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Reviewers active in 2022

Acknowledgement to Reviewers 

The Editorial team of the Central European Journal of Urology takes this opportunity to address and reflect upon the work of all of our 
reviewers.
In last year our article reviewers have been kind enough to devote their knowledge, experience, and time to work hard and selflessly  
in order to assist the Authors who have been publishing their works in CEJU further improve their science, skills, and art. Moreover, thanks 
to their invaluable contribution, our readers have been provided with a full range of high quality, masterly edited articles. Their invaluable 
contribution is and will be remembered, treasured, and met with admiration and gratitude.
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BEST REVIEWERS

2022

From among all of the reviewers working for the Central European Journal of Urology, I would 
like to particularly distinguish those whose contribution to the reviewing process was the 
greatest. Their commitment, willingness to work, and their kindness to the authors should be 
an example to all of us.
 Tomasz Drewa

Cristian Persu Romania

Milosz Jasinski Poland

Adam Ostrowski Poland

Piotr Zapala Poland

Aykut Başer Turkey

Daniele Castellani Italy

Piotr Kania Poland

Flip Kowalski Poland

Giacomo Maria Pirola Italy



Informacja o leku
Nazwa produktu leczniczego: Xtandi 40 mg, kapsułki miękkie. Xtandi 40 mg, tabletki powlekane. Skład jakościowy i ilościowy: Każda kapsułka miękka zawiera 40 mg enzalutamidu. Każda 
tabletka powlekana zawiera 40 mg enzalutamidu. Substancja pomocnicza o znanym działaniu: Każda kapsułka miękka zawiera 57,8 mg sorbitolu. Pełny wykaz substancji pomocniczych, patrz 
punkt 6.1 Charakterystyki Produktu Leczniczego (ChPL). Postać farmaceutyczna: Kapsułka, miękka. Białe lub prawie białe podłużne kapsułki miękkie (około 20 mm x 9 mm) z nadrukiem „ENZ” 
po jednej stronie, wykonanym czarnym tuszem. Tabletka powlekana. Żółte okrągłe tabletki powlekane, z wytłoczeniem E 40. Wskazania do stosowania: Produkt leczniczy Xtandi jest wskazany 
w: leczeniu hormonowrażliwego raka gruczołu krokowego z przerzutami (ang. metastatic hormone-sensitive prostate cancer, mHSPC) u dorosłych mężczyzn w połączeniu z leczeniem deprywa-
cją androgenów (patrz punkt 5.1 ChPL); leczeniu opornego na kastrację raka gruczołu krokowego wysokiego ryzyka (ang. castration-resistant prostate cancer, CRPC) bez przerzutów u dorosłych 
mężczyzn (patrz punkt 5.1 ChPL); leczeniu CRPC z przerzutami u dorosłych mężczyzn, u których nie występują objawy lub występują łagodne objawy po niepowodzeniu leczenia deprywacją 
androgenów, i u których chemioterapia nie jest jeszcze klinicznie wskazana (patrz punkt 5.1 ChPL); leczeniu CRPC z przerzutami u dorosłych mężczyzn, u których podczas lub po zakończeniu 
leczenia docetakselem nastąpiła progresja choroby. Dawkowanie i sposób podawania: Leczenie enzalutamidem powinien rozpocząć i nadzorować lekarz mający doświadczenie w leczeniu 
raka gruczołu krokowego. Dawkowanie: Zalecana dawka enzalutamidu to 160 mg (cztery kapsułki miękkie po 40 mg lub cztery tabletki powlekane po 40 mg) w jednorazowej dawce dobowej.  
U pacjentów niekastrowanych chirurgicznie należy w trakcie leczenia kontynuować farmakologiczną kastrację analogami hormonu uwalniającego hormon luteinizujący (LHRH). W przypadku 
pominięcia przyjęcia produktu Xtandi o zwykłej porze, przepisaną dawkę należy przyjąć tak szybko jak to możliwe. W przypadku pominięcia dawki w danym dniu, leczenie należy wznowić na-
stępnego dnia przyjmując zazwyczaj stosowaną dawkę dobową. Jeśli u pacjenta wystąpią objawy toksyczności stopnia ≥3. lub trudne do tolerowania działania niepożądane, należy przerwać 
stosowanie produktu na tydzień lub do czasu zmniejszenia objawów do stopnia ≤2. Następnie należy wznowić stosowanie produktu w tej samej lub, jeżeli jest to uzasadnione, zmniejszonej 
dawce (120 mg lub 80 mg). Jednoczesne stosowanie z silnymi inhibitorami CYP2C8: Jeśli jest to możliwe, należy unikać jednoczesnego stosowania silnych inhibitorów CYP2C8. Jeśli konieczne 
jest jednoczesne stosowanie silnych inhibitorów CYP2C8, należy zmniejszyć dawkę enzalutamidu do 80 mg raz na dobę. W przypadku przerwania jednoczesnego stosowania silnych inhibitorów 
CYP2C8, należy wznowić stosowanie enzalutamidu w dawce stosowanej przed rozpoczęciem leczenia silnymi inhibitorami CYP2C8 (patrz punkt 4.5 ChPL). Pacjenci w podeszłym wieku: Nie ma 
konieczności dostosowania dawki u pacjentów w podeszłym wieku (patrz punkty 5.1 i 5.2 ChPL). Zaburzenia czynności wątroby: Nie ma konieczności dostosowania dawki u pacjentów z lekkimi, 
umiarkowanymi lub ciężkimi zaburzeniami czynności wątroby (odpowiednio klasa A, B lub C wg skali Child-Pugh). Jednak u pacjentów z ciężkimi zaburzeniami czynności wątroby obserwowano 
wydłużenie okresu półtrwania enzalutamidu (patrz punkty 4.4 i 5.2 ChPL). Zaburzenia czynności nerek: Nie ma konieczności dostosowania dawki u pacjentów z lekkimi lub umiarkowanymi za-
burzeniami czynności nerek (patrz punkt 5.2 ChPL). Należy zachować ostrożność u pacjentów z ciężkimi zaburzeniami czynności nerek lub w krańcowym stadium choroby nerek (patrz punkt 4.4 
ChPL). Dzieci i młodzież: Stosowanie enzalutamidu u dzieci i młodzieży nie jest właściwe we wskazaniu leczenia CRPC i mHSPC u dorosłych mężczyzn. Sposób podawania: Produkt leczniczy 
Xtandi stosuje się doustnie. Kapsułek miękkich nie należy żuć, rozpuszczać ani otwierać, lecz należy połknąć w całości popijając wodą, z posiłkiem lub bez posiłku. Tabletek powlekanych nie 
należy przecinać, rozkruszać ani żuć, lecz należy połknąć w całości popijając wodą, z posiłkiem lub bez posiłku. Przeciwwskazania: Nadwrażliwość na substancję czynną lub na którąkolwiek 
substancję pomocniczą wymienioną w punkcie 6.1 ChPL. Kobiety, które są w ciąży lub mogą zajść w ciążę (patrz punkty 4.6 i 6.6 ChPL). Specjalne ostrzeżenia i środki ostrożności dotyczą-
ce stosowania: Ryzyko napadu drgawkowego: Stosowanie enzalutamidu powiązano z występowaniem napadów drgawkowych (patrz punkt 4.8 ChPL). Decyzję o kontynuowaniu leczenia pa-
cjentów, u których wystąpiły napady drgawkowe należy podejmować w każdym przypadku indywidualnie. Zespół tylnej odwracalnej encefalopatii: U pacjentów otrzymujących Xtandi rzadko 
zgłaszano zespół tylnej odwracalnej encefalopatii (ang. posterior reversible encephalopathy syndrome, PRES). PRES jest rzadko występującym, odwracalnym zaburzeniem neurologicznym,  
w którym objawy, takie jak: drgawki, ból głowy, splątanie, ślepota oraz inne zaburzenia widzenia i zaburzenia neurologiczne mogą się szybko nasilać i któremu towarzyszy lub nie - nadciśnienie 
tętnicze. Rozpoznanie PRES wymaga potwierdzenia radiologicznym badaniem obrazowym mózgu, najlepiej rezonansem magnetycznym. U pacjentów, u których potwierdzono PRES zaleca się 
przerwanie stosowania Xtandi. Drugie pierwotne nowotwory: W badaniach klinicznych zgłaszano przypadki występowania drugiego pierwotnego nowotworu złośliwego u pacjentów leczonych 
enzalutamidem. W badaniach klinicznych 3. fazy najczęściej zgłaszanymi zdarzeniami u pacjentów leczonych enzalutamidem oraz częściej niż w przypadku placebo, były rak pęcherza moczo-
wego (0,3%), gruczolakorak okrężnicy (0,2%), rak przejściowokomórkowy (0,2%) i rak przejściowokomórkowy pęcherza moczowego (0,1%). Należy zalecić pacjentom, aby niezwłocznie zgłosili 
się do lekarza, jeśli podczas leczenia enzalutamidem zauważą objawy krwawienia z przewodu pokarmowego, krwiomocz makroskopowy lub inne objawy, takie jak trudności w oddawaniu moczu 
lub nagłe parcie na mocz. Jednoczesne stosowanie z innymi produktami leczniczymi: Enzalutamid jest silnym induktorem enzymów i może powodować brak skuteczności wielu powszechnie 
stosowanych produktów leczniczych (patrz przykłady w punkcie 4.5 ChPL). Wprowadzając leczenie enzalutamidem należy dokonać przeglądu jednocześnie stosowanych produktów. Na ogół 
należy unikać stosowania enzalutamidu jednocześnie z produktami leczniczymi, które są wrażliwymi substratami wielu enzymów metabolizujących lub nośników (patrz punkt 4.5 ChPL), jeżeli ich 
działanie terapeutyczne ma duże znaczenie dla pacjenta i jeżeli dostosowanie dawkowania nie jest łatwo osiągalne poprzez monitorowanie skuteczności lub stężenia tych produktów w osoczu. 
Należy unikać jednoczesnego stosowania z warfaryną i przeciwzakrzepowymi produktami leczniczymi, pochodnymi kumaryny. Jeżeli produkt Xtandi jest stosowany jednocześnie z przeciwza-
krzepowymi produktami leczniczymi metabolizowanymi przez CYP2C9 (takimi jak warfaryna lub acenokumarol), należy wprowadzić dodatkowe monitorowanie czasu protrombinowego  
(ang. International Normalized Ratio, INR) (patrz punkt 4.5 ChPL). Zaburzenia czynności nerek: Należy zachować ostrożność u pacjentów z ciężkimi zaburzeniami czynności nerek, ponieważ 
enzalutamid nie był badany w tej grupie pacjentów. Ciężkie zaburzenia czynności wątroby: U pacjentów z ciężkimi zaburzeniami czynności wątroby obserwowano wydłużenie okresu półtrwania 
enzalutamidu, co może wiązać się ze zwiększoną dystrybucją tkankową. Znaczenie kliniczne tej obserwacji jest nieznane. Można jednak przewidzieć, że czas do osiągnięcia stężenia w stanie 
stacjonarnym wydłuży się, a czas do osiągnięcia maksymalnego działania farmakologicznego jak również czas wystąpienia i zmniejszenia indukcji enzymów (patrz punkt 4.5 ChPL) może się 
zwiększyć. Istniejące choroby układu krążenia: Z badań klinicznych 3. fazy wyłączono pacjentów z niedawno przebytym zawałem mięśnia sercowego (w ostatnich 6 miesiącach) lub niestabilną 
dusznicą (w ostatnich 3 miesiącach), pacjentów z niewydolnością serca klasy III lub IV według NYHA (ang. New York Heart Association), z wyjątkiem przypadków, gdy frakcja wyrzutowa lewej 
komory (ang. Left Ventricular Ejection Fraction, LVEF) wynosiła ≥45%, pacjentów z bradykardią lub nieleczonym lub niepoddającym się leczeniu nadciśnieniem tętniczym. Należy wziąć to pod 
uwagę przepisując produkt leczniczy Xtandi tym pacjentom. Leczenie deprywacją androgenów może wydłużać odstęp QT: U pacjentów, u których w wywiadzie stwierdzono czynniki ryzyka wy-
dłużenia odstępu QT oraz u pacjentów przyjmujących jednocześnie leki, które mogą wydłużać odstęp QT (patrz punkt 4.5 ChPL), przed rozpoczęciem stosowania produktu Xtandi należy ocenić 
stosunek korzyści do ryzyka, uwzględniając możliwość wystąpienia częstoskurczu komorowego typu Torsade de Pointes. Stosowanie w czasie chemioterapii: Nie określono bezpieczeństwa 
stosowania i skuteczności produktu Xtandi w czasie chemioterapii. Jednoczesne podawanie enzalutamidu nie ma klinicznie istotnego wpływu na farmakokinetykę podawanego dożylnie docetak-
selu (patrz punkt 4.5 ChPL), jednak nie można wykluczyć zwiększenia częstości występowania neutropenii indukowanej docetakselem.. Reakcje nadwrażliwości: Po zastosowaniu enzalutamidu 
obserwowano reakcje nadwrażliwości, objawiające się m.in. wysypką lub obrzękiem twarzy, języka, warg lub gardła (patrz punkt 4.8 ChPL). Zgłaszano ciężkie skórne działania niepożądane (ang. 
severe cutaneous adverse reactions, SCARs) podczas stosowania enzalutamidu. Przepisując produkt leczniczy, należy poinformować pacjentów o przedmiotowych i podmiotowych objawach 
reakcji skórnych oraz ściśle obserwować stan pacjentów w celu wykrycia reakcji skórnych. Substancje pomocnicze: Produkt leczniczy Xtandi zawiera 57,8 mg sorbitolu (E420) w kapsułce mięk-
kiej i mniej niż 1 mmol sodu (mniej niż 23 mg) w tabletce powlekanej, to znaczy lek uznaje się za „wolny od sodu”. Działania niepożądane: Podsumowanie profilu bezpieczeństwa: Najczęstszy-
mi działaniami niepożądanymi są astenia/zmęczenie, uderzenia gorąca, nadciśnienie tętnicze, złamania i przewracanie się. Inne ważne działania niepożądane obejmują zaburzenia chorobę 
niedokrwienną serca i napady drgawkowe. Napad drgawkowy wystąpił u 0,5% pacjentów leczonych enzalutamidem, u 0,2% pacjentów otrzymujących placebo i u 0,3% pacjentów leczonych bi-
kalutamidem. U pacjentów leczonych enzalutamidem rzadko obserwowano zespół tylnej odwracalnej encefalopatii (patrz punkt 4.4 ChPL). Poniżej zamieszczono działania niepożądane obser-
wowane podczas badań klinicznych wg. częstości występowania. Częstość określono w następujący sposób: bardzo często (≥1/10), często (≥1/100 do <1/10), niezbyt często (≥1/1 000  
do <1/100), rzadko (≥1/10 000 do <1/1 000), bardzo rzadko (<1/10 000), częstość nieznana (częstość nie może być określona na podstawie dostępnych danych). W obrębie każdej grupy  
o określonej częstości występowania objawy niepożądane są wymienione zgodnie ze zmniejszającym się nasileniem. Działania niepożądane zidentyfikowane w kontrolowanych badaniach kli-
nicznych i po wprowadzeniu produktu do obrotu: Zaburzenia krwi i układu chłonnego: niezbyt często - leukopenia, neutropenia, częstość nieznana* - trombocytopenia. Zaburzenia układu immu-
nologicznego: częstość nieznana* - obrzęk twarzy, obrzęk języka, obrzęk warg, obrzęk gardła. Zaburzenia psychiczne: często - lęk; niezbyt często - omamy wzrokowe. Zaburzenia układu ner-
wowego: często – ból głowy, zaburzenia pamięci, utrata pamięci, zaburzenia uwagi, zaburzenia smaku, zespół niespokojnych nóg; niezbyt często - zaburzenia funkcji poznawczych, napady 
drgawkowe¥; częstość nieznana* - zespół tylnej odwracalnej encefalopatii. Zaburzenia serca: często – choroba niedokrwienna serca†; częstość nieznana* - wydłużenie odstępu QT (patrz 
punkty 4.4 i 4.5 ChPL). Zaburzenia naczyniowe: bardzo często - uderzenia gorąca, nadciśnienie. Zaburzenia żołądka i jelit: częstość nieznana* - nudności, wymioty, biegunka. Zaburzenia skóry 
i tkanki podskórnej: często - suchość skóry, świąd; częstość nieznana* - rumień wielopostaciowy, wysypka. Zaburzenia mięśniowo-szkieletowe i tkanki łącznej: bardzo często - złamania†; czę-
stość nieznana* - ból mięśni, skurcze mięśni, osłabienie mięśni, ból pleców. Zaburzenia układu rozrodczego i piersi: często - ginekomastia. Zaburzenia ogólne i stany w miejscu podania: bardzo 
często – astenia, zmęczenie. Urazy, zatrucia i powikłania po zabiegach: bardzo często - upadek. * Zgłoszenia spontaniczne po wprowadzeniu produktu do obrotu ¥ Na podstawie oceny wąskie-
go zapytania SMQ „Drgawki”, obejmującego napad padaczkowy, napad typu „grand mal”, złożone napady częściowe, napady częściowe i stan padaczkowy. Obejmuje to rzadkie przypadki na-
padów padaczkowych z powikłaniami prowadzącymi do zgonu. † Na podstawie oceny wąskiego zapytania SMQ „Zawał mięśnia sercowego” i „Inna niedokrwienna choroba serca”, w tym nastę-
pujących terminów preferowanych zaobserwowanych u co najmniej dwóch pacjentów w randomizowanych, kontrolowanych placebo badaniach 3. fazy: dławica piersiowa, choroba wieńcowa, 
zawał mięśnia sercowego, ostry zawał mięśnia sercowego, ostry zespół wieńcowy, niestabilna dławica piersiowa, niedokrwienie mięśnia sercowego i miażdżyca tętnic wieńcowych. ‡ Obejmuje 
wszystkie terminy preferowane ze słowem „złamanie” w odniesieniu do kości. Opis wybranych działań niepożądanych: Napad drgawkowy: W kontrolowanych badaniach klinicznych napad 
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wystąpienia (u 1,6% napad drgawkowy w wywiadzie), u 8 z 366 (2,2%) pacjentów leczonych enzalutamidem wystąpił napad drgawkowy. Mediana czasu leczenia wynosiła 9,3 miesiąca. Nie jest 
znany mechanizm obniżania progu drgawkowego przez enzalutamid, ale może on wynikać z tego, że jak pokazują dane z badań in vitro, enzalutamid oraz jego aktywny metabolit wiążą się 
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Introduction Radiomics in uro-oncology is a rapidly evolving science proving to be a novel approach  
for optimizing the analysis of massive data from medical images to provide auxiliary guidance in clinical 
issues. This scoping review aimed to identify key aspects wherein radiomics can potentially improve  
the accuracy of diagnosis, staging, and grading of renal and bladder cancer.
Material and methods A literature search was performed in June 2022 using PubMed, Embase,  
and Cochrane Central Controlled Register of Trials. Studies were included if radiomics were compared 
with radiological reports only.
Results Twenty-two papers were included, 4 were pertinent to bladder cancer, and 18 to renal cancer. 
Radiomics outperforms the visual assessment by radiologists in contrast-enhanced computed tomog-
raphy (CECT) to predict muscle invasion but are equivalent to CT reporting by radiologists in predicting 
lymph node metastasis. Magnetic resonance imaging (MRI) radiomics outperforms radiological report-
ing for lymph node metastasis. Radiomics perform better than radiologists reporting the probability  
of renal cell carcinoma, improving interreader concordance and performance. Radiomics also helps  
to determine differences in types of renal pathology and between malignant lesions from their benign 
counterparts. Radiomics can be helpful to establish a model for differentiating low-grade from high-
grade clear cell renal cancer with high accuracy just from contrast-enhanced CT scans.
Conclusions Our review shows that radiomic models outperform individual reports by radiologists  
by their ability to incorporate many more complex radiological features.
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INTRODUCTION

Prostate, bladder, and kidney cancers are the most 
frequent tumors faced by urologists. 
Renal cell carcinoma (RCC) is the 14th cancer in the 
world in the number of new cases (431000/year) and 
the 15th in the number of deaths (179000/year) [1]. 

Bladder cancer is the 10th most common cancer, 
with 573278 estimated new cases and 212536 deaths 
worldwide in 2020 [1].
Urologists commonly rely on radiological features 
of either contrast-enhanced computed tomography 
(CECT) scan or magnetic resonance imaging (MRI) 
for both diagnosis and staging in urological cancers. 
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eters that preclude radiologists from being unable 
to conclusively provide a diagnosis (Figure 1B). This 
limitation is potentiated by the inability to make 
direct comparisons between two different imaging 
modalities. 
As this topic is far-reaching, we limited our scope  
to answer the following questions that are con-
sidered rate limiting before choosing a modality  
of intervention in a two-part series: part 1 is focused 
on urinary bladder and renal cancers, whilst part 2 
is on prostate cancer.

MATERIAL AND METHODS

Evidence acquisition

The literature search was performed on 9th June 
2022 using PubMed, Embase, and Cochrane Cen-
tral Controlled Register of Trials (CENTRAL).  
The following terms and Boolean operators were 
used: (Machine learning OR radiomics) AND (com-
puted tomography OR magnetic resonance imag-
ing) AND (bladder cancer OR bladder neoplasm); 
(Machine learning OR radiomics) AND (computed 
tomography OR magnetic resonance imaging) AND 
(prostate cancer OR prostate neoplasms); (Machine 
learning OR radiomics) AND (computed tomography 
OR magnetic resonance imaging) AND (renal cancer 
OR renal neoplasms). No date limits were imposed. 

Selection criteria

Studies were included if radiomics were compared 
with radiological reports only. Only English language 
papers were accepted. Pediatric and animal studies 
were excluded. Meeting abstracts, letters to the edi-
tor, and editorials were also excluded.

Yet, these imaging modalities may miss or sometimes 
under/overstage tumours as was noted by Kim et al. 
[2]. With a rise in incidentally detected small renal 
masses, this problem has recently increased. Addi-
tionally, renal tumour patients are often subjected to 
further interventions and 20% of surgically removed 
renal tumours eventually turn out benign on histo-
pathology despite increased sensitivity using both 
CECT and MRI [3]. Likewise, in bladder cancers  
as well, urological decisions on the initial modality  
of intervention and prognostic significance fun-
damentally rely on a radiologist’s interpretation  
of the Vesical imaging reporting and data system 
(VI-RADS) score in MRI which superseded the limi-
tations of assessing muscle invasion [4]. Yet, this too 
is not without its limitations.
Radiomics in uro-oncology is a rapidly evolving science 
proving to be a novel method for enhancing the analy-
sis of large data from medical images to offer auxiliary 
guidance in clinical issues. These techniques, in fact, 
being able to directly process images, have allowed  
a series of research sub-lines: detection of malignant 
and benign tumors, segmentation, detection of tumor 
grading, prediction of the most appropriate therapy, 
understanding of the evolution of tumors, and efficacy 
of given therapies (Figure 1A) [5].
Our scoping review aimed to identify key oncologi-
cal aspects wherein radiomics can potentially im-
prove the accuracy of either diagnosis, staging, or 
grading of kidney, bladder, and prostate cancer. Of-
ten urologists rely on investigative reports from ra-
diologists and need to deploy multiple investigations 
before embarking on a definitive treatment for these 
tumours. We hypothetically believe that radiomics, 
by its inherent ability to integrate key data signa-
tures from large image bases pertinent to a pathol-
ogy, may be able to bridge the gap of missing param-

Figure 1. A) Radiomics image processing. B) Inherent ability of radiomics to integrate key data.signatures from large image bases.
CT – computed tomography; MRI – magnetic resonance imaging; PET – positron emission tomography; ML – machine learning, DL – deep learning
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of radiomics and compare and contrast this vis a-vis 
radiological investigations pertinent only to aspects 
of bladder and renal cancer. The following aspects 
are discussed:
– Bladder cancer: prediction of muscle invasion and 

lymph node metastasis 
– Renal cancer: differentiating benign from malig-

nant lesions, nuclear grade in renal cell carcino-
ma (RCC), identification of histological variants 
of RCC and lymph node, and distant metastasis.

DISCUSSION

Bladder cancer

Prediction of muscle invasion

Discrimination between muscle-invasive and 
non-muscle-invasive disease is of paramount im-
portance in the management of bladder cancer 
patients. CECT has many weaknesses for local tu-
mor staging, mainly a lack of visualization of the 
bladder wall and specificity for early detection  
of extravesical invasion of the tumor. Findings 
suggestive of extravesical invasion of the tumor 
are unspecific, including perivesical fat stranding 
and adjacent soft tissue nodularity [28]. A study 
on 265 patients by Tritschler et al. reported that 
the inability of CECT to accurately evaluate the 
deepness of tumor invasion (low accuracy rate  
at 49%), leads to over-staging in 23.4% and under-
staging in 24.7% of cases, as confirmed by cystec-
tomy [29]. The use of MRI and the introduction 
of the VI-RADS score overcame the limitation  
of CECT scan in assessing muscle invasion [4].
Radiomics has the potential to better assess bladder 
wall invasion as compared with CT and MRI. 
Cui et al. retrospectively assessed 188 patients with 
histopathologically confirmed bladder cancer who 
underwent CECT before transurethral resection 
[6]. Patients were divided into the training (120 
patients) and validation group (68 patients). Two 
radiologists evaluated each CT study for the pre-
operative prediction of muscle-invasion. Radiomics 
analysis was also performed including 102 radiomics 
feature extraction and model development (data nor-
malization, feature redundancy reduction, feature 
selection, and classifier). The radiomics model out-
performed the visual assessment of both radiologists 
in the training [area under the curve (AUC) 0.979  
vs 0.865 vs 0.894] and validation dataset (AUC 0.894 
vs 0.766 vs 0.826). The specificity of the radiomics 
model was better than the radiologists (85.3–96.7%  
vs 47.1–58.3%,), but sensitivity did not significantly 
differ (79.4–90% versus 91.2–96.7%).

Study screening and selection

Two independent authors screened all retrieved re-
cords through Covidence Systematic Review Man-
agement® (Veritas Health Innovation, Melbourne, 
Australia). Discrepancies were solved by a discus-
sion. Meeting abstracts, reviews, case reports, letters 
to the editor, and editorials were excluded. The full 
text of the screened papers was selected if found rel-
evant to the present review. 

Evidence synthesis

Literature screening

The literature search retrieved 2621 papers. A total 
of 729 duplicate studies were automatically excluded. 
After title and abstract screening of the remaining 
1892 unique references, 1512 records were exclud-
ed because they were irrelevant to this study's aim.  
The full texts of the remaining 380 studies were as-
sessed for eligibility. Finally, 39 studies were accepted 
and included. Four papers were pertinent to bladder 
cancer [6–9], and 18 to renal cancer [10, 11, 20–27, 
12–19]. Figure 2 shows the flow chart of the litera-
ture search. In part 1 we discuss the role and utility 

Figure 2. Flow diagram of the literature screening.
n – number
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better than radiologists and random guessing, show-
ing no statistically significant differences in patients 
with negative or positive lymph node disease. 
Conversely, Wu et al. demonstrated that T2-weight-
ed MRI-based radiomics performed better than 
radiologists in assessing lymph node metastasis  
in 103 patients [8]. Radiologists’ subjective MRI 
status of lymph nodes showed that 55.2% (16/29)  
of the pN1-3 patients were understaged (reported  
to be cN0), while 6.8% (5/74) of the pN0 patients 
were overstaged (reported to be cN1-3). In the ra-
diomics feature, only 18.8% (16/85) of cN0 patients 
were understaged. The radiomics model also showed 
good discrimination with an optimism-corrected 
AUC of 0.8872 (95% CI, 0.7827–0.9496).

Kidney cancer

Differentiating benign from malignant tumors

Xu et al. built a MRI-based deep learning (DL) model 
for the distinction of malignant and benign kidney tu-
mors and to evaluate its discrimination performance 
with that of radiomics models and by radiologists [24].  
The authors found that the AUC of the DL model based 
on T2-weighted imaging (T2WI), diffusion-weighted 
imaging (DWI), and their combination was 0.906, 
0.846, and 0.925 in the testing cohorts, respectively. 
The AUC of the radiomics models based on T2WI, 
DWI, and the combination was 0.824, 0.742, and 0.826 
in the testing cohorts, which was better than the AUC 
of two radiologists (0.724 and 0.667) in the testing co-
horts. Therefore, the MRI-based DL model was valu-
able for discriminating benign from malignant renal 
tumors, demostrating that an association of signatures 
that can be assessed in radiomic models was superior 
to individual radiological features. 
Said et al. assessed 104 RCCs [29 papillary (pRCC), 
51 clear cell RCC (ccRCC), and 24 subtypes] and  
21 benign tumors in 125 patients [18]. Significant 
qualitative and quantitative radiomics features were 
included for analysis. Models with the best diagnos-
tic performance on validation sets showed an AUC 
of 0.73 [confidence interval (CI) 0.5–0.96] for dif-
ferentiating RCC from benign tumors: AUC of 0.77  
(CI 0.62–0.92) for diagnosing ccRCC (using radiomics 
features), and AUC of 0.74 (CI 0.53–0.95) for diag-
nosing pRCC (using qualitative features).
In the study by Sun et al. comparing outcomes  
of radiomics models vis a vis the CECT reports  
of experts radiologists, radiomics performed better  
in differentiating benign from malignant lesions  
or ccRCC from papillary RCC and chromophobe RCC 
(chrRCC) as well as in distinguishing ccRCC from 
angiomyolipoma (AML) and oncocytomas [20]. Af-

Xu et al. assessed 54 patients with pathologically 
proven non-muscle-invasive (24 patients) and mus-
cle-invasive bladder cancer (30 patients) who un-
derwent preoperative 3-T MRI with T2-weighted 
and multi-b-value diffusion-weighted sequences [9].  
A total of 1104 radiomics features were extracted 
from bladder tumors and a support vector machine 
with recursive feature abolition and synthetic mi-
nority oversampling method was applied to build the 
model. The performance of the radiomics model was 
matched with that of an expert radiologist. The ra-
diomics model showed a sensitivity of 92.6%, speci-
ficity of 100%, and accuracy of 96.3% (AUC 0.9857) 
which outperformed the radiologist’s visual assess-
ment (sensitivity, specificity, and accuracy of 91.11%, 
88.89%, and 90.12%, respectively).

Prediction of lymph node metastasis

Accurately predicting the presence of lymph node 
metastasis in bladder cancer is integral for TNM 
classification upon which the entire treatment and 
prognosis rest. From the days of using deoxyribo-
nucleic acid flow cytometry techniques [30] to more 
advanced methods like gene transcription signa-
tures [31] and nomograms [32], urologists rely on 
radiological evidence in imaging to determine this.  
Of these, CECT and MRI are the standard and posi-
tron emission tomography scans are the newer mo-
dalities of choice [33]. Yet there is significant variabil-
ity in the accuracy that current imaging modalities 
achieve across different studies because CT and 
MRI criteria for lymph node metastasis rely mainly 
on lymph node size. However, up to 25% of muscle-
invasive bladder cancer patients who are clinically 
node-negative have occult metastases at radical cys-
tectomy and pelvic lymph node dissection [34]. 
In a recent meta-analysis of 860 patients, Kozikow- 
ski et al. concluded that radiomics shows high di-
agnostic performance in predicting MIBC, is rela-
tively homogeneous in its diagnostic accuracy and 
has the potential to become a useful adjunct in the 
clinical management of bladder cancer [35]. Here,  
we analyzed if the ability of radiomics to apply rapid-
ly evolving imaging analysis methods using artificial 
intelligence algorithms could prove equally useful  
in lymph node metastasis too.
Starmans et al. extracted 564 radiomics features af-
ter manual segmentation of lymph nodes in 209 pa-
tients with clinically T2-T4aN0-N1M0 muscle-inva-
sive bladder cancer, of whom preoperative CT scans 
and pathology reports were available [7]. Among the 
included patients, 50 patients were pathologically 
proven node-negative at radical cystectomy. Seven ra-
diomics models were developed but none performed 
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ter 10-fold cross-validation, the radiologic-radiomic 
machine learning (ML) model yielded the following 
performance values for differentiating ccRCCs from 
pRCCs and chrRCCs, ccRCCs from fat-poor angi-
oleiomyolipomas (fp-AML) and oncocytomas, and 
pRCCs and chrRCCs from fp-AML and oncocyto-
mas: a sensitivity of 90.0%, 86.3%, and 73.4% and  
a specificity of 89.1%, 83.3%, and 91.7%, respectively. 
Conversely, expert-level radiologists had great varia-
tion in performance for differentiating benign from 
malignant solid kidney masses. Therefore, radiolog-
ic-radiomics can be a potential tool to improve inter-
reader performance and concordance. 
Renal oncocytoma accounts for 18% of all benign 
renal tumors and is often diagnosed post-surgery 
due to radiological misdiagnosis for absence of CT 
specificity [36]. This misdiagnosis is generally owing  
to overlapping imaging features. Li et al. described 
the building of a radiomics nomogram based on clini-
cal data and radiomics signature for the preopera-
tive differentiation of renal oncocytoma from ccRCC 
on tri-phasic contrast-enhanced CT [13]. Central 
stellate area and perirenal fascia thickening were 
selected to build the clinical factors model. Eleven 
radiomics features were combined to construct the 
radiomics signature. The AUCs of the radiomics 
nomogram, which was based on the selected clini-
cal factors and Rad-score, were 0.960 and 0.898  
in the training and validation sets, respectively.  
The decision curves of the radiomics nomogram  
and radiomics signature in the validation set indi-
cated an overall net benefit over the clinical factors 
model. In a further study, the same group evaluated 
pre-operative differentiation between renal oncocy-
toma and chRCC [14]. This study aimed to develop 
and validate a CT-based radiomics nomogram for 
the pre-operative differentiation of renal oncocyto-
ma from chRCC. Twelve features from CT images 
were selected to develop the radiomics signature. 
The radiomics nomogram combining a clinical factor 
(segmental enhancement inversion) and radiomics 
signature showed an AUC value of 0.988 in the vali-
dation set. Decision curve analysis revealed that the 
diagnostic performance of the radiomics nomogram 
was better than the clinical model and the radiomics 
signature.
Another study aimed to discriminate fp-AML from 
ccRCC by constructing radiomics-based logistic clas-
sifiers in comparison with conventional CT analy-
sis at three CT phases [15]. The authors found that 
whole-tumor radiomics CT analysis showed superior 
characteristics to conventional CT in the differen-
tiation of fp-AML from ccRCC. Cyst degeneration, 
pseudocapsule, and sum rad-score were the most no-
table aspects.

Nie et al. developed a radiomics nomogram for preop-
erative differentiating renal angiomyolipoma with-
out visible fat from homogeneous ccRCC (hm-ccRCC) 
[17]. Fourteen features were used to construct the 
radiomics signature. The radiomics signature dem-
onstrated good discrimination in the training (AUC, 
0.879; 95%; [CI], 0.793–0.966) and the validation set 
(AUC, 0.846; 95% CI, 0.643–1.000). The radiomics 
nomogram showed good calibration and discrimina-
tion in the training set (AUC, 0.896; 95% CI, 0.810–
0.983) and the validation set (AUC, 0.949; 95% CI, 
0.856–1.000) and showed better discrimination profi-
ciency compared with the clinical factor model (AUC, 
0.788; 95% CI, 0.683–0.893) in the training set. Deci-
sion curve analysis proved that the nomogram out-
performed the clinical factors model and radiomics 
signature in terms of clinical utility.

Predicting nuclear grade in renal cell carcinoma

Tumor grade is one of the well-known prognos-
tic factors of ccRCC and is regarded as an predictor  
of cancer-specific survival [37]. Radiomics analysis  
is a potentially useful method that could be used to 
assess the pathological grade for guiding personalized 
cancer treatment.
Sun et al. demonstrated that radiomics combined 
with CT images were useful to establish a model for 
differentiating low-grade [2016 International Society 
of Urological Pathology (ISUP)/ World Health Orga-
nization (WHO) grade 1–2] from high-grade (2016 
ISUP/WHO grade 3–4) ccRCC [19]. Three-phase 
CECT images of 227 patients with ISUP-grade ccRCC 
(155 cases in the low-grade group and 72 cases in the 
high-grade group) were analyzed retrospectively and 
a model was built using the optimal features. The sup-
port vector machine (SVM) model constructed using 
the screening features for the 2-stage joint samples 
effectively discriminated high- and low-grade ccRCC, 
and obtained the highest prediction accuracy (AUC 
value in the training and validation group of 0.88 and 
0.91, respectively). 
In a 2020 study, Han et al. compared the prediction 
models for the ISUP/WHO grade of ccRCC based 
on CT radiomics and conventional CECT [11]. The 
corticomedullary phase images were gathered from  
119 cases of high-grade (3 and 4) and low-grade  
(1 and 2) ccRCC. In the training set, the C-statistics 
of the radiomics prediction model was statistically 
higher than that of the CECT. In addition, validation 
set decision curve analysis showed net benefit in-
crease of CT radiomics prediction model in the range 
of 3–81% over CECT. 
Yi et al. developed a ML radiomic model achieving  
a good performance in discriminating low-grade from 
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Wang et al. developed a CT-based radiomics model 
to distinguish ccRCC from non-ccRCC [21]. A total 
of 190 patients were included, 147 cases with ccRCC 
and 43 cases with non-ccRCC (24 cases with papillary 
RCC, 13 chRCC, and 6 collecting duct carcinoma). 
The sensitivity and specificity of radiologist’s ability 
to differentiate ccRCC from non-ccRCC were 0.850 
and 0.581, respectively (AUC 0.69). The radiomics 
model augmented radiological diagnosis with a sensi-
tivity of 0.956 and a specificity of 0.538 (AUC 0.909).

Predicting/evaluating lymph node and distant 
metastasis in renal cancer

RCC presents with metastases in 15–30% of the cas-
es at the time of diagnosis, whilst 30% of localized 
RCC eventually progresses to metastasis [38].
In our review, only one study analyzed the use of ra-
diomics in predicting distant metastasis. Wen et al. 
examined the role of contrast-enhanced CT images 
in predicting synchronous distant metastasis in 172 
ccRCC patients [23]. They extracted 2994 quantitative 
radiomic features and the least absolute shrinkage and 
selection operator regression was applied for dimension 
reduction, feature selection, and model construction. 
Nine radiomic features were used for the construction 
of the synchronous distant metastasis prediction mod-
el. The authors found that the model yielded moderate 
diagnostic efficacy in both the training (AUC 0.89; 95% 
CI 0.81–0.97) and the validation cohort (AUC 0.83; 
95% confidence interval, 0.69–0.95) in predicting syn-
chronous distant metastasis. This model can be used 
as a non-invasive, personalized approach for distant 
metastasis prediction in patients with ccRCC.

Take-home messages 

Radiomics in muscle-invasive bladder cancer 
• Radiomics outperforms the visual assessment  

by radiologists in CECT to predict muscle inva-
sion 

• Specificity of the radiomics model was higher 
than the radiologists

• May be equivalent to CECT reporting by radiolo-
gists for diagnosis of MIBC and predicting lymph 
node metastasis.

• MRI radiomics outperforms radiological report-
ing for lymph node metastasis 

Radiomics in renal cancer
• Radiomics performs better than radiologists re-

porting the probability of RCC which was vali-
dated by deep learning models

• Radiologic-radiomic ML can be a potential way 
to improve interreader concordance and perfor-

the high-grade ccRCC [25]. A total of 264 patients 
with ccRCC (206 patients in the low-grade group and 
58 in the high-grade group) were included in this 
study. The model built with traditional radiological 
characteristics (baseline and post-enhancing CT den-
sity, and tumor size) reached an AUC of 0.9175 (95%  
CI: 0.8765–0.9585) and 0.8088 (95% CI: 0.7064–0.9113) 
in differentiating the low-grade from the high-grade 
ccRCC for the training cohort and the validation co-
hort, respectively. The radiomics model built with tex-
tural features yielded an AUC value of 0.8170 (95%  
CI: 0.7353–0.8987) and 0.8017 (95% CI: 0.6878–0.9157) 
for the training cohort and the validation cohort, re-
spectively. The combined model incorporating the tra-
ditional radiological characteristics with the radiomic 
textural features achieved the highest accuracy, 
with an AUC of 0.9235 (95% CI: 0.8646–0.9824) and  
an AUC of 0.9099 (95% CI: 0.8324–0.9873) for the 
training cohort and validation cohort, respectively.
Li et al. developed an MRI-based radiomic model for 
preoperative prediction WHO/ISUP nuclear grade  
in ccRCC [12]. A total of 379 patients with histologi-
cally confirmed ccRCC were included. The radiomic 
signature demonstrated a good performance in dis-
criminating high-grade (grades 3 and 4) from low-
grade (grades 1 and 2) ccRCC, with sensitivity, specific-
ity, and AUC of 77.3%, 80.0%, and 0.842, respectively.  
The radiomic model, combining radiomic signature 
and clinico-radiologic features, demonstrated good 
ability to predict high-grade tumors (sensitivity  
of 63.6%, specificity of 93.3%, and accuracy of 88.2%). 
Wang et al. proved that a radiological model con-
structed from CT radiomic features effectively pre-
dicted the WHO/ISUP pathological grade of ccRCC 
in 197 ccRCC patients. The prediction model con-
structed with seven radiomic features showed the 
best performance in identification for WHO/ISUP 
pathological grades, with AUC, sensitivity, and speci-
ficity of 0.89, 0.85, and 0.84 respectively. 

Predicting histological variants in renal cell 
carcinoma

The prognosis of ccRCC and non-ccRCC is different 
and the early diagnosis of RCC subtypes is important 
from a treatment point of view.
Meng et al. built a CT-based radiomics model  
for the differentiation of sarcomatoid RCC and 
ccRCC in 128 patients [16]. In total, 1029 radiomics 
features were gathered from the corticomedullary 
and nephrographic phase images. A statistically sig-
nificant difference was found between the radiomics 
model and the radiologist’s subjective findings with 
an AUC of 0.966 and 0.792, whilst the combined fea-
tures showed the highest accuracy (AUC 0.974).
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model validation. Possibly the lack of standardiza-
tion in how and what parameters must be chosen for 
each of these fundamentals of model building, also 
seen in our studies included, makes this science com-
plex and non-reproducible for everyone's interpreta-
tion. This was also noted in prior studies [39].
Whilst this science needs a large volume of data  
to create these signatures its utility in oncology  
is far-reaching for bladder and renal cancers. What 
is potentially required is a uniform way of interpre-
tation. Once achieved, radiomics will pave the way 
forward for radiologists to conclusively interpret any 
investigation, allowing urologists to have a possible 
non-invasive diagnosis and staging of tumors.

CONCLUSIONS

Our scoping review conclusively shows that radiomic 
models outperform individual reports by radiologists 
by their ability to incorporate many more complex 
radiological features.
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mance often seen even in expert-level radiolo-
gists reporting.

• Radiomics helps determine differences in types 
of renal pathology and between malignant le-
sions from their benign counterparts like fat 
poor AML or oncocytoma.

• Radiomics can be used to establish a model for 
differentiating low-grade (2016 ISUP/WHO 
grade 12) from high-grade (2016 ISUP/WHO 
grade 3–4) ccRCC with high accuracy just from 
CECT scans.

• Radiomics models can be used as a non-invasive, 
personalized approach for synchronous distant 
metastasis prediction in patients with ccRCC

Limitations and strengths of adopting radiomics

Conclusive evidence in our study shows that ra-
diomics outshines any individual radiological inves-
tigative modality for renal and bladder cancer and 
yet it has not gained widespread use. A plausible 
explanation is to examine how a radiomic model  
is constructed. A typical model involves three as-
pects: feature selection, modeling methodology, and 
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Introduction The aim of this article was to evaluate the accuracy of European Randomized study  
of Screening for Prostate Cancer (ERSPC 4) and Prostate Cancer Prevention Trial (PCPT 2.0) risk calcula-
tor on predicting high-grade prostate cancer (HGPCa) and accuracy of Partin and Briganti nomograms 
on organ confined (OC) or extraprostatic cancer (EXP), seminal vesicles invasion (SVI) and risk of lymph 
nodes metastasis. 
Material and methods A cohort of 269 men aged between 44–84 years, who underwent radical prosta-
tectomy was retrospectively analysed. Based on estimated calculator risk, patients were divided into risk 
groups: low (LR), medium (MR) and high (HR). Results obtained with calculators were compared  
to post-surgical final pathology outcome. 
Results In ERPSC4, the average risk for HGPC was LR = 5%, MR = 21%, and HR = 64%. In PCPT 2.0, the 
average risk for HG was: LR – 8%, MR – 14%, and HR – 30%. In the final results, HGPC was observed  
in: LR = 29%, MR = 67%, and HR = 81%. In Partin, LNI was estimated to occur in: LR = 1%, MR = 2%,  
and HR = 7.5% and in Briganti: LR = 1.8%, MR = 11.4%, and HR = 44.2% while finally it was found in:  
LR = 1.3%, MR = 0%, and HR = 11.6%. 
Conclusions ERPSC 4 and PCPT 2.0 corresponded well with each other as well as Partin and Briganti. 
ERPSC 4 was more accurate in predicting HGPC than PCPT 2.0. Partin was more accurate as for LNI  
than Briganti. In this study group a large underestimation was observed in reference to Gleason grade.
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INTRODUCTION

Prostate cancer (PCa) is the fifth most common can-
cerous cause of death in men worldwide and is the 
neoplasm with the second highest rate of incidence 
[1]. Risk calculators (RC) were designed to assess the 
risk of occurrence of prostate cancer, its staging and 
to help clinicians decide on optimal treatment. Risk 
prediction models improve the accuracy of prostate-
specific antigen (PSA) testing to detect PCa [2].
Nomograms assessing the risk of nodal disease are 
helpful in everyday practice [e.g Memorial Sloan 

Kettering Cancer Center (MSKCC) nomogram]. 
Milionas et al. showed that the MSKCC nomogram 
demonstrated high discriminative accuracy for pre-
diction of lymph node invasion in men undergoing 
pelvic lymph node dissection at radical prostatecto-
my [3].
The aim of this study was comparison and evalua-
tion of the accuracy of the European Randomized 
study of Screening for Prostate Cancer (ERSPC 4) 
and Prostate Cancer Prevention Trial (PCPT 2.0) 
risk calculator on predicting high-grade prostate 
cancer (HGPCa). Briganti and Partin nomograms 
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on estimated risk conducted by calculators, patients 
were divided into three groups of risk: low (LR), me-
dium (MR) and high (HR). Conditions of distribution 
are illustrated in Table 1. 

Prostate cancer risk calculators used in this study

The Briganti calculator is used to evaluate prob-
ability of metastases in lymph nodes and requires: 
PSA, clinical T-stage, primary and secondary Glea-
son grade, and percentage of positive cores [5].  
The Partin calculator requires PSA, Gleason score 
and clinical T-stage to predict whether the tumour 
will be confined to the prostate – tendency to be  
in one of the four pathological stages: organ confined, 
extraprostatic extension, seminal vesicle invasion  
or lymph node invasion [6, 7]. PCPT 2.0 requires 
data of six clinical risk factors: PSA, DRE, age, race, 
family history, and biopsy history. This calculator  
is applicable to men who are at least 50-years-old, 
have no previous diagnosis of prostate cancer and 
have recent DRE and PSA results (examination per-
formed less than 1 year before) [8]. ERSPC 4 is de-
signed to determine the likelihood of cancer in the 
repeat biopsy and grade of cancer (high-grade can-
cer defined as Gleason score ≥7 and/or cT >T2b).  
It requires PSA, DRE or transrectal ultrasonogra-
phy (TRUS) and biopsy history [9].

Study protocol

All of the above mentioned prostate cancer risk cal-
culators were used to compare the predictions with 
an actual outcome of the full final pathology results 
after prostate resection.
In case of PCPT 2.0 and ERSPC 4 basing on findings 
of calculators, outcome of biopsy and the full final 
pathology results after radical prostatectomy, Glea-
son grade of patients was upgraded and downgraded.
Comparing outcome of biopsy and the full final pa-
thology after radical prostatectomy Gleason grade 
was upgraded or downgraded. Percentage of upgrad-
ing and downgrading was used to show accuracy of 
PCPT 2.0 and ERSPC 4 in predicting HGPCa in dif-
ferent risk groups computed by nomograms.

were probed on anticipation of organ confined (OC) 
or extraprostatic cancer (EXP), seminal vesicle inva-
sion (SVI), and lymph node involvement (LNI).

MATERIAL AND METHODS

Study group

The study sample consisted of a consecutive cohort 
of 269 men from 44 to 84 years old in a high-vol-
ume prostate cancer centre. Database 2017–2018 
contains values of PSA, digital rectal examination 
(DRE), body mass index (BMI), volume of prostate 
and full pathomorphological evaluation – Gleason 
score (GS), cTNM and pTNM. Patients were divided 
into three groups based on d’Amico classification sys-
tem, as follows: 1) low risk group (n = 87), 2) inter-
mediate (medium) risk group (n = 75), and 3) high 
risk group (n = 107). Additionally, patients were dis-
tributed into 5 Risk Grade Groups: grade group 1 
(GS 3+3) – 151, grade group 2 (GS 3+4) – 47, grade 
group 3 (GS 4+3) – 27, grade group 4 (GS 4+4) – 33, 
grade group 5 (GS ≥9) – 11 [4]. Overall group char-
acteristics: average age – 65.3 years, average PSA  
– 15.04 ng/ml, average prostate volume – 45.7 ml, 
median GS – 7, median of lymph nodes (LNs) re-
moved was 9 [interquartile range (IQR): 6–13]. Low 
risk d’Amico group: average PSA – 6.29 ng/ml, av-
erage prostate volume – 46.7 ml. Intermediate risk 
d’Amico group: average PSA – 10.5 ng/ml, average 
prostate volume – 47.9 ml. High risk d’Amico group: 
average PSA – 25.02 ng/ml, average prostate volume 
– 43.4 ml. The aforementioned information was used 
in risk calculators (RC) – Briganti nomogram 2012, 
PCPTRC 2.0, ERSPC 4 and Partin nomogram. Based 

Table 1. Conditions of distribution into risk groups

Table 2. Effectivity of Partin nomogram in predicting local advancement

Groups ERSPC 4 PCPT 2.0 Partin Briganti

Low risk <10% <11% OC ≥75% ≤5%

Medium risk 10–40% 11–18% OC 74–50% 6–20%

High risk >40% >20% OC <50% >20%

ERSPC 4 – European Randomized study of Screening for Prostate Cancer;  
PCPT 2.0 – Prostate Cancer Prevention Trial; Partin, Briganti – prostate cancer risk 
calculators; OC – organ confined

Groups
OC EXP SVI

Partin estimation Histopath outcome Partin estimation Histopath outcome Partin estimation Histopath outcome

LR 80% 62% 17% 3.7% 3% 1.2%

MR 71.5% 48% 20.5% 21.5% 6% 8.9%

HR 40% 21% 36% 71.2% 15.5% 25.8%

OC – organ confined; EXP – extraprostatic extension; SVI – seminal vesicle invasion; LR – low risk; MR – medium risk; HR – high risk; histopath – histopathological
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RESULTS

Prostate cancer stage assessment  
(T stage in TNM classification)

Local advancement was calculated using the Partin 
nomogram. Chance of OC tumour was 80% for LR 
group, 71.5% for MR group, and 40% for HR group, 
while according to full final pathology outcome or-
gan confined disease was observed in LR = 62%,  
MR = 48% HR = 21%. EXP was estimated to occur 
in LR = 17%, MR = 20.5%, HR = 36%, but in the 
final result it was found in LR = 3.7%, MR = 21.5%,  
and HR = 71.2%. SVI was appraised to be in LR = 3%,  
MR = 6%, and HR = 15.5%, although in final out-
come it was detected in LR = 1.2%, MR = 8.9%, and 
HR = 25.8% (Table 2). 

Prostate cancer lymph node involvement

Lymph node invasion according to Partin nomogram 
was estimated to occur in LR = 1%, MR = 2%, and 
HR = 7.5%. Lymph node invasion according to Brig-
anti nomogram was assessed to exist in LR = 1.8%, 
MR = 11.4%, and HR = 44.2%. In final examination, 
it was discovered in LR = 1.3%, MR = 0%, and HR 
= 11.6% (Table 3).

Prostate cancer grading

In ERPSC 4, average risk for high-grade (HG) can-
cer, defined as Gleason grade ≥7, was LR = 5%,  
MR = 21%, and HR = 64%. In PCPT 2.0, average risk 
for HG was LR = 8%, MR = 14%, and HR = 30%.  
In final pathology results, HG was observed  
in LR = 29%, MR = 67%, and HR = 81% (Table 4).

Misguiding of prostate cancer grade

As for ERSPC 4 upgrading of Gleason score in accor-
dance to prior biopsy outcome was overall 29% and 
in groups: LR = 23%, MR = 31%, and HR = 33%.  
Downgrading of Gleason score was overall 13%,  
LR = 8%, MR = 15%, and HR = 16%. 
As for PCPT 2.0 upgrading of Gleason score in accor-
dance to prior biopsy outcome was overall 38% and 
in groups: LR = 28%, MR = 46%, and HR = 41%.  
Downgrading of Gleason score was overall 26%,  
LR = 23%, MR = 26%, and HR = 30% (Table 5). 

DISCUSSION

PSA is thought to be the best marker for detecting 
early PCa [10]. However, elevated levels of PSA are 
not a characteristic feature only for PCa, but can 

Statistical analysis

Statistical methods consisted of a couple steps. Ini-
tially, the specificity, sensitivity, negative and posi-
tive predictive value of nomograms were assessed.  
The second step was external validation of nomo-
grams. The discrimination accuracy of the models to 
predict HGPCa or OC, EXP, SVI and LNI was quan-
tified using the receiver operating characteristic - 
derived area under the curve, where 100% indicates 
perfect prediction and 50% is considered equivalent 
to the toss of a coin. The extent of overestimation  
or underestimation of the histologically confirmed 
versus the nomogram predicted HG PCa or OC, EXP, 
SVI and LNI rates was shown in Tables. 

Table 5. Upgrading and downgrading in different risk groups 
as for ERSPC 4 and PCPT 2.0

Table 3. Comparison of Partin and Briganti nomograms  
in predicting lymp node involvement

Table 4. Comparison of ERPSC 4 and PCPT 2.0 in predicting HG 
PCa

Groups
Upgrading

in comparison to biopsy
Downgrading

in comparison to biopsy

ERSPC 4 PCPT 2.0 ERSPC 4 PCPT 2.0

LR 23% 28% 8% 23%

MR 31% 46% 15% 26%

HR 33% 41% 16% 30%

ERSPC 4 – European Randomized study of Screening for Prostate Cancer;  
PCPT 2.0 – Prostate Cancer Prevention Trial (prostate cancer risk calculators);  
LR – low risk; MR – medium risk; HR – high risk

Groups Partin  
estimation

Briganti 
estimation

Histopath 
outcome

LR 1% 1.8% 1.3%

MR 2% 11.4% 0%

HR 7.5% 44.2% 11.6%

LR – low risk; MR – medium risk; HR – high risk, histopath  – histopathological

Groups ERSPC 4 PCPT 2.0 Histopath 
outcome

LR 5% 8% 29%

MR 21% 14% 67%

HR 64% 30% 81%

ERSPC 4 – European Randomized study of Screening for Prostate Cancer;  
PCPT 2.0 – Prostate Cancer Prevention Trial (prostate cancer risk calculators);  
LR – low risk; MR – medium risk; HR – high risk, histopath – histopathological
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agement. That is probably the way that development 
and usage of estimators should go.
Partin nomogram can help with deciding on further 
therapeutic options as it can anticipate local ad-
vancement and metastasis in lymph nodes [20]. As-
sessing the risk decreases the risk of overtreatment 
and possible complications. Briganti and Partin 
nomograms might be used to identify patients who 
should be qualified to an extended pelvic lymph node 
dissection (ePLND). Their involvement shall help in 
avoiding unnecessary ePLND in patients that will 
not benefit from this procedure [21]. The Briganti 
calculator has been documented to have a high pre-
cision in predicting LNI but as opposed to the study  
by Walz et al., was less accurate in our study pop-
ulation [22]. Nevertheless, it was proven to have  
a clinical significance. Hansen et al. performed  
a study proving that updated Briganti nomogram 
is applicable and accurate for different European 
cohorts [23]. Also, the outcome of the Hinev et al. 
study demonstrates prevalence of Briganti over oth-
er similar nomograms [24].

CONCLUSIONS

Our results are comparable to previously conducted 
studies. All the analysed calculators showed positive 
correlation with risk increase in every examined pa-
rameter. ERPSC 4 and PCPT 2.0 calculators corre-
sponded well with each other. ERPSC 4 was more 
accurate in predicting high-grade prostate cancer 
among our study population than PCPT 2.0. Partin 
and Briganti nomograms corresponded well with 
each other. Partin nomogram was more accurate 
in our study population as for lymph node invasion 
than Briganti calculator.  
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also be caused by prostate inflammation, bigger pros-
tate volume or after ejaculation (for about 24 hours)  
[11, 12]. It is of high importance to perform PCa 
screening as a considerable reduction in PCa mortal-
ity associated with PSA testing has been confirmed 
[12]. Risk calculators can be used as a more accu-
rate method of diagnosis of PCa than PSA by itself 
because in addition to PSA levels they also include 
other factors such as prostate volume, age or family 
history which leads to better accuracy of results.
Published trials show various results regarding  
the impact of PCa screening on mortality. There are 
suggestions in the literature that screening leads  
to overdetection and overtreatment of some patients 
[10]. Overdiagnosis and overtreatment are associat-
ed with treatment-related side effects [13]. Unfortu-
nately, the role of screening is unclear and performed 
studies are heavily biased. Clinicians and patients 
regarding PSA based screening need to consider  
if benefits overbalance potential short and long term 
adverse effects of that procedure [14]. Proper us-
age of calculators might be helpful in that field. Ap-
plying additional factors results in bigger precision  
of outcomes than PSA level alone. There is a place 
for calculators in the process of screening and plan-
ning therapy, however the effectiveness of risk cal-
culators still needs to be improved. This is an effort 
worth making as a study shows that a simple risk 
stratification tool combined with a highly sensitive 
pathologic biopsy classification might result in a con-
siderable decrease of unnecessary biopsies and over-
diagnosis of potentially indolent disease [15]. On the 
other hand, high score of ERSPC 4 and PCPT 2.0 
correlates with higher incidence of HGPCa so this 
may be an indication to perform such biopsy, es-
pecially since an abnormal DRE is associated with  
an increased risk of higher GS [16].
One of the limitations of this study might be use  
of transrectal ultrasound-guided biopsy.
It is the most common method of obtaining prostate 
samples [17]. Yet it does have major disadvantages as 
it is not obtained from specific lesions, since the ma-
jority of prostate tumours are not possible to depict 
or have non-specific appearances on ultrasound [18]. 
Targeted biopsy through magnetic resonance imag-
ing (MRI) guidance or MRI-ultrasound fusion offers 
a way to localize and sample suspected cancers with 
precision [19]. Owing to this fact, use of fused MRI 
biopsy would lead to decrease of up- and downgrad-
ing percentage among patients. Combination of MRI 
targeted biopsy and risk calculators can be a great 
option for clinicians in planning therapeutic man-
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Introduction New technologies to improve quality of prostate biopsies are appearing in clinical practice.
We evaluate the performance of a micro-ultrasound device and the Prostate Risk Identification using 
MicroUltraSound (PRI-MUS) score in detecting clinically significant prostate cancer (csPCa).
Material and methods We retrospectively reviewed data of 139 biopsy- naïve patients with suspicion  
of prostate cancer, who underwent diagnostic MRI and micro-ultrasonography (microUS), followed  
by transrectal prostatic biopsy (systematic ±targeted) under local anesthetic. The main objective was  
to evaluate the performance of the Prostate Risk Identification using MicroUltraSound (PRI-MUS) score 
in detecting csPCa, defined as International Society of Urological Pathology (ISUP) ≥2.
Results Of all patients, 97 (70%) were found to have PCa, and 62 (45%) having csPCa.
Among 100 patients with positive microUS (PRI-MUS score ≥3), 23 (23%) had ncsPCa and 57 (57%) were 
diagnosed with csPCa (ISUP ≥2); and in 39 patients with negative microUS, 12 (31%) were diagnosed 
with ncsPCa and 5 (13%) with csPCa.
A PRI-MUS score ≥3 presented a sensitivity, specificity, positive predictive value and negative predictive 
value of 92%, 44%, 57% and 95%, respectively, for the detection of csPCa.
The PRI-MUS score had higher areas under the curve than Prostate Imaging Reporting & Data System 
(PI-RADS) both for targeted (AUC 0.801 vs 0.733) and systematic + targeted (AUC 0.776 vs 0.694) biop-
sies for csPCa detection.
Conclusions In our cohort, microUS performed well as a diagnostic tool through an easily implementable 
scale. MicroUS presented similar sensitivity and higher specificity than MRI in detecting csPCa. Further 
multicenter prospective studies may clarify its role in prostate cancer diagnosis.
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INTRODUCTION

Prostate cancer (PCa) is the second most common 
neoplasm in males and the fifth in terms of standard-
ized mortality by cancer [1].
In men with elevated total prostate-specific antigen 
(PSA), a common strategy is to follow with a mul-
tiparametric magnetic resonance imaging (mpMRI) 

and the utilization of a risk calculator to estimate 
the probability of clinically significant prostate can-
cer (csPCa); with subsequent prostate biopsy, if the 
clinical risk justifies it [2].
The widespread use of mpMRI for identification  
of suspicious lesions and better selection of pa-
tients who need to have a biopsy allowed the tradi-
tional technique to evolve, with a Prostate Imaging  
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All patients had a mpMRI, performed in the 6 months 
before biopsy, in different centers. Images were re-
ported by radiologists in accordance to PI-RADS v2.1 
system [5]. In case of classification discrepancy, in-
house radiologist review was carried out.

Prostatic biopsy technique

The microUS system used was the ExactVu™ (Exact 
Imaging, Markham, Canada) equipped with a 29 MHz  
EV29L linear probe allowing for fusion with mpMRI 
images. Transrectal free hand technique was used  
at all cases.
Biopsies were performed by one of three urologists 
with more than 10 years of prostatic biopsy expe-
rience, after receiving a standardized online and 
hands-on training with the new system.
The ultrasound probe was inserted into the rectum 
and the prostatic gland was screened for suspect ar-
eas by sweeping from one side to the other and classi-
fied according to the PRI-MUS score. Suspicious find-
ings included irregular shadowing, irregular prostate 
or peripheral zone border, heterogenous ‘cauliflower’ 
image, or mild heterogeneity or bright echoes in hy-
perechoic tissue [4]. Suspicious lesions identified on 
microUS were annotated and only then the pre-an-
notated mpMRI images were reviewed.
With a hand-held probe, 2–4 targeted cores were taken 
from regions of interest (PIRADS 3–5 and/or PRI-MUS 
3–5) and then 12 systematic cores were sampled (6 from 
each prostatic side). The operator noted the provenience 
of each core; and if from a suspicious zone if it was vis-
ible on mpMRI, microUS or both. mpMRI lesions were 
obtained by cognitive fusion, with further aid from rec-
ognition on microUS when they overlapped.

Histology

All biopsy cores were analyses separately. The his-
tological classification was performed by one of two 
experienced uropathologists, according to Interna-
tional Society of Urological Pathology (ISUP) stan-
dards [6], with csPCa being defined as any core with 
ISUP Grade Group ≥2.

Statistics

Descriptive statistics are reported using median and 
interquartile range (IQR).
Characteristics of patients with and without csPCa 
were compared using Chi-squared analysis or Fisher 
exact test for categorical variables and non-parametric 
Mann-Whitney U tests for continuous variables. Sta-
tistical significance in this study was set as p <0.05. 
All reported p values are two-sided.

Reporting & Data System (PI-RADS) score ≥3 thresh-
old for biopsy resulting in a reduction of the number 
of patients needing a biopsy of approximately 30%, 
while missing only 11% of ISUP (International So-
ciety of Urological Pathology) Grade ≥2 cancers [3], 
a good step for the reduction of overdiagnosis and 
overtreatment.
When performing a biopsy, micro-ultrasound (mi-
croUS) devices such as the ExactVu™ use very high 
frequencies of 29 MHz compared to the conventional 
8–12 MHz, providing 3 times better special resolution, 
which allows for the identification of subtle changes 
in ductal anatomy occuring in prostate cancer, while 
maintaining a suitable imaging depth allowing visu-
alization of the whole prostate and allowing to ac-
curately target regions of interest in real time [4]. 
This has allowed for the development and validation  
of the PRI-MUS (Prostate Risk Identification using 
MicroUltraSound) protocol, with a 5 level scoring 
system where higher scores correlate with higher 
csPCa probability [4]. In addition, the improved ul-
trasound image can also be fused with MRI images 
with an appropriate software, like the FusionVu™, 
allowing mpMRI-microUS fusion biopsies.
Since the technique, either transrectal or transperi-
neal, is the same as with conventional ultrasound, 
any clinician experienced in performing prostat-
ic biopsies will be able to use this device without 
any difficulty, only needing to get familiar with  
the PRI-MUS classification, in order to correctly 
identify an increased risk of csPCa [4].
Our main goal was to evaluate the performance  
of the PRI-MUS score in detecting csPCa, in a co-
hort of patients with significant probability of having 
csPCa, who underwent previous mpMRI.
Other goals were to compare patient-level results 
between mpMRI and microUS targeted biopsy, to de-
scribe the performance of different biopsy strategies, 
and to evaluate microUS negative predictive value 
on finding csPCa in PI-RADS 3 patients. 

MATERIAL AND METHODS

Population

We performed a retrospective study, including 139 
consecutive patients who underwent prostatic bi-
opsy for suspected PCa performed by one of three 
urologists of a high-volume tertiary center, from 
January 2021 to June 2022. Inclusion criteria in-
cluded being biopsy-naïve, a total PSA <20 ng/mL 
and having a mpMRI performed prior to the mi-
croUS and biopsy. Patients were excluded if they 
had any history of prostate cancer or prostate can-
cer related treatment.
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65 (47%) suspicious (PI-RADS 4) and 30 (22%) high-
ly suspicious (PI-RADS 5) evaluations.
In microUS, 39 (28%) of the evaluations were un-
suspicious (PRI-MUS 1–2), 48 (35%) equivocal (PRI-
MUS 3), 37 (27%) suspicious (PRI-MUS 4) and 15 
(11%) highly suspicious (PRI-MUS 5).

Prostate cancer and clinically significant prostate 
cancer detection

In the 139 patients, 97 (69.8%) were found to have 
PCa, with 62 (44.6%) having csPCa.
Among the 35 patients with ncsPCa (ISUP 1),  
7 (20%) had a negative MRI, 12 (34%) had a nega-
tive microUS, and 6 (17%) both images negative; 
17 (49%) had a PI-RADS score of 4–5, while only  
8 (23%) had a PRI-MUS score of 4–5.
Among the 39 patients with negative microUS,  
22 (56%) had no prostate cancer, 12 (31%) had  
ncsPCa (ISUP 1) and only 5 (13%) were diagnosed 
with csPCa (ISUP 3).
Between the 100 patients with positive microUS 
(PRI-MUS ≥3), 20 (20%) had no prostate cancer,  
23 (23%) had ncsPCa (ISUP 1) and 57 (57%) were 
diagnosed with csPCa (ISUP ≥2).
Thirteen patients (9%) had no suspected lesions both 
on mpMRI and microUS exams, but underwent biopsy 
due to suspicious digital rectal examination (n = 4)  
or high total PSA (n = 10), with only one (8%) of them 
having csPCa present on the randomized biopsy.

Sensitivity, specificity, positive predictive value 
(PPV), negative predictive value (NPV) and the area 
under the curve (AUC) for the receiver operator 
characteristics (ROC) curve were calculated for the 
PI-RADS and PRI-MUS classification systems.
For statistical analysis we used IBM® SPSS® v27 
software. The study has received approval from the 
Institutional Ethics’ Committee. All research was 
conducted respecting the latest version of Helsinki’s 
declaration. Patients signed an informed consent be-
fore undergoing the procedure.

RESULTS

Study sample

We identified 139 patients who met our inclusion cri-
teria.
Patients had a median age of 69 (IQR 64–73) years 
and a median PSA of 7.5 ng/mL (Table 1). Older age 
and abnormal digital rectal examination were asso-
ciated with a higher probability of csPCa (p = 0.002 
and p <0.001, respectively).
Median total PSA, presence of an anterior lesion  
and presence of family history were not statistically 
significantly different between patients with and 
without csPCa (p = 0.096, p = 0.34, p = 0.13; re-
spectively).
Regarding mpMRI, 17 (12%) patients had unsuspi-
cious (PI-RADS 1–2), 27 (19%) equivocal (PI-RADS 3),  

Table 1. Patients’ clinical characteristics 

Total Without csPCa With csPCa p*

N 139 77 62

Age, Median (IQR) 69 (64–73) 66 (62–71) 71 (68–74) 0.002

Total PSA (ng/mL), Median (IQR) 7.5 (5.5–10.9) 7.2 (5.3–9.4) 8.2 (5.5–12.2) 0.096

Suspicious DRE, n (%) 27 (19) 7 (9) 20 (32) <0.001

Family history, n (%) 27 (19) 11 (14) 16 (26) 0.13

Prostate volume (mL), Median (IQR) 47 (33–65) 53 (38–70) 40 (30–60) 0.059

Anterior lesion, n (%) 20 (14) 9 (12) 11 (18) 0.34

Number of targeted cores, Median (IQR) 3 (3–5) 3 (3–4) 4 (3–6) 0.03

PI-RADS score, n (%)
1–2
3
4
5

17 (12)
27 (19)
65 (47)
30 (22)

15 (19)
17 (22)
38 (49)

7 (9)

2 (3)
10 (16)
27 (44)
23 (37)

<0.001

PRI-MUS score, n (%)
1–2
3
4
5

39 (28)
48 (35)
37 (27)
15 (11)

34 (44)
27 (35)
16 (21)

0 (0)

5 (8)
21 (34)
21 (34)
15 (24)

<0.001

IQR – interquartile range (IQR); PSA – prostate-specific antigen; DRE – digital rectal examination;  csPCa – clinically significant prostate cancer; PI-RADS – Prostate Imaging 
Reporting & Data System; PRI-MUS – Prostate Risk Identification using MicroUltraSound
* p values for comparisons between patients with and without csPCa
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(7%) had a PRI-MUS 4 and 1 (4%) had a PRI-MUS 
5 score. Among patients with PI-RADS 3 score, 
10/27 (37%) had a biopsy proven csPCa, with 2 (7%)  
of them having a PRI-MUS <3.
This would mean the avoidance of biopsy among pa-
tients with PI-RADS 3 with a PRI-MUS <3 would 
result in 11 (41%) less biopsies while missing 2 (18%) 
of csPCa cases diagnosed.

Test characteristics

For the PRI-MUS classification, the ≥3 cut-off en-
tailed a higher sensitivity (92 vs 58%) and NPV  

Table 2. Performance characteristics of PI-RADS and PRI-MUS 
protocols in the detection of clinically significant prostate cancer  

Sensitivity Specificity PPV NPV

PI-RADS ≥3
60/62
97% 

(92–100)

15/77
19%  

(11–28)

60/122
49%  

(40–58)

15/17
88% 

(73–100)

PI-RADS ≥4
50/62
81%  

(71–90)

32/77
42%  

(31–53)

50/95
53%  

(43–63)

32/44
63%  

(60–86)

PRI-MUS ≥3
57/62
92%  

(85–99)

34/77
44%  

(33–55)

57/100
57%  

(47–67)

34/39
95% 

(87–100)

PRI-MUS ≥4
36/62
58%  

(46–70)

61/77
79%  

(70–88)

36/52
69%  

(57–82)

61/87
70% 

(60–80)

PI-RADS – Prostate Imaging Reporting & Data System; PRI-MUS – Prostate Risk 
Identification using MicroUltraSound; PPV  – positive predictive value;  
NPV – negative predictive value

Targeted biopsy comparison

One-hundred and fifty (150) equivocal or suspicious 
lesions were identified on mpMRI imaging of 122 pa-
tients; while 128 equivocal or suspicious lesions were 
found on the micro-US imaging of 103 patients.
Eighty-four (60%) patients had the same suspicious 
lesions identified in both mpMRI and microUS, while 
20 (14%) patients had different lesions identified  
in each imaging modality, 3 (2%) only had lesions 
identified on microUS, 18 (13%) only had lesions 
identified on mpMRI and 14 (10%) patients had no 
identified lesions.
When comparing targeted cores from mpMRI and 
microUS lesions, one hundred and twenty-six (91%) 
of the patients had a concordant ISUP. Comparing 
the mpMRI versus the microUS targeting only strat-
egies, the first would have resulted in 7 (5%) patients 
being upgraded, with 4 (3%) being newly detected 
PCa and 5 (4%) being newly detected cases of csPCa; 
and 6/97 (6%) PCa diagnosis being missed, 2/62 (3%) 
of them being of csPCa (Figure 1).
Among the 62 patients with biopsy proven csPCa, 
20 (32%) had a lower ISUP grade in systematic than 
microUS targeted cores, 22 (35%) had the same and 
19 (31%) had a higher one. Compared to systematic 
biopsy alone, targeted microUS biopsy core analy-
sis resulted in finding additional 9 cases of csPCa 
and 6 cases of high-risk PCa which were previ-
ously classified as low (n = 1) or intermediate risk  
(n = 5).
Among the 27 patients with PI-RADS 3, 11 (41%) 
had PRI-MUS 1 or 2, 13 (48%) had a PRI-MUS 3, 2 

Figure 1. Results of prostate targeted biopsy, stratified by imaging results.
ISUP – International Society of Urological Pathology; PI-RADS – Prostate Imaging Reporting & Data System; PRI-MUS – Prostate Risk Identification using 
MicroUltraSound
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(95 vs 70%), but a lower specificity (44 vs 79%)  
and PPV (57 vs 69%) when compared with a ≥4 cut-off 
(Table 2). 
The rate of csPCa diagnosis on microUS targeted bi-
opsies alone for PRI-MUS 1/2, 3, 4 or 5 was of 2/39 
(5%), 15/47 (32%), 18/37 (49%) and 14/15 (93%), re-
spectively.
Figures 2 and 3 presents the ROC curves for overall 
and targeted biopsy csPCa detection.
The PRI-MUS classification had higher AUC than 
PI-RADS, both for targeted (AUC 0.801 vs 0.733) 
and for systematic + targeted (AUC 0.776 vs 0.694) 
biopsies in csPCa detection.

Different biopsy strategies

The results for our cohort per different biopsy strat-
egies are shown in Figure 4.
The analysis of cores from systematic biopsy + MRI 
target + microUS target identified 35 patients with 
ISUP 1 PCa and 62 patients with csPCa.
If only systematic biopsy + MRI targeted cores were 
obtained, 39 patients would be classified with ISUP 
1 PCa and 57 with csPCa, missing 5 (8.1%) cases  
of csPCa in the current cohort.
If only systematic biopsy + microUS targeted cores 
were obtained, 34 patients would be classified with 
ISUP 1 PCa and 61 with csPCa, missing 1 (1.6%) 
case of csPCa in the current cohort.

Performing MRI targeted biopsies alone would clas-
sify 23 patients with ISUP 1 PCa and 46 with csPCa, 
missing 16 (25.8%) cases of csPCa in the current co-
hort.
Performing microUS targeted biopsies alone would 
classify 18 patients with ISUP 1 PCa and 47 with 
csPCa, missing 15 (24.2%) cases of csPCa in the cur-
rent cohort.

DISCUSSION

Our results found that in a cohort of patients pro-
posed to perform prostate biopsy, microUS was able 
to identify the patients without csPCa in 57/62 (92%) 
cases and, as such, may be an option to select pa-
tients that may and may not need biopsy performed 
after suspicious clinical data and/or mpMRI results.
In our experience, due to its higher specificity, the 
addition of microUS as a diagnostic and biopsy guid-
ing method increased the AUC for csPCa detection 
versus PI-RADS classification only (AUC 0.776  
vs 0.694) for all cores csPCa detection, respectively. 
However, we recommend not to skip systematic bi-
opsy, since it could result in additional missed csPCa. 
Recent advances in prostate cancer pathways have 
tried to solve or at least ameliorate its overdiagnosis 
and overtreatment. Classically a patient with a high 
total PSA would undergo a randomized double sextant 
prostate biopsy with a conventional ultrasound probe.

Figure 2 and 3. Receiver operating characteristics curves of the ExactVu™ for the detections of clinically significant prostate can-
cer. Left, for overall biopsy detection [AUC PI-RADS 0.694 (0.607–0.782), PRI-MUS 0.776 (0.700–0.852)]; Right, for targeted biopsy 
detection [AUC PI-RADS 0.733 (0.646–0.819), PRI-MUS 0.801 (0.726–0.875)].
ExactVu™ – Exact Imaging, Markham, Canada; AUC – area under curve; ROC Curve – receiver operating characteristic curve; PI-RADS – Prostate Imaging 
Reporting & Data System; PRI-MUS – Prostate Risk Identification using MicroUltraSound
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ity may be reached within the first 20 to 40 cases 
and expert specificity after 40 to 90 cases [10], which  
in dedicated practices may be easy to reach.
One of the limitations of the classification was 
only being suited for the peripheral zone diagnosis.  
A further study [11] found that the PRI-MUS score 
could be applied also to transition and anterior 
zones, maintaining a good performance, however the  
PRI-MUS classification for anterior zone is slightly 
modified and its validation is yet to be determined.
During the last years some institutions [11–16] have 
reported their initial experiences, reporting sensitiv-
ities for csPCa from 65–100%, specificities between 
15-73%, positive predictive values 35–93% and nega-
tive predictive values of 31–100%. The range of val-
ues highlights that results can be operator-depen-
dent and affected by patients’ selection.
Klotz et al. [17] analyzed the performance of the Ex-
actVu™ system in detecting csPCa in 1040 patients 
from 11 centers in their initial experiences, with 
microUS showing a better sensitivity than mpMRI 
for predicting ISUP ≥2 PCa (94 vs 90%, p = 0.03), 
with non-inferior specificity (22 vs 22%, p <0.001 
for non-inferiority). In our experience both meth-
ods revealed sensitivities above 90%, with micro-ul-
trasound having a higher specificity [44% (CI 95%:  
33–55%) vs 19% (CI 95%: 11–28%); for PRI-MUS ≥3 
and PI-RADS ≥3, respectively].
In our previous experience [18], targeted biopsies 
presented higher rates of csPCa detection when bi-
opsy was performed with microUS using the tech-
nique described in this article than with the Artemis 
robotic arm fusion system with mpMRI fused images 
(38 vs 23%, p = 0.02), in similar patient populations.
In a recent multicenter trial [19] comparing csPCa 
detection between mpMRI and microUS, microUS 
targeted biopsy was non-inferior to mpMRI targeted 
biopsy, detecting 97% of cases of the latter (95% CI 
80–116%, p = 0.023). This is consistent with the re-
sults from our study, where microUS detected 57/62 
(with 39 negative results) and mpMRI 60/62 (with  
17 negative results) cases of csPCa.
Evaluating the role of the microUS as a stratification 
tool in 111 patients with a PI-RADS 3 score, Avolio 
et al. [20], reported that among 30 patients with-
out suspicious lesions (PRI-MUS 1–2), 25 (83.3%) 
had no PCa, 5 (16.7%) had ISUP 1 PCa and none 
(0%) had csPCa. These results support the role for 
the microUS as a stratification tool in the presence 
of an equivocal mpMRI. In our study, we had 11 pa-
tients with a PI-RADS 3 and PRI-MUS 2 scores, with  
2 (18%) of them having a csPCa that would have 
been missed by suppressing their biopsies.
We view microUS as a valuable technology, that  
is fast to learn and easy to implement, that may be 

The implementation of mpMRI for prostate cancer 
diagnosis has made possible for clinicians to reduce 
the number of patients undergoing biopsy and be-
ing diagnosed with non-clinically significant prostate 
cancer (ncsPCa) [3].
However, its clinical application may be hindered  
by the exam costs and availability, additional cost 
of acquiring fusion devices (even though those have 
been found to be cost effective) [7], the need for ad-
ditional radiologist training, only moderate interob-
server agreement [8], the longer procedure time 
before completing an adequate learning curve [9],  
or the potential toxicity of gadolinium.
The microUS systems are comparatively simpler  
to use and free from toxicities; although they may be 
less suited for active surveillance since image com-
parison would be more difficult.
With their real-time superior resolution, they may 
be suitable as (a) diagnostic tools on their own or (b) 
further refinement of the biopsy pathway as diagnos-
tic and targeting tool after mpMRI.
The PRI-MUS system has been validated as a diag-
nostic tool per se, achieving good performance in de-
tecting csPCa [4]. Although all urologists are famil-
iar with ultrasound guided biopsies, the recognition 
of microUS validated suspicious patterns may take 
some practice to get used to. Some studies have fo-
cused on this topic, with a multi-institutional study 
involving 9 clinicians who completed a pre-deter-
mined training program suggesting that with proper 
mentoring and advice from experts, expert sensitiv-

Figure 4. Report of different biopsy strategies’ results by ISUP 
grading.
ISUP – International Society of Urological Pathology; microUS – micro-ultra-
sonography; MRI – magnetic resonance imaging
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croUS had a very good sensitivity and negative pre-
dictive value in detecting clinically significant pros-
tate cancer, with acceptable specificity and positive 
predictive values; with better AUC than mpMRI.
In our population, the use of microUS for stratifica-
tion of patients with a PI-RADS 3 would have re-
duced biopsy numbers in this cohort by 40% while 
missing 18% of csPCa diagnosis.
With its good performance and some technical ad-
vantages over mpMRI, we believe microUS biopsy 
has great potential and may soon find a place as a di-
agnostic tool in addition to MRI or instead of mpMRI 
in regions where its availability is limited.
Further studies may also further expand its role  
in equivocal mpMRI results, patients with suspected 
prostate cancer and previous negative biopsies, local 
staging and active surveillance.
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useful in diagnosis (as a cheaper MRI replacement) 
and stratification (following MRI) due to maintain-
ing high sensitivity with better specificity in identify-
ing csPCa. Its role in active surveillance is less clear 
by now, as ultrasound obtained images are more dif-
ficult to compare. It will be interesting to see if these 
kinds of devices develop higher clinical adoption  
in the future and if our and other institutions’ re-
sults are reproducible in multicenter studies. In the 
future the addition of artificial intelligence visualiza-
tion tools may provide further guidance in recogniz-
ing areas of interest, which could prove an additional 
improvement.
Our study has certain limitations, those being: it has 
a small sample, from a small number of practicians, 
from a single center; not all patients had a single re-
gion of interest; no real gold standard was used (gold 
standard for comparison would be the specimen from 
radical prostatectomy); since mpMRI was performed 
first in all patients and was one of the main factors 
for deciding whether to pursue or not with a biopsy, 
we also were unable to compare in a real life scenario 
the test characteristics of mpMRI and microUS for 
csPCa detection.

CONCLUSIONS

In our single center study, the new biopsy system 
was easily implemented into the clinical routine. Mi-
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Introduction The aim of this article was to investigate the impact of chronic antithrombotic therapy (AT) 
use on the time of detection of bladder cancer, assuming that patients taking AT experience episodes  
of macroscopic hematuria earlier, and therefore have a more favorable histopathological grade and stage, 
as well as a smaller number and size of tumors compared to patients not taking AT.
Material and methods A retrospective, cross-sectional study was conducted, including 247 patients 
who underwent bladder cancer surgery for the first time at our institution during the three-year period 
(2019–2021) and who experienced macroscopic hematuria.
Results A lower frequency of high-grade bladder cancer (40.6% vs 60.1%, P = 0.006), T2 stage (7.2% vs 
20.2%, P = 0.014), and a lower frequency of tumors larger than 3.5 cm (29% vs 57.9%, P <0.001) were 
found in patients using AT compared to patients not using them. The patients using AT had a smaller 
mean tumor size (2.98 vs 4.51 cm, P <0.001). A multivariable regression analysis, adjusted for age, sex, 
and number of comorbidities, showed a lower probability of having a high-grade cancer (OR 0.393,  
95% CI 0.195–0.792, P = 0.009), T2 stage (OR 0.276, 95% CI 0.090–0.849, P = 0.025), and tumors larger 
than 3.5 cm (OR 0.261, 95% CI 0.125–0.542, P <0.001) in patients using AT.
Conclusions More favorable histopathological grades, stages, and smaller tumor sizes were found  
in patients with bladder cancer who experienced macroscopic hematuria and were using AT compared 
to patients not taking AT.
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INTRODUCTION

Bladder cancer is one of the most common urologic 
malignancies [1]. Macroscopic hematuria is the first 
symptom most patients experience [2]. Rapid evalua-
tion after the initial episode of macroscopic hematu-
ria can lead to an earlier diagnosis of bladder cancer, 
as well as a better treatment and clinical outcomes 
[3]. The incidence of bladder cancer increases with 
age [2]. Elderly patients often have associated car-
diovascular comorbidities, which is why they com-
monly take antithrombotic therapy (anticoagulants 
and antiplatelet agents) – drugs that may enhance 

and precipitate bleeding from the tumors more fre-
quently [4, 5]. 
The aim of the present study was to investigate 
the impact of antithrombotic therapy on the time 
of detection and characteristics of bladder cancer.  
We hypothesized that the patients chronically using 
antithrombotic therapy for various cardiovascular 
indications will experience episodes of macroscopic 
hematuria earlier in the bladder cancer development. 
For these reasons, these patients may have a more fa-
vorable histopathological grade and stage, as well as  
a smaller number and average size of tumors com-
pared to patients not using antithrombotic therapy.

https://orcid.org/0000-0001-8500-3996
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Table 1. Overview of demographic characteristics of patients 
included in the study and their bladder cancer characteristics

Variable N (%) or mean ±SD

Baseline patient characteristics 247 (100)

Male 
Female

165 (66.8)
82 (33.2)

Age (years) 70.26 ±10.03

Smoking history 147 (59.51)

Mean number of comorbidities 1.59 ±1.42

Antithrombotic therapy use
Oral antiplatelet use
Oral anticoagulant use

69 (27.94)
47 (19.03)
22 (8.91)

Bladder cancer characteristics

Tumor focality
Single
Multiple

132 (53.44)
115 (46.56)
4.08 ±2.95

Bladder cancer grade (WHO 2004)

PUNLMP
Low-grade
High-grade

30 (12.1)
82 (33.2)

135 (54.7)

Concomitant CIS 20 (8.1)

Pathologic bladder cancer stage

Ta
T1
T2

134 (54.25)
72 (29.15)
41 (16.6)

N – number of patients; SD – standard deviation; WHO – World Health 
Organization; PUNPLMP – papillary urothelial neoplasm of low malignant 
potential; CIS – carcinoma in situ

and the results that reached P values <0.05 were 
considered statistically significant.

RESULTS

Table 1 shows the general baseline and demograph-
ic characteristics of patients included in the study,  
as well as their bladder cancer characteristics (num-
ber of tumor(s), size, histopathological grade, and 
stage). Out of 247 patients, 69 (27.94%) were iden-
tified as actively using antithrombotic therapy (oral 
anticoagulant or antiplatelet agents). 
A comparison of bladder cancer characteristics was 
performed between patients using versus not using 
antithrombotic therapy (Table 2). A significantly 
lower frequency of high-grade cancer (P = 0.006),  
a lower frequency of stage T2 cancer (P = 0.014), 
and a lower frequency of cumulative tumor size 
larger than the median of 3.5 cm (P <0.001) were 
found in patients using antithrombotic therapy. Fur-
thermore, patients using antithrombotic therapy 
had a significantly smaller mean cumulative tumor 
size compared to patients not using antithrombotic 
therapy (2.98 ±2.03 vs 4.51 ±3.14 cm, P <0.001, 
respectively). There were no significant differences 

MATERIAL AND METHODS

A retrospective, cross-sectional study was carried 
out. The present study protocol was reviewed and 
approved by the Ethics Committee of our institu-
tion. The study included 247 adult patients who 
underwent urothelial cancer surgery for the first 
time at our institution in the three-year period 
considered (2019–2021) and who experienced mac-
roscopic hematuria. Patients with recurrent blad-
der tumors and non-urothelial bladder tumors, as 
well as those with other initial symptoms (other 
than macroscopic hematuria), were excluded from 
the study. The data were extracted from the hospi-
tal’s electronic medical records. The patients were 
identified with an identification number, and their 
identities remained anonymous. Variables that 
were of interest included age, sex, smoking history, 
the use of antithrombotic drugs during episodes 
of macroscopic hematuria (anticoagulants and an-
tiplatelet agents), associated comorbidities, histo-
pathological bladder cancer grade according to the 
World Health Organization (WHO) classification 
systems from 2004 [6], the presence of concomitant 
carcinoma in situ (CIS), the histopathological stage 
of bladder cancer after the initial transurethral re-
section, as well as the number and total cumula-
tive size of tumors described by the surgeon during 
urologic surgery.

Statistical analysis

All data analyses were performed using SPSS Statis-
tics for Windows, version 23.0 (IBM Corp., Armonk, 
NY, USA). Continuous data were shown as mean  
± standard deviation (SD), while categorical vari-
ables were shown as whole numbers (N) and per-
centages (%). The normality of data distribution was 
examined with the Kolmogorov-Smirnov test. The 
independent samples t-test was used to measure dif-
ferences in continuous variables between two groups 
of interest (for instance, the patients using vs. those 
not using antithrombotic therapy). Similarly, a Chi-
squared (χ2) test was used to examine the differences 
between groups of interest with respect to categori-
cal variables. Tumor variables potentially associated 
with antithrombotic therapy use were first evalu-
ated using the univariate logistic regression model. 
Variables that were significantly associated with the 
antithrombotic therapy use in the univariate model 
were then entered in the multivariable logistic re-
gression model for each variable separately. Each 
variable was then adjusted for the co-variates of age, 
sex, and mean number of comorbidities. A two-tailed 
significance value (P) was reported in all instances, 
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trointestinal, respiratory, intracranial, or genitouri-
nary bleeding [7]. Any relevant bleeding in patients 
taking antithrombotic therapy is a symptom that 
should not be ignored by the clinicians. Such bleed-
ings can unmask previously asymptomatic malig-
nant diseases and therefore require detailed clinical 
evaluation [8–11]. The results of a recent systematic 
review showed that 3% of patients with atrial fibril-
lation experience a bleeding episode while taking 
anticoagulant therapy, and such episodes are associ-
ated with a 9-fold higher odds for cancer diagnosis on 
any site [10]. The incidence of hematuria in patients 
taking antithrombotics varies between 2 and 24%  
[12, 13]. The research conducted on patients with 
atrial fibrillation reports a higher and increased in-
cidence of urinary tract cancers, especially bladder 
cancer, in anticoagulated patients with hematuria 
[11, 14].
Previous research has also shown a connection be-
tween the use of antithrombotic therapy and more 
favorable characteristics of tumors detected after 
the evaluation of bleeding, which is probably a conse-
quence of earlier bleeding from existing pathological 
sites. Warfarin use was found to be associated with 
a lower incidence of Dukes’ stage D cancers follow-
ing gastrointestinal bleeding episodes in the Korean 
population [15]. As for bladder cancer, an increased 
frequency of low-grade papillary urothelial cancers 
has been described in patients taking oral antico-
agulants compared to those not taking oral antico-
agulants [11]. Moschini et al. found that the patients 
first diagnosed with bladder cancer after presenting 
with an episode of macroscopic hematuria are more 
likely to have experienced a lower grade and lower 
stage bladder cancer if they were receiving anti-
thrombotic therapy during a hematuria episode [16].
Complementary to previous results, we report  
on a significantly lower probability of having  
a high-grade and stage T2 cancer in patients us-
ing antithrombotic therapy compared to non-users,  

between the two groups concerning the frequency 
of associated CIS, the mean number of detected tu-
mors, and the occurrence of multiple tumors.
The results of univariate and multivariable regres-
sion analyses examining the impact of antithrombot-
ic therapy use on bladder cancer characteristics are 
shown in Table 3. The univariate regression analysis 
showed a significantly lower probability of having  
a high-grade bladder cancer, stage T2 cancer, and  
a cumulative tumor size greater than 3.5 cm in pa-
tients using antithrombotics, which was also con-
firmed by the multivariable regression analysis 
adjusted for covariates including age, sex, and the 
number of the comorbidities. No correlation was 
found between the use of antithrombotic therapy 
and the concomitant occurrence of CIS or multiple 
tumors.

DISCUSSION

Antithrombotic therapy is associated with an in-
creased risk of various forms of bleeding, such as gas-

Table 2. Comparison of bladder cancer characteristics be-
tween patients using antithrombotic therapy and those not 
using them

Variable
Antithrombotic therapy use

P-value
YES NO

High-grade bladder cancer, % 40.6 60.1 0.006a

Concomitant CIS, % 5.8 9.0 0.415a

T2 bladder cancer stage, % 7.2 20.2 0.014a

Number of tumors, mean ±SD 1.87 ±1.36 2.13 ±1.5 0.205b

Multiple tumors (≥2), % 40.6 48.9 0.242a

Total tumor size, cm, mean ±SD 2.98 ±2.03 4.51 ±3.14 <0.001b

Total tumor size >3.5 cm, % 29.0% 57.9% <0.001a

CIS – carcinoma in situ; SD – standard deviation 
aChi-square test, bindependent samples t-test

Table 3. Results of the univariate and multivariable regression analysis of the impact of antithrombotic therapy on histopatho-
logical stage, grade, size, and number of bladder cancers

Variable

Antithrombotic therapy use
Univariate logistic regression Multivariable logistic regression

OR (95% CI) P-value OR (95% CI) P-value

High-grade bladder cancer 0.453 (0.257–0.798) 0.006 0.393 (0.195–0.792) 0.009a

Concomitant CIS 0.623 (0.201–1.934) 0.413 –        –

T2 tumor stage 0.308 (0.116–0.822) 0.019 0.276 (0.090–0.849) 0.025a

Multiple tumors (≥2) 0.714 (0.407–1.255) 0.242 – –

Total tumor size ≥3.5 cm 0.297 (0.163–0.541) <0.001 0.261 (0.125–0.542) <0.001a

OR – odds ratio; CI – confidence interval; CIS – carcinoma in situ
athe multivariable logistic regression model adjusted for covariates of age, sex, and number of comorbidities
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sis and treatment, and consequently better clinical 
outcomes [3, 11, 16, 19]. 
There are some limitations to this study. Of note, this 
is designed as an observational retrospective study, 
and this limited the quality of some of the collected 
data. The operators subjectively estimated the larg-
est tumor dimension based on intraoperative results. 
Information on the exact dose and duration of anti-
thrombotic therapy was missing for some patients, 
which made it impossible to perform sub-analyses 
based on the duration of therapy. 

CONCLUSIONS

More favorable histopathological grades, stages, 
and smaller tumor sizes were found in patients with 
bladder cancer who experience macroscopic hematu-
ria and are using antithrombotic therapy compared 
to those not taking antithrombotic therapy. These 
results are likely due to an earlier onset of bleeding 
from bladder cancer in patients using antithrombot-
ics, when the aforementioned tumors have more fa-
vorable histopathological and morphological charac-
teristics. 
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Introduction The aim of this series was to evaluate predictors of Proficiency score (PS) achievement  
on a multicentric series of robot-assisted radical prostatectomies (RARP) performed by trainee surgeons 
with two different surgical techniques at four tertiary-care centers.
Material and methods Four institutional datasets were merged and queried for RARPs performed 
by surgeons during their learning curve (LC) between 2010 and 2020 using two different approaches 
(Group A, Retzius-sparing RARP, n = 164; Group B, standard anterograde RARP, n = 79). Logistic regres-
sion analysis was performed to identify predictors of PS achievement for the overall trainee cohort.  
For all analyses, a two-sided p <0.05 was considered significant. 
Results Group B showed significantly increased median operative time, positive surgical margins (PSM) 
status, increased number of nerve-sparing procedures, shorter LC time (each p <0.04). PS, continence 
status, potency, biochemical recurrence and 1-year trifecta rates were comparable between groups 
(each p >0.3). On multivariable analysis, time from LC starting ≥12 months (OR = 2.79; 95%IC [1.15–
6.76]; p = 0.02) and a nerve-sparing intent (OR = 3.18; 95%IC [1.15–8.77]; p = 0.02) were independent 
predictors of PS score achievement (Table 3).
Conclusions Higher PS rates for RARP trainees may be expected after 12 months from LC beginning. 
Short-term training courses are unlikely to confer proper surgical training, while long-term structured 
training programs seem to be beneficial on perioperative outcomes.
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Notably, RS-RARP were performed only at one of the 
participating institutions (Niguarda Hospital, Milan, 
Italy), where this represents the preferred apporach. 
Conversely, STD-RARP were performed at all other 
participating institutions. All trainee procedures 
were performed under direct supervision of their 
mentors. 
Finally, neither double console nor a standardized 
training protocol were implemented at any partici-
pating institution.

Variables definition

The following data were available: age (years), body 
mass index (BMI, kg/m2), hypertension, diabetes, 
American Society of Anesthesiology (ASA) score (1–2 
vs 3–4), prostate volume (ml), overall RARP duration 
(min), technique (RS vs STD), number of consecu-
tive procedures, time from LC starting (months), 
nerve-sparing intent (yes vs no), perioperative trans-
fusion, perioperative complication (highest Clavien-
Dindo [11]), pathologic T stage (pT2 vs pT ≥3), sur-
gical margin status, one-year continence status (no/
safety vs multiple pads), one-year sexual function 
[spontaneous erection sufficient for intercourse  
± phosphodiesterase type 5 inhibitors (PDE5i)], 
one-year biochemical recurrence (BCR) and one-year 
trifecta. Trifecta was defined as follows: (1) prostate-
specific antigen (PSA) ≤0.2 ng/mL with confirmatory 
value; (2) attainment of erections sufficient for inter-
course with or without oral pharmacological agents; 
(3) wearing zero/safety pads [12]. The outcome of in-
terest, ‘Proficiency score’, was defined as coexistence 
of all following criteria: a comparable operation time 
to the interquartile range (IQR) of mentor surgeon 
at each center (Table 1); absence of any significant 
perioperative complications Clavien-Dindo Grade 
3–5; no perioperative blood transfusions; negative 
surgical margins [1]. 

Statistical analysis

First, the study population was stratified according 
to surgical approach between RS vs STD-RARP. Fre-
quencies and proportions were reported for categori-
cal variables, while means and standard deviations 
were reported for continuously coded variables. De-
scriptive analyses were used. Second, to identify in-
dependent predictors of ‘Proficiency score’ achieve-
ment, we fitted univariable and multivariable logistic 
regression models. All available covariates were test-
ed in a stepwise fashion, according to previous meth-
odology [13]. All tests were two-sided with a level  
of significance set at p <0.05. Statistical analysis was 
carried out using the Statistical Package for Social 

INTRODUCTION

Robot-assisted radical prostatectomy (RARP) repre-
sents one of the most performed, as well as the first 
major robotic procedure learned by urologists [1]. 
Nonetheless, RARP training programs remain sub-
optimal in transferring surgical expertise to trainees 
during their learning curve (LC) [2]. The latter con-
sists in the timeframe necessary for a trainee surgeon 
to accomplish the entire procedure in a proficient way, 
while achieving satisfactory functional and cancer-
control outcomes [3]. To date, different approaches 
to RARP-LC evaluation have been proposed with con-
flicting results due to the rapid spread of multiple ap-
proaches and continuous technical refinements [4]. 
Consequently, there is no evidence-based definition  
or standardized platform to measure RARP-LC.  
In this context, we recently introduced an innova-
tive tool, namely ‘Proficiency score’ (PS) to provide 
an early assessment of surgical quality among trainee 
surgeons performing RARP [5]. Notably, PS was inde-
pendently associated with one-year trifecta achieve-
ment. However, no previous studies investigated 
whether patient and tumor characteristics, as well as 
surgical approaches may influence PS achievement. 
Consequently, we conducted a multi-institutional 
case-control study with the primary objective to inves-
tigate those factors. In more detail, we focused our at-
tention on the ‘Retzius-sparing’ (RS) approach [6, 7].  
Despite evidence suggesting improved early conti-
nence recovery in RS relative to standard RARP, sev-
eral authors still consider RS-RARP a complex proce-
dure that requires a prolonged LC [8, 9]. Conversely, 
we hypothesized that no differences in proficiency 
score achievement were recorded between RS vs stan-
dard (STD)-RARP performed by trainee surgeons.

MATERIAL AND METHODS

Study design and study population

We relied on a retrospective multi-institutional co-
hort spanning from 2010 to 2020. We included pa-
tients with low and intermediate risk prostate 
cancer (PCa), according to European Association  
of Urology (EAU) guidelines [10], treated with RARP 
at any of the participating institutions. We excluded 
patients who underwent pelvic lymph node dissec-
tion (PLND) in addition to RARP. Moreover, cases 
operated by mentors were necessary only to calcu-
late the PS and subsequently excluded. Additionally,  
only the first 50 consecutive RARP performed by 
a trainee surgeon were considered part of the LC. 
Thus, the final cohort relied exclusively on RARP 
performed by trainee surgeons during their LC. 
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Table 1. Distribution of trainers involved, median operative 
times of experienced surgeons, serving as surrogate for calcu-
lating proficiency score

Center LC period
Median  

operative 
time

IQR
Number 

of trainers 
on LC

Niguarda-Milan 2014–2021 130 110-150 7

Bruxelles 2017–2019 210 170-240 1

Trento 2015–2021 190 134-257 4

Regina Elena-Rome 2019–2021 130 109-142 4

LC – learning curve; IQR – interquartile range

DISCUSSION

To date, several studies have investigated the role 
of host and surgical factors affecting RARP-LC ac-
cording to different metrics (eg. surgical margin, 
operative time, intraoperative complications, esti-
mated blood loss, etc.) with conflicting results [4].  
To overcome these limitations, we recently proposed 
a composite endpoint (PS) which independently pre-
dicts one-year trifecta among trainee surgeons per-
forming RARP [5]. Nevertheless, determinants of PS 
achievement are yet to be identified in this setting. 
Herein, we focused on the role of host and surgical 
factors, which may significantly impact or predict 

Sciences (SPSS) software v.27.0 (IBM Corp, Armonk, 
NY, USA).

RESULTS

Baseline characteristics

We identified 243 patients operated by 16 trainee 
surgeons during their LC (Table 1). Of those pa-
tients, 164 vs 79 were treated with RS (Group A)  
vs STD-RARP (Group B), respectively. Group A ex-
hibited longer median time from LC starting (22.0  
vs 7.2 months, p = 0.02), shorter RARP duration 
(120 vs 161 min, p = 0.02) and lower rate of posi-
tive surgical margin (9.7 vs 29.1%, p = 0.015) than 
Group B. Moreover, Group A patients were treat-
ed less frequently with nerve-sparing intent (35.3  
vs 73.4%, p = 0.038). No statistically significant dif-
ferences were observed for other baseline and peri-
operative features between the two groups (each  
p ≥0.05). Additionally, no difference in BCR rate 
as well as one-year continence, sexual function 
and trifecta achievement were recorded between  
RS vs STD-RARP (each p ≥0.05, Table 2).

Predictors of ‘Proficiency score’ achievement 

Overall, Proficiency score was achieved in 113 pa-
tients (46.5%). No differences, in Proficiency score 
achievement rate was observed between Group A  
vs Group B (43.2 vs 53.1%, p = 0.087). At univari-
able logistic regression analysis, only time from  
LC starting ≥12 months (OR 2.48; 95%IC 1.06–5.81,  
p = 0.035) and use of nerve-sparing approach  
(OR 2.71; 95%IC 1.02–7.16, p = 0.04) were asso-
ciated with Proficiency score achievement. After 
multivariable adjustments, time from LC starting  
≥12 months (OR 2.79; 95%IC 1.15–6.76; p = 0.02) 
and use of nerve-sparing intent (OR 3.18; 95%IC 
1.15–8.77; p = 0.02) remained independently predic-
tors of Proficiency score achievement (Table 3). 

Table 2. Baseline, perioperative, pathologic and functional out-
comes of LC surgeons cohorts according to surgical approach

Variable
Retzius- 
-sparing  
(n = 164)

Standard 
anterograde 
technique  

(n = 79)

p

Age at surgery (n, median, IQR) 65 (60–70) 68 (64–72) 0.758

Number of consecutive  
procedures (n, median, IQR) 27 (11–40) 10 (4–25) 0.095

Time from LC starting  
(n, median, IQR) 22 (9–41) 7.2 (2–12) 0.001

Operative time (median, IQR) 120 
(120–150) 161 (128–223) 0.02

ASA score:
1–2
3–4

132 (80.4%)
32 (19.6%)

73 (92.4%)
6 (7.6%)

0.158

Diabetes (n,%) 3 (1.8%) 7 (8.8%) 0.197

Hypertension (n, %) 25 (15.2%) 20 (25.3%) 0.467

Nerve-sparing intent (n,%)* 58 (35.3%) 58 (73.4%) 0.038

pT (n, %):
pT1–pT2 
pT3 

155 (94.5%)
9 (5.4%)

59 (74.6%)
20 (25.4%)

0.084

PSM (n, %) 16 (9.7%) 23 (29.1%) 0.015

Perioperative Clavien-Dindo 
(n, %):

1–2 
3–5 

5 (3%)
0

6 (7.5%)
3 (3.7%)

0.053

Perioperative transfusions (n,%) 2 (1.2%) 2 (2.5%) 0.078

Prostate volume (ml) 42 (35-60) 51 (36.7-66.2) 0.402

BCR (n, %) 4 (2.43%) 2 (2.53%) 0.306

Continence (0–1 safety/pad) 87% 96% 0.483

Sexual functions (spontaneous 
and/or with PDE5-I use) 54 (32.9%) 25 (31.6%) 0.515

Trifecta (1-year) 57 (34.7%) 27 (34.1%) 0.796

Proficiency score (n, %) 71 (43.2%) 42 (53.1%) 0.087

*(Including unilateral and bilateral nerve-sparing procedures)
n – number  of patients; LC – learning curve; IQR – interquartile range;  
ASA – American Society of Anesthesiologists; PSM – positive surgical margin;  
BCR – biochemical recurrence; PDE5-I – phosphodiesterase type 5 inhibitor
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(OR 2.79, p = 0.02) reached an independent predic-
tor status. More interestingly, time from LC start-
ing greater than 12 months was associated with 
two-fold increase in the probability of Proficiency 
score achievement among trainees during their LC.  
In consequence, training duration appears to play  
a major role in enhancing quality of RARP [14]. 
It can be postulated that an ideal RARP training 
should not only rely on a modular step-by-step ap-
proach, as previously reported [15, 16, 17], but also 
on an adequate surgical exposure. 
To the best of our knowledge, we are the first to re-
port perioperative results between RS vs STD-RARP 
performed by trainee surgeons during their LC. In-
deed, previous studies compared the two approaches 
among experienced surgeons only [18]. Moreover, 
we introduced an innovative tool to provide a stan-
dardized comparison between different RARP tech-
niques. We observed no differences in Proficiency 
score achievement between RS-RARP vs STD-RARP. 
Conversely, nerve-sparing intent and duration  
of LC were both independently associated with 
higher probability to achieve Proficiency score.  
It’s of note that neuro-vascular bundle dissection 
is a challenging step of RARP and accomplishment 
of nerve-sparing approach relies on multiple host 
and intraoperative factors [15]. Moreover, we ana-
lyzed data from centers of excellence (average yearly 
caseload >200 procedures), where nerve-sparing  
is routinely performed whenever possible [19]. Con-
sequently, it is possible that intraoperative decision 
of not fulfilling nerve-sparing approach indirectly 

Table 3. Univariable and multivariable logistic regression analysis evaluating predicting factors of proficiency score achievement 
during the LC

the Proficiency score achievement in a multi-institu-
tional cohort of trainee surgeons performing RARP. 
Additionally, we investigated whether different sur-
gical approaches (RS vs STS-RARP) may influence 
LC among trainee surgeons when Proficiency score 
achievement is considered the metric of interest.  
We made several noteworthy observations.
Compared to STD-RARP, RS-RARP yielded shorter 
operative time and lower rate of positive surgical 
margins (each p <0.03). However, no differences 
in other perioperative, functional and cancer con-
trol outcomes were recorded between groups (each  
p >0.1). Specifically, ‘Proficiency score’ was achieved 
in 43% of RS-RARP vs 53% of STD-RARP patients 
(p = 0.087). Taken together, these findings ques-
tioned the shared opinion that RS-RARP represents 
a complex procedure that requires a prolonged LC 
[6]. Nonetheless, it must be underlined that trainee 
surgeons performing RS-RARP experienced longer 
time from LC starting in the current study cohort 
(22 vs 7 months, p = 0.001). It’s possible that an in-
creasing time from LC starting may have influenced 
surgical experience in performing RS-RARP, relative 
to STD-RARP. Unfortunately, limited sample size, 
retrospective design, and lack of data granularity  
on training modalities prevented us from further in-
vestigations.
Subsequently, we customized univariable and mul-
tivariable logistic regression models to investi-
gate predictors of Proficiency score achievement.  
At multivariable analysis, only nerve-sparing intent  
(OR 3.18, p = 0.02) and time from LC starting  

Variable

Univariable analysis Multivariable analysis

OR
95.0% CI

OR
95.0% CI

Lower Higher P Lower Higher p 

Age ≥70 years 0.54 0.25 1.14 0.109 – – – –

ASA score 0.87 0.35 2.15 0.776 – – – –

Diabetes 0.36 0.09 1.38 0.140 – – – –

Hypertension 1.06 0.47 2.35 0.882 – – – –

BMI 1.01 0.83 1.23 0.900 – – – –

Monthly caseload (at least 1 procedure/month) 1.08 0.60 1.95 – – – –

Number of progressive procedures (1–50) 1 0.99 1.02 0.823 – – – –

Surgical technique 0.54 0.26 1.09 0.089 – – – –

Time from LC starting (<12 months vs ≥12 months) 2.48 1.06 5.81 0.035 2.79 1.15 6.76 0.02

Nerve-sparing intent technique  
(intra/inter vs extrafascial) 2.71 1.02 7.16 0.04 3.18 1.15 8.77 0.02

Prostate volume (ml) 1.01 0.99 1.02 0.162 – – – –

LC – learning curve; BMI – body  mass index; ASA – American Society of Anasthesiologists; OR – odds ratio; CI - confidence interval
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reflects an unexpected complexity of the specific 
surgical case [20], thus affecting Proficiency score 
achievement after RARP [21, 22]. Unfortunately, the 
retrospective design of the current study prevent-
ed us from investigating reasons for not pursuing  
a nerve-sparing intent. Secondly, we wonder wheth-
er an optimal timeframe for LC might be identified. 
According to our data, 12-months appears to be  
a reasonable interval to achieve adequate experi-
ence on RARP at high-volume centers. However, 
we set this value based on the median duration of 
LC within our study cohort. In consequence, fur-
ther studies should be conceptualized to specifi-
cally address this issue. This concept of optimal 
duration has important consequences in planning 
training programs that should ideally rely not only  
on a modular step-by-step approach and optimal 
number of cases, but also on optimal surgical time 
exposure. Finally, our study encourages the introduc-
tion of PS as a standardized tool for early evaluation 
of surgical expertise among trainees. The advantage 
of this tool is two-fold. Firstly, it provides an internal 
quality control by comparing trainee with mentor 
operative time. Secondly, it allows for the compari-
son of RARP performed during the LC across dif-
ferent surgeons, techniques and training programs,  
by relying on a standardized reporting system. 
Our study is not devoid of limitations. The first and 
foremost limitation is the retrospective study design. 
In consequence, standardized training protocols 

were not adopted in the current study. Moreover,  
we had neither data on previous surgical experience 
of trainees nor information on how and to what ex-
tent mentors support trainees during RARP. How-
ever, these data might be available exclusively when 
a prospective study is conducted. Second, we relied 
on limited sample size and low event rate. Ideally, 
similar analyses should be reiterated on a larger 
sample. These results are not generalizable out  
of a tertiary referral high-volume robotic center, 
where trainees are routinely exposed to multiple  
robotic surgical procedures as an observer or assis-
tant. In consequence, LC at this center is extended 
well beyond the first RARP performed as the main 
operator. 

CONCLUSIONS

Irrespectively of the surgical technique considered, 
higher Proficiency score rates for RARP trainees 
may be expected after 12 months from LC beginning 
at high-volume institutions. Short-term training 
courses are unlikely to confer proper surgical train-
ing, while long-term institutional structured train-
ing programs seem to be beneficial on perioperative 
outcomes. These aspects should be considered for 
implementation of RARP training. 
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Introduction The aim of this study was to evaluate the possible histopathological alterations that occur  
in the kidneys due to a continuous temperature increase above 43°C for one hour of lithotripsy using  
a newly introduced thulium fiber laser (TFL).
Material and methods Two female pigs were used. After the insertion of a 9.5/11.5 ureteral access 
sheath, flexible ureteroscopy and laser lithotripsy for one hour were conducted. A TFL laser with a 200-μm 
fiber was used. The power setting used was 8 W (0.5 J × 16 Hz). A K-type thermocouple was inserted and 
fixed in the upper calyx of the right porcine kidney to record the temperature in the pelvicalyceal system 
during the laser activation. Second-look flexible nephroscopy followed by nephrectomy and pathohisto-
logical evaluation of the operated kidney was performed one week after the procedure in the first pig and 
2 weeks after the surgery in the second pig.
Results Flexible nephroscopy did not reveal significant differences between the 2 porcine kidneys. 
Nevertheless, the histopathological report demonstrated severe alterations in the kidney of the first pig. 
Mild changes were reported in the kidney of the second pig. A significant improvement in inflammation 
and haemorrhagic lesions was demonstrated when comparing the 2 kidneys.
Conclusions The difference demonstrated between the 2 kidneys based on the histopathological report 
shows that the healing process is capable of improving severe to mild alterations within a one-week 
time frame. Two weeks after the surgery, only minor changes were observed, suggesting that even tem-
perature increases above the threshold can be tolerated regarding renal damage.
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INTRODUCTION

The recent introduction of the new thulium fiber 
laser (TFL) in urolithiasis management has created 
a new field of investigation regarding the compari-
son of these tools. TFL technology has been shown 

to be superior to the Holmium:YAG (Ho:YAG) la-
ser in some aspects, and its characteristics make  
it a promising surgical solution [1]. In vitro studies 
have demonstrated that the TFL can offer a better 
ablation rate and the same safety profile regarding 
the thermal effect in comparison to the Ho:YAG  
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at a rate of one pump every 3 seconds. The irrigation 
bags were placed one meter above the operating table 
and were kept at room temperature (approximately 
25°C), the same as in real-life circumstances in our 
department. For controlled temperature generation 
we used a TFL laser (Quanta Fiber Dust, Samarate, 
Italy) with a 200-μm fiber. The power settings used 
were 8 W (0.5 J × 16 Hz). This combination was pre-
ferred after in vitro testing, being the most efficient 
power setting for the maintenance of the tempera-
ture at specific limits. Two flexible ureteroscopies  
on the right kidneys of 2 different pigs were con-
ducted. The laser activation time depended on the 
temperature developing in the porcine renal pelvis 
during the procedure. The time from the initial laser 
activation until the last laser activation was 60 min-
utes. The intrarenal fluid temperature during both 
ureteroscopies was between 44°C and 46°C. No neph-
rostomy or pigtail drainage was applied in either  
of the pigs. After each surgery, the pigs were gradu-
ally aroused and monitored until their recovery and 
kept in their individual lodgings. On the 7th post-op-
erative day, the first pig (pig A) was again anaesthe-
tised. A right kidney renoscopy was conducted fol-
lowing the same operational technique as mentioned 
above. After the renoscopy, the pig was immediately 
sacrificed, and a right nephrectomy was conducted. 
The second pig (pig B) underwent the same proce-
dure on the 14th postoperative day. The kidneys un-
derwent histopathological evaluation. The param-
eters evaluated were the creation of fibrotic tissue 
and scars, the presence of haemorrhagic injuries  
or necrotic tissue, and signs of inflammatory reaction.

RESULTS

Postoperative period 

Both pigs recovered normally from the anaesthe-
sia. Broad-spectrum antibiotics were added to their 
meals for the first 5 postoperative days. The admin-
istration of non-steroidal anti-inflammatory drugs 
was avoided so as not to affect the histopathological 
report.

Flexible ureteroscopy

The right kidney renoscopy of pig A demonstrated 
the presence of mildly hyperplastic mucosa with the 
presence of fibrotic tissue, probably due to the di-
rect laser activation. Mildly hyperaemic areas were 
formed inside the pelvicalyceal system, demonstrat-
ing signs of a typical inflammation image. The endo-
scopic images from the renoscopy of pig B presented 
some differences in comparison to those of pig A.  

laser [2, 3]. In addition, in a comparative pre-clin-
ical study conducted by Andreeva et al., it was re-
ported that TFL demonstrated less retropulsion [4].  
The existing data regarding the thermal effect  
of laser activation on renal tissue are still insuf-
ficient. The effect of TFL activation on the kidney  
in terms of a lithotripsy procedure is yet to be inves-
tigated. Previous studies suggest that the tempera-
ture inside the kidney in terms of safety should be 
less than 43°C because this is the crucial threshold 
for protein denaturation of the urinary tract [5]. 
Nevertheless, the real thermal effect of TFL acti-
vation on the histopathology of the kidney and the 
possible healing following the temperature rise has 
not been investigated. The current in vivo experi-
mental study was designed to evaluate the possible 
histopathological alterations that occur in the kid-
neys due to a continuous temperature increase above 
43°C caused by laser activation using TFL.

MATERIAL AND METHODS

Preparation of pigs and operative set-up

The study was carried out in accordance with the 
ethical standards laid down in the 1964 Declara-
tion of Helsinki and its later amendments. The pigs 
were managed according to the available veterinary 
protocols. Female pigs were selected because endo-
scopic access to the pelvicalyceal system is easier  
to perform. The ureteral catheterization was con-
ducted as described in a previous study of our experi-
mental team [6]. After the insertion of the ureteral 
catheter, each pig was moved into the prone position. 
A small skin incision was implemented for the inser-
tion of a thermocouple into the kidney. The bull’s eye 
technique (fluoroscopy-guided technique) was used 
for the direct insertion of the K-type thermocouple 
in the upper calyx of the right kidney. A guidewire 
was again inserted through the ureteral catheter.  
The ureteral catheter was then replaced by a dual-
lumen ureteral catheter (Cook Medical, Cook Ire-
land Ltd., Limerick, Ireland), which was used for 
the insertion of a second guidewire inside the col-
lecting system. The dual-lumen ureteral catheter 
was retracted, and one of the guidewires was held as  
a safety wire while the other one was used for the in-
sertion of a 9.5/11.5 ureteral access sheath (Flexor® 
Ureteral Access Sheath with AQ® Hydrophilic Coat-
ing, COOK Medical, Cook Ireland Ltd., Limerick, 
Ireland), which was used to facilitate the insertion  
of a Pusen PU3022a flexible ureteroscope (Zhu-
hai Pusen Medical Technology Co., China). Man-
ual pump irrigation (COOK Medical, Cook Ireland 
Ltd., Limerick, Ireland) was used for both surgeries  
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Microscopic evaluation 

The removed kidneys underwent hematoxylin and 
eosin staining for further evaluation by the patholo-
gist. The report of the first porcine kidney (pig A), 
which was sent on the 7th post-operative day, demon-
strated severe alterations (Figure 1). Haemorrhagic 
areas, detachment of the urothelium, fibrin deposi-
tion, oedema, and mild inflammation in the lamina 
propria were observed (Figure 2). The histopatho-
logical report of the second porcine kidney (pig B),  
which was sent on the 14th post-operative day, re-
vealed only minimal changes such as mild oedema  
in the lamina propria. Haemorrhagic lesions were 
present but to a lesser extent in comparison to the 
first porcine kidney (Figure 2).

DISCUSSION

The TFL is a newly introduced technology that is in-
creasingly being adopted by endourologists [7]. The 
theoretical advantages of this device seem innova-
tive. Nevertheless, crossing the line between safety 
and effectiveness can be easy, and data for the opti-
mal use of the new TFL laser systems are still insuf-
ficient. The aim of this in vivo experimental study 
was to provide more information about the effect  
of a prolonged temperature increase inside the por-
cine pelvicalyceal system on the kidney for one hour. 
The temperature was maintained at between 44°C 
and 46°C throughout the surgery. The 2 pigs were 
sacrificed 7 and 14 days after the initial experiment. 
The endoscopic image performed before the nephrec-

The hyperplasia of the mucosa and some fibrotic ar-
eas could be seen, although the inflammation signs 
were fewer and were more sparsely located. 

Figure 1. Macroscopic image of the right kidney of the pig A. 
Mucosal redness and oedema of the renal pelvis are demon-
strated.

Figure 2. A. Right kidney of pig A, 7 days after ureteroscopy. Haematoxylin and eosin-stained section (magnification 20×). Uro-
thelial detachment, haemorrhage, fibrin deposition, oedema, and mild inflammation in the lamina propria are demonstrated.
B. Right kidney of pig B, 14 days after ureteroscopy. Haematoxylin and eosin-stained section (magnification 20×). Mild oedema  
in the lamina propria is demonstrated.



47
Central European Journal of Urology

To our knowledge, the current in vivo study is the 
first to evaluate the effect of prolonged activation 
of a TFL inside the collecting system on a porcine 
kidney, maintaining a relatively steady temperature 
above the protein denaturation threshold for the 
whole procedure. As with every experimental study, 
ours is also associated with limitations. The heatsink 
effect of renal blood flow is present in mechanically 
ventilated animal under general anaesthesia. In the 
current experimental study, the setup was identical 
to the clinical setup. In addition, the instruments 
used were the same as those used for real cases. 
Nevertheless, the temperature was measured inside 
the renal pelvis, and the temperature alterations  
in different calyces were not evaluated. The laser 
activation was carried out in the pelvis to avoid di-
rect contact with the laser fiber with the mucosa, but 
some minor injuries occurred accidentally. Another 
possible limitation is the absence of stones in the col-
lecting system. Nevertheless, the absence of stones 
and dust was also an advantage because there were 
no visibility problems, and the thermocouple tip was 
visible throughout the operation. In addition, uro-
lithiasis is related to inflammatory reactions inside 
the pelvicalyceal system, which might increase the 
vulnerability of the urothelium to possible thermal 
injury. Despite these limitations, our study provides 
valuable data about the possible kidney healing pro-
cesses following intrarenal laser lithotripsy.

CONCLUSIONS

Intrarenal lithotripsy using different laser devices 
is potentially harmful, causing renal thermal dam-
age. Nevertheless, the results demonstrated by our  
in vivo study show that 2 weeks after flexible ure-
teroscopy with temperatures above the protein dena-
turation threshold, minor alterations were observed 
in porcine kidneys. The different results demon-
strated by the histopathological report reveal that 
after one week the severe alterations can improve 
significantly, and 2 weeks can be required for the 
kidney to return to normal status. 
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tomy was not significantly different between the  
2 kidneys, although the histological report demon-
strated more hazardous characteristics on the kid-
ney of pig A in comparison to the kidney of pig B. 
The histopathological report revealed that the kid-
ney of pig A had severe alterations. The healing pro-
cess was adequate, and these changes were mild on 
the second porcine kidney after one week.
The TFL operates between wavelengths 1940 nm 
and 2013 nm [8]. Thus, the optical penetration depth 
in water is shorter than that of the Ho:YAG laser. 
These data confirm that the stone and tissue ablation 
thresholds are lower for the TFL [9]. The increased 
efficiency regarding lithotripsy could be hazardous 
when it comes to tissue. This was also observed dur-
ing a recent prospective study conducted by Mahajan 
et al. [10]. The authors reported a reduction of opera-
tion time when using the TFL in comparison to the 
Ho:YAG laser during mini percutaneous nephroli-
thotomy. However, the TFL was associated with more 
self-limited haematuria. In contrast to these data, 
Doizi et al. demonstrated in an experimental ex vivo 
study that tissue penetration with the Ho:YAG laser 
was greater in comparison to the TFL [11].
Heat generation is unavoidable during laser acti-
vation. Available data demonstrate that denatur-
ation of urinary tract proteins begins at a temper-
ature of 43°C [5]. Nevertheless, 54°C is considered  
the threshold for the necrosis of coagulative tissue 
in the porcine kidney [12]. The most efficient and 
safest combination of laser settings and parameters 
for laser activation inside the pelvicalyceal system 
has been investigated in many in vitro and in vivo 
studies [13, 14]. Regarding the Ho:YAG laser, recent 
studies have demonstrated that high-power laser 
lithotripsy can be conducted safely if the irrigation 
flow is sufficient [6, 15]. Similarly, it has been shown 
that a decrease in the irrigation flow and the absence 
of a ureteral access sheath during TFL activation 
can increase the temperature to levels that possi-
bly cause renal thermal damage [3, 16]. Higher fre-
quency settings are related to ureteral thermal dam-
age, especially when used by inexperienced surgeons 
[17]. Despite numerous studies conducted in this 
field, further investigation is needed to clarify the 
safety of these continuously developing laser devices.
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Ureteral stents are useful devices in urological surgery. The main objective of a ureteric stent is to allow 
passage of urine and reduce early or late complications related to obstruction in the urinary tract.
Despite their widespread use, there is a general lack of knowledge and awareness in stent composition 
and indication of application. 
We represented a synthesis of our extensive research over materials, coatings and shapes available  
on the market and then analyzed the main characteristics and peculiarities of ureteral stents. We have 
also focused our attention over the side effects and complication that must be considered when placing 
a ureteral stent. Encrustation, microbial colonization, stent-related symptoms and patient’s history must 
always be evaluated when there is the need for a ureteral stent. 
The perfect stent should have many characteristics including easy insertion and removal, easy manipu-
lation, resistance to encrustation and migration, lack of complications, biocompatibility, radio-opacity, 
biodurability, affordability (cost-effectiveness), tolerability and optimal flow characteristics.
Nevertheless, further research and studies need to be done to provide more information about stent 
composition and efficacy in vivo.
In this narrative review, we covered the basic information and main characteristics of ureteral stents,  
in order to help clinicians choose the appropriate device needed for a given situation.
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INTRODUCTION

Ureteral stents are useful devices in urological sur-
gery. Their placement is useful to facilitate passage 
of stone fragments after treatment and to prevent 
ureteral obstruction or delayed formation of ureteral 
stricture [1]. Stents may also be placed in an emer-
gency to drain obstructed infected kidneys or before 

surgical procedures to passively dilate the ureter  
in preparation for subsequent surgery. The main ob-
jective of a ureteric stent is therefore to allow passage 
of urine, and to reduce early or late complications re-
lated to obstruction in the urinary tract [2, 3]. 
The main matter of concern about stents is their toler-
ability. Stents may cause encrustation and microbial 
colonization and may therefore lead to symptomatic  
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Figure 1. Overview of the most common materials for ureteral stents.

guidewire is removed. The strength of this memo-
ry can vary within the same material. 

2. Tensile strength and elongation capacity: crystal-
lization and crosslinking of biomaterials cause 
variations in tensile strength. When a stent has  
a high tensile strength, internal and external di-
ameters can be wider, and they can have more 
side-holes that improves urine passage. Elonga-
tion capacity is the degree of elongation at stent 
rupture, a feature that is high in thermoplastic 
elastomers [4].

3. Biodurability: this is the stent’s ability to remain 
within the body without being degraded in struc-
ture and function. The urinary tract is a hostile 
environment and unpredictable variations may 
occur within the interface between the body and 
the stent, determining different levels of dura-
bility [4].

4. Biocompatibility: measures the stent tolerance 
and the problems caused by the interface between 
the stent and the body, issues such as encrusta-
tion and infection. Hydrophilic polymers make  
a stent more biocompatible because they cause 
lower protein absorption and bacterial adherence 
[4]. Ideally, the presence of the stent should not 
affect the patients’ quality of life, thus tolerance 
is a key issue that must be considered [3]. 

5. Coefficient of friction: determines how easily  
a stent passes or is exchanged. Hydrophilic coat-
ings are useful to reduce the coefficient of friction 

urinary tract infections. Other stent-related symp-
toms (SRS) may be caused by the presence of the 
stent itself or by its misplacement or migration. 
The perfect stent should have many characteristics 
including easy insertion and removal, easy manip-
ulation, resistance to encrustation and migration, 
lack of complications, biocompatibility, radio-
opacity, biodurability, affordability (cost-effective-
ness), tolerability and optimal flow characteristics  
[1, 2]. 

MATERIAL AND METHODS

Materials

A fundamental characteristic of the urinary system 
is its poor stability with an environment of many 
chemical changes. The biodurability and biocompati-
bility of the stents are attacked by the changes in the 
grade of saturation of the surface protector proteins 
between its outer layer and the urine. Hence these 
stent characteristics need to be considered when-
ever there is the need to deploy a ureteral stent [4].  
The key features to create the ideal stent that needs 
be taken into consideration are:
1. Elasticity and memory: this feature determines 

the ability of the stent to maintain its position 
within the ureter. Polymeric elastomers have  
a memory that allows the construction of elastic 
stents that reform the coils when the insertion 
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that favor bacterial adhesion and encrustation [12]. 
On the other hand, urine flow ameliorates this and 
modification of the urothelium in terms of hyper-
plasia or inflammation should be reduced [12]. 

Shape

Many shapes have been developed over the years 
with the aim of creating a perfect stent with the least 
number of complications [13].
Figure 2 represents the usual structure of a ureteral 
stent. Urine passes not only through the holes but 
also alongside the stent, between it and the ureteral 
internal wall. Side holes, which are useful to allow 
urine flow [2], may be present only at the extremities 
of the stent.
Owing to the fact that the distal ureter has the high-
est nerve density, modifications of the distal part  
of the stent have been studied to reduce SRS [10]. 
Examples of different shapes are displayed and de-
scribed in Table 1.

[4]. Insertion and removal processes should there-
fore be easy and should not lead to any discomfort 
in patients [3]. 

6. Radio-opacity: this is needed to see the stents ra-
diologically, which are usually placed under fluo-
roscopic visualization. Some stents may have fill-
ers that enhance their radio-opacity [4]. 

The incidence of stent-related symptoms is influenced 
by the stent composition. Soft ureteral stents might 
reduce SRS when compared to hard ones, even if the 
quality of evidence is low [5]. SRS are also determined 
by the encrustation rate and the bacterial adhesion 
incidence [5].
Figure 1 shows the most common materials for ure-
teral stents.
Polyurethane (PU) is biocompatible, has good me-
chanical properties and a high drainage capacity, but 
it is prone to encrustation, especially by calcium oxa-
late, struvite, hydroxylapatite and cystine [1, 6]. 
Silicone, owing to its softness and durability, and 
because it is inert, non-toxic, more flexible, elastic 
and softer compared to other polymers (e.g. polyure-
thane), seems to be the most suitable material for 
stents [7]. It has the lowest encrustation rate [1] and 
seems to be the best choice for stenting for stone dis-
ease after ureteroscopy (URS) [7]. 
Copolymers like Cflex®, Silitek®, Percuflex®, Teco-
flex®, Hydrothane®, ChronoFlex®, Aquavene® and 
Soft-Flex® have been studied by different companies 
to overcome the disadvantages of the other polymers 
and to provide a better biocompatibility and toler-
ance, although this has yet to be proven [2].
Metallic stents can resist high compression forces 
and are useful in long-term drainage [2]. Many  
of them are self-expandable, balloon-expandable, 
or thermo-expandable with shape memory [2]. 
Metals make stents ductile, malleable, easy-to-
mold and resistant to compression [2]. Despite the 
ideal replacement time of six months, the majority  
of them have been designed to remain in place  
for up to 1–3 years [2, 8, 9]. Scientific evidence sug-
gests that these stents when compared to other 
double J (DJ) stents provide less morbidity, a lon-
ger indwelling time, a greater patency rate and  
a better management of the strictures [2]. Howev-
er, they cause epithelial hyperplasia and ingrowth  
of this hyperplastic tissue [2], and stent exchange 
may be challenging [9]. Biodegradable stents may 
cause reduced morbidity with less SRS and less 
hassle for removal [10]. Resistance of biodegrad-
able stents, if compared to conventional ones,  
is high in the first three weeks after positioning 
and then gradually decreases [11]. They do not nec-
essarily need to be removed [2] but the degradation 
can determine the formation of stent fragments 

Figure 2. Ureteral stent anatomv. Some stents do not have 
side holes.
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Table 1. Examples of different stent shapes
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Hydrogel coated stents are highly biocompatible and 
have a low coefficient of friction; with the addition  
of an antimicrobial, they may reduce bacterial 
growth [5, 27]. Hydrophilic gel alone, however, does 
not reduce bacterial adhesion [28]. A single study 
shows that SRS seems not to be modified by the 
presence or lack of hydrogel [29]. 
Heparin used as a coating can theoretically resist 
encrustation and adhesion of cellular organisms  
[1, 27]. In vitro studies did not demonstrate a reduc-
tion of bacterial adhesion [27].
Polyvinylpyrrolidone-coated stents have a soft, 
smooth and non-adhesive surface, that makes them 
highly lubricious. Even bacterial adhesion seems to 
be reduced [1].
PTFE (Teflon™) has a low friction coefficient n [12] 
and has been studied as slow-release storage for the 
delivery of liposomal lipid and liposomal drugs [30].
Silver inhibits enzyme activity and destabilizes 
bacterial membranes thereby reducing biofilm for-
mation [3]. It has a broad-spectrum antimicrobial 
activity without being toxic as other heavy metals 
[27]. Actually, this coating has been widely studied 
for urethral catheters, but information about its use  
in ureteral stents are still lacking [28].
Anti-fouling coatings create a hydrophilic envi-
ronment on the stent surface that reduces bacte-
rial and cell adhesion [1, 3]. Irregularities over the 
stent surface in fact, create a favorable substrate for  

Size

The length is usually between 12 and 30 cm (5–12 inch-
es) and the diameter varies from 4.5 to 18 Fr (0.06–0.2 
inches) [1]. Multi-length stents have been developed to 
minimize stent-associated problems caused by the idea 
that a fixed size should fit every patient [15]. By the 
way, symptoms do not appear to be reduced [21].
Many studies revealed that the stent diameter is not 
associated with its function and success; a smaller 
diameter does not increase stent-associated compli-
cations [22, 23, 24]. Two meta-analyses showed that 
the incidence of ureteral stent-related symptoms  
is inversely proportional to the stent diameter [25, 
26]; on the other hand, the diameter seems not  
to affect the incidence of stent migration, analgesic 
use and stone-free rate [26].

Coating

Stent coating could be a solution to reduce stent-as-
sociated complications. Coatings can be divided into 
four categories: lubricating, antimicrobial, anti-foul-
ing and drug-eluting (Figure 3).
Evidence on stent coating is variable [5].
Lubricating coatings are made of a hydrophilic mate-
rial that provide a low surface friction [1]; hydrophi-
licity discourages the adhesion of hydrophobic bacte-
rial surfaces [28].

Figure 3. Overview of different coatings for ureteral stents.
PTFE – TeflonTM; SIPNS – sequential interpenetrating polymer networks; PVP – polyvinylpyrrolidone, PEI – polyethyleneimine
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the adhesion of crystal, biological molecules and mi-
croorganisms [28].
Drug-eluting coatings have been developed to avoid 
microbial adhesion and to overcome stent-related 
discomfort and complications like cellular hyperpla-
sia. A special stent coating can be made with anti-
biotics and antimicrobials (Tachyplesin, Triclosan), 
nonsteroidal anti-inflammatory drugs (ketorolac), 
Povidone-iodine, chlorhexidine and anti-tumor 
drugs [1, 2, 10, 27].

DISCUSSION

This review covers the basic information and main 
characteristics of ureteral stents. Additionally,  
it is fundamental to know the patients’ history 
and search for clinical and radiological findings 
that can help to decide if there is a real need for  
a ureteral stent. Secondly, to choose the best stent 
in each situation, it is necessary to know their 
characteristics. Patient comfort must also be con-

Figure 4. How to choose the right stent. 
BUO – benign ureteral obstruction; MUO – malignant ureteral obstruction; UPJ  – ureteropelvic junction; PU – polyurethane; SJ – single J; DJ – double J;  
PSS – pigtail suture stent
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sidered in order to reduce hospital readmissions 
and the need for medications to treat stent-related 
symptoms.
We have made an attempt to cover all aspects  
of stents, yet it is difficult to represent every stent 
shape, composition and feature of all available stents 
worldwide. It is fundamental to remember that 
there is not a broad evidence around the best choice  
for each patient. Particularly for coating, many  
of them have been studied only in vitro and may 
have a potential favorable effect in vivo, but demon-
strations are still needed.
Figure 4 merely represents a suggestion based on the 
current available literature and on our experience, 
and not a recommendation or guideline. We hope  
to implement and correct this vademecum in the fu-
ture, based on new evidence.

CONCLUSIONS

Ureteral stents constitute a fundamental instrument 
in urologic surgery. Stent placement is still one of the 
most commonly practiced procedures in urologists’ 
everyday work. According to this, it is fundamental 
for physicians to know every aspect connected with 
stent design, material, type and positioning. Besides, 
stent-related symptoms and complications are chal-
lenging, and our guide can help clinicians choose the 
best stent needed for a given situation. We should 
consider, though, that many studies and research still 
need to be carried out in order to provide more infor-
mation about stent composition and efficacy in vivo.
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Introduction Ureteral double-J stent length is an important factor affecting stent-related symptoms. Mul-
tiple techniques exist to determine ideal stent length for a given patient, however, little is known about 
what techniques urologists rely on. Our objective was to identify how urologists determine optimal stent 
length. 
Material and methods An online survey was e-mailed in 2019 to all members of the Endourology Soci-
ety. The survey sought to assess what methods are commonly used to determine choice of stent length, 
along with frequency of stent placement post ureteroscopy, duration of stenting, availability of different 
stent lengths and the use of stent tether.
Results 301 urologists (15.1%) responded to our survey. Following ureteroscopy, 84.5% of respondents 
would stent at least 50% of the time. Following uncomplicated ureteroscopy, most respondents (52.0%) 
would leave a stent for 2–7 days. Patient height was most commonly ranked first as the method  
of choice in determining stent length (47.0%), followed by estimation based on experience only (20.6%) 
and intra-operative direct measurement of ureteric length (19.1%). Most respondents utilized multiple 
methods in determination of optimal stent length. Most respondents (66.5%) were interested  
in a simple intra-operative technique utilizing a special ureteral catheter that would help choose  
the most appropriate stent length.
Conclusions Post-ureteroscopy stent insertion is common and patient height is the most common 
method of choice used in determining optimal stent length. Most respondents were interested in using 
a simple, novel ureteral catheter device that would allow them to more accurately select optimal stent 
length.
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INTRODUCTION

Ureteric stenting was first described in 1967  
by Zimskind et al. and has since been a mainstay  
of urologic practice [1]. Stents are placed at the 
time of many urologic procedures with the pur-
pose of maintaining ureteral patency and urinary 
drainage. Such procedures commonly include ure-
teroscopy, percutaneous nephrolithotomy, endoure-
terotomy, pyeloplasty and ureteral reimplantation. 
Stents are also often used as a temporizing measure 

for patients with ureteral stones or strictures who 
are awaiting definitive surgical management. While  
the benefits and indications of stents are clear, 
stents are unfortunately also associated with symp-
toms, which have been shown to have a negative 
impact on patient quality of life [2]. These symp-
toms include urinary frequency, urgency, dysuria, 
incomplete emptying, flank and suprapubic pain, 
incontinence, and hematuria [3].
Ureteric stents are available in a variety of lengths 
and choice of stent length for a given patient may 
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MATERIAL AND METHODS

An online-based survey was sent via email in 2019  
to all urologists who were members of the Endouro-
logical Society (n = 2000). The survey was drafted 
in the English language by the authors (M.O., J.L.) 
after numerous expert meetings between the co-
authors. Participation in the survey was voluntary 
and responses to the survey were anonymous. There 
were no internet provider (IP) address restrictions. 
The survey was left open for four weeks and one 
reminder e-mail sent out. Research ethics approval 
was obtained from the St. Michael’s Hospital Insti-
tutional Research Ethics Board.
The survey consisted of fourteen items and in-
cluded questions about physician demograph-
ics and practice patterns with respect to ureteric 
stent placement. The full survey has been included  
in the supplementary materials (Appendix 1). Spe-
cifically, the survey sought to assess what methods 
are commonly used to determine choice of stent 
length, along with frequency of stent placement 
post-ureteroscopy, duration of stenting, availability 
of different stent lengths, the use of multi-length 
stents, the use of stent tether/string, and if respon-
dents would be interested in a simple intra-opera-
tive technique utilizing a specialized ureteral cath-
eter that would help to choose the most appropriate 
stent length, replacing the currently used catheter 
and at a similar cost. 
Summary statistics of the demographics of sur-
vey respondents and survey questions were re- 
ported.

RESULTS

Demographics

Of the 2000 urologists who were contacted, a to-
tal of 301 responded to our online survey (15.1%). 
The majority of urologists were between the ages of 
35–44 (34.6%) and 45–54 (32.2%), and the vast ma-
jority of respondents were male (94.3%) (Table 1).  
Most respondents (70.8%) had been in practice for 
over ten years and 46.0% had an academic prac-
tice as opposed to community/private (28.9%)  
or a mixed model (25.2%). Most respondents prac-
ticed in North America (40.9%) followed by Europe 
(26.2%) and Asia (18.8%) (Figure 1). The majority  
of respondents (57.1%) completed formal endou-
rology fellowship training. Thirty-seven percent  
of respondents performed >150 ureteroscopic pro-
cedures per year while 30.1% and 21.6% performed 
50 to 100 and 100 to 150 procedures per year, re-
spectively.

have a significant impact on these symptoms since 
most are directly related to bladder irritation.  
The Ureteral Stent Symptom Questionnaire (USSQ) 
is a validated method used to characterize and quan-
tify patient-reported stent symptoms. A 2010 pro-
spective study by Giannarini and colleagues demon-
strated that patients in whom the distal stent loop 
crossed the bladder midline had the highest scores 
on five of six USSQ domains [4]. Similarly, a ran-
domized trial from 2007 found that urinary urgency, 
dysuria, and lower quality of life indicators were as-
sociated with longer ureteric stent length [5]. Con-
versely, stents that are too short have a higher rate 
of migration, which may increase the need for sec-
ondary procedures such as stent retrieval or replace-
ment [6, 7]. While the effect of stent length on pa-
tient symptomatology has been investigated, there is 
controversy around what is the best method of deter-
mination of the ideal stent length for a given patient. 
A review of the available literature demonstrates 
that there are a number of available methods with 
which to estimate ureteric length and, subsequently, 
choose the appropriate stent. Previously described 
methods include use of patient height [8], direct 
measurement using a guidewire [9] or endocatheter 
ruler [8], measurement of ureteral length from intra-
venous pyelogram (IVP) [10], computed tomography 
(CT), [11, 12] or kidney ureter bladder (KUB) x-ray 
[13], or simply empiricism based on surgeon experi-
ence. Despite all the described methods, we have lit-
tle understanding as to which method endourologists 
are using. Patient height is thought to be the most 
frequently used method to assess ureteric length in 
daily practice, likely because it is a non-invasive and 
relatively quick method of predicting ureteric length. 
However, recent studies, including a study from our 
unit, have suggested that the correlation between 
ureteric length and patient height is not as strong  
as previously believed [6, 11, 12, 14, 15]. Although 
direct measurement using a graduated ureteral cath-
eter is considered the gold-standard, it is time con-
suming and often impractical and, therefore, unlikely 
to be utilized by most urologists in everyday practice. 
With all the available options and no definitive guide-
lines, it is unclear how urologists are making the im-
portant decision of determining optimal stent length. 
The objective of our study was to describe practice 
patterns among urologists around stent insertion. 
Specifically, we aimed to assess: 1) the demograph-
ics of urologists 2) frequency and duration of stent 
use post-ureteroscopy 3) the method of choice for 
determining optimal stent length and 4) if urolo-
gists would be interested in a new simple, innova-
tive method to more accurately measure appropriate 
stent length intra-operatively.
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Table 1. Survey respondent demographics 

Characteristic Number of Survey 
Respondents (%)

Gender
Female
Male

17 (5.7)
281 (94.3)

Age (y)
18–24
25–34
35–44
45–54
55–64
65+

1 (0.3)
16 (5.4)

103 (34.6)
96 (32.2)
58 (19.5)
24 (8.1)

Duration of practice
<5 years
5–10 years
10–20 years
>20 years

30 (10.1)
57 (19.1)

111 (37.3)
100 (33.6)

Type of practice
Academic
Community/private
Mixed model

137 (46.0)
86 (28.8)
75 (25.2)

Location of practice
North America
South America
Central America
Europe
Asia
Australia/New Zealand
Africa

122 (40.9)
24 (8.1)
3 (1.0)

78 (26.2)
56 (18.8)

8 (2.7)
7 (2.4)

Endourology fellowship training
Yes
No

169 (57.1)
127 (42.9)

Number of ureteroscopic procedures per year
<50
50–100
100–150
>150

33 (11.2)
89 (30.1)
64 (21.6)

110 (37.2)

How often respondents would leave a stent after 
performing ureteroscopy for ureteral or renal 
calculi (%)

<10
10–50
50–70
70–90
>90

6 (2.0)
40 (13.5)
55 (18.6)
92 (31.1)

103 (34.8)

Respondent interest in a simple intra-operative 
technique utilizing a specialised ureteral catheter 
that would help choose the most appropriate stent 
length and would replace the catheter currently 
used and be of similar cost

Yes
No

171 (66.5)
86 (34.5)

a stent 70–90% of the time. For uncomplicated ure-
teroscopy, considered as a typical case when a stent 
is being left in-situ, most respondents (52.0%) would 
leave a stent for two to seven days, followed by seven 
to fourteen days (32.8%). Only 5.7% of respondents 
would leave a stent for <48 hours while 9.5% of re-
spondents would leave a stent for >14 days after un-
complicated ureteroscopy. Over 50% of respondents  

Practice patterns

Most respondents would frequently leave a stent 
after performing ureteroscopy for ureteral or renal 
calculi, with 84.5% of respondents leaving a stent 
at least 50% of the time (Figure 2). Specifically, 
34.8% of respondents reported leaving a stent >90%  
of the time and 31.08% of respondents leaving  

Figure 1. Practice location.
NZ – New Zealand

Figure 2. Frequency of ureteric stent placement after ureteros-
copy for ureteral or renal calculi.

Figure 3. Most preferred method to determine optimal ure-
teric stent length.
CT – computed tomography; KUB – kidney ureter bladder
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tiple methods in determining optimal stent length. 
Patient height (87.9%), followed by estimation based 
on experience (81.7%) and intra-operative mea-
surement of ureteric length (74.7%) were included  
in respondents’ repertoire of methods in determin-
ing optimal stent length (Figure 4). Interestingly, 
when respondents were asked if they would be in-
terested in utilizing a simple intra-operative tech-
nique utilizing a novel ureteral catheter that helped 
to choose the most appropriate stent length (which 
could replace the current ureteral catheter you use 
and be similar in cost), the majority (66.5%) replied 
that they would be interested in using such a special 
catheter.

DISCUSSION

While there are multiple methods to determine prop-
er stent length, there is no consensus on the best 
method. Previously described methods include use 
of patient height [8], direct measurement [8, 9], pre-
operative imaging [10–13], or surgeon experience.  
In the pediatric population, Palmer and Palmer de-
termined that simply adding 10 to patient age served 
as a reliable and accurate rule of thumb to determine 
ureteric stent length [16]. There are no established 
guidelines for determining ureteric stent length  
in adults or children. To our knowledge, this is the 
first study to evaluate preferred techniques amongst 
urologists for determining optimal stent length. 
It has been claimed that empiricism based on sur-
geon experience is the most common method for 

had access to stents ranging in length from 22 to  
28 cm while only 24.15% had access to 20 cm stents 
and 41.16% had access to multi-length stents. Most 
respondents did not routinely utilize a tether/string 
to facilitate removal of stents (58.2%).
When a stent was indicated, the majority of respon-
dents reported determining stent length intraop-
eratively (79.3%). When asked to rank the method  
of choice in determining optimal stent length, pa-
tient height was most commonly ranked first 
(47.0%) followed by estimation based on experi-
ence only (20.6%) and intra-operative measurement 
of ureteric length such as with a ureteral catheter 
(19.1%) (Figure 3). Most respondents utilized mul-

Figure 4. Techniques used to determine optimal stent length.
CT – computed tomography; KUB – kidney ureter bladder

Figure 5. Novel intra-operative technique to determine ureteral length utilizing an angiographic catheter with radiopaque mark-
ings adapted from Barrett et al. [20].
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determining stent length [16]. However, our study 
found that patient height is the most common meth-
od for determining stent length with 47% of respon-
dents ranking patient height as their most preferred 
method for determining stent length and 87.9%  
of respondents considering patient height as part  
of their repertoire of determining stent length. 
There have been different ways that height has been 
used to determine stent length. Described formulas 
include length = 1.125 x body height + 0.5 cm or the 
vertical distance from the second lumbar vertebrae 
to the pubic symphysis minus 2 [17]. The distance 
between the xyphoid process to the pubic symphysis 
as well as the distance between the acromium pro-
cess to head of ulna has also been used to predict 
stent length [18]. Ho et al. prospectively evaluated 
87 patients and their stent-related symptoms and 
found that a 22 cm stent would be most appropri-
ate for those between 149.5 to 178.5 cm in height 
[19]. Despite the widespread use of patient height 
in determining stent length, multiple studies have 
found that patient height does not correlate well 
with ureteral length [6, 11, 14, 15]. This was con-
firmed by Barrett et al. who found a poor correla-
tion between patient height and directly measured 
ureteral length, and also between lumbar vertebral 
height and directly measured ureteral length [20]. 
Interestingly, this same study also found that sur-
geon estimate of ureteric length also did not corre-
late with directly measured ureteral length, which 
is not surprising as surgeons may estimate ureteral 
length based on patient height. Despite opposing evi-
dence, patient height may remain a commonly used 
method to determine stent length because it is con-
venient, low cost, and non-invasive.
There is thought that ureteral stents are overused 
in contemporary urologic practice [3]. A prior survey 
study by Auge et al. in 2007 found that two-thirds of 
responders would place a stent more than 50% of the 
time and 13% would always place a stent following 
ureteroscopy, despite the fact that stent intolerance 
was the most significant problem addressed by pa-
tients (98%) [21]. In our study, we found that 84.5% 
of respondents would leave a stent at least 50% of 
the time, and surprisingly, 34.8% would leave a stent 
>90% of the time (Figure 2). For uncomplicated ure-
teroscopies when a stent is being left in situ, 52.03% 
of respondents would still leave a stent for two to 
seven days. These results suggest that stent inser-
tion following ureteroscopy remains a common prac-
tice and in fact may be even more common now than 
before. Prior randomized prospective trials have 
questioned stent placement following uncomplicat-
ed ureteroscopy and the American Urological Asso-
ciation (AUA) Guideline on Surgical Management  

of Stones recommends a selective approach to stent 
placement [22]. The AUA guideline indicates that 
clinicians may omit ureteral stenting in patients 
meeting all of the following criteria: those without 
suspected ureteric injury during ureteroscopy, those 
without evidence of ureteral stricture or other ana-
tomical impediments to stone fragment clearance, 
those with normal contralateral kidney, those with-
out renal functional impairment, and those in whom 
a secondary ureteroscopy is not planned. 
With respect to placement of a tether/string to fa-
cilitate stent removal, 58.2% of respondents would 
not leave a tether. The decision on whether to leave 
a tether may be affected by surgeon access to re-
sources, surgeon preference, and perceived risks  
of leaving a tether including increased urinary symp-
toms from string irritation, stent dislodgement, 
and patients forgetting to remove stents. A system-
atic review by Oliver et al. in 2018 found that pa-
tients with tethered stents had no overall difference  
in pain scores or urinary symptoms compared to 
non-tethered stents [23]. Tethered stents were found  
to have a shorter dwell time, which has implications 
on patient morbidity and burden on the healthcare 
system. However, nearly 10% of patients with teth-
ered stents suffered from dislodgement. There are 
currently no guidelines on placement of tethered 
versus non-tethered stents.
This survey has highlighted areas of improvement 
and topics to debate. Most notably, our survey re-
sults show that urologists are commonly using  
a non-validated method, patient height, to deter-
mine stent length. In addition, despite evidence and 
AUA recommendations to place stents selectively, 
stent placement appears to be increasing in frequen-
cy compared to prior survey data. Using an accurate 
and uniform measure to determine stent length and 
also reserving stent placement for select complicated 
cases would not only have implications in patient 
quality of life, but could also result in potential cost-
savings from reduced emergency department visits, 
secondary procedures, office visits and medication 
usage, such as antispasmodics and alpha blockers 
to treat bladder spasms and stent-colic. Our sur-
vey identified that a majority of urologists (66.5%) 
are interested in a simple intra-operative technique 
utilizing a special ureteral catheter that would help 
choose the most appropriate stent length, which sug-
gests that surgical innovation in this realm would be 
beneficial. Barrett et al. described a novel intraop-
erative technique to measure ureteral length and 
found that this technique strongly correlated with 
directly measured ureteral length with a ureteral 
catheter (r = 0.873, p <0.01) and resulted in good 
stent position in 92% of cases [20]. In this study,  
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did not stratify survey respondents based on their 
degree of expertise (i.e. resident versus consultant) 
which may have affected results. In addition, our 
survey did not have IP address restrictions so a re-
sponder may have completed the survey more than 
once. In our survey question 9, in reference to un-
complicated ureteroscopy describing a typical case 
when a stent is being left in-situ, different urologists 
may have different criteria as to what they consid-
er to be an uncomplicated ureteroscopy which may 
have biased results. The survey was also disseminat-
ed in 2019 and practice patterns change over time. 
As a survey study, our results are also susceptible  
to sampling and recall bias. 

CONCLUSIONS

The results from this survey demonstrate that ure-
teric stent use post-ureteroscopy is common, that 
patient height is the most frequently used method 
to determine optimal stent length and that urolo-
gists are interested in an intra-operative technique 
utilizing a special ureteral catheter that would help 
choose the most appropriate stent length. 
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25 ureters from 23 patients were included. This novel 
technique was compared with patient height and CT 
measurement, which resulted in poor and moderate 
correlation with directly measured ureteral length, 
respectively. In this novel technique, a radiographic 
measurement was performed by using a radiograph-
ic nipple marker affixed to the skin over the ureteral 
orifice and an angiographic catheter with radiopaque 
markings at 1 cm intervals (Cook Urological) (Fig-
ure 5, adapted from Barrett et al.) [20]. The ureteral 
length was the distance between the ureteropelvic 
junction (UPJ) to the marker at the ureteric orifice, 
measured using the catheter markers. The authors 
are currently working with the appropriate industry 
to discuss product development.
To our knowledge, this is the first study of its kind  
to characterize how urologists determine optimal 
stent length utilizing data from academic and com-
munity urologists on an international scale. An un-
derstanding of current demographics and practice 
patterns provides a platform for future research and 
development. The results of our study must be inter-
preted within the context of our study limitations. 
This was a survey study of endourologists who are 
part of the Endourological Society and as a result, 
may reflect a subgroup of urologists who tend to per-
form more complicated endourological cases. We also 

Appendix 1

Survey questions

1. Age:

2. Gender:

3. Years in practice
a) <5 years
b) 5–10 years
c) 10–20 years
d) >20 years

4. Primary practice location (select continent)
a) North America
b) South America
c) Europe
d) Asia
e) Australia
f) Africa

5. Type of practice
a) Academic hospital 
b) Community hospital/private practice 

6. Did you complete training in an endourology fellowship?
a) Yes
b) No 

7. How many ureteroscopic procedures do you perform per 
year?
a) <50
b) 50–100
c) 100–150
d) >150

8. How often do leave a stent after performing ureteroscopy 
for ureteral or renal calculi?
a) <10%
b) 10–50%
c) 50–70%
d) 70–90%
e) >90%

9. For a typical case when a stent is being left in-situ, how 
long do you leave a stent in place following ureteroscopy?
a) <7 days
b) 7–10 days
c) 10–14 days 
d) >14 days 

10. What stent length options are available at your institu-
tion?  Select all that apply. 
a) 20 cm 
b) 22 cm
c) 24 cm
d) 26 cm
e) 28 cm 
f) Multi-length 
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11. Do you routinely utilize the tether/string on the stent to 
facilitate removal?
a) Yes
b) No 

12. Do you determine stent length pre- or intra-operatively? 
a) Yes
b) No
c) N/A – I use multi-length stent 

13. Which techniques do you use to determine optimal stent 
length? (1–4, most to least frequent?)
a) Patient height 
b) CT scan 

c) KUB x-ray 
d) Intra-operative measurement of ureteric length with 

ureteral catheter
e) Estimation based on experience 

14. If there were a simple intra-operative technique utiliz-
ing a specialized ureteral catheter that would help you 
to choose the most appropriate stent length and would 
replace the catheter you now use and be of similar cost, 
would you be interested in using it?
a) Yes
b) No
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repaired with use of robotic-assisted laparoscopy: a case 
report
Piotr Kania, Paweł Marczuk, Jakub Biedrzycki

Department of Urology and Urological Oncology, St. John Paul II Mazovian Provincial Hospital in Siedlce, Siedlce, Poland

Article history
Submitted: Oct. 12, 2022  
Accepted: Nov. 20, 2022
Published online: Feb. 13, 
2023

The aim of this report is to underline proper differential diagnosis of scrotal enlargement and  
to highlight feasibility of minimally invasive robotic-assisted treatment of giant urinary bladder  
containing inguinoscrotal hernia. 
A 48-year-old patient was referred to the outpatient urology clinic with diagnosis of hydrocele. During 
the diagnostic procedures, it was confirmed that the scrotal enlargement is a giant inguinal hernia con-
taining most of the urinary bladder. Robotic-assisted laparoscopic transabdominal preperitoneal hernia 
repair (TAPP) has been performed. The patient remains asymptomatic after 18 months of observation. 
Minimally invasive repair should always be considered due to better perioperative and postoperative 
outcomes. 
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CASE PRESENTATION

A 48-year-old Caucasian male with no comorbidities 
was referred to the urology outpatient clinic with the 
initial diagnosis of right-sided giant hydrocele con-
firmed by scrotal ultrasonography revealing an an-
echoic space of about 300 ml in volume surrounding 
normal testicle. The patient presented with a bladder 
catheter inserted in the emergency department due 
to increased lower urinary tract symptoms (LUTS) 
and consequent acute urinary retention. A painless 
enlargement of the right scrotum reaching the groin 
region was observed by the patient for two years 
with no other gastrointestinal symptoms or abdomi-
nal pain. The initial plan was to evaluate LUTS after 
catheter removal and to refer the patient for elective 

hydrocele surgery. The catheter was then removed 
and after adequate hydration, abdominal ultraso-
nography revealed normal kidneys, urinary bladder 
with smooth wall outline and volume of 150 ml and 
prostate volume of 25 ml. Uroflowmetry was per-
formed at the same visit to safely release the patient 
home without catheter. 
However, the flowmetry results totally completely 
changed the initial diagnosis and treatment plan. 
With a bladder volume before micturition of 150 ml, 
the voided volume was about 400 ml with maximal 
flow rate 22 ml/s and no residual volume. These find-
ings led us to suspect an inguinal hernia containing 
the bladder. After more detailed anamnesis, the pa-
tient recalled that the scrotum was less filled after 
micturition. The diagnosis of inguinoscrotal hernia 
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scope, four arms and one laparoscopic assistant port 
in a standard radical prostatectomy setting. A 30˚up 
endoscope application facilitates high and adequately 
wide opening of peritoneum to achieve long enough 
peritoneal flap (Figure 2). The hernia hiatus was un-
covered with its medial aspect deeply to the Retzius 
space, posterior surface of pubic bone, Cooper liga-
ment and pubic tubercule was exposed. The most la-
borious stage of the procedure was the precise prepa-
ration of a giant hernial sac, with special caution to 
spare seminal cord and bladder integrity. However, 
an active use of the fourth arm armed with Prograsp 
made it easier than in classic laparoscopy. After this, 
the hernia sac was repositioned into the abdominal 
cavity proximally (Figure 3). The watertightness  
of the bladder was confirmed. Hiatus was covered 
with use of 10x15 cm self-fixating mesh (ProGrip Co-
vidien) (Figure 4). Peritoneal closure with a barbed 

containing almost the entire urinary bladder was 
confirmed in computed tomography (CT) and ure-
throcystography (Figure 1). 
The decision to perform the surgery in the urology 
department was based on the significant risk of uri-
nary bladder reconstruction. The patient was then 
qualified to laparoscopic robot-assisted transabdomi-
nal preperitoneal hernia repair (TAPP). The sur-
gery was performed with use of daVinci® X system 
(Intuitive, Sunnyvale CA, USA) using a 30˚ endo-

Figure 1. Preoperative urethrocystography.
Figure 3. Interposition of the hernia sac.

Figure 2. Peritoneal flap preparation. Figure 4. Mesh positioning.
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DISCUSSION 

Inguinal hernia is a common pathological condition 
that affects 27% of men and 3% of women worldwide. 
Repair of inguinal hernia is one of the most common 
surgical procedures. Herniation of the urinary blad-
der is rare and is found in up to 4% of inguinal her-
nias [1]. 
Inguinal bladder hernia (IBH) risk factors include: 
male sex, obesity, weakness of pelvic muscles, age 
and bladder outlet obstruction [2]. 
IBH can be anatomically divided into: extraperi-
toneal, paraperitoneal or intraperitoneal with the 
majority of cases being extraperitoneal hernias [3]. 
Pathophysiology of IBH include pulling a portion 
or the whole bladder wall through the inguinal ring 
into the inguinal canal and scrotum with the sheath 
of peritoneum that forms hernia sac. 
Symptoms of IBH include lower urinary tract symp-
toms (LUTS) such as urgency, frequency, nocturia or 
two-stage voiding, reducing of size of inguinal hernia 
after micturition and recurrent urinary tract infec-
tions. If ureters are involved in the hernia sac, one-
sided or bilateral hydronephrosis with renal failure 
can be seen [4]. However, most of IBH, especially 
small ones, are asymptomatic and of those, only  
5 to 10% of IBH are diagnosed preoperatively, 77%  
of cases are diagnosed intraoperatively and up to 
16% of cases are diagnosed postoperatively due to 
surgical complications [5]. These data show the im-
portance of proper differential diagnosis to avoid 
intraoperative complications including urinary blad-
der injury followed by massive haematuria, sepsis  
or fistula formation. If any doubts appear, one should 
not hesitate to perform CT, magnetic resonance im-
aging (MRI), cystoscopy and cystourethrography [6]. 
CT or MRI are helpful to evaluate the hernia size, 
position or composition, vascularisation and concom-
itant abnormalities. The most sensitive examina-
tion in IBH diagnosis is voiding cystourethrography  
– this study reveals ‘dumbbell’ or ‘dog’s ear’ shape  
of the urinary bladder [7]. 
Standard of care in patients presenting with IBH 
is operation including reposition of urinary bladder 
into abdominal cavity with simultaneous hernia re-
pair. In some cases, bladder partial resection is rec-
ommended. These include: wall necrosis, large blad-
der diverticulum or narrow hernia neck. 
The majority of authors described open IBH repair 
using Bassini or modified Lichtenstein technique. 
Our patient underwent laparoscopic transabdominal 
preperitoneal (TAPP) hernia repair using daVinci  
X system. This minimally invasive technique has lots 
of advantages including: improved visibility, lower 
estimated blood loss, reduced analgesia requirement, 

suture finalised the procedure (Figure 5). The opera-
tion time was 180 minutes and the uneventful hos-
pitalization lasted 6 days. Postoperative cystography 
showed an hourglass/dumbbell shape of the bladder 
with no leak of contrasted urine (Figure 6). In the 
early postoperative period, bladder obstruction was 
excluded. Post-voiding retention in subsequent mea-
surements decreased to 50 ml. During the 18-month 
follow-up period, the patient did not report any pain, 
voiding symptoms or signs of urinary tract infection.

Figure 6. Postoperative urethrocystography.

Figure 5. Peritonisation of the mesh.
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In conclusion, IBH is an uncommon condition that 
requires proper preoperative diagnosis to prevent 
misleading and severe complications. As most cas-
es are treated surgically by open approach, laparo-
scopic and robotic-assisted IBH repair should always  
be considered in experienced centres due to bet-
ter perioperative and postoperative outcomes. Ac-
cording to authors’ knowledge this is the third case  
of inguinal bladder hernia repair using robotic  
daVinci system described in the literature.
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faster postoperative recovery with shorter length  
of hospital stay, better cosmetics or reduced num-
ber of postoperative complications. It was proved  
in a systematic review and meta-analyses [8] that 
laparoscopic approach in hernia repair results in lon-
ger surgery time, but better results and lower com-
plications rate when compared to open approach. 
Systematic review of literature performed in 2018  
by Branchu et al. [9] revealed that 80% of patients 
presenting IBH were operated using an open ap-
proach. Only 3 authors described laparoscopic ap-
proach and only two cases of robotic repair of blad-
der herniation were presented so far. 
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Patient position and technical steps for laparoscopic 
radical nephrectomy (LRN) are well known, as well 
as the importance of knowing each patients’ renal 
hilum anatomy. However, anatomical variants often 
pose surgical challenges, and innovative technical 
modifications may be required.
Thus, we present a transperitoneal LRN we per-
formed with patient positioned in a moderate Tren-
delenburg, in order to address an ectopic pelvic kid-
ney with five main vessels.
A 76-year-old man presented with a computed to-
mography (CT) scan reporting an incidental finding 
of a right pelvic kidney with anterior hilum rotation 
and several vascular variants: two renal arteries 
(RA) arising from the aorta (Ao), below the inferior 
mesenteric artery emergence; and two renal veins 
(RV), the most cephalic draining to the inferior 
vena cava (IVC) at L2 level, and the second with 
an anteromedial path along the kidney, but then 
contouring it, becoming posterior, and crossing 
between the common iliac arteries (IA), draining  
to the IVC immediately before the iliac bifurcation, 
at L5 level.
Since there was a 6 cm lesion suspicious for renal cell 
carcinoma (RCC), a LRN was proposed.

Patient was positioned in a moderate Trendelenburg. 
After placing two 10 mm and two 5 mm trocars in 
lower abdominal quadrants (AQ), we added three  
5 mm trocars in the superior AQ, to assist surgical ex-
position. We isolated and ligated with Hem-O-Lok five 
main vessels – three RA arising from: right common 
IA, Ao near iliac bifurcation, and another superior 
aortic branch; and two RV: an inferior one apparently 
draining to the right common iliac vein, and a cephal-
ic vein, running in parallel with duodenum, draining 
superiorly to the IVC. 
Operative time was 3 hours. There were no complica-
tions. The drain was removed after two days, and the 
patient was discharged home on the third day postop-
eratively. Hemoglobin slightly decreased from 14.6 g/dl 
to 11.9 g/dl. The histopathologic examination revealed 
an 808 g surgical specimen, 8.8*8.0*6.5 cm kidney, with 
7.0*6.0*4.5 cm clear cell RCC, in the middle and infe-
rior pole, G3 pT3aNxR0, with focal invasion of hilar and 
perirenal fat. There was also vascular invasion.
In conclusion, this was a challenging but success-
ful surgery, using only standard laparoscopic mate-
rial. Robot-assistance or CT-scan 3D reconstruction 
might have been helpful, if available, but we showed 
these are not essential.
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We emphasize the relevance of always keeping fascial 
plane dissection, respecting tissues’ anatomical differ-
ences that are present, even in extreme variants as in 
this case, in which we had to perform a LRN in an un-
conventional position. To know our patient’s anatomy 
is crucial. We cannot completely rely on radiological 
imaging reports and we must always study the case, 
be careful, stay alert and expect the unexpected. 
Trendelenburg position seems to be a suitable ap-
proach for laparoscopic surgery in pelvic kidneys,  

in which we may have to adapt the classical de-
scribed techniques to best suit our patients’ par-
ticular anatomy. 
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Benign ureteral stricture after radical cystectomy is 
a common post-operative complication. In case this 
scenario occurs in kidney-transplanted patients, the 
surgeon needs to face a challenging anatomy and 
the obligation of nephron preservation. We present  
a 76-year-old male that underwent open renal trans-
plantation in 2019 and open radical cystectomy with 
ileal conduit in 2021 for a high-grade pT3N0M0 uro-
thelial tumor. After four months, the patient pre-
sented with worsening renal function (glomerular 
filtration rate 21 mL/min/1.73 m2) and grade III–IV 
graft hydronephrosis at computed tomography scan. 
A nephrostomy tube was placed, and anterograde 
pyelography showed a <1 cm stricture of the distal 
ureter. 
The surgical steps were the following. The patient 
was placed in supine position. Two Amplatz guide-
wires were placed through a dual lumen ureteral 
access catheter (5–10 Fr and a length of 24 cm) af-
ter nephrostomy tube removal. After positioning of 
a ureteral access sheath (10–12 Fr) an antegrade 
flexible-ureterorenoscopy was performed to reach 

and identify the stricture. Endoscopic balloon dila-
tion was performed reaching a pressure of 30 atmo-
spheres. After inspection, the stricture was incised 
with thulium laser (15–20 W) until exposure of peri-
ureteral fat. A second dilation was performed to en-
sure successful treatment. A uni-J ureteral catheter 
(8 Fr) was left for 1 week. After 30 days, anterograde 
pyelography (via nephrostomy tube) was carried out 
demonstrating the stenosis resolution.
In conclusion, the endoscopic treatment of ureter-
enteric benign strictures in renal transplant patients 
after radical cystectomy is feasible and safe with opti-
mal outcomes. Renal function preservation is the ulti-
mate goal in these patients and the endourological ap-
proach represents an alternative effective technique. 
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