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T1 and T2 sequences provided complimentary information in the evaluation of a ectopic left kidney in a 
10-month-old girl (A, B) and of an obstructive right megaureter in a 9-month-old girl (C, D).  (e20250047)
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A) T2 MIP: left ectopic and malrotated kidney with SFU Grade 3 hydronephrosis, normal right kidney. B) T1 Gd-
enhanced MIP: Markedly delayed excretion on the left with asymmetric unit pathologic differential renal function (R 

65%/L 35%). C) T2 MIP: Right SFU Grade 4 hydronephrosis and hydroureter, normal right kidney. D) T1 Gd-enhanced 
MIP: Renal transit time is 2 minutes 9 seconds on the left, which is normal.

Renal transit time is prolonged on the right, which measures greater than 10 minutes

A

C

B

D



EDITOR-IN-CHIEF

ASSOCIATE EDITORS

EMERITUS EDITOR

Luciano A. Favorito
Unidade de Pesquisa Urogenital,

Univ. do Est. do Rio de Janeiro – UERJ,
Rio de Janeiro, RJ, Brasil

I N T E R N AT I O N A L

BRAZ J UROL
O F F I C I A L  J O U R N A L  O F  T H E  B R A Z I L I A N  S O C I E T Y  O F  U R O LO GY  -  S B U

ROBOTIC SURGERY AND TELESURGERY

Marcio C. Moschovas
AdventHealth Celebration, FL, USA

Eliney Ferreira Faria
Hospital Câncer de Barretos

Barretos, SP, Brasil

Sidney Glina
Disciplna de Urologia,

Faculdade de Medicina do ABC,
Santo André, SP, Brasil

Francisco J. B. Sampaio
Unidade de Pesquisa Urogenital,

Univ. do Est. do Rio de Janeiro – UERJ,
Rio de Janeiro, RJ, Brasil

BPH AND NEUROUROLOGY

Cristiano Mendes Gomes
Hosp. de Clínicas da Univ. 

de São Paulo
São Paulo, SP, Brasil

ENDOUROLOGY AND 
LITHIASIS 

Fábio C. M. Torricelli
Hosp. das Clínicas da 

Fac. de Medicina da USP, 
São Paulo, SP, Brasil

GENERAL UROLOGY

 José de Bessa Jr.
Universidade Estadual de 

Feira de Santana, Feira 
de Santana, BA, Brasil

INFERTILITY 

Sandro Esteves
Clínica Androfert,

Campinas, SP, Brasil

MALE HEALTH 

Valter Javaroni
Hospital Federal do

Andaraí, Rio de Janeiro,
RJ, Brasil

FEMALE UROLOGY

Cássio Riccetto
Universidade Estadual de

Campinas – UNICAMP,
Campinas, SP, Brasil



I N T E R N AT I O N A L

BRAZ J UROL

UPDATE IN UROLOGY

PEDIATRIC UROLOGY

José Murillo Bastos Netto
Univ. Fed. de Juiz de Fora, UFJF, 

Juiz de Fora,
MG, Brasil

Tiago E. Rosito
Universidade Federal do Rio 
Grande do Sul, UFRGS, Porto 

Alegre, RS, Brasil

VIDEO SECTION 
Philippe E. Spiess
Hospital Lee Moffitt

Cancer Center,
 Tampa, FL, USA

Alexandre Danilovic
Hospital das Clínicas da

Faculdade de Medicina da USP,
São Paulo, SP, Brasil

Felipe Lott
Instituto Nacional do Câncer

INCA, Rio de Janeiro
RJ, Brasil

João Paulo Martins Carvalho
Hospital Federal Cardoso Fontes

Rio de Janeiro,
RJ, Brasil

Márcio Augusto Averbeck
Hospital Moinhos de Vento,

Porto Alegre,
RS, Brasil

Rodrigo Barros de Castro
Universidade Federal

Fluminense 
UFF, Niterói, RJ, Brasil

Rodrigo Ribeiro Vieiralves
Hospital Federal da Lagoa

Rio de Janeiro,
RJ, Brasil

Leonardo O. Reis
Univ. Estadual de Campinas – UNICAMP

Campinas, SP, Brasil

Arie Carneiro
Hospital Israelita Albert Einstein

Sãoo Paulo, SP, Brazil

Stênio de C. Zequi
AC Camargo Cancer Center, 

Fund. Prudente, SP, Brasil

Rodolfo Borges
Fac. de Med. da Univ. de São Paulo,

Ribeirão Preto, SP, Brasil

URO-ONCOLOGY

André Abreu 
Institute of Urology 

Univ. of Southern
California - USC, FL, USA



I N T E R N AT I O N A L

BRAZ J UROL

CONSULTING EDITORS 

A. Lopez-Beltran
Universidad de Córdoba Sch Med,
Cordoba, España

A. J. Stephenson
Cleveland Clinic´s Glickman Urol.,
Cleveland, OH, USA

Aderivaldo Cabral Dias Filho
Hosp. de Base do Dist. Fed. de Brasília,
Brasília, DF, Brasil

Adilson Prando
Vera Cruz Hospital Campinas,
Campinas, SP, Brasil

Ahmed I. El-Sakka
Suez Canal University Sch Med.,
Ismailia, Egypt

Alan M. Nieder
Columbia University Miami Beach,
FL, USA

Alexandre L. Furtado
Universidade de Coimbra e Hospital, 
Coimbra, Coimbra, Portugal

Allen F. Morey
University. Texas SW Med. Ctr.,
Dallas, TX, USA

Andre G. Cavalcanti
Univ. Fed. do Est. do Rio de Janeiro, 
UNIRIO, Rio de Janeiro, RJ, Brazil

Andreas Bohle
Helios Agnes Karll Hospital Bad,
Schwartau, Germany

Andrew J. Stephenson
Cleveland Clinic’s Glickman Urological, 
OH, USA

 Anuar I. Mitre
Faculdade de Medicina da USP
 São Paulo, SP Brasil

Ari Adamy Jr.
Hospital Santa Casa de Curitiba,
Curitiba, PR, Brasil

Anthony J. Schaeffer
Northwestern University Chicago,
IL, USA

Antonio C. L. Pompeo
Faculdade de Medicina do ABC,
Santo André, SP, Brasil

Antonio C. Westphalen
University of California, San Francisco, 
San Francisco, CA, USA

Antonio Corrêa Lopes Neto
Faculdade de Medicina do ABC,
Santo André, SP, Brasil

Antonio Macedo Jr.
Universidade Federal de São Paulo,
São Paulo, SP, Brazil

Arthur T. Rosenfield
Yale University Sch Medicine New Haven, 
CT, USA

Ashok Agarwal
Cleveland Clinic Foundation Cleveland, 
Ohio, USA

Athanase Billis
Univ. Estadual de Campinas - UNICAMP, 
Campinas, SP, Brasil

Athanasios Papatsoris
Univ. of Athens, Sismanoglio Hospital, 
Athens, Greece

Barry A. Kogan
Albany Medical College Albany,
NY, USA

Bianca Martins Gregorio
Univ. Estadual do Rio de Janeiro – UERJ, 
Rio de Janeiro, RJ, Brasil

Boris Chertin
Shaare Zedek Med Ctr.,
Jerusalem, Israel

Bruno Marroig
Instituto D´or de Ensino,
Rio de Janeiro, RJ, Brasil

Carlos Arturo Levi D’ancona
Univ. Estadual de Campinas – UNICAMP, 
Campinas, SP, Brasil

Daniel G. DaJusta
Wayne State University,
Detroit, MI, USA

Daniel Hampl
Hospital Municipal Souza Aguiar,
Rio de Janeiro, RJ, Brasil

Diogo Benchimol de Souza
Univ. Estadual do Rio de Janeiro – UERJ, 
Rio de Janeiro, RJ, Brasil

Donna M. Peehl
Stanford University Sch. Med. Stanford, 
CA, USA

Eduardo Bertero
Hosp. do Serv. Púb. Est. de São Paulo, São 
Paulo, SP, Brasil

Erik Busby
University of Alabama Birmingham
AL, USA

Ernani L. Rhoden
Hospital Moinhos de Vento,
Porto Alegre, RS, Brasil

Eugene Minevich
University of Cincinnati Med. Ctr.,
Cincinnati, OH, USA

Evangelos N. Liatsikos
University of Patras,
Patras, Greece

Faruk Hadziselimovic
University of Basel,
Liestal, Switzerland

Ferdinand Frauscher
Medical University Innsbruck,
Innsbruck, Austria

Fernando G. Almeida
Univ. Federal de São Paulo – UNIFESP
São Paulo, SP, Brasil



I N T E R N AT I O N A L

BRAZ J UROL

Fernando Korkes
Faculdade de Medicina do ABC
Santo André, SP, Brasil

Flavio Trigo Rocha
Fac. de Medicina da Univ. de São Paulo, 
São Paulo, SP, Brasil

Francisco T. Denes
Fac. de Medicina da Univ. de São Paulo, 
São Paulo, SP, Brasil

Franklin C. Lowe
Columbia University New York,
NY, USA

Glenn M. Preminger
Duke University Medical Ctr.
Durham, NC, USA

Guido Barbagli
Ctr. Uretrale e Genitali Chirurgia,
Arezzo, Italia

Gustavo Cavalcanti Wanderley
Hospital Estadual Getúlio Vargas,
Recife, PE, Brasil

Gustavo F. Carvalhal
Pontifícia Universidade Católica – PUC, 
Porto Alegre, RS, Brasil

Hamilton Zampolli 
Divisão de Urologia, Inst. 
do Câncer Arnaldo Vieira 
de Carvalho, São Paulo, SP, Brasil

Hann-Chorng Kuo
Buddhist Tzu Chi Sch Med.,
Hualien, Taiwan

Herney A. Garcia-Perdomo
Universidad del Valle,
Cali, CO

Homero Bruschini
Fac. de Med. da Univ. de São Paulo,
São Paulo, SP, Brasil

Hubert Swana
Arnold Palmer Hosp. for Children Urology,
Center, FL, USA

Humberto Villavicencio
Fundació Puigvert,
Barcelona, Espanha

J. L. Pippi Salle
University of Toronto,
Toronto, ON, Canada

John C. Thomas
Monroe Carell Jr. Children’s
Hospital. at Vanderbilt, TN, USA

Jae-Seung Paick
Seoul National University Hospital,
Seoul, Korea

Jeffrey A. Cadeddu
University of Texas Southwestern,
Dallas, TX, USA

Jeffrey P. Weiss
SUNY, Downstate Medical School Brooklyn, 
New York, USA

Jens Rassweiler
University of Heidelberg Heilbronn, 
Germany

John Denstedt
University of Western Ontario London,
ON, Canada

Jonathan I. Epstein
The Johns Hopkins University Baltimore, 
MD, USA

Jorge Gutierrez-Aceves
Wake Forest Baptist Medical Center,
NC, USA

Jorge Hallak
Fac. de Med. Univ. de São Paulo,
São Paulo, SP, Brasil

José Carlos Truzzi
Universidade de Santo Amaro,
São Paulo, SP, Brasil

Jose J. Correa
Ces University Medellin,
Medelin, CO

Joseph L. Chin
University of Western Ontario,
London, ON, Canada

Julio Pow-Sang
Moffitt Cancer Center,
Tampa, FL, USA

Karim Kader
Wake Forest University,
Winston-Salem, NC, USA

Karl-Dietrich Sievert
University of Tuebingen,
Tuebingen, Germany

Karthik Tanneru
University of Florida
Jacksonville, USA

Katia R. M. Leite
Universidade de São Paulo - USP,
São Paulo, SP, Brasil

Laurence Baskin
University California San Francisco,
San Francisco, CA, USA

Leandro Koifman
Hospital Municipal Souza Aguiar,
Rio de Janeiro, RJ, Brasil

Leonardo Abreu
Universidade Estácio de Sá,
Rio de Janeiro, RJ, Brasil

Liang Cheng
Indiana University Sch. Medicine, 
Indianapolis, IN, USA

Lisias N. Castilho
Fac. de Med. Univ. de São Paulo,
São Paulo, SP, Brasil

Lisieux Eyer de Jesus
Hospital Universitário Antônio Pedro,
Niterói, RJ, Brasil

Luca Incrocci
Erasmus Mc-Daniel Cancer Ctr.,
Rotterdam, The Netherlands

Lucas Nogueira
Univ. Federal de Minas Gerais - UFMG,
Belo Horizonte, MG, Brasil

Luis H. Braga
McMaster University,
Hamilton, Ontario, CA

M. Chad Wallis
University of Utah,
Salt Lake City, Utah, USA

M. Manoharan
University of Miami Sch. Med.,
Miami, FL, USA
Marcello Cocuzza
Fac. de Med. Univ. de São Paulo,
São Paulo, SP, Brasil 

Marcelo Wroclawski
Hospital Israelita Albert Einstein,
São Paulo, SP, Brasil 



I N T E R N AT I O N A L

BRAZ J UROL

Marco Arap
Hospital Sírio Libanês,
São Paulo, SP, Brasil

Marcos Giannetti Machado
Hospital das Clínicas da USP,
São Paulo, SP, Brasil

Marcos Tobias-Machado
Faculdade de Medicina do ABC,
Santo André, SP, Brasil

Márcio Josbete Prado
Universidade Federal da Bahia – UFBA, 
Salvador, BA, Brasil

Marcos F. Dall’Oglio
Universidade de São Paulo – USP,
São Paulo, SP, Brasil

Margaret S. Pearle
University of Texas Southwestern,
Dallas, TX, USA

Matthew C. Biagioli
Moffitt Cancer Center
Tampa, FL, USA

Mauricio Rubinstein
Univ. Fed. do Rio de Janeiro – UFRJ,
Rio de Janeiro, RJ, Brasil

Michael B. Chancellor
William Beaumont Hospital Royal Oak, 
MI, USA

Miguel Zerati Filho
Inst. of Urologia e Nefrologia S. J. do Rio 
Preto, SJRP, SP, Brasil

Monish Aron
Cleveland Clinic Foundation,
Los Angeles, CA, USA

Monthira Tanthanuch
Prince of Songkla University,
Haad Yai, Thailand

Paulo Palma
Univ. Est. de Campinas UNICAMP
Campinas, SP, Brasil

Paulo R. Monti
Univ. Federal do Triângulo Mineiro,
Uberaba, MG, Brasil

Paulo Rodrigues
Hosp. Beneficência Portuguesa de São 
Paulo, São Paulo, SP, Brasil

Rafael Carrion
Univ. of South Florida,
Tampa, FL. USA

Ralf Anding
University Hospital Friederich Wilhelms, 
University Bonn, Germany

Rafael Sanchez-Salas
Stephen Jarislowsky Depart. of Surgery, 
Division of Urology McGill University, 
Montreal, Canada

Ralph V. Clayman
Univ. California Irvine Med. Ctr.,
Orange, CA, USA

Ricardo Autorino
University Hospitals Urology Institute,
OH, USA

Ricardo Bertolla
Univ. Fed. São Paulo – UNIFESP,
São Paulo, SP, Brasil

Ricardo Miyaoka
Univ. Estadual de Campinas – UNICAMP, 
Campinas, SP, Brasil

Ricardo Reges
Universidade Federal do Ceará – UFCE, 
Fortaleza, CE, Brasil

Rodrigo Krebs
Univ. Federal do Paraná – UFPR,
Curitiba, PR, Brasil

Rodolfo Montironi
Università Politecnica delle Marche,
Region Ancona, Italy

Ronaldo H. Baroni
Hospital Albert Einstein
São Paulo, SP, Brasil

Roger R. Dmochowski
Vanderbilt University Sch. Med.,
Nashville, TN, USA

Sean P. Elliott
University of Minnesota,
Minneapolis, MN, USA

Simon Horenblas
Netherlands Cancer Institute-Antoni, 
Amsterdam, The Netherlands

Stephen Y. Nakada
University of Wisconsin
Madison, WI, USA
Tariq Hakki
University of South Florida,
Tampa, FL, USA

Tristan Dellavedova
FUCDIM, Cordoba, Argentina

Truls E. Bjerklund Johansen
Aarhus University Hospital,
Aarhus, Denmark

Ubirajara Barroso Jr.
Escola Bahiana de Med. e Saúde Pública, 
Salvador, BA, Brasil

Ubirajara Ferreira
Univ. Estadual de Campinas – UNICAMP, 
Campinas, SP, Brasil

Victor Srougi
Faculdade de Medicina de São Paulo,
São Paulo, SP, Brasil

Vipu R. Patel
University of Central Florida,
Orlando, FL, USA

Vincent Delmas
Université René Descartes,
Paris, France

Wade J. Sexton
Moffitt Cancer Center,
Tampa, FL, USA

Waldemar S. Costa
Univ. Est. do Rio de Janeiro – UERJ,
Rio de Janeiro, RJ, Brasil

Walter Henriques da Costa
Hospital da Santa Casa de São Paulo,
São Paulo, SP, Brasil

Wassim Kassouf
McGill University,
Montreal, Canada



I N T E R N AT I O N A L

BRAZ J UROL

The authored articles and editorial comments, opinions, findings, conclusions, or recommendations in the International Braz J Urol are solely those of the 
individual authors and contributors, and do not necessarily reflect the views of the Journal and the Brazilian Society of Urology. Also, their publication in the 
International Braz J Urol does not imply any endorsement. The publication of advertisements in the International Braz J Urol, although expecting to conform to 
ethical standards, is not a warranty, endorsement or approval of the products or services advertised or of their effectiveness, quality, or safety. Medicine is a 
science that constantly and rapidly advances, therefore, independent verification of diagnosis and drug usage should be made. The Journal is not responsible 
for any injury to persons caused by usage of products, new ideas and dosage of drugs proposed in the manuscripts.

DISCLAIMER

EDITORIAL PRODUCTION

FORMER EDITORS

Eletronic Version: Full text with fully searchable articles on-line: 

Correspondence and Editorial Address:
Rua Real Grandeza, 108 - conj. 101 - 22281-034 — Rio de Janeiro — RJ — Brazil

Tel.: + 55 21 2246-4003; E-mail: brazjurol@brazjurol.com.br

The paper on which the International Braz J Urol is printed meets the 
requirements of  ANSI/NISO Z39, 48-1992 (Permanence of Paper). Printed 
on acid-free paper.

PRODUCTION EDITOR
Bruno Nogueira

SECRETARY
Patrícia Gomes

TECHNICAL EDITOR
Ricardo de Morais

https://www.intbrazjurol.com.br

ONLINE manuscript submission: www.intbrazjurol.com.br

The International Braz J Urol is partially supported by the Ministry of Science and 
Technology. National Council for Scientific and Technological Development.
 Editorial and Graphic Composition

The International Braz J Urol, ISSN: 1677-5538 (printed version) and ISSN: 1677-6119 (electronic version) is the Official Journal of the Brazilian Society of Urology– 
SBU, is published 6 times a year (bimonthly, starting in January - February).  Intellectual Property: CC-BY – All the contents of this journal, except where otherwise 

noted, is licensed under a Creative Commons Attribution License. Copyright by Brazilian Society of Urology.

The International Braz J Urol is indexed by: EMBASE/Excerpta Medica; SciELO, Lilacs/Latin America Index; Free Medical Journals; MD-Linx; Catálogo Latindex; SCImago, 
Index Medicus - NLM, PubMed/MEDLINE, PubMed/Central, ISI - Current Contents / Clinical Medicine and Science Citation Index Expanded.

Alberto Gentile (Founder)
(1975 - 1980)

Lino L. Lenz
(1981)

Rubem A. Arruda
(1982 - 1983)

G. Menezes de Góes
(1984 - 1985)

Sami Arap
(1986 - 1987)

N. Rodrigues Netto Jr
(1988 - 1993)
 

Sami Arap
(1994 - 1997)

Sérgio D. Aguinaga
(1998 - 1999)

Francisco J. B. Sampaio
(2000 - 2010)

Miriam Dambros
(2011)

Sidney Glina
(2012 – 2019)

Luciano A. Favorito
(2020 –       )

Wilfrido Castaneda
University of Minnesota,
Minneapolis, MN, USA

William Nahas
Fac. de Med. da Univ. de São Paulo,
São Paulo, SP, Brasil

Wojtek Rowinski
Univ of Warmia and Mazury, Olsztyn, 
Poland

Wolfgang Weidner
Justus-Liebig Univ Giessen,
Giessen, Germany



EDITORIAL IN THIS ISSUE

e20250301 Telesurgery in Urology is the Hot Topic in this Number of International Brazilian Journal  
 of Urology
 Luciano A. Favorito 

REVIEW ARTICLE 

e20240494 Feasibility and Initial Outcomes of Telesurgery in Urology: a Systematic Review of the Lite 
 rature

 Sávio Valadares Ferreira, Murilo Henrique Sugai, Guilherme Corrêa do Nascimento, Antonino Caetano   
de Souza Netto, Gustavo Colombo Cabrini, Fernando Martins Rodrigues, Cleverson Luiz Rocha D’   
 Avila, Geovanne Furtado Souza, Ricardo Vieira Zerati, Miguel Zerati Filho

e20240665 Urachal Carcinomas: A Comprehensive Systematic Review and Meta-analysis
 Caio Vinícius Suartz , , Lucas Motta Martinez , Marcelo Henrique Lima Silvestre, Richard Dobrucki de  
Lima , Pedro Henrique Souza Brito , Ketlyn Assunção Galhardo , Roberto Iglesias Lopes , Victor Hon do 
Silva de Moraes, Caio Mazzonetto Teofilo de Moraes, Luana Covatti , Maria Fernanda Dias Azevedo, 
Lucas Schenk de Almeida, Debora Narumi Demitrol Setoue , Natália Doratioto Serrano Faria Braz , José 
Bessa Júnior , Fernando Korkes, Leonardo O. Reis, Kátia Ramos Moreira Leite , William Carlos Nahas , 
Paul Toren, Leopoldo Alves Ribeiro-Filho

e20250047 Magnetic Resonance Urogram in Pediatric Urology: a Comprehensive Review of Applica-
tions and Advances

 Benjamin Press, Joo Cho , Andrew Kirsch

e20259904 Management of Adverse Effects in Testosterone Replacement Therapy
 Basheer Basheer , Vishal Ila , Rodrigo Barros , Francesco Mesquita , Leonardo Seligra Lopes , Victor Fer- 
 nandes Negris Lima , Luciano A. Favorito , Ranjith Ramasamy

e20259907 Neurophysiology of Micturition: a Narrative Review on Preventing Mismanagement
 Ricardo C. Mattos , , Luciano A. Favorito

e20240509 Predictive Value of Multiparametric Magnetic Resonance Imaging (T2-weighted Imaging 
and Apparent Diffusion Coefficient) for Pathological Grading of Prostate Cancer: a Meta-
-Analysis

 Subo Zhang, Jinxin Wan, Yongjun Xu, Leiming Huo, Lei Xu, Jiabao Xia, Zhitao Zhu, Jingfang Liu, Yan Zhao

ORIGINAL ARTICLE

e20240500 External Validation and Comparison of Current Scoring Systems in Encrusted Ureteral Stent 
Management: a Multicenter Study
Mert Hamza Özbilen, Mehmet Çağlar Çakıcı, Erdem Kısa, Taylan Tığlı, Berk Yasin Ekenci, Burak Tüfekçi, 
Hilmi Sarı , İbrahim Güven Kartal, Ahmet Nihat Karakoyunlu, Gökhan Koç, Asıf Yıldırım, Hakan Erçil 

CONTENTS Volume 51 | number 3 | May . June, 2025  |  INT BRAZ J UROL



e20240556 Radical Cystectomy with Elective Indication to Cutaneous Ureterostomy: Single-Center 
Comparative Analysis Between Open and Robotic Surgery in Frail Patients
Maria Chiara Sighinolfi, Enrico Panio, Tommaso Calcagnile, Simone Assumma, Filippo Gavi, Luca Sarchi, 
Matti Sagalli, Filippo Turri, Alberto Romano, Alberto del Nero, Paolo dell’Orto, Marco Sandri, Andrea Gre-
gori, Franco Palmisano, Bernardo Rocco

e20240615 Multicenter Retrospective Registry Study on BCG Use in Non-Muscle Invasive Bladder Can 
cer in Latin America: BLATAM (Bladder Cancer in Latin America) Group
 Gustavo M. Villoldo, Matias Ignacio Gonzalez, Alvaro Vidal Faune, Ricardo Castillejos Molina, Luis Fer-  
nando Meza Montoya, José Gadu Campos Salcedo, Gonzalo Vitagliano, Hamilton Zampolli, Alcedir Raiser 
Lima, Ruben Bengio, Juan J. Camean, Germán Ándres Alfieri, Guido J. P. Escalante, Ivan Edgar Bravo 
Castro, Hernando Rios Pita, Juan Escuder, Francisco Rodriguez Covarrubias, Maria Fernanda de Olivei-
ra, Rafael Sanchez-Salas, Gabriel Andrés Favre, Eduardo Guevara, Esteban Arismendi Videla, Guillermo 
Martinez Delgado, Ignacio Tobia, Roberto F. Villalba Bachur, Ana Maria Autran

e20259905 Novel Role Of DSNB in Staging of Primary Urethral Cancer: New Standard?
Adnan Fazili, R. Barry Sirard, Laura Elst, Kaat Vandermaesen, Hongzhi Xu, Maarten Albersen, Philippe 
E. Spiess

e20259906 Qualitative and quantitative characterization of the Rhesus monkey (Macaca mulatta) penis
Marcelo Abidu-Figueiredo, Edilaine F. Alves, Carla B. M. Gallo, Waldemar S. Costa, Luciano A. Favorito, 
Francisco J. B. Sampaio

UPDATE IN UROLOGY

Neurourology
e20249908 Editorial Comment: Does Surgical Treatment for Benign Prostate Enlargement (BPE)-Rela 

ted Bladder Outlet Obstruction (BOO) Benefit Patients with Central Nervous System Disea- 
 ses? A Systematic Review

Iago Zang Pires, Marcio A. Averbeck 

e20249909  Editorial Comment: Epidemiology of Spinal Cord Injury in Adults in Sweden, 2016-2020: A 
Retrospective Registry-Based Study
Nilson Marquardt Filho, Marcio A. Averbeck

VIDEO SECTION

e20240653 Pulsed Tm-yag laser (Thulio®): a new weapon in endourologists’ hand in the conservative 
management of imperative cases of Upper Tract Urothelial Carcinoma (UTUC)
Riccardo Scalia, Stefano Gisone, Rebeca Escobar, Silvia Proietti, Franco Gaboardi, Guido Giusti 

e20240663 Advancing Surgical Management of Penile Cancer: Single Port Bilateral Inguinal Lymph 
Node Dissection
Sisto Perdonà, Alessandro Izzo, Antonio Tufano, Francesco Passaro, Giuseppe Quarto, Achille Aveta, 
Roberto Contieri, Savio Domenico Pandolfo, Riccardo Autorino, Gianluca Spena

INFORMATION FOR AUTHORS



EDITORIAL
IN THE ISSUE

Int Braz J Urol. 2025; 51: e20250201    |    1 de 1 

Telesurgery in Urology is the Hot Topic in this 
Number of International Brazilian Journal of 
Urology
______________________________________________________________________________________________
Luciano A. Favorito 1, 2

1 Unidade de Pesquisa Urogenital - Universidade do Estado do Rio de Janeiro - Uerj, Rio de Janeiro, RJ, Brasil;  2 Serviço de 
Urologia, Hospital Federal da Lagoa, Rio de Janeiro, RJ, Brasil
_____________________________________________________________________________________________________

The May-June number of Int Braz J Urol presents original contributions with a lot of interesting papers in different 
fields: Telesurgery, Prostate Cancer, Endourology, Basic Research, Penile Cancer, Bladder cancer, Urethral Cancer, Urachal 
carcinoma, Neurophysiology of Micturition, Testosterone replacement therapy and MRI in Pediatric Urology. The papers 
came from many different countries such as Brazil, Italy, China, Belgium, Turkey, Argentina, Canada and USA, and as usual 
the editor´s comment highlights some of them. The editor in chief would like to highlight the following works:

Dr. Ferreira and collegues from Brazil, presented id e20240494 (1) a nice narrative review about telesurgery in 
Urology to review the literature aiming at the surgical success rate as a primary objective, and secondly, the most important 
patient outcomes and the network system and concluded that despite its limitations, there was evidence demonstrating 
that robotic surgery in the genitourinary system is safe and feasible, however it is a subject that must be well discussed, 
and further studies must be carried out. 

Dr. Suartz and Collegues from performed id e20240665 (2) an interesting narrative review about the urachal 
carcinoma to consolidate current evidence on the diagnosis, epidemiology, and treatment of urachal carcinoma, a rare 
malignancy with limited data and concluded that this study provides the most comprehensive review of urachal carcinoma 
to date, providing evidence to guide clinical decisions. It underscores the oncologic benefits of en-bloc resection with 
umbilectomy and specific chemotherapeutic regimens. Emerging alternative thera- pies also show potential, highlighting 
the need for further research to optimize patient outcomes. 

Id e20250047 (3) we can observed an important review performed by Dr. Press and Dr. Kirsch from USA about the 
Magnetic Resonance Urogram in Pediatric Urology. This paper is the cover of this edition. Magnetic Resonance Urography 
(MRU) has emerged as a powerful imaging modality in pediatric urology, offering comprehensive anatomical and functional 
assessment of the urinary tract without exposure to ionizing radiation. The authors concluded that this review highlights 
the growing significance of MRU in pediatric urinary tract evaluation, emphasizing its potential to improve clinical decision-
making and patient outcomes. 

Dr. Basheer and collegues from USA and Brazil permorfed id e20259904 (4) a nice review about the management 
of Adverse Effects in Testosterone Replacement Therapy to provide the most updated knowledge regarding the treatment 
of adverse effects secondary to testosterone replacement therapy (TRT), such as gynecomastia, cardiovascular and 
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hematologic risks, prostate health risk, and liver dysfunction risks and concluded that monitoring and management of 
adverse effects are critical to maximize benefit and minimize the risks of TRT. Ongoing research will further elucidate 
the safety of TRT while advancing evidence-based practices in managing its associated adverse effects. Effective patient 
education and counseling are also essential to improve compliance and treatment outcomes. 

Dr. Mattos and Favorito from Brazil performed id e20259907 (5) an interesting narrative review about the 
neurophysiology of micturition and concluded that the interplay between the complexity of LUTF, the widespread 
prevalence of conditions that can disrupt it, and the nonspecific nature of related symptoms frequently complicate 
urological decision-making. Overlooking associated neurological factors can result in suboptimal outcomes, diminished 
quality of life, and serious adverse consequences. A systematic approach is crucial to minimizing the risk of misdiagnosis 
and mismanagement, especially when considering invasive interventions. 

Dr. Özbilen and collegues from Turkey performed id e20240500 (6) a nice multicentric study about the External 
Validation and Comparison of Current Scoring Systems in Encrusted Ureteral Stent (EUS) and concluded that the 
management of EUSs is often challenging for urologists. Although the current scoring systems for EUS differ somewhat, it 
is important to use scoring systems to guide the management of these patients. 

Dr. Sighnolfi and collegues from Italy performed id e20240556 (7) a nice study about the Radical Cystectomy with 
Elective Indication to Cutaneous Ureterostomy (CUS): Single-Center Comparative Analysis Between Open and Robotic 
surgery (RARC) and concluded that RARC appears to be associated with lower morbidity and reduced incidence of 
complications, elements that make it particularly suitable for frail patients with an elective indication for CUS. 

Dr. Villoldo and collegues from several countries of Latina America performed id e20240615 (8) an interesting 
multicentric study about the BCG. Use in Non-Muscle Invasive Bladder Cancer in Latin America and concluded that this 
study highlights critical deviations from recommended NMIBC management protocols in Latin America, including delayed 
BCG initiation and inconsistencies in maintenance therapy. These findings emphasize the need for standardized treatment 
protocols and improved adherence to international guidelines, which could enhance NMIBC patient outcomes in the 
region. Collaborative efforts are essential to develop region-specific strategies, improve data collection, and ultimately 
provide better care for bladder cancer patients in Latin America. 

Dr. Fazili and collegues from Belgium and USA performed id e20259905 (9) a nice study about the role Of DSNB 
in Staging of Primary Urethral Cancer. The authors show the use of dynamic sentinel node biopsy (DSNB) in five patients 
with primary urethral squamous cell carcinoma (U-SCC) and no evidence of inguinal node disease. In the five DSNBs 
performed, clinically occult nodal metastasis was discovered in one patient. In this patient DSNB was performed after local 
recurrence and repeat imaging confirming cN0 status. Only one minor complication with DSNB was observed. Awaiting 
further investigations in larger series, this study highlights the feasibility of DSNB in primary U-SCC with clinically node 
negative disease.

The Editor-in-chief expects everyone to enjoy reading.
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ABSTRACT
 

Introduction: Telesurgery allows the procedures to be carried out over long distances, how-
ever due to lack of data, its feasibility has not been consolidated yet. Since it is a promising 
modality, it is important to illustrate the current scenario on this subject. 
Objective: To review the literature aiming at the surgical success rate as a primary objective, 
and secondly, the most important patient outcomes and the network system.
Materials and Methods: In June 2024, we followed PRISMA guidelines to research trials on 
urological robotic surgery in humans. We used as exclusion criteria: editorials, specialist’s 
opinions, tele-mentoring, tele-training, small procedures, non-remote surgeries, absence of 
interest outcomes, telesurgeries in non-humans or in cadaver.
Results: Five hundred and ninety eight studies were identified with peer review and a third 
reviewer for divergencies, both directed by previously established inclusion and exclusion 
criteria, selecting 6 studies after the exclusions. We found 54 patients who underwent uro-
logical telesurgeries; all of them were accomplished with no complications or need for con-
version to open surgery. Almost all the procedures were carried out in China (98.14%) and 
the most used robotic model was MicroHand S (83.33%). Nephrectomy was the procedure 
of choice (57%). Mean surgical time was 66.2 (IQR) 56.6 minutes. Intraoperative bleeding 
time was 68.6 ± 76.7 milliliters. Hospital stay was 5.5 (IQR) 5 days. The distance between 
main surgeon and the patient was between 2,581.5 (IQR) 2,871 kilometers.  5G network was 
used the most (98.14%). The total network latency time was 176 (IQR) 10.9 milliseconds.
Conclusion: Despite its limitations, there was evidence demonstrating that robotic surgery 
in the genitourinary system is safe and feasible, however it is a subject that must be well 
discussed, and further studies must be carried out.
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INTRODUCTION

Laparoscopic surgery was at first a reason 
for jokes (“Mickey Mouse surgery” and “small brain-
small incision.”) and presented great resistance for its 
acceptance, since, at that time they couldn’t see its 
huge potential. However, as time went by and due to 
its excellent results, it became very well accepted (1). 
In times of war, the military personnel tried remote 
medical care as an alternative to the difficulties they 
encountered (2). Due to COVID 19 Pandemics there 
was a need to communicate without close contact, 
this way, this concept gained momentum and intensi-
fied telemedicine in medical practice (3, 4). With the 
arrival of new robotic platforms and improvement in 
telecommunications, the association between these 
events became inevitable, allowing a transatlantic 
telesurgery to be performed successfully, becoming 
a landmark at that time and until today it still impacts 
current discussions (5-7).

In general, the definitions found show that 
telemedicine may be defined as an interaction 
among multimedia, telecommunications and robotic 
technologies to offer clinical or surgical care. In such 
telesurgery context, when there is a surgeon with ac-
tive control operating the surgical instruments of a 
robot, the surgeon and patient don’t necessarily have 
to be in the same place (8-10). The concept of sur-
gical telepresence has changed the paradigms and 
generated major developments in laparoscopic sur-
gery, allowing the introduction of robotic systems in 
daily routine. The first surgical prototype approved 
by the FDA was the Automated Endoscopic System 
for Optimal Positioning AESOP®. Then, other plat-
forms also gained ground and currently the one that 
is mostly used is a model called “Da Vinci” produced 
by Intuitive Surgical (2 , 6). 

Among surgical specialties, urology stood 
out, and we could follow its technological evolution 
closely. Despite the advances in telesurgery, access 
to this resource is still restricted, although promis-
ing, it may generate several benefits to the world’s 
population, especially in remote areas where special-
ized medical care services are not available (10, 11). 

In such context, it is worth reviewing the literature to 
illustrate the current scenario on the subject.

MATERIALS AND METHODS

Protocol and Registration
The guidelines called “Preferred Report-

ing Items for Systematic Reviews and Meta-Analy-
sis” (PRISMA) were followed to carry out research 
in June 2024 combining terms on the subject with 
Boolean operators (Figure-1) in PubMed, Embase 
and Cochrane platforms to identify trials registered 
up to that period. We structured the study question 
based on PICO strategy (P: Patients who underwent 
urologic robotic telesurgery; I: Remotely performed 
surgery; C: With no comparisons with other meth-
ods; O:  Primary: Surgical success rate. Secondary: 
Main patient clinical outcomes and the network sys-
tem), registering a protocol at International Prospec-
tive Register of Systematic Reviews (PROSPERO; 
ID CRD42024557337) released for online access. 
Search strategies, as well as figures and tables will 
be made available.

Eligibility criteria
Inclusion criteria were randomized or non - 

randomized, with patients who underwent urinary 
tract robotic telesurgery and who reported any of 
the outcomes of interest. Editorials, expert opinion, 
tele-mentoring, tele-training, minor procedures, non-
remote surgeries, absence of outcomes of interest, 
telesurgeries on non- humans or performed on ca-
davers were excluded. 

Trials Selection
The trials found were distributed in the Zotero® 

6.0.36 program to help with duplicates and initial se-
lection, the latter being carried out by peers (SVF and 
MHS), in an independent fashion and the divergen-
cies were clarified by another researcher (MZF), both 
directed by previously established inclusion and ex-
clusion criteria. References from the included trials, 
previous systematic reviews and meta-analysis were 
also manually searched for additional trials.
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Figure 1 - PRISMA diagram of study screening and selection

Data collecting process and risk of bias
After final selection of the trials, data were 

manually collected and registered in an Excel Table – 
Microsoft Office Professional Plus® (2019) to organize 
the results, conversion and basic statistics such as 
frequencies and proportions, mean ± standard devia-
tion, median with interquartile range (IQR: subtract-
ing the third from the first interquartile interval) ac-
cording to the need of how the data were reported. 
The trials were varied and heterogeneous  as to the 
measurements and effect estimates (12) for samples 
of continuous and or categoric outcomes  were ac-
quired with the help of a calculator, available on-
line  (https://www.math.hkbu.edu.hk/~tongt/papers/
median2mean.html) to detect asymmetries. Besides 
that, we used JBI tool as critical assessments of the 
selected studies (13, 14).

Measures of association and subgroup 
analysis
The encountered outcomes of interest were 

worked with the help of an Excel program– Microsoft 
Office Professional Plus® (2019) for conversion into 
frequencies and proportions, mean ± standard de-
viation, median with calculated interquartile range, 
according to how they were available in selected tri-
als. A subgroup analysis was restricted to the most 
used surgical robotic surgical model and the type of 
procedure most frequently performed in the sample.

RESULTS

Selection of trials
Five hundred and ninety-eight records of re-

sults up to June 2024 were found with 132 duplicates 

https://www.math.hkbu.edu.hk/~tongt/papers/median2mean.html
https://www.math.hkbu.edu.hk/~tongt/papers/median2mean.html
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excluded. After the initial analysis was reviewed by 
peers based on pre-established criteria, 415 studies 
were excluded with the help of a third investigator, 
both independently. The remaining 51 studies under-
went a detailed analysis and 6 of them were selected 
(15-20) for final data collection, identifying a total 
sample of 54 patients who underwent telesurgery of 
the genitourinary system (Figure-1).

Trials characteristics
As urologic robotic telesurgery is an innova-

tive modality, we didn’t find randomized, multicentric 
trials, instead, a heterogeneous and small sample of 
patients who underwent the procedure in highly spe-
cialized centers, both represented in Table-1.

Sample results
We found a total of 54 patients that under-

went urologic robotic telesurgery, both completely 
finished without conversion to open procedures or 
important intraoperative complications. Surgical 
time was 66.2 (IQR) 56.6 minutes, with intraoperative 
bleeding of 68.6 ± 76.7 milliliters, being described 
that, in one of the trials (17), 1 patient presented intra-
operative blood transfusion as prophylaxis justified 
by preoperative laboratory tests results. The period of 
hospital stay was 5.5 (IQR) 5 days and almost all the 
procedures were carried out in China (98.14%). The 
distance between the main surgeon and patient was 
2 ,581.5 (IQR) 2 ,871.7 kilometers and the most used 
internet network was 5G (98.14%), with total latency 
time of 176 (IQR) 10.6 milliseconds (Table-1).

Subgroup analysis and risk of bias
The subgroups were analyzed according to 

the initial guidance of PICO question. In this part of 
the sample, we identified that the most used robot-
ic platform was model MicroHand S. It was used in 
83% of the procedures (45 surgeries), mean age of 
the population was 63 (IQR) 7 years, of which 53.33% 
were men. Surgical time was 64 (IQR) 127.5 minutes, 
carried out from a distance of 199 (IQR) 988 kilome-
ters and total latency of 215 (IQR) 39 milliseconds. 
Then, we realized that nephrectomy was performed 

in 57% of the samples (31 patients), with mean age 
of 57.25 (IQR) 5.75 years. 5G connection was used 
in all patients with total latency of 173.24 (IQR) 2.75 
milliseconds, surgical time of 57.7 (IQR) 9.25 minutes 
and hospital stay of 6 (IQR) 2 days (Table-1).

After data collecting and analysis of esti-
mates of sample mean values, significant asymme-
tries were not identified in the results. Besides, the 
results from the performed critical assessment (SVF 
and MHS) are also attached (Tables 2A-F).

DISCUSSION

Despite the limitations, we found evidence 
that it is possible to perform urological telesurgery 
with safety. The available data demonstrate that all 
remote procedures were concluded with safety with-
out significant complications (Table-1). Infrastruc-
tures disparities in health and internet network as-
sociated to limitations to new technologies may be a 
challenge, however, a notable fact is that most of the 
procedures relied on a type of network that is well 
available worldwide, and most studies were carried 
out in an emerging country, albeit in specialized cen-
ters. Such fact reinforces that in appropriate places, 
telesurgery is feasible and may be stimulated. With 
the aim of providing better practical guidance, the 
best experts and representatives in the field came 
together at the First Telesurgery Consensus Confer-
ence in the United States in 2024. During the meeting 
a joint effort to expand the legal, ethical and financial 
challenges was evident and other platforms showed 
their interest and advances in telesurgery, such as 
Hinotori, Edge, Kangduo and Microport Medbot (21).

Although there are restrictions to the use of 
robotic platforms such as cost, specialized training, 
learning curve, available technological resource, ap-
propriate material, several trials started demonstrat-
ing the possibilities of performing remote surgeries. 
The first urological telesurgical procedure was carried 
out approximately 26 years ago using a PAKY model 
to perform a percutaneous anal access with success 
(22, 23). Searching for positive results in order to prove 
the safety of this modality and enable it to evolve, pre-
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clinical trials were carried out to test several proce-
dures (24, 25). Zheng et al. performed 4 long distances 
laparoscopic surgeries in pigs. Although the sample 
accounted for only 50% of urinary tract surgeries (one 
nephrectomy and one cystectomy), Microhand plat-
form and 5G technology were used and there was a 
mean network delay of 264 milliseconds during pro-

cedures with no complications (26). In 2023, Chu et al. 
used flexible ureteroscopy to fragment kidney stones 
with FURS robotic system remotely and transatlantic, 
more than 2,300 kilometers away from the operating 
room (27). Nguan et al. presented 18 robotic pyeloplas-
ties, remotely with the Zeus platform, using IP-VPNe 
and via satellite, both successfully (28). Fan et al. im-

Table 1 - Characteristics and results of the studies.

Author Study Sample Robotic Surgeon Patient Surgical 
time (min)

Blood 
(mL)

Hospitalization
(days)

Distance 
(km)

Network Total 
Latency 

(ms)

Frimberger, 
et al. 2022 
(15)

case
reports

Woman 46 
years old, with 

cystic renal 
mass.

AESOP /
RCM + PAKY

Baltimore Munich 120 50 2 8000 ISDN

Li, et al. 
2023 (16)

case
series

Total of 15 
patients, 8 

men, age 58 
(IQR) 7.9, both 
with adrenal 

tumor.

MicroHand S Qingdao Zhucheng, 
Zibo, 

Pingyi.

45 (IQR) 22 25.69 ±
17.34

199 (IQR) 
167,5

5G 31.5 (IQR) 
2.32

Li, et al. 
2023 (17)

case
series

Total of 29 
patients, 15 

men, age 63 
(IQR) 18, both 
with kidney 

tumor

MicroHand S Qingdao Shandong, 
Gansu.

67 (IQR) 21 8 (IQR) 2 187 (IQR) 
57

5G 176 (IQR) 5

Wang, et al. 
2024 (18)

case
series

Total of 6 
patients, all 
men, age 51 

(IQR) 38, who 
presented one 
of the following 

pathologies: 
retrocaval 

ureter, adrenal 
tumor, kidney 

tumor, prostate 
tumor.

Edge - 
MP1000

Beijing, 
Sanya

Sanya, 
Beijing

65.5 (IQR) 
51.5

62.5 ±
76.53

5.5 (IQR) 3 3.000 5G 171.04 (IQR) 
4.23

Yang, et al. 
2022 (19)

case
reports

Man, 71 years 
old with 

bladder tumor

MicroHand S Qingdao Anshun 300 200 18 2.163 5G 254 (IQR) 12

Zhou, et al. 
2022 (20)

case
reports

2 men with 
varicocele.

Tumai Nanjing Xinjiang 
Kezhou

42.5 (IQR) 
5

5 3 3.800 5G 130
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Table 2A - Critical appraisal checklist for case reports. (Frimberger, et al. 2022 (15))

JBI checklist questions Yes No Unclear Not applicable

Were patient’s demographic characteristics clearly described? ✓

Was the patient’s history clearly described and presented as 
a timeline?

✓

Was the current clinical condition of the patient on 
presentation clearly described?

✓

Were diagnostic tests or methods and the results clearly 
described?

✓

Was the intervention(s) or treatment procedure(s) clearly 
described?

✓

Was the post-intervention clinical condition clearly described? ✓

Were adverse events (harms) or unanticipated events 
identified and described?

✓

Does the case report provide takeaway lessons? ✓

Table 2B - Critical appraisal checklist for case series. (Li, et al. 2023 (16))

JBI checklist questions Yes No Unclear Not applicable

Were there clear criteria for inclusion in the case series? ✓

Was the condition measured in a standard, reliable way for all 
participants included in the case series?

✓

Were valid methods used for identification of the condition 
for all participants included in the case series?

✓

Did the case series have consecutive inclusion of participants? ✓

Did the case series have complete inclusion of participants? ✓

Was there clear reporting of the demographics of the 
participants in the study?

✓

Was there clear reporting of clinical information of the 
participants?

✓

Were the outcomes or follow up results of cases clearly 
reported?

✓

Was there clear reporting of the presenting site(s)/clinic(s) 
demographic information?

✓

Was statistical analysis appropriate? ✓
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Table 2D - Critical appraisal checklist for case series. (Whang, et al. 2024 (18))

JBI checklist questions Yes No Unclear Not applicable

Were there clear criteria for inclusion in the case series? ✓

Was the condition measured in a standard, reliable way for all 
participants included in the case series?

✓

Were valid methods used for identification of the condition for all 
participants included inthe case series? ✓

Did the case series have consecutive inclusion of participants? ✓

Did the case series have complete inclusion of participants? ✓

Was there clear reporting of the demographics of the participants in the 
study?

✓

Was there clear reporting of clinical information of the participants? ✓

Were the outcomes or follow up results of cases clearly reported? ✓

Was there clear reporting of the presenting site(s)/clinic(s) demographic 
information?

✓

Was statistical analysis appropriate? ✓

Table 2C - Critical appraisal checklist for case series. (Li, et al. 2023 (17))

JBI checklist questions Yes No Unclear Not applicable

Were there clear criteria for inclusion in the case series? ✓

Was the condition measured in a standard, reliable way for all 
participants included in the   case series?

✓

Were valid methods used for identification of the condition for all 
participants included inthe case series? ✓

Did the case series have consecutive inclusion of participants? ✓

Did the case series have complete inclusion of participants? ✓

Was there clear reporting of the demographics of the participants in the 
study?

✓

Was there clear reporting of clinical information of the participants? ✓

Were the outcomes or follow up results of cases clearly reported? ✓

Was there clear reporting of the presenting site(s)/clinic(s) demographic 
information?

✓

Was statistical analysis appropriate? ✓
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Table 2E - Critical appraisal checklist for case reports. (Yang, et al. 2022 (19))

JBI checklist questions Yes No Unclear Not applicable

Were patient’s demographic characteristics clearly 
described?

✓

Was the patient’s history clearly described and presented as 
a timeline?

✓

Was the current clinical condition of the patient on 
presentation clearly described?

✓

Were diagnostic tests or methods and the results clearly 
described?

✓

Was the intervention(s) or treatment procedure(s) clearly 
described?

✓

Was the post-intervention clinical condition clearly 
described?

✓

Were adverse events (harms) or unanticipated events 
identified and described?

✓

Does the case report provide takeaway lessons? ✓

Table 2F - Critical appraisal checklist for case reports. (Zhou, et al. 2022 (20))

JBI checklist questions Yes No Unclear Not applicable

Were patient’s demographic characteristics clearly described? ✓

Was the patient’s history clearly described and presented as 
a timeline?

✓

Was the current clinical condition of the patient on 
presentation clearly described?

✓

Were diagnostic tests or methods and the results clearly 
described?

✓

Was the intervention(s) or treatment procedure(s) clearly 
described?

✓

Was the post-intervention clinical condition clearly described? ✓

Were adverse events (harms) or unanticipated events 
identified and described?

✓

Does the case report provide takeaway lessons? ✓

Search strategy:
(robotic AND nephrectomy OR pyeloplasty OR nephroureterectomy OR cystectomy OR prostatectomy OR lymphadenectomy OR raveil 
OR 'ra veil' OR 'da vinci' OR urology) AND ('tele surgical' OR telesurgical OR telesurgery OR transcontinental OR 'telepresence surgery' 
OR toumai OR kangduo OR raven OR microport)
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planted a Double J catheter, using wireless network 
and 5G technology with mean latency time of 272ms, 
with no complications (25). 

There is evidence that the post-operative pe-
riod can be maintained remotely enabling greater 
patient acceptance of the procedure. A randomized 
trial followed 270 patients who required hospital stay 
up to 72 hours comparing groups that received tradi-
tional face to face visits and groups with remote vis-
its. The identified outcomes were similar as to mor-
bidity rates, hospitalization, sick patient satisfaction 
and complications which demonstrated that virtual 
visits were not worse when compared to traditional 
face-to face model (29).

 The network mode of operation utilized plays 
an important role in providing secure data   transmis-
sion and 5G technology has its place in the spotlight 
although some configurations can achieve better re-
sults than others (30, 31). Aiming at only urological tele-
surgical procedures in humans, these studies were not 
included in our sample, even so, the results found in 
this research were compatible with the literature show-
ing the 5G connection technology as the most widely 
used today (98.14%) in urological telesurgeries.

  Improvement programs have been devel-
oped demonstrating that it is possible to enhance 
the urologist ’s performance in robotic surgeries (32). 
Remote diagnosis, tele -mentoring, live surgeries 
transmission, tele-training and tele-assistance, have 
gained room to quality education and have been 
used by many professionals, enabling the surgeon to 
become familiar with this technology (33-36). A ran-
domized trial compared a percutaneous renal punc-
ture performed by on-site urologists to another group 
carrying out the procedure controlled by a transatlan-
tic remote robot, showing that, although the robotic 
puncture was slower, it was more precise and need-
ed a smaller number of primary punctures in order 
for the procedure to be successful (37). The learning 
curve in telesurgery is continuous with the help of 
“medical surgical proctories”, aiming at improving the 
quality of life of the professionals involved, optimiz-
ing costs and eliminating long periods of transporta-
tion, being able to allocate their time to other activi-

ties such as remaining closer to their families, being 
able to study and have leisure time, among others. 
Another interesting vision is the possibility of non-re-
mote robotic surgeries being “converted” into remote 
ones in significantly intraoperative complications, or 
whenever it demands help from a more experienced 
professional.

There are reports of meticulous surgeries be-
ing carried out such as nephroureterectomy with as 
efficient results as traditional platforms (38). In this 
context, robotic platforms are constantly evolving to 
offer the surgeon the best tools, as it has been men-
tioned about the tactile sensitivity (24). A recent up-
date of “Da Vinci” from Intuitive Surgical ® has made 
this resource available. Despite that, other companies 
are searching for their market share such as KangDuo 
Surgical Robotic®, Edge Medical Robotic®, Versius® 
from Cambridge Medical Robotics, and Hugotm Sys-
tem, RAS from Medtronic®, demonstrating their quali-
ties, their benefits and soon they will be available at 
more affordable prices. Moschovas et al. performed 
a telesurgery robotic-assisted radical prostatectomy 
using Edge Medical Robotic® in a 71-year-old patient 
in only 60 minutes without complications and excel-
lent patient evolution, walking in just 4 hours after 
the procedure (39). Because the date when this case 
report was published exceeded our research period, 
it was not included in our sample.  

In a secondary analysis we identified that Mi-
croHand S was the most used platform, accounting 
for 83% of the procedures, corroborating with the ar-
rival of new robotic systems. Due to the great poten-
tial of telesurgery, demonstrating such data may alert 
other companies about the concentration of this mo-
dality in only one platform, fomenting new research 
and new projects. 

More complex procedures such as partial 
nephrectomy and radical cystectomy, were also de-
scribed as with no complications confirming how 
safe this modality can be. Wang et al. performed a 
right partial nephrectomy in approximately 48 min-
utes, with estimated bleeding of 10 mL, with no com-
plication and hospital stay of 4 days 4 (18). Yang et 
al. performed a remote radical cystectomy with left 
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urethrectomy in 5 hours and cutaneous exterior-
ization of a ureteral stoma in a 71-year-old patient, 
with intraoperative bleeding of 200 mL, with a mean 
network delay of 254ms, without intraoperative com-
plications (19). Analyzing the subgroups, we found 
that nephrectomy was the most remotely performed 
procedure, although it is not a complex procedure, 
relevant complications were not identified in these 
patients.  Also, surgical treatment of varicocele was 
performed by telesurgery through a 5G network with 
a mean delay of 130ms, with minimal bleeding and 
finally a renal cyst excision, both uneventful with ex-
cellent results (15, 20).

Total latency time may be obtained through 
network latency with enough time for the robot to pro-
cess the sign and perform movements, however, al-
though they are similar to the values described, they 
can be discordant. Acceptable values to use 5G tech-
nology to carry out procedures with favorable surgical 
performance vary between 300 and 330 milliseconds, 
and the ideal ones are below 200 or 300 milliseconds 
(40, 41). Xu et al. proposed a network latency grading 
and showed that the impact is considered mild when 
latency values are ≤ 200 milliseconds, big when they 
are between 300 and 700 milliseconds and very big 
between 800 and 1000 milliseconds (41). As demon-
strated in Table-1, total latency time in this review with 
54 telesurgeries was 176 (IQR) 10.9 milliseconds. Al-
though it is limited data, it strengthens the hypothesis 
that telesurgery is a viable mode. Despite the slight di-
vergency, it is known that the greater the latency, the 
greater the likelihood of compromising the quality of 
the surgeon’s movements.

Another important report is that there may 
exist a significant increase in the number of satellites 
orbiting the earth, which may reach up to a million of 
them (42). The combination of all these factors is a 
proof that within the telecommunication market there 
will be a relevant competition among companies, in 
such a way that technological improvement and lower 
costs will be inevitable, making access more affordable 
and driving the evolution of telesurgery. 

There is evidence showing that not only re-
mote surgeries can take place, but also tests can 

be carried out remotely. Despite its limitations, tele-
cystoscopy was performed demonstrating that it can 
be done remotely (33). Tele-ultrasonography was not 
different. It was evaluated and found to be of diag-
nostic value in an intensive care unit , confirming that 
it is possible to identify kidney pathologies remotely 
(35). Therefore, tests carried out remotely may ben-
efit many people who wait in endless queues to be 
attended in less favored areas. 

The evolution of telehealth services has 
shown significant growth, exponentially, and can 
reach an increase of 235% per year (43). Turning our 
attention to the modality of telesurgery, despite be-
ing underutilized, the interest in monitoring its devel-
opment has been gaining ground among urologists, 
since, despite the cost of the transmission equip-
ment may reach US$70.000, such technology can be 
sustainable and generate huge return for the global 
health system (44). Although the cost of a robotic 
system is high and can reach 1.7 million, it is an abun-
dant market with a potential financial turnover of US$ 
5 billion (45). Since its implementation may cause a 
significant socioeconomical impact and influence 
policies for the distribution of health capital, a con-
sideration that may seem like an insult , although very 
relevant, must be discussed, because this money can 
also be directed to other modalities that could ben-
efit patient care (44).

Each patient must have their autonomy pre-
served, maintaining their right to decide based on 
their reasons and motives. Ethical aspects are seri-
ously involved, such as, the risk of dehumanization, 
objectification of the patient, restriction of emotional 
connection and empathy, physician-patient relation-
ship, medical assistance, as well as feeling satisfied 
with their expectations of care. That is the reason 
why, international guidelines and protocols need to 
be better established. Another aspect is that, in case 
of an eventual conversion to an open procedure, 
less and less likely these days, the local assistance 
team may not have the surgical expertise compared 
to the remote surgeon. In order to meet the patient ’s 
expectations, an informed surgical consent with 
precise guidance about the whole process must be 
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discussed (46-48). In Brazil, telesurgery has been 
regulated by the Federal Council of Medicine (CRM) 
by means of resolution n° 2.311/2022, published on 
March 22, 2022 (48).

Although the initial investment is considerable, 
although sustainable, in the long term telesurgery can 
reduce healthcare costs in lower income countries 
reducing length of hospital stay, blood transfusions, 
surgical and nosocomial inflections and consequent-
ly, less use of antibiotics and fewer resistant strains, 
higher bed turnover and early return to the patient’s 
productive working life (49). Other benefits would be to 
improve the training of examinations and procedures, 
reduce waiting lines, optimize the time of surgical in-
structors, support surgeons in more complex surgeries 
and to avoid intraoperative complications. 

Randomized trials with robust samples were 
not found, nor trials comparing urological telesurger-
ies in humans. It is known that reports of a series of 
cases are limited, as well as the utilization of “salami 
slicing”, where data of a fully complete sample are not 
identified, there is a risk of several types of biases and 
may represent outcomes that are not consistent with 
the population to be studied. Our critical assessment 
indicated that the majority of the trials are limited, 
however, the topic in question is promising and of high 
scientific relevance. Another important aspect worth 
emphasizing is that estimates demonstrate an inef-
ficient number of surgeons in relation to the demand 
for the next 10 years, since low-income countries cor-
respond to a volume which is approximately 50% of 
the world’s population and approximately only 20% of 
all available surgeons (35, 50). Therefore, it is justified 
to draw the attention of these professionals and orga-
nizations involved in this innovative technology and to 
stimulate the production of new trials and discussions 
on the subject since its inclusion in the surgical routine 
will be inevitable in a very near future.

CONCLUSION

Despite its limitations, we found evidence 
that performing robotic surgeries in the genitourinary 
system is feasible and safe, however further studies 

should be carried out. Telesurgery is presented as an 
innovative, promising modality and that is why, in a 
near future it may become a reality in many surgeon’s 
practices.
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ABSTRACT
 

Objective: This systematic review and meta-analysis aim to consolidate current evidence on the 
diagnosis, epidemiology, and treatment of urachal carcinoma, a rare malignancy with limited data.
Materials and Methods: A systematic search of PubMed/MEDLINE was conducted up to Sep-
tember 2024 to identify studies involving patients with urachal carcinoma, reporting clinical 
epidemiological characteristics, diagnostic strategies, histopathological findings, tumor staging, 
treatment modalities, and oncological outcomes. Extracted data were systematically synthesized, 
and statistical analyses, including a single-arm meta-analysis, were performed to comprehen-
sively evaluate oncological outcomes.
Results: Our study includes 1,901 cases of urachal carcinoma from 50 studies. The findings sup-
port the oncologic advantage of en-bloc resection with umbilectomy in localized disease, demon-
strating improved survival outcomes and reduced recurrence rates. In the adjuvant setting, those 
receiving cisplatin-based therapy presented the best response, with 65.73% with no disease 
progression; similarly, in the metastatic disease, cisplatin-based regimens seem to have better 
responses in metastatic disease. The single-arm meta-analysis estimated a 5-year overall survival 
rate of 51% (95% CI: 0.49–0.54). Tumor recurrence was documented in 35% of cases (95% CI: 
0.25–0.45), with local recurrence occurring in 28% (95% CI: 0.18–0.38), with the average time to 
recurrence of 27.6 months. 
Conclusion: Our study provides the most comprehensive review of urachal carcinoma to date, 
providing evidence to guide clinical decisions. It underscores the oncologic benefits of en-bloc re-
section with umbilectomy and specific chemotherapeutic regimens. Emerging alternative thera-
pies also show potential, highlighting the need for further research to optimize patient outcomes.
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INTRODUCTION

The urachus, a remnant of the embryonic al-
lantois, typically becomes nonfunctional after birth. 
This structure forms during early development as the 
allantois regresses into a tubular connection between 
the urinary bladder and the umbilicus. By the end of 
gestation, it generally transforms into a fibrous cord 
that fuses with the obliterated umbilical arteries, creat-
ing the median umbilical ligament (1). However, a re-
sidual urachal structure remains in around one-third of 
adults, often presenting as a tubular or cystic formation 
lined by epithelium. This developmental remnant may 
serve as a site for urachal carcinoma (UrC) (1, 2).

UrC differs in pathological and clinical fea-
tures from bladder carcinomas, highlighting their 
distinct origins and characteristics. It is rare, com-
prising less than 1% of all bladder cancer cases. 
Incidence estimates range from 0.022 to 0.060 per 
100,000 person-years (3). 

The clinical-epidemiological characteristics, 
surgical and clinical management, and oncological 
outcomes of UrC are predominantly supported by 
weak evidence derived from case reports, small case 
series, or population-based databases with incom-
plete information and significant missing data. When 
analyzed in isolation, these limitations make it chal-
lenging to apply the findings effectively to clinical 
practice, given the rarity of the disease. 

Current controversies in the literature include 
the necessity of umbilical resection in conjunction with 
cystectomy, the indication and extent of lymphadenec-
tomy, as well as diagnostic and prognostic criteria, all of 
which remain subjects of debate with conflicting results. 
This systematic review and meta-analysis aim to synthe-
size the available literature to provide more robust sci-
entific evidence, facilitating evidence-based manage-
ment for this rare malignancy.

MATERIALS AND METHODS

Literature search
The study was conducted in strict compli-

ance with the Preferred Reporting Items for System-

atic Reviews and Meta-Analysis (PRISMA) (4) state-
ment and registered in the PROSPERO international 
database of prospectively registered systematic re-
views (CRD42024562424). 

Based on the Patient-Intervention-compar-
ator-outcome-study design (PICOS) criteria (5), a 
research question was established: What is the cur-
rent evidence regarding the clinical, epidemiological 
characteristics, management strategies, and onco-
logical outcomes of urachal carcinoma?

The search strategy was (urachal carcinoma) 
OR (urachal adenocarcinoma) OR (urachal cancer), 
and we searched in PubMed/MEDLINE up to Sep-
tember 2024. We also checked the bibliographies of 
the included studies for further references to relevant 
trials. We included all case series, cohort studies, and 
randomized trials, all involving patients over 18 years 
of age with UrC without language restrictions. We ex-
cluded governmental databases, case reports, case 
series with fewer than eight patients or with incom-
plete information, editorial letters, expert opinions, 
and literature reviews.

Two independent authors screened all retrieved 
records. Discrepancies were resolved by discussion 
with a third review. If relevant to the present review, the 
full text of the screened papers was selected. 

Data extraction and endpoints 

All variables were entered into a spreadsheet 
for analysis, and another author made cross-valida-
tion. The mean and standard deviation for continuous 
variables were recorded from the included studies. 
For variables reported as median and interquartile 
range, the original data were converted to mean and 
standard deviation (6).

The variables extracted included study de-
sign, patient gender, age, comorbidities, clinical 
symptoms, urinary cytology results, cystoscopy uti-
lization, preoperative oncological markers, imaging 
modalities employed, histological classification, clini-
cal and pathological staging, surgical approach type, 
lymphadenectomy and its template, performance of 
umbilectomy, administration of chemotherapy for 
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neoadjuvant, adjuvant or salvage treatment and on-
cological outcomes.

RESULTS

Literature screening 

The literature search retrieved 562 records, 
which were screened by title and abstract. Of these, 
468 were excluded because they were irrelevant to 
the study’s aim. We then reviewed the full texts of 
the remaining 94 studies to assess their eligibility. A 
total of 44 studies were excluded due to inappropri-
ate study design, leaving 50 studies for inclusion in 
the final analysis (7-57), shown in the supplementary 
Table-1. Figure-1 presents the PRISMA flowchart sum-
marizing the literature search and selection process. 

Study characteristics
All included studies were retrospective and 

comprised a total of 1,901 patients. The United States 
had the highest number of patients in the case series 
(N=715; 37.61%), followed by China (N=364; 19.15%) 
and South Korea (N=318; 16.73%). All clinical and epi-
demiological characteristics of the studies are sum-
marized in Table-1.

Epidemiology and Clinical Characteristics
The mean age at primary treatment was 51 

years (±3.31), with a predominance of male patients 
64%. Regarding most frequent comorbidities, 24% 
of patients had systemic arterial hypertension, and 
13.3% had diabetes mellitus. In terms of clinical 
presentation, macroscopic hematuria was the most 
common symptom (45.5%), followed by abdominal 
pain (6.4%) and palpable abdominal mass (5%). 

Diagnostic Methods
Concerning the prevalence of imaging mo-

dalities utilized, most patients underwent abdominal 
and pelvic computed tomography (CT) (69.85%). The 
second most performed imaging test was 18F-fluo-
rodeoxyglucose (18F-FDG) positron emission tomog-
raphy (PET)/CT (13.65%), while ultrasonography was 

used in only 9.6% of cases. The use of 18F-FDG PET 
CT has shown value in identifying metastatic sites 
that may be missed by other imaging methods, es-
pecially during follow-up. However, it does not ap-
pear to offer substantial additional insights over CT, 
which remains the preferred and most reliable tool 
for initial diagnosis and staging. Urinary cytology, 
when performed, had an average sensitivity of 22%, 
whereas cystoscopy demonstrated a higher average 
sensitivity of 79%. Calcification of the lesion on CT 
was previously reported in 50%–70% of patients, but 
in our systematic review was observed in only 35.5% 
of patients (58).

Regarding serum biomarkers, some studies 
utilized CEA, CA 19-9, CA 125, CA 15-3, and alpha-fe-
toprotein. The two markers with the highest sensitiv-
ity for UrC were CA 19-9 (84%) and CEA (80%).

Cystoscopy had a sensitivity of 0.79 (±0.19). In 
most cases where urachal carcinoma is detected, there 
is a protrusion in the bladder mucosa or a lesion that 
shows growth from the external region towards the 
bladder urothelium, contrasting with the typical tumor 
progression of urothelial carcinoma. A biopsy is an es-
sential tool for diagnosis, especially in cases of atypical 
localization or advanced clinical staging. In these situa-
tions, it is necessary to differentiate urachal carcinoma 
from primary bladder adenocarcinoma and invasive 
adenocarcinoma originating from other sites. Specific 
histopathological and clinical criteria have been estab-
lished to assist in this diagnosis.

Histopathological Subtypes
Histological evaluation is the cornerstone of 

diagnosing UrC, with the most widely used criteria 
being those of Sheldon et al., Gopalan et al. and Mo-
stofi et al., more recently, (3, 19, 59). These criteria 
encompass four main elements: (1) the tumor must 
be located in the bladder dome or anterior wall; (2) 
the tumor’s epicenter must reside within the bladder 
wall; (3) there should be no evidence of extensive 
cystitis cystica or cystitis glandularis; and (4) the 
absence of a known primary adenocarcinoma in any 
other site. We found that the most frequent histologi-
cal subtype was the mucinous adenocarcinoma of the 
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Table 1 - Clinical, epidemiological, and pathological characteristics of the included studies.

Characteristic; n (%) Overall population

Number of patients 1,901 

Age at primary treatment (Years); Mean (SD) 51 (±3.31)

Gender 1794 

Male 1,148 (63.99)

Female 646 (36.01)

Smoker 200 (10.52)

Clinical signs and symptoms 1210

Hematuria 865 (45.50)

Abdominal pain 122 (6.41)

Palpable mass 95 (4.99)

Mucouria 52 (2.73)

Dysuria 36 (1.89)

Lower urinary tract symptoms 35 (1.84)

Omphalorrhoea 5 (0.26)

Diagnostic performance; Mean sensitivity (SD)

Urinary cytology 0.22 (0.19)

Cystoscopy 0.79 (0.19)

Calcification at tomography; Prevalence (%) 35.54

Imaging exams 952

Computed Tomography Scan 665 (69.85)

18F-Fluorodeoxyglucose Positron Emission Tomography 133 (13.97)

Ultrasonography 92 (9.6)

Laparoscopy 35 (3.67)

Magnetic Resonance Imaging 27 (2.83)

Oncologic marker, no patients positive/no patients tested (sensitivity)

CEA 404 / 499 (0.80)

CA19-9 403 / 476 (0.84)

CA125 20 / 66 (0.30)

Alpha fetoprotein 1/15 (0.06)

CA 15-3 3 / 50 (0.06)
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Histology 1264 (100)

Mucinous 508 (40.19)

Enteric / Intestinal 426 (33.70)

Mixed 74 (5.85)

Signet Ring Cells 67 (5.30)

Urothelial 70 (5.54)

Squamous cells 11 (0.87)

Neuroendocrine 1 (0.08)

Not specified 107 (8.47)

Sheldon Classification 1,107 (100)

I 21 (1.90)

II 78 (7.05)

IIIA 262 (23.67)

IIIB 487 (43.99)

IIIC 62 (5.60)

IIID 27 (2.44)

IVA 94 (8.49)

IVB 76 (6.87)

Mayo Classification 814 (100) 

I 179 (21.99)

II 385 (47.30)

III 93 (11.43)

IV 157 (19.29)

TNM Staging 579 (100)

pT0 4 (0.69)

pT1 27 (4.66)

pT2 148 (25.56)

pT3 316 (54.57)

pT4 84 (14.50)

Number of patients with metastasis at diagnosis 297 (15.62)

SD = Standard deviation
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urachus (40.1%), followed by enteric urachal adenocar-
cinoma (33.7%) and mixed adenocarcinoma of the ura-
chus (5.8%). 

Tumoral staging
Tumor staging was reported using several clas-

sification systems. The Sheldon classification (59) was 
the most frequently used, with stage II being the most 
common (44%), followed by stage IIIa (23.6%) and stage 
IVa (8.5%). The Mayo classification (14) was available for 
814 patients, where stage II was also the most prevalent 
(47.3%), followed by stage I (22%) and stage IV (19.3%). 
The TNM staging system was utilized in 579 patients, 
with stage T3 being the most common (54.5%), followed 
by stage T2 (25.5%) and stage IV (14.5%). Overall, only 
15.6% of patients presented with metastatic disease at 
the time of primary diagnosis.

Surgical treatment
The earliest historical series, including the two 

largest single-center studies by Begg in 1931 and Mo-
stofi et al. in 1955, advocated for treatment with radical 
cystectomy combined with en-bloc resection of the ura-
chus and umbilical region (2, 3, 58-60).

 Currently, the standard treatment is primarily 
surgical, consisting of extended partial cystectomy with 
en-bloc resection of the urachal mass, urachal tract, and 
umbilicus, combined with pelvic lymph node dissection. 
Although radical cystectomy has been proposed as de-
finitive therapy in some cases, it is generally reserved for 
larger tumors that involve more than the superior hemi-
sphere of the bladder. Partial cystectomy is associated 
with fewer postoperative complications and improved 
quality of life (9, 15).

 In our systematic review, surgical intervention 
was the primary treatment in 74.5% of cases, with partial 
cystectomy as the predominant approach for localized 
disease (80.8%), followed by radical cystectomy (11.5%). 
Open surgery was the most frequently reported surgical 
technique (21.8%), followed by laparoscopic (11.9%) and 
robotic-assisted approaches (3.1%). However, a signifi-
cant portion of studies (63.1%) did not specify the surgi-
cal approach used. The treatment characteristics of the 
disease are detailed in Table-2.

 Sheldon et al. (3), after finding navel inva-
sion in 7% of autopsies performed on patients who 
died because of urachal tumors, advocated surgical 
control of the urachal ligament via en-bloc excision of 

Figure 1 - PRISMA flow chart of the selected articles.
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Table 2 - Disease management of urachal carcinoma.

Characteristic; n (%) Overall population 

Primary treatment 1,901 

Surgery 1,417 (74.54)

Radiotherapy 37 (1.95)

Chemotherapy 61 (3.21)

Not specified 386 (20.31)

Type of primary surgery 1,417 

Partial cystectomy 1,145 (80.80)

Radical cystectomy 163 (11.50)

Transurethral Bladder Resection 50 (3.53)

Not Specified 59 (4.16)

Surgical technique 1,828 

Open 349 (19.09)

Laparoscopic 192 (10.50)

Robotic 43 (2.35)

Not specified 1,244 (68.05)

Umbilectomy included 948 

Yes 588 (62.0)

No 360 (37.97)

Lymphadenectomy 1,640 

Yes 377 (22.98)

No 444 (27.07)

Not specified 819 (49.94)

Extent of lymphadenectomy 377

Standard: obturator nodes, external iliac nodes, internal iliac nodes 167 (44.2)

Extended: obturator nodes, external iliac nodes, internal iliac nodes, common iliac 
nodes, presacral nodes, and paravesical nodes. 17 (4.5)

Not specified 193 (51.2)

Lymph nodes at pathologic staging 1147 

Positive 226 (19.7)

Negative 921 (80.3)

Number of lymph nodes removed; Mean (SD) 10.26 (±3.99)

SD = Standard deviation
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the bladder dome, urachal ligament, posterior rectus 
abdominis fascia, and umbilicus (15, 59, 61). However, 
some authors defend that the umbilectomy may be 
omitted in patients with localized lesions to avoid im-
pact on body image and quality of life (37, 62). In our 
systematic review, we identified 360 patients (38%) 
who did not undergo umbilical resection across 14 
studies that reported not performing umbilectomy 
with urachal en-bloc excision (14, 15, 17, 18, 20-22, 
26-28, 31, 37, 40, 44). Of the five studies comparing 
patients who underwent umbilectomy to those who 
did not, four reported worse overall survival, cancer-
specific survival, and progression-free survival in 
patients who did not receive complete urachal rem-

nant resection with umbilectomy. Although one study 
found no statistically significant difference in survival 
(p=0.09), the Kaplan-Meier curve suggested a trend, 
with 13 of the 16 long-term survivors in the group that 
underwent en-bloc resection with umbilectomy, as 
shown in Table-3.

Before this review, the conduct of umbilec-
tomy with en-bloc resection of the urachal tract was 
based on the earlier study of Sheldon et al. (3). This 
systematic review presents five studies from the lit-
erature that highlight the oncological benefits of um-
bilectomy with en-bloc resection, further reinforcing 
this approach as the standard treatment for patients 
with localized UrC.

Table 3 - Comparison of survival outcomes between patients who underwent umbilectomy and those who did not.

Author Year of 
publication

N0 of patients 
underwent 

umbilectomy

N0 of patients 
not underwent 
umbilectomy

Survival data

Yu, et al. (45) 2021 12 191 Overall survival: HR 2.491; 95% 0.980 - 6.334; p=0.005
Cancer-Specific Survival: HR 2.601; 95%CI 1.024 - 6.608; 

p=0.044
Recurrence-free survival: HR 2.140; 95%CI 0.918 - 4.990; 

p=0.078

Ashley, et al. (15) 2006 32 27 Cancer specific survival: HR 3.0; 95%CI 1.3 - 6.8 ; p=0.008

Siefker-Radtke, et al. 
(32)

2016 19 16 En-bloc resection was not statistically associated with 
survival (p = 0.09), but 13 of the 16 long-term survivors after 
resection were in the group treated with en-bloc resection 

and umbilectomy.

Jia, et al. (41) 2020 27 12 Overall survival in the umbilectomy group: HR = 0.141; 95% 
CI = 0.034–0.591, p=0.007.

Progression-free survival: HR = 0.355; 95% CI = 0.128–0.983, 
p=0.046.

Patients who underwent umbilectomy had significantly 
longer median overall survival (87 vs. 48 months, p=0.03) 
and progression-free survival (67 vs. 31 months, P=0.036) 

than those who did not.

Dhillon, et al. (29) 2015 29 11 Patients underwent umbilectomy: 10 died of cancer (34%) 
in a mean of 35 months (range, 13-74 months).

Patients who did not undergo umbilectomy: 7 died of 
cancer (64%) in a mean of 31 months (range, 12-71 months).

HR = Hazard Ratio; 95%CI = 95% Confidence interval 
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Concerning the role of lymphadenectomy, 13 
studies (14, 16-18, 21, 22 ,31, 37, 40, 41, 44, 49, 50) re-
ported patients who did not undergo pelvic lymphad-
enectomy within the overall cohort. Still, only 3 stud-
ies compared the oncological outcomes between 
the two groups. Duan et al. reported that among the 
35 patients who did not undergo lymphadenectomy, 
7 (20%) experienced nodal recurrence, whereas 3 
(11.1%) of the 27 patients who underwent lymphad-
enectomy had nodal recurrence (42). However, in the 
authors’ analysis, performing pelvic lymphadenecto-
my was not correlated with disease-free survival (42). 
The second study comparing both groups included 
20 patients who underwent lymphadenectomy and 
40 patients who did not. The authors reported that 
lymphadenectomy predicted cancer-specific mortal-
ity in the univariate analysis (p = 0.02; HR 1.5, 95% 
CI 0.7–2.8) (14). Lastly, a third article reported 18 pa-
tients who underwent lymphadenectomy and 16 who 
did not. After performing a survival analysis, the au-
thors found that lymphadenectomy had no positive 
effect on survival (40). The evidence in the literature 
remains limited, as most series have not evaluated 
the association between pelvic lymphadenectomy 
and oncological outcomes. Among the few studies 
that do address this, there is no clear specification 
regarding the extent of lymphadenectomy performed, 
and the results are often conflicting (63).

Systemic treatment
The NCCN recommends chemotherapy regi-

mens for node-positive bladder adenocarcinoma that 
are similar to those used in colorectal cancer treat-
ment. Specifically, the FOLFOX regimen (oxalipla-
tin, leucovorin, and 5-fluorouracil) and the GemFLP 
regimen (5-fluorouracil, leucovorin, gemcitabine, and 
cisplatin) are suggested as potential options (62). 

For advanced disease, participation in clini-
cal trials is strongly recommended. Although, in cas-
es where trial enrollment is not feasible, combination 
chemotherapy may be an option with regimens based 
on 5-Fluorouracil (FOLFOX or GemFLP) or with ITP 
(paclitaxel, ifosfamide and cisplatin) or dual therapy 
with paclitaxel and a platinum compound (62-65).

In this systematic review, 16.2% of patients 
presented with metastatic disease at the initial diag-
nosis, and 16% experienced tumor recurrence after 
primary treatment. The primary site of tumor recur-
rence was the lung (22.8%), followed by the bladder 
(22.1%) and the pelvis (15.2%), as shown in Figure-2.

In the studies with oncological outcomes, 
neoadjuvant therapy was administered to only 8 
patients; however, chemotherapy regimens and re-
sponse data were not available for 3 of these patients. 
Among the remaining patients receiving neoadjuvant 
therapy, treatment and outcomes were as follows: 
4 cycles of gemcitabine and cisplatin were admin-
istered, though response data were unavailable; a 
5-fluorouracil and cisplatin regimen achieved a par-
tial response, with the patient remaining disease-free 
at study conclusion (median follow-up post-surgery 
was 17 months); and a regimen combining ifosfamide, 
docetaxel, and cisplatin was associated with disease 
progression.

A total of 190 patients (9.9%) received adju-
vant therapy, with specific chemotherapy regimens 
reported for 72% of cases, covering 32 unique regi-
mens. Cisplatin was included in 51% of adjuvant regi-
mens, while 5-fluorouracil was used in 26%. Among 
patients with recurrence or metastatic disease, 93 
(4.9%) received systemic treatment, encompassing 
24 distinct regimens; cisplatin was administered in 
49.5% of these cases, while 5-fluorouracil was in-
cluded in 46.2%. 

Therapeutic responses were documented 
for 112 patients, 65 patients (58%) who received ad-
juvant therapy, and 47 patients (42%) who received 
systemic salvage treatment. In the adjuvant cohort, 
63% presented no disease progression, whereas in 
the metastatic or recurrent group, 14.9% showed a 
partial or complete response.

In adjuvant therapy, patients treated with a 
5-fluorouracil-based regimen showed a 60% rate of 
no disease progression. Among those receiving cis-
platin-based therapy, 65.73% remained disease-free. 
None of the three patients who received a combina-
tion of 5-fluorouracil and cisplatin experienced dis-
ease progression.
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In salvage treatment, 15.4% of those treated 
with a cisplatin-based regimen achieved a complete 
or partial response, while 14.8% of patients on a com-
bined regimen of 5-fluorouracil and cisplatin showed 
complete or partial response. Only one patient who re-
ceived a 5-fluorouracil-based regimen had document-
ed oncological outcomes and demonstrated a com-
plete or partial response. In terms of disease stability 
in the metastatic or recurrent setting, 30.7% of patients 
treated with a cisplatin-based regimen maintained 
stable disease, whereas 37% of those on combined 
5-fluorouracil and cisplatin regimens achieved disease 
stability. Supplementary Table-2 lists all systemic treat-
ments used.

ONCOLOGICAL OUTCOMES

 The single-arm meta-analysis indicated a 
5-year overall survival rate of 51% (95% CI 0.49–0.54). 
Tumor recurrence was observed in 35% of cases (95% 

CI 0.25–0.45), with local recurrence occurring in 28% 
of cases (95% CI 0.18–0.38). The mean time to recur-
rence was 27.6 months. Figure 3 presents a forest plot 
illustrating the oncological outcomes.

CONCLUSIONS

Urachal carcinoma is a rare malignancy with 
limited and heterogeneous evidence guiding its man-
agement. This meta-analysis, encompassing the larg-
est patient cohort to date, provides a more robust foun-
dation for clinical decision-making in this uncommon 
disease. Our findings emphasize the oncological ben-
efits of en-bloc resection with umbilectomy for affected 
patients. In the adjuvant setting, regimens containing 
5-fluorouracil and cisplatin demonstrated the most ef-
ficacy, while cisplatin-based chemotherapy showed 
favorable responses in metastatic cases. Furthermore, 
the response rates observed with alternative regimens 
suggest a potential role for emerging systemic thera-
pies in the treatment of urachal carcinoma.

Figure 2 - Main sites of tumor recurrence in patients with urachal carcinoma following primary treatment.



IBJU | URACHAL CARCINOMAS: SYSTEMATIC REVIEW AND META-ANALYSIS

Int Braz J Urol. 2025; 51: e20240665    |    1 de 11 

Figure 3 - Forest plot of oncological outcomes.

A - Overall Survival at 5 years; 
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B - Tumoral recurrence; 
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C - Local recurrence
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APPENDIX

Supplementary Table 1 - Studies included in the analysis.

Author Article Year Country

Johnson, et al. (8) 1985 USA

Grignon, et al. (9) 1991 USA

Henly, et al. (10) 1993 USA

Dandekar, et al. (11) 1997 India

Shou, et al. (12) 1999 China

Asano, et al. (13) 2003 Japan

Thali-Schwab, et al. (14) 2005 USA

Ashley, et al (15) 2006 USA

Heer, et al (16) 2007 USA

Molina, et al (17) 2007 USA

Chen, et al (18) 2008 China

Gopalan, et al (19) 2009 USA

Paner, et al (20) 2011 USA

Yazawa, et al (21) 2011 Japan

Meeks, et al (22) 2012 USA

Cho, et al (23) 2013 South Korea

Kim, et al (24) 2014 South Korea

Ke, et al (245 2023 China

Jung, et al (26) 2014 South Korea

Chen, et al (27) 2014 China

Amin, et al (28) 2014 USA

Dhillon, et al (29) 2015 USA

Wang, et al (30) 2016 China

Niu, et al (31) 2016 China

Siefker-Radtke, et al (32) 2003 USA



IBJU | URACHAL CARCINOMAS: SYSTEMATIC REVIEW AND META-ANALYSIS

Int Braz J Urol. 2025; 51: e20240665    |    1 de 19 

Niedworok, et al (33) 2016 Germany

Xing Bi, et al (34) 2017 China

Hang, et al (35) 2017 China

Reis, et al (36) 2018 Germany

Kim, et al (37) 2018 South Korea

Pavelescu, et al (38) 2019 Romania

Mertens, et al (39) 2019 United Kingdom

Cornejo, et al (40) 2020 USA

Jia, et al (41) 2020 China

Duan, et al (42) 2020 China

Nagy, et al (43) 2020 Hungary

P Das, et al (44) 2022 USA

Yu, et al (45) 2021 South Korea

Almassi, et al (46) 2022 USA

Wang, et al (47) 2022 China

Jeeban, et al (48) 2022 USA

Zhang, et al (49) 2022 China

Shao, et al (50) 2022 China

Stokkel, et al (51) 2022 Netherlands

Stokkel, et al (52) 2023 Netherlands

Varadi, et al (53) 2023 Hungary

Guerin, et al (54) 2023 France

Ashkay, et al (55) 2023 USA

Sang, et al (56) 2023 South Korea

Suartz, et al (57) 2024 Brazil
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Supplementary Table 2 - Systematic treatment.

Characteristic Overall population 

Neoadjuvant therapy received; n (%) 8 (0.42)

Type of neoadjuvant treatment; n (%)

Gemcitabine and Cisplatine 2 (25)

5-fluorouracil and cisplatin-based regimen 2 (25)

Ifosfamide, docetaxel, and cisplatin 1 (12.5)

Not specified 3 (37.5)

Adjuvant therapy received; n (%) 190 (9.99)

Type of adjuvant therapy; n (%) 

Cisplatin and Paclitaxel 5 (2.63)

5-Fluorouracil, doxorubicin, mitomycin 2 (1.05)

Cisplatin-based 19 (10.00)

Paclitaxel 3 (1.58)

Doxorubicin 2 (1.05)

5-Fluorouracil based 3 (1.58)

MVAC (methotrexate, vinblastine, doxorubicin, cisplatin) 4 (2.11)

Taxol and platinum 3 (1.58)

Etoposideo and platinum 1 (0.53)

Gencitabine and cisplatin 12 (6.32)

5-Fluorouracil and cisplatin/carboplatin 20 (10.53)

5-Fluorouracil, cisplatin and gencitabine 7 (3.68)

5-Fluorouracil, cisplatin and doxorrubicine 6 (3.16)

5-Fluorouracil, doxorubicin and etoposide 2 (1.05)

Cisplatin and Nivolumab 2 (1.05)

Bevacizumab and unspecified chemotherapy 2 (1.05)

Gemcitabine, Cisplatin, Afatinib, Tegafur, Gimeracil, Oteracil and Paclitaxel 1 (0.53)

5-fluorouracil or gemcitabine and/or cisplatin. 11 (5.79)

Gemcitabine or Capecitabine combined with Cisplatin or Oxaliplatin 11 (5.79)

Capecitabine combined with Taxol 3 (1.58)

Capecitabine combined with Gemcitabine 2 (1.05)

Taxol combined with Cisplatin or 5-fluorouracil 2 (1.05)

Pembrolizumab 2 (1.05)

Folinic acid, 5-fluorouracil, and oxaliplatin 3 (1.58)

Carboplatin 1 (0.53)

Neratinib 1 (0.53)
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Atezolizumab 1 (0.53)

Ipilimumab 1 (0.53)

Nivolumab 1 (0.53)

Capecitabina and oxaliplatin 1 (0.53)

Cisplatin and paclitaxel 1 (0.53)

Capecitabine 1 (0.53)

Paclitaxel, ifosfamide and cisplatin 1 (0.53)

Not specified 53 (27.89)

Systemic salvage treatment received; n (%) 93 (4.89)

Type of Salvage Chemotherapy; n (%) 

5-Fluorouracil and irinotecan 1 (1.08)

5-Fluorouracil or gemcitabine and/or cisplatin. 8 (8.60)

5-Fluorouracil, doxorubicin, and cisplatin 1 (1.08)

5-Fluorouracil, doxorubicin, mitomycin 3 (3.23)

5-Fluorouracil, leucovorin, and oxaliplatin 1 (1.08)

5-Fluorouracil, leucovorin, gemcitabine and cisplatin 6 (6.45)

5-Fluorouracil, mitomycin C, and mitoxantrone 1 (1.08)

5-Fluorouracil, mitomycin, cisplatin and doxorubicin 4 (4.30)

5-Fluorouracil, α-interferon, cisplatin 3 (3.23)

5-Fluouracil and cisplatin 1 (1.08)

5-Fluouracil based 14 (15.05)

Cisplatin ifosfamide and gemcitabine 1 (1.08)

Cisplatin-based 7 (7.53)

Cisplatin, gemcitabine and etoposide 1 (1.08)

Cyclophospamide 3 (3.23)

Docetaxel and cisplatin 1 (1.08)

Doxorubicin 5 (5.38)

Doxorubicin, cisplatin, and mitomycin C 1 (1.08)

Gemcitabine, cisplatin 1 (1.08)

Methotrexate, vinblastine, doxorubicin, cisplatin 5 (5.38)

Mytomycin, cisplatin, cyclophosphamide 1 (1.08)

Paclitaxel 3 (3.23)

Paclitaxel and carboplatin 2 (2.15)

Paclitaxel and cisplatin 2 (2.15)

Paclitaxel, methotrexate and cisplatin 1 (1.08)

Not specified 16 (17.20)
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ABSTRACT
 

Magnetic Resonance Urography (MRU) has emerged as a powerful imaging modality in 
pediatric urology, offering comprehensive anatomical and functional assessment of the uri-
nary tract without exposure to ionizing radiation. This review provides an in-depth analysis 
of MRU’s technical aspects, clinical applications, advantages, and recent advancements. 
Traditional imaging techniques, such as ultrasound, voiding cystourethrography, and nu-
clear scintigraphy, have long been utilized for evaluating pediatric urinary tract anomalies; 
however, these methods have inherent limitations in anatomical resolution and functional 
assessment. MRU combines high-resolution anatomical imaging with dynamic functional 
analysis, making it particularly valuable in evaluating conditions such as hydronephrosis, 
ureteropelvic junction obstruction, and ectopic ureters. Advancements in MRU technology, 
including the use of 3T MRI for superior spatial resolution, diffusion-weighted imaging, and 
dynamic contrast-enhanced imaging, have enhanced its diagnostic capabilities. The abil-
ity to assess renal transit times and differential renal function allows for precise evaluation 
of obstructive uropathies and congenital anomalies. Despite requiring sedation in younger 
children and longer acquisition times, MRU has demonstrated superior accuracy compared 
to conventional imaging, reducing the need for multiple diagnostic studies. Recent devel-
opments in real-time MRI, faster imaging techniques, and AI-based reconstructions have 
further optimized MRU’s efficiency and diagnostic utility. As MRU continues to evolve, its 
role in pediatric urology is expected to expand, potentially replacing traditional imaging mo-
dalities in select cases. This review highlights the growing significance of MRU in pediatric 
urinary tract evaluation, emphasizing its potential to improve clinical decision-making and 
patient outcomes.
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INTRODUCTION

Magnetic Resonance Urography (MRU) is 
an advanced imaging technique that combines the 
principles of magnetic resonance imaging (MRI) 
with specialized protocols to determine anatomy and 
evaluate function within the urinary tract. MRU pro-
vides highly detailed anatomical and superior func-
tional information about the kidneys, ureters, and 
bladder without the use of ionizing radiation. MRU 
is particularly valuable in pediatric patients, where 
minimizing radiation exposure is crucial. The devel-
opment of MRU began in the early 2000s, with signif-
icant advancements over the past two decades (1-12).

Initially, MRU was primarily used in adult pa-
tients, but its application in pediatrics has grown as 
the technology has improved. The refinement of MRU 
techniques has allowed for better resolution and 
faster imaging times, making it more feasible for use 
in children (13, 14). Imaging the urinary tract in pedi-
atric patients is essential for diagnosing and man-
aging various congenital and acquired conditions. 
Common indications for imaging include neonatal 
hydronephrosis, ureteropelvic junction obstruction 
and megaureter, and congenital anomalies such as 
duplex kidneys and follow-up of vesicoureteral reflux. 
Traditional imaging modalities like ultrasound (US), 
voiding cystourethrography (VCUG), and radionu-
clide scintigraphy have been used extensively, but 
each has limitations, particularly in providing com-
prehensive anatomical and functional information. 
MRU offers several advantages over traditional im-
aging techniques. It provides high-resolution images 
that can delineate complex anatomical structures 
and assess renal function and urinary tract drain-
age in a single study (15, 16). Unlike computed to-
mography (CT) scans and nuclear medicine studies 
(e.g MAG3 and DMSA scans), MRU does not expose 
patients to ionizing radiation, making it a safer option 
for repeated imaging in children. MRU combines the 
diagnostic capabilities of multiple traditional modali-
ties into a single comprehensive exam. In this article, 
we describe the basics of how magnetic resonance 
urography is performed in the pediatric population as 

well as the common indications and relative perfor-
mance compared to standard imaging modalities in 
the context of pediatric hydronephrosis.

TECHNICAL ASPECTS OF MRU

Both 1.5-Tesla (T) and 3T MR scanners may be 
used in order to perform MRU in pediatric patients. 
Advantages of 3T MRI include higher signal-to-noise 
ratio (SNR), which improves the spatial and temporal 
resolution, critical for detailed anatomical visualiza-
tion of the urinary tract. This allows for thinner slices 
and better 3D reconstructions, crucial for evaluating 
complex anomalies. Higher SNR also improves sen-
sitivity for detecting renal parenchymal and urinary 
tract abnormalities Furthermore, improved temporal 
resolution can enhance assessment of renal perfu-
sion and excretion. T2-weighted and other fluid-sen-
sitive sequences benefit also from the higher SNR, 
which can be advantageous if contrast use is con-
traindicated. However, artifacts from metal implants, 
surgical clips, and bowel gas can be worse in a 3T 
compared to 1.5T, and field signal homogeneity is 
better at 1.5T, reducing shading artifacts, especially 
in larger children. Homogeneity of the magnetic field 
is better at 1.5T, reducing shading artifacts, especially 
in larger children (17, 18).

A combination of anatomical and functional 
sequences is used to ensure comprehensive evalua-
tion. Localizer sequences with T2-weighted Half Fou-
rier Single-shot Turbo spin-Echo (HASTE) or SSFSE 
(Single Shot Fast Spin Echo) provide a reference to 
guide the placement of imaging planes for the de-
tailed study (19). T2 weighted imaging is a foundation 
for anatomic imaging, which provides high-contrast 
images of fluid-filled structures, highlighting the uri-
nary tract. These images allow for visualization of 
dilated urinary structures (e.g., hydronephrosis), as-
sessment of anatomy in congenital anomalies (e.g., 
duplex collecting systems, infundibular stenosis), 
and identification of perirenal fluid collections or cys-
tic lesions. T1 weighted images provided information 
anatomical structures with a focus on solid organs 
and tissues, such as the renal parenchyma. Anatomic 
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imaging also includes diffusion weighted imaging 
(DWI), which detects renal parenchymal abnormali-
ties, such as acute pyelonephritis, identifies restrict-
ed diffusion in tumors or abscesses and helps dif-
ferentiate between obstructive and non-obstructive 
hydronephrosis. Sequences targeted at the urinary 
tract include high resolution 2D and 3D T2-weighted 
images, which when obtained in a 3D fashion allow 
multiplanar reformatting and can be used to make a 
variety of reconstructions to aid in anatomic delin-
eations such as ureteral strictures, ectopic ureteral 
insertions, and fistulas. (e.g., volume rendered and 
maximum intensity projection images) (14).

Functional MRU is an advanced imaging mo-
dality that analyzes functional parameters to determine 
whether there is physiologically significant obstruction in 
a dilated collecting system. It utilizes dynamic contrast-
enhanced (DCE) imaging by tracking the passage of 
gadolinium-based contrast agents through the kidneys 
and into the collecting system. DCE imaging captures 
various phases, including the arterial phase (renal artery 
anatomy), the corticomedullary phase (renal parenchy-
ma), and the excretory phase (contrast transit through 
the ureters and bladder). This approach provides crucial 
information for quantifying transit times, time to peak, 
volumetric and Patlak differential renal functions, esti-
mated glomerular filtration rate, and asymmetry index to 
determine the severity of obstruction.

Quantitative parameters in functional MRU 
offer a detailed assessment of renal function and ex-
cretion, providing invaluable diagnostic information. 
One key parameter is renal perfusion, which evalu-
ates blood flow through the kidneys using time-inten-
sity curves derived from dynamic contrast-enhanced 
imaging. This helps identify perfusion deficits caused 
by conditions like renal artery stenosis or ischemia. 
Differential renal function (DRF) is another critical 
measure, determining the functional contribution of 
each kidney to overall renal output. It is especially 
useful in cases involving congenital anomalies, such 
as duplex kidneys, or in compromised kidneys due to 
various causes of urinary obstruction.

Transit times are parameters that assess the 
movement of contrast from the glomeruli to the col-

lecting system, providing insights into urinary flow 
dynamics. Delays in transit often indicate obstruc-
tions or impaired renal function. Excretory dynamics, 
measured during the post-arterial phase of contrast 
imaging, help visualize and quantify the excretion of 
contrast material into the ureters and bladder, dis-
tinguishing between obstructive and non-obstructive 
pathologies. There are three measured transit times.  
Mean transit time (MTT) is the time required for the 
gadolinium to transit from renal plasma to the tubu-
lar system. Calyceal transit time (CTT) is the time re-
quired for the contrast to reach the peripheral caly-
ces.  Renal transit time (RTT) is the time it takes for 
the contrast to reach the proximal ureter below the 
inferior pole of the kidney.

Quantitative assessments, combined with 
advanced imaging techniques like diffusion-weight-
ed imaging (DWI), provide a comprehensive under-
standing of both global and regional renal function. 
Functional MRU allows precise, radiation-free evalu-
ation of the urinary system, making it a powerful tool 
for diagnosing a wide range of conditions, from con-
genital abnormalities to post-surgical complications.

MR urography can be performed on either 
1.5T or 3T MRI, and the study is divided into three 
phases. Before the scan, a patient is encouraged to 
drink clear liquids until approximately 1 hour prior to 
the scan. Patients are not allowed to eat any solid 
food starting six hours prior to imaging. Once the pa-
tient arrives at the imaging center, an IV access is es-
tablished, and normal saline bolus is administered at 
20 mL/kg over a period of 30 minutes. After adequate 
hydration, patient is escorted to the MRI and posi-
tioned comfortably on the table. Then, sedation is 
initialed if the patient is nine years or younger.  After 
sedation, Foley catheter is placed in the bladder and 
Foley bag positioned on the side of the patient, below 
the bladder for passive drainage.  MR sequences are 
obtained as summarized in Table-1. It is important to 
note that IV furosemide is injected into the patient 
approximately 15 minutes prior to dynamic phase 
imaging to allow maximum pharmacologic effect 
on the kidneys. To minimize motion artifact during 
dynamic imaging, the level of sedation is increased 
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several minutes prior to contrast injection. Once the 
sequences are obtained, data is sent for renal seg-
mentation and analysis at a separate workstation.

Advantages of MRU in pediatric hydrone-
phrosis and comparison to other imaging modalities

Ultrasound is the most widely used imaging 
modality for evaluating the kidneys and bladder both 
pre- and postnatally. It offers several advantages, 
including being non-invasive, free of ionizing radia-
tion, real time imaging, portability, cost effective, and 

typically performed without sedation. US generally 
provides sufficient detail to assess renal anatomy 
and parenchymal changes, such as thinning, altered 
echogenicity, or cysts, making it the primary tool for 
identifying and grading hydronephrosis. However, 
US has limitations in visualizing ureters, particularly 
when they are non-dilated, and is less effective in 
imaging the mid-ureter and ureterovesical junction. 
In cases of significant ureteral dilation anatomical 
distortion and the limited field of view can make it 
difficult to fully characterize the urinary tract. Addi-
tionally, US does not provide functional information 
about the kidneys, though future techniques using 
intravascular contrast agents, such as microbubble 
contrast, may offer insights into differential perfusion 
without relying on nuclear medicine or MRI-based 
contrast agents. Factors like bowel gas, body habitus 
(e.g., scoliosis, obesity), and patient cooperation can 
also affect image quality.

Diuretic renal scintigraphy studies still con-
sidered the “gold standard” worldwide, offer func-
tional insights into the urinary system depending on 
the radiopharmaceutical used. Diuretic renal scintig-
raphy with mercaptoacetyltriglycine (MAG3) evalu-
ates differential renal function and drainage, while 
dimercaptosuccinic acid (DMSA) scintigraphy as-
sesses renal parenchyma and detects scarring. Di-
ethylenetriaminepentaacetic acid (DTPA) provides 
information on glomerular filtration-based differen-
tial renal function and drainage. Although scintigra-
phy provides limited anatomical detail, it remains the 
gold standard for functional assessment. These stud-
ies expose patients to ionizing radiation but typically 
do not require sedation.

CT is occasionally used in pediatric urology, 
mainly for evaluating renal masses and urinary tract 
stones. Its limited use is due to the associated ion-
izing radiation exposure. CT urography, commonly 
performed in adults, is infrequently used in children 
because it typically requires multiple image acqui-
sitions (e.g., non-contrast, parenchymal/nephro-
graphic, and ureteral/excretory phases). Techniques 
like dual-energy CT, which generates virtual non-
contrast images, or split-bolus CTU, which combines 

Table 1 - List of MRI sequences and estimated time 
for performing MR urography.

MRI Sequences Est Time (min:sec)

Localizer 0:08

HASTE Sagittal FS 0:16

HASTE Coronal FS 0:15

T2 Axial HR FS  Kidneys 5:39

Lasix Given  

T1 FLAIR FS Coronal 4:38

3D T2 Triggered Kidneys/
Ureters

5:00

Increase Sedation  

DWI 2:56

T2 Axial FS Bladder 2:47

Contrast Injection  

3D Dynamic Coronal 10:00

Decrease Sedation  

3D GRE Sagittal 2:50

3D GRE Coronal 2:11

PD Axial FS Kidneys 1:55
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nephrographic and excretory phase information in a 
single acquisition, can reduce the number of scans. 
While CT can provide a qualitative assessment of re-
nal function across multiple phases, this approach is 
often impractical in pediatrics due to the associated 
radiation dose.

MRU stands out as the optimal imaging mo-
dality for pediatric hydronephrosis due to its ability 
to provide comprehensive anatomical and functional 
information without exposing children to ionizing ra-
diation. Unlike ultrasound, which is highly operator-
dependent and limited in functional assessment, 
MRU offers consistent, high-resolution images that 
detail both the structure and function of the urinary 
tract. Compared to VCUG, which is invasive and pri-
marily focused on the bladder and urethra, MRU is 
non-invasive and provides a complete overview of 
the entire upper and lower urinary system, including 
the kidneys and ureters. Additionally, while nuclear 
scintigraphy has been traditionally used for func-
tional assessment, it lacks the detailed anatomical 
resolution that MRU provides and exposes patients 
to radiation. Furthermore, it is the author’s opinion 
that MRU excels in functional assessment by analyz-
ing series of different transit times and differential re-
nal functions compared to nuclear scintigraphy. This 
makes it the superior choice for evaluating pediatric 
hydronephrosis, ensuring accurate diagnosis and ef-
fective treatment planning.

CLINICAL APPLICATIONS

 Pediatric urology often involves complex 
anatomic variants that traditionally require multiple 
studies such as ultrasound, VCUG, and scintigraphy, 
for thorough evaluation. MRU has become increas-
ingly popular for its ability to provide a comprehen-
sive assessment of the urinary tract with correspond-
ing functional data for surgical planning and follow 
up management (Figures 1 and 2).

Hydronephrosis
The majority of children with antenatal hydro-

nephrosis have non-obstructive etiologies and pelvi-

caliectasis decreases over time, without intervention 
(20). More severe cases of prenatal hydronephrosis 
have higher chances of urinary tract obstruction such 
as infundibular stenosis, UPJ obstruction, ureteral 
stricture, or distal ureter obstruction that may require 
surgical correction. MRU has proved to be a useful 
tool to distinguish between non-obstructed patulous 
renal collecting system from actively obstructed up-
per urinary tract (21). MRU accurately determines 
the cause of prenatal hydronephrosis and guides 
management. It has the potential to replace preop-
erative multi-modality imaging workup by providing 
detailed renal pathology information that correlates 
100% with surgical findings (22, 23). Severe focal UPJ 
narrowing, renal parenchymal signal hyperintensity, 
and hyperintense signal around the kidney or renal 
collecting system on T2-weighted imaging may be 
indicative of UPJ obstruction. Post-contrast imaging 
findings decreased peak signal intensity, prolonged 
time to peak signal,  prolonged contrast transit times, 
and retention of contrast material  in the affected kid-
ney correspond to obstructive pattern (24). MRU is 
particularly useful for evaluating older children expe-
riencing intermittent flank pain and suspected inter-
mittent hydronephrosis or UPJ obstruction caused by 
a crossing vessel. These children may have normal 
ultrasound findings when imaging is performed with-
out fluid stress. While renal scintigraphy can assess 
kidney function dynamically under fluid stress, MRU 
offers the added benefit of identifying and visualizing 
the crossing vessel responsible for the obstruction. 
Studies have shown that MRU is effective in detect-
ing these vessels in pediatric UPJ obstruction, which 
can be crucial for planning robot-assisted or laparo-
scopic surgical interventions (25, 26).

Hydroureter
Ureteric dilatation can be due to a variety 

of causes in pediatric population, including vesico-
ureteral reflux , obstructing ureterocele, congenital 
megaureter, and ectopic insertion. VCUG is the gold 
standard for diagnosing vesicoureteral reflux , offer-
ing excellent visualization of the urethra and reflux 
grading but involving gonadal exposure to ionizing 
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radiation. Introduced in 1992, magnetic resonance 
voiding cystourethrography (MRVCU) emerged as 
a potential alternative with the development of near 
real-time MR fluoroscopy (27). Although technical-
ly feasible, it seems unlikely that MRVCU will gain 
widespread acceptance in pediatric populations due 
to the limitations including the difficulty of some pa-

tients to void in the supine position and incomplete 
voiding of some infants and young children second-
ary to sedation (28). MRU also provides value in eval-
uation for patients with ureteral stricture of uretero-
vesical junction (UVJ) obstruction by providing high 
level of anatomic detail necessary for the diagnosis. 
MRU has been shown to be the most sensitive for 

Figure 1 - T1 and T2 sequences provided complimentary information in the evaluation of a ectopic left kidney 
in a 10-month-old girl (A, B) and of an obstructive right megaureter in a 9-month-old girl (C, D). 

A) T2 MIP: left ectopic and malrotated kidney with SFU Grade 3 hydronephrosis, normal right kidney. B) T1 Gd-enhanced MIP: Markedly delayed 
excretion on the left with asymmetric unit pathologic differential renal function (R 65%/L 35%). C) T2 MIP: Right SFU Grade 4 hydronephrosis and 
hydroureter, normal right kidney. D) T1 Gd-enhanced MIP: Renal transit time is 2 minutes 9 seconds on the left, which is normal.
Renal transit time is prolonged on the right, which measures greater than 10 minutes
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detecting ureteral strictures. In one study, children 
with mid-ureteral strictures underwent a mean of 2.7 
imaging studies with less than half (42%) receiving 
the correct diagnosis prior to MRI, which lead to a 
definite diagnosis in all cases (29).

MRU is a highly effective tool for detecting 
ectopic ureters, offering superior anatomic resolution 
and the ability to visualize the ureter ’s course and 
termination in detail (30-33). This is particularly valu-
able in cases of complex congenital anomalies. MRU 
provides both anatomical and functional information 
without exposing patients to ionizing radiation, mak-
ing it an ideal choice for pediatric evaluations. Using 
gadolinium-based contrast agents, MRU enhances 
visualization of the ureters, allowing for clear identifi-
cation of abnormal trajectories or ectopic insertions. 
Multiplanar and 3-dimentional reconstruction imag-
ing enables detailed assessment of pelvic and retro-
peritoneal structures, helping to distinguish ectopic 
ureters from other abnormalities. Additionally, MRU 
can identify coexisting anomalies, such as duplex 

kidney systems and ureteroceles which are often as-
sociated with ectopic ureters. These features make 
MRU an invaluable diagnostic modality, especially 
when traditional imaging methods provide inconclu-
sive results.

MRU is not without limitations. Protocols are 
relatively complex , requiring careful dosing and tim-
ing of hydration, furosemide, and gadolinium. MRU 
scans are also longer than its alternatives, which can 
take up to an hour to complete. Because of this, in 
young children or patients who cannot remain still, 
sedation or general anesthesia may be necessary, 
adding complexity and risk to the procedure. A Foley 
catheter is required for the study, which may cause 
discomfort for the patient. Excessive motion will limit 
or prevent post-processing of data, and achieving 
adequate hydration is essential for proper function-
al data.  MRU also has decreased spatial resolution 
compared to CT urography, making it less effective 
at detecting small structures or abnormalities. Fur-
thermore, MRU is not as reliable in identifying cal-

Figure 2 - Axial T2-weighted images through the kidneys show similar dilated right renal collecting system in 
pre- (A) and post-pyeloplasty (B) kidneys. Functional parameters comparing pre- and post-pyeloplasty show 
normalization of MTT, CTT, differential renal function (DRF), and unit GFR in the right kidney after pyeloplasty (C).
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cifications and urinary stones, which can be critical 
in diagnosing certain conditions. Post-imaging pro-
cessing requires separate software, which is techni-
cally challenging to operate. Lastly, most cases can 
be categorized into decompensated or compensated 
hydronephrosis with anatomic correlation, but there 
are occasional cases with parameters that do not 
align with conventional criteria, which suggest dis-
ease processes that has not been fully understood to 
date.  Despite these drawbacks, MRU remains a valu-
able tool due to its ability to provide detailed ana-
tomical images without the use of ionizing radiation.

RECENT ADVANCES

Recent advances in pediatric MRU have sig-
nificantly improved the diagnosis and management 
of urinary tract disorders in children. Real-time MRI, 
while primarily used in orthopedic and cardiac imag-
ing, does have applications in observing the dynamic 
processes in MRU. Real-time MRI uses advanced 
imaging sequences like radial FLASH MRI and bal-
anced steady-state free precession (bSSFP). These 
techniques allow for rapid image capture, often in 
milliseconds, which is crucial for observing process-
es in motion. The speed of acquisition minimizes mo-
tion artifacts and provides clear images of moving 
structures, such as the heart or joints, without the 
need for repeated scans (34). Modern real-time MRI 
employs iterative reconstruction algorithms that en-
hance image quality and reduce artifacts. This allows 
for high-resolution images even with rapid acquisi-
tion. Iterative reconstruction algorithms process the 
acquired data in real time, enhancing image quality 
by reducing noise and correcting for artifacts, result-
ing in high-resolution images that are crucial for ac-
curate diagnosis and treatment planning, even when 
the images are captured quickly (35).

Faster imaging techniques in MRI have sig-
nificantly enhanced the efficiency and quality of 
scans (36, 37). Parallel imaging, such as SENSE and 
GRAPPA, utilize multiple receiver coils to simultane-
ously capture data from different parts of the body, 
reducing scan times while improving spatial resolu-

tion and signal. Compressed sensing leverages the 
sparsity of image data to reconstruct images from 
fewer data points, speeding up acquisition and 
minimizing motion artifacts. Simultaneous Multi-
Slice (SMS) imaging captures multiple slices at 
once, which is particularly beneficial for function-
al MRI and diffusion MRI, drastically cutting down 
scan times. Single-shot acquisition techniques, like 
echo-planar imaging (EPI), acquire the entire image 
in one rapid scan, reducing the impact of patient 
movement. Additionally, AI-based reconstructions 
enhance image quality by predicting and correcting 
for artifacts and noise, making MRI more efficient. 
Advanced pulse sequences, such as fast spin-echo 
(FSE) and turbo spin-echo (TSE), optimize the tim-
ing and order of radiofrequency pulses and gradi-
ents, further reducing scan times while maintaining 
high image quality. These advancements collective-
ly make MRI scans faster, more comfortable for pa-
tients, and more effective in diagnosing and moni-
toring urologic conditions.

CONCLUSIONS

MRU offers one of the most comprehensive 
assessments of the urinary tract in children, en-
abling detailed evaluation of the renal parenchyma, 
collecting systems, ureters, and bladder, while also 
providing both static and dynamic functional infor-
mation. This makes MRU a valuable tool for assess-
ing a wide range of pediatric hydronephrosis and 
congenital urologic abnormalities. Currently, it is 
generally used as a problem-solving tool when tra-
ditional imaging techniques such as US, VCUG, or 
diuretic renal scintigraphy are not able to provide 
sufficient information for clinical decision-making. 
With expanding research and experience MRU will 
continue to expand its role in evaluating children 
with genitourinary anomalies.
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ABSTRACT
 

Purpose: This narrative review aims to provide the most updated knowledge regarding the 
treatment of adverse effects secondary to testosterone replacement therapy (TRT), such as 
gynecomastia, cardiovascular and hematologic risks, prostate health risk, and liver dysfunc-
tion risks. 
Materials and Methods: An extensive literature review was conducted, incorporating guide-
lines from the American Urological Association and the Endocrine Society. The studies de-
termined common adverse effects and their most common methods of management. 
Results: TRT improves the quality of life, sexual function, and mood in hypogonadal men. 
Possible adverse effects associated with TRT include increased estrogen levels and gy-
necomastia, which are usually managed with aromatase inhibitors and tamoxifen. Cardio-
vascular risks from TRT include hypertension and erythrocytosis, which mandate periodic 
hematocrit and blood pressure monitoring; therapeutic phlebotomy is indicated if the hema-
tocrit exceeds 52%. No significant concern regarding prostate cancer has been observed in 
the closely monitored patient. However, TRT should not be administered to individuals with 
active evidence of untreated prostate cancer, except under rare circumstances such as ac-
tive surveillance for very low-risk disease. Older oral forms of TRT can affect liver function; 
therefore, transdermal, newer oral forms and injectables are generally favored in men with 
a history of liver disease. 
Conclusions: Monitoring and management of adverse effects are critical to maximize ben-
efit and minimize the risks of TRT. Ongoing research will further elucidate the safety of TRT 
while advancing evidence-based practices in managing its associated adverse effects. 
Effective patient education and counseling are also essential to improve compliance and 
treatment outcomes.
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INTRODUCTION

Hypogonadism, or testosterone deficiency, is 
a condition that affects approximately 30 million men 
worldwide, with its prevalence increasing with age (1). 
Characterized by low serum testosterone levels, as-
sociated symptoms of hypogonadism include fatigue, 
decreased libido, erectile dysfunction, and mood dis-
turbances (2). Signs of testosterone deficiency may also 
include reduced muscle mass, increased body fat, and 
diminished bone density. Some underlying illnesses 
that can exacerbate testosterone deficiency are obesity, 
metabolic syndrome, and various chronic illnesses (3). 
Testosterone replacement therapy (TRT) is designed to 
restore normal testosterone levels, potentially reversing 
some of these symptoms and improving overall health. 
In addition to TRT, other treatments aimed at improv-
ing testosterone levels are being explored. Varicocele 
repair, when clinically indicated, has shown potential 
to increase endogenous testosterone production (4). 
Additionally, selective estrogen receptor modulators 
like clomiphene citrate and the use of human chorionic 
gonadotropin (hCG) have emerged as alternatives, es-
pecially for men seeking to preserve fertility while in-
creasing testosterone levels (5, 6). These approaches 
offer options for tailored management in men with low 
testosterone, particularly when traditional replacement 
therapy may not be ideal.

TRT can improve the quality of life, sexual func-
tion, and mood in hypogonadal men (7). Administering 
TRT requires several potential side effects to be consid-
ered: the likelihood of increased estrogen levels, gyne-
comastia, cardiovascular issues, prostate problems, and 
hematologic changes (8–10). Recent literature contains 
new information about the safety of TRT and strategies 
for minimizing adverse effects (11). This narrative review 
enables an understanding of these factors, allowing for 
treatment optimization and safety in hypogonadal men 
receiving TRT. Therefore, complications related to tes-
tosterone abuse, as well as changes in male infertility, 
were not included in this study.

Increased Estrogen Levels and Gynecomastia 
Management

Gynecomastia has been observed when high 
levels of estrogen build up in men receiving TRT. Serum 
estradiol levels above 60 pg/mL may cause gynecomas-
tia(8). Management strategies include the use of aroma-
tase inhibitors such as anastrozole, which effectively 
reduces estrogen levels when the threshold for serum 
estradiol is exceeded (7). Dosage adjustment including 
lower doses of testosterone or even a switch to less aro-
matizing formulations such as testosterone undecano-
ate, will minimize estrogenic side effects (2). A wait-
and-observe approach may be appropriate in cases of 
gynecomastia appearing without increased estrogen, 
as the condition can sometimes resolve spontaneous-
ly (9). Symptomatic gynecomastia can be treated with 
low-dose tamoxifen to alleviate breast tissue enlarge-
ment (12). In men with normal estrogen levels who have 
undergone at least 12 months of observation and expe-
rience psychological distress and cosmetic concerns, 
elective plastic surgery could be considered (12).

Prostate Health
There is some controversy linking TRT with 

prostate health. Several meta-analyses utilizing contem-
porary studies have established that carefully monitored 
TRT has no significant risk for prostate cancer (13). In 
addition, TRT is contraindicated in patients with a his-
tory of untreated prostate cancer or active cancer. Con-
versely, benign prostatic hyperplasia (BPH) symptoms 
can be exacerbated with testosterone treatment.

Management strategies include regular moni-
toring of PSA levels, particularly in older patients or 
those with any history of prostate issues (3). In most 
cases, men above 50 years old should be followed up 
yearly with PSA levels. Younger men with risk factors of 
prostate cancer should have their PSA checked every 
2-4 years (14). Normal PSA levels is usually below 4 ng/
mL, though this may be age- dependent; for example, a 
man between 40-49 can have normal level up to 2.5 ng/
mL, while men aged 70 and above may have a higher 
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acceptable level. Men receiving TRT will have an associ-
ated increase of 0.30 ng/mL in PSA levels, with older 
men experiencing a greater increase of 0.43 ng/mL (15). 
If PSA levels increase, further investigation is warranted, 
including a repeat PSA test, a digital rectal exam and 
possibly imaging studies such as magnetic resonance 
imaging (MRI) to assess any abnormalities. In cases 
of TRT in patients who have been treated for prostate 
cancer, for example, post-radiotherapy or surgery, any 
rise in PSA level warrants a review of the treatment plan 
which may include discontinuing TRT and further onco-
logical assessment (14, 16). Counseling regarding pos-
sible prostate-related risks associated with the initiation 
of therapy is imperative (3, 16). The presence of urinary 
symptoms among patients should be monitored when 
managing BPH (17, 18). For patients with symptomatic 
BPH, stopping TRT and definitively treating BPH with 
surgery may be required if medical management fails.

Cardiovascular and Hematologic Risks
Cardiovascular risks associated with TRT have 

been well discussed. Some studies indicate that it has 
been proven to improve lipid profiles as well as endothe-
lial function (19). On the contrary, it is also well known to 
raise blood pressure and thrombotic risks especially in 
older men with already pre-existing cardiovascular dis-
ease. Erythrocytosis or increased red blood cell mass is 
one of the common adverse effects of TRT that heighten 
thrombotic risks. As pointed out by Kohn et al., one of the 
side effects of TRT is an increase in hematocrit levels and 
thus this must be carefully monitored (20). Increased he-
matocrit is associated with a high risk of major adverse 
cardiovascular events (MACE) particularly if significantly 
higher from baseline. The hematocrit significantly increas-
es with TRT irrespective of the formulation, with intra-
muscular testosterone enanthate/cypionate causing the 
most significant increase of 4.0%. For oral testosterone 
undecanoate, the increase is roughly 4.3%, but the patch 
and nasal gel preparations result in much more modest 
increases. Compared in one of the studies of intranasal 
versus intramuscular therapies, intramuscular injections 
significantly increased hematocrit from 42.7% to 46.6%, 
while there was no significant change with the intranasal 
gel. Such findings reiterate the variability of hematocrit re-

sponse with different testosterone formulations and point 
out the need for monitoring hematologic parameters as 
a way to prevent cardiovascular risks, most especially in 
patients with already existing cardiovascular conditions 
(21, 22).

Management strategies should include referral 
to a cardiologist and should include regular monitoring 
of blood pressure and lipid profile in the high-risk group 
(23). It is also necessary to check the hematocrit regularly, 
especially in the first year of treatment, every 3-6 months 
in the beginning and annually thereafter (1). 

Ory et al. (24) tried to find the unsafe hematocrit 
threshold for men receiving TRT and determine whether 
secondary polycythemia causes an increased risk of car-
diovascular complications. They performed a retrospec-
tive cohort study from a database of 74 million people 
including two groups of men with low testosterone who 
received TRT and subsequently either did or did not de-
velop polycythemia and compared 5,842 men in each 
group. Polycythemia was defined as a hematocrit above 
52%, according to the American Urological Association 
(AUA) guideline definition. The primary outcome was 
incidence of MACE and venous thromboembolic events 
(VTE) in the first year of TRT. The authors found that men 
on TRT who developed secondary polycythemia had a 
higher incidence risk of MACE and VET than men who 
did not develop polycythemia (24). This cutoff can guide 
our clinical practice, and we can tell patients undergoing 
TRT that they are at a higher cardiovascular risk if their 
hematocrit reaches or exceeds 52% during the first year 
of therapy (25). Therefore, when the hematocrit exceeds 
these levels, it may be a sign that the patient requires 
therapeutic phlebotomy to prevent thrombotic complica-
tions (11).

Dose adjustment has to be made based on he-
matocrit; the marked erythrocytosis has to be avoided. 
El-Khatib et al. (26), indicated that reduction in the dose of 
testosterone injections coupled with an increase in their 
frequency of administration should help manage hemato-
crit and, therefore, reduce the risk of MACE. For instance, 
splitting a 100 mg dose into two or three smaller doses 
throughout the week may effectively maintain testoster-
one levels while minimizing the potential for elevated he-
matocrit and associated cardiovascular events.
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Routine monitoring may also prevent extra car-
diovascular risk because of fluid retention (3). Fluid reten-
tion may increase blood pressure; hence, patients should 
be counseled on dietary sodium restriction, monitoring 
fluid input, and blood pressure monitoring to prevent this 
complication effectively. It also allows the surveillance of 
the lipid profile for cardiovascular safety in testosterone-
treated patients, since the treatment with testosterone 
may decrease HDL and probably increase LDL, more 
conditions that should be closely monitored in order to 
prevent or minimize the vascular changes resulting from 
changes in the level of lipids. However, various RCTs and 
meta-analyses conducted have suggested that routine 
monitoring of lipid profiles is probably not necessary in 
all patients. Indeed, a recent study by Calof et al. showed 
that adverse events from TRT in middle-aged and older 
men do not support the consistent monitoring of lipids 
(27). In another systematic review and meta-analysis, 
Haddad et al. concluded that TT does not result in overall 
significant changes in cardiovascular risk profiles among 
this population (28). According to TRAVERSE study, even 
men with hypogonadism and preexisting or a high risk of 
cardiovascular disease, TRT was non-inferior to placebo 
with respect to the incidence of MACE (29). Thus, these 
findings would suggest that although monitoring may be 
important, in many instances it may not be required, es-
pecially when the total cardiovascular risk is low.

Liver Function
Certain formulations of testosterone, particularly 

oral routes, carry a risk for hepatic toxicity. Monitoring liver 
function and regularly testing for liver enzymes is recom-
mended, especially among patients with a history of liver 
conditions, particularly in men receiving older oral forms 
of TRT (30). The preferred formulations are transdermal 
and injectable testosterone due to the lower risk of hepatic 
toxicity associated with these modes of administration 
(31). Goldstein et al., 2024 indicate that newer oral formula-
tions, transdermal and injectable testosterone, have a sig-
nificantly lower risk of hepatic toxicity compared to older 
oral formulations. The authors indicate that among oral 
formulations, the newer formulation of oral testosterone 
undecanoate (Tlando™, Kyzatrex™, and Jatenzo™) are rela-
tively safer regarding liver effects as compared to the older 

methylated testosterone formulations (Andriol™) (32). The 
mechanism of absorption plays an important role in this 
difference. Newer oral preparations, which include testos-
terone undecanoate, utilize a different route of absorption 
via the lymphatic system, thereby avoiding major first-pass 
metabolism of the drug in the liver. Older oral formulations, 
such as Andriol™, increase liver function toxicity because of 
first-pass metabolism, exposing the liver to higher concen-
trations of the drug. Because this pathway minimizes he-
patic exposure, liver enzymes are present in low amounts 
in order to minimize the risk for hepatic toxicity (32). This 
shift in formulation choice can alleviate the risks associ-
ated with liver function, highlighting the importance of se-
lecting an appropriate TRT for each patient.

Acne
Acne is a common consequence of TRT because 

sebaceous gland activity is increased, which is associ-
ated with the androgenic effects of the skin. Topical thera-
pies include the use of retinoids or benzoyl peroxide, that 
can effectively manage mild to moderate acne. In cases 
of severe acne, oral antibiotics such as, minocycline, or 
isotretinoin may be indicated (33). It is also very impor-
tant that patients are educated on proper skin care to re-
duce the incidence of acne outbreaks, and referral to the 
dermatologist should be considered for those with persis-
tent or severe cases.

Sleep Apnea
Obstructive sleep apnea (OSA) issues should 

be monitored among the patients, particularly when 
symptoms involve loud snoring or excessive daytime 
sleepiness (16, 34). OSA must be screened by using the 
STOP-BANG questionnaire prior to initiating TRT (35). If 
the screening of the patient comes out positive, then OSA 
should be appropriately treated. This becomes important 
because, unless treated, OSA may result in intermittent 
hypoxia that could lead to increased hematocrit levels 
as a result of the body adapting to a state of decreased 
oxygenation. Observation and management of these con-
ditions are important to minimize adverse effects associ-
ated with TRT. 

Treatment algorithm of complications after TRT is 
present in Figure 1.
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Patient Education and Informed Consent
Patient education is a vital component of man-

aging adverse effects in TRT. Recent guidelines em-
phasize the importance of counseling patients on the 
benefits and risks of TRT (3, 34, 36). Shared decision-
making may improve adherence and satisfaction with 
treatment, allowing patients to make informed choices 
about their health.

Well-educated patients are more likely to ad-
here to therapeutic regimens and become more active 
participants in their care. Effective communication re-
garding possible adverse effects, monitoring regimens, 
and lifestyle changes can empower patients and en-
hance the effectiveness of treatment. Additionally, sup-
porting telemedicine can provide patients with conve-
nient access to healthcare professionals for ongoing 
education and management. If adverse effects arise, 
patients should be encouraged to report these issues 
promptly through telehealth channels, allowing adjust-
ments to their treatment plan.

CONCLUSIONS

TRT is beneficial for patients with testosterone 
deficiency but monitoring and management of adverse 
effects are highly relevant to ensure safety and efficacy. 
Ongoing research will further delineate the safety profile 
of TRT and evidence-based practices for monitoring and 
managing adverse effects. With appropriate monitoring 
protocols, regular follow-ups, and prioritized patient 
education, healthcare providers can ensure that risks 
associated with TRT are minimized.
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ABSTRACT
 

Introduction: The insidious interrelation between three key factors underscores the critical 
need to understand the neural control of the lower urinary tract (LUT): the complexity of its 
functioning, the epidemiology of conditions that can disrupt it, and the nonspecific presen-
tation of related symptoms. This paper examines the importance of understanding neuro-
physiology of micturition to prevent mismanagement and reduce unnecessary procedures.
Material and Methods: This review focuses on the neurophysiology of the micturition cycle, 
the epidemiology of major health conditions that affect it, and the nonspecific nature of 
lower urinary tract symptoms (LUTS) concerning underlying pathologies. The review was 
conducted in accordance with the guidelines of the Scale for Assessment of Narrative Re-
view Articles (SANRA). Only articles in English were included, while case reports, editorials, 
and expert opinion pieces were excluded.
Results: The ability of the LUT to store and release urine requires precise coordination and 
is mediated by a complex network involving the brain, spinal cord, peripheral ganglia, and 
nerves. Epidemiological data reveal a growing global burden of diseases that impact LUT 
functioning (LUTF). Moreover, the nonspecific nature of LUTS often leads to diagnostic chal-
lenges, and inappropriate treatment strategies.
Conclusion: The interplay between the complexity of LUTF, the widespread prevalence of 
conditions that can disrupt it, and the nonspecific nature of related symptoms frequently 
complicate urological decision-making. Overlooking associated neurological factors can re-
sult in suboptimal outcomes, diminished quality of life, and serious adverse consequences. 
A systematic approach is crucial to minimizing the risk of misdiagnosis and mismanage-
ment, especially when considering invasive interventions.
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INTRODUCTION

The insidious interrelation between three key 
factors underscores the critical need to understand the 
neural control of the LUT. These factors include the in-
tricate nature of LUTF, the myriad ways in which multi-
ple epidemiologically significant health conditions can 
disrupt it, and the nonspecific presentation of LUTS, 
which do not always correspond to the underlying 
dysfunction. This understanding can serve as a power-
ful tool for safeguarding patients from iatrogenic harm 
and protecting physicians from the consequences of 
inappropriate management.

Comprehending the neurophysiology of mictu-
rition is inherently challenging, as patients’ complaints 
and long-term complications often fail to correlate di-
rectly (1). As Turner-Warwick aptly observed, highlight-
ing the complex and sometimes misleading nature of 
bladder dysfunction, one must not trust the bladder 
as a witness (2). This complexity emphasizes the im-
portance of proper bladder management in neurologic 
patients. For instance, in individuals with spinal cord 
injury (SCI), advances in understanding LUTF have led 
to significant improvements in care, reducing mortality 
rates, and diminishing the historical predominance of 
urinary complications as primary causes of death dur-
ing early rehabilitation and follow-up (3–5).

The objective of this paper is to evaluate the 
importance of understanding the neurophysiology of 
the micturition cycle, with a focus on its role in pre-
venting mismanagement and reducing unnecessary 
procedures in cases involving neurological diseases.

MATERIAL AND METHODS

This narrative review focuses on the neuro-
physiology of the micturition cycle, the epidemiology 
of key health conditions that affect it, and the specific-
ity of LUTS in relation to underlying pathologies.

The study was conducted in accordance with 
the SANRA guidelines (6). Relevant literature was re-
trieved from the PubMed database using Medical Sub-
ject Heading (MeSH) terms, with no restrictions on the 
year of publication. 

For the neurophysiology of micturition, we 
used the search terms “Neurophysiology,” “Urination,” 
“Urinary Bladder, Neurogenic,” and “Lower Urinary 
Tract Symptoms.”

To gather epidemiological data on “Stroke,” 
“Dementia,” “Diabetes Mellitus,” “Spinal Cord Injuries,” 
“Intervertebral Disc Disease,” “Intervertebral Disc 
Displacement,” “Spinal Stenosis” we used the respec-
tive terms combined with “Global Disease Burden,” 
“Epidemiology” and “worldwide” (not a MeSH term).

To assess the specificity of LUTS, the search 
included terms such as “Urinary Bladder, Underac-
tive,” “Urinary Bladder Neck Obstruction,” “Urinary 
Bladder, Overactive,” and the terms “Lower Urinary 
Tract Symptoms,” and “overlap” (not a MeSH term). 

Only articles written in English were includ-
ed, while case reports, editorials, and expert opinion 
pieces were excluded. Only studies deemed signifi-
cantly relevant to the review’s objectives were se-
lected. In addition to the studies retrieved through 
the systematic search, we also included other litera-
ture regarded as fundamental references in this field.

RESULTS
NEURAL CONTROL

Lower Urinary Tract Functions
The LUT exhibits unique behavior that is high-

ly dependent on central nervous system (CNS), set-
ting it apart from other visceral systems—such as the 
gastrointestinal and cardiovascular systems—which 
can maintain basic function even in the absence of 
extrinsic neural input (7). LUT also has a switch-like 
or phasic pattern of activity unlike the tonic patterns 
characteristic of autonomic pathways regulating car-
diovascular organs. Furthermore, micturition is also 
under voluntary control and depends on learned 
behavior whereas many other visceral functions are 
regulated involuntarily (8).

The ability of the LUT to store and release 
urine depends heavily on CNS pathways, requiring 
precise coordination between the bladder body, 
bladder neck, urethra, and urinary sphincter. This 
coordination is mediated by a complex network in-
volving the brain, spinal cord, peripheral ganglia, 
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and nerves. In addition to the nervous system, blad-
der musculature, urethra, and pelvic floor, structures 
such as the urothelium, suburothelial and intrade-
trusorial interstitial cells, and bladder stroma also 
play significant roles in the micturition cycle (9). 
These modulators, however, fall outside the scope 
of this article. 

During the micturition cycle, LUT manages 
urine in two distinct phases: filling and emptying (8). 
Understanding LUTF is facilitated by correlating its 
dynamic processes with parameters assessed dur-
ing urodynamic studies (UDS):

Filling Phase - The bladder must accommo-
date adequate urine volumes without significant in-
creases in pressure, transmit appropriate sensations 
(neither diminished nor exaggerated), and there must 
be no involuntary contractions or urinary leakage.

Emptying Phase - The bladder must gener-
ate contractions of sufficient strength and duration. 
Simultaneously, the urinary sphincter must relax , 
without anatomical obstruction or significant post-
void residual urine (10). 

The Voiding Reflex - An essential compo-
nent of LUTF is the spinobulbospinal voiding reflex , 
also known as the bladder-to-bladder reflex (11) 
or simply the voiding reflex (Figure-1A). This reflex 
serves as a central switch between the two micturi-
tion cycle phases (12 , 13).

During filling, bladder stretch receptors de-
tect increases in bladder volume and transmit sen-
sory signals via the pelvic and hypogastric nerves to 
the spinal cord. These signals are then relayed to the 
periaqueductal gray (PAG) in the brainstem. 

Once PAG activity reaches a critical thresh-
old—that can be called micturition threshold (7)—it 
excites the pontine micturition center (PMC), also 
referred to as the M-region or Barrington’s nucleus 
(14, 15). The PMC is believed to send descending sig-
nals to the sacral spinal cord, which, through spinal 
circuitry, induces urethral sphincter relaxation and, 
some seconds later (8), bladder contraction (13). 
This transition, from a completely off mode (storage) 
to a maximum on mode (voiding), is intrinsic to the 
very switchlike activity pattern of the pons (16).

In the absence of higher brain control, PAG 
activation alone can autonomously excite the PMC 
and trigger the reflex (7, 8, 13). However, under nor-
mal circumstances, higher brain regions exert signifi-
cant control over this process. These regulations will 
be later described in the Working Model.

Filling Phase and Storage Control
Sensory signals from the bladder body are 

conveyed to the spinal cord via the pelvic and hy-
pogastric nerves (17), while sensory input from the 
bladder neck and the urethra is transmitted through 
the pudendal and hypogastric nerves. The afferent 
components of these nerves include myelinated (Aδ) 
and unmyelinated (C) fibers (8).

Afferent Nerve Activity - The Aδ-fibers re-
spond to passive distension and active contraction 
(17) providing critical information about bladder fill-
ing. Conversely, C-fibers, which are considered ‘si-
lent ’ under physiological conditions, are primarily 
activated by noxious stimuli such as chemical irrita-
tion (18) or cooling (19).

Sympathetic Regulation - During bladder 
filling, relaxation of the detrusor muscle is mediated 
by sympathetic innervation. Norepinephrine activates 
β3-adrenergic receptors in the bladder wall, promot-
ing relaxation, and α1-adrenergic receptors in the 
bladder neck and proximal urethra, inducing smooth 
muscle contraction to enhance closure (20, 21). Sym-
pathetic reflex activity during the filling phase can 
be triggered by vesical afferent signals in the pelvic 
nerves and helps the bladder accommodate larger 
volumes. This can be called the vesicosympathetic 
reflex , which is inhibited upon reaching the micturi-
tion threshold (22).

External Urethral Sphincter Guarding Reflex 
- The pudendal nerve maintains tonic contraction of 
the external urethral sphincter (EUS), contributing to 
continence. This tonic activity increases with bladder 
filling and is mediated, in part , by the guarding reflex , 
a spinal reflex pathway activated by low-level blad-
der afferent input, reinforcing EUS contraction (7).

Additionally, contraction of the EUS induces 
afferent signaling via the pudendal nerve, which, in 



IBJU | NEUROPHYSIOLOGY OF MICTURITION: PREVENTING MISMANAGEMENT

Int Braz J Urol. 2025; 51: e20259907    |    1 de 4 

turn, activates inhibitory interneurons within the spi-
nal cord. These interneurons suppress reflex bladder 
activity (23) by inhibiting preganglionic neurons and 
interneurons in the micturition reflex pathway (24). 
The bladder-to-EUS-to-bladder reflex , along with the 
vesicosympathetic reflex (7), functions as a negative 
feedback mechanism to promote urinary continence.

Pontine Regulation - During the storage 
phase, the PMC is typically inactive. However, in 
another region in the pons, the pontine continence 
center or pontine urine storage center (PUSC), also 
called the L-region (8), is active. PUSC, first de-
scribed neuroanatomically and later by its response 
to electrical stimulation, not only excites the EUS but 
also inhibits reflex bladder activity, increasing blad-
der capacity and the inhibiting the bladder excitatory 
effect of PMC stimulation (11), probably mediated by 
stimulation of the urethral sphincter mechanism (25). 

Transition to Voiding - As bladder volume 
increases, afferent signals from stretch receptors 
intensify, informing the brainstem and cortex about 
bladder fullness. Micturition in the heathy adult oc-
curs only when afferent signals inform enough urine 
in the bladder, the mechanical requirement, but other 
criteria must meet, such as safety and social appro-
priateness (26).

The Working Model
Advances in understanding the neural con-

trol of micturition, coupled with functional brain 
imaging studies, have led to the development of a 
working model based on a framework of circuits that 
organize brain activity (Figure-1B) (26). While many 
animal studies have contributed to these advances, a 
key distinction must be made between micturition in 
animals and humans: the intention to void. Unlike hu-
mans, the intention to void in animals cannot be pre-
cisely evaluated, and their micturition models may, 
in fact, reflect urgency incontinence rather than vol-
untary control. It is important to note that the work-
ing model is a speculative (7) simplification, and its 
circuits may not function independently.

The working model assumes that three cir-
cuits are responsible for the higher control of mictu-

rition and ensuring that in a normal adult , micturition 
occurs only when consciously desired, emotionally 
safe, and socially appropriate (7).

Circuit one, especially the medial prefron-
tal cortex (mPFC), assesses social appropriateness. 
mPFC can either delay or advance voiding by mod-
ulating the excitation along the pathway from the 
mPFC to PAG (26).

Circuit two comprises the anterior insula, 
the dorsal anterior cingulate cortex (dACC), and the 
supplementary motor area. The insula (previously as-
signed to circuit 1) is considered the seat of intero-
ception - the perception of sensations from inside 
the body (13, 27) and registers the degree of bladder 
filling, while dACC can create the associated emo-
tion—desire to void or urgency (26). Activation of the 
supplementary motor area, usually coactivated with 
dACC, is associated with contraction of the pelvic 
floor and striated sphincter muscles.

Circuit three encompasses the parahip-
pocampal complex , which may serve as the route 
through which the PAG monitors bladder behav-
ior and exchanges bladder-related signals with the 
rest of the brain. This circuit also includes the PAG 
itself and likely the hypothalamus, which plays a role 
in ensuring safety for voiding—such as protection 
from predators—an adaptive mechanism developed 
through evolution (7, 26).

The PAG activity is modulated by incoming 
sensory information and communicates with these 
higher cortical areas. These regions allow conscious 
decision-making and social appropriateness for 
voiding. If voiding is deemed acceptable, the PAG ac-
tivates the PMC.

The PAG plays a pivotal role in voiding, in 
addition to maintaining homeostasis by regulating 
systems such as cardiovascular and bowel function, 
pain, and emotion. Acting as a central hub, the PAG 
distributes incoming spinal afferent signals to vari-
ous forebrain regions, generating sensations or mo-
tor outputs to prevent incontinence. 

In this context , the PAG and the PMC are of-
ten considered to function together as the “switch” 
of the micturition cycle. However, this switch re-
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Figure 1 – Comparison of the relative simplicity of the voiding reflex pathways and the complexity of higher 
brain circuit control of the LUT. A) Schematic representation of the voiding reflex, in which the PAG alone can 
activate the PMC and trigger micturition. B) Higher brain circuits involved in LUT control, with a summary of 
their respective functions. In circuits one and three, deactivation of the mPFC and parahippocampal regions 
tends to suppress voiding at the PAG. The hypothalamus, which may be part of circuit three, sends a ‘safe’ 
or ‘unsafe’ signal to the pontine micturition center. In circuit two, activation of the insula and dACC/SMA 
generates a strong desire to void or urgency, along with sympathetic motor output to the LUT.

A

B

Abbreviations: dACC, dorsal anterior cingulate 
or midcingulate; HT, hypothalamus; lPFC, 
lateral prefrontal cortex; LUT, lower urinary 
tract; mPFC, medial prefrontal cortex; 
On, nucleus of Onuf; PAG, periaqueductal 
grey; PHC, parahippocampal complex; 
PMC, pontine micturition center; Sa, sacral 
parasympathetic region; SMA, supplementary 
motor area; Th, thalamus; T/L, thoracolumbar 
sympathetic outflow.
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quires modulation, which is thought to be primar-
ily exerted by the forebrain—particularly the medial 
prefrontal cortex (mPFC). In humans, the mPFC is 
the site where conscious and voluntary control over 
voiding is exercised (13), making it the likely seat of 
executive control (26).

Voiding Phase
Once afference signaling has reached mic-

turition threshold in PAG and forebrain modulation 
favors voiding so that the switch can be done, PMC is 
then activated, and urine can be eliminated. 

Voiding involves parasympathetic activation, 
trough the pelvic nerve which stimulates detrusor 
muscle contraction, sympathetic Inhibition, trough 
the hypogastric nerve that reduces bladder outlet 
resistance, and somatic relaxation, through the pu-
dendal nerve that reduces external urethral sphincter 
tone. The synchronized contraction of the detrusor 
and relaxation of the outlet ensures efficient voiding. 
Interruptions in this coordination can result in incom-
plete emptying or incontinence. 

Parasympathetic excitation to the bladder 
is done via acetylcholine (Ach) release, acting on 
postjunctional muscarinic receptors. In the human 
bladder, the messenger RNA for all five muscarinic 
receptor subtypes have been demonstrated (28), 
with a predominance of M2 and M3 receptors. M3 
receptors are believed to be the most important for 
detrusor contraction (29). When activated, M3 re-
ceptors triggers intracellular Ca2+ release; whereas 
M2 receptors inhibits adenylate cyclase, that con-
tributes to bladder contractions by suppressing ad-
renergic inhibitory mechanisms which are mediated 
by β adrenergic receptors and stimulation of adenyl-
ate cyclase (30).

Parasympathetic signals can also induce a 
non-cholinergic detrusor contraction mediated by 
the released of ATP. ATP excites the detrusor acting 
on P2X purinergic receptors (30). This route is not 
important in a healthy adult , but can be involved in 
some pathological conditions like bladder outlet ob-
struction, overactive bladder, and interstitial cystitis/
bladder pain syndrome (31).

In urethra smooth muscle there is parasym-
pathetic nitric oxide induced relaxation (32) and ces-
sation of adrenergic sympathetic and somatic excit-
atory inputs to the urethra.

External Urethral Sphincter - During the stor-
age phase, increased tonic activity of the EUS is main-
tained through the spinal guarding reflex and stimu-
lation from the PUSC. However, during micturition, 
bladder afferent signaling—which contributes to EUS 
stimulation—is suppressed, resulting in the cessation of 
the guarding reflex. Additionally, stimulation of the PMC 
and activation of bulbospinal pathways inhibit EUS mo-
tor neurons, leading to sphincter relaxation (33).

Modulation on spinal and supraspinal level
In addition to the complex modulatory sys-

tems at the autonomic ganglia level, numerous 
neurotransmitters play key roles in modulating the 
micturition reflex at both the spinal and supraspinal 
levels. Many of these neurotransmitters can exert 
excitatory or inhibitory effects, depending primarily 
on the receptors they activate. It is important to note 
that most research on neurotransmitters at these lev-
els has been conducted in animal models.

Glutamate - Glutamate is considered the 
principal excitatory neurotransmitter in the micturi-
tion reflex pathway, influencing both excitatory and 
inhibitory regulation of micturition in the central ner-
vous system (13). Other transmitter systems, such as 
noradrenergic, dopaminergic, and GABAergic, modu-
late glutamatergic transmission (34). 

On the descending pathway from the 
PMC, glutamate activates N-methyl-D-aspartate 
(NMDA) and α-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid (AMPA) ionotropic recep-
tors, exerting excitatory effects (35). Conversely, acti-
vation of metabotropic receptors produces inhibitory 
effects (36). This inhibitory stimulus on the descend-
ing limb of the micturition reflex is also believed to 
involve the pathway to the EUS (37). 

Notably, serotonin and noradrenaline termi-
nals in Onuf ’s nucleus release glutamate, which in-
duces contraction of the urethral rhabdosphincter. 
Duloxetine, a norepinephrine and serotonin reup-
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take inhibitor, enhances urethral rhabdosphincter 
activity and increases urethral pressures, making it 
a potential treatment option for stress urinary incon-
tinence (SUI) (38).

At the supraspinal level, glutamate predomi-
nantly exerts excitatory effects and is considered es-
sential for voiding function (39).

Noradrenaline - The noradrenergic system 
modulates the micturition reflex by acting as an ex-
citatory input in the efferent limb and an inhibitory in-
put in the afferent limb. The lumbar sympathetic out-
flow is regulated by α1-excitatory and α2-inhibitory 
mechanisms (7).

Evidence suggests that α2-adrenoceptor-
mediated inhibition and α1-adrenoceptor-mediated 
tonic facilitation also influence sphincter function, 
with α2-adrenoceptor-mediated inhibition being 
the dominant adrenergic modulator of the pudendal 
nerve reflex (40).

Serotonin – Serotonin (5-HT) pathways mod-
ulate both the afferent and efferent limbs of the mic-
turition reflex.

Activation of serotonergic neurons on 5-HT 
receptors in the spinal cord inhibits reflex bladder 
contractions and sacral efferent pathway firing to the 
bladder in animal models (41). Descending seroto-
nergic pathways tonically depress the afferent limb 
of the micturition reflex through 5-HT2 and/or 5-HT3 
receptors, enhancing urine storage by facilitating 
sphincter reflexes in cats and rats (7).

The role of 5-HT1 receptors varies across spe-
cies, with 5-HT1A receptor agonists increasing blad-
der capacity in cats (42) but facilitating bladder ac-
tivity in rats (43). 

GABA and Glycine - GABA and glycine act 
as inhibitory neurotransmitters at both spinal and 
supraspinal levels, increasing bladder capacity, rais-
ing the volume threshold for initiating micturition, 
and reducing voiding pressures in animal studies 
(7). A GABAergic inhibitory mechanism in the PAG is 
known to tonically regulate the bladder volume set-
point for initiating micturition (44).

Acetylcholine - Muscarinic acetylcholine 
receptors inhibit the micturition reflex in the spinal 

cord, whereas in the brain, they can exert both inhibi-
tory and facilitatory effects (45).

Nicotinic receptor activation has inhibitory 
effects on the micturition reflex in the brain but excit-
atory effects in the spinal cord, enhancing the reflex 
in rats (46).

Dopamine – At the suprapontine level, do-
pamine plays dual roles: acting on D1-like receptors, 
it inhibits reflex bladder contractions in cats; acting 
on D2-like receptors, it facilitates micturition in rats, 
cats, and monkeys (7).

Opioids - Opioid peptides inhibit reflex path-
ways at both spinal and supraspinal levels, increas-
ing bladder capacity and providing modulatory ef-
fects on the micturition reflex (7).

EPIDEMIOLOGY OF CONDITIONS AFFECTING LUT 
FUNCTION

The importance of understanding how LUT 
functions is underscored by epidemiological data 
showing the growing global impact of diseases that 
interfere with it . These trends are primarily driven by 
population aging and growth, but also increases in 
age-standardized prevalence rates.

Below, we present some of the most common 
conditions that impact LUTF, categorized as supra-
pontine, infrapontine-suprasacral, and sacral or more 
distal conditions.

Stroke - According to the Global Burden 
of Disease (GBD) 2021 study, the age-standardized 
prevalence of stroke in 2021 was 1,099.31 per 100,000 
persons (47). The GBD 2019 study reported an 85% 
increase in the absolute number of stroke cases from 
1990 to 2019, despite a 6% decline in age-standard-
ized prevalence rates during this period (48). This 
disparity reflects demographic shifts, as population 
growth and aging contribute to the rising overall bur-
den (48, 49). 

Dementia - GBD 2019 data revealed signifi-
cant increases in the global burden of Alzheimer’s 
disease and other dementias between 1990 and 2019, 
with incidence and prevalence rising by 147.95% and 
160.84%, respectively. The age-standardized rates of 
incidence, prevalence, death, and disability-adjusted 
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life-years have also increased. Women consistently 
exhibited higher rates, although the rate of increase 
was more pronounced in men (50).

In high-income countries, the crude preva-
lence of dementia increased by 119% between 1990 
and 2017, despite a 5% decline in global age-stan-
dardized incidence rates during the same period. 
This pattern again suggests that while the risk per 
individual may be decreasing, the absolute number 
of cases is rising due to population growth and ag-
ing (51). For instance, in Norway, the age-standard-
ized incidence of dementia decreased by 5.4% from 
1990 to 2019, while the absolute number of cases 
rose by 35% (52). 

Spinal cord injury - The global prevalence of 
SCI was estimated at 20.6 million individuals in 2019, 
representing an 85% increase since 1990 (53, 54). 
However, age-standardized prevalence increased 
modestly by 5.8% during the same period (53)

The trend is corroborated by other studies, 
that demonstrate broad regional variations in preva-
lence rates and a general increase over recent de-
cades (55, 56). These changes are attributed to de-
mographic factors such as population growth and 
aging, which contribute to a higher number of indi-
viduals living with SCI (56, 57).

Despite the rise in absolute numbers, the 
age-standardized incidence rate of SCI has remained 
stable, indicating that the prevalence increase re-
flects demographic changes rather than higher rates 
of new cases (54, 58). The burden of SCI remains 
higher in males and older adults, with falls and road 
injuries being the leading causes (53, 57).

Diabetes - The worldwide prevalence of dia-
betes has risen significantly in recent decades. Ac-
cording to the 2021 GBD study, approximately 529 
million people were living with diabetes globally in 
2021, with an age-standardized prevalence of 6.1%. 
Projections suggest this number will exceed 1.31 bil-
lion by 2050 (Figure-2), with prevalence rates sur-
passing 10% in regions such as North Africa, the 
Middle East, and Latin America (59).

Another pooled analysis of 1108 population-
representative studies estimated that in 2022, around 

828 million adults had diabetes, revealing a substantial 
increase from 1990 (60). The age-standardized preva-
lence of diabetes has risen in many countries, particu-
larly in low- and middle-income regions such as South 
and Southeast Asia, Middle East, and Latin America 
(60). This trend is largely driven by increases in type 2 
diabetes, which is closely associated with rising obesity 
rates and other lifestyle factors (59, 60).

Diabetes is strongly associated with voiding 
dysfunction, particularly in patients with polyneurop-
athy. Early studies reported that 75-100% of patients 
with documented peripheral neuropathy had under-
active bladder (61). A subsequent study using urody-
namic evaluations found detrusor underactivity (de-
fined as a Bladder Contractility Index < 100) in 78,8% 
of diabetic male patients presenting with LUTS (62).

Lumbar Spine Conditions - The prevalence 
of lumbar spine degenerative disease, lumbar disc 
herniation, and lumbar canal stenosis varies globally 
and is influenced by factors such as age, gender, and 
diagnostic criteria.

A Medicare-based study reported overall 
prevalence of diagnosed spinal degenerative disease 
of approximately 27.3%, with numbers increasing with 
age. The study highlights that degenerative findings 
are common, and the prevalence is likely underesti-
mated due to undiagnosed asymptomatic cases (63).

A study based on magnetic resonance imaging 
findings reported a prevalence of lumbar disc hernia-
tion of 55.1% among individuals with low back pain, with 
or without lower limb symptoms. The prevalence was 
higher in those with accompanying lower limb symp-
toms (82.1%) compared to those with only low back 
pain (51.6%). The numbers tend to initially increase with 
age and then decrease in older age groups, with the L4/
L5 and L5/S1 segments being most affected (64)

The prevalence of lumbar spinal stenosis in 
the general population is estimated to be approxi-
mately 11% based on clinical diagnoses, with higher 
rates observed in older adults. It increases with age 
and affects approximately 103 million people world-
wide. Prevalence rates based on radiological diagno-
ses vary, ranging from 11% in asymptomatic popula-
tions to 38% in the general population (65, 66).
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Overall, there is a trend of increasing preva-
lence of these conditions, largely driven by an ag-
ing population and improved diagnostic capabilities. 
However, the estimates should be interpreted with 
caution due to potential biases in the studies and 
variations in diagnostic criteria.

DISCREPANCY BETWEEN SYMPTOMS AND DYS-
FUNCTION

It is well established that LUTS do not always 
correlate with the underlying dysfunction, often lead-
ing to misdiagnosis and inappropriate management. 

The discrepancy between symptoms and urodynamic 
findings has been extensively documented across a 
variety of conditions affecting LUTF in both male and 
female patients, spanning different age groups. This 
dissociation is observed in clinical syndromes such as 
bladder outlet obstruction (BOO), overactive bladder 
(OAB), and underactive bladder (UAB) (67–76). More-
over, these dysfunctions often coexist or are associ-
ated with other entities, such as pelvic organ prolapse, 
further complicating accurate diagnosis (Figure-3).

The diagnostic challenge is particularly pro-
nounced in cases of UAB, where patients typically 

Figure 2 – Global age-standardized prevalence of type 1 and type 2 diabetes from 1990 to 2050, including 
projections. The shaded area represents the 95% uncertainty intervals. The worldwide rise in diabetes 
prevalence is particularly striking. Between 1990 and 2021, the global age-standardized prevalence of diabetes 
increased by 90.5%, from 3.2% to 6.1%. Projections indicate a further 59.7% increase between 2021 and 2050, 
reaching 9.8%, with an estimated 1.31 billion people living with diabetes by 2050. This growth is primarily 
driven by type 2 diabetes, which is expected to rise by 61.2%, from 5.9% in 2021 to 9.5% in 2050.
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present with a combination of both storage and void-
ing symptoms (77–79).

Nevertheless, the role of LUTF investigation 
in SUI has been a subject of ongoing debate. A land-
mark randomized clinical trial (RCT) concluded that 
“preoperative office evaluation alone is non-inferior 
to evaluation with UDS in terms of outcomes at one 
year” and deemed UDS “not justified” in this context 
(80). Two smaller RCTs reached similar conclusions 
(81, 82), prompting revisions to influential guidelines 
(83, 84). Notably, among lower urinary tract condi-
tions, SUI exhibits the highest concordance between 
clinical complaints and urodynamic findings sur-
passing conditions such as OAB/urgency urinary 
incontinence/ detrusor overactivity, voiding dysfunc-
tion, and positive post-void residuals (74).

It is essential to recognize, however, that only 
22.3% to 39.5% of women presenting with SUI meet 
the VALUE trial criteria for “uncomplicated” SUI prior 
to surgery (85, 86). Voiding dysfunction is identified 
via urodynamic evaluation in approximately 25.6% 
of patients (86) with higher prevalence in the “com-
plicated” group (32,4%) compared to the “uncompli-
cated” group (14,7%) (85). Furthermore, urodynamic 
findings result in the cancellation or modification of 
planned interventions in nearly 20% of cases (87).

Although not typically classified as neuro-
genic conditions, loss of bladder capacity and com-
pliance due to radiation or tuberculosis is often over-
looked and must be considered in this discussion. 
These conditions, which, result from direct structural 
changes in bladder wall, produce symptoms and uro-
dynamic patterns and that overlap with neurogenic 
bladder dysfunction.

These findings unequivocally demonstrate 
the complexity of LUT dysfunctions and the potential 
discrepancies between clinical symptoms and urody-
namic findings. Accurate diagnosis is crucial not only 
to avoid unnecessary surgeries but also to optimize 
treatment outcomes.

AVOIDING MISMANAGING

Managing a patient presenting with LUTS who 
may have a non-urological condition affecting LUTF re-
quires a nuanced understanding of underlying patho-
physiological mechanisms, particularly when the condi-
tion has not yet been clearly diagnosed (Figure-4).

Patients with undiagnosed or overlooked 
neurological conditions often do not report key medi-
cal histories—such as prior spinal surgery or neuro-
degenerative diseases—due to a lack of awareness of 
their potential connection to urinary dysfunction. Fur-
thermore, physicians managing the primary condition 
may not fully understand its implications for the lower 
urinary tract. In some cases, the underlying condition 
affecting LUTF remains undiagnosed, further compli-
cating patient management.

Gender-based diagnostic biases can also 
impede accurate evaluation. While atypical presen-

Figure 3 - Schematic representation of the overlap 
between LUTS in the male population. Abbreviations: 
BPE, benign prostate enlargement; BOO, bladder 
outlet obstruction; OAB, overactive bladder; UAB, 
underactive bladder; LUTS, lower urinary tract 
symptoms. 
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tations in women, such as BOO, may result in fur-
ther investigation more readily, symptoms in males 
are frequently attributed to prostatic pathology, po-
tentially leading to unnecessary interventions. For 
instance, performing transurethral resection of the 
prostate in a patient with a non-contractile bladder 
is unlikely to improve quality of life. Similarly, treating 
overflow incontinence caused by a low-sensitivity 

bladder with a mid-urethral sling in a female patient 
may exacerbate symptoms rather than resolve them.

Certain conditions, such as hydronephrosis 
resulting from voiding dysfunction or low-capacity, 
low-compliance bladders, secondary to radiation or 
tuberculosis, require careful evaluation. Upper tract 
dilation may also occur in the case of an underactive 
bladder, such as following extensive pelvic surgery. 

Figure 4 - The interplay between three factors: medical conditions affecting LUTF (left), the complexity of 
neural control of micturition (center), and the non-specificity of LUTS (right), can pose significant diagnostic 
challenges, increasing the risk of misdiagnosis and inappropriate management. While certain scenarios 
present with typical clinical patterns (e.g., BOO due to prostatic enlargement often causing voiding 
symptoms), exceptions exist. For instance, urinary incontinence may result from UAB rather than OAB or 
stress incontinence, underscoring the need for comprehensive evaluation.

Abbreviations: LUTF, lower urinary tract function; LUTS, lower urinary tract symptoms; BOO, bladder outlet obstruction; OAB, overactive bladder; 
UAB, underactive bladder.
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Mismanagement in these scenarios can have severe 
consequences. For example, in a patient with an un-
deractive bladder following extensive pelvic surgery, 
placing a nephrostomy tube may be detrimental and 
a simple urethral catheter could suffice.

CONCLUSION

Caring for patients with neurological condi-
tions affecting LUTF presents significant challeng-
es for urologists. The interplay between three key 
factors - the complexity of LUTF, the widespread 
prevalence of conditions that can disrupt it , and the 
nonspecific nature of related symptoms - frequently 
complicates clinical decision-making, particularly 
in complex or atypical cases. Overlooking associ-
ated neurological factors can lead to suboptimal 
outcomes, diminished quality of life, and, in severe 
cases, serious adverse consequences.

While this discussion has highlighted sev-
eral prevalent conditions, numerous other disorders 
impacting LUTF also warrant attention and should 
not be overlooked. Therefore, it is essential for urolo-
gists to consistently consider differential diagnoses 
beyond more common conditions such as benign 
prostatic hyperplasia or SUI. Adopting a compre-
hensive, systematic, and patient-centered approach 
can significantly reduce the risk of misdiagnosis and 
mismanagement, especially when invasive interven-
tions are being considered.

ABREVIATIONS

Ach = acetylcholine
AMPA =  α-amino-3-hydroxy-5-methyl-
4-isoxazolepropionic acid
BOO = bladder outlet obstruction
dACC = dorsal anterior cingulate cortex
EUS = external urethral sphincter
GBD = Global Burden of Disease
LUT = lower urinary tract
LUTF = lower urinary tract functioning
LUTS = lower urinary tract symptoms
mPFC = medial prefrontal cortex

NMDA = N-methyl-D-aspartate
OAB = overactive bladder
PAG = periaqueductal gray
PMC = pontine micturition center
PUSC = pontine urine storage center
RCT = randomized clinical trial
RNA = ribonucleic acid
SANRA = Scale for Assessment of Narrative Review 
Articles
SCI = spinal cord injury
CNS = central nervous system
SUI = stress urinary incontinence
UAB = underactive bladder
UDS = urodynamic studies
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ABSTRACT
 

Objective: This meta-analysis aimed to evaluate the predictive value of multiparametric 
magnetic resonance imaging (mpMRI), specifically T2-weighted imaging (T2WI) and appar-
ent diffusion coefficient (ADC) maps, in the pathological grading of prostate cancer.
Methods: A comprehensive literature search was conducted across multiple databases, 
including PubMed, the China National Knowledge Infrastructure dataset, Web of Science, 
Springer Link and Cochrane Library. Studies evaluating the use of mpMRI for prostate can-
cer grading were included. The quality of the included studies was assessed using the risk 
of bias tool. Meta-analyses were performed to calculate pooled areas under the curve (AUC) 
and prostate cancer detection rates.
Results: Seven studies met the inclusion criteria, comprising 843 patients in the experimen-
tal group and 962 in the control group. The meta-analysis revealed a significant improve-
ment in diagnostic performance with mpMRI, with a pooled mean difference in AUC of 0.10 
(95% confidence interval [CI]: 0.04–0.16, p = 0.002) favouring the mpMRI group. The odds ra-
tio for prostate cancer detection was 2.60 (95% CI: 1.57–4.29, p = 0.0002), indicating a higher 
detection rate with mpMRI compared with standard techniques. Substantial heterogeneity 
was observed among the studies (I² = 73% for AUC and 66% for detection rate).
Conclusion: This meta-analysis demonstrates that mpMRI, particularly T2WI and ADC imag-
ing, has a significant predictive value in the pathological grading of prostate cancer. The 
technique shows improved diagnostic accuracy and higher cancer detection rates com-
pared with conventional methods. However, the substantial heterogeneity among studies 
suggests that standardisation of mpMRI protocols and interpretation criteria is needed.
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INTRODUCTION

Prostate cancer remains one of the most 
prevalent malignancies affecting men worldwide, 
with significant implications for public health (1). The 
accurate diagnosis and grading of prostate cancer 
are crucial for determining appropriate treatment 
strategies and predicting patient outcomes. Tradi-
tionally, prostate-specific antigen (PSA) testing and 
systematic transrectal ultrasound (TRUS)-guided 
biopsies have been the standard approach for pros-
tate cancer detection and grading. However, these 
methods have limitations, including overdiagnosis of 
clinically insignificant cancers and undersampling of 
significant tumours (2).

In recent years, multiparametric magnetic 
resonance imaging (mpMRI) has emerged as a promis-
ing tool in the diagnostic armamentarium for prostate 
cancer. Multiparametric magnetic resonance imag-
ing (MRI) combines anatomical T1-weighted and T2-
weighted imaging (T2WI) with functional techniques, 
such as diffusion-weighted imaging (DWI) and dy-
namic contrast-enhanced (DCE) imaging (3). Among 
these, T2WI provides excellent soft-tissue contrast and 
anatomical detail, while apparent diffusion coefficient 
(ADC) maps derived from DWI offer insights into tissue 
cellularity and tumour aggressiveness (4).

The potential of mpMRI to improve prostate 
cancer detection and characterisation has led to its 
increasing adoption in clinical practice. The Pros-
tate Imaging Reporting and Data System (PI-RADS) 
has been developed to standardise the acquisition, 
interpretation and reporting of prostate mpMRI (5). 
However, the precise role of mpMRI in predicting the 
pathological grade of prostate cancer remains a sub-
ject of ongoing research and debate.

Several studies have investigated the correla-
tion between mpMRI parameters, particularly T2WI and 
ADC values, and prostate cancer Gleason scores (6, 7). 
These studies suggest that mpMRI can provide valu-
able information for distinguishing between low- and 
high-grade prostate cancers. However, the results have 
been heterogeneous, and the overall predictive value of 
mpMRI for pathological grading remains unclear.

Multiparametric MRI, specifically T2WI and 
ADC maps, has significant predictive value in the 
pathological grading of prostate cancer, offering im-
proved diagnostic accuracy and higher cancer de-
tection rates compared with conventional diagnostic 
methods. This meta-analysis aims to evaluate com-
prehensively the predictive value of mpMRI, specifi-
cally focusing on T2WI and ADC imaging, in the path-
ological grading of prostate cancer. By synthesising 
data from multiple studies, we seek to provide a more 
robust assessment of the diagnostic performance of 
mpMRI and its potential role in clinical decision-
making for prostate cancer management.

METHODS

Search strategy and study selection
A comprehensive literature search was con-

ducted across multiple electronic databases, includ-
ing PubMed, the China National Knowledge Infra-
structure (CNKI), Web of Science, Springer Link and 
Cochrane Library. The search strategy employed a 
combination of Medical Subject Headings terms and 
key words related to magnetic resonance imaging 
and prostate cancer. The specific search terms in-
cluded variations of ‘Magnetic Resonance Imaging’, 
‘NMR Imaging’, ‘Zeugmatography’, ‘fMRI’, ‘Functional 
Magnetic Resonance Imaging’, ‘MRI Scans’, ‘Spin Echo 
Imaging’ and ‘Magnetic Resonance Image’ for the im-
aging modality. These were combined with terms re-
lated to prostate cancer, including ‘Neoplasms, Pros-
tatic’, ‘Prostate Cancer’ and ‘Cancer of Prostate’. This 
study has been registered at inplasy.com, registration 
number is INPLASY202520044.

The initial database search identified a total 
of 214 records: 16 from PubMed, 107 from CNKI, 17 
from Web of Science, 8 from Springer Link and 66 
from Cochrane Library. After removing duplicates, 
107 unique records remained for screening.

Inclusion and exclusion criteria
This systematic review employed specific in-

clusion and exclusion criteria to ensure the relevance 
and quality of the included studies. Eligible studies 
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evaluated the use of mpMRI (including T2WI and ADC) 
for prostate cancer detection or grading, included a 
comparison group, reported outcomes in terms of 
areas under the curve (AUC), sensitivity, specificity 
or prostate cancer detection rates, involved human 
subjects and were published in English or Chinese. 
Studies were excluded if they were case reports, 
reviews or conference abstracts, focused solely on 
other imaging modalities or MRI sequences, lacked a 
clear comparison group or provided insufficient data 
for quantitative analysis.

Study selection process
The study selection process followed a sys-

tematic approach. Initially, 89 records were excluded 
based on title screening. The remaining 18 records 
underwent abstract review, resulting in the exclusion 
of 10 more studies. A full-text assessment was per-
formed on 8 articles, of which 1 was excluded due to 
non-synthesisable results. Ultimately, 7 studies were 
included in the qualitative and quantitative synthesis.

Data extraction
Data extraction was performed by two inde-

pendent reviewers using a standardised form. The 
extracted information encompassed key details, such 
as author names and publication year, MRI param-
eters used, sample sizes for both intervention and 
control groups, age range of participants, outcome 
measures and study design. This comprehensive data 
extraction process allowed for a thorough analysis of 
the included studies and facilitated the synthesis of 
results across different research efforts in the field 
of multiparametric MRI for prostate cancer detection 
and grading.

Quality assessment
The risk of bias in the included studies was 

assessed using the Cochrane Collaboration’s tool for 
assessing risk of bias in randomised trials. This tool 
evaluates seven domains: random sequence genera-
tion, allocation concealment, blinding of participants 
and personnel, blinding of outcome assessment, in-
complete outcome data, selective reporting and oth-

er biases. Each domain was categorised as low risk, 
unclear risk or high risk of bias.

Statistical analysis

Meta-analyses were performed using Review 
Manager 5.3 software. For continuous outcomes 
(AUC), the mean difference with 95% confidence 
interval (CI) was calculated. For dichotomous out-
comes (prostate cancer detection rates), odds ratios 
(ORs) with 95% CI were computed.

The inverse variance method with random-ef-
fects models was used to account for potential hetero-
geneity among studies. Heterogeneity was assessed 
using the I² statistic, with I² values of 25%, 50% and 75% 
considered as low, moderate and high heterogeneity, 
respectively. Forest plots were generated to represent 
the results of the meta-analyses visually. Funnel plots 
were created to assess potential publication bias. All 
statistical tests were two-sided, with a p-value of <0.05 
considered statistically significant.

RESULTS

Study characteristics
The systematic review process resulted in 

the inclusion of seven studies (8-14) for qualitative 
and quantitative synthesis. These studies, published 
between 2007 and 2024, collectively involved 843 
patients in the experimental group (mpMRI) and 962 
patients in the control group (Figure-1).

The basic characteristics of the included 
studies are summarised in Table-1. The included 
studies utilised various MRI parameters, with all 
studies incorporating T2WI and ADC maps. Some 
studies also included additional parameters, such as 
DCE imaging and DWI. The age range of participants 
across studies was 26–91 years, with most studies fo-
cusing on men in their 60s and 70s.

Quality assessment
The risk of bias assessment for the included 

studies, as presented in Figure-2, reveals a moder-
ate to high overall quality, though with some areas of 
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concern. Random sequence generation was gener-
ally well-handled, with approximately 60% of studies 
judged to have a low risk of bias, while the remaining 
40% had an unclear risk. Allocation concealment was 
less clearly reported, with only 30% of studies dem-
onstrating a low risk of bias and 70% having an un-
clear risk. Blinding of participants and personnel was 
adequately addressed in 75% of studies, showing a 
low risk of bias, while 25% were unclear. The blinding 
of outcome assessment was evenly split , with half of 
the studies having a low risk and half having an un-
clear risk. Notably, all studies (100%) were assessed 
as having a low risk of bias regarding incomplete 
outcome data, indicating strong reporting in this do-
main. Selective reporting was a concern in 60% of 

studies with an unclear risk, while 40% demonstrated 
a low risk. Last, other potential sources of bias were 
largely unclear, with 70% of studies having an unclear 
risk and only 30% judged to have a low risk. These 
findings highlight areas where future research could 
improve methodological clarity and reporting, partic-
ularly in allocation concealment, selective reporting 
and addressing other potential sources of bias.

Diagnostic accuracy
The meta-analysis of the AUC included five 

studies with a total of 484 patients in the experimen-
tal group and 409 in the control group. The forest plot 
(Figure-3A) demonstrates a significant improvement 
in diagnostic performance with mpMRI. The pooled 

Figure 1 - The flow chart of literature screening.
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mean difference in AUC was 0.10 (95% CI: 0.04–0.16) 
favouring the mpMRI group. This result was statisti-
cally significant (Z = 3.16, p = 0.002). However, sub-
stantial heterogeneity was observed among the stud-
ies (I² = 73%), indicating considerable variability in 
the reported AUC values across different studies.

Prostate cancer detection rate
Four studies reported on the rate of pros-

tate cancer detection, involving a total of 588 pa-
tients in the experimental group and 490 in the con-
trol group. The forest plot (Figure-3B) shows that 
mpMRI significantly improved the detection rate of 
prostate cancer. The pooled OR was 2.60 (95% CI: 
1.57–4.29) in favour of mpMRI. This result was highly 

statistically significant (Z = 3.73, p = 0.0002).
Similar to the AUC analysis, substantial het-

erogeneity was observed among these studies (I² = 
66%), suggesting variability in the detection rates 
across different study populations and settings.

Publication bias
Funnel plots for both the AUC (Figure-4A) 

and prostate cancer detection rate (Figure-4B) anal-
yses were generated to assess potential publication 
bias. Although the limited number of included studies 
makes it challenging to draw definitive conclusions 
about publication bias, the funnel plots do not show 
clear evidence of asymmetry, suggesting that signifi-
cant publication bias is unlikely.

Table 1 - The summarized basic characteristics of included studies.

Author (year) MRI Number Invention 
condition

Age Outcome 
index 

Research type Reference

invention/
control

Zhang, et al. 2024 T2WI, DWI, 
ADC

106/105 MRI - AUC Controlled trial (8)

Salami, et al. 2017 T2WI, DWI, 
ADC

202/110 Mp-MRI 59-72 AUC Controlled trial (9)

Morgan, et al. 
2007

T2WI, DWI 27/27 DW-MRI - Sensitivity 
and specificity 

for tumor 
identification, 

AUC

Controlled trial (10)

Wu, et al. 2019 K trans K ep, 
ADC

17/22 Mp-MRI 60-79 AUC Controlled trial (11)

Kasivisvanathan, 
et al. 2018

T2WI 252/248 MRI - Sensitivity and 
specificity for 

tumor

Controlled trial (12)

Wang, et al. 2015 DWI, MPS 132/345 Mp-MRI 26-91 PI-RADS 
score, AUC, 
accuracy

Controlled trial (13)

Porpiglia, et al. 
2017

ADC, DWI 107/105 Mp-MRI - AUC, accuracy Controlled trial (14)

MP-MRl = multiparametric magnetic resonance imaging; Pl-RADS = Prostate lmaging Reporting and DataSystem; AUC = areas under the curve; 
ADC = apparent diffusion coefficient; DWI = diffusion-weighted imaging; T2WI = T2-weighted imaging; MPS = Multiphasic Screening
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Figure 2 - Risk of bias graph. A: Review authors' judgements about each risk of bias item presented as 
percentages across all included studies. B: Review authors' judgements about each risk of bias item for each 
included study.

Figure 3 - Diagnostic accuracy and prostate cancer detection rate. A) Forest map of area under the curve 
(AUC). B) Forest map of the rate of prostate cancer detection.
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DISCUSSION

This meta-analysis provides a comprehensive 
evaluation of the predictive value of mpMRI, specifically 
focusing on T2WI and ADC maps, in the pathological 
grading of prostate cancer. The results demonstrate 
significant improvements in both diagnostic accuracy 
and prostate cancer detection rates when using mpMRI 
compared with conventional diagnostic methods.

For the diagnostic accuracy, the pooled anal-
ysis of AUC values revealed a mean difference of 0.10 

(95% CI: 0.04–0.16) favouring mpMRI. This finding 
suggests that mpMRI offers superior diagnostic per-
formance in distinguishing different grades of pros-
tate cancer. The improved accuracy can be attributed 
to the combination of anatomical information from 
T2WI and functional data from ADC maps, which to-
gether provide a more comprehensive assessment of 
prostate tissue characteristics (15).

The enhanced diagnostic accuracy of mpMRI 
has important clinical implications. It may allow for 
more precise targeting of biopsies, potentially re-

Figure 4 - Publication Bias. A) Funnel map of area under the curve (AUC). B) Funnel map of the rate of prostate 
cancer detection.
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ducing the number of unnecessary procedures and 
improving the detection of clinically significant can-
cers. Furthermore, accurate grading is crucial for 
treatment planning, as it influences decisions regard-
ing active surveillance, focal therapy or radical treat-
ment options (16).

Our meta-analysis demonstrated that mpMRI 
significantly improved the detection rate of prostate 
cancer, with a pooled OR of 2.60 (95% CI: 1.57–4.29). 
This finding aligns with previous studies suggesting 
that mpMRI can detect prostate cancers that may be 
missed by conventional systematic biopsies (17). The 
improved detection rate is especially important for 
identifying clinically significant cancers while poten-
tially reducing overdiagnosis of indolent tumours.

The higher detection rate with mpMRI may be 
explained by its ability to visualise suspicious areas 
within the prostate that can be targeted for biopsy. 
This targeted approach contrasts with the systematic 
sampling used in conventional TRUS-guided biop-
sies, which may miss cancers in areas not routinely 
sampled (18).

Despite the promising results, it is impor-
tant to note the substantial heterogeneity observed 
among the included studies (I² = 73% for AUC and 
66% for detection rate). This heterogeneity may be 
attributed to several factors. Variability in MRI proto-
cols is a key consideration; while all studies included 
T2WI and ADC, some incorporated additional se-
quences, such as DCE imaging, which may influence 
diagnostic performance (19). Differences in study 
populations also contribute to this heterogeneity, as 
the age ranges and risk profiles of participants varied 
across studies, potentially affecting the prevalence 
and characteristics of detected cancers (20). Fur-
thermore, variations in reference standards, particu-
larly in the methods used for pathological confirma-
tion and grading, may have differed between studies, 
introducing potential bias (21).

The level of interpreter experience is another 
crucial factor. The expertise in reading prostate mpM-
RI can significantly impact diagnostic accuracy and 
may have varied across studies (22). This variability 
in reader experience could contribute substantially 

to the observed differences in results. Last, it is im-
portant to consider technological advancements 
over time. The included studies span nearly two de-
cades, during which MRI technology and interpreta-
tion techniques have evolved considerably (23). This 
temporal factor adds another layer of complexity to 
the heterogeneity observed in the meta-analysis. 
These sources of heterogeneity highlight the need 
for standardisation in mpMRI acquisition, interpreta-
tion and reporting. Initiatives such as PI-RADS aim to 
address this issue, but further refinement and wide-
spread adoption are necessary to improve consis-
tency across different clinical settings (24). Morote 
et al. reported (25) that the Barcelona MRI predictive 
model has been successfully validated when mpMRI 
was reported with PI-RADS v2.1 and prostate biopsies 
were conducted via the transrectal and transperineal 
route. Lv et al. found (26) that the mean PSA density 
combined with PI-RADS showed utility in guiding op-
timisation of the prostate biopsy mode. Higher PSAD 
and PI-RADS values were associated with greater 
confidence in implementing mono-targeted biopsy 
and safely omitting systematic biopsy, thus effective-
ly balancing the benefits and risks. In addition, some 
relevant reports have investigated the accuracy and 
key role of mpMRI in predicting different prostate 
cancers (27, 28).

The limited number of studies meeting our 
inclusion criteria precluded subgroup analyses that 
may have shed light on the impact of specific fac-
tors on diagnostic performance. Additionally, the 
lack of individual patient data restricted our ability 
to assess the influence of patient characteristics on 
mpMRI performance. However, the findings of this 
meta-analysis support the integration of mpMRI into 
the diagnostic workflow for prostate cancer. The im-
proved diagnostic accuracy and detection rates sug-
gest that mpMRI could play a crucial role in reduc-
ing unnecessary biopsies, improving the detection of 
clinically significant cancers and guiding treatment 
decisions (12).

Future research should focus on large-scale 
prospective studies with standardised protocols to 
further elucidate the role of mpMRI in prostate can-
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cer management. However, several challenges need 
to be addressed to optimise the clinical utility of 
mpMRI in prostate cancer management. Standardi-
sation remains a crucial issue, with ongoing efforts 
required to harmonise mpMRI protocols, interpreta-
tion criteria and reporting systems to reduce variabil-
ity in clinical practice (29). Additionally, exploring the 
integration of mpMRI with novel biomarkers may fur-
ther enhance its predictive value in prostate cancer 
grading and risk stratification (30). 

CONCLUSIONS

This study provides the first comprehensive 
assessment of the predictive value of T2WI and ADC 
in mpMRI for the pathological grading of prostate 
cancer through a systematic literature review and 
meta-analysis. The findings of this meta-analysis 
support the integration of mpMRI into the diagnos-
tic workflow for prostate cancer. Its improved accu-
racy could lead to more precise targeting of biop-
sies, potentially reducing unnecessary procedures 
and improving the detection of clinically significant 
cancers. Although mpMRI shows great promise in 
improving the diagnosis and grading of prostate can-
cer, its optimal implementation requires addressing 
challenges related to standardisation, training and 
cost-effectiveness. 
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ABSTRACT
 

Purpose: To compare the external validation of four existing scoring systems for encrusted 
ureteral stents (EUS) and their relationship with stent indwelling time, stone-free rates, mul-
tiple surgery sessions, multimodal procedures, and prolonged operation times exceeding 
120 minutes in total.
Materials and Methods: The data of 208 patients who underwent surgery for EUS reviewed. 
All EUSs were evaluated with 4 scoring systems: ESB (encrusted stone burden), FECal (for-
gotten, encrusted, calcified), KUB (kidney, ureter and bladder), V-GUES (visual grading for 
ureteral stone burden).
Results: As the duration of stent indwelling time prolonged, a significant increase is ob-
served in the scores of ESB, FECal, KUB and V-GUES systems (p<0.001). In multivariate logis-
tic regression analysis, V-GUES score (p=0.025) and stent indwelling time (p=0.014) in stone-
free rate, FECal grade (p<0.001) in multimodal procedure requirement, FECal (p=0.002) and 
V-GUES (p=0.032) scores in multiple surgery sessions, and stent indwelling time (p=0.019) 
and KUB score (p<0.001) in prolonged operation time were found to be predictors. When the 
area under receiver operating characterictic (ROC) curves (AUC) of the nomograms were 
examined, V-GUES score (AUC=0.685)  in stone-free rate, FECal grade (AUC=0.780) in mul-
timodal procedure requirement, FECal grade (AUC=0.845) in multiple surgery sessions, and 
KUB score (AUC=0.860) in prolonged operation time were found to be superior.
Conclusions: The management of EUSs is often challenging for urologists. Although the 
current scoring systems for EUS differ somewhat, it is important to use scoring systems  to 
guide the management of these patients.
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INTRODUCTION

Ureteral stents are widely used in urological 
practice to relieve upper urinary tract obstruction (1). 
Although ureteral stents are generally well tolerated by 
patients, they can cause pain, dysuria, bleeding, and 
lower urinary tract symptoms as a result of being a for-
eign body (2).

One of the complications that may occur due to 
a prolonged stent indwelling time is encrustation. En-
crusted ureteral stent (EUS) is defined as a stent that 
cand not be removed using conventional cystoscopic 
methods and that requires additional intervention. EUS 
occurs in up to 13% of the cases (3). EUS can also cause 
renal failure and sepsis (4). Usually, ureteral stents are 
removed by cystoscopy without any problems. However, 
if there is encrustation additional procedures cand be 
required. Encrustation is the most challenging compli-
cation associated with ureteral stents, and requires a 
variety of complex procedures to manage (5).

Various scoring systems have been developed 
to enable accurate planning for EUS removal and ensure 
a stone-free status. The four scoring systems currently 
available are encrusted stone burden (ESB), forgotten, 
encrusted, calcified (FECal), kidney, ureter, and bladder 
(KUB), and visual grading for ureteral stone burden (V-
GUES) (5-8) (supplementary appendix).

This study aimed to compare the external vali-
dation of four existing scoring systems for EUS and 
their relationship with stent indwelling time, stone-
free rates, multiple surgery sessions, multimodal pro-
cedures, and prolonged operation times exceeding 
120 minutes in total.

MATERIALS AND METHODS

This clinical trial was approved by the Institu-
tional Review Board (IRB No. 2022/04-15). The data of 
patients who underwent surgery for EUS between 2013 
and 2023 in three tertiary care referral centers in three 
different regions of our country were retrospectively re-
viewed.  Regardless of stent duration, patients whose 
stents were not encrusted or could easily be removed 
cystoscopically in a single attempt were excluded from 

the study. As a result of this review, data from 208 pa-
tients who met the inclusion criteria were evaluated.

The following data were collected: patient 
demographics (age, gender, diabetes mellitus (DM), 
Charlson comobidity index (CCI)), stent characteristics 
(symptom, indication of stent insertion, stent indweel-
ing time, stone side, encrustation site, preoperative ex-
tracorporeal shock wave lithotripsy (ESWL), KUB score, 
FECal grade, V-GUES score, ESB , operative data (opera-
tion time, number of procedures, number of surgery ses-
sions). The following outcomes were evaluated: stone-
free rate, complications according to the Clavien–Dindo 
classification (9), hospitalization. Four available scoring 
systems for EUS were compared in relation to stent 
indwelling time, stone-free rates, multiple surgery ses-
sions, multimodal procedures, and prolonged operation 
times exceeding 120 minutes in total.

Non-contrast computed tomography (NCCT) 
was performed in all patients after whose ureteral stents 
could not be removed cystoscopically in a single attempt 
to evaluate the surgery to be performed. The surgical 
method was decided according to the intraoperative 
EUS status. There are differences in brands and features 
of instruments and surgical equipment. Due to the large 
number of patients in the centers and the experience 
in complicated surgeries, ureterorenoscopy (URS), ret-
rograde intrarenal surgery (RIRS), percutaneous neph-
rolithotomy (PCNL), ESWL could be applied without 
interruption in these centers. Multiple surgery sessions 
were defined as surgical interventions requiring more 
than one anesthesia, and multimodal procedures were 
defined as surgical interventions performed using more 
than one method. In patients who underwent multiple 
surgical sessions, the total operation time and hospi-
tal stay were reported. Patients were followed-up with 
NCCT one month after surgery. Success rate was de-
fined as removal of the stent and stones <4 mm in NCCT 
performed one month after the procedure.

Statistical Analysis

Data analysis was performed using Statistical 
Package for the Social Sciences version 22 for Win-
dows (SPSS Inc., IBM, NY, USA). Pearson Chi-Square 
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or Fisher’s exact tests and the two-proportion Z test 
with adjusted p-values (Bonferroni method) were 
used for the comparison of independent categorical 
variables. The one-sample Kolmogorov-Smirnov test 
was applied to determine whether the data showed a 
normal distribution for the variables with quantitative 
values. One-way analysis  of variance (ANOVA)  was 
used for the variables of quantitative data that had a 
normal distribution after Tukey’s post-hoc correction, 
and the Kruskal-Wallis test was used for the other 
variables. For comparison between the two groups, 
the t-test was used for the variables of quantitative 
data that had a normal distribution, and the Mann-
Whitney test was performed for the other variables. 
Mean ± standard deviation was found in the data 
with normal distribution and median (minimum-max-
imum) values were recorded in the data without nor-
mal distribution. A receiver operating characteristic 
(ROC) curve was generated by plotting the sensitivity 
as a function of (1-specificity) to investigate the pre-
dictive values of the grading systems. Binary logistic 
regression analysis was performed to determine the 
independent risk factors for predicting the stone-free 
rate, multimodal procedure requirement, multiple 
surgery sessions requirements, and prolonged oper-
ation time. Multivariate analysis was performed using 
the significant parameters in the univariate analysis. 
Data were examined using 95% confidence intervals 
(CI). The likelihood of a type I error was considered 
α=0.05 for all tests.

RESULTS

Considering the exclusion criteria, 208 pa-
tients who required surgical intervention due to EUS 
were included in the study. The demographic data  
and operative data of the patients are presented in 
Table-1 and Table-2. The mean age of the patients 
was 47.9 years. The indication for stent insertion 
was due to urinary system stone disease in 79.3%. 
The mean stent indwelling time was found to be 16.7 
months.  46.2% of the encrustations occurred only in 
the bladder part of the ureteral stent. When the scor-
ing systems were examined, the mean ESB, FECal, 

KUB and V-GUES scores were found to be 250 mm2, 
2.2 , 6.2 and 2 , respectively. Although 47.1% of the pa-
tients underwent multimodal procedures and 16.8% 
underwent multiple surgical sessions, a stone-free 
status was achieved in 83.2% of the patients after 
all the interventions.  Patients who were not stone-
free were either lost to follow-up or had records that 
could not be accessed. Complications occurred at a 
rate of 17.8%, mostly Grade 1. Grade 4 complications 
developed in 2 patients: 1 patient with sepsis and 1 
patient with septic shock. The mean hospital stay 
was 3.6 days.

The data obtained when grouped according 
to the stent indwelling time are shown in Table-3. 
When the relationship between stent indwelling time 
and operation times exceeding 90 minutes, 120 min-
utes and 180 minutes were investigated, no statistical 
difference was observed for operation times shorter 
than 120 minutes. Therefore, we evaluated prolonged 
surgery times exceeding 120 minutes in our study. At 
the same time, as the duration of the stent indwelling 
time was  prolonged, a significant increase was ob-
served in the ESB, FECal, KUB, and V-GUES systems 
(p<0.001).

The multivariate logistic regression analysis 
of the factors predicting the postoperative stone-free 
rate is shown in Table-4. Accordingly, while a low 
V-GUES score (p=0.025) and short stent indwelling 
time (p=0.014) were associated with a high stone-
free rate in the multivariate analysis, ESB, FECal 
grade and KUB score were not found to be predictive 
factors for the stone-free rate. In the ROC curve cre-
ated using nomograms to predict the postoperative 
stone-free rate, the area under the curve (AUC) val-
ues were 0.610, 0.657, 0.677, and 0.685 for ESB, FECal, 
KUB and V-GUES, respectively (Figure-1).

The results of the multivariate logistic regres-
sion analysis of the factors predicting the requirement 
for multimodal procedures are shown in Table-5. Ac-
cordingly, only an increase in the FECal grade was 
found to be a predictive factor for an increase in the 
number of multimodal procedures (p<0.001). In the 
multivariate analysis, ESB, KUB score, V-GUES score, 
and stent indwelling time were not associated with 
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Table 1- Demographic data of the patients.

Variables

Number of patients 208

Mean age (years), mean ± SD 47.9 ± 15.0

Gender, n (%)

Female 72 (34.6)

Male 136 (65.4)

Diabetes Mellitus, n (%) 36 (17.3)

CCI, median (min-max) 1 (0-7)

Symptomatic patients, n (%) 137 (65.9)

Indication of stent insertion, n (%)

URS 79 (38)

RIRS-PCNL-ESWL 86 (41.3)

Pyelolithotomy-Pyeloplasty-UNC 37 (17.8)

Ureteral obstruction-Hydronephrosis-Acute renal failure 6 (2.9)

Stent indwelling time (months), (mean ± SD) 16.7 ± 18.5

≤ 6 mo, n (%) 74 (35.6)

6-12 mo, n (%) 38 (18.3)

13-24 mo, n (%) 50 (24)

>24 mo, n (%) 46 (22.1)

Stone side, n (%)

Right 109 (52.4)

Left 90 (43.3)

Bilateral 9 (4.3)

Encrustation site, n (%)

Kidney 23 (11.1)

Ureter 17 (8.2)

Bladder 96 (46.2)

Kidney+Ureter 7 (3.4)

Kidney+Bladder 23 (11.1)

Ureter+Bladder 20 (9.6)

Whole length 22 (10.6)

SD = standard deviation; CCI = charlson comorbidity index; URS = ureterorenoscopy; RIRS = retrograde intrarenal surgery; PCNL = percutaneous 
nephrolithotomy; ESWL = extracorporeal shock wave lithotripsy; UNC = ureteroneocystostomy; mo = month; n = number
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Table 2 - Operative data of the patients.

Variables

Number of patients 208

Preoperative ESWL, n (%) 35 (16.8)

KUB score, (mean ± SD) 6.2 ± 2.9

FECal grade, (mean ± SD) 2.2 ±1.5

Grade 1, n (%) 104 (50)

Grade 2, n (%) 26 (12.5)

Grade 3, n (%) 23 (11.1)

Grade 4, n (%) 34 (16.3)

Grade 5, n (%) 21 (10.1)

V-GUES score, (mean ± SD) 2.0 ± 1.1

Type A, n (%) 96 (46.2)

Type B, n (%) 37 (17.8)

Type C, n (%) 47 (22.6)

Type D, n (%) 28 (13.5)

Encrusted stone burden (mm2), mean ± SD 250.0 ± 491.4

Operation time (min), mean ± SD 74.0 ± 52.8

Operation time >90 min, n (%) 52 (25)

Operation time >120 min, n (%) 29 (13.9)

Operation time >180 min, n (%) 11 (5.3)

Number of procedures, mean ± SD 1.8 ± 1.1

Multimodal procedures, n (%) 98 (47.1)

Number of surgery sessions, mean ± SD 1.2 ± 0.5

Multiple surgery sessions, n (%) 35 (16.8)

Stone-free rate, n (%) 173 (83.2)

Complication, n (%) 37 (17.8)

Clavien-Dindo classification, n (%)

Grade 1 24 (11.5)

Grade 2 8 (3.8)

Grade 3A 3 (1.4)

Grade 3B 0

Grade 4A 1 (0.5)

Grade 4B 1 (0.5)

Grade 5 0

Hospitalization (day), mean ± SD 3.6 ± 4.7

SD = standard deviation; ESWL = extracorporeal shock wave lithotripsy; mo = month; n = number
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Table 3 - Relationship between stent indwelling time and scoring systems.

≤ 6 mo (n=74) 7-12 mo (n=38) 13-24 mo (n=50) >24 mo (n=46) P value

Age, mean ± SD 47.6 ± 13.9 47.6 ± 15.1 50 ± 16.5 46.3 ± 15.0 0.666A

Gender 0.670

Female 23 (31.1) 14 (36.8) 16 (32) 19 (41.3)

Male 51 (68.9) 24 (63.2) 34 (68) 27 (58.7)

Diabetes Mellitus, n (%) 13 (17.6) 3 (7.9) 13 (26) 7 (15.2) 0.162

Symptomatic patients, 
n (%)

48 (64.9) 24 (63.2) 33 (66) 32 (69.6) 0.932

Stone side, n (%) 0.125

Right 38 (51.4) 25 (65.8) 22 (44) 24 (52.2)

Left 30 (40.5) 13 (34.2) 25 (50) 22 (47.8)

Bilateral 6 (8.1) 0 3 (6) 0

Preoperative ESWL, n (%) 6 (8.1) 4 (10.5) 13 (26) 12 (26.1) 0.012Z

KUB score, mean ± SD 4.9 ± 2.0 5.5 ± 2.2 6.7 ± 2.7 8.4 ± 3.3 <0.001A

KUB score ≥ 9 3 (4.1) 3 (7.9) 11 (22) 20 (43.5) <0.001Z

FECal score

Grade 1, n (%) 54 (73) 23 (60.5) 21 (42) 6 (13) <0.001K

Grade 2, n (%) 2 (2.7) 5 (13.2) 4 (8) 15 (32.6)

Grade 3, n (%) 11 (14.9) 2 (5.3) 3 (6) 7 (15.2)

Grade 4, n (%) 5 (6.8) 7 (18.4) 15 (30) 7 (15.2)

Grade 5, n (%) 2 (2.7) 1 (2.6) 7 (14) 11 (23.9)

FECal score ≥ Grade 3 18 (24.3) 10 (26.3) 25 (50) 25 (54.3) 0.001Z

V-GUES Score <0.001K

Type A, n (%) 45 (60.8) 22 (57.9) 18 (36) 11 (23.9)

Type B, n (%) 19 (25.7) 5 (13.2) 7 (14) 6 (13)

Type C, n (%) 6 (8.1) 10 (26.3) 17 (34) 14 (30.4)

Type D, n (%) 4 (5.4) 1 (2.6) 8 (16) 15 (32.6)

V-GUES Score ≥ C 10 (13.5) 11 (28.9) 25 (50) 29 (63) <0.001Z

Encrusted stone burden 
(mm2), mean ± SD

89.6±116.9 310.5±603.6 214.6±528.2 496.6±613.4 <0.001K

Encrusted stone burden 
>250 mm2, n (%)

6 (8.1) 9 (23.7) 11 (22) 29 (63) <0.001Z

Operation time >90 min, 
n (%)

26 (35.1) 6 (15.8) 9 (18) 11 (23.9) 0.069 Z

Operation time >120 min, 
n (%)

1 (1.4) 3 (7.9) 7 (14) 18 (39.1) <0.001Z

Operation time >180 min, 
n (%)

0a 1 (2.6) 3 (6) 7 (15.2) 0.003Z

A = One-Way ANOVA; Z = Z Test; K = Kruskal-Wallis test; ESWL = extracorporeal shock wave lithotripsy; SD = standard deviation; mo = month; 
n = number
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Table 4 - Multivariate logistic regression analysis of predicting factors for stone-free rate following surgery.

Binary Logistic Regression (n=208)

Univariate Model Multivariate Model

OR 95% CI P value OR 95% CI P value

Age 1.006 0.982-1.031 0.621

Gender
(Ref: female)

1.759 0.842-3.678 0.133

DM 1.310 0.471-3.645 0.605

Indications of stent 
insertion
(Ref: URS)

0.855 0.550-1.328 0.485

Preoperative ESWL 0.511 0.215-1.214 0.128

Encrusted Stone Burden 0.999 0.999-1.000 0.063

KUB score 0.830 0.743-0.928 0.001

FECaL score 0.698 0.548-0.888 0.003

V-GUES score 0.553 0.397-0.770 <0.001 0.661 0.461-0.949 0.025

Stent indwelling time 0.968 0.950-0.985 <0.001 0.976 0.958-0.995 0.014

OR = odds ratio; CI = confidence interval; DM = diabetes mellitus; URS = ureterorenoscopy; ESWL = extracorporeal shock wave lithotripsy

Figure 1 - ROC curves of the nomograms for prediction of stone-free rate following surgery.
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Table 5 - Multivariate logistic regression analysis of predicting factors for multimodal procedure requirement.

Binary Logistic Regression (n=208)

Univariate Model Multivariate Model

OR 95% CI P value OR 95% CI P value

Age 0.989 0.971-1.007 0.230

Gender 
(Ref: female)

0.769 0.434-1.364 0.369

CCI 0.899 0.755-1.069 0.229

Indications of stent 
insertion
(Ref: URS)

0.892 0.636-1.251 0.507

Preoperative ESWL 1.870 0.892-3.919 0.097

Encrusted Stone 
Burden

1.001 1.000-1.002 0.006

KUB score 1.525 1.307-1.778 <0.001

FECal score 2.587 1.983-3.373 <0.001 2.587 1.983-3.373 <0.001

V-GUES score 1.952 1.485-2.566 <0.001

Stent indwelling time 1.020 1.003-1.037 0.024

OR = odds ratio; CI = confidence interval; CCI = charlson comorbidity index; URS = ureterorenoscopy; ESWL = extracorporeal shock wave 
lithotripsy

the requirement for multimodal procedures. The AUC 
values in the ROC curve created using the nomo-
grams for the prediction of multimodal procedure re-
quirements were 0.659, 0.780, 0.746, and 0.689 for ESB, 
FECal, KUB, and V-GUES, respectively (Figure-2).

Multivariate logistic regression analysis of 
the factors predicting multiple surgery session re-
quirements is shown in Table-6. Accordingly, it was 
found that an increase in FECal (p=0.002) and V-
GUES (p=0.032) scores predicted an increase in the 
number of multiple surgical sessions. In the multi-
variate analysis, an increase in ESB, KUB score, and 
stent indwelling time did not predict the requirement 
for multiple surgical sessions. The AUC values in the 
ROC curve created using nomograms for the multi-
ple surgery session requirements were 0.650, 0.845, 

0.807, and 0.835 for ESB, FECal, KUB, and V-GUES, 
respectively (Figure-3).

Multivariate logistic regression analysis of 
the factors predicting the total duration of all surgi-
cal procedures ≥ 120 minutes is shown in Table-7. 
Accordingly, it was found that an increase in KUB 
score (p<0.001) and stent indwelling time (p=0.019) 
predicted prolonged operation time; however EBS, 
FECal grade, and V-GUES score were not predictive 
factors for operation time >120 minutes. The AUC val-
ues in the ROC curve created using the nomograms 
were 0.703, 0.804, 0.860, and 0.802 for ESB, FECal, 
KUB, and V-GUES, respectively, for operation times 
>120 minutes (Figure-4).

In our study, preoperative ESWL was not 
found to be significant predictive factors for stone-
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Figure 2 - ROC curves of the nomograms for prediction of multimodal procedure requirement.

Table 6 - Multivariate logistic regression analysis of predicting factors for multiple surgery sessions 
requirement.

Binary Logistic Regression (n=208)

Univariate Model Multivariate Model

OR 95% CI P value OR 95% CI P value

Age 0.993 0.969-1.018 0.586

Gender 
(Ref: female)

1.655 0.730-3.752 0.228

CCI 0.854 0.665-1.097 0.217

Indications of stent 
insertion
(Ref: URS)

0.852 0.536-1.355 0.499

Preoperative ESWL 0.846 0.485-1.812 0.317

Encrusted Stone 
Burden

1.001 1.000-1.001 0.041

KUB score 1.453 1.275-1.655 <0.001

FECal score 2.729 1.971-3.780 <0.001 1.951 1.267-3.004 0.002

V-GUES score 3.565 2.313-5.492 <0.001 1.896 1.058-3.397 0.032

Stent indwelling time 1.015 0.998-1.032 0.075

OR = odds ratio; CI = confidence interval; CCI = charlson comorbidity index; URS = ureterorenoscopy; ESWL = extracorporeal shock wave 
lithotripsy
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Figure 3 - ROC curves of the nomograms for prediction of multiple surgery session requirement.

Table 7 - Multivariate logistic regression analysis of predicting factors for operation time >120 minutes.

Binary Logistic Regression (n=208)

Univariate Model Multivariate Model

OR 95% CI P value OR 95% CI P value

Age 0.988 0.963-1.015 0.381

Gender 
(Ref: female)

1.207 0.519-2.808 0.662

CCI 0.953 0.739-1.228 0.709

Indications of stent 
insertion
(Ref: URS)

0.630 0.366-1.083 0.095

Preoperative SWL 2.145 0.862-5.335 0.101

Encrusted Stone Burden 1.001 1.000-1.001 0.009

KUB score 1.470 1.284-1.683 <0.001 1.381 1.197-1.595 <0.001

FECaL score 2.102 1.560-2.831 <0.001

V-GUES score 2.884 1.893-4.394 <0.001

Stent indwelling time 1.048 1.025-1.070 <0.001 1.027 1.005-1.050 0.019

OR = odds ratio; CI = confidence interval; CCI = charlson comorbidity index; URS = ureterorenoscopy; ESWL = extracorporeal shock wave 
lithotripsy
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Figure 4 - ROC curves of the nomograms for prediction of prolonged operation time (>120 min.).

free rates, multiple surgical sessions, multimodal pro-
cedures, and prolonged surgery times exceeding 120 
minutes in multivariate analysis.

DISCUSSION

Preoperative imaging is crucial to determine 
the treatment modality for EUS. Plain radiographs are 
insufficient to precisely determine the location and ex-
tent of calcification (10).Given the challenging nature 
of EUS management and the frequency of high-grade 
complications, NCCT is currently the preferred imaging 
method for evaluating the stone burden, degree of en-
crustation, and surrounding organs (11, 12). Preoperative 
and postoperative imaging of all patients in our study 
were performed using NCCT.

Surgery for patients with EUS carries high risk. 
There are many factors that put these patients at risk 
for postoperative complications, such as multiple co-
morbidities, large stone burden, and the presence of a 
potentially infected stent. Therefore, preoperative opti-
mization is invaluable (13).

In a review conducted by Massella et al. on 1067 
patients, it was found that more than half of the stud-

ies did not use any scoring system, making it difficult 
to draw a roadmap to guide the type and number of in-
terventions required for stone-free status (1). After de-
termining the degree of encrustation on EUS imaging, 
various grading systems are used to counsel patients 
and anticipate surgical difficulties that may arise during 
stent removal.

An ESB is a system that is calculated based on 
the encrustation volume. It is useful in determining the 
severity of encrustation, but it does consider the loca-
tion of encrustation (5). FECal grade is an easy-to-apply 
scoring system. Although the treatment of encrustation 
at both ends of the stent was different, encrustation at 
the proximal or distal end did not affect the grade in this 
scoring. It was also developed in a study conducted on 
only 9 patients. However, it offers a treatment algorithm 
based on the grade (7). The KUB score evaluated en-
crustations involving the proximal and distal loops of 
the stent, separately. This is important in terms of the 
surgical method to be applied. However, this approach 
is complex and difficult to implement (14). The V-GUES 
score is the most up-to-date scoring system developed 
to help surgeons determine both the probability of EUS 
removal and the stone-free status. This is a visual scor-



IBJU | VALIDATION OF SCORING SYSTEMS FOR ENCRUSTED URETERAL STENTS: MULTICENTER STUDY

Int Braz J Urol. 2025; 51: e20240500   |    1 de 12 

ing method based on NCCT and does not require cal-
culations (8).

Although stent material, bacterial colonization, 
and patient-specific factors affect stent encrustation, the 
main risk factor for encrustation is stent indwelling time 
(15). Studies have shown that prolonged stent indwelling 
time is associated with a higher encrusted stone burden 
(p<0.001) (11, 16). The literature has mostly examined the 
relationship between stent indwelling time and the KUB 
and FECal scores. In all studies investigating the relation-
ship between the  total KUB score and stent indwelling 
time, prolongation of the stent indwelling time resulted 
in an increase in the KUB score  (7, 14, 16, 17). In almost 
all studies that evaluated the FECal system, a positive 
relationship was found between increasing scores and 
stent indwelling time (6, 14, 17, 18). Only Lopes et al. found 
no association between stent indwelling time and FE-
Cal grade (p=011) (19). They attributed this result to their 
small sample size. Cicione et al. also stated that prolon-
gation of stent indwelling time was associated with in-
creased scores in the four existing scoring systems (20). 
Similarly, in our study, prolonged stent indwelling time 
caused an increase in all the scoring systems.

Achieving a stone-free status is one of the pri-
mary goals of EUS treatments. In the study by Lopes et 
al. no statistically significant relationship was found be-
tween the FECal grade and stone-free status (p=0.081) 
(19). Although one study reported that a total KUB score 
≥ 9 was associated with a decreased stone-free rate ,an-
other study found that a total KUB score  ≥ 9 was not as-
sociated with stone-free rates (7, 16). In a study compar-
ing FECal and KUB scores by Guner et al. both scoring 
systems were found to be significant predictors of stone-
free status in multivariate regression analysis (p<0.001) 
(17). Manzo et al. reported that the V-GUES score was 
associated with both stent removal and stone-free rates 
(8). In our study, the predictive factors for stone-free 
status in the multivariate analysis were V-GUES score 
(p=0.025) and stent indwelling time (p=0.014).

Multimodal procedures may be required to re-
move EUS and ensure stone-free status. There are con-
flicting results in the literature regarding multimodal 
procedures and scoring systems. In a study by Polat et 
al. an increase in ESB was found to be associated with 

multimodal intervention (p=0.012),  while in another 
study, this relationship was not found (11, 18), Studies of-
ten report that a total KUB ≥ 9 is not associated with 
multimodal procedures,  but an increase in FECal score 
correlates with the need for multimodal procedures 
(7,16,18). Guner et al. emphasized that the multimodal 
procedure was associated with the KUB score, but not 
with the FECal score (17). In a study by Saadi et al. FE-
Cal ≥ grade 3 was found to be a predictor of multimodal 
procedures. In this study, it was stated that both the KUB 
and FECal scores were useful for EUS removal, but the 
FECal score was advantageous in predicting the multi-
modal procedure (14). In our study, FECal was the only 
scoring system that predicted the requirement for mul-
timodal procedures in multivariate logistic regression 
analysis (p<0.001). 

In some series, it has been reported that stone-
free status in patients with EUS can be achieved in a 
single surgical session; however, it has been shown that 
1-3 surgical sessions are required in most cases (16). In 
a study by Weedin et al. stent indwelling time and ESB 
were not found to be significant in the multivariate analy-
sis of factors predicting multiple surgery sessions (21). In 
contrast, Polat et al. found that an increase in ESB was 
associated with multiple surgical sessions (p=0.004) (11). 
Studies have reported that a total KUB score ≥ 9 is as-
sociated with multiple surgery sessions, and conversely, 
a total KUB score ≥ 9 is not associated with multiple sur-
gery sessions (7, 16). In a study comparing FECal and KUB 
scores, total KUB ≥ 9 and FECal ≥ Grade 3 were found to 
be predictors of multiple surgery sessions in the multi-
variate regression analysis (14). In a study evaluating the 
V-GUES score, it was stated that multiple surgical ses-
sions may be required as the score increases (8). In our 
study, the scoring systems that predicted the requirement 
for multiple surgery sessions in the multivariate logistic 
regression analysis were FECal (p=0.002) and V-GUES 
(p=0.032). 

Prolonged operation time is a known risk factor 
for postoperative sepsis in stone surgery; therefore, atten-
tion should be paid to the operation time in surgeries per-
formed for EUS (22). The scoring systems investigated in 
the literature for their relationship with prolonged opera-
tion time are KUB and FECal.  When the FECal score was 
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evaluated, both FECal≥ Grade 3 and high FECal grade 
were associated with prolonged operation time (14, 18, 19). 
Similarly, a total KUB score ≥ 9 and an increasing KUB 
score were also found to be associated with prolonged 
operation time (7, 14, 16). In our study, the KUB score 
(p<0.001) and stent indwelling time (p=0.019) were found 
to be significant in the multivariate analysis of the factors 
predicting the operation time exceeding 120 minutes. 

The most important limitations of our study are 
that it was retrospective, the surgeries were performed 
by different surgeons with different endourological ex-
periences, the stents were graded by different clinicians 
in different clinics, and the surgical equipment used 
was differed. The choice of surgery applied to encrusted 
stents was primarily based on urolithiasis guidelines, but 
while there are surgical recommendations according to 
stones in the guidelines, there is no clear recommenda-
tion for encrusted stents. In this respect, the decision-
making process is left to the endourologist’s preference. 
Other limitations of our study include the lack of data on 
the stent material and coating, and chemical analysis of 
the stones.

CONCLUSIONS

EUSs are rare cases. Their management is a dif-
ficult procedure that requires experience and various 
equipment. In our study, among the scoring systems 
developed for EUS, V-GUES was found to be superior in 
predicting postoperative stone-free rate, FECal in pre-
dicting the need for multimodal procedures and mul-
tiple surgical sessions, and KUB in predicting prolonged 
surgical times exceeding 120 minutes. It may be useful 
to use all 4  KUB,FECal and V-GUES scoring systems to 
prepare both ourselves and the patient for the results 
of surgery in terms of different parameters with an indi-
vidualized approach.

ABBREVIATIONS

EUS = Encrusted ureteral stents
ESB = Encrusted stone burden
FECa l= Forgotten, encrusted, calcified 
KUB = Kidney, ureter, bladder

V-GUES = Visual grading for ureteral stone burden
CCI = Charlson comorbidity index
DM = Diabetes mellitus
ROC = Receiver operating characteristic
AUC = Area under curves
IRB = Institutional review board
NCCT = Noncontrast computed tomography
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ABSTRACT
 

Objectives: Radical cystectomy (RC) is a surgical procedure associated with high rates of 
morbidity. The aim of the study is to provide a comparison between robotic (RARC) and 
open RC (ORC) in patients elected to cutaneous ureterostomy (CUS).
Materials and Methods: This is a retrospective single-center cohort study performed at a 
high-volume institution. The study involved 64 patients undergoing RC with CUS, 42 ORC 
and 22 RARC. The indication for RC was based on EAU guidelines and the choice of CUS 
was planned due to advanced oncological stage or patient’s frailty. Patient allocation to the 
robotic or open approach for RC was casual, determined by surgeon preference and/or the 
availability of a robotic operating room. The Adverse events were systematically graded 
utilizing the Clavien–Dindo classification system.
Results: Complications of Clavien Dindo ≥ 2 occurred in 27 out of 42 (64.2%) ORC and 
3/22 (13.6%) RARC (p < 0.001); complications of Clavien Dindo ≥ 3 occurred in 10/42 
(23.8%) ORC and only 1/22 (4.5%) RARC, respectively (p = 0.08). Multivariable analysis 
revealed that robotic surgery was the only variable inversely associated with Clavien 
Dindo ≤ 2 complications.
Conclusions: In conclusion, RARC appears to be associated with lower morbidity and re-
duced incidence of complications, elements that make it particularly suitable for frail pa-
tients with an elective indication for CUS.
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INTRODUCTION

Radical cystectomy (RC) is a surgical proce-
dure associated with high rates of morbidity and non-
negligeable mortality (1). The use of the robotic ap-
proach was firstly introduced by Menon et al. in 2003 
(2). Thereafter, robotic-assisted radical cystectomy 
(RARC) has surged worldwide after several randomized 
controlled trials (RCTs), that stated its non-inferiority 
to the open approach in terms of oncological results 
(3-6). For example, the multi-institutional RAZOR trial 
confirmed similar 2-year progression-free survival rate, 
3-year recurrence-free, progression-free survival, and 
overall survival between RARC and open RC (ORC) (5). 
As far as post-operative results are concerned, a reduc-
tion in morbidity is expected with the robotic approach. 
Systematic reviews, retrospective, prospective and 
RCTs reported shorter lengths of hospital stays (LOS) 
and reduced transfusion need after RARC, if compared 
to ORC (7–12). Ileal conduit and neobladder have been 
both applied in robotic surgery, either within an extra-
corporeal and intracorporeal approach (13). Neverthe-
less, for some patients, cutaneous ureterostomy (CUS) 
may be preferred because they result to be faster and 
simpler than other diversion types: the lack of bowel 
use may reduce operative time, intensive care unit (ICU) 
requirement, and incidence of perioperative complica-
tions, especially those related to intestinal manipulation 
(14). CUS are often applied in case of locally advanced 
disease: in those patients, a salvage cystectomy could 
be performed to debulk the disease and relieve symp-
toms such as bleeding (14, 15). While previous evidence 
focused on the comparison between robotic and open 
surgery with the reconfiguration of a urinary intestinal 
diversion, to now the evaluation of robotic and open RC 
with CUS has never been addressed. The aim of the pa-
per is to provide a single center comparison between 
RARC and ORC in patients selectively elected to CUS. 

MATERIALS AND METHODS

This is a retrospective single-center study on 
a prospectively maintained dataset of patients treated 
with ORC or RARC and CUS from January 2022 to Sep-

tember 2023 at ASST Santi Paolo and Carlo, Milan, Italy. 
This study was conducted and reported in accordance 
with the STROBE guidelines for observational research 
(16). Patient allocation to the robotic or open approach 
for radical cystectomy was casual, determined by sur-
geon preference and/or the availability of a robotic op-
erating room. The study involved patients elected to RC 
with upfront selection of CUS as urinary diversion. 

The choice of CUS was pre-operatively planned 
and deemed necessary due to the following condition/s: 

• Advanced clinical oncological stage de-
fined from pre-operative CT scan or MRI.

• Patient’s frailty as graded by the ASA score 
and/or Charlson Comorbidity Index (CCI) 
and/or anesthesiologic indication to short 
operative time. 

Inclusion criteria were age ≥ 18 years and a di-
agnostic TURBt for BCa with a T stage (cT) 2-3 or recur-
rent BCG failure high-grade cancer with indication to RC 
according to the EAU Guidelines (17). All patients were 
informed about the diversion type and signed informed 
consent to the procedure. Exclusion criteria were the si-
multaneous resection of other organs (including nephro-
ureterectomy) and missing follow up data. RARCs were 
carried out with either Da Vinci or Hugo RAS system. 
All surgeries were performed by experienced operators 
(B.R., F.T., P.D.O. and A.R.) with extensive experience in 
the approach they chose.

Pre-operative evaluation
 Intestinal preparation was preoperatively omit-

ted. The implementation of an Enhanced Recovery Af-
ter Surgery (ERAS) protocol was undertaken, whether 
deemed feasible (18). Notwithstanding, prompt mobi-
lization within the 24-hour postoperative window and 
initiation of enteral nutrition were encouraged. Con-
currently, prophylactic administration of low molecular 
weight heparin was kept for a duration of four weeks 
in accordance with established clinical guidelines. Post-
operative management included the removal of the ab-
dominal drain on 1-2 PO days; ureteral catheters were 
left and changed every 2-3 months thereafter. Adverse 
events were systematically graded utilizing the Clavien-
Dindo classification system (18). Routine post-discharge 
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follow-ups were conducted on a weekly basis, extend-
ing up to 30 days post-discharge.

Surgical technique for RARCs
The patient is positioned in a standardized 21° 

Trendelenburg inclination. The docking is performed ac-
cording to the robotic system as previously described 
(19, 20). Then, bilateral identification and isolation of 
the ureters are executed, and extended superiorly from 
the iliac vessels until their respective insertions into the 
bladder. Subsequent ligation and transection of the ure-
ters are performed using a median-sized Hem-o-lok clip. 
In male subjects, the dissection is initiated at the level of 
the seminal vesicles (SV), creating a surgical plane be-
tween Denonvillier’s fascia and the posterior aspect of 
the prostate (or alternatively, between the bladder and 
vagina in females). Bilateral isolation of the bladder is 
then accomplished, followed by the systematic transec-
tion of vesical pedicles after their secure clipping. The 
use of the fourth robotic arm facilitates optimal access to 
posterior plate and lateral pedicles, particularly in sce-
narios characterized by considerable tumoral burdens. 
After this step, an inverse U peritonectomy is meticu-
lously executed between the two internal inguinal rings, 
following ligation of the umbilical arteries to facilitate ac-
cess to the Retzius space. The anterior dissection of the 
bladder is carried out up to the Santorini complex. The 
urethra is carefully isolated and subsequently incised, 
following the placement of a Hem-o-lok clip to avoid 
urinary spillage. Frozen sections from the distal ureters 
and urethra are obtained. Afterwards, bilateral extended 
pelvic nodal dissection (LND) is performed; the dissec-
tion runs in proximity to the aortic bifurcation, presacral 
nodes, those adjacent to the common iliac vessels bor-
dering the lateral margins of the genitofemoral nerves, 
nodes caudal to the circumflex iliac vein and the lacunar 
ligament, in addition to the Cloquet’s node. A solitary 
case required a super-extended LND, consequent to 
the presence of macroscopically pathological nodes ex-
tending cranially to the level of the inferior mesenteric 
artery. The periureteral sheath is carefully preserved to 
maintain blood supply; ureters are mobilized only as 
much as required and each ureter is anastomosed on 
separate sides of the abdomen.

Surgical technique for open cystectomy
Of the total cohort, 35 out of 42 patients (83%) 

underwent extraperitoneal radical cystectomy (RC). 
Pelvic lymph node dissection was performed in accor-
dance with the previously described template. In certain 
cases, CUS was performed on the right side, with the left 
ureter transposed through the left colon mesentery to 
facilitate additional length.

Variables and data collection
The included variables are depicted as follows:
• Pre-operative variables: baseline demo-

graphics (age, BMI), performance status 
assessed using the CCI and the ASA score.

• Post-operative variables: pathological 
stage (pT), transfusion rate, complications 
as graded by Clavien-Dindo, number of Cla-
vien-Dindo ≥ 2 complications, and 30-day 
readmission rate.

Data were collected in a prospectively main-
tained Excel database; variables were entered from two 
Authors (E.P. and T.C.) who were not - or only marginally 
- involved in surgeries.

Primary endpoint
The primary endpoint is to compare the rate 

of complication Clavien-Dindo ≥ 2 between ORC and 
RARC with CUS. The absolute number of complications 
per-patient is a secondary endpoint, as well as the com-
plication rate (stratified as Clavien-Dindo ≥ 3).

Statistical Analysis

Continuous variables were presented as me-
dian and interquartile range, whereas categorical 
variables were reported in terms of absolute and relative 
frequencies. To analyze differences in the distribution of 
continuous variables between open and robotic radical 
cystectomy groups, the Wilcoxon non-parametric rank-
sum test was utilized. Fisher’s exact test was employed 
to assess differences in proportions among the two 
study groups for categorical variables. To identify the 
factors associated with complications of Clavien-Dindo 
≥ 2, a multivariable logistic model was estimated. For 
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each factor, odds ratio (OR), 95% confidence interval 
(CI), and Wald test p-value were computed. Statistical 
analysis was also conducted after excluding pT4 cases, 
to eliminate instances potentially involving surgery-re-
lated complications due to complex or life-threatening 
dissections. All statistical analyses were performed us-
ing Stata version 16 (StataCorp. 2019. College Station, 
TX). A significant level of 5% was chosen for the analysis.

RESULTS

Overall, 64 patients underwent RC with CUS, 
42 (66%) with an open and 22 (34%) with a robotic ap-
proach. Among the latter, 2 cases underwent surgery 
with the Hugo RAS system. Overall, 49 (76%) males and 
15 (24%) females were included. A descriptive analysis 
of the cohort stratified into robotic and open surgery is 
reported in Table-1. Baseline characteristics were simi-
lar between groups, except CCI score, which was sig-
nificantly higher in the robotic group. Complications 
of Clavien-Dindo ≥ 2 occurred in 64.2% (27/42) of the 
open group and 13.6% (3/22) of the robotic group, re-
spectively (p < 0.001); complications of Clavien-Dindo ≥ 
3 occurred in 23.8% (10/42) and 4.5% (1/22) of the open 

and robotic group, respectively (p = 0.08). Open surgery 
was significantly associated with a higher number of 
complications. When excluding pT4 cases, complica-
tions ≥ Clavien-Dindo 2 occurred in 63.6% (21/33) and 
10% (2/20) within open and robotic group, respectively 
(p < 0.001); complications Clavien-Dindo ≥ 3 occurred 
in 21.2% (7/33) and 5% (1/20) within open and robotic 
group, respectively (p = 0.2). Table-2 summarizes post-
operative variables stratified by surgical procedure. Mul-
tivariable analysis revealed that robotic surgery was the 
only variable inversely associated with Clavien Dindo ≥ 
2 complications (Table-3).

DISCUSSION

In the current series, the robotic approach to 
radical cystectomy with CUS provided advantages over 
open surgery in terms of transfusion and post-operative 
complication rate. The benefit particularly applies for 
complications Clavien-Dindo ≥ 2; furthermore, the num-
ber of such complications in the same patient is lower 
after RARC. Our outcomes are consistent with those of 
previous series and RCTs comparing robotic and open 
RC. While it is generally difficult and uncommon to con-

Table 1 - Descriptive analysis of pre-operative variables stratified by surgical approach. 

Variable Open cystectomy
(n=42)

Robotic cystectomy
(n=22)

p

Age, years, median (IQR) 80 (67 – 85) 78 (69 – 85) 0.5

BMI Kg/m2, median (IQR) 25 (22 – 27) 25.5 (24 – 28) 0.4

CCI, median (IQR) 7 (5 – 8) 8 (7 – 9) 0.04

ASA score (n, %) 0.3

2 11 (26.8) 10 (45.4)

3 20 (48.8) 8 (36.4)

4 10 (24.4) 4 (18.2)

CCI (n, %) 0.06

3 – 6 20 (47.6) 3 (15.8)

7 – 8 13 (31) 10 (52.6)

> 9 9 (21.4) 6 (31.6)

p = p-value from the Wilcoxon rank-sum test.
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Table 2 - Post-operative outcomes stratified by surgical approach. The data are shown as absolute frequencies 
with relative frequencies (in parentheses).

Variable 
(n, %)

Open cystectomy
(n=42)

Robotic cystectomy
(n=22)

p

pT 0.12

pT1 12 (28.6) 9 (40.9)

pT2 4 (9.5) 6 (27.3)

pT3 17 (40.5) 5 (22.7)

pT4 9 (21.4) 2 (9.1)

Transfusion rate 19 (45.2) 1 (4.6) 0.001

Clavien complications (n, %) <0.001

0 – 1 15 (35.7) 19 (86.4)

2 – 5 27 (64.3) 3 (13.6)

0.08

0 – 2 32 (76.2) 21 (95.5)

3 – 5 10 (23.8) 1 (4.5)

No. of complications (n, %) 0.005

0 11 (26.2) 9 (42.8)

1 13 (30.9) 11 (52. 4)

≥2 18 (42.9) 1 (4.8)

30-day re-admission 7 (17.5) 4 (18.2) 1

Table 3 - Multivariable analysis of factors associated with Clavien-Dindo grade ≥ 2 complica-tions.

OR (95%CI) p

Open cystectomy Reference

Robotic cystectomy 0.1 (0.02 – 0.5) 0.007

Age 0.99 (0.9 – 1.1) 0.80

CCI 3 – 6 Reference

CCI 7 – 8 0.54 (0.7 – 3.8) 0.54

CCI ≥ 9 0.75 (0.08 – 6.9) 0.80

ASA 2 Reference

ASA 3 7 (1.0 – 47.3) 0.03

ASA 4 10.6 (1.0 – 91.1) 0.99

OR = odds ratio; p= p-value from the Wald test for assessing the significance of the OR
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duct well-designed RCTs in surgery, research on radical 
cystectomy stands out. This field boasts a wealth of 8 
RCTs, enabling precise comparisons between open and 
robotic RC. Khetrapal et al. (21) performed a systematic 
review and meta-analysis of perioperative, oncological, 
and quality of life outcomes from RCTs. By analyzing 8 
trials accounting for 1024 participants, authors found 
that patients who underwent open cystectomy had 
higher rate of thromboembolic events (odds ratio [OR] 
1.84, 95% CI 1.02–3.31, p = 0.04), incremented blood loss 
(MD 322 mL, 95% CI 193–450, p < 0.001) and transfusion 
rate (OR 2.35, 95% CI 1.65–3.36, p < 0.001). An extracor-
poreal realization of the diversion may mitigate a pos-
sible advantage on peri-operative morbidity that would 
have been expected for robotic RC. When addressing 
trials with only inclusion of intracorporeal diversions, 
the benefit in reduced venous thromboembolism and 
wound infection becomes even more evident; the lower 
use of ICU admission and a superior early recovery pro-
file are advantages as well (22, 23). Provided that these 
benefits apply for complex reconstruction such as neo-
bladder or ileal conduit, the use of robotic surgery for 
radical cystectomy is therefore expected to maintain its 
advantages also in candidates to a simple CUS. To our 
knowledge, this is the first study comparing robotic and 
open surgery in the setting of CUS as an elective indica-
tion. To now, robotic surgery for RC has been evaluated 
in frail patients with regards to age: two clinical stud-
ies addressed robotic surgery in octogenarian. Tanabe 
et al. (24) performed a retrospective cohort study on 74 
patients, concluding that the incidence of perioperative 
complications of RARC in patients aged more than 80 
years was not different from those in non-elderly individ-
uals. Similar outcomes are reported by Chen et al. (25): 
authors compared 478 RARC cases in octogenarian with 
2257 in a younger group. Complication rate, blood transfu-
sion rate, and in-hospital mortality were similar to those in 
non-elderly. In the study, the authors also addressed the 
comparison between robotic surgery and other surgical 
approaches to RC and found that the RARC group had the 
lowest complication rate, and the shortest length of hospi-
tal stay. In our series, the use of robotic surgery in patients 
with a high CCI score (all patients were > 3) provided di-
minished blood loss, Clavien-Dindo ≥ 2 complications and 

a lower number of absolute complications Clavien-Din-
do ≥ 2. We arbitrarily decided to address the number of 
complications as a separate variable, beyond their grade: 
unsurprisingly, 42.8% patients who underwent ORC ex-
perienced more than 2 complications, whereas a single 
patient (4.5%) of the robotic group had multiple adverse 
events. Furthermore, we addressed complication rate also 
after the exclusion of pT4 cases, those particularly prone to 
surgical complications due to the complexity of the surgi-
cal dissection. After excluding bulky bladder cancer, the 
rate of Clavien-Dindo ≥ 2 complications remains much 
lower in the robotic group compared to open surgery, con-
firming the less invasive fashion of robotics, which led to 
lower side effects. 

Studying is not devoid of limitations. First, the 
single center fashion and the restricted sample size are 
main limits. Second, the absence of patient randomiza-
tion. As aforementioned, the allocation of patients to the 
open or to the robotic arm was casual and driven by the 
surgeon’s choice or local planning. Despite recognizing 
this limitation, it is worth noting that the ASA scores were 
similar between groups, and the CCI was even higher in 
the robotic cases. Third, there is a lack of consistent data 
related to length of stay (LOS). In our context of a public 
healthcare system, factors other than surgical complex-
ity or complications, such as the time required to acquire 
self-stoma care skills and to organize outpatient services, 
often prolong LOS. Therefore, LOS data, influenced by 
these factors, could not be considered a reliable outcome 
measure. As a strength, it is noteworthy that this study 
is the first to explore the role of robotics in patients with 
an elective indication for CUS. Surgeons tend to select 
for robotic surgery only those patients who are suitable 
for complex surgery and/or have minor comorbidities. 
This series opens a new perspective, where the benefits 
of robotic surgery become increasingly apparent as pa-
tient frailty increases. The robotic cohort’s low incidence 
of medical side effects (fewer thromboembolic events, 
less blood loss, lower wound infection rates) likely con-
tributed to this finding. It is also important to note that the 
Trendelenburg position can be limited to 18° in RARC with 
CUS, thus broadening eligibility even for patients who 
cannot undergo a steep Trendelenburg position. From a 
technical perspective, RARC is marginally more complex 
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than robotic assisted radical prostatectomy (RARP) and 
the operative times for RARC are like those for RARP. Thus, 
for surgeons experienced in RARP, the learning curve for 
the cystectomy component is minimal. This study has 
certain limitations, including a small sample size and the 
absence of long-term follow-up data. 

CONCLUSIONS

The current series confirms that robotic radical 
cystectomy is associated with lower morbidity, with re-
duced incidence of Clavien-Dindo ≥ 2 complications, and 
a lower number of adverse events. Therefore, robotic sur-
gery appears to be particularly suitable for frail patients 
with an elective indication for cutaneous ureterostomy, 
where the benefits of a minimally invasive approach are 
more pronounced and could lead to a faster post-opera-
tive recovery.
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ABSTRACT
 

Objectives: This study, conducted by the Bladder Cancer in Latin America (BLATAM) group, 
aims to analyze epidemiological and therapeutic data on non-muscle invasive bladder can-
cer (NMIBC) in Latin American patients. It seeks to identify factors contributing to subop-
timal responses to Bacillus Calmette-Guérin (BCG) therapy and assess areas for improve-
ment in regional treatment practices.
Materials and Methods: A multicenter retrospective study was carried out in collaboration 
with reference Urology Departments across Latin America. Data were collected using an 
electronic Case Report Form (CRF) from 2011 to 2021, capturing demographics, clinical pre-
sentation, treatment details, and follow-up of NMIBC patients treated with BCG. Statistical 
analyses included Kaplan-Meier survival analysis for relapse-free survival (RFS).
Results: Data from 292 patients across five countries were analyzed, with a mean age of 
70.3 years and a male prevalence of 74%. Smoking history was reported in 70.6% of patients. 
The mean time to the first BCG dose was 2.4 months post-TURBT, with 26.7% of patients 
exceeding the recommended 60-day window for induction initiation. While 84% of patients 
completed BCG induction, only 45.9% followed the recommended Lamm maintenance 
schedule. Delays in starting maintenance cycles were observed, with a median delay of 
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INTRODUCTION

Bladder cancer ranks among the most preva-
lent malignancies worldwide, with a notably increas-
ing incidence in recent years (1-3). The disease’s 
multifaceted clinical presentation and diverse ther-
apeutic approaches pose significant challenges for 
healthcare systems and clinicians globally.

Within the spectrum of bladder cancer, non-
muscle invasive bladder cancer (NMIBC) predomi-
nates as the most common subtype. Characterized 
by its non-invasive nature, NMIBC presents substan-
tial management dilemmas, especially regarding its 
high recurrence rate and the progression to muscle-
invasive disease (4).

Intravesical Bacillus Calmette-Guérin (BCG) 
immunotherapy has emerged as a cornerstone in 
the management of high-risk and intermediate-risk 
NMIBC, demonstrating remarkable efficacy in re-
ducing recurrence and progression rates. However, 
a substantial proportion of patients fail to achieve a 
satisfactory response to BCG (5, 6), underscoring the 
need for tailored therapeutic approaches and predic-
tive biomarkers.

In Latin America, the challenges posed by 
NMIBC (non-muscle-invasive bladder cancer) and 
BCG therapy are exacerbated by unique regional fac-
tors, such as disparities in healthcare access, genetic 
heterogeneity, and socioeconomic determinants (7-
9). Despite these challenges, the marked paucity of 
complementary data hinders the analysis of regional 
differences associated with treatment efficacy.

Therefore, our hypothesis was that regional 
differences in Latin America, including disparities in 
healthcare access and genetic and socioeconomic par-
ticularities, are associated with a lower response to BCG 
therapy in patients with NMIBC.

This study, facilitated by the creation of the first 
collaborative group of Latin American urologists dedi-
cated to bladder cancer (BLATAM), aims to collect rel-
evant epidemiological and therapeutic data on the dis-
ease, as well as to identify factors that may contribute to 
a suboptimal response to BCG therapy in Latin Ameri-
can patients.

The information obtained from this study prom-
ises to reveal local therapeutic weaknesses, which could 
contribute to the implementation of regional health poli-
cies to improve outcomes for NMIBC patients in Latin 
America.

 
MATERIALS AND METHODS

A multicenter retrospective cohort study was 
conducted by inviting members of reference Urology 
Departments from the Latin American Confederation 
of Urology (CAU) and members of the BLATAM group 
(Bladder Cancer in Latin America) to participate. Par-
ticipating centers were asked to complete an electronic 
Case Report Form (CRF) provided by the CAU during 
the 12 months of 2021, which contained clinical, patho-
logical, treatment, and follow-up data for patients with 
NMIBC treated with BCG in the 10 years prior to the study 
initiation in 2021. Patients with inconsistencies in treat-
ment data were excluded. The protocol was reviewed 

over 36 days for the first cycle and 65 days for the second cycle. RFS at 1 year and 5 years 
for high-risk patients was 87.3% and 53.3%, respectively.
Conclusions: This study highlights critical deviations from recommended NMIBC manage-
ment protocols in Latin America, including delayed BCG initiation and inconsistencies in 
maintenance therapy. These findings emphasize the need for standardized treatment pro-
tocols and improved adherence to international guidelines, which could enhance NMIBC 
patient outcomes in the region. Collaborative efforts are essential to develop region-specific 
strategies, improve data collection, and ultimately provide better care for bladder cancer 
patients in Latin America.

https://paperpile.com/c/Ae12St/zh1h
https://paperpile.com/c/Ae12St/mVBA+tigo
https://paperpile.com/c/Ae12St/2uBR
https://paperpile.com/c/Ae12St/3DWm+I0bq
https://paperpile.com/c/Ae12St/UJTB
https://paperpile.com/c/Ae12St/J48l+OYpX
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by the CAU Ethics Office, protocol number 002/2020, no 
objections were found, and given that anonymous ret-
rospective data would be entered, approval from local 
Ethics Committees was not required.

Through the electronic CRF, demographic data 
such as Country and Treatment Center, age, gender, 
smoking history, as well as information on the original 
bladder tumor (histological type, grade, previous treat-
ments, number and size of tumors, and performance of 
re- transurethral resection of bladder tumor [TURBT]) 
were collected. Follow-up data included time to BCG in-
duction, frequency and intervals of administration, type 
of BCG regimen, number of doses received, and occur-
rence of recurrence or progression.

To measure time to the start of induction (six 
weekly instillations for six weeks), the interval from 
TURBT to the first dose of BCG was considered, and in 
cases of re-TURBT, the time from re-TURBT to the start of 
the first dose of BCG was taken. For time to recurrence 
or progression, the interval from the first dose of BCG to 
the diagnosis of the event or the last visit was consid-
ered. Recurrence was defined as the appearance of a 
new tumor diagnosed during follow-up by cystoscopy, 
while progression referred to the appearance of invasive 
tumor or distant disease.

For all cases, the frequency of BCG administra-
tion was requested. In addition, the frequency of onco-
logical evaluations and the methods employed (cystos-
copy, image, cytology, and others) were recorded.

The optimal time for maintenance regimens 
was considered to be according to the Lamm schedule: 
three weekly instillations for three weeks at 3, 6, 12, 18, 
24, 30, and 36 months from the start of the first induction 
BCG ± 15 days. For example, the first maintenance cycle 
should be at 3 months or 90 days from the first induction 
BCG instillation, with a window for receiving this mainte-
nance from day 75 to 105 (90 days ± 15 days).

Statistical Analysis

Convenience sampling was used given the 
characteristics of the study. Continuous variables are 
presented as mean and standard deviation (SD) or 
median and interquartile range (IQR) according to 

the distribution. Categorical variables are summa-
rized as absolute value and percentage (%). Kaplan-
Meier survival analysis was used to estimate 1- and 
5-year survival, along with a 95% confidence interval 
(95% CI). The software used was SPSS 22.0™ (IBM 
Corp, New York, USA).

RESULTS

Of a total of 454 cases entered into the elec-
tronic Case Report Form (CRF), 292 were eligible for 
inclusion in the study. The percentages of includ-
ed patients by country were as follows: Argentina 
(56.4%), Mexico (15.5%), Chile (14.4%), Peru (9.9%), 
and Brazil (3.8%). Four centers from Argentina (Insti-
tuto Alexander Fleming, Hospital Italiano de Buenos 
Aires, Hospital Alemán de Buenos Aires, and Centro 
Bengió), 2 from Mexico (Instituto Nacional de Cien-
cias Médicas y Nutrición “Salvador Zubirán” and Hos-
pital Central Militar), 2 from Brazil (Instituto Armando 
Viera de Carvalho and Hospital Regional Paraiba), 
1 from Chile (Fundación Arturo López Pérez), and 1 
from Peru (Clínica Oncosalud AUNA) participated.

The age range of included population was 
20 to 98 years (mean 70.3, SD 11.2), with 216 patients 
(74%) being male and 76 (26%) females. Regarding 
medical history, 206 cases (70.6%) were current or 
former smokers, and 10 (3.3%) had exposure to tox-
ins such as anilines or similar substances. Regarding 
the clinical presentation of bladder cancer, hematuria 
was the most common, with 219 cases (75%) (Table-1).

In 201 cases (68.8%), the diagnosis was pri-
mary (non-recurrent) cancer. The most common form 
of presentation at the time of initial TURBT was le-
sions smaller than 3 cm in 65.1% of cases.

The vast majority of patients had histopatho-
logical diagnosis of urothelial carcinoma (98.2%), 
with a minimal number of reports describing histo-
logical variants (urothelial with glandular differen-
tiation and micropapilar). Post-initial TURBT staging 
revealed 28.8% of patients with pTa disease, 58.6% 
with pT1, a small proportion with CIS of 2.4%, and 
the combination of pT1/CIS in 5.5%. A total of 73.6% 
of patients presented with high-grade disease, with 
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Table 1 - Descriptive anlaysis: Diagnosis, TNM, 
Histology, tumor size, Transurethral resection of 
bladder tumor (TURBT) quality and BCG treatment 
characteristics.

Diagnosis (%) Total (n 292)

Haematuria 219 (75)

Incidental 35 (12)

Urinary tract infection 2 (0.7)

Others 36 (12.7)

Histology (%)

Urotelial 287 (98.2)

Urotelial, glandular differentiation 3 (1)

Micropapilar 2 (0.8)

High grade (%) 215 (73.6)

T Stage (%) 

pTa 84 (28.8)

pT1 171 (58.6)

CIS 7 (2.4)

pT1+CIS 16 (5.5)

Others 14 (10.3)

Tumor Size

Multiple tumors (%) 102 (34.9)

Largest tumor < 3 cm (%) 190 (65.1)

High risk (%) 193 (66.1)

TURBT quality (%)

Muscle in TURBT 232 (79.5)

Re TURBT 167 (57.2)

BCG Schedule

Started Induction 268 (91.8)

Finished Induction 245 (84)

No Maintenance  59 (20.2)

LAMM Maintenance 134 (45.9)

No LAMM Maintenance 99(33.9)

BCG doses

0-1 doses 120 (41)

2-9 doses 126 (43.1)

>10 doses 46 (15.8)

BCG Intolerance 26 (8.9)

66.1% classified as high-risk according to the 2020 
EAU guidelines. The percentage of patients who un-
derwent re-TURBT was 57.2%, as shown in Table-1.

Regarding the quality of the initial TURBT, de-
trusor muscle was reported in the specimen of 232 
patients (79.4%). A re-TURBT was performed in 167 
patients, corresponding to 57.2%.

Among patients indicated for intravesical 
BCG treatment, 268 (91.8%) started induction with 
a weekly instillation for 6 weeks, only 245 patients 
(84%) completed it; therefore, only 7.8% of patients 
did not complete the full regimen of six instillations.

Of the total number of patients, only 45.9% re-
ceived BCG according to LAMM Maintenance sched-
ule, 33.9% followed a different maintenance regimen, 
and 20.2% did not receive any maintenance treatment.

The median time to initiation of induction 
was 1 month (IQR 0-2) (mean time 2.4 months), with 
78 cases (26.7%) where the initiation of induction 
exceeded 60 days. The first maintenance cycle was 
initiated in 154 patients. The median time to the first 
maintenance cycle was 126 days (IQR 100-161). No-
tably, 89.4% of patients began the first maintenance 
cycle outside the 90-day ± 15-day window, with an 
average delay of more than 36 days. Among the 118 
patients with a reported second maintenance regi-
men, the median time to initiation was 245 days (IQR 
203-294), where 93.2% started outside the 180-day 
± 15-day window, with an average delay of 65 days. 
During the follow up, the median number of doses 
administered post induction was 3 (IQR 0-9) with 
only 74 patients (25.3%) receiving 9 or more doses. A 
total of 29 patients (8.9%) experienced BCG intoler-
ance resulting in treatment interruption (Table-1).

The mean follow-up time was 22.5 months 
(IQR 12-50), with significant patient loss during this 
period, as 28.8% of patients did not reach the one-
year follow-up. During this time, 69 recurrences 
(23.6%) were documented. Of the patients who were 
followed for at least one year, 65% did not receive 9 
post-induction doses of BCG.

Among the 222 high-risk patients assessed, 
the 1-year relapse-free survival (RFS) rate was 87.3% 
(95% CI 82.8-91.8), the 2-year RFS rate was nearly 
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80% and the 5-year RFS was 53.3% (95% CI 42.4-
64.6) (Figure-1).

Reported treatment for recurrence cases in-
cluded: additional BCG regimens in 22 cases (31.9%), 
mitomycin in 5 cases (7.2%), and gemcitabine, or in-
clusion in clinical trials in 4 cases (5.8%). Cystectomy 
was performed in nine cases (13%), while treatment 
was not reported in 28 cases.

Regarding follow up cystoscopies, 85% of 
patients (248) underwent the first cystoscopy at 3 
months, with a decreasing number at 6 months (175 
patients, 60%), 9 months (147 patients, 50%), and 
only 100 (34%) at 12 months.

Urine cytology was taken as follows: 140 
PAPs at 3 months (56.5%), 112 (38%) at 6 months, 81 
(28%) at 6 months, and 71 (24%) at 12 months.

 
DISCUSSION

Bladder cancer has distinct characteristics 
that differentiate it from other types of cancer, pri-
marily due to the difficulty in predicting its behavior. 
Not only does it have a high recurrence rate, but in 

some cases, it can potentially progress to more ad-
vanced stages. Bladder Carcinoma In Situ (CIS), un-
like other locations, can behave aggressively, with a 
high probability of progressing to the deeper layers 
of the bladder wall if not treated adequately (10).

Our study provides valuable information on 
the clinical presentation, epidemiological aspects 
of non-muscle-invasive bladder cancer (NMIBC) in 
Latin American patients, and how these patients are 
treated in this region. While our findings, for the most 
part , agree with established global trends regard-
ing the prevalence of initial diagnostic symptoms 
and the widespread use of Bacillus Calmette-Guérin 
(BCG) therapy, our analysis reveals inconsistencies 
related to the quality of treatments.

Our data of age and gender are consistent 
with the global trend of a higher incidence in men. 
However, it is interesting to note that, globally, inci-
dence rates increase more sharply between the ages 
of 50 and 54, especially in men (11).

The use of tobacco is the most frequent risk 
factor and is associated with approximately 50% of 
bladder cancer cases (11, 12), in our registry, a higher 

Figure 1 - Kaplan Meier curve. Relapse free survival (RFS) and medial survival time in high-risk patients.
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percentage of 70.6% was found to be related to smoking.
Our findings agree with those reported by 

Ramírez et al. (13), who found that gross hematuria 
was the most common presenting symptom in 75% 
of our bladder cancer patients, a figure similar to the 
78.3% described in their study. This high prevalence 
of gross hematuria at diagnosis reinforces the im-
portance of this clinical manifestation as a warning 
sign. Additionally, our data corroborate the associa-
tion between gross hematuria and more advanced 
pathological stages, underscoring the need for early 
detection to improve prognosis.

Regarding reported histological variants, 
our detection rate was 1.8%, significantly lower than 
the average of 25% described in literature. The re-
sults obtained underscore the crucial importance of 
having specialized pathologists in multidisciplinary 
teams (14) to optimize diagnosis and, ultimately, pa-
tient outcomes. Similarly, our detection rate of carci-
noma in situ (CIS) was 7.9%, lower than the reported 
(10%) (14, 15). These findings highlight the potential 
of advanced imaging technologies such as blue light 
cystoscopy, although its high cost limits its imple-
mentation in Latin America.

The quality of the first transurethral resection 
of the bladder (TURB) is fundamental to the manage-
ment of bladder cancer. The presence of detrusor mus-
cle in the specimen, which in our series was 80%, is a 
key indicator of an adequate resection and has been 
associated with better oncological outcomes, includ-
ing recurrence time and cancer-specific survival (16, 
17). However, the percentage of patients who required 
a re-TURB in our cohort (57%) suggests that there is 
still room for improvement. Recent studies, such as 
the NIMBUS trial (18), have demonstrated that a higher 
rate of re-TURB, close to 90%, can improve oncological 
outcomes. These findings highlight the importance of 
following current guidelines and considering re-TURB 
more aggressively, especially in cases of incomplete 
resections or pT1 lesions.

Our analysis revealed significant deviations 
from established treatment guidelines for NMIBC, 
particularly regarding the initiation of intravesical 
BCG therapy. In our study, the mean initiation of the 

first induction dose of BCG was 2.4 months post-
TURBT, considerably later than recommended in 
pivotal studies such as SWOG 8507 (6) and EORTC 
30962 (6,19), where initiation was recommended 15 
days post-TURBT. This delay in treatment initiation 
could compromise the efficacy of BCG and oncologi-
cal outcomes. It is essential to align our clinical prac-
tices with international recommendations to optimize 
the management of these patients.

Maintenance schedules with BCG have been 
shown to be essential in preventing bladder can-
cer recurrence. However, our results indicate that 
a significant percentage of patients did not receive 
the recommended number of BCG instillations ac-
cording to established regimens, such as the Lamm 
protocol. 84.3% of our patients received less than 9 
maintenance doses in the first year, and furthermore, 
significant delays in the initiation of maintenance 
cycles were observed. These deviations from clinical 
guidelines could compromise treatment efficacy and 
increase the risk of recurrence.

Despite protocols recommending 15 BCG in-
stillations during the first year, as demonstrated in NIM-
BUS trial, our findings indicate suboptimal adherence 
to treatment. This lack of compliance with established 
guidelines raises concerns about the efficacy of intra-
vesical therapy and could increase the risk of recur-
rence and disease progression. Delays in the initiation 
of treatment and deviations in dosing regimens may 
compromise the immune response induced by BCG 
and consequently affect oncological outcomes.

In our study, we detected a considerable 
patient lost to follow up. Despite this characteristic, 
the RFS results were not so distant from those re-
ported. However, it is not intended to emphasize that 
by performing an incorrect scheme or follow-up, the 
same results are obtained as when performing the 
scheme correctly. Our study is biased due to all the 
factors described above, but mainly because of the 
limited recording of recurrences, the significant loss 
of follow-up, and the large amount of missing data 
we encountered. This RFS should not be considered 
as an indicator that good results can be achieved by 
doing things incorrectly. Instead, it should serve as a 
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reminder to improve our treatments and report data 
more accurately.

A significant limitation of our study relies 
on the inability to accurately quantify the propor-
tion of non-responders to BCG, reflecting the lack 
of standardized follow-up protocols in the region. 
This observation highlights the need for more robust 
monitoring systems to evaluate treatment response. 
In parallel, recent years have witnessed an evolution 
in the management guidelines for non-muscle-inva-
sive bladder cancer, with a greater emphasis on the 
continuity of BCG treatment even in the face of low-
grade recurrences. This new perspective, supported 
by growing evidence, seeks to optimize outcomes 
for patients. Additionally, the incorporation of office-
based electrocoagulation has expanded therapeutic 
options for the management of low-grade lesions, im-
proving patient accessibility and quality of life (20).

Treatment protocols for bladder cancer have 
been significantly impacted by two several factors. 
The COVID-19 pandemic, disrupting in healthcare and 
compromising treatment adherence and highlighting 
the need to develop more flexible and adaptable care 
systems. Secondly, the recurrent global shortage of the 
drug (19, 21), this scarcity can be attributed to various 
factors, including increased demand, production con-
straints, and regulatory hurdles (20, 22). The lack of ac-
cess to BCG is heterogeneous across the region, being 
more evident in some countries, such as Brazil (8).

The adoption of electronic health records 
(EHRs) in Latin American healthcare institutions lacks 
a homogeneous planning. While it has improved op-
erational and registration efficiency, it has introduced 
new challenges for research. Data fragmentation, 
lack of compatibility between systems, and the loss 
of historical information during the transition have 
limited the ability to perform comprehensive retro-
spective analyses. These inherent limitations of EHRs 
have affected the robustness of our findings, demon-
strating the need to develop standards for transitions 
and the analysis of clinical data in the region.

The heterogeneity in the management of 
NMIBC in Latin America and the challenges identified 
in our study underscore the need to strengthen re-

search in this area. Through collaborative research, we 
can develop more effective treatment protocols, iden-
tify predictive biomarkers of response, and evaluate the 
impact of interventions on patients’ quality of life. It is 
essential to invest in research to improve outcomes for 
NMIBC patients in our region.

Therapeutic options have traditionally been lim-
ited, primarily relying on intravesical Bacillus Calmette-
Guérin (BCG) and mitomycin C (MMC). Currently, 
treatment options remain constrained, with the only 
approved systemic therapy being intravenous pem-
brolizumab and the sole approved intravesical therapy 
being nadofaragene firadenovec, both indicated for 
BCG-unresponsive carcinoma in situ (CIS) in the United 
States. However, research in this field is highly active, 
with numerous promising alternative therapies under 
development that have the potential for regulatory ap-
proval in the near future.  For intermediate-risk NMIBC, 
a preference exists for ablative approaches over adju-
vant therapies. In contrast, for high-risk NMIBC, clinical 
trials predominantly focus on investigating alternatives 
to BCG, such as substituting BCG entirely or minimizing 
patient exposure by employing induction-only courses, 
often in conjunction with novel therapeutic agents.

CONCLUSIONS

In conclusion, the need to consolidate col-
laborative registries in Latin America is imperative. 
By joining efforts and collecting data more efficiently, 
we can obtain a more accurate and up-to-date view 
of the clinical reality in our region. This will not only 
enrich our caseload and pathological diagnoses but 
also evaluate the efficacy of implemented therapeu-
tic alternatives. It is essential to promote the creation 
of new prospective studies with a larger number of 
patients and long-term follow-up to strengthen the 
scientific evidence and improve care for our patients.
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ing valuable insights into the management of non-
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ABSTRACT

We describe the novel use of dynamic sentinel node biopsy (DSNB) in five patients with 
primary urethral squamous cell carcinoma (U-SCC) and no evidence of inguinal node dis-
ease across two centers in North America and Europe between 03/2021 and 06/2024. Each 
of these referral centers sees over 75 cases of penile cancer per year and approximately 10 
cases of U-SCC per year. Patients underwent DSNB concomitant to surgical resection of the 
primary tumor (n=3), or in a deferred manner (n=2), six weeks after primary surgery. In the 
five DSNBs performed, clinically occult nodal metastasis was discovered in one patient. In 
this patient DSNB was performed after local recurrence and repeat imaging confirming cN0 
status. Only one minor complication with DSNB was observed. Awaiting further investiga-
tions in larger series, this study highlights the feasibility of DSNB in primary U-SCC with 
clinically node negative disease.   
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INTRODUCTION

Case series
Urethral squamous cell carcinoma (U-SCC) is a 

rare disease (1). Despite similarities in histology and lym-
phatic drainage with penile squamous cell carcinoma 
(PSCC), the clinical recommendations in management 
of inguinal lymph nodes are different and less defined. 
Current EAU and NCCN guidelines do not support diag-
nostic sentinel lymph node surgical excision or prophy-
lactic superficial inguinal lymph node dissection (ILND) 
for primary urethral carcinoma in the setting of patients 
that are cN0, regardless of primary stage (2, 3). Werntz 
et al., studied the node positive rates in 86 cN0 patients 
with U-SCC undergoing prophylactic inguinal lymph 
node dissection (ILND), demonstrating only a 9% lymph 
node positive rate in pT1-T4, cN0 tumors, although rate 
of pN+ was not risk stratified by primary T stage (4).

However, it is well-established that nodal me-
tastasis is one of the strongest predictors of recurrence 
and survival in primary urethral carcinoma (5-7). By the 
time patients have clinically evident nodes, treatment 
strategies are often multidisciplinary, with limited cura-
tive potential. In this context, the value of early identifica-
tion of patients at risk of harboring early nodal metasta-
sis cannot be overstated. Herein, we share a case series 
utilizing a previously unreported dynamic sentinel node 
biopsy (DSNB) technique in patients with clinically node 
negative primary U-SCC.

We identified five patients with cN0 U-SCC (all 
were confirmed to be primary urethral tumors by genito-
urinary pathologists). Tumoral characteristics and DSNB 
protocol are shown in Table-1. 99mTc-nanocolloid was 
injected subcutaneously, immediately proximal to tumor. 
A dynamic recording was started immediately following 
tracer injection with the detector positioned anteriorly at 
the level of the pelvis. This procedure was repeated until 
a SN was visible (uni- or bilaterally) up to a maximum 
of 60 minutes. Finally, a SPECT/CT of the pelvis was 
performed to detect and localize the SNs. Late imaging 
(static planar and/or SPECT/CT) was acquired, with or 
without additional tracer injection, if no SN was visible 
after the initial imaging phase. Initial radiotracer dosing 
was not standardized. Intraoperatively, subcutaneous 

isosulfan blue dye was injected in 3 cases and free in-
docyanine green (ICG) was used in 2 cases. The number 
and location of sentinel nodes were described as first 
echelon if within Dressler’s Triangles (primary echelon), 
above the inguinal ligament (secondary echelon) and 
pelvic nodes (tertiary echelon). SNs were pursued using 
a gamma probe (Neoprobe, Johnson & Johnson Medi-
cal) and fluorescence camera (FIS-00, Photodynamic 
eye, Hamamatsu Photonics) in cases utilizing ICG. All 
harvested nodes were embedded in sections of 2mm 
thickness and screened with H&E staining. If the SN 
seemed negative for carcinoma during initial screening, 
deeper sections of 500 microns were made and stained 
for prekeratin (AE1/AE3). Follow up consisted of physical 
examination and inguinal imaging every 3 months dur-
ing the first 2 years after DSNB.

One patient was found to have a DSNB positive 
for disease 7 months after initial diagnosis and 1 month 
after local recurrence. His initial treatment was a partial 
penectomy and distal urethrectomy revealing a pT3a, 
Grade 2, primary urethral carcinoma with negative sur-
gical margins. At the time of LR, repeat contrasted MRI 
revealed no regional lymphadenopathy (cN0). LR was 
treated with total penectomy and urethrectomy. DSNB 
patient revealed 1/7 nodes positive with a unifocal 6mm 
with extranodal extension (Figure-1). He underwent a bi-
lateral superficial and deep inguinal lymphadenectomy 
with all 8 nodes negative. He remains clinically disease 
free since DSNB without receipt of adjuvant therapy.

DISCUSSION

Urethral squamous cell carcinoma (U-SCC) ap-
pears to be a separate entity from PSCC despite simi-
larities in histology, location and lymphatic drainage. 
Unlike PSCC, where prophylactic ILND for cN0 disease 
has shown survival benefit, early ILND has no current 
role in cN0 U-SCC (8). There are very few studied exam-
ining inguinal nodal management of male U-SCC. The 
largest study examining nodal management of primary 
U-SCC in men found that ILND was only associated with 
an improvement in overall survival in cN+ patients (4). 
This study did not differentiate pN+ rates in cN0 patients 
based on primary T stage and grade, which questions 
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Table 1 - Outcomes for patients undergoing DSNB for cN0 primary urethral carcinoma. Pt = Patient. 

  P1 P2 P3 P4 P5

Age at Diagnosis (yrs)  71 57 67 85 67

History of urethral stricture  No No Yes No No

History of CIC  No No Yes No No

Smoking status  Former Never Current Never Never

Primary tumor location  Distal urethra Bulbar urethra Bulbar urethra Bulbar urethra Distal urethra

Primary tumor investigation  Cysto Cysto+MRI Cysto+MRI Cysto Cysto

HPV status  Positive Negative Negative Negative Positive

Primary surgery  PP+DU TP+TU TP+TU PP+DU PP+DU

pT stage  2 3 3 2 3

Histology  NA NA NA NA Warty-Basaloid

Grade  3 2 2 3 2

Margin status  Invasive Negative Negative Negative Negative

Inguinal node investigation  US+PET/CT US+PET/CT US+ CT CT MRI

DSNB radiotracer  99mTc-COL 99mTc-COL 99mTc-COL 99mTc-COL 99mTc-COL

Dosage (MBq)  80 120 60 16.9 16

Injection site  Adjacent Adjacent Adjacent Adjacent Adjacent

Adjunct dye  Isosulfan blue dye Isosulfan blue dye Isosulfan blue dye Free ICG Free ICG

Primary Imaging of SN 
 

NM SPECT/CT NM SPECT/CT NM SPECT/CT NM SPECT/CT NM SPECT/CT

# of SN on imaging (R)  3 1 1 1 4

# of SN on imaging (L)  0 1 1 1 2

Location of SN (R)  10, 20 10 10 10 10

Location of SN (L)  Non-visible 10 10 10 10, 20

# nodes harvested (R)  3 1 1 1 6

# nodes harvested (L)  0 2 1 1 1

DSNB pN stage  0 0 0 0 III

Complication  None None None None Lymphocele

CIC = Clean intermittent catheterization. MRI = Magnetic resonance imaging. US = Ultra-sonography. CT = Computed tomography PET = Positron 
emission tomography. 99mTc-nanoCOL = Technetium nanocolloid nuclear isomer.  

NM SPECT = Nuclear Medicine single-photon emission computed tomography. PP = Partial Penectomy. TP = total penectomy. DU = Distal 
urethrectomy TU = Total penectomy.
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whether a certain subset of cN0 patients with primary 
urethral cancer may benefit from invasive regional node 
sampling.

The prognosis of node positive, pure squamous 
cell urethral carcinoma remains unknown and studies 
assessing the impact of histology on outcomes in pri-
mary urethral carcinoma are limited. Studies including 
patients with urothelial, squamous cell and adenocarci-
noma histology report overall survival outcomes of pri-
mary urethral carcinoma of all histologic types at 5 and 
10 years at 46% and 29%, respectively, and report that 
the presence of nodal spread independently predicts an 

Figure 1: DSNB protocol for primary urethral squamous cell carcinoma.

increased likelihood of death [HR 2.07 (1.17-3.67) p=0.013] 
(5). A study of 46 males with predominantly squamous 
cell carcinoma of the urethra by Dalbagni et al. identified 
squamous cell and epidermoid histology as a predictor 
of worse overall and cancer specific survival (p=0.0001) 
and reported 5 years overall and disease specific sur-
vival rates at 42% and 50% respectively (6). In this study 
we demonstrate that DSNB can identify patients with 
early nodal spread and provide an opportunity for early 
curative therapy.

We highlight the similarities and differences 
of DSNB technique between the two institutions. The 
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choice of radiotracer and imaging nodality to detect 
sentinel nodes was identical. Interestingly, the European 
technique incorporates the use of inguinal ultrasound 
to further select patients for DSNB. Only patients with-
out suspect lymph node on ultrasound or patients with 
questionable nodes on ultrasound but negative fine nee-
dle aspiration cytology (FNAC) are selected for DSNB. 
This additional measure is interesting and studies from 
the Netherlands Cancer Institute have been shown this 
to potentially enhance the sensitivity of DSNB (9). At our 
institution, provided patients had no suspicious inguinal 
nodes on axial imaging obtained within 6 weeks of the 
procedure, we prefer to use free unbound indocyanine 
green injection peri-urethrally and evaluate nodes intra-
operatively using real time infrared photography. Only 
nodes that are intraoperatively radioactive and ICG posi-
tive are resected.  In contrast, our colleagues in Europe 
use methylene blue, allowing visualization of blue dye 
within lymphatic channels and sentinel nodes. Collabor-
ative efforts to standardize techniques will be beneficial 
in providing a uniform guideline for successful DSNB.

We hypothesize that DSNB alone may poten-
tially cure a subset of patients with micro-metastatic 
disease, while discovering and selecting patients with 
more aggressive disease for early curative measures. 
Penile cancer and urethral cancer are thought to exhibit 
predictable stepwise lymphatic metastasis from ingui-
nal to pelvic and para-aortic nodes. Distant metastasis 
is atypical without concurrent LN spread (10, 11) Radi-
cal LN surgery remains the cornerstone of management 
for early nodal disease (cN1–2) but is associated with 
significant morbidity and the benefit of adjuvant treat-
ments is uncertain. Nodal surgery alone is often not 
curative in cases of extensive LN involvement. There-
fore, multimodal treatment approaches with (neo)adju-
vant chemotherapy and/or radiotherapy (RT) are often 
considered (12-14). In current guidelines, neoadjuvant 
chemotherapy is recommended in patients presenting 
bulky inguinal disease, pelvic metastases on imaging. In 
the group of patients without radiological signs of pelvic 
LN involvement with two or more tumor-positive ipsilat-
eral inguinal LN metastasis or the presence of extrano-
dal extension (ENE), surgical treatment of the pelvis (so-
called prophylactic pelvic treatment) is recommended.

Clearly, the paradigm of clinical care for primary 
urethral cancer continues to evolve and we suspect the 
application of DSNB may represent a further refinement 
in clinical care. We encourage prospective validation of 
our work as an international collaborative effort, pos-
sibly through organizations like the Global Society of 
Rare Genitourinary Tumors. We hope that the novel use 
of this technique is further investigated as a diagnostic 
and treatment standard in those with locally advanced 
(pT2-4) urethral cancer in the setting of cN0. DSNB, with 
its relatively low complication rates, may represent an 
accommodating middle ground between the need for 
diligent surveillance with physical exam and imaging in 
an effort to avoid occult nodal metastatic progression 
versus potentially morbid ILND surgery which patients 
and physicians alike are hesitant to propose without a 
clear benefit it can offer.
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ABSTRACT
 

Background: Knowledge of the anatomy of laboratory animals is important for experimental 
research. Erectile dysfunction has been studied using the penises of different laboratory 
animals such as rats, mice, rabbits, dogs, etc. However, these animals have penises with 
different characteristics to the human penis. If these differences are not taken into account, 
the conclusions may be questionable. The Rhesus monkey (Macaca mulatta), due to its simi-
larities to humans, could be a good model.
Objective: To characterize and quantify the components of the penis of the Rhesus monkey 
(Macaca mulatta), qualifying it as a model for experimental studies.
Methods: Ten adult Rhesus monkey penises were fixed in 10% buffered formalin and 
processed for paraffin embedding. Histological sections 5-μm thick were made and 
stained using histochemical techniques. We assessed the thickness of the tunica albu-
ginea, and in the erectile tissue, the following parameters were analyzed: in the corpus 
cavernosum (CC): total area, area densities of collagen fibers, muscle fibers and elastic 
system fibers; in the corpus spongiosum (CS): area densities of collagen fibers, muscle 
fibers and elastic system fibers. Histomorphometric analyses were carried out on pho-
tomicrographs by using ImageJ software. 
Results: The penis of the Rhesus monkey (Macaca mulatta) has a single CC. The tunica 
albuginea was thicker in the dorsal region (1.11 ± 0.03 mm) than in the ventral region 
(0.87 ± 0.01 mm). The quantitative analysis of the CC showed the following values: total 
area (20.33 ± 5.67 mm²), collagen fibers (24.00 ± 4.00%), muscle fibers (31.52 ± 9.93%) 
and elastic system fibers (8.46 ± 3.20%). The quantitative analysis of the CS showed 
the following values: collagen fibers (52.50 ± 11.76%), muscle fibers (10.50 ± 6.36%) and 
elastic system fibers (15.07 ± 4.78%).
Conclusion: The predominance of muscle tissue over connective tissue in the corpus caver-
nosum, similar to what is observed in humans, qualifies the Rhesus monkey penis as a good 
experimental model for erectile dysfunction.
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INTRODUCTION

Different studies classify the penis into two 
types according to different species: fibroelastic, in 
which the penis increases in length and changes lit-
tle in diameter; and muscle-cavernous, in which the 
penis increases in both length and diameter (1, 2).

The human penis is muscle-cavernous and 
composed of the glans, two corpora cavernosa (CC) 
and the corpus spongiosum (CS). The CCs are com-
pletely surrounded by the tunica albuginea, which 
is composed of collagen fibers and fibers from the 
elastic system. The elastic fibers usually form an ir-
regular network on which the collagen fibers rest. 
The CCs contain smooth muscle fibers and fibrous 
connective tissue that form the wall of the sinusoids. 
The CS surrounds the urethra and, similar to the CC, 
is composed of smooth muscle and connective tis-
sue fibers. Smooth muscle is an essential component 
of the sinusoids in the CC, CS and glans penis (3-5).

Rats and mice are widely used as experimen-
tal models for studies on the urogenital system (6-8). 
However, the rat penis is of the fibroelastic type, as 
well as has a bone component and a predominance 
of connective tissue in the CC (1, 5, 9).

Among non-human primates, the Rhesus 
monkey (Macaca mulatta) is the species most used 
in scientific research. This is due to the similarities 
between the Rhesus monkey and the human being 
(10). The penis of the Rhesus monkey is of the mus-
cle-cavernous type (10).

There are several works in the literature on 
the structure of the Rhesus monkey’s organs: lower 
urinary tract (11), kidneys (12-14), prostate (15), vas 
deferens (16), immune (17) and lymphatic systems 
(18), bone tissue (19) and metabolic disorders (20). 

A detailed description of the Rhesus monkey 
penis, as well as a characterization of the different 
structures that compose it , has not yet been done. A 
study along these lines, showing very similar param-
eters to the human penis, could justify the use of the 
Rhesus monkey penis as an experimental model.

This study aims to determine, using qualita-
tive and quantitative methods, the morphological and 

histological characteristics of the penis of the Rhesus 
monkey (Macaca mulatta), qualifying it as a model for 
experimental studies in humans.

MATERIAL AND METHODS

The study protocol was approved by the Ani-
mal Ethics Committee (CEUA Protocol No. 014/2015) 
of the Institute of Biological and Health Sciences of 
the Federal Rural University of Rio de Janeiro (UFRRJ).

Ten penises from adult Rhesus monkeys 
were collected, fixed in 4% buffered formalin and 
processed for paraffin embedding. Histological sec-
tions 5-μm thick were obtained from each sample 
and stained using the following histochemical tech-
niques: hematoxylin and eosin to evaluate tissue 
integrity; Picrosirius red without polarized light to 
analyze the density of collagen fiber areas in the 
CC and CS; Picrosirius red with polarized light for 
qualitative analysis of collagen fibers in the tunica 
albuginea; Masson’s trichrome for the thickness of 
the tunica albuginea, analysis of the area of the CC 
and the area density of the muscle fibers in the CC 
and CS; and Weigert ’s resorcin-fuchsin with previ-
ous oxidation for analysis of the area density of the 
fibers of the elastic system in the CC, CS and quali-
tative analysis in the tunica albuginea.

All histomorphometric analyses were carried 
out using ImageJ® software, version 1.50i, loaded with 
its own plug-in (http://www.imagej.nih.gov/ij). 

Histomorphometric analyses of the thick-
ness of the tunica albuginea and the area of the CC 
of the penis, including the tunica albuginea, were 
carried out using X12 magnification photomicro-
graphs taken with a stereomicroscope (SteREO Dis-
covery.V8, Zeiss, Göttingen, Germany) coupled to a 
digital camera (Axiocam 506 color, Carl Zeiss, Göt-
tingen, Germany). 

The “straight line” tool was used to analyze 
the thickness of the tunica albuginea of the CC 
(expressed in mm), in which three random linear 
measurements were taken in the dorsal and ventral 
regions, and the average of the measurements was 
taken to obtain the thickness of the tunica albugin-
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ea in each region. The “freehand” tool was used to 
analyze the area of the CC (expressed in mm²), in 
which three measurements were taken in each field, 
and these were averaged to obtain the area of the 
CC. For both analyses, five sections of each sample 
were analyzed, and one field of each section was 
observed, for a total of five fields in each sample.

Histomorphometric analyses of the area 
densities of collagen fibers, muscle fibers and elas-
tic system fibers (expressed as percentages) in 
the CC and CS were carried out using photomicro-
graphs at X600 magnification, obtained by using a 
microscope (Olympus BX51, Tokyo, Japan) equipped 
with a digital camera (Olympus DP71, Tokyo, Japan). 
The area density of these parameters was estimat-
ed using the quantification evaluation method, by 
superimposing a 100-point test grid (multipurpose 
test system) on the magnified images on the video 
monitor screen (21). For all these analyses, five sec-
tions of each sample were analyzed and five ran-

dom fields of each section were observed, for a total 
of 25 fields in each sample.

RESULTS 

In the qualitative analysis, we observed a 
single CC (Figure-1), surrounded by a thick tunica 
albuginea, composed mainly by type-I collagen, due 
to the presence of thick collagen fibers with red bi-
refringence and less numerous elastic system fibers 
(Figure-2). The tunica albuginea was thicker in the 
dorsal region (+21.62%) than in the ventral region 
(Table-1). The analysis of the density of smooth mus-
cle, collagen and elastic fibers areas, the Corpus 
Cavernosum showed a predominance of smooth 
muscle fibers (49%) over collagen (38%) and elastic 
system fibers (13%). On the other hand, the Corpus 
Spongiosum showed a predominance of collagen 
(67%), over elastic system fibers (19%) and smooth 
muscle fibers (14%). The quantitative analyses of 

Figure 1 - Photomicrograph of the Rhesus monkey penis. Tunica albuginea (yellow arrow), corpus cavernosum 
(red arrow), corpus spongiosum (black arrow), urethra (asterisk). Masson's Trichrome, X12.
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the components of the CC and CS are shown in Table-1. 
Figure-3 shows the different components of CC and CS.

DISCUSSION 

Knowledge of the anatomy of laboratory 
animals is essential for experimental research, al-
lowing the animal to be adapted to the study being 
carried out. Erectile dysfunction, for example, has 
been studied using the penises of different species 

(22), including rats and mice (23, 24), rabbits (25) 
and monkeys (26).  

Although these species have several char-
acteristics similar to those of the human penis, there 
are differences in the penile anatomy of these ani-
mals compared to the human penis (1, 5, 9).

The rat ’s CC is predominantly composed of 
connective tissue (1, 5, 9). In contrast , the male pe-
nis is predominantly muscular. This could make it 
difficult to make a comparison using these animals 

Figure 2 - Photomicrographs of the tunica albuginea of the Rhesus monkey penis. A) Thick collagen fibers 
(yellow arrow), type-I collagen, picrosirius red with polarization, X600. B) Elastic system fibers are less 
numerous (black arrow). Weigert’s resorcin-fuchsin, X600.

Table 1 - Data on the parameters analyzed in the corpus cavernosum and corpus spongiosum of the penis of 
the Rhesus monkey (Macaca mulatta)

Data
Values

(mean ± standard deviation)

Corpus cavernosum parameters Corpus spongiosum parameters

Thickness of the dorsal tunica albuginea (mm) 1.11 ± 0.03 -

Thickness of the ventral tunica albuginea (mm) 0.87 ± 0.01 -

Total area (mm²) 20.33 ± 5.67 -

Sv [collagen fibers] (%) 24.00 ± 4.00 52.50 ± 11.76

Sv [muscle fibers] (%) 31.52 ± 9.93 10.50 ± 6.36

Sv [elastic system fibers] (%) 8.46 ± 3.20 15.07 ± 4.78

Sv = surface densities
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as a model. As in rats, the penises of dogs and cats 
also have a bony component in their cranial part , 
which is considered to be an ossified part of the CC 
and is part of the erectile components (27, 28). 

The human penis has two paired corpora 
cavernosa (4), as is the case with other species such 
as rats, dogs and rabbits, in which the penis has two 
distinct corpora cavernosa, partially separated by the 
median septum (27). The penis of the Rhesus monkey 

was not clearly divided into two corpora cavernosa. De 
Siqueira et al. (29) also observed a single non-septated 
CC in the marmoset. Despite being unique, the com-
ponents of the Rhesus monkeys CC are very similar to 
those of humans, such as the predominant presence of 
smooth muscle fibers in relation to the fibrous compo-
nent. This characteristic allows for a more reliable com-
parison. The proportion of smooth muscle fibers in the 
CC of the human penis is approximately 40% (30). Simi-

Figure 3 - Photomicrographs of the corpus cavernosum and corpus spongiosum of the Rhesus monkey penis. 
A) Corpus cavernosum, sinusoids (*), collagen fibers (arrow), picrosirius red, X100. B) Smooth muscle fibers 
(arrow), sinusoids (*), Masson's trichrome, X600. C) Elastic system fibers (arrow), sinusoids (*), Weigert's 
resorcin-fuchsin, X600. D) Corpus spongiosum, collagen fibers (arrow), picrosirius red, X200. E) Smooth muscle 
fibers (arrow), Masson's trichrome, X600. F) Elastic system fibers (arrow), Weigert's resorcin-fuchsin, X600.
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larly, the CC of the Rhesus monkey penis had 49% more 
muscle fibers than the other components analyzed.

The tunica albuginea of the CC in humans is 
a structure composed of inner circular and outer lon-
gitudinal layers which have bundles of thick collagen 
fibers resting on a network of irregularly arranged 
elastic fibers (3, 31, 32). In the CC of the penis of the 
Rhesus monkey, we observed a thick tunica albuginea 
enveloping the entire CC, which showed thick colla-
gen fibers birefringent in red when observed under 
polarized light, which may characterize type-I collagen 
fibers. The analysis of the tunica albuginea in adult 
men showed that the dorsal region was thicker than 
the ventral region, making the ventral region a more 
vulnerable area, as in humans (33). Even from the hu-
man fetal period, the tunica albuginea already shows a 
morphological difference in relation to the dorsal and 
ventral regions. Gallo et al. (34) studied human fetuses 
between 13- and 36-weeks post-conception and re-
ported that the thickness of the tunica albuginea was 
greater in the dorsal than ventral region. In our study, 
the tunica albuginea of the Rhesus monkey penis also 
showed this characteristic of being thicker dorsally 
than ventrally (+21.62%).

It is known that the elastic system fibers form 
an interconnected network in order to keep the colla-
gen fiber bundles together (32). The density of elastic 
system fibers in the CS of the Rhesus monkey penis 
was higher than in the CC (+ 43.86%). These char-
acteristics are very similar to those described in the 
human penis, where there is also a predominance of 
elastic fibers in the CS (31).

All the similarities between the different 
structures when comparing the penis of the Rhesus 
monkey and humans, fully justify the use of this ani-
mal as a good experimental model for the study of 
the human penis.

CONCLUSIONS

The predominance of smooth muscle fibers 
over connective tissue in the corpus cavernosum, simi-
lar to what is observed in humans, qualifies the penis 
of the Rhesus monkey as a good experimental model.
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COMMENT

The risk of bladder outlet obstruction (BOO) related to benign prostate enlargement (BPE)  increases with age 
and concerns all men, even those with central nervous system (CNS) diseases, who can also experience lower urinary 
tract symptoms (LUTS) secondary to the neurogenic lower urinary tract dysfunction (NLUTD) itself (1). Although prostat-
ic surgery is well known to improve outcomes in BPE-related BOO, its efficacy and safety in patients with CNS diseases 
generates controversy (2, 3). Charalampous et al. conducted a PRISMA systematic review to evaluate postoperative out-
comes after surgery for BPE-Related BOO in men with CNS diseases and NLUTD. The review included 13 studies and in-
volved 1,144 patients stratified in four groups: spinal cord injury, Parkinson’s disease, post-cerebrovascular accident, and 
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multiple system atrophy. Transurethral resection of the 
prostate (TURP) was the most frequently performed de-
obstruction procedure, followed by prostatic artery em-
bolism and open prostatectomy. The primary outcomes 
pointed to a substantial improvement in symptoms, with 
a success rate of 81.4% in spinal cord injury, 27.1% in 
Parkinson’s disease, and 66.7% in post-cerebrovascular 
accident populations. Continence status was assessed 
in six studies, pointing out a high risk of postoperative 
urinary incontinence, particularly in patients with mul-
tiple system atrophy, 60% of whom developed de novo 
incontinence symptoms. Perioperative complications, 
such as urinary infections, were more prevalent in spinal 
cord injury patients, and higher perioperative mortality 
rates were observed in post-cerebrovascular accident 
patients. These results emphasize the possible benefits 
of prostatic surgery in properly selected neuro-urological 
patients while highlighting the importance of careful pre-
operative assessments to discriminate BPE-related BOO 
from other etiologies. However, this review only included 
retrospective studies with a high risk of bias, as well as 
significant heterogeneity in patient characteristics, diag-
nosis of BOO, surgery technique, and reported outcomes. 
Furthermore, most of the studies had a limited number 
of subjects. Therefore, well-designed prospective studies 
with standardized inclusion criteria, surgical techniques, 
and longer follow-up are still needed to determine the 
real advantage of this intervention in distinct neuro-uro-
logical groups.
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COMMENT

This is a retrospective registry-based study over 4 years at the National Quality Register for Rehabili-
tation Medicine in Sweden, which included 26 units around the country and evaluated the epidemiological 
characteristics of the Swedish spinal cord injury (SCI) population from January 2016 to December 2020. The 
data analyzed were gender, age, etiology, level of injury, neurogenic bowel, bladder dysfunction, complications 
during rehabilitation and the need for positive airway pressure or ventilator. Mean age was 56 years (male = 
66%). Tetraplegia was more common among traumatic SCI (TSCI) than non-traumatic SCI (NTSCI). The inci-
dence was 11.9–14.8 per million for TSCI and 8.9–11.8 per million for NTSCI. At discharge, 8% of patients needed 
a breathing aid. Of those who were ventilator-dependent at discharge, 75% had a TSCI. Disturbed bowel and 
bladder functioning were noted in 58% of patients at discharge. The median time spent at the unit was 40 days, 
but it was approximately 2 weeks longer for those with a TSCI. 

SCI is a major cause of long-term disability, with a higher prevalence among males (1,2). The main 
complications among these patients were pyelonephritis (14.5% of TSCI cases and 4.5% of NTSCI cases) and 
pressure ulcers (10.2% of TSCI cases and 3.3% of NTSCI cases). Sweden has a lower incidence of SCI and its 
complications in comparison to Western Europe and globally (3), maybe due to increased awareness initia-
tives. With falls being the primary cause of TSCI and a high age at beginning, the Swedish SCI population has 
a pattern resembling that of other Scandinavian countries.
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Pulsed Tm-yag laser (Thulio®): a new weapon 
in endourologists’ hand in the conservative 
management of imperative cases of Upper Tract 
Urothelial Carcinoma (UTUC)
______________________________________________________________________________________________
Riccardo Scalia 1, Stefano Gisone 1, Rebeca Escobar 1, Silvia Proietti 1, Franco Gaboardi 1, Guido 
Giusti 1
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ABSTRACT

Introduction: Urothelial carcinomas (UC) represent the sixth most common tumor by incidence, involving the lower or upper 
urinary tracts (UTUC) (1). High-risk patients should be treated by nephroureterectomy with complete bladder cuff excision (2), 
conservative approach is reserved for low-risk UTUCs and/or imperative cases (3).
Materials and Methods: We present a 70-year-old male patient, smoker, with history of urothelial carcinoma. He underwent 
distal ureterectomy with ileal replacement in April 2019. Since then, he has developed several UTUC recurrences bilaterally and 
in the bladder, which have been treated conservatively. In August 2023, CT- scan showed multiple recurrences in the left kidney 
and ureter. Hence, on November 2023, we performed cystoscopy, monopolar resection of bladder tumor and bilateral flexible 
ureteroscopy (fURS) with pulsed thulium:YAG (p-Tm:YAG) ablation of the tumors.
We performed a no-touch technique fURS with Video Uretero-Renoscope FLEX-XC1 by Storz. After this, we placed an ureteral 
access sheath and then a biopsy by using a tipless basket.
The laser fiber used was 272 µm and the laser settings were 0.8 J – 10 Hz – Long pulse Ablation (10 W). 
Results: The pathological results showed UTUC bilaterally and high-grade UC in the bladder. Then, he underwent intravenous 
therapy with enfortumab - vedotin and the follow-ups, in February 2024 and June 2024, showed no evidence of recurrences at 
the multiple biopsies.
Conclusion: The p-Tm:YAG laser can be considered a valid alternative option for the conservative treatment of UTUCs. With that 
said, stringent follow-up remains a mainstay in the conservative treatment of imperative cases of UTUC.
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Advancing Surgical Management of Penile 
Cancer: Single Port Bilateral Inguinal Lymph Node 
Dissection
______________________________________________________________________________________________
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ABSTRACT

Introduction: Penile cancer is a rare but aggressive malignancy, with inguinal lymph node involvement representing a key 
prognostic indicator (1, 2). NCCN guidelines recommend prophylactic inguinal lymph node dissection (ILND) for intermediate-
to-high-risk patients (pT1b, ≥T2) with non-palpable nodes, aiming for early staging and improved outcomes (3).
The SP-approach employs a single incision and advanced robotic instrumentation to enhance maneuverability, reduce morbid-
ity, and optimize recovery. 
Widely used in kidney and prostate surgery (4, 5), this is, to our knowledge, its first application for ILND in Europe.
Material and Methods: This video shows a novel robotic-assisted bilateral, superficial and deep ILND using the DaVinci SP™ 
system. 
In this patient, a preoperative 3D reconstruction allowed detailed visualization of lymph nodes and surrounding structures, en-
abling precise dissection and an improved intraoperative orientation using Tilepro feature. 
Results: Compared to open techniques, robotic ILND offers similar lymph node yields with superior cosmetic outcomes and 
reduced postoperative pain (6). These benefits are amplified with the SP system, which excels in the constrained inguinal region 
by minimizing instrument interference and enhancing efficiency (7). Fewer incisions minimized risks such as wound infections 
and skin necrosis (8).
Limitations of the SP-technique might include extended operative times, especially during the learning phase, and the absence 
of long-term oncological data. Additionally, complex cases requiring concurrent pelvic lymphadenectomy may necessitate repo-
sitioning the robotic system, increasing procedure time.
Conclusions: SP robotic-assisted ILND can represent a significant advancement in the surgical management of penile cancer, 
combining oncological safety with reduced surgical morbidity. Future studies are needed to validate these findings, compare 
surgical outcomes, and assess long-term efficacy.
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• Conflict of Interest – Any conflict of interest, mainly financial agreement with companies whose products are 
alluded to in the paper, is clearly disclosed in the manuscript.

• Check that each figure is cited in the text. The illustrations are not merged in the text.

• The photographs are supplied as TIFF or JPG files and saved at a resolution of 300 dpi (dots per inch) at final size.

• The photographs should be scanned at 300 dpi, with 125mm width, saved as TIFF file and in grayscale, not em-
bed in Word or PowerPoint.

• A list of abbreviations is provided.
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