical, Bloomington, Indiana, USA) was inserted, enabling tract dilation with either an Ultraxx™
Nephrostomy Balloon (Cook Medical, Bloomington, Indiana, USA), a Amplatz rigid serial dilators (Cook Medical,
Bloomington, Indiana, USA) or a one-step dilator (Karl Storz, Tuttlingen, Germany). A 24-F rigid nephroscope (Karl
Strotz, Tuttlingen, Germany) was used for nephroscopy, although full inspection of the collecting system was not
performed by all participants because the course primarily focused on ultrasound-guided access in supine PCNL.

After the procedure, participants completed a 24-question evaluation of the FFC model using a 5-point Likert scale (1
= strongly disagree/absolutely not realistic or useful; 5 = strongly agree/very realistic or useful), which was similar to the
one previously used by Veys et al for the assessment of the TEC model (Supplementary Figure 1). The questionnaire

assessed tissue quality, US imaging, procedural steps, overall experience compared to live patient procedures, and
suitability of the model for both basic and advanced supine PCNL training.?* Descriptive statistical analysis for this
cross-sectional study was conducted on the responses, with median values and interquartile ranges (IQRs) calculated, and
the results are displayed using divergent bar graphs. The validity of the FFC model was evaluated using Messick’s
contemporary framework, as outlined by Goldenberg and Lee,® rather than traditional metrics such as face, content, and
construct validity, which are now considered outdated. For all statistical analyses, R software environment for statistical

computing and graphics (version 3.4.3, R Foundation, Vienna, Austria) was used.
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Results
Sixteen questionnaires were collected at the end of the ultrasound-guided supine PCNL these Six urologists (38%)
performed > 50 PCNLs (Table 1).

The course was generally well-attended, as most commented that it was useful. However, tactile sensation, skin
stiffness, distensibility of the calyces, and US quality varied depending on the thawing of the cadavers. In particular,

Table | Descriptive Comparative Table Based on PCNL Experience (>50 Vs <50)

Variable > 50 Median | <50 Median | p-value
[1QR] [1QR]
Collecting system assessment: The color of cadaveric tissue of the collecting system in comparison | 4.0 [3.2—4.0] 4.0 [4.04.8] 0.6

with a real-life patient is similar

Collecting system assessment: The consistency of cadaveric tissue of the collecting system in 4.0 [4.04.0] 3.0 [2.24.0] 0.019

comparison with a real-life patient is similar

Collecting system assessment: The cadaver collecting system anatomy in comparison with a real-life | 5.0 [5.0-5.0] 4.0 [2.5-5.0] 0.09

patient is similar

Ultrasound image assessment: Identifying kidney in comparison with a real-life patient is similar 4.0 [4.04.0] 4.0 [4.0-5.0] 0.6

Ultrasound image assessment: Identifying collecting system in comparison with a real-life patient is | 4.0 [4.0—4.0] 4.0 [3.24.0] 0.9

similar
Ultrasound image assessment: ldentifying surrounding tissue in comparison with a real-life patient is | 4.0 [4.0—4.0] 3.5 [2.24.0] 0.3
similar
Ultrasound image assessment: Ultrasound of the dilated calyces in comparison with a real-life 4.0 [4.04.8] 3.5 [3.04.0] 0.1

patient is similar

Needle puncture assessment: Needle puncture: skin entrance/perforation (realistic) 3.5 [3.04.0] 3.0 [2.24.0] 0.3
Needle puncture assessment:Needle puncture: skin entrance/perforation (useful) 4.0 [4.04.0] 4.0 [3.2-4.8] 0.7
Needle puncture assessment: Needle puncture: kidney entrance (realistic) 4.0 [4.0-4.8] 3.5 [3.04.0] 0.019
Needle puncture assessment:Needle puncture: Kidney entrance (useful) 4.5 [4.0-5.0] 4.0 [3.2-4.8] 0.2
Needle puncture assessment:UItrasound guided puncture of the dilated calyces (realistic) 4.0 [4.0-4.8] 4.0 [4.0-4.0] 0.4
Needle puncture assessment:UItrasound guided puncture of the dilated calyces (useful) 4.5 [4.0-5.0] 4.0 [4.0-4.8] 0.4
Overall quality assessment: The odor of the fresh cadaver is not disturbing 4.0 [3.2-4.8] 4.0 [3.2-4.0] 0.9
Overall quality assessment: Quality of the tissue and organ color of the fresh cadaver 4.0 [4.0-4.0] 4.0 [3.0-4.0] 0.5
Overall quality assessment: Tissue consistency of the fresh cadaver 4.0 [4.0-4.0] 3.0 [2.0-3.8] 0.06
Overall quality assessment: Identification anatomical landmarks of the cadaver 5.0 [5.0-5.0] 4.0 [4.0-5.0] 0.1
Overall quality assessment: Galdakao-modified Supine Valdivia position of the cadaver 4.0 [4.0-4.8] 4.0 [3.04.8] 0.3
Overall quality assessment: One step dilation of the kidney and surrounding tissues 4.0 [4.0-4.8] 4.0 [3.24.0] 0.3
Overall quality assessment: Overall satisfaction with the cadaveric model 5.0 [4.2-5.0] 4.5 [4.0-5.0] 0.4
Overall quality assessment: Overall satisfaction with the quality of fresh collecting system 5.0 [4.2-5.0] 4.0 [4.0-4.8] 0.3
Overall quality assessment: Overall satisfaction with the quality of fresh ultrasound properties 4.0 [4.0-4.8] 4.0 [4.0-5.0] 0.9
Overall quality assessment: Overall appropriateness of the cadaveric model for initial training of 5.0 [4.2-5.0] 5.0 [4.0-5.0] 0.8
Supine PCNL

Overall quality assessment: Overall appropriateness of the cadaveric model for advanced training of | 5.0 [4.2-5.0] 4.5 [4.0-5.0] 0.5
Supine PCNL
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tactile sensation, skin stiffness, and distensibility of the calyces resembled real-life scenarios as cadavers thawed out.
Similarly, US quality was worse in frozen cadavers and improved after irrigation with the collection system. Placing
ureteric catheters and access sheaths was considered better than in formalin-embalmed cadavers, even if some resistance
was still encountered at the vesicoureteral and ureteropelvic junctions, which sometimes required serial dilation before
sheath placement. Finally, Valdivia-Galdakao positioning was considered somewhat more difficult than in real life
because of rigor mortis, thawing of the cadaver, and partly due to insufficient equipment.

Despite the general comments, the objective measures showed good-to-excellent validity. The tissue quality of the
collecting system in the FFC model was evaluated by assessing its color, consistency, and anatomy. These three aspects
were found to be similar to real life (median [IQR]: 4 [3-4], 4 [3—4], and 5 [4-5]). The color of the FFC model was
considered undisturbing, with good tissue quality and realistic organ color, even if tissue consistency was neither
distinctly unrealistic nor convincingly realistic (median [IQR] Likert scores of 4 [3—4], 4 [3—4], and 3 [2—4], respec-
tively). The anatomical landmarks were identified as excellent (median [IQR] Likert score 5 [4-5]), and the Galdakao-
modified supine Valdivia position of the cadaver was considered good (median [IQR] Likert score 4 [3—5]). These results
yielded a median [IQR] overall satisfaction with the FFC collection system of 4 [4-5] (Figure 1).

US image assessment, identification of the kidney, collecting system, and surrounding tissue, and ultrasound of the
dilated calyces were considered lifelike (median [IQR] Likert scores of 4 [4-5], 4 [3-4], 4 [2-4], and 4 [3-4],
respectively). US-guided puncture of the dilated calyces was considered a realistic and useful tool (median [IQR]
Likert scores 4 [4-4] and 4 [4-5], respectively), even if needle puncture of the skin was deemed not very realistic
(median [IQR] Likert score 3 [3—4]) but still useful (median [IQR] Likert score 4 [4—4]). However, needle puncture of the
kidney was considered both realistic and useful (median [IQR] Likert scores of 4 [3—4] and 4 [4-5], respectively).
Similarly, one-step dilation of the kidney and surrounding tissues was considered good (median [IQR], 4 [4—4]). These
results yielded a median [IQR] overall satisfaction with the ultrasound properties of FFC of 4 [4-5] (Figure 1).

No statistically significant differences in the responses were recorded among those who performed fewer than 50
PNCLs and the more experienced ones, except for the accuracy of the FFC model when considering the consistency of
the collecting system and kidney entrance with the needle (median Likert score of 4 vs 3 for both, p<0.05).

Overall, responders were very satisfied with the FFC model, with excellent appropriateness for both initial and
advanced training of PCNL (median [IQR] Likert scores of 5 [4-5] for all three, Figure 1).

Discussion

Acquiring skills in a safe and controlled environment outside the operating room has become increasingly important, not
only for its potential to expedite the learning process but also to reduce surgical complications, thereby enhancing the
quality and safety of patient care.>' This is particularly important in endourology, especially for PCNL and ECIRS, which
are characterized by a steep learning curve for achieving proficiency in percutaneous renal access and may require up to
60 cases.

Despite the availability of various PCNL training models, a validated simulator capable of reliably transferring
acquired skills to a clinical setting remains unavailable, thereby highlighting the need for further development.>' Despite
ongoing advancements, most inanimate models fail to replicate the anatomical and tactile nuances of the human body."’

Cadaver-based training continues to be regarded as the cornerstone of surgical education owing to its unparalleled
anatomical accuracy.”’ However, cadavers used for surgical training are not without limitations. They do not exhibit
bleeding or respiratory movements, and are associated with high initial costs. FFC and formalin-embalmed cadavers
(FEC) were among the first cadaveric models to be used for surgical training.*** FFC, while anatomically realistic, has
limited durability and carries a risk of infectious diseases. In contrast, FEC, although longer-lasting, suffers from an
unpleasant odor and alterations in tissue properties, including flexibility and discoloration. Another possibility is TEC,
which are thought to offer superior preservation of tissue texture, colour, and flexibility, while being low-odour, durable
and reusable.'®

TEC models were previously assessed in the context of US-guided PCNL training by Veys et al, in which participants
rated their suitability for both beginner and advanced PCNL training in the supine position as excellent.* In this study,
we used the same questionnaire used by Veys et al to assess the validity of the FFC models as a training tool for US-
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Figure | Adjusted stacked distributions of the scores for each component of the assessment questionnaire for the fresh frozen cadaver model.

guided PCNL and supine ECIRS. The FFC models received high ratings for training suitability, with overall satisfaction
scores of five (IQR, 4-5). Tissue quality, particularly color and anatomy, was scored 4 (IQR, 3—4) to 5 (IQR, 4-5), but
consistency was less uniform, with a median score of 3 (IQR, 2—4). Ultrasound imaging and needle puncture ratings
ranged from 3 to 4 and improved as cadavers thawed. TEC models were also rated highly for overall satisfaction and
appropriateness for training, with a median Likert score of 5 (IQR, 5-5). Tissue quality, including color and anatomy,
received scores of 4 (IQR 4-5) to 5 (IQR 5-5), although the collecting system appeared paler, and skin penetration was
less realistic, scoring 3 (IQR 2—4). Ultrasound image quality was consistently rated as 45 across the key parameters.
These results suggest that both the FFC and TEC models meet Messick’s framework for content validity,*® with some
differences in specific metrics, TEC excelling in procedural consistency, and FFC offering more lifelike surgical

resistance.
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Although the results of this study highlight the value of FFC as a training model for PCNL, several limitations that are
shared with other cadaveric models should be noted. First, the evaluation relied on a non-validated questionnaire, which
was, however, previously used by Veys et al.?*> Additionally, the tactile sensation, skin stiffness, distensibility of the
calyces, and US quality were dependent on the thawing of the cadavers. Despite these limitations and worth noting to
better define model preparation in the pre-training setting, the variability might mirror real-life scenarios. Furthermore,
unlike living patients, the FFC model lacks critical physiological features such as respiratory movements. Finally, the
study is mainly based on the use of ultrasound for PCN. It would be interesting and important to evaluate the usefulness
of using fresh frozen cadavers also for fluoroscopic puncture training.

Further studies are needed to determine whether training on FFC models translates to improved surgical performance
and shorter learning curves in clinical practice. Comparative studies using other US-guided puncture training models
such as TEC could also yield valuable insights.

Conclusions

Despite minor limitations, FFC demonstrated robust content validity as a training model for PCNL. Its application is
particularly well-suited for training in US-guided renal access and supine ECIRS. The model provides a realistic and
effective training experience, offering a promising tool for developing critical surgical skills, while minimizing radiation
exposure and procedural risks.
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