
Fu
ll T

ex
t O

nli
ne

 Acce
ss 

Ava
ila

ble

www.br
azj

uro
l.c

om
.br

OFFICIAL JOURNAL OF THE BRAZILIAN SOCIETY OF UROLOGY
VOLUME 38, NUMBER 4, JULY - AUGUST, 2012

BRAZ J UROL

ISSN 1677-5538

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

Micrography of an IHC reaction showing strong expression of E-cadherin.

XXXIV Brazilian Congress of Urology
November 16-20, 2013 - Natal - RN - Brazil 

V
O

LU
M

E 3
8

, N
U

M
B

ER
 4

, JU
LY - A

U
G

U
ST, 2

01
2 (Pages 4

3
9 - 5

7
3

)
IN

T
E

R
N

A
T

IO
N

A
L

 B
R

A
Z

 J U
R

O
L



EdITOR-IN-CHIEF

INTERNATIONAL - EdITOR

Fernando Kim
Editor Internacional

University of Colorado,
Denver, CO, USA

REVISIONS
Gustavo Carvalhal
Pontifícia Universidade 
Católica, Rio Grande do Sul, 
RS, Brazil

INTERNACIONAL

BRAZ J UROL

ASSOCIATE EdITORS

SECTION EdITORS

Sidney Glina
ABC Medical School,

Luciano A. Favorito
Associate Editor
State Univ of Rio de Janeiro
Rio de Janeiro, Brazil

Paulo Monti
Federal University of 
Triângulo Mineiro, 
MG, Brazil 

Sandro Esteves
Associate Editor
Androfert, SP, Brazil

BASIC SCIENCE
Leopoldo A. Ribeiro Filho
State University of Sao Paulo,
SP, Brazil

SEXUAL MEdICINE
Ernani L. Rhoden
Federal Foundation of 
Med Sci, RS, Brazil

NEUROUROLOGy
Dr. Flavio Trigo Rocha
School of Medicine USP,
SP, Brazil

FEMALE UROLOGy
Joao Luiz Amaro
Paulista University, UNESP
Botucatu, SP, Brazil 

INFERTILITy
Marcello Cocuzza
School of Medicine USP,
SP, Brazil

ONCOLOGy
Lucas Nogueira
Federal University of
Minas Gerais,
MG, Brazil

Antonio A. Ornellas
National Cancer Institute 
Rio de Janeiro,
RJ, Brazil

Marcus V. Sadi
Federal University of
Sao Paulo - UNIFESP,
SP, Brazil

OFFIC IAL JOURNAL OF THE BRAZ IL IAN SOCIETY OF UROLOGY -  SBU

PEdIATRIC UROLOGy
Adriano Calado
University of Pernambuco
UPE, PE, Brazil

UROPATHOLOGy
Athanase Billis
University of Campinas,
Unicamp, SP, Brazil

BENIGN PROSTATE dISEASE
Fernando G. Almeida
Federal Univ of Sao Paulo,
SP, Brazil
 



RECONSTRUCTIVE UROLOGy
Andre G. Cavalcanti
Souza Aguiar Hospital,
Rio de Janeiro, Brazil
 

CLINICAL CASES
Leonardo O. Reis
University of Campinas,
Unicamp, SP, Brazil

VIdEO SECTION
Philippe E. Spiess
H. Lee Moffi tt Cancer Center
Tampa, Florida, USA

LITHIASIS
Valdemar Ortiz
Federal University of
Sao Paulo, SP, Brazil
 

LAPAROSCOPy ANd ROBOTICS
Dr. Cassio Andreoni
Federal University of
Sao Paulo, SP, Brazil

TRANSPLANT
Dr. William Nahas
School of Medicine USP,
SP, Brazil
 

RAdIOLOGy PAGE
Erich K. Lang
Johns Hopkins Medical Institutions
Baltimore, Maryland, USA

CONSULTING EdITORS 

A. Lopez-Beltran
Cordoba University Sch Med
Cordoba, Spain 

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

Adilson Prando
Vera Cruz Hospital
Campinas, SP, Brazil
   
A.J. Stephenson
Cleveland Clinic
Cleveland, OH, USA
    
Ahmed I. El-Sakka
Suez Canal University Sch Med
Ismailia, Egypt 
    
Alan M. Nieder
Columbia University
Miami Beach, FL, USA
    
Alexandre L. Furtado
Coimbra University Hospital
Coimbra, Portugal
 
Allen F. Morey
Univ. Texas SW Med. Ctr.
Dallas, Texas, USA
    
Andreas Bohle
Helios Agnes Karll Hospital
Bad Schwartau, Germany 
 
Anthony J. Schaeffer
Northwestern University
Chicago, IL, USA

Antonio C. Martins
State Univ of Sao Paulo
Ribeirao Preto, SP, Brazil  

Antonio C. L. Pompeo
ABC Medical School,
SP, Brazil 
    
Antonio Corrêa Lopes Neto
ABC Medical School,
SP, Brazil 
 
Antonio Macedo Jr.
Federal Univ of Sao Paulo
Sao Paulo, SP, Brazil
  
A. Marmo Lucon
Univ of Sao Paulo, USP
Sao Paulo, Brazil

Anuar I. Mitre
University of Sao Paulo, USP, 
Sao Paulo, Brazil 

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

Ashok Agarwal
Cleveland Clinic Foundation
Cleveland, Ohio, USA

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

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

Boris Chertin
Shaare Zedek Med Ctr
Jerusalem, Israel

C. F. Heyns
University of Stellenbosch
Tygerberg, South Africa

Claudio Teloken
FFFCMPA - Porto Alegre,
RS, Brazil  
   
Donna M. Peehl
Stanford University Sch Med
Stanford, CA, USA
    
Erik Busby
University of Alabama
Birmingham, AL, USA  
  
Eugene Minevich
Univ of Cincinnati Med Ctr
Cincinnati, OH, USA
    
Evangelos N. Liatsikos
University of Patras
Patras, Greece 

F. Hadziselimovic
Ktk-Kindertagesklinik
Liestal, Switzerland

Fabio Lorenzetti
Clinic Hospital
Caieiras, Sao Paulo, Brazil 
 
Fabio Pasqualotto
Univ of Caxias do Sul
RS, Brazil

Ferdinand Frauscher
Medical University Innsbruck
Innsbruck, Austria

Fernand Labrie
Laval University Med Ctr
Quebec, Canada
    
Fernando Pires Vaz
Hosp. Serv. the State of
Rio de Janeiro, RJ, Brazil
    
Francisco T. Denes
University of Sao Paulo, USP, 
Sao Paulo, Brazil 
 
Franklin C. Lowe
Columbia University
New York, NY, USA 
   
Glenn M. Preminger
Duke University Medical Ctr
Durham, NC, USA

Guido Barbagli
Ctr Urethral & Genitalia Sur-
gery, Arezzo, Italy

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

Homero Bruschini
University of Sao Paulo, USP
Sao Paulo, SP, Brazil

Hubert Swana 
Nemours Children’s Clinic 
Orlando, Florida, USA

INTERNACIONAL

BRAZ J UROL



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

Jack W. McAninch
Univ California San Francisco
San Francisco, CA, USA

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

Jeffrey A. Cadeddu
Univ of Texas Southwestern
Dallas, Texas, USA

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

Jens Rassweiler
University of Heidelberg
Heilbronn, Germany

Joaquim A. Claro
Federal Univ of Sao Paulo
Sao Paulo, Brazil

John Denstedt
University of Western Ontario
London, ON, Canada

John M. Fitzpatrick
Mater Misericordiae Hospital
Dublin, Republic of Ireland

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

Jose Carlos Truzzi
University of Santo Amaro
Sao Paulo, SP

Jose Edson Pontes
Wayne State University
Detroit, MI, USA

Jose J. Correa 
Ces University 
Medellin, Columbia

Judd W. Moul
Duke University Med Ctr
Durham, NC, USA

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

Julio Pow-Sang
Moffi tt Cancer Center
Tampa, Florida, USA

K. Mutaguchi
Hiroshima University Med Sci
Hiroshima, Japan

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

Karl-Dietrich Sievert
University of Tuebingen
Tuebingen, Germany

Katia R. M. Leite
University of Sao Paulo, USP
Sao Paulo, SP, Brazil

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

Liang Cheng
Indiana Univ Sch Medicine, 
Indianapolis, IN, USA

Lisias N. Castilho
Catholic University
Campinas, SP, Brazil

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

Luiz E. M. Cardoso
State Univ of Rio de Janeiro
Rio de Janeiro, RJ, Brazil

Luiz F. Poli de Figueiredo
University of São Paulo
São Paulo, SP, Brazil

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

M. Manoharan
University of Miami Sch Med
Miami, FL, USA

Manoj Monga
Cleveland Clinic
Cleveland, OH, USA

Marcos F. Dall’Oglio
University of Sao Paulo, USP
Sao Paulo, Brazil

M. Tobias-Machado
ABC Medical School
Sao Paulo, SP, Brazil

Margaret S. Pearle
Univ of Texas Southwestern
Dallas, Texas, USA

Matthew C. Biagioli
Moffi tt Cancer Center 
Tampa, Florida, USA

Mauricio Rubinstein
Federal University State RJ
Rio de Janeiro, RJ, Brazil

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

Monish Aron
Cleveland Clinic Foundation
Los Angeles, CA, USA

Monthira Tanthanuch
Prince of Songkla University,
Haad Yai, Thailand

Nestor Schor
Federal Univ of Sao Paulo
Sao Paulo, SP, Brazil

Paulo Rodrigues
Hospital Benef Portuguese of 
Sao Paulo, SP, Brazil

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

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

Renan Ufl acker
Medical Univ South Carolina
Charleston, SC, USA

Ricardo Miyaoka
State Univ. Campinas
Campinas, SP, Brazil

Richard A. Santucci
Wayne State University
Detroit, MI, USA

Rodolfo Borges
Faculty of Medicine of Ri-
beirao Preto, SP, Brazil

Rodolfo Montironi
Polytechnic Univ of Marche 
Region, Ancona, Italy

Roger R. Dmochowski
Vanderbilt Univ Sch Med, 
Nashville, Tennessee, USA

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

Serge Carreau
University of Caen Basse- Nor-
mandie, Caen, France

Sharokh F. Shiriat
Weill Cornell Medical
College, USA

Silvio Tucci Jr.
State University of Sao Paulo
Riberao Preto, Brazil

Simon Horenblas
Inst Antoni, Amsterdam,
The Netherlands 

Sittiporn Srinualnad
Faculty of Medicine Siriraj 
Hospital, Bangkok, Thailand

Stephen Y. Nakada
University of Wisconsin
Madison, WI, USA

Tariq Hakki
Univ. of South Florida
Tampa, FL, USA

Truls E. Bjerklund Johansen
Aarhus University Hospital
Aarhus, Denmark

Ubirajara Ferreira
State University of
Campinas, Sao Paulo, Brazil

Vincent Delmas
Universite Rene Descartes
Paris, France

V. R. Patel
University of Central Florida, 
USA

Wade J. Sexton 
Moffi tt Cancer Center 
Tampa, Florida, USA

INTERNACIONAL

BRAZ J UROL



Waldemar S. Costa
State Univ of Rio de Janeiro
Rio de Janeiro, Brazil

Wassim Kassouf 
McGill University 
Montreal, Canada

INTERNACIONAL

BRAZ J UROL

The authored articles and editorial comments, opinions, fi ndings, conclusions, or recommendations in the International Braz J Urol are solely those of the 
individual authors and contributors, and do not necessarily refl ect 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 verifi cation 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 Bambina, 153 — 22251-050 — Rio de Janeiro — RJ — Brazil
Tel.: + 55 21 2539-6787; Fax: + 55 21 2246-4088; E-mail: brazjurol@brazjurol.com.br

Editorial and Graphic Composition
J Sholna Reproduções Gráfi cas Ltd.

PROdUCTION EdITOR
Bruno Nogueira

EdITOR EdITORIAL ASSISTANT
Ricardo de Morais

http://www.brazjurol.com.br

Manuscript submission: submission@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.

The International Braz J Urol is partially supported
by the Ministry of Science and Technology. National 
Council for Scientifi c and Technological Development.

The International Braz J Urol, ISSN: 1677-5538 (printed version) and ISSN: 1677-6119 (electronic version) is the Offi cial Journal of the Brazilian Society of 
Urology– SBU, has a circulation of 6,000 copies per issue and is published 6 times a year (bimonthly, starting in January - February).
The issue date is up to 2 weeks after the month of issuefor the hard copy and up to 1 week after the month of issue for the electronic version. 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, ISI - Current Contents / Clinical Medicine and Science Citation Index Expanded.

Wilfrido Castaneda
University of Minnesota
Minneapolis, MN, USA

Wolfgang Weidner
Justus-Liebig Univ Giessen
Giessen, Germany

Alberto Gentile (Founder)
(1975 - 1980)

Lino L. Lenz
(1981)

Rubem A. Arruda
(1982 - 1983)

Wojtek Rowinski
Univ of Warmia and Mazury
Olsztyn, Poland

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 -           )

 



CONTENTS

Editor’s Comment

S. Glina
________________________________________________________________________ 

    REVIEW ARTICLE

The prevalence of prostate cancer in Brazil is higher in Black men than in White men: 
systematic review and meta-analysis

Frederico R. Romero, Antonio W. Romero, Rui Manuel S. de Almeida, Renato 
Tambara Filho
________________________________________________________________________

     ORIGINAL ARTICLE

Antegrade pressure measurement of urinary tract in children with persistent hydronephrosis 

Patrícia Traballi de Carvalho Pegolo, Marcio Lopes Miranda, Sheila Kim, Antonio 
Gonçalves de Oliveira Filho, Leonardo Oliveira Reis, Joaquim Murray Bustorff Silva
________________________________________________________________________

Immunohistochemical expression of CD44s in renal cell carcinoma lacks independent 
prognostic signifi cance

Walter Henriques da Costa, Rafael Malagoli Rocha, Isabela Werneck da Cunha, Gustavo 
Cardoso Guimaraes, Stenio de Cássio Zequi
________________________________________________________________________

Immune expression of E-cadherin and α, β and γ-Catenin adhesion molecules and 
prognosis for upper urinary tract urothelial carcinomas

Ömer Gülpınar, Ahmet H. Halilioğlu, Mehmet İlker Gökçe, Çagatay Göğüş Sümer Baltacı
________________________________________________________________________

The value of perioperative mitomycin C instillation in improving subsequent bacillus 
calmette-guerin instillation efficacy in intermediate and high-risk patients with non-
muscle invasıve bladder cancer: a prospective randomized study

Ömer Gülpınar, Ahmet H. Halilioğlu, Mehmet İlker Gökçe, Çagatay Göğüş Sümer Baltacı
________________________________________________________________________

Clampless laparoscopic partial nephrectomy: a step towards a harmless nephron-sparing 
surgery?

Francesco Porpiglia, Riccardo Bertolo, Ivano Morra and Cristian Fiori
________________________________________________________________________

Volume 38 | number 4 | July . August, 2012  |  INT BRAZ J UROL

439

440

448

456

466

474

480



441

PCA3 Score and Prostate Cancer Diagnosis at Repeated Saturation Biopsy. Which cut-
off: 20 or 35?

Pietro Pepe, Filippo Fraggetta, Antonio Galia, Giorgio Skonieczny, Francesco Aragona
________________________________________________________________________

Early outcomes of laparoscopic donor nephrectomy with multiple renal arteries

Fernando Meyer, Sandro A. Nichele, Ari Adamy, Luiz Sergio Santos, Christiano Machado 
(Editorial Commnent by Dr. José Genilson Alves Ribeiro)
________________________________________________________________________

Efficacy and safety of percutaneous nephrolithotomy (PCNL): a prospective and 
randomized study comparing regional epidural anesthesia with general anesthesia

T. Tangpaitoon, C. Nisoog, B . Lojanapiwat
________________________________________________________________________

Twenty-five milligrams of clomiphene citrate presents positive effect on treatment of 
male testosterone deficiency – a prospective study

Carlos Teodósio Da Ros, Márcio Augusto Averbeck
________________________________________________________________________

Influence of strict sperm morphology on the results of classic in vitro fertilization

Milton Ghirelli-Filho, Françoise Elia Mizrahi, Antonio Carlos Lima Pompeo, Sidney Glina 
(Editorial Commnent by Dr. Ricardo Miyaoka)
________________________________________________________________________

Structural alterations of foreskin caused by chronic smoking may explain high levels of 
urethral reconstruction failure using foreskin flaps

João P. Rosado, Luciano A. Favorito, Andre G. L. Cavalcanti, Waldemar S. Costa, Luiz E. 
M. Cardoso, Francisco J. B. Sampaio
________________________________________________________________________

Expression of VEGF and collagen using a latex biomembrane as bladder replacement in 
rabbits

André Luís Alonso Domingos, Sérgio Britto Garcia, José de Bessa Jr., Marcelo Ferreira 
Cassini, Carlos Augusto Fernandes Molina, Silvio Tucci Junior
________________________________________________________________________

Characterization of the Deposition of Collagen Fibers and Lithogenic Potential in Bladder 
of Rats Submitted to a Sugar Cane Biopolymer Graft

Arlindo Monteiro de Carvalho Junior, Marina Moura Santos, Beda Barros Barkokébas, 
José Lamartine de Andrade Aguiar, Salvador Vilar Correia Lima, Miriam Dambros
________________________________________________________________________

INT BRAZ J UROL     contents

489

496

504

512

519

529

536

544



442

Influence of oxidative stress on inducing micturition dysfunction following chronic 
infravesical obstruction and the protective role of an antioxidant diet – association of
in vivo and in vitro studies in rats 

Sérgio Bisogni, Fabio Thadeu Ferreira, Arnaldo Amstalden Neto, Leandro Oliveira Chiarelli, 
Valdemar Ortiz

________________________________________________________________________

     RAdIOLOGy PAGE

Microscopic hematuria and pelvic congestion syndrome in a patient with cirrhosis

Erich K Lang, Quan D Nguyen, Matthew H Smith, Karl Zhang

________________________________________________________________________

CT Diagnosis of Foreign Body in Urinary Bladder after Surgical Management of Stress 
Urinary Incontinence

Han-Jui Lee, Tzu-Pin Lin, Shu-Huei Shen, Jia-Hwia Wang

________________________________________________________________________

     VIdEO SECTION

Ventral Phalloplasty

Tariq S. Hakky, Alejandro R. Rodriguez, Justin Parker, Jorge L. Lockhart, John Honeymeyer 
III, Rafael E. Carrion (Editorial Commnent by Dr. Hubert Swana)

________________________________________________________________________

     LETTER TO ThE EdITOR

Re: Video-assisted left inguinal lymphadenectomy for penile cancer

Alexandre Stievano Carlos, Leonardo Oliveira Reis, Marcos Tobias-Machado

________________________________________________________________________

   INFORMATION FOR AUThORS

INT BRAZ J UROL     contents

552

561

563

565

567

569



439

What does lead an author to submit his or her research to a journal? Probably the 
impact factor (IF) is a number one consideration. However the impact factor is directly 
correlated to the rejection rate of a journal which means that is very hard to get a paper 
published in a journal with a high IF. Furthermore, editors of IF-driven journals try to select 
highly cited areas to publish.

 Other factors that are important to the investigator are a high visibility of the jour-
nal, a short time between submission and publication and a friendly submission process.

 IBJU IF for 2011 was 1.04, which is very reasonable among Brazilian journals and 
we are making some changes, which will increase our attractiveness to authors. IBJU is 
already an open-access journal with submissions at no cost, which gives a great exposi-
tion to the published papers; furthermore, we just created a Ahead of Print section which 
will permit that a manuscript can be launch in the website, and consequently indexed, as 
soon as it has been approved through the peer-review. This will decrease substantially the 
publication time.

 Finally we will move our submission process to an electronic one in the near 
future through an electronic program called Scholar One,. This change will be possible be-
cause a initiative of SciELO, who is offering this support at no cost to the Brazilian journals 
who are in SciELO’s database. IBJU Editors have been considering to move to an electronic 
submission program for a long time and thank to SciELO we will do it without any expense 
to the Brazilian Society of Urology.

 We are increasing the tools that can attract more good papers to IBJU, which in 
the end will increase our IF. In this competitive editorial word IBJU is more and more ready 
to be a winner!

Enjoy our journal!

Volume 38 | number 4 | July . August, 2012  |   INT BRAZ J UROL
EDITOR’S

COMMENT

Editor-In-Chief
Internacional Braz J Urol

Dr. SiDney Glina
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REVIEW ARTICLE

INTROdUCTION

Prostate cancer is the most common 
form of noncutaneous cancer in men and the 

second leading cause of male cancer mortal-
ity. The incidence of prostate cancer varies ac-
cording to racial/ethnic differences in several 
countries (1). The estimated incidence of pros-

Background: Black men have a higher incidence of prostate cancer compared with 
White men in several countries. In Brazil, most studies reported a similar prevalence 
of prostate cancer between Blacks and Whites as a result of the high race mixture 
of the population.
Objective: To perform a systematic review with meta-analysis of the prevalence of 
prostate cancer in Black versus White, Brown versus White, and Black versus Brown 
Brazilian men.
Design, Setting, and Participants: This systematic review included cohort, cross 
sectional and case-control studies comparing the prevalence of prostate cancer be-
tween races in Brazil. It was performed using an electronic search of references in 
bibliographic databases, and dissertations and theses databases from several Brazil-
ian hospitals, universities, and schools of medicine. Meta-analysis was conducted 
using the RevMan software from the Cochrane Collaboration. To control for poten-
tial confounding variables, sensitivity analyses excluding case-control and cross 
sectional studies were performed.
Measurements: The outcomes of interest included the number of participants, prev-
alence of prostate cancer, and odds ratio of cancer between Black and White men, 
Brown and White men, and Black and Brown men.
Results and Limitations: : Twelve studies approaching the prevalence of prostate 
cancer in Black or Brown vs. White men in Brazil were identifi ed, totalizing 41388 
participants. The prevalence of prostate cancer was 9.6% in Black vs. 5.6% in White 
men (OR 1.58), 10.1% in Black vs. 6.7% in Brown men (OR 1.43), and 6.7% in Brown 
vs. 6.6% in White men (OR 1.14).  Limitations of this review refl ect the complexity 
and ambiguity in the defi nition of who is Black and who is not in such an hetero-
geneous population like the Brazilian people.
Conclusions: This systematic review with meta-analysis demonstrates a higher 
prevalence of prostate cancer in Black men compared to White or Brown Brazilian 
men. The prevalence of prostate cancer is similar in Brown versus White men. 

The prevalence of prostate cancer in Brazil is higher in 
Black men than in White men: systematic review and 
meta-analysis
_______________________________________________
Frederico R. Romero, Antonio W. Romero, Rui Manuel S. de Almeida, Renato Tambara Filho

Hospital de Clínicas da Universidade Federal do Paraná (FRR, RTF), Curitiba, Faculdade Assis Gurgacz 
(FAG) (FRR,RMSA), Cascavel and Hospital Policlínica Cascavel (FRR, AWR), Cascavel, Brazil

ABSTRACT         ARTICLE INFO_______________________________________________________________     _____________________

Key words: 
Epidemiology; Prevalence; 
Prostatic neoplasms; Race 
relations

Int Braz J Urol. 2012; 38: 440-7

________________

Submitted for publication:
July, 21, 2011

________________

Accepted after revision:
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IBJU | Prostate cancer in Brazil in Black and white men

tate cancer in Brazil was 54 per 100,000 men 
in 2010 (2).

Black men have a higher incidence com-
pared with White men, particularly in North 
America (1,3,4) and the stage of prostate cancer at 
diagnosis may be more advanced in Black patients 
(5-10). American Urological Association recom-
mends that African American men that wish to 
be tested, together with those men with first-de-
gree relatives with prostate cancer history, should 
begin prostate cancer screening at the age of 40. 
White men and those with no family history may 
begin screening at 45 years of age.

In Brazil, most published studies did not 
demonstrate statistically significant difference in 
the prevalence of prostate cancer between White 
and Black patients.(11-16) These results have been 
frequently attributed to the high race mixture in-
dex of the Brazilian population as a consequence 
of centuries of interethnic crosses between Europe-
ans, Africans, and Amerindians; as well as the use 
of different methodology to classify individuals 
into racial groups and the inaccuracy in stratifica-
tion of race using skin color (3,5,11-13,15,17,18).

In contrast to the bifurcated US model, where 
Blacks and Whites are clearly separate groups, with 
Blacks defined as those with any African ancestry 
(“one-drop” or hypodescent rule), racial classifica-
tion in Brazil is far more complex, ambiguous, and 
fluid. The Brazilian model includes an intermediate 
Brown (pardo) category along a white-to-black col-
or continuum, often used as a proxy for mulattos or 
persons with White and Black admixture (19). The 
2010 Census demonstrated that 43.7% of Brazilian 
men self-reported to be Brown.

The primary objective of this systematic 
review with meta-analysis is to evaluate odds ra-
tio and confidence intervals of the prevalence of 
prostate cancer in Black men compared to White 
men in Brazil. Secondarily, we evaluated if there 
is distinction of the prevalence of prostate cancer 
in Black versus Brown, and Brown versus White 
Brazilian men.

MATERIALS ANd METhOdS

This review included cohort, cross-sec-
tional and case-control studies comparing the 

prevalence of prostate cancer between Black and 
White men, Brown and White men, and Black 
and Brown men in Brazil. Participants were men 
older than 40 years undergoing population or 
community-based prostate cancer screening, 
men attending a Urology service in a hospital 
or an outpatient basis, or the records of prostate 
biopsy and cancer from hospitals, clinics, labo-
ratories, and autopsy services.

The review was performed using the fol-
lowing databases: BIREME, CAPES, LILACS, 
PUBMED, scholar Google, and SciELO. The fol-
lowing Mesh search headings were used: “pros-
tate cancer screening, and Brazil”, “prostate can-
cer, race, and Brazil”, “prostate cancer, ethnic, 
and Brazil”, “prostate cancer, black, and Brazil”, 
“prostate cancer, white, and Brazil”, and “pros-
tate cancer, epidemiology, and Brazil”. The “re-
lated articles” function was used to broaden the 
search, and all abstracts, studies, and citations 
scanned were reviewed.

A search was also performed in disserta-
tions and theses databases available on-line from 
several Brazilian hospitals, universities, and schools 
of medicine, including: HOSPITAL A.C. Camargo, 
INCA (National Cancer Institute), PUC Brasília 
(Catholic University of Brasilia), PUC-PR (Catholic 
University of Parana), PUC-RS (Catholic University 
of Rio Grande do Sul), PUC-SP (Catholic University 
of Sao Paulo), UERJ (State University of Rio de Ja-
neiro), UFBA (Federal University of Bahia) , UFJF 
(Federal University of Juiz de Fora), UFMA (Federal 
University of Maranhao), UFMG (Federal Univer-
sity of Minas Gerais), UFMS (Federal University of 
Mato Grosso do Sul), UFPel (Federal University of 
Pelotas, RS), UFPR (Federal University of Parana), 
UFRB (Federal University of Bahia Reconcavo), 
UFRGS (Federal University of Rio Grande do Sul), 
UFRJ (Federal University of Rio de Janeiro), UFRN 
(Federal University of Rio Grande do Norte), UNB 
(University of Brasilia), UNESP (University Estad-
ual Paulista), UNICAMP (University of Campinas), 
UNIFESP (Federal University of Sao Paulo), and 
USP (University of Sao Paulo).

References of all pertinent manuscripts were 
manually searched for additional possibilities.

To enter the review, studies had to be con-
ducted in a Brazilian population and to compare 
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the prevalence of prostate cancer in Black or Brown 
versus White men. A Microsoft® Excel® database 
was specifically design for study purposes. The fol-
lowing information were collected: study design, 
number of participants, prevalence of prostate can-
cer, methodology of data collection, racial/ethnic/
color definition, and effect estimates with 95% con-
fidence intervals (95% CI). We excluded the studies 
in which any of the outcomes of interest was not 
reported or could not be calculated based on the 
published results.

Meta-analysis was conducted using the Re-
view Manager software (version 5) from the Co-
chrane Collaboration, and a pooled odds ratio was 
calculated as a standard plot with 95% CI using the 
Mantel-Haenszel method. 

The degree of statistical homogeneity be-
tween the studies was assessed by using the modi-
fied chi-square test (Cochran´s Q) which, by conven-
tion, indicates the presence of heterogeneity when 
p>0.10. When there was no heterogeneity between 
individual trials, a fixed-effect model was used. If 
heterogeneity was present, a random-effect model 
was used. To control for potential confounding vari-
ables, sensitivity analyses excluding case-control 
and cross sectional studies were performed.

To evaluate for potential publication bias on 
the results of our meta-analysis, we constructed a 
funnel plot as a quality-control assessment.

RESULTS

We identified 12 studies approaching the 
prevalence of prostate cancer in Black versus White 
men in Brazil: seven cohort studies with a median 
number of 970 men (range 304 to 2697); four cross 
sectional studies with a median number of 186 men 
(range 119 to 300); and one case-control study with 
29,460 men.

The average prevalence of prostate can-
cer was 5% (range 1.3% to 16.6%) in the popu-
lation undergoing screening (cohort studies). In 
the studies evaluating prostate biopsy/pathology 
specimens (cross sectional and case-control stud-
ies) the prevalence of prostate cancer was 17.4% 
(range 6.3% to 34.0%).

Four studies in this systematic review 
used self-identification (color choice made by 

the respondent) as the methodology to classify 
the participants in different racial/ethnic groups 
(5,14,15,20). All other studies apparently used 
hetero-identification (color attribution assigned 
by the interviewer to the respondent).

Some studies included as Black people 
who were classified as Brown or Black,(3,11,12) 
and others grouped in the Black category all non-
White participants.(15,20-22) One study included 
as Black individuals with all kinds of skin pig-
mentation if they had African ancestry.(5).

 Overall, the prevalence of prostate cancer 
in 2740 Black men was 9.6%, compared to 5.6% 
in 35506 White men (OR 1.58, CI 95% 1.25-1.98, 
p for overall effect <0.05, p for heterogeneity 
>0.10, Figure -1).

 Based on five studies that evaluated the 
prevalence of prostate cancer in Brown men inde-
pendently (3,5,11,12), the prevalence of prostate 
cancer was 10.1% in 1757 Black men, compared 
to 6.7% in 2568 Brown men (OR 1.43, CI 95% 
1.14-1.79, p for overall effect <0.05, p for hetero-
geneity >0.10). Odds ratio of prostate cancer in 
Brown versus White men was 1.14 (CI 95% 0.78-
1.67, p for overall effect >0.05, p for heterogene-
ity >0.10, Figure-2).

 When only the best quality (cohort) stud-
ies were analyzed, excluding case-control and 
cross sectional studies, odds ratio of prostate can-
cer prevalence in Black men versus White men was 
1.73 (CI 95% 1.18-2.54, p for overall effect <0.05, 
p for heterogeneity >0.10); Black versus Brown, 
1.50 (CI 95% 1.02-2.19, p for overall effect <0.05, p 
for heterogeneity >0.10); and Brown versus White, 
1.07 (CI 95% 0.57-2.00, p for overall effect >0.05, p 
for heterogeneity >0.10, Figure-3).

Figure-4 show the funnel plot analysis to 
evaluate for potential publication bias. The shape 
of the funnel plot seemed to be asymmetrical, 
suggesting that potential publication bias might 
affect the findings of our meta-analysis.

dISCUSSION

Given the uncertainty about the benefits 
of population-based screening, informed decision 
making about prostate cancer screening, provid-
ing individual patients with current information 
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Figure 1 – Comparison between the prevalence of prostate cancer in Black versus White men in Brazil.

Figure 2 – Comparison between the prevalence of prostate cancer in Black versus Brown and Brown versus White Brazilian men.
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including the benefits and risks is recommended by 
several urological associations and agencies around 
the world. Orientation should include early diagno-
sis, the risks of overdiagnosis and overtreatment, as 
well as documented risk factors such as age, family 
history, and race/ethnicity.

In Brazil, most published studies did not 
separately demonstrate a statistically significant 
difference in the prevalence of prostate cancer in 
Black versus White patients (11-16,21,22). Not-
withstanding, several of these studies showed a 
tendency toward a higher prevalence of prostate 
cancer in Black men (11,13,21), suggesting that a 
low sample bias may have been responsible for 
non-significant statistical results.

Figure 3 – Comparison of cohort studies evaluating the prevalence of prostate cancer in Black versus White, Brown versus 
White, and Black versus Brown men in Brazil.

Figure 4 – Funnel plot of all studies, including cohort, case-
-control, and cross-sectional studies.
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According to the sample size estimator 
with continuity correction factor by Fleiss, the 
minimum number of participants necessary for 
statistical significance with a level of confidence 
of 95% among 6/12 studies retrieved in this sys-
tematic review would have to be between 1,064 
and 25,698 participants. With a median popula-
tion of 910 (range 119 to 29460) participants in 
the studies identified in this systematic review, 
the sample sizes of most studies were not large 
enough for statistical significance.

Taken together, these studies provided that 
the prevalence of prostate cancer in Brazil is 58% 
higher in Blacks, and 43% higher in Browns, com-
pared to White men, with a confidence level of 95%.

Interestingly, funnel plot analysis of the 
present meta-analysis indicated publication bias, 
even though this effect refers to the tendency of 
reporting results that are positive, and 9/12 se-
lected studies in this meta-analysis had negative/
inconclusive results.

When sensitivity analyses excluding case-
control and cross sectional studies were per-
formed, the results showed a sound 73% higher 
prevalence of prostate cancer in Black men com-
pared to White men in Brazil, similar to several 
studies from the United States, Canada, Caribbe-
an, and England.(3,4,6,22,23).

The exclusion of case-control and cross-
sectional studies maintained a higher prevalence 
of prostate cancer in Black versus Brown men, 
but demonstrated a similar prevalence between 
Brown and White men. These outcomes may 
be partially explained by the scarce number of 
studies evaluating racial/ethnic/color influences 
on prostate cancer prevalence in Brazil, and the 
relatively small sample size in each study, espe-
cially for a cancer prevalence of 1.3% to 5.7% 
and a median proportion of Black and Brown 
participants of only 11.4% and 19%, respectively 
(5,11,12,13,17).

Other limitation of this review reflects the 
complexity and ambiguity of the definition of 
who is Black and who is not in such an hetero-
geneous population like the Brazilian people. In 
Brazil, race/ethnic origin is usually based on skin 
color and other physical characteristics such as 
facial features, hair texture, and the shape of the 

lips and nose. Race, ethnicity, and color are fre-
quently used interchangeably (19,21). However, 
anthropometric features are considered a poor 
indication of ancestry because these oligogenic 
traits are believed to have emerged as adapta-
tions to geographical selective factors such as 
solar radiation and heat (18). In contrast with the 
situation in the US and Europe, there appears to 
be no racial descent rule operational and it is 
possible that two siblings differing in color be 
assigned to completely diverse racial/ethnic cat-
egories (18,24).

At the same time, Brazilian approaches to 
race have had significant implications on individ-
uals’ economic conditions, with the Black popula-
tion having a less favorable social situation, with 
lower access to education, poorer conditions of 
living, higher unemployment rates, and decreased 
income. As a result of the widespread social prej-
udice and discrimination, wealthy people with a 
darker complexion usually associate their skin 
color with Amerindian rather than African ances-
try, and a large study showed that only about 10% 
of black Brazilians consider themselves of African 
origin (24), although it is known there is a large 
number of Brazilians that do have some African 
ancestry (5). Therefore, the terms “African Brazil-
ian” and “African descendent”, commonly used in 
North-America, are usually restricted to formal 
discourse in Brazil, and they are almost never used 
in informal language (18,21,24).

Although there is an enormous variety of 
racial/ethnic/color terms in use in Brazil (19), the 
established color categories in the Brazilian cen-
sus since 1940 are White, Black, Brown, and Yel-
low. Brown is used for all those colors that do not 
fit the Black, White, or Yellow variables (21,25). 
In practical terms, it describes people who have a 
skin darker than Whites and lighter than Blacks, 
but not necessarily implies a Black-White mixture 
since it may include Amerindians descendants. 
Therefore, the Brown category may be subdivid-
ed in several groups such as mulattos (Black and 
White origin), caboclos (Amerindian and White 
origin), and cafuzos (Amerindian and Black ori-
gin). Brown individuals may also be grouped to-
gether with Blacks as Negro or Black, but there is 
still no consensus in the Brazilian society (19,25). 
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As a reflex of this controversy, the studies identi-
fied in this systematic review used different cri-
teria to classify men in the diverse racial/ethnic/
color groups.

Another limitation of this review concerns 
to the methodology of classification in each color 
category. In Brazil, where race/ethnic/color cate-
gories are abstract, having been constructed from 
a combination of physical characteristics, social 
status, and regional origin, the objectivity of color 
attribution is questionable, with respondents (self-
identification) and interviewers (hetero-identifica-
tion) being risked to change their response from 
one interview to another(19,21,25). Responses 
may reflect the social meaning that color holds 
either for those collecting the data or for those 
interviewed, what may have been responsible for 
the tendency in the growing proportion of Bra-
zilians who self-report to be Brown in the last 
decade. Furthermore, the color of the interview-
er may influence the classification process. One 
study showed that 89.3% percent of subjects were 
identified as White by a white staff, while a black 
staff identified only 26.2% of those same subjects 
as being White (25).

Implications of the present study include 
the guidance for a larger sample size in future sur-
veys evaluating the prevalence of prostate cancer 
in different race/ethnic/color groups. More objec-
tive forms of classification including skin reflec-
tance spectrophotometry may be used to avoid 
bias, although measuring only skin pigmentation 
fails to take into considerations other qualities 
that contribute to the complex color trait (18). Up-
coming studies should also evaluate the possible 
risk factors for the higher prevalence of prostate 
cancer in the Black male population in Brazil and 
other South-American countries, and whether 
there is a difference between Black and White 
men regarding PSA values, staging and grading of 
prostate cancer at diagnosis, and the risk of dying 
from prostate cancer.

Although the best method to qualify an in-
dividual race/ethnic origin is based on the compo-
sition of nuclear and mitochondrial DNA (5), this 
review shows evidence that the intricate, com-
monly used classification of race/ethnic origin us-
ing skin color and anthropometric features may be 

clinically useful for prostate cancer risk stratifica-
tion in Brazil.

CONCLUSIONS

This systematic review with meta-analysis 
demonstrates a higher prevalence of prostate can-
cer in Black men compared to White men in Bra-
zil. Secondarily, the prevalence of prostate cancer 
is higher for Black versus Brown Brazilian men. 
The prevalence of prostate cancer is similar in 
Brown versus White men.
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Introduction: Dilation of urinary tract occurs without the presence of obstruction. Diag-
nostic methods that depend on renal function may elicit mistaken diagnosis. Whitaker 
(1973) proposed the evaluation of urinary tract pressure submitted to constant flow. 
Other investigators proposed perfusion of renal pelvis under controlled pressure, mak-
ing the method more physiological and reproducible. The objective of the present study 
was to evaluate the results of the anterograde pressure measurement (APM) of the uri-
nary tract of children with persistent hydronephrosis after surgery suspected to present 
persistent obstruction.
Materials and Methods: Along 12 years, 26 renal units with persistent hydronephrosis 
after surgery (12 PUJ and 14 VUJ) were submitted to evaluation of the renal tract pres-
sure in order to decide the form of treatment. Previous radionuclide scans with DTPA, 
intravenous pyelographies and ultrasounds were considered undetermined in relation 
to obstruction in 10 occasions and obstructive in 16. APM was performed under ra-
dioscopy through renal pelvis puncture or previous stoma. Saline with methylene blue 
+ iodine contrast was infused under constant pressure of 40 cm H2O to fill the urinary 
system. The ureteral opening pressure was measured following the opening of the sys-
tem and stabilization of the water column.
Results: Among the 10 cases with undetermined previous diagnosis, APM was consid-
ered non-obstructive in two and those were treated clinically and eight were considered 
obstructive and were submitted to surgery. Among the 16 cases previously classified 
as obstructive, nine confirmed obstruction and were submitted to surgery. Seven cases 
were considered non-obstructive, and were treated clinically, with stable DMSA and 
hydronephrosis.
Conclusions: APM avoided unnecessary surgery in one third of the cases and was im-
portant to treatment decision in 100%. We believe that this simple test is an excellent 
diagnostic tool when selectively applied mainly in the presence of functional deficit.

INTROdUCTION

 Dilation of the upper urinary tract is a 
frequent finding in all pediatric ages. The dis-
tinction between obstructive and non-obstructive 

hydronephrosis is challenging for the urologic 
surgeon, mainly in patients already submitted to 
surgical treatment of reflux or obstruction. The 
dynamical diagnostic methods depend on the re-
nal function and on the response to diuretics; in 
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the presence of functional deficit, they may elicit 
mistaken diagnosis (1).
 In 1973, Whitaker (2,3) described the eval-
uation of the urinary tract pressure submitted to 
a constant flow, but with low reproducibility (4) 
and with many criticism (5,6). In order to obtain 
a more physiological evaluation, other investiga-
tors proposed the perfusion of the renal pelvis un-
der controlled pressure, obtaining a more precise 
and sensitive method (7); they defined the ureteral 
opening pressure the one in which the contrast 
surpass the suspected point of obstruction (8).
 After approximately 40 years of study, 
there is still difficulty in ascertain precisely the 
existence of obstruction of the upper urinary tract 
in children with hydronephrosis and renal func-
tion deficit, making obligatory the need of other 
exams as urography and radionuclide renogra-
phy (dynamic scintigraphy with DTPA - 99mTC 
diethylene-triamin-pentacetic acid), the last one 
considered the gold standard test for obstruction 
(9,10). The urological magnetic resonance im-
age combines anatomical and functional aspects 
without the use of radiation and many research-
es advocate that in a short period of time it will 
supersede radionuclide renography; however, its 
higher cost and the need of a collaborative child 
limit its use (11).
 The antegrate pressure measurement 
of the upper urinary tract (APM), although in-
vasive, is an important diagnostic tool for the 
decision-making of forms of treatment of chil-
dren with persistent post-surgical hydronephro-
sis (12). This method is widely used in adults, 
but rarely in children. In our service, it has been 
used in the last decade.
 The present study aims to evaluate the 
role of APM of the renal tract of children with 
persistent post-surgical hydronephrosis suspected 
of the presence of obstruction. We used a modi-
fied protocol of the originally proposed by Whita-
ker (2,3) in order to make it more physiological 
and reproducible.

MATERIALS ANd METhOdS

  This retrospective study was approved by 
the Local Ethical Committee (241/2010) and in-

volved the analysis of the charts of the exams per-
formed in a period of 12 years (1997-2008). Twenty 
and four children (3 months to 15 years old), with 
26 renal units with persistent post-surgical hydro-
nephrosis, 22 of which with low tubular function 
(12 anomalies of the pelviureteric junction – PUJ 
and 14 with anomalies of the vesicoureteric junc-
tion – VUJ) were submitted to 26 APM tests for 
evaluation of obstruction (2 children with bilateral 
anomalies of VUJ). All children were previously 
submitted to surgery for the correction of the de-
tected anomalies, with a median period of time of 
23.5 months and with post-operatory exams (intra-
venous pyelogram, renal ultrasound and 99mTC-
DTPA) considered obstructive or undetermined 
(Table-1). The undetermined pattern included cases 
with low excretion and gross hydronephrosis at 
the pyelogram although with passage of the dye 
beyond the suspected point of obstruction and/or 
functional deficit and low excretion, without ex-
clusion of obstructive pattern at DTPA.
 Children with persistent hydronephrosis 
without obstruction at 99mTC-DTPA were ex-
cluded as well as those who missed ambulatory 
follow-up. Among the selected children, 8 had 
been previously submitted to urinary diversion 
due to distal obstruction. Previous intravenous 
pyelograms, renal ultrasounds and 99mTc-DTPA 
scans showed undetermined pattern in 10 cases 
and obstructive in 16 (Table-1). Hydronephrosis 
was described according to the classification of 
the Society for Fetal Urology (13).

Technique
 The test involved percutaneous puncture of 
renal pelvis with an epidural needle 18 G/1.3 x 80 
mm, under radioscopy (18 renal units) or via stoma 
previously installed (8 renal units) and infusion of 
saline at room temperature (Figure-1). All patients 
were submitted to general anesthesia, placed in lat-
eral oblique recumbency, with an angle of approxi-
mately 45 degrees in relation to the operation table; 
a bladder catheter was inserted and all patients were 
well hydrated. In the patients without previous uri-
nary diversion and hydronephrosis grades III/IV, 
renal pelvis was identified using anatomical refer-
ence points, through a single lumbar puncture, via 
postero-lateral access of the renal cortex in order 
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Figure 1 - Measurement of the Antegrade Pressure of the 
Upper Urinary Tract.

Table 1 - Number of children with persistent hydronephrosis.

PUJ (%) VUJ (%) Total (%)

Renal Units 12 (46.2) 14 (53.8) 26 (100.0)

Prenatal diagnosis 5 (19.2) 4 (15.4) 9 (34.6)

Previous diversion 3 (11.5) 5 (19.2) 8 (30.7)

Pre-APM diagnosis

Obstructive 5 (19.2) 11 (42.3) 16 (61.5)

Undetermined 7 (27.0) 3 (11.5) 10 (38.5)

Hydronephrosis Grade

II 2 (7.7) 1 (3.8) 3 (11.5)

III 1 (3.8) 0(0) 1 (3.8)

IV 9 (34.6) 13 (50.0) 22 (84.6)

to reach the collecting system, avoiding the renal 
hilum lowering the risks of bleeding and leakage of 
urine, below the 12th rib, to avoid pneumothorax.
 Intrarenal pelvis with a lower degree of hy-
dronephrosis was accessed using radioscopy, after 
cystoscopy and ascending pyelogram. The pubic 
symphysis was considered the zero marker for the 
water column and the permeability of the system 
was tested by an increase of the pressure provoked 

by manual compression of the abdominal wall. For 
the infusion, it was used an Y system, using saline 
with methylen blue + iodine contrast (50%), under 
a constant pressure of 40 cm H2O, until the com-
plete filling of the renal tract under fluoroscopy. 
From that moment on, the infusion was stopped 
and the pressure of the renal tract was measured 
after stabilization of the water column.
 The bladder catheter excluded the pressure 
of the lower urinary tract and allowed the observa-
tion of the flow of blue dyed saline. The pressure of 
the system was confirmed lowering the water col-
umn until flow cessation. The results were consid-
ered obstructive when the water column was stable 
and above 14 cm H2O, and non-obstructive, be-
low or equal to 14 cm H2O. Individuals with three 
consecutive measures higher than 14 cm H2O were 
considered obstructed. However, for those with low-
er pressures (< 14 cm H2O), the infusion was main-
tained until the dye surpassed the suspected point 
of obstruction; at that moment, the pressure of the 
system was determined (ureteral opening pressure). 
Radiological characteristics were extremely impor-
tant (anatomical and needle position) for the end-
ing of the test and it was mandatory to be used 
throughout the test. The resistance of the catheters 
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was not considered since the measurement of the 
urinary tract pressure was done intermittently and 
after interruption of the infusion (14).

RESULTS

 From a total of 26 exams, 10 were per-
formed in children with pre-operatory exams with 
undetermined results (Figure-2). In all patients the 
exam was able to discriminate obstructive and 
non-obstructive cases, guiding the choice of treat-
ment. Among the 8 patients with obstruction, with 
median values of 30 cm H2O (10-50 cm H2O), 7 
were reoperated (one ureterostomy, two new py-

 Among the 16 exams performed in patients 
with previous diagnosis of obstruction (ultrasound/
intravenous pyelogram/99mTC-DTPA), in 9 the 
obstruction was confirmed and they were submit-
ted to surgery (1 ureterostomy; 1 pyelostomy; 1 
ureteral meatotomy; 1 ureteral reimplantation; 2 
uretero-uretero-anastomosis; 1 pyelo-pyelic anas-
tastomosis; 1 nephrostomy; 1 new pyeloplasty).
 Seven tests were considered non-obstruc-
tive and clinically treated, without prejudice to 
function (according to DMSA) in a median fol-
low-up of 7 years (Figure-2). Only one renal unit 
(anomaly of PUJ) presented pressure of 16 cm H2O 
and was considered non-obstructive since this was 

Figure 2 - Flowchart of cases and test results.

eloplasties, two uretero-calix-anastomosis and two 
endopyelotomies).
 Only one was submitted to ureteral cathe-
terization due to end-stage renal disease (posterior 
urethral valve). In two patients of this group, the 
test revealed non-obstructive hydronephrosis (10-
14 cm H2O), avoiding unnecessary new surgeries. 
For those patients the treatment of choice was ex-
pectant and they were stable on the follow-up of 3 
and 6 years. The grade of ultrasonographic dilation 
and tubular function (static renal scintigraphy with 
DMSA – dimercaptossuccinic acid) were stable.

a patient with Prune-Belly Syndrome with high 
grade bilateral ureteral reflux. No patient showed 
worsening of renal function during follow-up (10 
months – 12 years, median 63.4 months). When 
studying the nine renal units considered non-ob-
structive after the test and conservatively treated 
(median 77 months), tubular function remained 
stable even in the persistence of the hydronephro-
sis (Table-2).
 There were no complications that needed 
treatment or hospitalization, in agreement with lit-
erature data regarding the procedure (< 1%) (15).
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 Those with urinary diversion without proved 
obstruction at APM were submitted to reversion of 
diversion (n = 3 nephrostomy withdrawal / n = 1 
closure of ureterostomy / n = 1 closure of pyelosto-
my) and only two maintained prophylaxis with an-
tibiotics due to the presence of voiding disturbances.

dISCUSSION

 The test proposed by Whitaker, that com-
bines urodynamic and radiological aspects, was in-
tended to differentiate residual obstructive hydrone-
phrosis or recurrence due to dilation secondary to 
permanent changes, with five precise indications: 
persistent dilation of the upper urinary tract fol-
lowing surgical correction of obstruction, possible 

obstruction of pelviureteric and vesicoureteric junc-
tions, safe withdrawal of urinary diversions, evalu-
ation of primary defects of ureteral muscle and 
evaluation of the influence of bladder volume and  
pressure on the ureteral dynamics (16).
 Just like him, several other authors tried to 
define the process of obstruction of the upper urinary 
tract however not correlating the grade of obstruc-
tion with the risk of renal damage (17). Our study 
was able to benefit children submitted to at least one 
surgical procedure that remained with hydronephro-
sis, or those with urinary diversion due to obstruc-
tion that needed surgery to withdraw the diversion.
 In this study the test was safe and able to 
guide the treatment in all evaluated cases. In those 
previously classified as undetermined (n- = 10), the 

Table 2 - Patients with test results considered non obstructive treated clinically.

Patient Diagnosis/ Surgery USG DMSA(%)
RK/LK

DTPA
(RK/LK)

Test
(cmH2O)

DMSA(%)
RK/LK

Follow-up US
Post 

surgical

AFO L PUJ /Pyeloplasty G IV 81 /19 NO/I 10 80/20 3 years GIV

EBS R PUJ /Pyeloplasty GIII 23 /77 O /NO 10 24/76 7 years GIII

IAS L PUJ (Prunne 
Belly)/L Pyelostomy

G II 4 /96 I/O 16 0/100 10 years GII

KCRL L PUJ/L Pyeloplasty G IV 62 /38 NO/O 11 62/38 5 years GIV

LSR R PUJ/R Pyeloplas-
ty + R nephrostomy

GII 92 /8 O/I 10 91/9 12 years GI

JMM L VUJ/L reimplan-
tation

G IV 79 /21 NO/I 14 78/22 6 years GIV

LAT Bilateral VUJ /
Vesicostomy +R 
Pyelostomy + L 
Ureterostomy

Exclusion/
G IV

Exclusion 
RK

I/O 9 6/94 2 years GIV

LMSC Bilateral VUR / Bila-
teral reimplantation

GIV /GII 15 /85 O /NO 10 21/79 3 years GIV

TCB Bilateral PUJ /Pye-
loplasty +bilateral 

nephrostomy

GII  / G III 46 /54 - 5 52/48 10 years GIII
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Patient Diagnosis/ Surgery USG DMSA(%)
RK/LK

DTPA
(RK/LK)
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Follow-up US
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AFO L PUJ /Pyeloplasty G IV 81 /19 NO/I 10 80/20 3 years GIV

EBS R PUJ /Pyeloplasty GIII 23 /77 O /NO 10 24/76 7 years GIII

IAS L PUJ (Prunne 
Belly)/L Pyelostomy

G II 4 /96 I/O 16 0/100 10 years GII

KCRL L PUJ/L Pyeloplasty G IV 62 /38 NO/O 11 62/38 5 years GIV

LSR R PUJ/R Pyeloplas-
ty + R nephrostomy

GII 92 /8 O/I 10 91/9 12 years GI

JMM L VUJ/L reimplan-
tation

G IV 79 /21 NO/I 14 78/22 6 years GIV

LAT Bilateral VUJ /
Vesicostomy +R 
Pyelostomy + L 
Ureterostomy

Exclusion/
G IV

Exclusion 
RK

I/O 9 6/94 2 years GIV

LMSC Bilateral VUR / Bila-
teral reimplantation

GIV /GII 15 /85 O /NO 10 21/79 3 years GIV

TCB Bilateral PUJ /Pye-
loplasty +bilateral 

nephrostomy

GII  / G III 46 /54 - 5 52/48 10 years GIII

test was able to propose two different groups, those 
with obstruction (n = 8) and those without obstruc-
tion (n = 2), that were clinically treated without the 
need of surgical intervention in a median follow up 
period of 4.5 years.
 In cases with previous diagnosis of ob-
struction (n = 16), it was observed a disparity 
between 99m Tc-DTPA and the APM test (18,19); 
the obstruction was confirmed in only nine renal 
units (56.3%).
 Wang et al. agreed that the renogram with 
only diuretics is not a reliable parameter for the di-
agnosis of obstructive hydronephrosis after surgery 
of renal units with functional deficit and they sug-
gested that the measurement of the antero-posteri-
or diameter and the evaluation of the renal func-
tion must be considered for the confirmation of the 
presence of obstruction (20).
 None renal unit was lost during follow up, 
that ranged from 10 months to 12 years (median = 
63.4 months) and only one child presented signifi-
cant loss of renal function following pyeloplasty 
(pre-test). In this child, the dynamic radionuclide 
renogram after surgery was considered undeter-
mined due to a gross functional deficit and the 
APM was considered obstructive, resulting in a ure-
tero-calyx-anastomosis. After this procedure, the 
child is asymptomatic with stable renal function 
after one year of follow-up. Four patients presented 
end-stage renal disease at the moment of the test: 
one due to posterior urethral valve, two with Prune 
Belly Syndrome and high grade bilateral ureteral 
reflux and one patient with a solitary kidney with 
obstruction of the vesicoureteric junction.
 All children maintained DMSA and se-
rum creatinine levels stable, and were attended 
by a multidisciplinary team of pediatricians and 
nephrologists, and were non-dependent of dialy-
sis. In spite of the chosen treatment (surgical or 
clinical), all children maintained their hydrone-
phrosis during follow-up, although with stability 
of tubular function (DMSA) and absence of renal 
infections.
  The main criticism of the test proposed 
initially by Whitaker was the low reproducibility 
mainly due to the high grade flow of infusion (10 
mL/min.), leading to a non-real rise of the upper 
urinary tract pressure (17).

 Ripley (1982) and Woodbury (1989) pro-
posed the infusion of saline under constant pres-
sure and presented high reproducibility with 
simple equipment. These tests were initially per-
formed in animals without ureteral dilation, and 
in this situation, ureteral contraction in response 
to constant flow may have been more evident 
than in a chronically dilated ureter with atrophic 
ureteral musculature (4,7).
 The study of the ureteral opening pres-
sure (by constant flow or pressure) has a high 
positive predictive value when above 14 cm 
H2O (8). Otherwise, Veenboer and Jong showed 
a high negative predictive value (12). In the 
present study, all patients treated clinically had 
no progression of the obstruction (asymptom-
atic and without renal damage) in a follow-up 
that varied from 2 to 12 years.
 In 1981, Newhouse et al. already advocat-
ed the proposal of a superior normal limit of the 
renal perfusion pressure of dilated patients (21). 
After that, several experimental studies showed 
that pressures on the renal system above 14 cm 
H2O determined adverse alterations of the renal 
blood flow, glomerular filtration rate and tubular 
function; with pressures above 20 cm H2O there 
was apoptosis and lowering of the vascular endo-
thelial growth factor (22).
 This study did not require urodynamic 
studies or complex mathematical formulae and 
avoided unnecessary surgeries in nine cases 
(34.6%), guiding treatment in 100% of the cas-
es, in agreement with the study of Lupton and 
George (23).
 There were three modifications of the 
originally proposed test by Whitaker, without 
changing the results: 1. Infusion with constant 
pressure without the need of an infusion pump 
(simplifying the test, with easily reproducible re-
sults); 2. Patient position (oblique lateral recum-
bency), and 3. Applying the tests in cases initially 
considered undetermined (15-22 cm H2O) as if ob-
structive, due to the maintenance of the dilation 
grade and persistence of urinary infection, with-
out any prejudice to function or behavior (24).
 Although with intrinsic limitations of a 
retrospective study, it was used a set of very sim-
ple, small, light and portable kit of apparatus, that 



IBJU | anterograde Pressure measurement of urinary tract in children

454

can be reproducible in any hospital dedicated to 
pediatric patients.

CONCLUSIONS

 Antegrate Pressure Measure is a safe di-
agnostic tool with minimal morbidity. The test 
guided the treatment of all cases and avoided un-
necessary new surgeries in one third of the stud-
ied cases and helped understand the dynamic and 
radiological behavior of the upper urinary tract, 
with a considerable clinical value in the follow-
up of children suspected with urinary obstruction. 
The test is an important tool to evaluate persistent 
post-surgical dilation of the urinary tract, when 
used selectively and mainly in the presence of 
functional deficit. 

“That intangible art of clinical judgment 
must still dominate practice of medicine”

ABBREVIATIONS

DTPA: Diethylene triamin pentacetic acid
APM: Antegrade pressure measurement
USG: Ultrasonography
PUV: Posterior urethral valve
PUJ: Pelviureteric junction
VUJ: Vesicoureteric junction
DMSA: Dimercaptossuccinic acid
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EdITORIAL COMMENT

 The authors should be congratulated for 
revisiting the results with a modification of the 
Whitaker test, in which has had loose popularity in 
the past decades. The authors described how many 
patients who maintain the hydronephrosis after up-
per urinary tract surgery will have a pelvic pressure 
higher than 14 cmH20. This is important data.
 Despite being an interesting study, it fails 
to validate Whitaker test or its modifications as a 
standard diagnosis test of obstruction after surgery. 
The endpoint used by the authors was the neces-
sity of reoperation in cases of pyelic pressure above 
14 cm H20. However, because we do not know the 
specificity of this method in humans we cannot 
rule out that in some cases the operation may be 
unnecessary. The best answer to the research ques-
tion would be the improvement of renal dilatation 
in the long term.
 In significant renal dilatations, there is fail-
ure of pelvic and calicial muscles because of the 
high intrarenal pressure before surgery. After cor-
rective surgery, many children persist with the same 
renal dilatation as before (1). Methods to evaluate 
diagnosis that may better interpret theses cases are 
welcome. Renal scintigraphy with DTPA or MAG3 
has a lot of limitations, and most of the time does 
not differentiate between obstruction and significant 
dilatation without obstruction. This exam commonly 
gives a false diagnosis of obstruction in very dilated 
kidneys. When the diuretic renogram is equivocal, 
usually there is no kidney obstruction. In this study, 

surgery was indicated for patients with an equivo-
cal curve of obstruction. Furthermore, the authors 
reported that the test was performed in Grade II and 
III hydronephrosis. Usually, less than Grade IV hy-
dronephrosis are not obstructed. Therefore, all these 
considerations suggest that, in this series, some pa-
tients could have been treated conservatively.
 Whitaker test or its modifications might be 
useful sometime, however it cannot be considered 
the gold standard. It does not reproduce the py-
elic physiology. It is not well demonstrated in hu-
mans to which pyelic pressure is associated to loss 
of kidney function. Therefore, the cutoff point of 
14 cmH20 for surgery indication is only a theory 
and should not be used as the only indication of 
reoperation. In my view, the best way to diagnosis 
urinary tract obstruction after surgery is by scin-
tigraphic loss of kidney function and increase of 
hydronephrosis on ultrasound. The place of APA in 
the clinical practice is still obscure.
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ORIGINAL ARTICLE

INTROdUCTION

It is known that renal cell carcinoma (RCC) 
is responsible for 3% of all malignancies. In Amer-
ica, it is estimated that approximately 58,000 new 
cases were diagnosed and 13,000 patients died 
from RCC in 2010 (1). It is the seventh most com-
mon malignancy in men and the ninth most com-
mon in women, and occurs predominantly in the 
sixth and seventh decades of life (1).

Despite recent advances in the diagnosis and 
treatment of RCC, it is still a tumor of unpredictable 
presentation and clinical outcome. Currently, the 
only potentially curative treatment is surgery, 
through either radical nephrectomy or nephron 
sparing procedures. Systemic therapies such as 
anti-angiogenic agents show mixed results and 
often disappointing outcomes (2). Such drugs are 
available for patients with metastatic disease and 
its possible use as adjuvant or neoadjuvant agents 

Purpose: To analyze the immunohistochemical expression of the standard isoform 
of CD44 (CD44s) adhesion molecule in clear cell renal cell carcinoma (CCRCC) and 
its impact on clinical outcomes.
Materials and Methods: Ninety-nine consecutive patients treated surgically for RCC 
between 1992 and 2009 were selected. A single pathologist reviewed all cases to 
effect a uniform reclassifi cation and determine the most representative tumor areas 
for construction of a tissue microarray. The same pathologist, who was blinded to 
the outcome of the cases, semi-quantitatively scored the staining intensity of CD44s 
in all specimens. The counting was done using the H-Score algorithm.
Results: Of the 99 immunostained RCC specimens, 57(57.7%) showed low expres-
sion, and 42(42.4%) showed high expression levels of CD44s. The expression of 
CD44s was directly associated with tumor size (p = 0.03), clinical stage (p = 0.02) 
and Fuhrman grade (p = 0.02). Disease specifi c survival (DSS) rates for patients 
whose specimens expressed low and high levels of CD44s was 88.1% and 67.5%, 
respectively (p = 0.009). Progression free survival (PFS) rates in patients with low 
and high expression of CD44s were 78.8% and 61.7%, respectively (p = 0.05). Clas-
sical features such as the presence of metastasis and clinical stage remained isolated 
predictors of survival.
Conclusions: Immunohistochemical expression of CD44s was associated with im-
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independent predictor of survival. Therefore, we believe it has a limited role as a 
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is still not well defined (3). Therefore, individual 
markers of tumor aggressiveness are needed (4-6).

CD44 and its variants constitute a protein 
family that is expressed in the cytoplasmic mem-
brane and mediates cell-cell and cell-extracellular 
matrix interactions. It is encoded by a single gene 
and is subjected to post-translational modifications 
through alternative splicing. Its chief ligand is hy-
aluronic acid, an important component of the ex-
tracellular matrix (ECM) (7). As a molecule involved 
in mechanisms of cell motility, CD44 has been used 
as a marker of tumor aggressiveness in a number 
of malignancies such as stomach, liver and breast. 
However, in RCC there are contradictory results, 
with some series supporting the role of CD44 as a 
prognostic marker (8-10) while in other studies its 
importance as a predictor of survival was not con-
firmed (11,12).

The purpose of this study was to analyze the 
immunohistochemical expression of the standard 
isoform of CD44 (CD44s) in clear cell RCC (CCRCC) 
and examine its association with pathological fea-
tures and its impact on clinical outcomes.

MATERIALS ANd METhOdS

Patients
Ninety-nine consecutive patients submitted 

to radical nephrectomy or partial nephrectomy for 
RCC between 1992 and 2009 were selected from the 
medical records of our institution. The clinical data 
were obtained from medical charts in the hospital 
archives. A single pathologist (IWC) reviewed all 
cases to effect a uniform reclassification and deter-
mined the most representative tumor areas for con-
struction of a tissue microarray. Our internal review 
board approved this study.

 The following variables were included in 
the data bank: age, gender, ECOG status, smoking 
status, time since diagnosis, type of surgery, stag-
ing (TNM AJCC/UICC 2002), Furhman grade, histo-
logical subtype (World Health Organization (WHO) 
2004), microvascular invasion (MVI), lymph node 
involvement, presence of tumor necrosis, follow-up 
period, presence of metastases, clinical situation at 
the end of the study, storage time of the paraffin 
embedded samples and immunohistochemical ex-
pression of CD44s.

Construction of tissue microarray
Two cylinders, measuring 2 mm in diam-

eter, taken from different parts of the tumor were 
used to build a tissue microarray (TMA). Two cyl-
inders from previously evaluated tumors--one 
that was positive for CD44s and one that was 
CD44s-negative--were included as internal con-
trols. Sequential 4µm sections were generated and 
stained with hematoxylin and eosin (the first and 
last sections) to confirm the diagnosis, and the in-
tervening sections were examined by immunohis-
tochemistry.

Immunohistochemistry
The sections were mounted on positively 

charged glass slides, dried for 30 min. at 37° C, 
deparaffinized in xylene, and rehydrated in a se-
ries of graded alcohols. The sections were then 
incubated with a primary antibody against CD44 
standard isoform (Novocastra® clone F10-44-2, 
Newcastle, UK) at 1:40 for 30 minutes. All im-
munohistochemistry procedures were performed 
automatically in a Link 48 autostainer (DAKO®) 
using the Flex Plus visualization system according 
to the supplier’s specifications. For control stain-
ing of CD44s, 17 specimens of non-neoplastic re-
nal parenchyma that were at least 1.0 cm from the 
tumor lesion were included. Both renal cortex and 
renal medulla were evaluated.

The same pathologist, who was blinded 
to the outcome of the cases, semi-quantitatively 
scored the staining intensity of CD44s in all speci-
mens. The counting was done using the H-Score 
algorithm (13). For H-score assessment, fields were 
at x400 magnification and the staining intensity 
in the malignant cell was scored as 0, 1, 2, or 3 
corresponding to the presence of negative, weak, 
intermediate, and strong brown staining, respec-
tively. The total number of cells in each field and 
the number of cells stained at each intensity were 
counted. The average percentage positive was cal-
culated and the following formula was applied: H-
Score = (% of cells stained at intensity category 1 
x 1) + (% of cells stained at intensity category 2 x 
2) + (% of cells stained at intensity category 3 x 3). 
A H-Score between 0 and 300 was obtained where 
300 was equal to 100% of tumor cells stained 
strongly (3+). For better interpretation, categories 
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“low-” and “high-” expression levels were used 
based on the median value of H-Score algorithm.

Statistical Analysis

Analyses were performed using SPSS for 
Windows, version 17.0 (SPSS®, Chicago, Ill). To ver-
ify the association between CD44s expression and 
other variables, Pearson chi-square test was per-
formed. Fisher’s exact test was applied to cases in 
which the expected frequency was less than 5. The 
level of significance was 5%. Comparisons between 
the degrees of expression of CD44s in non-neoplas-
tic renal parenchyma and CCRCC tissue were made 
by Kruskal-Wallis test and Mann-Whitney test.

Disease-specific survival (DSS) was defined 
as the interval between the primary surgery and 
the last follow-up visit or disease-related death. 
Progression-free survival (PFS) was defined as 
the interval between the primary surgery and the 
last follow-up visit if the patient showed no evi-
dence of disease, recurrence, or metastasis of RCC. 
DSS and PFS were examined using Kaplan-Meier 
curves. To compare the estimated curves for each 
category within a given variable, log-rank test 
was used. The level of significance was 5%. Cox 
proportional hazards model was used to determine 
which variables influenced survival. Variables 
that significantly impacted survival in univariate 
analysis were included in multivariate analyzes.
The confidence interval was 5%.

RESULTS

Characterization of patients
Of the total 99 patients, 71 (71.7%) patients 

underwent radical nephrectomy; 28 (28.3%) were 
treated with nephron-sparing procedures, all of 
which had negative margins. The patients ranged 
from age 27 to 79 years (average 55.5 years). 
The mean postoperative follow-up period was 43 
months and ranged from 0 to 178 months. There 
was metastatic disease at the initial clinical pre-
sentation in 13 (13.3%) patients; 50/99 (51.5%) 
presented with T1 stage disease. The cohort mean 
tumor size was 7.4 cm. Over 5 years, 21 (21.2%) pa-
tients died of CCRCC. The clinical and pathological 
features of the patients are listed in Table-1.

Of the 99-immunostained RCC specimens, 
57 (57.6%) showed low expression, and 42 (42.4%) 
showed high expression of CD44s, which was 
evenly distributed through the plasma membrane, 
cytoplasm and cell nucleus (Figure-1). In fact, it 
was observed an even distribution of the staining 
instead of the presence of high spots. Additionally, 
when divided into two groups according to storage 
time of the paraffin embedded samples (up to 10 
years and above 10 years), we noted no significant 
impact on staining intensity  (p = 0.42).

CCRCC cases expressed higher levels of 
CD44s compared with normal tissue (p = 0.01). The 
mean expression score for CD44s in non-neoplastic 
tissues was 88 (sd = 11.1, median = 81). In CCRCC 
samples, the mean score was 143 (sd = 12.9, me-
dian = 149) (Figure-2).

The expression of CD44s was directly asso-
ciated with incidental tumors (p = 0.01), tumor size 
(p = 0.03), lymph node involvement (p = 0.003), 
microvascular invasion (MVI) (p = 0.01), clinical 
stage (p = 0.002) and Fuhrman grade (p = 0.02) as 
shown in Table-1.

Survival analysis
Disease-related death occurred in 21 pa-

tients (21.2%) during follow-up. The following 
variables were associated with 5-year disease-spe-
cific survival (DSS) rates in the univariate analysis: 
clinical stage (p < 0.001), MVI (p < 0.001), tumor 
size (p < 0.001), necrosis (p < 0.001), metastasis 
at presentation (p < 0.001), Fuhrman grade (p < 
0.001), and ECOG PS (p = 0.009). The 5-year pro-
gression-free survival (PFS) rate was 70.7%. Me-
tastasis at diagnosis (p < 0.001), MVI (p = 0.007), 
clinical stage (p = 0.001), tumor size (p < 0.001), 
Fuhrman grade (p < 0.001), and ECOG PS (p = 0.01) 
were linked to 5-year PFS rates in the univariate 
analysis (Table-2).

DSS rates based on CD44s expression are 
shown in Figure-3A. The 5-year DSS for patients 
whose specimens expressed low and high levels 
of CD44s was 88.1% and 67.5%, respectively (p = 
0.009). Five-year PFS rates in patients with low and 
high expression of CD44s were 78.8% and 61.7%, 
respectively (p = 0.05) (Figure-3B).

In the multivariate analysis, clinical stage 
(p < 0.001), metastasis at diagnosis (p < 0.001), and 
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Variable
CD44s

H-Score
Low expression n (%) High expression n (%) p value

Gender

Male 141,14 35 (57) 26 (43)

Female 151,63 22 (58) 16 (42) 0.56

Smoking

No 148,77 37(60) 25(40)

Yes 139,13 22(60) 15(40) 0.57

Incidental tumor

No 172,87 25(42) 34(58)

Yes 131,28 27(68) 13(32) 0.01

Clinical Stage

I or II 130,98 43 (72) 17 (28)

III or IV 167,00 16 (41) 23 (59) 0.02

Tumor size (cm)

NA 6.57 8.55 0.03

N Stage

N0 132,51 58 (64) 32 (36)

N1 or N2 171,77 1 (11) 9 (89) 0.003

Metastasis 

No 140,51 51 (59) 35 (41)

Yes 178,91 6 (46) 7 (54) 0.27

Fuhrman grade

1 121,15 15 (79) 4 (21)

2 134,00 31 (62) 19 (38)

3 179,50 7 (35) 13 (65)

4 178,00 4 (40) 6 (60) 0.02

MVI

No 136,39 54 (65) 29 (35)

Yes 179,85 5 (31) 11 (69) 0.01

Necrosis

No 135,74 34 (69) 15 (31)

Yes 154,79 25 (50) 25 (50) 0.62

Table 1 - Patients, pathological characteristics, and association between variables and Cd44s expression.
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Figure 1 - Photomicrographs of immunohistochemical expression of Cd44s. A. Low expression of Cd44s in non-neoplastic 
renal cortex. B. Low expression of Cd44s in Fuhrman 2 CCRCC. C. high expression of Cd44s in Fuhrman 4 CCRCC. Original 
magnification: 400 X.

Figure 2 - Box plots for non-neoplastic tissue and CCRCC. Box represents values from lower to upper quartiles. Central line 
represents median.
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Table 2 - Cox regression analysis of dSS and PFS.

5-year PFS 5-year DSS

Univariate  Multivariate  Univariate  Multivariate  

Feature p value HR 95% CI p value p value HR 95% CI p value

Clinical Stage 
(III/IV vs. I/II)

0.001 13.123 6.126-29.854 < 0.001 < 0.001 9.456 2.707-33.031 < 0.001

Tumor size
(> 7,0 cm vs. 
< 7,0 cm)

< 0.001 1.453 0.799-3243 0.230 < 0.001 2.239 0.831-7.789 0.156

Fuhrman 
grade (III/IV 
vs. I/II)

< 0.001 1.422 0.764-2.344 0.321 < 0.001 1.942 0.744-5.072 0.175

MVI 0.007 1.084 0.418-1.744 0.612 < 0.001 1.377 0.516-1.947 0.484

Necrosis < 0.001 1.432 0.788-1.945 0.614 < 0.001 2.935 1.062-8.955 0.05

Metastasis < 0.001 10.249 5.254-18.509 < 0.001 < 0.001 7.280 2.988-17.112 < 0.001

ECOG PS
(1/2 vs. 0)

0.01 0.765 0.601-2.477 0.443 0.006 1.287 0.646-3.363 0891

CD44s
(High vs. Low)

0.05 1.450 0.765-3.019 0.211 0.009 1.113 0.389-3.182 0.842

hR = Hazard ratio; CI = Confidence interval.

the presence of necrosis (p = 0.05) were indepen-
dent predictors of DSS. However, with regard to 
PFS, only clinical stage (p < 0.001) and metastasis at 
diagnosis (p < 0.001) were predictive factors. CD44s 
tissue expression was not an independent predictor 
of DSS (p = 0.842) or PFS (p = 0.211) (Table-2).

dISCUSSION

Due to the increasing use of radiologi-
cal procedures, particularly ultrasonography, the 
number of tumors that are diagnosed in the early 

stages is rising. Small renal masses (SRM) consti-
tute a significant percentage of tumors that are 
diagnosed incidentally (14). These tumors can be 
benign in up to 30% of cases, and 20% to 30% 
of malignancies demonstrate the potential for ag-
gressive behavior, such as tumor progression and 
metastasis (14,15). Percutaneous renal biopsies 
have expanded the indications for early-stage 
tumors, because a significant percentage of SRM 
can be treated with less aggressive approaches 
(16). In such cases, active surveillance protocols 
remain a therapeutic option for patients with short 
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life expectancies or presenting comorbidities lim-
iting surgical treatment (17). Therefore, we seek to 
identify molecular markers that have prognostic 
impact and may assist in therapeutic strategies.

The cell surface glycoprotein CD44 ranges 
in size from 80 to 200 Kd, as described by Naor 
et al. in 1997 (18). A gene that lies on the short 
arm of chromosome 11 and mediates cell-cell in-
teractions, cell adhesion, and migration encodes 
it. CD44 is the principal cellular ligand of hyal-
uronic acid, a glycosaminoglycan that abounds 
in the ECM. Described initially in mechanisms of 
lymphocyte activation and hematopoiesis, CD44 
is an important molecule that regulates the biol-
ogy of neoplastic cells, especially in interactions 
between cells and the ECM during tissue invasion 
and metastasis (11,19,20).

In our study, we observed that immunohis-
tochemical expression of CD44s was significantly 
lower in non-neoplastic cells compared with RCC 
tissue (p = 0.01). Such observation only con-
firms previous reports regarding the metabolism 
of CD44. It is known that during embryogenesis, 
the epithelium of the Wolffian or paramesoneph-
ric duct expresses CD44, down regulating its ex-
pression during differentiation of specialized col-
lecting tubular epithelium (21). During malignant 
transformation, the up regulation of CD44 in the 
distal and proximal tubular epithelium might re-
flect a more embryonic and dedifferentiated state 
of neoplastic renal cells. During embryogenesis, 
cells are highly invasive and assume many prop-
erties of metastatic cells, such as high levels of 
adhesion molecules and proteases (22).

Figure 3 - Survival analysis based on Cd44s expression. (a) disease-specific survival (dSS) for low vs. high expression of 
Cd44s. (b) Progression-free survival (PFS) for low vs. high expression of Cd44s.
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We noted that the expression of CD44s 
was distributed uniformly among cellular com-
partments. In fact, CD44 is composed of extracel-
lular, transmembrane, and cytoplasmic domains. 
The extracellular domain of CD44 interacts with 
ECM, and the intracellular domain is associated 
with the actin cytoskeleton via binding to ERM 
(ezrin, radixin, and moesin) proteins. Cleavage of 
the ectodomain is mediated by membrane-associ-
ated matrix metalloproteinases such as MT1-MMP, 
ADAM10, and ADAM17. The release of the soluble 
ectodomain from the membrane is responsible for 
dynamic regulation of the interaction between 
CD44 and the ECM during cell migration on a HA-
containing substratum. The ectodomain cleavage 
also triggers the intramembrane cleavage of CD44. 
The second cleavage releases the CD44 intracellu-
lar domain into the cytoplasm, which migrates to 
the cell nucleus and through a feedback mecha-
nism stimulates the production of new molecules 
of CD44 (23). Therefore, it is expected a uniform 
distribution of the staining of CD44 on the cell 
membrane, cytoplasm and cell nucleus as observed 
in our study.

The exact mechanism by which CD44 in-
fluences tumor recurrence or progression is un-
known. Active migration of tumor cells in ECM is a 
prerequisite for tumor cell invasion and metastasis. 
As the principal ligand of hyaluronan, it is pos-
sible that CD44 mediates mechanisms of neoplastic 
cell adhesion (24) or signal transduction in tumor 
cells following receptor-mediated adhesion to ECM 
proteins (25). Still, it is known that CD44 molecule 
can undergo post-translational modifications such 
as alternative splicing. Previous studies describe 
CD44v5 and CD44v6 as variants presenting onco-
genic potential (10,26).

In our study, we observed that the expres-
sion levels of CD44s were associated with several 
clinical and pathological features such as tumor 
size (p = 0.03), N stage (p = 0.003), Fuhrman grade 
(p = 0.02) and clinical stage (p = 0.02). High ex-
pression levels of CD44s were associated with 
larger tumors, high Fuhrman grade tumors and 
advanced disease. It is known that high Fuhrman 
grade tumors have a more aggressive phenotype 
and are associated with higher likelihood of local 
invasion and distant metastasis (5). Therefore, it 

is expected that the metabolism of adhesion mol-
ecules such as CD44s be increased in such tumors 
favoring the spread of tumor cells. It is also known 
that larger tumors are associated with advanced 
disease, which explains the lower survival rates 
observed in patients presenting high expression 
levels of CD44s (14).

There are few studies describing the impact 
of CD44s in RCC. And many of the results are con-
tradictory, which stimulated the research for this 
marker in our series. Our findings confirm those of 
previous published series. Paradis et al. performed 
a seminal study on the prognostic role of CD44s in 
91 cases of RCC who were treated surgically, report-
ing a link between CD44s and tumor size, Fuhrman 
grade, and T stage (8). Lim et al. evaluated the 
prognostic value of CD44s in 125 cases of RCC of 
which 89 cases (71%) were composed of patients 
with metastatic disease. The authors reported great-
er expression of CD44s in metastatic tumors and 
described such marker as an independent predictor 
of PFS in their series (9). We believe that the differ-
ences between our series in which only 29% of pa-
tients progressed to metastatic disease, and Lim et 
al. series might explain the fact that CD44s was not 
confirmed as a predictor of survival in our study. 
Previous series confirm our findings (11,12). Altinel 
and his colleagues from Turkey described increased 
expression of CD44s in tumors presenting venous 
thrombi, suggesting more aggressive behavior of 
tumors within this group (27). However, previous 
series have not reported an association of CD44 
with pathological variables or survival rate (28,29).

Patients with higher levels of CD44s had 
lower DSS and PFS rates on univariate analysis. 
However, the pattern of expression of CD44s was 
not an independent predictor of survival in multi-
variate analysis. In fact, classical parameters such 
as the presence of tumor necrosis, metastatic dis-
ease and advanced clinical stage remained as sig-
nificant predictors of DSS and PFS.

Our study has some limitations that must 
be mentioned. It represents a single-center retro-
spective analysis performed by a single pathologist 
with a small group of patients. Also, it is subject 
to criticism due to the immunohistochemical tech-
nique itself such as problems posed by inadequate 
technique of fixation in formalin material.
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CONCLUSIONS

Although immunohistochemical expres-
sion of CD44s was associated with important clin-
ical variables such as stage and Fuhrman grade, 
its prognostic value was not confirmed in survival 
multivariate analysis. Therefore, we believe it has 
a limited role as a prognostic marker in patients 
with CCRCC.
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Introduction: Cell adhesion molecules (CAM) are required for maintaining a normal 
epithelial phenotype, and abnormalities in CAM expression have been related to can-
cer progression, including bladder urothelial carcinomas. There is only one study that 
correlates E-cadherin and α-, β- and γ-catenin expression with prognosis of upper tract 
urothelial carcinomas. Our aim is to study the pattern of immune expression of these 
CAMs in urothelial carcinomas from the renal pelvis and ureter in patients who have 
been treated surgically. Our goal is to correlate these expression levels and characteris-
tics with well-known prognostic parameters for disease-free survival.
Materials and Methods: We evaluated specimens from 20 patients with urothelial car-
cinomas of the renal pelvis and ureter who were treated with nephroureterectomy or 
ureterectomy between June 1997 and January 2007. CAM expression was evaluated 
by immunohistochemistry in a tissue microarray and correlated with histopathological 
characteristics and patient outcomes after a mean follow-up of 55 months.
Results: We observed a relationship between E-cadherin expression and disease re-
currence. Disease recurrence occurred in 87.5% of patients with strong E-cadherin 
expression. Only 50.0% of patients with moderate expression and 0% of patients with 
weak or no expression of E-cadherin had disease recurrence (p = 0.014). There was also 
a difference in disease-free survival. Patients with strong E-cadherin expression had a 
mean disease-free survival rate of 49.1 months, compared to 83.9 months for patients 
with moderate expression (p = 0.011). Additionally, an absence of α-catenin expression 
was associated with tumors that were larger than 3 cm (p = 0.003).
Conclusions: We demonstrated for the first time that immune expression of E-cadhe-
rin is related to tumor recurrence and disease-free survival rates, and the absence of 
α-catenin expression is related to tumor size in upper tract urothelial carcinomas.

INTROdUCTION

Upper tract urothelial carcinomas (UUC) 
are defined as tumors that occur in the renal pel-

vis and ureter, and these carcinomas represent 5 
to 8% of all patients with urothelial cancers (1). 
Additionally, these carcinomas have been asso-
ciated with aggressive behavior. Previous studies 
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have suggested that the thin sub-epithelial con-
nective tissue and muscularis propria of the up-
per urinary tract are responsible for early tumor 
invasion. Furthermore, diagnosis of this carci-
noma tends to be delayed because of a lack of 
symptoms and a lack of neoplastic cells in urine 
cytology (2,3).

 There are few predictors of tumor re-
currence after nephroureterectomy. The main 
prognostic factors are the patient’s age, tumor 
location, and tumor architecture, stage and his-
tological grade. However, there is currently no 
evidence that specific tumor characteristics would 
be able to define patients that could benefit from 
adjuvant treatment (4).

 Biomarkers have not been extensively 
studied in UUCs. P53 mutations (5) and angio-
genesis (6), which are well-known markers of 
worse prognosis in patients with bladder UCs, 
have also been related to worse prognosis in pa-
tients with UUCs.

 E-cadherin is a transmembrane glyco-
protein that mediates the selective adhesion of 
epithelial cells. This protein is required for in-
teractions and maintenance of tissue integrity 
(7). α-Catenin mediates interactions between the 
E-cadherin/β-catenin complex and the actin cy-
toskeleton (8), whereas γ-catenin probably has a 
role on desmosomal plaques (9).

 The role of adhesion molecules in UC is 
still controversial, and only a few studies have 
been published in the literature on this topic 
(6,10). Dysfunctions in cell-cell adhesion mole-
cules have been related to the initial steps of tu-
mor invasion and the development of metastasis 
in urothelial bladder carcinomas. Recently, Kashi-
buchi et al. (11) demonstrated aberrant expression 
of E-cadherin and α-, β- and γ-catenin in 40 to 
50% of urothelial bladder carcinoma cases. They 
also related aberrant expression to tumor stage 
and cancer specific survival.

 The aim of our study is to evaluate the 
expression of the E-cadherin and α-, β- and 
γ-catenin adhesion molecules in UUC cells by 
immunohistochemistry using a tissue microarray 
construction (TMA) of specimens from 20 patients 
who underwent ureterectomy or nephroureterec-
tomy for treatment of their UUCs.

MATERIALS ANd METhOdS

Patients
 We retrospectively evaluated surgical 

specimens from 20 patients with UUC who un-
derwent nephroureterectomy or ureterectomy 
performed by a single surgeon (MS) from 1997 
to 2007. The median age of the patients was 67 
years old. Twelve patients had tumors of the re-
nal pelvis, five had tumors of the ureter, and 
three had multifocal tumors that were present 
in both the renal pelvis and the ureter. Clinical 
and pathological characteristics of the patients 
are listed in Table-1.

 All subjects provided informed consent 
before participating in the study, and the study 
was approved by the Institutional Board of Ethics 
(#0720/09).

 The specimens were fixed in buffered 10% 
formalin, routinely processed, stained with hema-
toxylin and eosin, and examined by a single pa-
thologist (KRML). The prognostic factors that were 
evaluated included tumor grade, which was deter-
mined according to the 2004 WHO classification 
tumor stage (TNM 2010), tumor size, multicentric-
ity and neoplastic microvascular invasion. The 
pattern and intensity of immunoexpression of the 
adhesion molecules were compared to the above 
prognostic factors and with the disease-free sur-
vival rates after a mean follow-up of 55 months.

TMA construction
TMA construction was performed as previ-

ously described (12). Slides that contained each of 
the patients’ tumors were selected by examining 
areas that best represented the entire tumor. Two 
areas from each tumor were marked with perma-
nent ink to correspond to areas included in TMA 
analysis. A 1.0 mm punch was used.

 To create the slides, a three-micrometer 
section from the paraffin block was placed onto 
an adhesive-coated slide. During the heat antigen 
retrieval process, slides were placed in a citrate 
buffer (1 mM, pH 6.0) and heated for 30 min in 
a steamer. Then, slides were incubated overnight 
at 4ºC with a 1:50 dilution of monoclonal anti-
bodies against E-cadherin (Dako Cytomation, CA, 
USA) and β-catenin (BD San Jose, CA, USA). A 
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Table 1 - Patients Characteristics.

Patients(n = 20)

Age (years)

Mean 66,5

Min - Max 52-85

Gender

Female 4 (20%)

Male 16 (80%)

Pathological Stage

pTa-pT1 7 (35%)

pT2-pT3 13 (65%)

Tumor size

≤ 3 cm 6 (30%)

>3 cm 14 (70%)

Tumor multicentricity

Yes 5 (25%)

No 15 (75%)

Tumor Grade

High 15 (75%)

Low 5 (25%)

Microvascular Invasion

Yes 10 (50%)

No 10 (50%)

Recurrence

Yes 10 (50%)

No 10 (50%)

1:100 dilution of antibodies against γ-catenin 
(Zymed Montrouge, France) and α-catenin (Santa 
Cruz, St Cruz, CA, USA) was used. The LSAB sys-
tem was used for immunostaining (LSAB; Dako 
Cytomation, CA, USA). Color was developed by 

reactions with a 3.3’-diaminobenzidine substrate-
chromogen solution followed by counterstaining 
with Harris hematoxylin. Finally, slides were de-
hydrated, coverslipped, and examined under light 
microscope.

 The expression of each marker was evalu-
ated by a single pathologist (KRML). Semi-quan-
titative analysis was performed for all antibodies 
according to the intensity of staining: negative, 
weak, moderate and strong (Figure-1).

Statistical Analysis

 Statistical analyses were performed using 
SPSS 16.0 for Windows (release 16.02). For com-
parison between categories, we used an ANOVA and 
Student’s t-tests and significance was determined 
at p ≤ 0.05. For adhesion molecule expression pro-
files with significant associations with recurrence 
risks, Kaplan-Meier survival curves were used to 
illustrate disease-free survival. We performed a 
log-rank test to show differences between curves.

RESULTS

 All cases were usual urothelial carci-
nomas without any other specification. Fifteen 
(75%) cases were high grade urothelial carci-
nomas. Only two (10%) cases were staged pTa, 

A

C

B

d

Figure 1 - Examples of the subjective analysis of the intensity 
of immune expression that was considered as negative (A), 
weak (B), moderate (C) and strong (d).
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five (25%) were pT1, three (15%) pT2 and the 
remaining 10 (50%) were staged pT3.

 The pattern of staining was membrane 
for E-chaderin and cytoplasmatic for the other 
markers. Moderate and strong E-cadherin ex-
pression was significantly related to tumor re-
currence (p = 0.014) (Figure-2), while moderate 
γ-catenin expression was correlated with a lower 
disease-free survival rate with marginal statisti-
cal significance (p = 0.071)(Table-2). There was 
no relationship between β-catenin or α-Catenin 
expression with tumor recurrence, p = 0.999 and 
p = 0.465 respectively.

 When CAM expression was analyzed in 
relation to the classical prognostic parameters 
of pathological stage, tumor grade, microvascu-
lar invasion, multicentricity and tumor size, we 
found that α-catenin expression was negative or 
weak in 92.9% of tumors that were larger than 3 
cm (p = 0.003) (Table-2).

dISCUSSION

 When studying immune expression of 
E-cadherin and α-, β-, γ-catenin in UUC cells, 
we were able to show that moderate or strong 

 Kaplan-Meier curves showed that pa-
tients with strong E-cadherin expression had a 
mean disease-free survival rate of 49.1 months. 
Patients with moderate expression levels had a 
mean survival of 83.9 months (p = 0.011) (Fig-
ure-3). γ-catenin, β-Catenin and α-Catenin ex-
pression levels did not demonstrate differences 
in disease-free survival length, p = 0.053; p = 
0.951; p = 0.913, respectively.

Figure 2 - Micrography of an IhC reaction showing strong expression of E-cadherin.

expression levels of E-cadherin were related 
with both tumor recurrence (p = 0.014) and a 
shorter time before tumor recurrence (p = 0.011). 
Additionally, negative or weak expression of 
α-catenin were correlated with larger tumors 
(p = 0.003). This is the first study reporting on 
the relationship between immune expression of 
members of the cadherin-catenin complex and 
UUC prognosis.
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E-cadherin and γ-catenin were moder-
ately or strongly expressed in most patients, but 
α-catenin was absent or lost in the majority of 
cases.

 Cadherins represent a family of trans-
membrane glycoproteins that mediate homo-
phile, calcium-dependent, intercellular adhe-
sion. E-cadherin is the major cadherin molecule 
expressed by epithelial cells. Linkage between 
E-cadherin and intracellular catenins is neces-
sary for the formation of strong intercellular 
adhesion. β-catenin and γ-catenin bind directly 
to the cytoplasmic domain of E-cadherin, and 
α-catenin links the bound β-catenin to actin in 
the cytoskeleton (13,14).

 Several studies have explored the ex-
pression of cadherins and catenins and their role 
as prognostic factors in urothelial bladder car-
cinomas. These studies suggested that aberrant 
expression of α-catenin, β-catenin, E-cadherin 
and γ-catenin correlates with higher tumor stag-
es and worse patient prognosis (15-17). Kashibu-
chi et al. showed a correlation between aberrant 
β-catenin and γ-catenin expression with tumor 

stage and a correlation between γ-catenin with 
tumor grade in urothelial bladder carcinomas. 
Furthermore, they found that abnormal expres-
sion of E-cadherin was an independent predic-
tor of disease-specific survival in this neoplasia 
(11). Different from them, we tried to add details 
to the pattern of immune expression, stratifying 
the intensity of staining in weak, moderate and 
strong patterns. The subjective quantification 
should be better explored in future studies by 
evaluating adhesion molecules gene expression 
profiles using quantitative real time PCR that 
could be proposed as markers to diagnose or fol-
low patients that harbor upper urinary tract uro-
thelial carcinomas.

 In our study, we found an association be-
tween overexpression of E-cadherin and tumor 
recurrence. These data contradict previous stud-
ies that have demonstrated that loss of E-cad-
herin is related to higher tumor stages and worse 
prognosis behavior in many cancers, including 
bladder tumors. In studies that specifically ex-
amined UUCs, Velickovic et al. showed that, in 
sporadic urothelial carcinomas and in patients 

Figure 3 - Kaplan-Meier curve for recurrence-free survival according to E-cadherin expression (p=0.011). 
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with Balkan endemic nephropathy, lower E-cad-
herin expression was correlated with higher tu-
mor stages in both groups (18). However, some 
authors postulate that E-cadherin expression 
can be reversibly controlled by methylation (19). 
This methylation would be responsible for E-
cadherin down-regulation during the epithelial-
mesenchymal transition, which is an important 
stage in tumor invasion and dissemination (20). 
But for tumor establishment in the metastatic 
site there is a requirement for E-cadherin re-ex-
pression (21). In our study, we observed re-ex-
pression of E-cadherin that was more expressed 
in pT3 local tumors (69.3%) and that were able 
to disseminate or recur locally. Interestingly, in 
agreement with our data, a recent study pub-
lished by Lim et al. (22) found normal expression 
of E-cadherin in both usual and micropapillary 
urothelial bladder carcinomas, and that was in-
dependent of tumor stage, tumor grade or pres-
ence of microvascular invasion. In their study, 
they proposed that loss of E-cadherin expression 
may be a characteristic of a histologically spe-
cial plasmocytoid or signed ring cell urothelial 
carcinoma.

 Our study also showed that lower expres-
sion of α-catenin was associated with tumors 
larger than 3 cm (p = 0.003). Tumor size is a 
very important prognostic parameter in UC. It is 
related to tumor recurrence, with 7-fold increase 
risk in finding tumors after transurethral resec-
tion and BCG treatment. Tumor size has also 
been used as a criteria to proceed with more ag-
gressive treatment in pT1-stage bladder cancer 
(23,24). Negative expression of this catenin has 
been related to worse prognosis, tumor stage, tu-
mor grade and UC disease recurrence in other 
studies (11,25). However, there were no studies 
of α-catenin expression in UUCs.

 Moderate γ-catenin expression was mar-
ginally significantly related to tumor recurrence 
(p = 0.071) in our study. The same result was 
described by Clairotte et al. in cases of bladder 
cancer. They classified CAM expression as either 
normal, heterogeneous or absent. The percent-
age of cases with absence of CAM expression 
was very low, as was in our series. They showed 
that heterogeneous expression of γ-catenin was 

related to worse prognosis and shorter disease-
free survival rate in patients with bladder can-
cer. If our moderate expression category is simi-
lar to their heterogeneous category, we observed 
similar findings in patients with UUCs (25).

 Some authors have discussed the accu-
racy of TMA immunohistochemistry in measur-
ing protein expression (26), but the advantages 
of the method outperform the disadvantages in 
terms of standardization of reaction and analysis 
and have been applied in the evaluation of many 
prognostic markers in different tumors including 
urothelial carcinoma for more than 20 years (27).

 We are aware that we have studied a 
small number of cases; however, UUCs are rare 
and it took a period of 10 years to collect the 
cases that were included in this study. A larger 
number of cases would allow analysis of differ-
ent aspects, such as tumor location. Tumor loca-
tion is important because it is well known that 
UCs of the renal pelvis and ureter have different 
behaviors. Additionally, it is difficult to compare 
different studies because each study establishes 
diverse criteria to evaluate immune expression 
of CAMs. A more standardized results evaluation 
would make it easier to discover the real role of 
CAMs in UCs.

 However, this is the first study to explore 
immune expression of components of the cad-
herin-catenin complex and their role in UUCs.
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Purpose: We evaluated the efficacy of perioperative mitomycin C (MMC) instillation to 
improve subsequent bacillus Calmette-Guérin (BCG) instillation efficacy in intermedi-
ate and high risk patients with non-muscle invasive bladder cancer (NMIBC).
Materials and Methods: From November 2004 to May 2006, 51 patients with interme-
diate or high risk NMIBC were enrolled in this prospective randomized trial. In group 
A, patients were treated with perioperative MMC (40 mg MMC in 40 mL saline was 
administered within 6 hours of surgery) followed by delayed (at least 15 days from 
surgery) BCG instillations (once a week for 6 weeks, 5 x 108 colony-forming units in 50 
mL saline). Patients in group B were treated with delayed BCG instillations alone. The 
primary end points were recurrence-free interval and recurrence rate.
Results: There were 25 and 26 patients in groups A and B, respectively. Median follow-
up was 41.3 months (range 8 to 64) in group A and 40.9 months (range 6 to 68) in 
group B. Recurrence rate was 36% (9 of 25) and 19.3% (5 of 26) in group A and B, 
respectively (p = 0.052). Median time to the first recurrence was 8 months in group A 
and 7 months in group B (p = 0.12).
Conclusions: The present study showed no statistically significant difference in terms of 
recurrence rate and median time to first recurrence between intermediate or high-risk 
patients with NMIBC who were treated with early single dose instillation of MMC plus 
delayed BCG and those who were treated with only BCG.

INTROdUCTION

 Bladder cancer (BCa) is a non-muscle in-
vasive papillary tumor in 75-85 % of cases (1). 
The recurrence and progression rate after trans-
urethral resection of bladder tumors (TURBT) are 
50-70% and 10-15%, respectively (2). Risk fac-
tors for tumor recurrence and/or progression are 

tumor localization, tumor size, prior recurrences, 
presence of tumor at first follow-up cystoscopy, 
stage, grade and associated carcinoma in situ 
(CIS) (2). In an attempt to decrease the risk of 
recurrence and to prevent or delay progression 
to muscle invasive disease, presently published 
clinical guidelines recommend that patients 
should receive adjuvant intravesical instillations 
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of chemotherapy or immunotherapy after TURBT. 
Additionally, the European Association of Urol-
ogy (EAU) guidelines strictly recommend that 
one immediate post-operative instillation of che-
motherapy should be given to all patients after 
TURBT of presumably non-muscle invasive blad-
der cancer (3).
 Bacillus Calmette-Guérin (BCG) instilla-
tion is generally regarded as the most effective 
treatment for patients with high-risk tumors. EAU 
guidelines again recommend immediate instilla-
tion of chemotherapy before intravesical BCG in-
stillation in patients at an intermediate or high 
risk of tumor progression (3). However, a recent 
study has shown that for the high risk patients 
with non-muscle invasive bladder cancer (NMIBC) 
a single instillation of perioperative intravesical 
chemotherapy before subsequent BCG instillation 
would not influence the progression or recurrence 
rate compared with patients treated with BCG 
therapy only (4). In this prospective, randomized 
study, we have tried to evaluate the efficacy of 
perioperative mitomycin (MMC) instillation to im-
prove subsequent BCG instillation efficacy in in-
termediate and high risk patients with NMIBC.

MATERIALS ANd METhOdS

 From November 2004 to May 2006 all 
consecutive patients who had undergone TURBT at 
our center for pathologically confirmed stage Ta, 
T1 urinary bladder cancer were selected for this 
study. Patients with intermediate or high risk for 
recurrence and progression according to the EAU 
guidelines were included (5). Patients with stage 
pTaG1or pTaG2 tumors were included into the 
study population, only if they had a tumor size > 
3 cm or recurrent or multifocal tumors. Patients 
with CIS, pTaG3 tumors and all pT1 tumors were 
included in the study. All patients with TaG3 or 
T1G3 tumors underwent a second-look resection. 
These patients were included into the study only if 
the second-look resection revealed no muscle in-
vasive disease. Additional prerequisites for inclu-
sion were normal liver and kidney function tests, 
no instillations of chemotherapy or immunother-
apy during the previous 6 months before entering 
the study and ability to follow the instillation and 

follow-up schedules. Histopathologic evaluation 
was done according to the 1997 TNM classifica-
tion and 1998 WHO/International Society of Uro-
logic Pathology scale.
 Exclusion criteria were muscle-invasive 
bladder tumor, evidence of lymph node metastasis 
or distant metastasis, upper urinary tract tumors, 
tumors that could not be completely removed 
transurethral, presence of a second primary malig-
nancy, pregnancy and immune deficiency.
 Informed consent was obtained in all cas-
es. The study was approved by the respective insti-
tutional review boards.

Treatment and Randomization Schedule
 After complete transurethral resection of 
all visible lesions, patients were randomized into 
1 of 2 treatment groups. In group A, patients were 
treated with TURBT plus MMC (40 mg MMC in 40 
mL saline was administered within 6 hours of sur-
gery) followed by delayed BCG instillations (once 
a week for 6 weeks, 5 x 108 colony-forming units 
in 50 mL saline) at least 15 days from TURBT. Pa-
tients in group B were treated with TURBT plus 
delayed BCG instillations (once a week for 6 weeks, 
5 x 108 colony-forming units in 50 mL saline). 
Patients were instructed to retain the installation 
volume for at least 60 min. but not longer than 2 
hours.

Patient Follow-up and Study End Points
 Follow-up consisted of cystoscopy, urinary 
cytology and ultrasonography every third month 
for the first 2 year and, if there was no recurrence, 
every 6 month until 5 year from the beginning of 
the treatment. The primary end points were recur-
rence-free interval, defined as the time from ran-
domization to the date of histologically confirmed 
recurrence and recurrence rate. Progression was 
defined as muscle invasive tumor or metastatic 
disease.

Statistical Analysis 

 Analyses were performed using a SPSS 
software package (version 11.0 for Windows, 
SPSS Inc., Chicago, Illinois). Data were ex-
pressed as numbers and percentages for discrete 
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grade tumors was 32% in group A and 23% in 
group B (p = 0.41). Mean number of tumors (p = 
0.08) and percentage of multifocal tumors was 
higher in group B (p = 0.45) but these differ-
ences were not statistically significant as well. 
Median follow-up was 41.3 months (range 8 to 
64) in group A and 40.9 months (range 6 to 68) 
in group B.
 Recurrence rates was 36% (9 of 25) and 
19.3% (5 of 26) in group A and B, respectively 
(p = 0.052). Median time to the first recurrence 
was 8 months in group A and 7 months in group 
B without any difference between two groups (p 
= 0.12). Kaplan-Meier analysis for recurrence-
free survival showed no significant differences 
between group A and group B (log rank = 0.959) 
(Figure-1). Multivariate analysis indicated that 
tumor size, tumor stage, previous recurrence rate, 
presence of CIS and tumor grade were indepen-
dent prognostic factors for the development of 
recurrence (Table-2). Age, sex, multifocality and 
single dose MMC instillation were not shown to 
be associated with decreased rate of recurrence.
 One patient in each group had progres-
sion to invasive disease and radical cystectomy 
was performed in these 2 cases. Both patients 

variables and as means ± SD for continuous 
variables. The chi-square analysis or Fishers ex-
act test were used to assess the significance of 
differences between dichotomic variables. Con-
tinuous variables were compared by Student’s t 
test or Mann-Whitney U test. The log rank test 
was used for multivariate analysis. Multivariable 
Cox proportional hazards regression was used to 
investigate whether instillation of mitomycin C 
was associated with recurrence of urothelial car-
cinoma and the outcome was adjusted for age, 
sex, tumor stage, size, grade, previous recurrence 
rate, presence of CIS and multifocality. Kaplan-
Meier curves were developed to compare recur-
rence free survival estimates of the two groups.
The limit of statistical significance was defined 
as p < 0.05.

RESULTS

 During the study period 109 patients had 
undergone TURBT and 51 of them were enrolled 
in this study. There were 25 and 26 patients in 
group A and group B, respectively. Summary 
of clinical data of the two groups are shown in 
Table-1. The percentage of patients with high 

Table 1 - Clinical data concerning the demographic characteristics and tumor releated factors.

Parameter Group A Group B P value

Age 58.2 58.0 P = 0.21

Male ratio 84.0% 76.9% P = 0.14

Previous treatment rate 68% 72% P = 0.50

Mean tumor size ± SD (cm) 3.04 ± 1.2 3.06 ± 1.4 P = 0.41

Mean tumor number ± SD (cm) 2.64 ± 1.1 3.16 ± 1.4 P = 0.08

High grade tumor % 32.0 23.1 P=0.41

T1 tumor % 44.0 46.2 P=0.54

Carcinoma in situ % 16.0 19.2 P=0.34

Multifocal tumor % 64.0 69.2 P=0.45
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Table 2 - Multivariate analysis for recurrence.

Parameter Hazard ratio (95% CI) P value

Age >65 0.72 (0.24-1.47) 0.41

Sex (male) 1.41 (0.89-1.85) 0.57

Tumor stage (pT1) 1.72 (1.24-2.41) 0.02

Tumor size (> 3 cm) 2.4 (1.15-3.41) 0.01

Tumor grade 2.9 (1.57-6.21) 0.004

Previous recurrence rate 1.56 (1.11-2.58) 0.01

Mitomycin C instillation 0.69 (0.45-1.47) 0.61

Presence of carcinoma in situ 2.51 (1.56-3.43) 0.01

Presence of multifocal tumor 0.89 (0.58-1.76) 0.59

Figure 1 - Kaplan-Meier analysis for recurrence-free survival.
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had T1G3, multifocal urothelial carcinoma and 
progression was observed at 11th and 16th 
months after randomization.
 The two groups had similar rates of side 
effects (p = 0.457). No pain or difficulty in uri-
nation was observed related to MMC instillation. 
Only 2 patients in group A and 3 patients in 
group B complained of dysuria.

dISCUSSION

 The etiology and primary risk factors of 
BCa are well understood, but its high rate of re-
currence and considerable progression rate com-
plicate treatment, with implications for costs 
and health-related quality of life. Although in-
travesical adjuvant or prophylactic treatment is 
well established and part of the routine in the 
clinical treatment of patients with NMIBC, the 
optimal treatment strategy is still under debate 
(5,6).
 In a meta-analysis of seven randomized 
trials, Sylvester et al. suggested that one imme-
diate instillation of chemotherapy after TURBT 
decreased the percentage of patients with recur-
rence by 12% and the odds of recurrence by 39% 
(7). Although this meta-analysis and the Europe-
an Association of Urology Guidelines on Bladder 
Cancer recommend a single immediate postoper-
ative installation of chemotherapy in all cases of 
NMIBC and adjuvant intravesical immunother-
apy with BCG in patients with high risk NMIBC 
(1), interestingly, there is no sufficient data 
about whether the early single dose chemother-
apy improves the delayed BCG installation effi-
cacy. In only one prospective, randomized study 
this point has been studied and it concluded that 
there was no statistically significant differences 
in terms of disease-free time and recurrence rate 
between high risk patients with NMIBC who had 
undergone preoperative epirubicin instillation 
plus delayed BCG and those who had undergone 
delayed BCG alone (4). Therefore, the authors 
suggested that the use of early single dose in-
stillation of intravesical therapy does not seem 
advisable in all cases of NMIBC (4). In that well 
designed study, patients with high grade pT1 
bladder cancer were excluded and maintenance 

BCG was given to all patients. In our study, we 
did not exclude patients with T1 high grade dis-
ease and all patients with high grade tumors un-
derwent a second-look resection. These patients 
were included into the study only if the second-
look resection revealed no muscle invasive dis-
ease. Additionally, Cai et al. gave maintenance 
BCG to all their patients. In our study, we did not 
give maintenance BCG to our patients. Although 
maintenance BCG is the preferred treatment af-
ter TURBT of high risk NMIBC, in an editorial, 
Herr HW examined the strength of the evidence 
for routine use of maintenance BCG to prevent 
tumor progression and he concluded that criti-
cal analysis of the evidence does not support 
the liberal use of maintenance BCG as current-
ly practiced (8). However, we should state that 
2012 EAU guidelines recommend that patients 
with high risk of progression, for whom cystec-
tomy is not carried out, BCG including at least 
1 year maintenance is indicated and  today this 
mode of therapy represents the clinical practice 
in such cases (9).
 In our study, we have found no statisti-
cally significant difference in terms of disease-
free survival, recurrence rate and median time to 
first recurrence between patients who were treat-
ed with early single dose instillation of MMC plus 
delayed BCG and those who were treated with 
only BCG. Multivariate analysis indicated that 
tumor size, tumor stage, previous recurrence rate 
and tumor grade were independent prognostic 
factors for the development of recurrence, but 
age, sex, and single dose MMC instillation were 
not shown to be associated with decreased rate 
of recurrence. One patient in each group had tu-
mor progression during follow-up. Our findings 
are consistent with the similar study performed 
by Cai et al. (4). In that study, chemotherapeutic 
agent was epirubicin for early single dose instil-
lation and there was no statistically difference 
between two groups. We, like Cai et al., think 
that the efficacy of BCG therapy on high risk 
bladder cancer is probably not modified by peri-
operative single dose instillation of chemothera-
peutic agent due to the more frequently reported 
resistance of high risk bladder cancer to chemo-
therapeutic agent compared to BCG (5).
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 Early single dose MMC installation is not 
a treatment without side effects (10), at the same 
time it has also a cost. The present study and 
the study by Cai et al. suggest that early single 
dose perioperative instillation of chemothera-
peutic agent followed by BCG in comparison to 
those who had undergone delayed BCG alone in 
the management of high risk NMIBC have no sig-
nificant advantages in terms of disease-free time 
and recurrence rate. We think that well-conducted 
randomized phase 3 trials are needed in order to 
definitely determine the value of an immediate in-
stillation to intermediate and high risk patients.

CONCLUSIONS

 The present study showed no statistical-
ly significant difference in terms of disease-free 
survival, recurrence rate and median time to first 
recurrence between intermediate or high-risk pa-
tients with NMIBC who were treated with early 
single dose instillation of MMC plus delayed BCG 
and those who were treated with only BCG.

ABBREVIATIONS

BCa: Bladder cancer
TURBT: Transurethral resection of bladder tumors
CIS: Carcinoma in situ
EAU: European Association of Urology
NMIBC: Non-muscle invasive bladder cancer: 
MMC: Mitomycin 
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Purpose: To evaluate the results of our technique of clampless laparoscopic partial ne-
phrectomy (LPN) and its impact as an emerging treatment for small renal masses (SMRs).
Materials and Methods: We reviewed our prospectively maintained database: data of 
117 patients who consecutively underwent LPN at our Institution from January 2009 
to December 2011 were studied. Patients were divided into 2 Groups based on operative 
technique: Group A: clampless-LPN (cl-LPN); Group B: conventional LPN (clamping of 
renal artery). Demographic and peri-operative data, complications, pre- and post-opera-
tive serum creatinine and estimated glomerular filtration rate (eGFR) were registered and 
compared by Student’s t- and Chi-square-tests (p-values < 0.05 considered statistically 
significant).
Results: 41 patients were in Group A and 76 in Group B. Groups were comparable in terms 
of preoperative data except for tumour’s size (2.35 ± 1.10 vs. 3.19 ± 1.57, Group A vs. B, 
respectively, p = 0.0029). Concerning perioperative data, warm ischemia time (WIT) was 0 
min. in all Group A cases; mean WIT in Group B was 20.90 ± 9.27 min. One case (2.4%) in 
Group A (central tumour) was converted to conventional LPN. Mean eGFR postoperative 
decrease was higher in Group B (0.17 ± 9.30 vs. 4.38 ± 11.37 mL/min., A vs B, respectively, 
p = 0.0445).
Conclusions: Notwithstanding the limits of the study, our results suggest that cl-LPN is a 
safe and effective technique, which allows surgeon to surgically treat SRMs even in case 
of complex location, without injuring kidney by ischemia.

INTROdUCTION

 It has been proved that partial nephrecto-
my (PN) is the treatment of choice in cases of sur-
gical, clinical T1 tumors (< 7 cm) (1). During PN, 
whole renal hilum or renal artery alone clamping 
is typically performed, because it is vital to de-
crease blood losses, allowing improved visualiza-
tion, which is paramount to achieve negative on-
cological margins and to perform precise kidney 
reconstruction.

 On the other side, such clamping causes 
renal ischemia that could lead to some degree of 
renal ischemic damage. The critic threshold for the 
beginning of such damage has been extensively 
studied and fixed around 20-25 minutes (2). Nev-
ertheless, recent studies demonstrated that every 
minute is crucial in determining renal damage 
during renal ischemia (3) and stimulated surgeons 
towards the introduction of new technical tricks in 
order to further reduce warm ischemia time (WIT) 
(4,5) and lead to the conception of the develop-
ment of LPN performed with “zero-ischemia”-
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technique, with the aim of completely eliminate 
surgical renal ischemia.
 Some authors firstly described the tech-
nique of clampless LPN (cl-LPN) in 2003 (6,7), but 
a modified one has been recently published incor-
porating selective branch micro-dissection of renal 
artery/vein, coupled with carefully calibrated and 
timed intraoperative reduction of blood pressure (8).
 In the present study, we retrospectively 
evaluated our experience with cl-LPN: the pri-
mary aim was to evaluate the results of this tech-
nique; the secondary aim was to compare results 
of cl-LPN to conventional LPN ones.

MATERIAL ANd METhOdS

 We retrospectively reviewed our prospec-
tively-maintained, institutional review board-
approved database of LPN procedures performed 
since January 2001 and we extracted data from 
January 2009 till December 2011. During this pe-
riod all PNs were performed by using laparoscopic 
technique in our Institution.

Indications for cl-LPN
 Till September 2011 cl-LPN was performed 
only in case of lesion with exophytic growth (de-
fined ≥ 50% exophytic, score 1 according to PAD-
UA score (9)) clinically staged T1a. On the contrary, 
from September 2011 to the end of the studied pe-
riod we extended the indication to all SRMs ex-
cept by central lesions completely surrounded by 
healthy renal parenchyma (defined entirely endo-
phytic, score 3 according to PADUA score).
 Patients were divided into two groups ac-
cording to operative technique: Group A included 
patients who underwent clampless technique (cl-
LPN); Group B included patients treated by conven-
tional technique (with clamping of the renal artery).

Surgical Technique

 Conventional technique has been previ-
ously described (10).
 Differences when performing the clamp-
less technique were as follows: neither renal hilum 
nor renal artery alone were clamped but they were 
accurately dissected till their initial branches; 

carbon dioxide pressure was raised till 20 mmHg 
during lesion’s excision and tumour was slowly 
resected by cold scissors; dissection of the tu-
mour along the pseudocapsule was performed by 
forceps and with the help of suction device (Ele-
fant, Coloplast GmBh, Hamburg Germany). Dur-
ing the resection, vessels emerging from resection 
bed were coagulated with bi-polar forceps (Storz 
Medical System, Tuttlingen, Germany) or clipped 
by Hem-o-lock clips (Weck Closure Systems, Re-
search Triangle Park, NC, USA). No dedicated an-
aesthetic procedures (such as calibrated hypoten-
sion) were used neither during cl-LPN nor during 
conventional LPN.
 All procedures were performed by the 
same surgeon (F.P.).
 An year-by-year evaluation of the abso-
lute number and rate of cl-LPN with respect to 
conventional LPN performed by warm ischemia 
(WI) was done. For each patient, we registered 
demographic data and co-morbidities classified 
according to Charlson’s co-morbidity index (CCI) 
(11)). Radiological tumour size (according to Com-
puted Tomography scan, CT-scan), side and loca-
tion were considered and lesions were classified 
according to RENAL nephrometry score (12) and 
PADUA score (9). Peri-operative, histopathologi-
cal data and post-operative complications (clas-
sified according to Clavien’s System (13)) were 
also recorded. Finally, serum creatinine (SCr) was 
recorded preoperatively and at hospital discharge. 
Estimated glomerular filtration rate (eGFR) was 
calculated by using the modification of diet in re-
nal disease (MDRD) formula (14). These variables 
were used as surrogates of renal function.
 Means and standard deviations were used 
in order to summarise continuous variables; fre-
quencies and proportions were used in order to 
summarise categorical variables. Student’s t-
test was used to test the differences between the 
means of continuous variables after verifying that 
analysed variables were approximately normally 
distributed; the differences between frequencies 
and proportions were tested using Chi-square test. 
All tests were two-sided, and p-values < 0.05 were 
considered significant. “Statistica” software pro-
gram Ver. 6.0 (Tulsa, OK, USA) was used to per-
form the whole statistical analysis.
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RESULTS

 One hundred and seventeen procedures of 
LPN were performed in our Institution during the 
revised period.
 Among the 117 patients who underwent 
LPN, 41 underwent cl-LPN and constituted Group 
A. The remaining 76 patients underwent conven-
tional LPN with clamping of renal artery and com-
posed Group B. In our case-study, it was observed 
a trend towards an increasing choice in favour of 
cl-LPN along the revised period (Figure-1).
 Concerning Group A, CT-scan lesion size 
was 2.35 ± 1.10 cm, operative time 133.53 ± 40.54 
min. and estimated blood losses (EBL) 201.46 ± 
109.81 mL. One case (2.4%) of central angiomyo-
lipoma was converted to conventional LPN due 
to complex bleeding requiring clamping of renal 
artery: this event was recorded as an intraopera-
tive complication. We recorded only two medi-
cal (4.8%) post-operative complications (1 fever 
and 1 bronchitis); none of them was ≥ III Clavien 
grade (13). In four patients (9.7%) the reconstruc-
tion of parenchymal defect at the end of tumour 
excision was not performed. Complete results of 
cl-LPN are reported in Table-1.
 Results of this technique were then 
compared with the results of conventional LPN 

(Table-1). Groups were comparable except for 
tumour’s size that was signifi cantly higher in 
Group B (2.35 ± 1.10 vs. 3.19 ± 1.57, Group A 
vs. B, respectively, p = 0029). On the contrary, 
no differences were recorded either in terms of 
RENAL nephrometry or PADUA scores. WIT was 
20.90 ± 9.27 min. in Group B and was equal to 
0 in all Group A cases (p < 0.0001). Peri-opera-
tive variables were comparable. Particularly, op-
erative time (133.53 ± 40.54 vs 120.59 ± 32.33, 
A vs. B, respectively) and EBL (201.46 ± 109.81 
vs. 164.27 ± 128.68, A vs. B, respectively) were 
slightly higher in Group A even if these differ-
ences did not reach statistical signifi cance (p = 
0.0763 and p = 0.1464, respectively). No differ-
ences were noted between the two Groups in 
terms of post-operative complications. Similar-
ly, the rate of positive surgical margins (PSMs), 
thickness of peri-tumoral healthy tissue excised 
and distribution of histotypes at histopathologi-
cal assessment (Figure-2) were not statistically 
different. Finally, concerning functional results, 
we did not fi nd any differences when comparing 
pre-operative and post-operative SCr and eGFR 
in both Groups, even if a trend towards a more 
relevant post-operative worsening of eGFR was 
observed in Group B with respect to Group A (p = 
0.0445, Figure-3). Complete functional results are 
reported in Table-2.

Figure 1 - histogram showing the annual rate of choice of clampless laparoscopic partial nephrectomy (LPN) with respect 
to the overall annual number of LPN procedures performed (annual absolute number of procedures is reported in brackets).
In Red color: clampless LPN; in Blue color: conventional LPN.
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dISCUSSION

 Common tendency in urological literature 
is an insistence towards a reduction in WIT, be-
cause WI has been recognised as the most impor-
tant risk factor in determining a loss of renal func-
tion in post-partial setting (15).
 For this reason, lots of studies concerning 
looking for a “safe” cut-off for WIT (2,3) and tech-

niques aiming to the reduction in WIT (4,5) have 
been published.
 Functional results of PN have demonstrat-
ed that renal damage and subsequent loss of renal 
function occur even in cases of lower WIT, dem-
onstrating that every minute counts when renal 
hilum is clamped (3,16).
 Based on these findings, recently an in-
novative technique of LPN has been introduced, 

Table 1 - demographic, peri-operative, post-operative variables and complications.

Group A
(n=41)

Group B
(n=76)

p-value

Age, mean (SD), years 65.09 (7.47) 61.26 (13.68) 0.1371

Males, no. (%) 26 (63.4) 60 (78.9) 0.0642

BMI, mean (SD) 27.14 (3.62) 26.47 (3.29) 0.2792

CCI, mean (SD) 0.91 (1.22) 0.93 (1.53) 0.9409

ASA score ≥ 3, no. (%) 20 (48.8) 40 (52.6) 0.6803

CT-scan size, mean (SD), cm 2.35 (1.10) 3.19 (1.57) 0.0029

RENAL score, mean (SD) 5.65 (1.65) 5.84 (1.86) 0.5790

PADUA score, mean (SD) 7.09 (1.46) 7.48 (1.79) 0.2519

Right sided, no. (%) 21 (51.2) 38 (50.0) 0.9180

Retroperitoneal approach, no (%) 31 (75.6) 61 (80.3) 0.6157

Operative time, mean (SD), min. 133.53 (40.54) 120.59 (32.33) 0.0763

WIT, mean (SD), min. 0 20.90 (9.27) < 0.0001

EBL, mean (SD), mL 201.46 (109.81) 164.27 (128.68) 0.1464

Intra-op.ve complications, no. (%) 1 (2.4) 1 (1.3) 0.6556

Post-op.ve complications, no. (%) 2 (4.8) 11 (14.5) 0.1380

Post-op.ve complications ≥ III Clavien’s grade, no. (%) 0 (0) 0 (0) --

A.P. size, mean (SD), cm 2.43 (1.13) 3.45 (1.65) 0.0006

Thickness of peri-tumoural healthy tissue excised, 
mean (SD), mm

2.46 (1.39) 3.06 (2.94) 0.2365

Malignant lesions, no. (%) 27 (65.8) 60 (78.9) 0.1268

PSMs, no. (%) 1 (2.4) 2 (2.6) 0.7485

BMI: body mass index; CCI: Charlson’s index; CT: computed tomography; ASA: American Society of Anesthesiology; WIT: warm ischemia time; 
EBL: estimated blood loss; A.P: anatomo-pathological; PSMs: positive surgical margins; Sd: standard deviation.
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Figure 2 - histogram showing histotypes’ distribution at histopatological analysis. In Red color: clampless LPN; in Blue color: 
conventional LPN (CC-RCC: clear-cell renal cell carcinoma; PRCC: papillary cell renal cell carcinoma; ChROM: chromophobe 
renal cell carcinoma; ONCO: renal oncocytomas; AML: renal angiomyolipomas).

with the purpose of minimally injure the kidney 
when treating SRMs: Gill et al. described “zero-
ischemia” PN (8), a nephron-sparing surgical 
technique based on no-clamping of renal hilum, 
coupled with calibrated and timed intraoperative 
reduction of blood pressure. Moreover, Gill et al. 
described a clip ligation of a tertiary or quaternary 

renal arterial branch, eventually after micro-ne-
phrotomy (17) and vascular micro-dissection (18). 
Clipping is achieved by neurosurgical micro-bull-
dogs on the targeted vessel. This allowed precise 
identifi cation and isolation of the arterial supply 
to the mass in question. Even if interesting and 
described almost three decades ago in various sur-

Figure 3 - Plot lines showing the trend between pre-operative and post-operative estimated Glomerular Filtration Rate (eGFR). 
Red Line: clampless-laparoscopic partial nephrectomy (LPN); Blue Line: conventional LPN.
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gical disciplines (19-22), intraoperative reduction 
of blood pressure is not always feasible due to the 
possible vascular comorbidities of patients. More-
over, the use of micro-bulldogs did not completely 
avoid the kidney from WI and subsequent damage 
of the healthy tissue.
 On the other hand, some authors have al-
ready described cl-LPN without intraoperative re-
duction of blood pressure: in 2003 Guillonneau 
et al. (6) concluded that LPN could be performed 
without renal vascular clamping in selected cas-
es; later in 2005 Nadu et al. (7) suggested that 
clamping of the renal artery should be considered 
even for very small, superficial tumours. Follow-
ing these suggestions, in our Institution, since the 
beginning of our experience with LPN to 2009, a 
few selected lesions have anecdotally been treated 
by cl-LPN. Since 2009, we expanded the use of 
this technique that was introduced in our daily 
surgical practice with rigorous indications.
 The aim of our present study was to de-
scribe our technique and results of cl-LPN and 
to compare its results with those of conventional 
technique.
 We therefore reviewed our prospectively 
maintained database and we analysed data of 
117 consecutive patients treated with LPN by the 

same surgeon at our Institution. With respect to 
our conventional technique (10), crucial of clamp-
less technique is: an accurate dissection of hilar 
renal vessels without vessels clamping, a slower 
resection of lesion by cold scissors using suction 
device, allowing immediate suction of any blood 
loss from resection bed; precise coagulation by 
bi-polar forceps of any vessel emerging from re-
section bed during enucleoresection, eventually 
clipped by Hem-o-lock clips. Rising of carbon di-
oxide pressure during tumor excision and suture 
is very helpful during this phase. These tricks al-
together allowed us to have an adequate operative 
field and to avoid parenchymal suture in selected 
cases.
 One important point of our technique is 
that no dedicated anaesthetic procedure (such as 
calibrated hypotension) was used during interven-
tions, and this also allows the use of these tech-
niques in patients with vascular comorbidities. 
Clampless technique has progressively gained a 
great impact in our case study: it has represented 
about one-third of surgical choice for the treat-
ment of SRMs since 2010, with the intent in in-
creasing the yearly volume of such intervention 
in our Centre: in 2011 the trend is towards 50% of 
LPN procedures.

Table 2 - Pre-operative and Post-operative functional data.

Group A
(n = 41)

Group B
(n = 76)

p-value

Pre-op.ve SCr, mean (SD), mg/dL 0.91 (0.20) 0.97 (0.24) 0.1750

(p-value t-test pre-op.ve vs post-op.ve values) 0.8420 0.8208

Post-op.ve SCr, mean (SD), mg/dL 0.92 (0.25) 0.98 (0.30) 0.2772

Pre-op.ve eGFR, mean (SD), mL/min. 81.19 (25.71) 85.47 (19.37) 0.3128

(p-value t-test pre-op.ve vs post-op.ve values) 0.9723 0.2533

Post-op.ve eGFR, mean (SD), mL/min. 81.00 (23.64) 81.48 (23.34) 0.9160

Decrease in eGFR, mean (SD) mL/min. 0.17 (9.30) 4.38 (11.37) 0.0445

SCr: serum creatinine; eGFR: estimated glomerular filtration rate; Sd: standard deviation
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 During our statistical analysis, after 
patients were divided into two Groups accord-
ing to clamping of the renal artery or not, the 
groups were substantially comparable except for 
lesions’ size at pre-operative CT-scan. As also 
confirmed by pathological diameter, lesions ex-
cised by cl-LPN were significantly smaller with 
respect to those excised by conventional LPN. 
This could be explained by the fact that Group 
B is wider and includes extreme challenging 
cases performed due to absolute indications of 
the consolidated conventional LPN technique. 
On the other side, neither RENAL nephrometry 
score nor PADUA score were different between 
the Groups, indicating that tumour character-
istics considered as a whole were comparable 
between the Groups, and that even challenging 
lesions were approached by cl-LPN. Accordingly, 
Soroush et al. (23) recently demonstrated that 
clinical stage does not preclude patients from 
undergoing cl-LPN.
 Interestingly, there was a trend toward 
increase of operative time in Group A. We think 
that this could be due to a slower tumour resec-
tion, which required coagulation and ligation of 
the resection bed vessels and a slower parenchy-
mal suturing, performed without “anxiety” dic-
tated by ischemia. Mean EBL in Group A were 
about 200cc and were slightly higher than those 
in Group B (p = 0.1464). We think that this result 
is acceptable for this kind of surgery, moreover, 
regarding the clinical point of view, no blood 
transfusions were required in Group A and we 
believe that this is the most important parameter 
that has to be considered.
 One case of significant intra-operative 
bleeding in our cl-LPN experience occurred, but 
the accurate dissection of renal hilum and its ini-
tial branches performed before the beginning of 
tumor resection allowed to quickly clamp the re-
nal artery by bulldog clamp and to manage bleed-
ing, converting cl-LPN to conventional LPN.
 Another important point was the com-
plication rate: cl-LPN did not show any increase 
regarding neither intra-operative nor post-op-
erative complications, demonstrating it to be a 
safe technique. Moreover, no differences were 
recorded in terms of pathological results, name-

ly in terms of PSM, and this is a crucial point 
when a malignant lesion is managed. We think 
that these results demonstrate how clampless 
technique allowed the same “quality” of tumour 
excision if compared to conventional technique 
without compromising oncological outcomes.
 Finally, concerning functional results, 
we did not record any differences in terms of SCr 
and eGFR when comparing pre-operative with 
post-operative values in both Groups. Neverthe-
less, we observed a trend towards a higher eGFR 
worsening in Group B that was not observed in 
Group A (p = 0.0445). Even if mean WIT in Group 
B was around 20 minutes, a threshold lower than 
the “safe” one described by urological literature, 
a loss of renal function estimated by eGFR was 
detected within the first days postoperatively. 
This loss was not recorded in patients who un-
derwent clampless technique, confirming that 
maybe the only way to avoid renal damage fol-
lowing partial nephrectomy is to avoid surgical 
ischemia. These are preliminary results and we 
are not able to draw any definitive conclusion, 
but this is an important feature that can lead 
to more accurate studies designed on the use of 
more precise tools to evaluate renal function.
 Our study has some limitations because 
a limited number of patients have been en-
rolled and Groups were not completely compa-
rable. Moreover, a selection bias has been done 
in the selection of patients candidate to cl-LPN, 
most of all first cases treated by this technique. 
Nevertheless, neither RENAL nor PADUA score 
were statistically different between the Groups, 
and this fact softened this bias. Although these 
limitations could affect our results, we believe 
that our study provided useful information to 
the urologic community: cl-LPN is an emerging 
alternative to conventional LPN that could be 
a new surgical option when approaching SRMs. 
By this approach kidney does not undergo WI 
and this, reasonably, limits renal damage with-
out significant increase of blood losses and com-
plications or impairment of pathological results.
 In our opinion, it is essential that the 
surgeon has significant laparoscopic experience 
before embarking on this kind of procedure, es-
pecially for the most challenging cases.
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CONCLUSIONS

 In our experience, cl-LPN is a safe and 
effective technique, allowing management of dif-
ferently located tumours without injuring kidney 
by ischemia and we suggest it to be considered 
whenever approaching a SMR.
 We recommend a consolidated experience 
in conventional LPN before embarking in this 
kind of technique because advanced skills in re-
constructive laparoscopic techniques are required 
to achieve acceptable results. Finally, we think 
that this technique could represent a significant 
step toward (virtually) harmless nephron-sparing 
surgery even if further studies have to be planned 
in order to confirm this statement.

ABBREVIATIONS

LPN: Laparoscopic Partial Nephrectomy;
SRMs: Small Renal Masses;
cl-LPN: clampless-Laparoscopic Partial Nephrec-
tomy;
eGFR: estimated Glomerular Filtration Rate;
WIT: Warm Ischemia Time;
PN: Partial Nephrectomy;
WI: Warm Ischemia;
CT: Computed Tomography;
CCI: Charlson’s Comorbidity Index;
SCr: Serum Creatinine;
MDRD: Modification of Diet in Renal Disease;
EBL: Estimated Blood Losses;
PSMs: Positive Surgical Margins.
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Purpose: To compare PCA3 score cut-off of 35 vs 20 in PCa diagnosis in patients un-
dergoing repeated saturation prostate biopsy (SPBx).
Material and Methods: From January 2010 to May 2011, 118 patients (median 62.5 
years) with primary negative extended biopsy underwent a transperineal SPBx (median 
30 cores) for persistent suspicion of PCa. The indications for repeated biopsy were: per-
sistently high or increasing PSA values; PSA > 10 ng/mL, PSA values between 4.1-10 
or 2.6-4 ng/mL with free/total PSA ≤ 25% and ≤ 20%, respectively; moreover, before 
performing SPBx urinary PCA3 score was evaluated.
Results: All patients had negative DRE and median PSA was 8.5 ng/mL (range: 3.7-24 
ng/mL). A T1c PCa was found in 32 patients (27.1%): PCA3 score was 59 (median; ran-
ge: 7-201) in the presence of PCa and 35 (median; range: 3-253) in the absence of can-
cer (p < 0.05). In the presence of ASAP and HGPIN median PCA3 score was 109 (range: 
42-253) and 40 (range: 30-140), respectively. Diagnostic accuracy, sensitivity, speci-
ficity, PPV and NPV of PCA3 score cut-off of 20 vs 35 in PCa diagnosis were 44.9 vs 
50%, 90.6 vs 71.9%, 27.9 vs 41.8%, 31.9 vs 31.5% and 88.9 vs 80%, respectively. ROC 
analysis demonstrated an AUC for PCA3 ≥ 20 vs ≥ 35 of 0.678 and 0.634, respectively.
Conclusions: Our data suggest that PCA3 is more useful as an exclusion tool; moreover, 
setting a PCA3 cut-off at 20 vs 35, would have avoided 22.9 vs 38.1% of biopsies while 
missing 9.4% and 28% diagnosis of PCa.

INTROdUCTION

Widespread use of the PSA test along 
with the introduction of mass screening proto-
cols in Europe (1) and in USA (2) have increased 
the detection rate of prostate cancer (PCa), cur-
rently the most prevalent malignancy in older 
men. Although the European Randomized Study 
of Screening for Prostate Cancer (ERSPC) reported 
a 20% reduction of mortality in the screened arm 
with an estimated rate of over-diagnosis as high 

as 50% (1), 22-41% of men with persistent sus-
picion of PCa following negative primary biopsy 
were found to have cancer at repeated biopsy 
(3,4). In an attempt to improve PSA specificity 
and reduce the number of unnecessary biopsies 
many molecular forms of PSA (i.e. free/total PSA, 
pro-PSA) have been brought into clinical prac-
tice, most notably in the presence of PSA values 
lower than 10 ng/mL; in this light the Prostate 
Cancer Gene 3 (PCA3) assay (a gene-based mark-
er) has recently been used to select patients for 
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repeated prostate biopsy (5,6). Many authors have 
reported a significant difference of PCA3 score in 
patients with positive or negative repeated biopsy 
(7,8) underlining the lack of sensitivity of PCA3 
to prostate volume and prostatitis (7); moreover, 
the PCA3 score has been incorporated  into nomo-
grams to assist in the decision to biopsy assign-
ment of an individual risk of PCa (9).

Recent studies have demonstrated that 
a PCA3 score of 35 provides an optimal balance 
between sensitivity and specificity in diagnosing 
PCa with greater diagnostic accuracy than free/to-
tal PSA (cut-off 25%) (7,10); on the other hand, a 
PCA3 score cut-off  lower than 25 could be predic-
tive of pathological indolent PCa (pIPCa) (11).

Our scope is to report the accuracy of PCA3 
cut-off of 35 vs 20 in PCa diagnosis in patients 
undergoing repeated saturation prostate biopsy 
(SPBx) for the persistence of suspicion of cancer.

MATERIALS ANd METhOdS

From January 2010 to May 2011, 118 con-
secutive cases, all of Caucasian origin and between 
the ages of 48 and 72 years (median 62.5 years) un-
derwent a SPBx (median 30; range: 24-38 cores) 9 
months (median; range 6-18) after a primary nega-
tive extended biopsy (median 18 cores). The 118 
patients were selected from a case-finding protocol 
for PCa detection (12) and had one single previ-
ous negative biopsy. The indications for repeated 
biopsy were: persistently high or increasing PSA 
values; PSA > 10 ng/mL, PSA values between 4.1-
10 or 2.6-4 ng/mL with free/total PSA ≤ 25% and 
≤ 20%, respectively. SPBx was performed trans-
perineally using a tru-cut 18 gauge needle (Bard; 
Covington, GA), a GE Logiq 500 PRO ecograph 
(General Electric; Milwaukee, WI) supplied with a 
biplanar transrectal probe (5-6.5 MHz) under seda-
tion and antibiotic prophylaxis. The prostate bi-
opsy protocol included a median of 12 cores in 
the posterior zone of each lobe (apex, median zone 
and base of the gland) beginning parasagittally to 
reach the outer edges of the gland (lateral margins) 
and 2-3 cores in the transition zone (4).

From three to ten days prior to perform-
ing SPBx, first-catch urine samples were collected 
following digital rectal examination (three strokes 

per lobe) and processed to quantify PCA3 and PSA 
mRNA concentrations using the PROGENSA PCA3 
assay (Gen-Prob Inc. San Diego, CA USA); PCA3 
score was calculated using the following equation: 
(PCA3 mRNA/PSA mRNA) x 1000 (13).

In the presence of PCa either definitive 
treatment or active surveillance (AS) was offered. 
Those desiring surgery underwent retropubic radi-
cal prostatectomy (RRP) with bilateral obturator 
and external iliac lymphadenectomy. The volume 
of cancer in the entire specimen was reported ac-
cording to Bostwick (14). Each case was analyzed 
independently by two dedicated pathologists 
(FF,AG) and the incidence of PCa, that fulfilled the 
Epstein criteria (15) for pIPCa (cancer volume less 
than 0.5 mL and no Gleason grade 4 or 5 disease) 
was recorded.

The performance characteristics at different 
PCA3 score cut-off of 20 vs 35 were evaluated in 
terms of diagnostic accuracy, sensitivity, specific-
ity, positive predictive value (PPV) and negative 
predictive value (NPV). Receiver operating charac-
teristic (ROC) was performed to define diagnostic 
performance of PCA3 ≥ 20 vs PCA3 ≥ 35 using the 
calculated area under the curve (AUC); moreover, a 
probability (p) value of less than 0.05 was consid-
ered statistically significant.

RESULTS

All patients had negative DRE and medi-
an PSA was 8.5 ng/mL (range: 3.7-24 ng/mL): 50 
(42.4%) had PSA > 10 ng/mL, 65 (55%) had PSA 
between 4-10 ng/mL with PSA F/T ≤ 25% and 3 
(2.6%) had PSA between 2.6-4 ng/mL with PSA 
F/T ≤ 20%, respectively. In all patients an adequate 
concentration of PCA3 and PSA mRNA was ob-
tained; median PCA3 score was equal to 49 (range 
3-253); 91 (77.1%) and 73 (61.9%) patients had a 
PCA3 score greater than 20 and 35, respectively.

A T1c PCa was found in 32 patients 
(27.1%); median PSA was 12.5 ng/mL (range: 4.5-
24 ng/mL): 15 and 17 men had a PSA > 10 and 
between 4-10 ng/mL, respectively. Gleason score 
(GS) was 6 in 26 cases (81.2%), 7 in 4 (12.5%) and 
8 in 2 (6.3%). Median positive cores were 2 (range: 
1-14) with the presence of either only one positive 
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Diagnostic accuracy, sensitivity, specific-
ity, PPV and NPV of PCA3 score cut-off of 20 
vs 35 are listed in Table-1. ROC analysis demon-
strated an AUC for PCA3 ≥ 20 vs PCA3 ≥ 35 of 
0.678 and 0.634, respectively.

Among the patients with PCa 4 cases 
(12.5%) underwent radiotherapy and 3 cases 
(10%) followed AS protocol. None of the 25 pa-
tients submitted to RRP had a pIPCa (18 pT2cN0 
and 7 pT3aN0); the clinical (PSA, PSA F/T, PCA3 
score) and pathological (biopsy and surgical spec-
imens) characteristics are listed in Table-2.

dISCUSSION

Currently, with repeated prostate biopsy 
constituting 20-30% of all performed procedures, 
and low percentage discovery rates for PCa, cer-
tain clinical criteria for the selection of patients at 
high risk of developing PCa cancer are still lack-
ing. Vlaeminck-Guillem (16) demonstrated that 
PCA3 predicts PCa multifocality while Ploussard 
(11) and Auprich (8) confirmed PCA3 to be a valu-
able predictor of pIPCa in selection between AS 
protocols or focal therapy. In the largest studies 
to date (1072, 463 and 226 cases) all undergoing 

core in 12 cases (37.5%) or a microfocus of PCa 
(defined as a percentage of cancer ≤ 5% in a single 
core with GS ≤ 6) in 6 (19%); greatest percentage 
of cancer (GPC) was ≤ 50 and > 50% in 22 (68%) 
and 10 (32%) cases, respectively. The remaining 
73 men (61.8%) had normal parenchyma, 4 (3.4%) 
had ASAP and 9 (7.7%) had HGPIN.

PCA3 score was 59 (median; range: 7-201) 
in the presence of PCa and 35 (median; range: 
3-253) in the absence of cancer (p < 0.05); In the 
presence of ASAP and HGPIN median PCA3 score 
was 109 (range: 42-253) and 40 (range: 30-140), 
respectively.

PCa detection rate increased from 11.5% 
with PCA3 score of less than 20 to 33.3% with 
scores greater than 100 (Figure-1); moreover, a 
PCA3 cut off of 20 and 35 found 29 (90.6%) and 
23 (71.9%) PCa, respectively. Men with a PCA3 
score ≥ 35 had a 31.5% probability of a positive 
biopsy compared to 31.8% probability in patients 
with PCA3 score ≥ 20. Median PCA3 score in the 
presence of GS equal to 6, 7 and 8 was 62, 68 and 
145, respectively. Setting a PCA3 cut-off at 20 vs 
35 would have avoided 22.9% vs 38.1% of biop-
sies but 3 (9.4%) and 9 cases (28%) of cancer with 
GS of 6 would have been missed.

Figure 1 - PCa detection by PCA3 score range in the 118 patients submitted to repeated saturation biopsy.
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Table 1 - PCA3 score accuracy in diagnosing prostate cancer: cut-off  20 vs 35.

Accuracy PCA3 ≥ 20 Vs PCA3 ≥ 35

Sensitivity 90.6% 71.9%

Specificity 27.9% 41.8%

PPV 31.9% 31.5%

NPV 88.9% 80.0%

Diagnostic accuracy 44.9% 50.0%

PPV = positive predictive value; NPV = negative predictive value

repeated biopsy Aubin (10), Haese (7) and Marks 
(5) respectively reported positive biopsy probabil-
ity [upon comparison of PCA3 score < 5-10 to 
PCA3 score = 100] as being 6 vs 12%, 12 vs 57% 
and 47 vs 50%. Aubin (10) demonstrated that a 
PCA3 cut-off equal to 35 predicts biopsy out-
comes 2 years in advance resulting more accurate 
than PSA; moreover, Haese (7) at a PCA3 cut-off 
of 20 vs 35 reported a 44% vs 67% reduction of 
repeated biopsies missing 12 vs  21% of cancers 
with GS ≥ 7.

 Despite these interesting reports, PCA3 
accuracy (cut-off ≥ 35) at repeated biopsy re-
mains contradictory: sensitivity, specificity, PPV 
and NPV range between 47 to 76.6% (5), 66.6 to 
78.6% (6), 39 to 74% (16) and 62.5 to 87% (17), 
respectively; in fact, only NPV is satisfactory be-
ing > 80% in three of the five studies evaluated 
(5,6,17,18,19).

Recently, Roobol (20) reported that PCA3 
cannot replace the PSA test as the choice of an 
appropriate cut-off level with acceptable perfor-
mance is debatable and Rigau (21) suggested the 
usefulness of a multiplexed urine-based diagnos-
tic test having the same sensitivity as the PSA test.

 In our series, the best parameter was NPV 
equal to 88.9% and 80% using a cut-off of 20 and 
35, respectively; to the contrary PPV resulted the 
worst (about 31%) due to the high number of false 
positive results. These data suggest that PCA3 is 
more useful as an exclusion tool; moreover, a 
PCA3 cut-off of 20 in comparison with PSA dem-
onstrates a good sensitivity (90.6%) reducing the 

number of unnecessary repeated biopsy (22.9% 
of the cases) and minimizes the risk of missing 
significant PCa (3 out 32 cases).

 Regarding our results three further consid-
erations need to be made. Firstly, we don’t know 
if the false positive results correlate to SPBx false 
negatives or, on the other hand, could be predic-
tive for future PCa detection (22): 4 men had an 
HGPIN and 8 an ASAP; moreover, 11 (12.8%) out 
of 86 patients with negative SPBx had a PCA3 
score greater than 100 that allows a risk to detect 
a cancer at repeated biopsy equal to 30% (23). 
Secondly, due to the limited number of cases sub-
mitted to RRP (25 patients) the accuracy of PCA3 
score in diagnosing pIPCa cannot be established, 
especially in patients with a PCA3 score below 
20; however, overall pIPCa detection rate is lower 
in case-finding protocols (7.7% of the patients 
in case of repeated SPBx) (6) in comparison with 
screening programs for PCa (50% of the cases) 
(1). Finally, detection rate for PCa after repeated 
SPBx (27.1%) resulted similar to that observed 
with standard repeated biopsy protocol (27% for 
Marks and 28% for Haese, respectively) (5,6); 
probably, the performance of a 18 cores biopsy 
protocol as initial procedure decreased detection 
rate for PCa at repeated SPBx.

CONCLUSIONS

 PCA3 score should be considered to be a 
complementary parameter in the clinical manage-
ment of repeated biopsy candidates; in our pre-
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Table 2 - Clinical and pathological characteristics of the 25 patients with prostate cancer submitted to retropubic radical 
prostatectomy.

age
(yrs)

PSA
ng/mL

biopsy
GS

positive
cores

GPC
%

PSA
F/T %

PCA3
score

pTN definitive
GS

psm PCa
volume

60 4.5 3 + 3 1 50 10 35 T2c N0 3 + 3 - > 0.5 mL

62 8 3 + 3 1 50 8 37 T2c N0 3 + 3 - > 0.5 mL

72 6.8 3 + 3 1 50 10 86 T2c N0 3 + 3 - > 0.5 mL

70 9.9 3 + 3 1 50 15 17 T2b N0 3 + 3 - > 0.5 mL

58 8.9 3 + 3 1 60 12 119 T2c N0 3 + 3 - > 0.5 mL

63 9.6 3 + 3 1 50 11 54 T2a N0 3 + 3 - > 0.5 mL

62 9.2 3 + 3 1 75 12 74 T2c N0 3 + 3 + > 0.5 mL

69 9.5 3 + 3 1 50 9 32 T2c N0 3 + 3 - > 0.5 mL

70 9.5 3 + 3 1 50 8 40 T3a N0 3 + 3 - > 0.5 mL

64 7.9 3 + 3 2 50 9 73 T2c N0 3 + 3 - > 0.5 mL

58 6.9 3 + 3 1 5 23 41 T2c N0 3 + 3 - > 0.5 mL

68 8.3 3 + 3 1 5 11 8 T2a N0 3 + 3 - > 0.5 mL

65 8.3 3 + 3 1 5 27 30 T2a N0 3 + 3 - > 0.5 mL

63 10 3 + 3 1 5 20 79 T2c N0 3 + 3 - > 0.5 mL

64 13.5 3 + 3 1 5 11 170 T3a N0 3 + 3 - > 0.5 mL

65 11.5 3 + 3 1 50 11 58 T2c N0 3 + 3 - > 0.5 mL

68 12.8 3 + 3 4 100 15 30 T3a N0 3 + 3 - > 0.5 mL

60 8.8 3 + 3 3 75 23 110 T2c N0 3 + 3 + > 0.5 mL

70 10.8 3 + 3 3 50 19 48 T2c N0 3 + 4 - > 0.5 mL

67 11.5 3 + 3 8 50 13 45 T2c N0 3 + 4 - > 0.5 mL

69 12 3 + 4 9 100 18 62 T3a N0 4 + 3 + > 0.5 mL

61 10.8 3 + 4 6 75 19 47 T3a N0 4 + 3 + > 0.5 mL

61 24 4 + 4 5 100 19 73 T3a N0 4 + 4 + > 0.5 mL

62 10.5 3 + 4 6 75 8 74 T2c N0 3 + 4 - > 0.5 mL

61 12.5 3 + 4 3 100 8 79 T3a N0 4 + 4 + > 0.5 mL

GS = Gleason score; GPC = greatest percentage of cancer; PSA F/T = free/total; psm =  positive surgical margins. 
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liminary dataset, the high NPV equal to 88.9 (cut 
off of 20) and 80% (cut off of 35) should limit the 
use of PCA3 score to avoid the risk of unneces-
sary repeated biopsy. Moreover, setting a PCA3 
cut-off at 20 vs 35, would have avoided 22.9 vs 
38.1% of biopsies while missing 3 (9.4%) and 9 
cases (28%) of significant PCa, respectively.

ABBREVIATIONS

PCa = prostate cancer;
PCA3 = Prostate Cancer Gene 3;
pIPCa = pathological indolent prostate cancer;
SPBx = saturation prostate biopsy;
PPV = positive predictive value;
NPV = negative predictive value;
GS = Gleason score;
GPC = greatest percentage of cancer;
PSA F/T = free/total PSA;
psm = positive surgical margins;
ROC = receiver operating characteristic;
AUC = area under the curve.
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Purpose: We evaluated our experience with laparoscopic donor nephrectomy in pa-
tients with multiple renal arteries, comparing operative outcomes and early graft func-
tion with patients with a single renal artery.
Materials and Methods: From January 2003 to February 2009, 130 patients underwent 
laparoscopic donor nephrectomy at our institution, 108 (83%) with a single renal artery 
and 22 (17%) with multiple arteries. Donor and recipient outcomes for single artery and 
multiple arteries allografts were compared.
Results: The LDN operative time was similar between the single artery and multiple 
arteries groups (162 vs 163 min, respectively, p = 0.87). Allografts with multiple arteries 
had significantly longer warm ischemia time (3.9 vs 4.9 min, p = 0.05) and cold isch-
emia time (72 vs 94 min, p < 0.001) than those with single artery. The conversion rate 
was similar between single and multiple arteries groups (6% vs 4.5%, respectively, p = 
0.7). Multiple arteries grafts had a non statistically significant higher rate of poor graft 
function when compared to single artery grafts (23% vs 12%, respectively, p = 0.18). 
Five patients in the single artery group (4.6%) and one patient in the multiple arter-
ies group (4.5%) needed dialysis during the first postoperative week. Overall, recipient 
complication rates were similar between single and multiple arteries groups (12.9% vs 
18.1%, respectively, p = 0.51).
Conclusion: Laparoscopic donor nephrectomy with multiple arteries was associated with 
a non statistically significant higher rate of poor early graft function. The procedure 
appears to be safe in patients with multiple arteries, with similar complications rates. 
Multiple arteries should not be a contraindication for laparoscopic donor nephrectomy.

INTROdUCTION

 Renal transplantation is the treatment of 
choice for patients with end-stage renal disease. 
Unfortunately, donor organ shortage has become 
a problem preventing the wider application of this 
treatment (1). Since the first laparoscopic donor 
nephrectomy (LDN) performed by Ratner et al. in 
1995, the procedure has gained worldwide ac-
ceptance and popularity (2). The use of LDN may 

remove some of the disincentives of living donor 
transplantation, increasing the pool of kidneys 
available for transplantation with an increase of 
voluntary kidney donors (3). Some of the advan-
tages of the LDN include less donor morbidity, 
lower hospital stay, and better convalescence, 
with similar short and long term outcomes when 
compared to open surgery (4-8).
 The presence of multiple renal arteries 
is considered the most common renal anatomic 
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variation. Autopsy studies showed that the prev-
alence of multiple renal arteries may vary from 
18 to 30%, and 15% of them being bilateral (9). 
Initially, multiple arteries were considered inap-
propriate for laparoscopic removal during kidney 
donation. With increasing experience, LDN has 
now been extended to donors with multiple renal 
arteries and extending this indication would be 
important to increase the pool of available kid-
neys for transplantation (1). However, the proce-
dure in patients with multiple renal arteries is still 
technically challenging, and concerns regarding 
prolonged operative times, ischemia time, and in-
creased risk of complications persists. In the pres-
ent study, we evaluated our experience with LDN 
in patients with multiple renal arteries, compar-
ing operative outcomes and early graft function 
with patients with a single renal artery.

MATERIALS ANd METhOdS

 Between January 2003 to February 2009, 
130 consecutive patients who underwent LDN at 
our institution were retrospectively reviewed. All 
donor patients underwent a preoperative evalua-
tion that consisted of history and physical exami-
nation, serum chemistry studies and imaging. The 
arterial anatomy was delineated by selective re-
nal angiography or computed tomography angio-
gram. All patients underwent transperitoneal LDN 
through a three or four-port approach. The renal 
artery and vein were secured with two Hem-o-
Lok™ (Weck Closure Systems™) clips on the aortic 
side and vena cava side, respectively. From 2003 
to 2005 all LDN were performed using a hand-
assisted device. After this period all procedures 
were performed by a pure laparoscopic approach, 
as previously described (10). Left kidney was pref-
erably procured due to its longer renal vein ex-
tent, unless an anatomical variation was observed 
during preoperative imaging.
 Warm ischemia time was defined as the 
time from clamping until allograft perfusion with 
cold perfusate. The recipient procedure was per-
formed using the standard extraperitoneal ap-
proach. Single renal vein was first anastomosed 
to the external iliac vein. An end-to-side anasto-
mosis of the allograft renal artery with the recipi-

ent external iliac artery was usually preferred. In 
grafts with multiple renal arteries, bench end-to-
side accessory artery-to-main artery anastomosis 
or side-to-side conjoint artery-to-artery anas-
tomosis using 7-0 Prolene™ continuous sutures 
were performed.
 We compared donor and recipient results 
for single artery (SA) and multiple arteries (MA) 
allografts. Donor parameters analyzed included 
age, gender, operative time, warm ischemia time, 
and estimated blood loss. Recipient parameters 
included age, gender, cold ischemia time, creati-
nine level at day 5, slow and delayed graft func-
tion rates, and early complications. Delayed graft 
function was defined as the need for hemodialysis 
on post-operative day 1-7. Slow graft function 
was defined as POD 5 serum creatinine ≥ 3 mg/
dL without need for hemodialysis on POD 1-7. 
An allograft was considered to have a poor ear-
ly graft function (EGF) if it experienced delayed 
graft function or slow graft function (11). Compli-
cations were classified as vascular (bleeding, he-
matoma, thrombosis, stenosis), ureteral (stricture, 
leak), and others (lymphocele, wound dehiscence, 
infection). Complications were graded using the 
Clavien-Dindo classification (12). Comparisons 
between categorical variables were performed us-
ing Chi-square tests and between continuous vari-
ables were performed using Mann-Whitney test. 
The Shapiro-Wilk test was performed to test for 
the normality of the sample. Due to small number 
of events a multivariate analysis for predictors of 
poor graft function was not attempted. Statistical 
calculations were performed with Stata 8.

RESULTS

Patient characteristics
 In total, 108 allografts had SA (83%) 
and 22 had MA (17%). Donor and recipient de-
mographic characteristics are shown in Table-1. 
There was no statistically significant difference 
between SA and MA patients with regards to me-
dian donor age (39 vs 36 years, respectively, p = 
0.27), donor gender (40% vs 27% male donors, p 
= 0.27), recipient gender (58% vs 59% male re-
cipients, p = 0.95), LDN side (76% vs 68% left 
kidneys procured, p = 0.45), and LDN technique 
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slippery in two patients. One patient had a con-
version in the MA group due to a venous lesion 
during hilar dissection.

Recipient early outcomes
 The early graft function is summarized in 
Table-2. Multiple arteries grafts had a non statis-
tically significant higher rate of poor graft func-
tion when compared to SA grafts (23% vs 12%, 
respectively, p = 0.18). Five patients in the SA 
group (4.6%) and one patient in the MA group 
(4.5%) needed dialysis during the first postopera-
tive week. The mean serum creatinine in the 5th 
postoperative day for the SA group was 1.86 mg/
dL and for the MA group was 2.49 mg/dL. This 
difference was not statistically significant (p = 
0.08). Overall, early recipient complication rates 
were similar between SA and MA groups (12.9% 
vs 18.1%, respectively, p = 0.51). The complica-
tions grade was also similar between both groups. 
Eleven patients (10.2%) in the SA group and three 

(46% vs 32% hand-assisted LDN, p = 0.21). Re-
cipients of allografts with MA were significantly 
older when compared with patients who received 
SA allografts (median age 47 vs 37 years, respec-
tively, p = 0.02).

Surgical events
 Table-2 summarizes operative events for 
both groups. Briefly, the median LDN operative 
time was similar between the SA and MA groups 
(162 vs 163 min, respectively, p = 0.74). Al-
lografts with MA had significantly longer warm 
ischemic time (3.9 vs 4.9 min, p = 0.01) and cold 
ischemic time (72 vs 94 min, p < 0.001) than those 
with SA. The conversion rate was similar between 
SA and MA groups (6% vs 4.5%, respectively, p 
= 0.7). Overall, eight patients had an intraopera-
tive bleeding requiring open conversion to gain 
hemostasis. Seven of these patients had a single 
artery, and the reason for bleeding was a venous 
lesion during dissection in five patients and a clip 

Table 1 - Patient demographics divided by number of arteries.

Single artery
(n = 108)

Multiple arteries
(n = 22)

Total
(n = 130)

P value

Donor age, median (IQR) 39 (32 - 46) 36 (31 - 43) 39 (32 - 46) 0.27

Donor gender 0.27

Male 43 (40) 6 (27) 49 (38)

Female 65 (60) 16 (73) 81 (62)

Recipient age, median (IQR) 37 (28 - 47) 47 (37 - 53) 40 (30 - 50) 0.02

Recipient gender 0.95

Male 63 (58) 13 (59) 76 (58)

Female 45 (42) 9 (41) 54 (42)

LDN side 0.45

Right 26 (24) 7 (32) 33 (25)

Left 82 (76) 15 (68) 97 (75)

Hand-assisted 50 (46) 7 (32) 57 (44) 0.21

IQR = inter quartile range; LdN = laparoscopic donor nephrectomy.
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(13.6%) in the MA experienced major complica-
tions (grade III-V). One patient in the SA group 
with a renal vein thrombosis lost the allograft, 
and one patient on each group had sepsis and died 
after renal transplantation. Analyzing separately, 
the rate of vascular complications was similar be-
tween SA and MA groups (2.8% vs 4.5%, respec-
tively, p = 0.66) as well as the rate of ureteral com-

plications (5.6% vs 4.5%, respectively, p = 0.85). 
Table-3 details the complications for both groups.

dISCUSSION

 In this study, we compared LDN per-
formed in kidneys with MA and kidneys with a 
SA and found that recipient complications rates, 

Table 2 - Operative  and early function data for both groups.

Single artery Multiple arteries Total P value

Operative time, min (SD) 162 (46.3) 163 (37.5) 162 (44.9) 0.74

WIT, min (SD) 3.9 (2) 4.9 (2.4) 4.1 (2.1) 0.01

CIT, min (SD) 72 (16.8) 94 (23.1) 77 (20.5) < 0.001

EBL, mL (SD) 267 (377) 245 (165) 264 (351) 0.17

Poor graft function (%)† 13 (12) 5 (23) 18 (14) 0.18

Delayed graft function (%)† 5 (4.6) 1 (4.5) 6 (4.6) 0.98

Mean SCr, mg/dL (SD) 1.86 (1.42) 2.49 (1.72) 1.96 (1.49) 0.08

Sd = standard deviation; WIT = warm ischemia time; CIT = cold ischemia time; EBL = estimated blood loss; SCr = serum creatinine.
†Delayed graft function: patients who needed dialysis during the first post-operative week. Poor graft function: patients who had creatinine > 3 mg/
dL or needed dialysis during the first PO week.

Table 3 - Complication rates by group.

Single Artery Multiple Arteries P Value

All complications 14 (12.9%) 4 (18.1%) 0.51

Vascular 3 (2.8%) 1 (4.5%) 0.66

Thrombosis 1 0

Stenosis 2 1

Ureteral 6 (5.6%) 1 (4.5%) 0.85

Others 5 (4.6%) 2 (9.1%) 0.39

Lymphocele 1 1

Wound dehiscence 1 0

Infection 3 1
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especially ureteral and vascular complications, 
were similar between both groups. We also found 
that patients who received allografts with MA had 
longer warm and cold ischemia times. These lon-
ger ischemia times translated into nearly a double 
of the rate of poor EGF for MA patients when 
compared to SA patients (23% vs 12%, respec-
tively). However, this difference was not statisti-
cally significantly and was not associated with a 
higher recipient need for dialysis during the first 
postoperative week.
 In patients with MA, there is an increased 
risk of injury from more extensive dissection 
(13). The requirement for complicated vascular 
reconstruction and more difficult anastomosis at 
the time of implantation impose additional isch-
emic injury and subsequent reperfusion injury 
(13). This extended dissection and the need for 
back-table reconstruction have been shown, by 
some authors, to be associated with an increased 
risk for urological and vascular complications 
(9,14,15). Roza et al. analyzed 42 living donor 
open nephrectomies with multiple arteries and 
observed 8 patients (19%) with urological com-
plications and 3 (7%) with vascular complica-
tions (9). Carter et al. also showed a higher rate 
of ureteral complications in patients with mul-
tiple arteries (17% vs 3%) when analyzing 361 
LDN. The authors concluded that this higher rate 
could be a result of insufficient perfusion in the 
kidney’s lower pole, probably related to exces-
sive traction or cautery lesion during dissection 
(14). However, other papers analyzing LDN did 
not show a higher incidence of vascular and ure-
teral complications when harvesting kidneys with 
multiple arteries (16-18). In our study, the rate of 
vascular and ureteral complications was similar 
on both groups. At our institution, the ureteral 
dissection is performed carefully to maintain an 
adequate vascular supply to the lower pole and 
distal ureter. The back-table reconstruction and 
vascular anastomosis are meticulously performed 
by an experienced vascular surgeon to ensure an 
adequate lumen in the anastomosis in order to 
prevent thrombosis or technical errors.
 Results from previous studies compar-
ing renal function outcomes in patients with MA 
and SA have been variable (13,16-20). Kuo et al.. 

showed similar functional outcomes for patients 
with one, two or three renal arteries. The authors 
analyzed 124 patients who underwent LDN, 83 
patients with a single artery, 33 with two arteries 
and 8 with three arteries, with 1-year graft sur-
vival rates of 96.1%, 90.9% and 90%, respectively 
(17). Similar results were published by other au-
thors (16,17,19). In the other hand, Paramesh et 
al. when analyzing 278 LDN during a 10-year pe-
riod, showed in a multivariable logistic regression 
analysis that MA was an independent risk factor 
for acute rejection. The authors also showed that 
the graft function at 6 and 12 months was signifi-
cantly lower in the MA group than SA group, and 
this trend persisted for 3 years after transplant 
(13). In the present study, the MA group had a 
higher rate of poor EGF when compared to the 
SA group (23% vs 12%, respectively). This dif-
ference was not statistically significant. However, 
we must acknowledge that this difference may 
be of clinical relevance since patients with MA 
had nearly a double of poor EGF. For this reason, 
at our institution, we usually procure the kidney 
with a single artery, regardless of the side, and 
perform a LDN in kidneys with multiple arteries 
only when both kidneys have this anomaly.
 Warm and cold ischemia times have been 
shown to be associated with worst allograft out-
comes (11,21,22). Sasaki et al. analyzing 100 pa-
tients who underwent LDN showed that warm 
ischemia time longer than 10 minutes was associ-
ated with acute tubular necrosis and creatinine 
levels higher than 2 mg/dL in the 7th post-op-
erative day (22). Furthermore, the authors sug-
gest that the WIT should be less than 5 minutes 
to ensure the quality of renal transplantation. In 
our study, warm and cold ischemia times were the 
only variables analyzed that we found to be sta-
tistically different between MA and SA allografts. 
However, both groups had an acceptable total 
ischemia time. The other surgical factors ana-
lyzed, such as operative time and estimated blood 
loss, were similar, which is in accordance with 
previously published data (16,23).
 The study has several limitations that de-
serve to be mentioned. First, this is a retrospec-
tive study with a small number of patients, espe-
cially in the MA group. If we had analyzed more 
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patients the results could be different, especially 
renal function outcomes. Second, our study lacks 
information on long-term results and the renal 
function analysis was based only on early graft 
function. Although this is suboptimal, previous 
reports have shown that early function results 
are associated with worst long-term outcomes. 
For example, Nogueira et al., using the same poor 
EGF definition as ours, demonstrated that renal 
allograft survival is significantly worse in pa-
tients with poor early graft function, with more 
than double the risk for graft failure in these sub-
jects compared to those with adequate initial graft 
function (11). The authors also found inferior renal 
function at 1 year and worse rejection-free sur-
vival in this group. Third, we did not differentiate 
large renal arteries, such as polar arteries, from 
small branches that are more susceptible to vas-
cular complications but do not pose a significant 
compromise in the kidney’s vascular supply. These 
small branches sometimes cannot be adequately 
assessed during Doppler ultrasound and for this 
reason the vascular complications rate could even 
be higher. Despite these limitations, based on our 
results and others, we believe that multiple arteries 
should not be a contraindication for renal trans-
plantation. However, the patient must be aware 
that LDN in kidneys with MA may be associated 
with worst early renal function results.

CONCLUSIONS

 Laparoscopic donor nephrectomy appears 
to be safe in patients with multiple renal arteries, 
with similar complications rates when compared 
to single artery allografts. The cold and warm 
ischemia times were significantly longer in the 
multiple arteries group. Allografts with multiple 
arteries had a non statistically significant higher 
rate of poor early graft function when compared 
to single artery allografts. Nevertheless, we believe 
that multiple arteries should not be a contraindi-
cation for laparoscopic donor nephrectomy.
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EdITORIAL COMMENT

 Since the first descriptions of the lapa-
roscopic donor nephrectomy on 1995, the renal 
transplantation laparoscopic surgery has continu-
ously increased. Despite of the presence of renal 
donors with multiple renal arteries has initially 
been considered as a contraindication to the LDN, 
the upgrade of surgery technique and the expe-
rience of transplantation surgeons has increased 
over time and the challenges to perform LDN with 
MRA were overcome.
 The authors evaluated your experience 
with 130 patients submitted to a laparoscopic do-
nor nephrectomy, comparing the results on pa-
tients with unique arteries versus the ones with 
multiple arteries, by the analysis of operational 
surgery results and precocious and late function 
of the graft.
 Donor parameters analyzed included age, 
gender, operative time, warm ischemia time, es-
timated blood loss and recipient parameters in-

cluded age, gender, cold ischemia time, creatinine 
level at day 5, slow and delayed graft function 
rates, and early complications.
 The LDN operative time was similar between 
the single artery and multiple arteries groups. Al-
lograft with multiple arteries had significantly lon-
ger warm ischemia time and cold ischemia time 
than those with single artery. The conversion rate 
was similar between single and multiple arteries 
groups. Multiple arteries grafts had a non statisti-
cally significant higher rate of poor graft function 
when compared to single artery grafts respectively. 
Overall, recipient complication rates were similar be-
tween single and multiple arteries groups.
 The own authors does a self evaluation into 
your manuscript, since it is a retrospective study 
with a small sample of patients, especially in the 
multiple arteries group and the results regarding the 
renal function could be different. Second, the re-
nal function analysis was based only on early graft 
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function results, because previous reports have 
shown that early function results are associated 
with worst long term outcomes. Finally, they did 
not differentiate large renal arteries, such as po-
lar arteries.
 The authors concluded that several re-
nal arteries represent a special challenge both 
on donor surgery and implant of the renal graft. 

Dr. José Genilson Alves Ribeiro
Associate Professor

Urology Service
Universidade Federal Fluminense
Telephone: + 55 21 9983-8065

E-mail: genilsonribeiro@hotmail.com

However, the kidney nephrectomy laparoscopic 
with multiple arteries, regardless of the amount, 
it is feasible and does not have any significative 
impact on the graft result.
 Since background results are not evenly 
recorded between the transplant communities, 
the referred article gives your contribution in the 
search of this consensus.
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Objective: To compare the efficacy and safety of regional epidural anesthesia and gen-
eral anesthesia in patients who underwent PCNL.
Materials and Methods: Fifty patients submitted to percutaneous nephrolithotomy 
(PCNL) were randomized into two groups: Group I (N = 26) received general anesthesia 
and Group II (N = 24) received regional epidural anesthesia. Demographic and opera-
tive data including age, BMI, stone position, stone size, postoperative pain, amount of 
postoperative analgesic usage, length of hospital stay, patient satisfaction, preoperative 
and postoperative hemoglobin and hematocrit, adverse effects and surgical complica-
tions were compared between both groups.
Results: Average pain score at 1 hour. was 6.88 in group I and 3.12 in group II (p < 
0.001), at 4 hours. 5.07 in group I and 3.42 in group II (p = 0.025). Less morphine was 
required in the regional epidural anesthesia group compared to the general anesthe-
sia group. Higher satisfaction was found in the regional epidural group. 6 (23.07%) 
patients in Group I and 1 patient (4.19%) in Group II had postoperative nausea and 
vomiting, respectively (p = 0.05). Pain score at 12 hours, 24 hours, 48 hours, 72 hours, 
preoperative and postoperative hemoglobin and hematocrit, length of hospital stay, 
and adverse effects were no different between the two groups.
Conclusion: Regional epidural anesthesia is an alternative technique for PCNL which 
achieves more patient satisfaction, less early postoperative pain and less adverse effects 
from medication with the same efficacy and safety compared to general anesthesia.

INTROdUCTION

 Percutaneous nephrolithotomy  (PCNL) 
is the treatment of choice for large renal calculi, 
staghorn calculi and calculi which fail treatment 
with extracorporeal shockwave lithotripsy and 
ureteral endoscopy (1-3). PCNL can be performed 
under general anesthesia, regional anesthesia 
or local anesthesia. Nowadays, PCNL is usually 
performed under general anesthesia due to bet-

ter control of breathing and more comfort for 
the patients. However, there are some occasion-
ally side effects from general anesthesia such as 
lung atelectasia, drug allergy and postoperative 
nausea and vomiting (4,5). Recently, PCNL under 
epidural anesthesia was reported as having some 
advantage over general anesthesia, such as lower 
post operative pain, lower dose requirement for 
analgesic drugs, and avoidance of the side effects 
from multiple medication during general anesthe-
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sia (4-6). The aim of this study was to compare 
the efficacy and safety of regional epidural an-
esthesia and general anesthesia in patients who 
underwent PCNL.

MATERIALS ANd METhOdS

Patients
 Between September 1, 2010 to April 30, 
2011, 50 patients submitted to PCNL were block 
randomized into two groups. Group I consisted of 
26 patients who underwent PCNL under general 
anesthesia, Group II consisted of 24 patients (N = 
24) who underwent PCNL under regional epidural 
anesthesia. All patients were operated on by one 
surgeon (Lojanapiwat B) and one anestheologist 
(Nisoog C). The exclusion criteria were uncon-
trolled medical illness such as severe cardiac dis-
ease, severe respiratory disease and patients with 
any contraindications for regional anesthesia in-
cluding uncorrectable coagulopathy, high intra-
cranial pressure and vertebral deformity.
 Patients’ demographic data were com-
pared between both groups. The hemodynamic 
status, anesthetic parameters and any adverse 
events following general anesthesia and regional 
anesthesia were recorded before, during and af-
ter operation.  The analog pain score at 1 hour, 
4 hours, 12 hours, 24 hours, 48 hours, and 72 
hours. after the operation was recorded by the 
research nurse. 3 mg of morphine sulphate was 
intravenously administered when patients had a 
pain score of more than 6 points. Patients were 
interviewed at discharge and their satisfaction 
with treatment was recorded.

Methods
 Patients in the general anesthesia group 
were induced with thiopental (5 mg/kg) and 
fentanyl (1 mg/kg), paralyzed with vecuronium 
(0.1 mg/kg) before endotracheal intubation and 
maintained on anesthesia with nitrous oxide in a 
mixture of 50% oxygen and isoflurane (1-1.5%). 
The regional epidural group was induced with a 
continuous infusion of chirocine (5 mL/hour) into 
the epidural space between L 1-2 level and their 
level of anesthesia was checked during the op-
eration while they were sedated with intravenous 

proposal. Cystoscopy was performed to place a 
ureteric catheter into the upper ureter or renal 
pelvis. Renal access was performed in the prone 
position under fluoroscopic guidance. The access 
tract was dilated with an Amplatz dilator or tele-
scopic metal dilator to 30 Fr at which point the 
Amplatz sheath was placed. A 24 Fr nephroscope 
was introduced to the collecting system and the 
stone was disintegrated with ultrasonic or pneu-
matic lithotripter. The stone was removed by for-
ceps and a nephrostomy tube was placed except 
for 5 patients whose stone was freed with no ma-
jor bleeding or extravasation (tubeless PCNL).
 The statistical analysis was carried out us-
ing SPSS statistic Chi-square and student t-test, 
using Software STATA version 11. A p-value < 
0.05 was considered significant.
 The protocol and other documents for this 
study were reviewed and approved by the eth-
ics committee (Institutional Review Board) of the 
Faculty of Medicine, Chiang Mai University.

RESULTS

 The mean age was 56.69 ± 11.32 and 
53.04 ± 13.53 years old in Group I and Group 
II, respectively. Mean BMI of Group I was 21.36 
± 3.98 kg/m2 and 21.25 ± 3.21 kg/m2 in Group 
II. Mean stone size was 3.54 ± 1.07 (range 2.0 to 
5.7) in Group I, and 4.08 ± 1.37 (range 2.1 to 5.9) 
cm in Group II. Most patients received supracostal 
upper pole access. The patients’ profile, stone po-
sition and stone size are shown in Table-1. Access 
tract, numbers of tubeless PCNL and success rates 
are shown in Table-2.
 Mean preoperative and postoperative 24 
hours hemoglobin and hematocrit levels in both 
Groups are shown in Table-3. A higher satisfac-
tion score (level 4, 5) was found in the regional 
epidural group. Patients with epidural anesthesia 
needed smaller amounts of postoperative anal-
gesic drug. A reduced analog pain score in re-
gional epidural anesthesia was found at 1 hour 
and 4 hours postoperatively (Table-4, Figure-1). 
Patients who underwent PCNL with general anes-
thesia received more analgesic drugs (Table-5).
 Blood transfusion and complications 
showed no differences between both groups, but 
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treating large renal and upper ureteric calculi 
(1-3). Several new techniques of PCNL such as 
mini-PCNL and tubeless PCNL were reported to 
decrease morbidity, analgesic requirement and 
duration of hospitalization (7). The method of 
anesthesia was reported to minimize morbidity 
following PCNL. The disadvantages of general 
anesthesia compared to regional spinal anesthe-

patients with regional epidural anesthesia had 
less symptoms of nausea/ vomiting and more sat-
isfaction with the surgery (Table-6).

dISCUSSION

 Percutaneous nephrolithotomy is a mini-
mally invasive surgery which is accepted for 

Table 1 - Patient’s profile.

Variable GA (n = 26) RA(n = 24) p-value

Sex

Male 16 17 0.488

Female 10 7

Age (years)

Mean(SD) 56.69 ± 11.32 53.04 ± 13.53 0.305

BMI (kg/sq.m)

Mean(SD) 21.36 ± 3.98 21.25 ± 3.21 0.914

ASA, n (%)

1 7 (26.92) 10 (41.67) 0.533

2 18 (69.23) 13 (54.17)

3 1 (3.85) 1 (4.17)

Side

Rt 17 15 0.832

Lt 9 9

Stone size (cm) 3.54 ± 1.50 4.08 ± 1.64 0.129

Stone position, n (%)

Staghorn stone 9(34.62) 10(41.67) 0.349

Pelvic stone 5(19.23) 8(33.33)

Lower calyceal stone 7(26.92) 2(8.33)

Pelvic and calyceal stone 4(15.38) 4(16.67)

Upper calyceal stone 1(3.85) 0

GA: General anesthesia; RA: Regional anesthesia
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Table 2 - Access tract and success rate.

Access, n (%)

Upper pole -supracostal 14 (53.85) 12 (50.00) 0.441

Upper pole -subcostal 7(26.92) 4(16.67)

Middle pole 1(3.85) 4(16.67)

Lower pole 4(15.38) 4(16.67)

Operative time (hour)

mean(SD) 78.85 ± 19.71 80.63 ± 26.13 0.786

Hospital stay (day)

mean(SD) 5.46 ± 2.08 5.04 ± 1.85 0.456

Tubeless PCNL 4(15.38) 1(4.17) 0.187

Success, n (%)

Stone free 14(53.80) 17(70.00) 0.400

CIRF 7(27.00) 2(20.00)

Retained stone 5(19.2) 2(10)

GA: General anesthesia; RA: Regional anestesia; CIRF: Clinical insignificant residual fragment

Table 3 - Pre operative and post operative 24 hours hb/hct.

Variable GA (n = 26) RA(n = 24) p-value

Pre-op Hb (mg/dL) 13.38(2.23) 13.13(1.62) 0.648

Pre-op Hct (%) 40.06(5.78) 40.05(4.58) 0.992

Hb 24 hours (mg/dL) 11.45(2.01) 11.13(1.84) 0.552

Hct 24 hours (%) 34.88(5.86) 33.66(5.60) 0.456

GA: General anesthesia; RA: Regional anesthesia

sia are increased incidence of anaphylaxis due to 
multiple medication usage and more pulmonary, 
vascular, neurologic complications and problems 
associated with the endotracheal tube during the 
change of position from lithotomy to prone. Dur-

ing supracostal puncture patients with PCNL un-
der regional anesthesia can follow verbal com-
mands and control respiration for prevention of 
pulmonary events (6). The advantages of spinal 
anesthesia compared to general anesthesia were 
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Table 4 - Post operative analog pain score (from 0 to 10) at 1,4,12,24,48 and 72 hours.

Variable GA (n = 26) RA(n = 24) p-value

1 Hour 6.88(1.27) 3.12(1.98) < 0.001

4 Hours 5.07(2.58) 3.42(2.48) 0.025

12 Hours 3.88(1.88) 3.62(1.58) 0.602

24 Hours 3.42(2.10) 3.33(1.17) 0.854

48 Hours 2.61(1.49) 1.87(1.23) 0.063

72 Hours 2.03(1.66) 1.42(1.10) 0.128

GA: General anesthesia, RA: Regional anesthesia

Figure 1 - Post-operative pain score following PCNL with general anesthesia (GA) and regional (RA): p < 0.001 at 1hour and p 
= 0.025 at 4 hours.
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also demonstrated in other procedures such as 
radical retropubic prostatectomy (8) and uni-
lateral total hip arthroplasty (9). Recently PCNL 
under regional spinal anesthesia was reported to 
gain benefits because regional spinal anesthesia 
achieves better postoperative quality of life due 
to earlier postoperative recovery but most reports 
were not part of the controlled study (4,5).
 Singh et al. (6) reported a prospective 
randomized study comparing PCNL under gen-

eral anesthesia with PCNL under spinal epidural 
anesthesia. The study consisted of 32 patients of 
each group. VAS on the first postoperative day 
morning was 4.63 ± 0.87 at the epidural anes-
thesia group and 6.56 ± 1.44 at the general an-
esthesia group (P < 0.0001). Mean analgesic (tra-
madol) requirement within 24 hours was lower in 
epidural anesthesia group (100.00 ± 10.00 mg of 
epidural anesthesia: 158.6 ± 22.84 mg of general 
anesthesia, p < 0.0001). Hospital stay was shorter 
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Table 5 - Postoperative analgesic usage.

Variable GA (n = 26) RA(n = 24) p-value

Morphine

≤ 10 mg 21(80.77) 24(100) 0.024

>11 mg 5(19.23) 0

Paracetamol

≤ 1000 mg 22(84.62) 20(83.33) 0.902

>1000 mg 4(15.38) 4(16.67)

GA: General anesthesia; RA: Regional anesthesia

Table 6 - Adverse effects, complications and satisfaction.

Variable GA (n = 26) RA(n = 24) p-value

Nausea and Vomiting 6(23.07) 1(4.19) P = 0.05

Hemorrhage need blood transfusion

1 unit 3(11.54) 2(8.33) 0.571

2 unit 1(3.84) -

Pulmonary complication 2(7.69) 1(4.17) 0.600

Sepsis 0 1(4.17) 0.565

Satisfaction

1 - - 0.007

2 - -

3 2(7.69) 1(4.17)

4 20(76.92) 9(37.50)

5 4(15.38) 14(58.33)

GA: General anesthesia; RA: Regional anesthesia; Satisfactory (very unsatisfactory = 0 to very satisfactory = 5) 

in epidural anesthesia group. Regional epidural 
anesthesia is equally effective and safe compared 
to the general anesthesia group.
 Kuzgunbay et al. (4) compared the 
efficacy and safety between 37 patients who 
underwent PCNL under spinal epidural anesthesia 
and 45 patients under general anesthesia. Age, 

stone surface area, operative time, change of 
hemoglobin, hospital stay and stone free rates 
were no different between both groups. They 
concluded that PCNL under spinal regional 
anesthesia was as effective and safe as PCNL under 
general anesthesia. Karacalar et al. (5) reported the 
superior results of spinal epidural block compared 
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to general anesthesia in some aspects such as 
patient satisfaction, less postoperative pain and 
shorter duration of post operative analgesic 
medication usage. Vomiting, itch, hypotension 
and bradycardia were not different between both 
groups but higher rate of nausea was found in 
general anesthesia group.
 Andreoni et al. (10) reported the posi-
tive effect of a preoperative single dose of sub-
arachnoid spinal anesthesia associated with gen-
eral anesthesia in 9 patients who were treated by 
PCNL, compared to 11 patients who underwent 
general anesthesia alone. This technique can de-
crease postoperative pain, nauseous rates, post-
operative analgesic medication usage and allows 
earlier ambulation.
 Mehrabi et al. (11) evaluated 160 patients 
who were submitted to PCNL in the prone po-
sition under spinal anesthesia. 6 patients devel-
oped mild to moderate headache, dizziness and 
low back pain. 10 patients (6.3%) received blood 
transfusion. Among these patients, 18 patients had 
hypotension controlled by intravenous ephedrine. 
Complications from the procedure were accept-
able. Their conclusion was PCNL under spinal 
anesthesia is an alternative technique to general 
anesthesia. In contrast, hemodynamic instability 
during changing the patient position from supine 
to prone was not found in several reports (11-13).
 In our study we used the epidural space 
between L 1-2 as the level for epidural puncture 
due to its safety followed by insertion of the tip 
of an epidural catheter to T-11 level. T-6 level of 
anesthesia was achieved during the kidney op-
eration. There are some advantages of regional 
epidural anesthesia group over general anesthesia 
including less nausea/vomiting (p = 0.005), less 
postoperative pain (p < 0.01), less analgesic drugs 
usage (p < 0.024), and more patient satisfaction 
(p < 0.007). There are no differences between the 
two groups in postoperative hemoglobin, postop-
erative hematocrit, operative time, postoperative 
complication, success rate and hospital stays.

CONCLUSIONS

 Percutaneous nephrolithotomy under re-
gional anesthesia is as effective as PCNL under 

general anesthesia. The advantages of regional 
anesthesia over general anesthesia are higher pa-
tient satisfaction, less early postoperative pain 
and less analgesic usage without increasing com-
plications.
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Introduction: Male testosterone deficiency is associated with bad sexual function and 
quality of life (QoL). The aim of this study was to determine whether a daily dose of 
25 mg clomiphene citrate (CC) is effective in stimulating the endogenous testosterone 
production pathway and to address the applicability of this medication as a therapeutic 
option for symptomatic hypogonadism.
Materials and Methods: This was a prospective study. Men with low sexual desire and 
testosterone levels (T) below 400 ng/dL were selected to receive CC. Blood samples were 
obtained to determine baseline measurements of serum T, estradiol, LH, lipid profile 
and fasting plasma glucose. Each patient was treated with a daily dose of 25 mg CC for 
at least 3 months. Patients were asked if they experienced any side effects related to 
the use of CC and if they experienced any improvement in their sexual profile. Paired 
samples T-test was utilized to analyze responses to therapy.
Results: Our cohort consisted of 125 men with hypogonadism and low libido. Mean 
age was 62 years (± 11.1 years). Serum T levels ranged from 309 ng/dL (baseline, mean 
value) to 642 ng/dL (3 months after CC initiation, mean value) (p < 0.001). Serum cho-
lesterol levels ranged from 197 to 186 mg/dL (p = 0.003). There were no statistically 
significant differences when comparing pre and post-treatment HDL-Cholesterol, tri-
glycerides, fasting plasma glucose and prolactin. All men reported improvements in the 
post-treatment QoL scores. No serious adverse events were recorded.
Conclusions: The CC was effective in stimulating the endogenous production of testos-
terone. A lower level of total cholesterol was verified after three months of treatment. 
This medication should be considered as a therapeutic option for some patients with 
symptomatic male testosterone deficiency.

INTROdUCTION

 Male testosterone deficiency is a syn-
drome associated with hormonal profile chan-
ges which negatively affects libido, sexual func-
tion, mood, behavior, lean body mass, and bone 
density (1). Actually, testosterone deficiency has 
been implicated with decline of the quality of 

the erections, loss of libido, osteoporosis, weight 
gain, muscle weakness, decreased lean body mass, 
diabetes mellitus and cognitive changes (2). The 
decrease in serum testosterone (T) may be due to 
primary testicular failure (3) and/or dysfunction 
of the hypothalamic-pituitary axis (4). This defi-
ciency in aging males is associated with increased 
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body weight, adipose tissue, and estrogens, due 
to peripheral conversion of T to estradiol (5). The 
negative feedback mechanism from excess estra-
diol results in a paradoxically low LH (luteinizing 
hormone) secretion from the pituitary despite a 
physiologically low T level (1).

Currently, the most common treatment 
of symptomatic male testosterone deficiency is T 
therapy with various transdermal, oral and injec-
table delivery methods. The main purpose of the T 
replacement is to achieve normal range in T serum 
levels and to get the positive effect over the com-
plaints. However, this treatment can be associa-
ted with skin irritation, gynecomastia, nipple ten-
derness, testicular atrophy and decline in sperm 
counts (5). T replacement causes suppression of 
the hypothalamic–pituitary–gonadal axis via a 
negative feedback mechanism (1,6). Low levels of 
gonadotropin releasing hormone (GnRH), in turn, 
further decrease production of luteinizing hormo-
ne (LH) and follicle stimulating hormone (FSH) by 
the pituitary gland. The low LH levels translate to 
low T production by the Leydig cells in the testes. 
The reduction in FSH could result in suppression 
of spermatogenesis (1).

Physiologic inhibition of pituitary gona-
dotropin secretion in men by T is mainly mediated 
by aromatization to estrogen, which inhibits hy-
pothalamic secretion of GnRH. Clomiphene citrate 
is a weak estrogen receptor antagonist and thus 
may be considered a selective estrogen receptor 
modulator. It competes with estradiol for the es-
trogen receptors at the level of the hypothalamus 
and blocks the normal negative feedback mecha-
nism of circulating estradiol on the hypothalamus, 
preventing estrogen from limiting the production 
of GnRH. The increase in GnRH level then stimu-
lates the pituitary gland to release more FSH and 
LH, resulting in an increase in sperm and T pro-
duction by the testes (7-9).

A limited number of publications have 
demonstrated the efficacy of CC in the treatment 
of both male hypogonadism and male infertility 
(1,10,11). Although the biochemical response of 
patients with male hypogonadism to CC has been 
reported, there is very little data regarding the 
subjective outcomes of men treated with CC for 
hypogonadism (4).

The aim of this study was to determine 
whether a daily dose of 25 milligrams of clomi-
phene citrate is effective in stimulating this endo-
genous T production pathway (through elevation 
of serum T levels) and in improving symptoms of 
hypogonadism (subjective response).

MATERIALd ANd METhOdS

Our cohort, from one center only, consis-
ted of men with low sexual desire, low normal T 
(defined as serum total T between 300 and 400 ng/
dL) or below normal T (defined as serum total T < 
300 ng/dL) and normal LH levels. Levels of serum 
total T were measured in morning blood samples 
by automated chemiluminescence immunoassay 
kit (Centaur®, Siemens). If the patient complained 
of decrease of libido and presented low testostero-
ne levels, he repeated T, LH, lipid profile, fasting 
glucose and prolactin. Men with above normal LH 
levels, indicating primary testicular failure, were 
not offered CC treatment. Men who presented with 
abnormal levels of PSA (PSA ≥ 2.5 ng/mL in men 
aged ≤ 55 years or PSA ≥ 4 ng/mL in men aged 
> 55 years) were also excluded. Other exclusion 
criteria were prior thromboembolic events, clinical 
suspicion of mammary neoplasia and/or patient’s 
inability to provide informed consent. The deci-
sion to treat the patients with CC was left at the 
discretion of the urologist and patient choice after 
discussing treatment options. Any abnormal phy-
sical findings were reported.

Each patient was treated with a daily dose 
of 25 mg clomiphene citrate and followed pros-
pectively. At each evaluation (every 3 months) 
they had to answer a Global Assessment Question 
about the treatment (Did this treatment improve 
your symptoms based on sexual complaints? – li-
bido and erections). All patients were on the medi-
cation for at least 3 months. Our mean follow-up 
was 6 months. If the patient had some T impro-
vement at that time, they stayed under treatment 
indefinitely, but if there was no response, they sto-
pped the drug. The same lab measurements were 
done each 3 months thereafter.

Statistical analysis was performed using 
SPSS® with P values < 0.05 considered statisti-
cally significant. Mean and standard deviation of 
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the studied variables were also reported. Student´s 
t test was used to compare pre and post treatment 
means of serum T and other variables. Patients were 
stratified according to their age in order to analyze 
treatment outcomes. Analysis of variance (ANOVA) 
was used to compare more than two means simul-
taneously. Chi square test was used to analyze sub-
jective outcomes (Global Assessment Question: yes 
or no) according to the patient’s age.

Ethical approval for the study was obtained 
in accordance with our local institutional require-
ments, and written informed consent was obtained 
from all subjects.

The main outcome measure in this paper is 
the change in T level after administration of clo-
miphene citrate to hypogonadal men. In this study, 
biochemical efficacy is defined as an elevation of 

serum T to the mid-normal range (above 500 ng/
dL; normal range 206 ng/dL – 1200 ng/dL, chemi-
luminescence immunoassay - Centaur®, Siemens).

RESULTS

Our cohort consisted of 125 men with hy-
pogonadism with low normal or below normal 
T and low or normal LH associated with a com-
plaint of loss or decrease of the libido. Patients 
were prospectively enrolled from January 2008 
to December 2009. Mean age was 62 years (± 
11.2 years). Serum T levels ranged from 310.27 ± 
95.96 ng/dL (baseline) to 669.03 ± 239.68 ng/dL (3 
months after CC initiation) (p < 0.001) (Figure-1). 
Mean serum cholesterol levels ranged from 197.50 
± 39.03 mg/dL (baseline) to 187.35 ± 37.48 mg/dL 

Figure 1 - Serum testosterone levels (ng/dL) pre and post treatment with clomiphene citrate, 25mg/day, in 125 hypogonadal 
men (values expressed between 5 and 95 percentiles and the median).
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(3 months after CC initiation) (p = 0.001). There 
were no statistically significant differences when 
comparing pre and post-treatment HDL-Choleste-
rol, triglycerides, fasting plasma glucose and pro-
lactin (Table-1).

Sixty-eight percent of patients (n = 85) 
had a positive answer for the Global Assess-
ment Question (Did this treatment improve your 
symptoms based on sexual complaints?). Mean 
increases in serum T were higher for patients 
who had a positive answer for the Global Asses-
sment Question.

Objective and subjective responses depen-
ded mostly on patient’s age. The younger the pa-
tient was, the greater was the increase in serum T 
(Table-2) and the chance for a positive QoL sco-
re. Mean increases in serum T were 465.4 ng/dL, 
351.9 ng/dL and 288.7 ng/dL for patients aged 30 
to 50 years (n = 22), 51 to 70 years (n = 77) and 
≥ 71 years (n = 26), respectively. Mean increase in 
serum T of younger patients (30 to 50 years) was 
statistically higher than mean increases of older 
patients (eg. 51 to 70 years, p = 0.04; ≥ 71 years, p 
= 0.006) (Figure-2).

Table 1 - hormonal and biochemical parameters pre and post treatment with clomiphene citrate, 25 mg/day, in 125 hypogo-
nadal men.

Parameter Pre-treatment* Post-treatment* P value**

Serum Testosterone (ng/dL) 310.27 ± 95.95 669.03 ± 239.68 < 0.0001

Total Cholesterol (mg/dL) 197.50 ± 39.03 187.35 ± 37.48 0.001

HDL Cholesterol (mg/dL) 46.31 ± 11.50 45.62 ± 11.92 0.298

Triglycerides (mg/dL) 135.92 ± 98.60 129.08 ± 82.77 0.106

Fasting glucose (mg/dL) 101.44 ± 18.67 100 ± 20.92 0.359

Prolactin (µg/L) 9.68 ± 5.04 9.52 ± 6.27 0.711

*mean ± standard deviation
**Paired samples T Test

Table 2 - Serum Testosterone Outcomes According To Patient's Age.

Age
(years)

N Pre-treatment Serum Testosterone*
ng/dL

Post-treatment Serum Testosterone*
ng/dL

P value**

30-50 22 329.18 ± 87.76 794.59 ± 231.05 -

51-70 77 296.41 ± 85.53 648.35 ± 238.13 0.026

≥ 71 26 335.30 ± 124.08 624.03 ± 224.53 0.032

* mean ± standard deviation
** Turkey's test for post hoc analysis of ANOVA
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No serious adverse events were recorded 
during the study period. Six patients (5%) com-
plained of nipple tenderness. This complaint per-
sisted all over the treatment for some patients and 
for others disappeared spontaneously.

dISCUSSION

 The world population is increasing and 
becoming aged. Nowadays there are no more dou-
bts that old men have a decrease of their serum 
levels of testosterone. Hypogonadism in aging 
males results in a steady decline in testosterone 
levels at a rate of 1% per year after age 40 years 
(12). There is an inverse relationship between the 
low serum testosterone levels and the presence 
of sexual complaints. It is important to reinforce 
that the diagnosis of hypogonadism depends on 

the laboratorial data (subnormal or low normal 
testosterone) and the clinical symptoms (13).

We actually believe that more than 20% 
of the patients older than 60 years present signs 
and symptoms of hypogonadism. Wu et al. re-
cently found 17% of symptomatic hypogonadism 
(total testosterone less than 320 ng/dL) in a po-
pulation of 3369 men between the ages of 40 and 
79 years (14). These hypogonadic patients have 
complaints about mood, memory, impaired phy-
sical activities, weakness, diminished libido and 
erectile dysfunction (15,16).

Testosterone therapy has been indicated 
for the treatment of loss of libido and erectile 
dysfunction in hypogonadal men. The goal of 
testosterone therapy is to maintain physiologi-
cal levels of this hormone. A rough quantization 
of the minimum amount of total testosterone 

Figure 2 - Increase in Serum Testosterone (3 months after initiation of 25 mg CC) versus Age Groups and Global Assessment 
Question.
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necessary for nocturnal erections indicated that 
200 ng/dL of total testosterone was adequate for 
maximal response (17). The ISSAM (International 
Society for the Study of Aging Male) suggests that 
values of total T below 200 ng/dL represent hy-
pogonadism and should be treated (15) and men 
with T level between 200 ng/dL and 400 ng/dL 
could experience a therapeutic trial of T supple-
ment. Despite of the fact that T therapy does not 
mimic the normal circadian hormone secretion, it 
is generally successful.

Clomiphene citrate (CC) is an orally ad-
ministered, nonsteroidal ovulatory drug typically 
used in female infertility management. This drug 
has estrogenic and antiestrogenic properties and 
increases the steroidogenesis (18). CC has been 
shown to increase T levels in both normal and 
impotent hypogonadal men probably reflecting 
the primacy of estrogen over T in the feedback 
regulation of male gonadal function. In a small, 
double blind, placebo-controlled, crossover stu-
dy of clomiphene against placebo in impotent 
men with secondary hypogonadism, Guay et al. 
observed a significant rise of T with clomiphene 
(19). Tenover et al. also found an improvement 
in serum levels of T in a group of ten men using 
chronic CC (6). The appeal of CC in the treatment 
of functional hypogonadotropic hypogonadism 
in males lies in the re-establishment of physiolo-
gic hypothalamic-pituitary-gonadal feedback re-
gulation and function (20). Guay et al. had good 
results over libido and erections when their 173 
patients used 50mg 3 times a week. Seventy five 
percent had improvement in erectile function and 
39% returned to normal sexual function (21). Ne-
vertheless, correcting the testosterone deficit may 
have other beneficial effects. These may include 
increasing energy and well-being, as well as pre-
vention of anemia or bone loss, depending on the 
severity of the hypogonadism. If patients cannot 
maintain their testosterone levels in the normal 
range after clomiphene is discontinued, perma-
nent testosterone replacement with intramuscular 
injection, transdermal patches or gels should be 
considered (21).

In our trial, we used a low oral daily dose 
of clomiphene citrate (25mg) in 125 men with a 
mean age of 62 years. All patients had low nor-

mal or below normal T levels and all of them 
complained about decrease or loss of libido. They 
were enrolled and followed prospectively. Post-
-treatment T levels increased by a mean of 115%. 
Both objective and subjective responses were 
more impressive in younger patients. Considering 
that clomiphene acts on central axis, ultimate-
ly stimulating the production of testosterone by 
the testicles, young men could be benefited more 
than elderly, theoretically by having a major tes-
ticular cells reserve.

In this study, we did not use a validated QoL 
questionnaire. This represents a limitation. Howe-
ver, the global assessment question could provi-
de some information on the subjective response 
to the treatment. Moreover, our mean follow-up 
was only 6 months (short-term follow-up). Further 
studies are needed to assess long-term results in 
regards to the use of clomiphene citrate on the 
treatment of male testosterone deficiency.

CONCLUSIONS

Our data showed that a daily dose of 25mg 
clomiphene citrate was effective in stimulating 
endogenous T production in a short follow-up. On 
the other hand, lower levels of total cholesterol 
were verified after 3 months of treatment. Both 
objective and subjective responses to CC depended 
mostly on patient’s age: the younger the patient 
was, the greater was the increase in serum T and 
the chance for a positive QoL score. No serious 
adverse events were recorded during the study 
period. This medication should be considered a 
therapeutic option for patients with symptomatic 
male testosterone deficiency.
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ORIGINAL ARTICLE

INTROdUCTION

In 2002, there were approximately 60 mil-
lion women at reproductive age in the United 
States; about 1.2 million, or 2% of these women 
made a medical visit related to infertility during 
that year and roughly 10% underwent some type 
of treatment for infertility at some time of their 
lives. Additionally, 7% of the couples with the 
woman at reproductive age (2.1 million couples) 
reported not having reached pregnancy after 12 
months of frequent sexual intercourse with no use 
of contraceptive methods (1).

Among the techniques of assisted repro-
duction currently available for treatment of these 
couples, in vitro fertilization (IVF) is the one that 
offers the best pregnancy rates (1,2). This tech-
nique has been used successfully since the late 
1970s, and its results show a signifi cant improve-
ment with experience, nevertheless patients with 
severe spermogram alterations still had little al-
ternative, since the results of IVF for these cases 
continued poor.

The development of gamete microma-
nipulation techniques with subsequent intracyto-
plasmatic sperm injection (ICSI), fi rst performed 

Objective: To determine the infl uence of the concentration of oval spermatozoa ac-
cording to the strict morphology criterion in men with normal sperm concentration 
following the World Health Organization criteria on the results of classic IVF.
Materials and Methods: Based on review of patient charts, this study included infer-
tile couples presenting with female causes for infertility or unexplained infertility, 
in whom men presented with normal spermogram values for sperm concentration, 
sperm motility, volume of ejaculate and total sperm count after semen processing 
greater than 20 million. Based on the value obtained in strict sperm morphology, 
patients were divided into three groups: in Group A, patients with values between 
0% and 4%; in group B, between 5% and 14%, and in group C, patients with sperm 
morphology greater than 14%. The outcomes analyzed were oocyte fertilization 
rate, biochemical pregnancy rate, clinical pregnancy rate and rate of liveborns.
Results: A total of 244 cases met the inclusion criteria, 27 of them in group A, 165 
in group B, and 52 in group C. The mean fertilization rate and the rate of liveborns 
were, respectively: 71.9% and 33.3% in group A; 80.9% and 24.2% in group B, and 
78.8% and 28.8% in group C. There was no statistical difference among the groups 
in any of the outcomes analyzed.
Conclusion: The values of strict sperm morphology, as proposed by Kruger and ad-
opted by the World Health Organization, had no infl uence on the results of classic 
in vitro fertilization in the studied sample.
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in Brussels, in 1992 (3), brought new horizons to 
the field of human reproduction and allowed men 
with minimal sperm production to produce preg-
nancies, even through alternative techniques for 
sperm recovery, such as epididymal puncture and 
testicular biopsy, decreasing the impact of seminal 
parameters on IVF results.

Unfortunately, not all assisted reproduc-
tion procedures result in pregnancy, and among 
these pregnancies, not all result in the birth of a 
child. In 2006, of the 99199 cycles of IVF carried 
out in human reproduction clinics in the United 
States, with the use of fresh semen, 34719 (35%) 
led to a pregnancy, but only 28404 (29%) resulted 
in a birth. In other words, 18% of the gestations 
conceived by IVF did not result in a birth (1).

Among the factors that influenced the re-
sults of IVF, semen quality parameters are accept-
ed as a good indicator of the capacity for oocyte 
fertilization and attainment of pregnancy, along 
with the quality of the oocyte (4). The semen qual-
ity parameters recognized as vital for assessment 
of fertility are sperm concentration, motility and 
morphology. Various authors consistently corre-
late the values of sperm evaluation criteria with 
oocyte fertilization rates in IVF (5-7).

Sperm morphology is among the spermo-
gram factors that displays a potential impact on 
male fertility. Among the various sperm morpholo-
gy classification systems, the Tygerberg strict crite-
rion, originally described by Kruger et al., in 1987 
(8), which uses morphometric analysis to determine 
if the spermatozoon fits within a strict range con-
sidered normal, where normal is established as the 
value of more than 14% of the spermatozoa within 
the criteria established in a sample.

The currently recommended method for 
sperm morphology assessment is a classification 
of normal/abnormal spermatozoa, with an op-
tional report of the site of abnormalities in abnor-
mal sperm (8,9). With the goal of performing this 
evaluation, the spermatozoa, which anatomically 
comprise head, neck, middle piece, main piece, 
and end piece, are divided only into head (and 
neck) and tail (middle piece and main piece). For 
a spermatozoon to be considered normal, both its 
head and tail must be normal. All the borderline 
forms should be considered abnormal (10).

Nevertheless, technical procedures for as-
sessing sperm morphology are associated with a 
series of difficulties related to lack of objectivity, 
variation in interpretation, and poor performance 
in external evaluations of quality control (10).

In 1988, Kruger et al. demonstrated the 
importance of sperm morphology as a significant 
prognostic factor in IVF (11); currently however, 
strict morphology lacks reproducibility and clin-
ical applicability as there is still doubt in more 
recent studies about the true implications of IVF 
results, particularly in reference to the classic 
technique (12).

Sperm morphology has been questioned by 
some authors about its real value as a prognostic 
factor for IVF, and most studies use the ICSI tech-
nique as standard for evaluation (13,14). In a study 
performed in 2010, French et al. suggested that the 
prognostic value of strict morphology should be 
reconsidered in cycles of assisted reproduction in-
volving IVF with ICSI, since the sperm morpholo-
gy evaluated by Kruger strict morphology showed 
little prognostic value in IVF cycles with ICSI and 
did not seem to influence the development or the 
morphology of the blastocyst (15).

In studies carried out with the ICSI tech-
nique, the correlation between the two factors 
does not seem to exist, but when the technique 
used for IVF is the classic technique, the question 
remains about the true prognostic role of sperm 
morphology, even after three decades of experi-
ence with IVF (12,15).

Considering latest data about sperm mor-
phology, the World Health Organization changed 
the normal values for strict sperm morphology 
from 14% to 4% in order to fit the normality cut-
off point to new evidence (16).

 The objective of the present study is to de-
termine the influence of the values of strict sperm 
morphology in men with normal sperm concentra-
tions, according to the World Health Organization 
criteria, on the results of classic IVF.

MATERIALS ANd METhOdS

Patients
The individuals included in the study were 

selected from a review of clinical charts of couples 
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who sought the assisted reproduction department 
of the Projeto Alfa clinic for pregnancy, during the 
years 2007 and 2010, due to conjugal infertility for 
at least 12 months.

This study included couples with female 
causes for infertility or couples with unexplained 
infertility at the clinical assesment. Prior participa-
tion in an IVF cycle or in any other assisted repro-
duction technique was not considered an exclusion 
factor for the study.

The male factor was assessed by means of a 
spermogram, and as an additional inclusion crite-
rion, only men who presented with a spermogram 
within the range of normality for the parameters 
sperm concentration, sperm motility, volume of 
ejaculate, and total sperm count after semen pro-
cessing by discontinuous gradient technique were 
included.

The following normality values were ad-
opted: sperm concentration greater than 20 mil-
lion per milliliter, sperm motility greater than 50% 
of directional motility in the sample, volume of 
ejaculate greater than 1.5 milliliter, and total sperm 
count after semen processing greater than 20 mil-
lion. All spermograms were evaluated by the same 
biologist using the manual technique.

This study was submitted to the Ethics and 
Research Committee of the Faculdade de Medicina 
do ABC and approved under Protocol # 054/2010.

Study design
Based on the sperm morphology of the se-

men sample collected for the initial evaluation, pa-
tients were divided into three groups: in group A, 
patients with sperm morphology values between 
0% and 4%; in group B, between 5% and 14%, and 
in group C, patients with sperm morphology great-
er than 14%. Group C was considered the control 
group, and groups A and B were compared to the 
control group regarding parameters of female age, 
number of oocytes retrieved, number of embryos ob-
tained, number of embryos transferred and male age.

The outcomes analyzed were oocyte fertil-
ization rate, biochemical pregnancy rate, clinical 
pregnancy rate, and rate of liveborns. Comparison 
among the groups as to the outcomes was per-
formed in a manner similar to that previously de-
scribed for the other parameters.

The oocyte fertilization rate was defined 
by the number of zygotes with two pronucleii and 
two polar bodies when assessed between 16 and 
18 hours after insemination, divided by the num-
ber of oocytes retrieved. Biochemical pregnancy 
was defined as patients with beta-HCG dosing 
greater than 20.0 mIU/dL 14 days after the em-
bryo transfer. Clinical pregnancy was defined as 
the presence of at least one gestational sac with 
fetal heartbeats on ultrasonography, one month 
after embryo transfer.

Seminal Preparation and Evaluation of Sperm 
Morphology

Semen samples were collected by mastur-
bation two to five days after the last ejaculation, 
both for initial seminal analysis and for IVF. The 
initial seminal analysis of sperm concentration, 
sperm morphology and volume of ejaculate was 
performed according to the World Health Organi-
zation criteria (10).

Seminal processing was performed using 
the discontinuous gradient technique with the use 
of the culture medium Isolate (Irvine Scientific) 
and Spermgrad (Vitrolife), followed by evaluation 
of total seminal count in the sample retrieved.

Sperm morphology was evaluated in a single 
sample for the initial assessment of patients, count-
ing 100 cells, according to the strict criteria proposed 
by Kruger/Tygerberg and adopted by the World 
Health Organization (10), using Papanicolaou stain.

IVF Protocols
Ovarian stimulation of multiple follicles 

was done with purified or recombinant gonado-
trophines; GnRH agonists or antagonists were 
used to suppress endogenous secretion of go-
nadotrophines, with medication doses adjusted 
for each individual case, taking into consideration 
the woman’s age and ancillary tests. Patients who 
presented with at least three follicles with at least 
17 millimeters diameter on ultrasonography after 
ovarian stimulation received injections of hCG. 
Follicular puncture and aspiration was guided by 
transvaginal ultrasound and was performed 36 
hours after the injection of hCG.

Gamete handling was carried out follow-
ing routine protocols, with the classic IVF tech-
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Figure 1 - Proporcion of causes that led to IVF.

nique using semen obtained by masturbation (17). 
Each oocyte was inseminated with approximately 
200.000 sperm cells.

Statistical Analysis

Groups A and B were individually com-
pared to group C, used as the control group due 
to better sperm morphology. The variables of fe-
male age, male age, number of oocytes retrieved, 
number of embryos transferred, number of em-
bryos obtained, and oocyte fertilization rate were 
analyzed using Student’s two-tailed t test. The 
variables biochemical pregnancy rate, clinical 
pregnancy rate, and rate of liveborns were evalu-
ated using the two-tailed chi-squared test. In both 
evaluations, a 5% level of significance was ad-
opted, with 80% statistical power.

Additionaly, the same statistical analysis 
above described was performed to compare group 
A to groups B and C together, according to the new 
World Health Organization criteria (16).

The sample size calculated to obtain a sta-
tistical power of 80% and a significance level of 
5% for the variable clinical pregnancy was 27 cases 
in each group, based on analyses of the data from 
studies on the topic (18). The fertilization rate vari-
able needs a smaller sample size in order to obtain 

the same statistical power with only 19 cases in 
each group (11).

 
RESULTS

Patients
Analysis was made of 1721 clinical charts 

of couples who underwent IVF cycles during the 
stated period, in which 244 met the inclusion cri-
teria for this study. Based on review of the clini-
cal charts, the three proposed groups were formed; 
group A included 27 cases; group B included 165 
cases, and group C included 52 cases.

Among the causes of infertility that jus-
tified the use of IVF, the most common was the 
tubal factor with 119 cases, representing 48.8% of 
the total (Figure-1).

Groups A and B were compared isolatedly 
to group C in an initial evaluation as to the vari-
ables female age, male age, number of oocytes re-
trieved in metaphase II (MII), number of embryos 
obtained and number of embryos transferred, and 
no statistical differences were found in any pa-
rameter among the groups (Table-1).

The overall mean of all 244 cases for fe-
male age were 34.5 ± 4.26 years; for male age it 
was 35.8 ± 5.44 years; for the number of oocytes 
retrieved in metaphase II it was 6.57 ± 3.84 oo-

Tubal factor                   Endometriosis         Multiple female factors   Unexplained infertility         Ovulatory factor
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cytes; for the number de embryos obtained it was 
3.80 ± 2.11 embryos; and for the number of em-
bryos transferred it was 2.77 ± 0.96 embryos.

IVF Results
the results of IVF were compared in a simi-

lar manner to the parameters previously described 
in Table-1. In the variables analyzed: oocyte fertil-
ization rate, biochemical pregnancy rate, clinical 
pregnancy rate, and rate of liveborn, no statistical 
difference was seen among the groups (Table-2).

The overall mean of the 244 cases for oocyte 
fertilization rate was 79.4% ± 22.1%; biochemical 
pregnancy rate was 37.2%, clinical pregnancy rate 
was 27.8%, and the rate of liveborns was 26.2%.

20

Peto OR

The distribution of the total number of 
cases in each group and the respective number of 
gestations are represented in the graphic below 
(Figure-2). The mean oocyte fertilization rates are 
shown for each group (Figure-3).

Comparing group A to groups B and C to-
gether, no statistical difference on the variables 
female age, male age, number of oocytes re-
trieved in metaphase II (MII), number of embry-
os obtained and number of embryos transferred 
was found. Similarly to the analysis performed 
to groups A, B and C isolated, the comparison 
between group A to groups B and C together 
showed no statistical difference in the variables 
of IVF results (Table-3).

Table 1 - Means of groups and p value for statistical comparison of groups A and B with group C.

Group A Group B Group C p1* p2**

Female age 34.1 ± 4.1 34.5 ± 4.3 34.6 ± 4.1 0.62 0.92

Male age 36.4 ± 6.6 35.7 ± 5.4 35.9 ± 4.9 0.72 0.82

Number of MII oocytes retrieved 6.00 ± 3.0 6.85 ± 4.1 5.99 ± 3.1 0,97 0.11

Number of embryos obtained 3.11 ± 1.7 4.13 ± 2.2 3.55 ± 1.7 0.29 0.15

Number of embryos transferred 2.40 ± 1.0 2.85 ± 0.9 2.73 ± 0.9 0.18 0.72

*p1 = group A x C
** p2 = group B x C
Key: MII: Metaphase II

Table 2 - Fertilization and pregnancy rates in the groups and p value for statistical comparison of groups A and B to group C. 

Group A Group B Group C p1* p2**

Fertilization rate (Mean) 71.9% 80.9% 78.8% 0.21 0.51

Biochemical pregnancy rate  44.4% 33.3% 36.5% 0.49 0.97

Clinical pregnancy rate  37.0% 25.4% 30.8% 0.57 0.45

Liveborn rate 33.3% 24.2% 28.8% 0.68 0.50

*p1 = group A x C
** p2 = group B x C
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Figure 2 - Number of cases and number of cases with clinical pregnancy in the groups presented.

Figure 3 - Oocyte fertilization rate in the groups presented.
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dISCUSSION

The present study is one of the few per-
formed correlating sperm morphology exclusive-
ly with classic technique IVF cycles (4,6,11,18-
20), not including cycles carried out using the 
ICSI technique. Its results demonstrated that the 
values of sperm morphology showed no correla-
tion with pregnancy rates in IVF cycles.

Another positive characteristic of this 
study was sperm morphology evaluation as an 
isolated variable in spermogram, since the oth-
er seminal parameters were within normal val-
ues. Some similar studies performed previously 
showed other spermogram variables, such as 
sperm concentration or motility, variables that 
may have an influence on the results of IVF re-
gardless of the values of sperm morphology (13).

The values of sperm morphology proposed 
to form the groups in this study were based on 
prior studies demonstrating that men with sper-
mograms showing sperm morphology values of 
14% or more would produce better results for 
IVF. In this way, the group with the morphology 
of 14% or more was established as the control 
group for comparison to the other two groups, 
which were divided using the cut-off value of 4% 
proposed in prior studies (8,9,11).

The sperm morphology cut-off values 
also follow the new classification proposed by 
the World Health Organization. The sperm mor-
phology assessment proposed in World Helth 
Organization´s latest manual intends to limit 
what is identified as normal to the potentially 

fertilizing spermatozoa. Using these guidelines, 
the range of percentage normal values for both 
fertile and infertile men is likely to be 0-30%, 
with few samples exceeding 25% of normal 
spermatozoa. This low value will inevitably pro-
duce low thresholds; indeed reference limits and 
thresholds of 3-5% normal forms (16).

The new normality cut-off point proposed 
in the referred manual is 4% and this informa-
tion led to another statistical analysis between 
the group A and the groups B and C together 
representing the samples considered as morpho-
logically normal.

The three groups formed showed no statis-
tical differences when compared to possible con-
founding factors, such as female age, number of 
oocytes retrieved, number of embryos obtained, 
and the number of embryos transferred, allowing 
sperm morphology to remain as the only spermo-
gram variable among the groups, which proved 
to be comparable.

Other factors with possible influence on 
the results were not statistically analyzed, such 
as the cause for female infertility that indicated 
IVF and the medication used for ovarian stimula-
tion as well as its doses, due to the high number 
of variables within each factor, which would not 
allow sufficient numbers in each group for ad-
equate statistical analysis.

One potential factor of influence in the 
study results was that the morphology reading 
was performed on a spermogram prior to the per-
formance of IVF and not on the sample used for 
the procedure itself. Even considering that the 

Table 3 - Fertilization and pregnancy rates in the groups and p value for statistical comparison of group A to groups B and C 
together.

Group A Group B + C p

Fertilization rate (Mean) 71.9% 80.4% 0.30

Biochemical pregnancy rate  44.4% 34.1% 0.29

Clinical pregnancy rate  37.0% 26.7% 0.26

Liveborn rate 33.3% 25.3% 0.37
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time elapsed between the sample for the reading 
and the performance of IVF was no more than 
two months, changes in the values of morphol-
ogy between the two readings could influence 
the study results. Nevertheless, the authors did 
not consider this factor relevant, in general, to 
the sample.

Keegan et al. carried out a study with 495 
infertile couples in which men presented with 
spermograms containing more than two million 
mobile spermatozoa after seminal processing, 
and compared patients with strict morphology 
greater than or equal to five with patients who 
had strict morphology smaller than five using 
classic IVF and ICSI cycles; no statistical differ-
ence was noted between the oocyte fertilization 
rates and liveborn rates with either one of the 
techniques (12). In a similar study, French et al. 
analyzed 1074 IVF cycles done exclusively with 
the ICSI technique, and compared the results of 
oocyte fertilization rates and rates of liveborns in 
patients with strict morphology values that var-
ied between zero and seven, without finding any 
statistical difference between the groups, how-
ever in this study the patients with other altered 
spermogram parameters were not excluded from 
the study (15).

The results of the present study go against 
those reached in primary studies on the topic 
(4,8,9,11,21). Among these studies, one of the 
most significant is the one by Kruger et al., who 
first compared results of oocyte fertilization rates 
and pregnancy rates after IVF cycles in 96 cou-
ples, in which men presented with a spermogram 
with strict morphology greater than or equal to 
14% and other seminal parameters within nor-
mality, noting a statistical difference in the given 
variables in favor of the group with strict mor-
phology greater than 14% (8).

One possible explanation for the result 
herein presented having been different from ini-
tial studies correlating sperm morphology and 
IVF results may be attributed to the sperm mor-
phology assessment technique used, hence the 
significant variability and inconsistency in the 
results when comparing different institutions, 
different professionals, and even among obser-
vations made by the same professional (22).

In this study, the spermograms were all 
interpreted by the same professional with the in-
tention of decreasing error and variability noted 
among different professionals and following the 
criteria for morphological sperm evaluation ad-
opted by the World Health Organization (10) in 
the strictest way possible.

The prognostic evaluation for IVF found-
ed on spermogram parameters is based on sperm 
concentration and motility and lacks instruments 
for sperm morphology evaluation with precise 
and reproducible results. Perhaps new morpho-
logical classifications are needed to improve ac-
curacy of the evaluation.

One of the techniques proposed for mor-
phological sperm assessment is the motile sperm 
organelle morphology examination (MSOME), 
which evaluates the sperm under the microscope 
with a magnification of at least 1000 times; this 
technique positively correlated sperm nuclear 
morphology with oocyte fertilization and preg-
nancy rates, although experience with this tech-
nique is still too limited to enable definitive con-
clusions on the topic (23).

Use of the electronic microscope to evalu-
ate ultrastructural spermatic morphology of the 
components of the sperm head was used in a 
study by Mashiasch et al., in 1992, and correlated 
with the capacity for fertilization of the sperm in 
in vitro assessments (7).

Other forms of evaluating the sperm to 
determine the prognosis of IVF have been pro-
posed, basing the tests on the functional evalua-
tion of the sperm, such as, for example, acrosome 
reaction test and hemizona assay, although these 
tests still lack clinical applicability, and despite 
promising results presented, remain as tools for 
the experimental laboratory.

The conclusion of this study was that the 
values of strict sperm morphology, as proposed 
by Kruger and adopted by the World Health Or-
ganization, had no influence on the results of 
classic in vitro fertilization in the sample studied.
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EdITORIAL COMMENT

This is an interesting retrospective series 
demonstrating the lack of influence of isolated 
low morphology values in biochemical and clini-
cal pregnancy rates following classic IVF treat-
ment. Care was taken only to include couples 
with an unknown or female factor cause of in-
fertility.

 Assessing morphology is not a very pre-
cise laboratory task as it may vary according to 
subjective biologist evaluation and even from 
same patient’s sample collection at different oc-

casions. Use of semen reference values provided 
by 2010 WHO latest publication must also be 
looked at with care (1).

This paper conclusion makes us wonder 
if there has been overtreatment of isolate terato-
zoospermia patients with IVF/ ICSI as pregnancy 
rates seem equivalent throughout low and higher 
values. Prospective studies might help answering 
this question as would analysis of low morpholo-
gy-associated functional variables such as sperm 
DNA integrity and chromatin condensation (2).
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Structural alterations of foreskin caused by chronic 
smoking may explain high levels of urethral reconstruction 
failure using foreskin flaps

João P. Rosado, Luciano A. Favorito, Andre G. L. Cavalcanti, Waldemar S. Costa, Luiz E. M. Cardoso, 
Francisco J. B. Sampaio

Urogenital Research Unit from State University from Rio de Janeiro, RJ, Brazil

ABSTRACT                                                                                                      ARTICLE INFO              _________________________________________________________      ___________________

Key words:
Foreskin; Smoking;
Urethra; Histology

Int Braz J Urol. 2012; 38: 529-35

__________________
    

Submitted for publication:
January 01, 2012

__________________
    

Accepted after revision:
March 28, 2012

Objectives: The aim of the present study was to perform a stereological and biochemical 
analysis of the foreskin of smoker subjects.
Materials and Methods: Foreskin samples were obtained from 20 young adults (mean = 
27.2 years old) submitted to circumcision. Of the patients analyzed, one group (n = 10) 
had previous history of chronic smoking (a half pack to 3 packs per day for 3 to 13 years 
(mean = 5.8 ± 3.2). The control group included 10 nonsmoking patients. Masson’s tri-
chrome stain was used to quantify the foreskin vascular density. Weigert’s resorcin-fucsin 
stain was used to assess the elastic system fibers and Picrosirius red stain was applied 
to study the collagen. Stereological analysis was performed using the Image J software 
to determine the volumetric densities. For biochemical analysis, the total collagen was 
determined as µg of hydroxyproline per mg of dry tissue. Means were compared using 
the unpaired t-test (p < 0.05).
Results: Elastic system fibers of smokers was 42.5% higher than in the control group (p 
= 0.002). In contrast, smooth muscle fibers (p = 0.42) and vascular density (p = 0.16) did 
not show any significant variation. Qualitative analysis using Picrosirius red stain with 
polarized light evidenced the presence of type I and III collagen in the foreskin tissue, 
without significant difference between the groups. Total collagen concentration also did 
not differ significantly between smokers and non-smokers (73.1µg/mg ± 8.0 vs. 69.2µg/
mg ± 5.9, respectively, p = 0.23).
Conclusions: The foreskin tissue of smoking patients had a significant increase of elastic 
system fibers. Elastic fibers play an important role in this tissue’s turnover and this high 
concentration in smokers possibly causes high extensibility of the foreskin. The struc-
tural alterations in smokers’ foreskins could possibly explain the poor results in smoking 
patients submitted to foreskin fasciocutaneous flaps in urethral reconstruction surgery.

INTROdUCTION

Male urethral reconstruction is one of the 
oldest problems in reconstructive surgery and has 
always been a great challenge to urologists (1). 
Urethral stricture is a fibrotic process resulting in 

a scar tissue with low compliance, decreasing the 
caliber of the urethral lumen. Depending on the 
degree of stenosis, urethral stricture has variable 
impact on the patient´s micturition (2).

 There are wide spectrums of different pa-
thologies that can cause reduction of the urethral 
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caliber, like lichen sclerosis, hypospadias, trauma, 
infections and more recently iatrogenic injuries 
related to urological procedures (3,4). The surgical 
techniques described to correct urethral stenosis 
in the past decade have allowed remarkable ad-
vances in the treatment of this condition. How-
ever, although there are now several options, no 
single one is completely secure and free of compli-
cations. Anastomotic urethroplasty with excision 
of scar tissue is associated with better long term 
results (5). When this procedure is impossible due 
to the large extension of the lesion, tissue trans-
fer techniques can be chosen, like fasciocutaneous 
flaps or grafts (oral mucosa or genital skin) (6).

Wessels (7) in a meta-analysis studied the 
use of graft versus free flap and found no differ-
ences in the procedures for the treatment of bul-
bar strictures, but when dealing with long lesions 
of the urethra, or patients with an overly com-
promised layer, transverse distal penile island 
flap is the main form of treatment, requiring long 
follow-up. Transverse distal penile island flap has 
been used for one-stage urethral reconstruction 
and has led to good functional and cosmetic re-
sults. The penile skin associated with the tunica 
dartos is well-vascularized by superficial exter-
nal pudendal vessels. It is hairless and the pedicle 
can reach anywhere from the external meatus to 
the prostatic urethra for reconstruction as a patch 
or tube (1).

It has been speculated in two reliable ar-
ticles, one studying the long term efficacy of dis-
tal penile circular fasciocutaneous flaps and other 
a multivariate analysis of risk factors for long-
term urethroplasty, that smokers might experience 
worse results after urethral reconstruction. Never-
theless, no structural evidence has been reported 
to date (8,9).

The aim of the present study was to perform 
a structural analysis of the foreskin in smokers.

MATERIALS ANd METhOdS

The present work received approval from 
the institutional review committee. This work 
was carried out in accordance to the ethical stan-
dards of the institutional committee on human 
experimentation.

Foreskin samples were obtained from 20 
young adults, ranging in age from 23 to 36 years 
(mean = 27.2 years old) submitted to circumcision 
from July 2008 to July 2010. All patients present-
ed true phimosis with foreskin stenosis. All 20 pa-
tients presented total impossibility of foreskin re-
traction. The exclusion criteria were patients with 
clinical suspicion of balanitis xerotica obliterans.

After surgery, dorsal and ventral regions 
of the foreskin were carefully demarcated with a 
suture. Of the patients analyzed, one group (n = 
10) had previous history of chronic smoking of 
a half pack to 3 packs per day for 3 to 13 years 
(mean =5.8 ± 3.2 years). The control group was 
composed of 10 non-smokers; those patients nev-
er smoked and didn’t not cohabite with a smoker.

The foreskin tissue samples was separat-
ed and fixed in 10% buffered formalin and rou-
tinely processed for paraffin embedding, and 5µm 
thick sections were obtained at 200µm-intervals. 
Smooth muscle, connective tissue, elastic system 
fibers and collagen were studied by histochemical, 
immunohistochemical and biochemical methods.

Sections were stained with haematoxy-
lin-eosin to assess the integrity of the tissue. We 
performed the following stainings: Masson’s tri-
chrome, in order to quantify the foreskin vascular 
density; Weigert Resorcin Fucsin with previous 
oxidation in order to observe elastic system fibers; 
and Picrosirius Red with polarization for observa-
tion of different collagen types. Connective tis-
sue, smooth muscle and elastic system fibers were 
quantified by a stereological method (2).

From each foreskin fragment, ten different 
sections were selected. Five from the ventral area 
end five from dorsal area, and five fields of each 
section were selected. All selected fields were pho-
tographed with an Olympus DP70 camera coupled 
to an Olympus BX51 microscope. The images were 
processed using the Image Pro software and the 
fibers were quantified using the image J software 
to determine the volumetric density (Vv) of each 
component (Figure-1).

The immunohistochemistry analysis of the 
elastic fibers used the anti-elastin method with 
positive and negative controls (ABCAM). The 
slides were previously treated with poly-L-lysine 
for better adherence of the sections.



IBJU | study of the human foreskin in chronic smoking 

531

not to maintain the differentiation between the 
dorsal and ventral area during the rest of the study.

The elastic system fibers in the foreskin 
of smokers was 42.5% higher than in the control 
group (32.0 ± 6.3 vs. 45.6 ± 10.1, respectively; p 
= 0.002) (Figure-2). In contrast, the smooth mus-
cle fibers (p = 0.42) and the vascular density (p = 
0.16) did not show any significant variation be-
tween smokers and non-smokers (Table-1).

The qualitative analysis using Picrosirius 
red stain with polarized light evidenced the pres-
ence of type I and III collagen in the foreskin 
with a predominance of type I collagen without 
a significant difference in its basic characteristics 
between the groups. The total collagen concen-
tration also did not differ significantly between 
smokers and non-smokers (73.1µg/mg ± 8.0µg/mg 
vs. 69.2µg/mg ± 5.9µg/mg, respectively, p = 0.23).

dISCUSSION

Despite the development of new urethral 
surgical techniques during recent decades, few 
studies on the structural arrangement of tissues 
used to correct this pathology are described. Until 

For the biochemical analysis of the col-
lagen, tissue samples were fixed in acetone. The 
concentration of total collagen in the foreskin was 
determined by a colorimetric hydroxyproline as-
say. In this process, 5 to 14 mg of dry, defatted 
bladder tissue was hydrolyzed in 6N HCl for 18 
hours at 118° C, as previously described (10). The 
assay was then carried out in the neutralized hy-
drolysate using the chloramine T method (11). The 
results were expressed as micrograms of hydroxy-
proline per milligram of dry, defatted tissue.

Means were statistically compared using 
the unpaired t- test (p < 0.05) with the Graph Pad 
Prism software.

RESULTS

The foreskin tissue was analyzed in two 
different regions, the ventral area and dorsal area. 
We did not find any statistical difference between 
the ventral and dorsal areas.  In non-smokers the 
elastic fibers (p = 0.32), vascular density (p = 0.27) 
and smooth muscle fibers (p = 0.46) did not show 
statistical difference between ventral and dorsal 
areas. With this statistical information, we chose 

Figure 1 - Photomicrography showing the morphometric analysis of the foreskin.  Quantification of vascular density of the 
foreskin in a 23 years old smoker using the image J Test Grid software. Masson’s trichrome x200.
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Table 1 - The table shows the results of stereological analysis of smooth muscle fibers and vascular density of the foreskin 
of the penis in smokers and the control group.

Smooth Muscle % Vascular Density %

Smoker Control Smoker Control

Media 13.0 12.46 9.44 10.17 

SD 1.00 1.88 0.97 1.22 

p value 0.4297 0.1623

Figure 2 - Foreskin elastic system fibers.  A) 28 years old smoker.  Weigert x400. B) 28-years old non-smoker. Weigert x400.  
Note the marked increase of elastic fibers (brown) in the smokers compared to non-smokers. C) Immunohistochemistry 
with anti-elastin in the foreskin of 32 years old smoker patient showing elastic fibers (brown). Anti-elastin antibody X400. 
d) Immunohistochemistry with anti-elastin in the foreskin of 30 years old non-smoker showing fewer elastic fibers (brown). 
Anti-elastin antibody X400.

A

C

B

d
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now no study has focused on how smoking af-
fects the structure of the foreskin employed as 
circular fasciocutaneous flaps to treat urethral 
stenosis. Whitson and McAninch (8-9) described 
that smokers experience worse results from tissue 
transfer urethroplasty, and Santucci (5) reported 
that the total impact of transverse distal penile is-
land flap on the patient is still unknown, so fur-
ther studies of postoperative complications are 
imperative. Harvesting the ventral based vascular 
dartos pedicle for urethral coverage either close to 
the skin on the ventral side or close to the penile 
corpus on the dorsal side are feasible techniques, 
with comparable success rates in terms of compli-
cations and cosmetic appearance (8-11). We agree 
with this affirmation since in this study we found 
no structural differences in the extracellular ma-
trix between dorsal and ventral prepuce skin in 
smokers and non-smokers.

Several authors have reported the deleteri-
ous effects of smoking on healing. In a prospective 
observational study of 7224 plastic procedures, it 
was observed that smokers showed significantly 
more scar contour distortion demonstrating there 
are severe alterations in the wound healing caused 
by smoking, maybe due to structural alterations 
in the skin (12). Smokers experience significantly 
more frequent flap necrosis in breast reconstruc-
tion, regardless the type of reconstruction. This 
risk can increase up to 4.9 times (13,14). Reus (15) 
studying patients with free skin grafts observed 
that smokers had significant ischemia (p = 0.03) at 
the graft edges.

In this study, we did not find any statisti-
cally significant difference in vascular density be-
tween smokers and non-smokers. Many authors 
have reported that the blood supply of the tissue 
at the reconstruction site is usually reduced by 
the most active component in tobacco, nicotine, 
which is known to cause vasoconstriction (16,17), 
reducing the blood flow. This impairs wound heal-
ing and reduces oxygen delivery to the tissues. 
To assess the possible effects of smoking on the 
vascular functions in skin, all separate vascular 
lumens of the dermis were counted within five 
separate fields. The impossibility to differentiate 
microvasculature was a limitation of this study. 
Perhaps this made it impossible to detect altera-

tions in vascular density of the foreskin. Another 
possibility would have been to measure the diam-
eters of blood vessels, but this would have suffered 
the same problem of partial dimensional visibility.

Studies described that the synthesis of 
subcutaneous collagen in smokers is specifically 
impeded, indicating an impaired wound-healing 
process (18). According to Galatz (19) nicotine 
causes lower RNA expression for type I collagen 
and Tipton and Dabbous (20) found a higher con-
centration of collagenases. Nevertheless, there is 
no consensus on why the influence of nicotine 
reduces collagen synthesis. Furthermore, Macha-
do (21), studying the healing of rabbit bladders, 
found no changes in collagen density in the scars. 
In the present study we found a reduced concen-
tration of collagen of the foreskin in smokers, but 
without statistical significance.

Abnormalities in elastic fibers of smokers 
were reported by Francès (22) that found the elas-
tic fibers in the skin of smokers were more nu-
merous, wider and more fragmented than those of 
the skin of nonsmokers. The changes observed in 
elastic fibers look like those observed after solar 
damage, which affects the entire dermis, except 
that the papillary dermis in smokers remains un-
affected. According to the author, the location of 
elastic damage caused by smoking may be related 
to the vascular distribution of the toxic substances 
in cigarette smoke. Boyd (23) compared the skin 
of 17 smokers and 14 non-smokers and reported 
increased elastosis in the sun-exposed skin of the 
forehead and cheeks of smokers compared to non-
smokers. He concluded that cigarette smoking is 
associated with an increase in elastosis, which 
may contribute to the clinical features of “smok-
er’s face”. That paper is important to confirm the 
alterations in elastic fibers in skin. More recently 
Just (24) reported that smoking is an independent 
risk factor for the increase of elastic fibers of the 
dermis of skin not exposed to the sun, and that 
acts on the two main structural components, elas-
tin and microfibers.

Just as reported by those authors, we found 
42.5% more elastic fibers in smokers’ foreskin tis-
sue compared to that of the control group. Elastic 
fibers increase with age and this high concentra-
tion may partially explain the high extensibility 
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of the skin in old-age. In vitro studies indicate 
that tobacco smoke extract impairs the production 
of collagen and increases the production of tro-
poelastin and matrix metalloproteinases (MMP), 
which degrade matrix proteins, and also causes ab-
normal production of elastosis material. Smoking 
increases MMP levels, which leads to the degrada-
tion of collagen and proteoglycans, suggesting an 
imbalance between biosynthesis and degradation 
in dermal connective tissue metabolism (25). Thus, 
in vitro and in vivo evidences indicate that smok-
ing tobacco leads to accelerated aging of the skin, 
which probably explains the poor results in smok-
ers where foreskin fasciocutaneous flaps are used 
in urethral reconstruction surgery.

Penile circular fasciocutaneous flap ne-
crosis is significantly more frequent in smokers, 
probably due to foreskin structural alterations as 
described above. We warn that urethral recon-
struction surgery using penile circular fasciocuta-
neous flaps should be done with caution in smok-
ers and the patient should be strongly advised to 
stop smoking before surgery. The adverse effects 
of smoking on the appearance and function of the 
skin could also be used in health education, to 
discourage people from starting to smoke and to 
encourage current smokers to quit.

CONCLUSION

The foreskin tissue of smokers had signifi-
cantly more elastic fibers. Elastic fibers play an 
important role in this tissue turnover and this high 
concentration in smokers possibly causes high ex-
tensibility of the foreskin. The structural altera-
tions in smokers’ foreskin could possibly explain 
the poor results in such patients submitted to fore-
skin fasciocutaneous flaps in urethral reconstruc-
tion surgery.
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Objective: To investigate the VEGF expression and collagen deposition using a latex 
biomembrane as bladder replacement in rabbits.
Materials and Methods: After partial cystectomy, a patch of a non-vulcanized latex 
biomembrane (2 x 2 cm) was sewn to the bladder of rabbits with 5/0 monofilament 
polydioxanone sulfate sutures in a watertight manner. Groups of 5 animals were killed 
at 15, 45 and 90 days after surgery and the bladder was removed. Sections of 5µm were 
cut and stained with picrosirius-red in order to estimate the amount of extracellular 
matrix in the graft. To confirm the presence of VEGF in tissues, protein expression was 
determined by immunohistochemistry.
Results: No death, urinary leakage or graft extrusion occurred in any group. All blad-
ders showed a spherical shape. A progressive reduction in the amount of collagen 
occurred in the graft area and was negatively and linearly correlated with time (p < 
0.001). VEGF expression was higher in grafted areas when compared to controls at 15 
and 45 days after surgery and decreased with time (p < 0.001).
Conclusion: The latex biomembrane as a matrix for partial bladder replacement in rab-
bits promotes temporary collagen deposition and stimulates the angiogenic process.

INTROdUCTION

 Bladder augmentation or replacement has 
the following objectives: reduction of intravesical 
pressure, improvement of urinary continence and 
preservation of urinary tract function. The use of 
gastrointestinal segments remains, even today, the 
technique most frequently employed for this pur-
pose. Augmentation cystoplasty is currently used 
in the treatment of approximately 5% to 25% of 
patients with spina bifida and 13% to 50% of those 
with bladder exstrophy (1). However, the potential 
complications of the use of a portion of the gas-

trointestinal tract to perform augmentation cysto-
plasty have been well characterized. They include 
the development of intestinal and urinary fistulae, 
bladder stones, production of mucus, spontaneous 
bladder perforation, electrolyte imbalance, and car-
cinogenesis (2-4). Autoaugmentation and uretero-
cystoplasty have also been advocated as a solution 
in subsets of patients, but the former does not elicit 
long-term consistent results and the latter depends 
on the presence of a nonfunctioning kidney unit (5).
 Bladder tissue engineering attempts to re-
store native functions of impaired bladders us-
ing biodegradable matrices that serve as templates 
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to guide and orient host tissue regeneration as 
well as harbor environmental signals to promote 
proper tissue growth. Development of biodegrad-
able scaffolds seems to be more appropriate be-
cause they would allow the appropriate time for 
host tissue regeneration with dissolution before 
a foreign body reaction (6). In recent years, the 
porcine small intestinal submucosa (SIS) and the 
bladder acellular matrix graft (BAMG) have been 
used frequently in experimental studies. They act 
as biodegradable materials that allow urothelial 
and smooth muscle regeneration (7). However, the 
SIS and BAMG are xenogeneic materials and need 
advanced technical preparation.
 Previous experimental studies with the 
natural latex biomembrane have proved that it is 
a biodegradable material of easy preparation and 
handling, encouraging tissue neoformation (8,9). 
On this basis, we were interested in investigating 
collagen development and angiogenesis using 
this latex graft. The aim of the present study was 
to investigate vascular endothelial growth fac-
tor (VEGF) expression and collagen deposition 
in bladder replacement using the latex biomem-
brane in rabbits.

MATERIALS ANd METhOdS

 A total of 15 adult male New Zealand 
rabbits weighting 3.0-3.4 kg underwent bladder 
augmentation with the latex biomembrane. This 
project was approved by the Animal Research 
Committee of our Institution. Groups of five ani-
mals were sacrificed at 15 (group A), 45 (group B) 
and 90 (group C) days after grafting. As controls, 
in each rabbit we excised a full-thickness bladder 
fragment far from the grafted area.

Membrane preparation and Surgical Technique
 Matrix preparation followed a previous-
ly published technique (8,9). The animals were 
anesthetized with an intramuscular injection of 
ketamine (35 mg/kg) and xylazine (5 mg/kg). A 
partial cystectomy (4.0 cm2 - 2.0 x 2.0 cm) was 
performed through a median laparotomy. A latex 
biomembrane patch of the same area was grafted 
to the remaining host bladder with continuous 5/0 
monofilament absorbable polydioxanone sulfate 

suture as described in our previous study (9). After 
surgery, enrofloxacyn (9 mg/kg) was administered 
subcutaneously to all animals daily for 2 days. 
The clinical condition of all animals was evalu-
ated daily from surgery to sacrifice. Animals were 
sacrificed with an intravenous injection of pento-
barbital (60 mg/kg).

Histology and Immunohistochemistry
 Formalin-fixed specimens from the graft-
ed and control areas of the bladder were embed-
ded in paraffin. Sections of 5 µm were cut and 
stained with picrosirius-red in order to estimate 
the amount of extracelullar matrix in the graft.
 An immunohistochemical method for 
VEGF labeling was used to assess angiogenesis. 
Antibody expression was determined by antigen-
antibody reaction followed by development of the 
reaction with a marker visible under the micro-
scope. The immunohistochemical reactions were 
evaluated by light microscopy and immunoreac-
tivity was considered to be positive when stain-
ing was detected in the cell cytoplasm or nucleus. 
The labeling index was determined as the ratio 
between the total number of cells and the number 
of deeply stained cells.
 To confirm the presence of VEGF in tis-
sues, protein expression was determined by im-
munohistochemistry using the VEGFR-3 marker 
(Novocastra®), clone KLT9, at a 1:200 dilution.
 The number of cells with positive staining 
for VEGF was estimated with an Axio Cam camera 
(Zeiss, Germany) and the Axiovision 4.6 software 
(Zeiss, Germany).
 Ten random microscope fields were ex-
amined for histological/immunohistochemical 
evaluation. Cells were counted at 400X magni-
fication by two different pathologists in a blind 
manner. A semi-quantitative analysis was per-
formed and the results are reported as the per-
centage of positive cells in total tissue as shown 
in Table-1.

Statistical Analysis

 Data are reported as medians and range. 
Data regarding the treated and control areas were 
compared by the Wilcoxon test. The relationships 
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RESULTS

 All rabbits survived the procedures and 
were able to void spontaneously after the oper-
ation and no one exhibited urinary leakage. A 
bladder stone was found in one rabbit (6.6%) af-
ter 45 days.

Macroscopic evaluation
 All bladders showed a spherical shape.
 On the 15th postoperative day, blood ves-

between groups were analyzed by analysis of vari-
ance (Kruskal-Wallis test), followed by the Dunn 
test to compare individual pairings. Statistical 
analysis was performed using the GraphPad Prism 
5.00 software (San Diego, CA, USA) and p values < 
0.05 were considered to be statistically significant.

Table 1 - Semi-quantitative scores: percentage of collagen 
deposition and VEGF expression.

Degree Collagen VGEF

Score 0
Score 1(+)

Absent
< 25%

Absent
< 25%

Score 2 (++) 25% to 50% 25% to 50%

Score 3 (+++) 50% to 75% 50% to 75%

Score 4 (++++) > 75% > 75%

sels were visible around the grafted area. After a 
longitudinal incision of the bladder, the presence 
of the latex matrix was easily identified since it 
was almost intact.
 On the 45th day after surgery, the graft 
was almost integrated to the host tissue of the na-
tive bladder. The bladder wall was thicker, mainly 
around the latex membrane. One bladder stone 
(1.5 x 2.0 cm) was observed in one rabbit (6.6%).
 Ninety days after surgery, there was a de-
crease in bladder wall hypertrophy and the graft 
was indistinguishable from the normal host blad-
der on both the inner and outer surfaces (Figure-1). 
There was blood vessel reduction around the 
grafted area.

Microscopic evaluation
 On the 15th postoperative day the luminal 
surface of the latex matrix was still uncovered by 
the urothelium. A fibrovascular reaction was pres-
ent, with rare fibroblasts and a moderate amount 
of inflammatory cells, mainly macrophages. For-
ty-five days after surgery there was diffuse epithe-
lial and smooth muscle hyperplasia on the graft. 
At 90 days there was a reduction of epithelial and 
muscle hyperplasia, and the urothelium was simi-
lar to that of the native bladder. At that time, the 
smooth muscle layers were well organized and 
oriented in a direction similar to that of native 
bladder muscle layers (Figure-2).

Collagen deposition
 The non-grafted areas of the bladder (con-
trol) showed the presence of well compacted col-

Figure 1 - Macroscopic evaluation of the latex biomembrane: (A) spherical architecture (exterior); (B) border between the 
native and new tissues (interior).
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lagen fibers, mainly in the submucosal layer, with 
lower density in the muscle layer. Fifteen days af-
ter the implant there was an overall increase in the 
amount of collagen, with high density on the mus-
cle plans and in the submucosa. Three months after 
the graft, there was a reduction in the amount of 
collagen on the plans corresponding to the muscle 
layers and a tendency to greater concentration in 
the submucosa, similar to control (Figure-3).
 Collagen expression differed significant-
ly between the bladders examined after the latex 

membrane implant and their respective controls 
(Table-1). A progressive reduction in the amount of 
collagen occurred in the graft area and was nega-
tively and linearly correlated with time (p < 0.001) 
(Spearman r = -0.88[-0.69 to -0.97] 95% CI.

VEGF Expression
 Group A animals (15 days) showed intense 
positive labeling for VEGF in undifferentiated cells 
close to the epithelial basement membrane and 
around the fragments of the latex membrane on the 

Figure 3 - Evaluation of collagen. I: control; II: 15 days after the graft; III: 90 days after the graft. Picrosirius-red (Magnification 
400X). C (colagen), E (epithelium). (400X).

Figure 2 - Microscopic evaluation: (A) normal epithelium in non grafted area. (B) 15 days after surgery: note the presence of 
blood vessels (black arrows). (C) 45 days after surgery: epithelium recovering the grafted area (red arrow). (400X). (hema-
toxylin and Eosin – hE).
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bladder wall (Figure-4). The expression of the an-
giogenesis marker differed significantly between the 
experimental group and control, at different times 
(Table-2).
 As also observed for collagen, a progressive 
reduction in VEGF labeling occurred along time (p 
< 0.001) (Spearman r = -0.92[-0.75 to -0.97] 95% CI. 
These data are illustrated in Table-2.

dISCUSSION

 Previous experimental studies with the la-
tex biomembrane have shown that it allows the 
ingrowth of muscle cells and induces a temporary 
inflammatory response, mainly a TH2 lymphocyte 
immune response (9). The ideal material for blad-
der replacement or enlargement should allow the 

Figure 4 - VEGF expression in grafted and non grafted areas over the time. (A) - non grafted area. (B) – grafted area 15 days 
after surgery: higher VEGF expression (black arrows) and remaining latex membrane (red arrows). (C) – grafted area 90 days 
after surgery: note the reduction of VEGF expression. (400x).

Table 2 - Scores of expression of collagen and VEGF in the groups (experimental and control) at different times of evaluation. 
data are expressed as median and range.

Control Experimental p-value

Collagen deposition

15th day 1 (1-1) 4 (3-4) < 0.001

45th day 1 (1-1) 3 (2-3) < 0.001

90th day 1 (1-1) 2 (1-2) 0.016

VEGF expression

15th day 1 (1-1) 4 (3-4) < 0.001

45th day 1 (1-1) 3 (2-3) < 0.001

90th day 1 (1-1) 2 (1-2) 0.016
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progressive growth of all components of the nor-
mal bladder wall preserving their mechanical and 
functional properties (7,10).
 When present inside the wound, fibro-
blasts act on the synthesis, deposition and remod-
eling of the extracellular matrix (ECM), perform-
ing a new protein synthesis function, especially of 
collagen. The balance between ECM synthesis and 
degradation results in the remodeling of the struc-
ture of connective tissue, a fundamental process 
in wound repair (11). The repair of tissue dam-
aged by surgical resection, by wounds or by other 
chronic lesions can be divided into two processes, 
i.e., regeneration and scarring. The former results 
in the restitution of lost tissues, and the latter in-
volves collagen deposition and scar formation.
 The amount of collagen is an essential 
component of the mechanical properties of blad-
der grafts, conferring strength and maintaining 
the expansibility of the organ. It has been reported 
that the amount of collagen in animals submitted 
to bladder expansion with an acellular graft was 
significantly greater than in bladders expanded 
with a graft previously seeded with autologous 
cells (12), suggesting that the acellular graft used 
(polyglycolic acid) without a previous cell implant 
may lead to a foreign body reaction. Conversely, 
a study assessing the acellular matrix (BAMG) 
revealed that the amount of collagen, especially 
type I, was more marked during the first 15 days 
of graft implant, accompanying the intensity of 
the inflammatory process, and was up to 2.5 times 
greater than in the native bladder used as control. 
However, 3 months after surgery the density of 
collagen fibers in the grafts were the same as in 
the normal bladder (13).
 The tissue responses (cellular and humor-
al) that signal regeneration or scar formation are 
intimately related and may be detected at the be-
ginning of the natural process of injury and in-
flammation. For this reason, this difference should 
not be attributed exclusively to the production 
of collagen or to the inflammatory process (14). 
Animal models have demonstrated that with time 
after grafting there is a tendency to a reduction 
of the process of collagen deposition and to an 
increase of muscle growth, especially in the pres-
ence of stimulation by angiogenic factors (15).

 In any case, there is no doubt that the 
amount of collagen and mainly its behavior along 
time after surgery are important for the analysis of 
tissue response to the graft used. The present study 
using a latex biomembrane demonstrated that, de-
spite the greater amount of collagen in the graft 
area compared to the native bladder during the 
initial period of observation (Group A), there was 
a progressive reduction of collagen negatively and 
linearly correlated with time. These results reduce 
the possibility that the use of a biomembrane graft 
will result in an exclusive healing process with 
fibrosis, rather indicating the occurrence of tissue 
remodeling and regeneration.
 The angiogenesis process may occur by 
migration of endothelial progenitor cells (EPCs) or 
by capillary growth of preexisting vessels. Despite 
a variety of factors that may participate in various 
stages of angiogenesis, VEGF is one of the most 
important factors in adult tissues submitted to 
physiological angiogenesis (proliferative endome-
trium) and to pathological angiogenesis (inflam-
mation, scarring and tissue repair).
 The action of VEGF in the improvement 
of the tissue repair process results from two major 
characteristics, i.e., an increased capillary perme-
ability that permits the arrival of inflammatory 
cells at the site of injury, and a more intense mi-
gration and proliferation of preexisting endothe-
lial cells (16).
 For the appropriate development of native 
tissue, the biodegradable molds must be practically 
impermeable to urine on their luminal surface and 
should permit cellular and vascular growth in the 
portion in contact with native tissue, an essential 
factor for cell survival (17). The neovascularization 
of regenerated tissues is of great importance since 
tissues do not grow more than a few millimeters un-
less they are vascularized (13). A study on humans 
using a graft with a seeding technique for bladder 
expansion has emphasized that neovascularization 
is one of the fundamental factors for appropriate 
cell growth in a biodegradable graft (18).
 In the present study, there was a significant 
amount of vessels in the neoformed tissue, especial-
ly during the early phases of the process of tissue 
repair (first 15 days). A study using bladder regen-
eration with an acellular matrix under stimulation 
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with VEGF demonstrated that neovascularization 
is more intense during the first 4 weeks (19), a 
result similar to that obtained here. It is believed 
that rapid generation of a vascular network is im-
perative for providing the blood supply required 
for newly developed tissues (20).
 The comparison of VEGF analysis among 
the three groups presented here demonstrated that 
the expression of this marker of angiogenesis was 
more intense in Group A (15 days), being signifi-
cantly reduced in the 90 day group compared to 
their respective controls. On this basis, we con-
firmed the angiogenic potential of the membrane 
and demonstrated that the process is temporary, 
accompanying the reduction of the inflammatory 
process, important events for the lack of perpetu-
ation of inadequate tissue response to the graft 
used. An explanation for this phenomenon could 
be the intense macrophage activity during the ear-
ly phases of scarring (9), supporting the statement 
that these cells play a controlling role in fibroblast 
proliferation and migration, in matrix formation, 
and in angiogenesis (21,22).

CONCLUSIONS

 This study demonstrates that the latex 
biomembrane as a matrix for partial bladder re-
placement in rabbits promotes temporary collagen 
deposition and stimulates a angiogenic process. 
Future studies mainly with longer time of grafting 
and evaluation of bladder functional properties 
and the detailed immunological response should 
be carried out.
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Objectives: Suture materials are widely used in urology. The interaction of these materials 
with the extracellular matrix in the inflammatory process can be estimated by stereology 
of collagen fibers and the present study was designed to determine the behavior of the 
bladder tissue of rats to grafts of the biopolymer of sugar cane (BPCA), and the inflamma-
tion and intravesical stone formation compared to the polyglactin 910.
Materials and Methods: 42 Wistar rats were divided in four groups: Group I (n = 10) rats 
submitted to bladder implantation of ~4-0 BPCA suture graft and euthanized at 4 weeks; 
Group II (n = 10) rats submitted to bladder implantation of 4-0 polyglactin 910 suture graft 
and euthanized at 4 weeks; Group III (n = 12) rats submitted to bladder implantation of 
~4-0 BPCA suture graft and euthanized at 8 weeks; Group IV (n = 10) rats submitted to 
bladder implantation of 4-0 polyglactin 910 suture graft and euthanized at 8 weeks. Blad-
ders collected at necropsy were analyzed for their weight and the presence of grafts and 
calculi. Sections were prepared for stereological analysis of collagen fibers.
Results: The bladder weight was higher in group I, particularly in the presence of bladder 
stones. The presence of the graft was observed in 100% (group I), 80% (group II), 91.6% 
(group III) and 30% (group IV); polyglactin 910 showed an absorption of 70% in this pe-
riod. The stereological analysis showed a higher volume density of collagen fibers in group 
I versus other groups (p < 0.001).
Conclusion: The BPCA was a material with good integration into the bladder of rats; its 
absorption was slower than that of the polyglactin 910. The presence of urinary stones 
was lower in bladders with implantation of BPCA, particularly after 8 weeks. There was 
a greater initial inflammatory response to BPCA graft that was directly related to the in-
crease in bladder weight and the presence of urinary stones, but that equalized the results 
of  polyglactin 910 after 8 weeks.

INTROdUCTION

 Suture materials are widely used in uro-
logical surgeries, mainly in tissues with contact to 
urine. Experimental and clinical studies research 
the best material with less immunological reac-

tion, low cost and low inflammatory reaction, to 
reduce the risk of urinary stones and fistulae. In 
the urinary tract, several materials present a good 
response: polyglactin 910, polydioxanone, simple 
and chrome catgut, polyglicolic acid, all of them 
absorbable in variable times (1-3). As an advance 
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of biomaterials it was developed a very compat-
ible and pure polymer obtained from sugar cane, 
through a reducer process treatment of residual 
sugars, made only of polymered sugars and gli-
curonic acid: the sugar cane biopolymer (BPCA). 
BPCA presents elasticity, resistance to traction and 
flexibility that are suitable for biological grafts 
(4), and it has been widely used in several tissues 
and in many forms in animal experiments: arterial 
prosthesis, reconstruction of timpanic membrane, 
ureteral reconstruction, slings and cell conduc-
tor in cell cultures (4-8). In veterinary medicine, 
it has a very important role in biological dress-
ings for cutaneous wounds, showing a bacterio-
static and bactericidal effect that favor healing (5). 
Our goal was to evaluate the integration of sugar 
cane biopolymer graft in rat bladders, comparing 
the results with those of polyglactin 910, studying 
the presence of bladder stones related to the be-
havior of the material and weight of the bladders, 
determining the tissue inflammatory response 
and bladder fibrosis of host and control rats after 
BPCA graft.

MATERIALS ANd METhOdS

 Forty two adult healthy Wistar rats were 
used, weighting 250-350g, maintained in con-
trolled environment (25 ± 2o C), exposed to daily 
light for 12 hours with water ad libitum and La-
bina® (Purina®) chow, randomly and sequentially 
distributed in 4 groups (without interference of 
researchers):
 Group I: Ten animals. Cystotomy of an-
terior bladder wall (1.0 cm wide) and bladder clo-
sure with continuous suture of BPCA. Euthanized 
after 4 weeks and submitted to cystectomy.
 Group II: Ten animals. Cystotomy of ante-
rior bladder wall (1.0 cm wide) and bladder closure 
with continuous suture of Polyglactin 4-0. Eutha-
nized after 4 weeks and submitted to cystectomy.
 Group III: Twelve animals. Cystotomy of 
anterior bladder wall (1.0 cm wide) and bladder 
closure with continuous suture of BPCA. Eutha-
nized after 8 weeks and submitted to cystectomy.
 Group IV: Ten animals. Cystotomy of an-
terior bladder wall (1.0 cm wide) and bladder clo-
sure with continuous suture of Polyglactin 4-0. 

Euthanized after 8 weeks and submitted to cystec-
tomy.

Studied material (BPCA)
During the process of production of BPCA, the 
bacteria Zoogloea sp. is used in GLP medium, 
that contains the following reagents per liter: glu-
cose (20.0g), yeast extract (5.0g), peptone (3.0g) 
and agar (15.0g). Raw material consisted of sugar 
cane molasses adjusted to a 15% brix, pH = 5. 
The culture is inoculated in erlenmeyers at 30o C 
for up to 7 days. The produced material is dried 
in incubator with air circulation and sterilized in 
autoclave at 120o C during 30 minutes and the 
obtained material is used in several forms and 
shapes according to the proposed study or experi-
ment. The biomembrane has a very well defined 
temperature of crystalline fusion (118o C), low cy-
totoxicity and high biocompatibility when in vitro 
evaluated in relation to two other biomaterials: 
polypropylene and polytetrafluoroetylen (PTFE), 
that allowed its experimental use with safety (9,4). 
BPCA grafts were obtained from a single lot and 
prepared as a suture line of approximately a 4-0 
diameter, sealed in isopropilic alcohol and steril-
ized with gamma radiation (ƴ).
 The chosen control was polyglactin 910, 
a multifilamentar copolymer of biological source 
made of 90% glycolide and 10% L-lactide, non-
antigenic, non-pyrogenic, widely described in 
the literature in order to compare the histologi-
cal response in the bladder wall with the results 
of that new material (1,2). It is indicated for the 
use in all but cardiovascular and neurological 
tissues, and is absorbable with minimal inflam-
matory reaction (10).

Surgical Technique

 The animal was anesthetized and main-
tained in horizontal dorsal position, fixed to the 
surgical table with elastic bands with the mem-
bers extended. The abdominal wall was cleaned 
with a solution of PVPI 10% - active iodine and 
dressed with surgical sheets. A 3 cm infraumbili-
cal incision of the medium line was made, open-
ing the aponeurosis and the peritoneum. A 1.0 cm 
opening of the anterior wall was obtained up to 
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the bladder dome with scissors. The BPCA grafted 
wires or sutures of polyglactin 910 (Vicryl®) were 
applied in a continuous suture encompassing all 
the bladder wall, with minimal tension and with the 
knot facing the bladder interior. The closure of the 
abdominal aponeurosis was made with polyglac-
tin 910 continuous suture. The procedure was made 
under 2.5 magnification using magnifying glass.
 After euthanized, the animals were sub-
mitted to the resection of the bladder (that was 
cut close to the bladder neck). The exterior was 
observed (presence of the graft) and afterwards it 
was open in order to look for bladder stones. If 
present, they were removed. Then, a suture of ny-
lon 4-0 was applied at the bladder dome in order 
to hold the bladder while it was immersed in a 
becker filled with saline (0.9%), in order to exclude 
the atmospheric pressure for the final measure of 
the bladder weight (11). Since the specific gravity 
of the saline (0.9) is 1.0048, the final weight of 
the bladder is equal to the fixed constant x final 
weight in grams, that was measured by a Morien 
MR 6000/0® precise scale digital balance.

Fixation of the harvest material and preparation 
of slides 
 The bladders were completely open and 
fixed with pins at their angles, immersed during 48 
hours in buffered formalin 10% (12). The region of 
the bladder dome was stained with nankeen. After 
these procedures, we obtained longitudinal strips 
including all tissues, in order to include the bladder 
wall in paraffin blocks. These were cut 7 µ wide 
and the different cuts were stained with Picro-sirius 
Red in order to identify the collagen fibers and to 
perform the stereological analysis (13). All samples 
were evaluated by the same pathologist.

Stereological analysis
The inflammatory reaction was analyzed through 
quantification of collagen fibers by stereology, 
based on the principle described by Delesse (14). 
We used the superposition of the test-system M-42 
over the morphological computerized image of the 
slide observed under an optical microscope Olym-
pus BX 51”® - 10X and 40X, with an Olympus 
camera DP 71® attached. The used software was 
Pro-Plus 6.1. (DP Controller) and the fibers were 

quantified under a magnification of 400X, in 10 
random microscopical fields, for every sample. We 
used the formula v = (Pp/Pt)x100% to calculate 
the volumetric density (Vv) of the collagen fibers, 
where Pp = number of points on the structure (col-
lagen fibers) and Pt = number of posts tested (in 
this case, 42).

Statistical Analysis

 We used the statistical software GraphPad 
Prism 5 for Windows, using variance analysis for 
non-parametrical samples, and when p < 0.05, the 
Tukey post-test was used to identify the differenc-
es among the groups. P < 0.05 was established as 
criteria for statistical significance. For the analy-
sis of the relation between bladder weight versus 
presence or absence of graft, and the relation of 
the presence of the graft versus presence of blad-
der stones, it was used the Qui-square test.

RESULTS

 At the time of the cystotomy + blad-
der closure, the median body weight was 352.6 
g (324-399 g) in group I and 336.4 (293-396g) 
in group II. Group III presented a median weight 
of 327.75g (290-374g) and group IV 325.8g (263-
388g). There was no statistical difference among 
the groups. At the time of euthanasia and cys-
tectomy, the median body weight of group I was 
372g (336-421g), 339g (245-408g) group II. Group 
III showed median weight of 395.83g (351-444g) 
and group IV 396.5 (348-458g), and there was 
no statistical difference among the groups in the 
same interval of time (p < 0.05).
 Table-1 presents the relation between the 
bladder weight and the presence of material at the 
moment of euthanasia and harvest of the blad-
ders. It was observed a difference between groups 
I and III and I and IV (non comparable) in rela-
tion to the presence of material. There were no 
differences among the other groups (p < 0.05), es-
pecially when the comparison was made among 
the groups submitted to surgery in the same time 
interval.
 At the time of euthanasia, the presence of 
graft was observed in 100% (group I), 80% (group 
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II), 91.6% (group III) and 30% (group IV) of ani-
mals. The absorption of the BPCA graft was only 
8.4% after 8 weeks while for polyglaction 910 the 
absorption was of 70% after the same period of 
time (Table-2). At the same table, it is possible to 
observe that, despite the differences of absorp-
tions, there is a 60% presence of stones in group 
I, 70% in group II, 8.3% in group III and 50% in 
group IV. In groups II and IV, there was a 20% 
and 40% presence of stones respectively, in the 
absence of material. Group III showed the lower 
rate of stones in spite of the low absorption of the 
material, in the maximal period of the study.

Analysis of Volumetric Density of Collagen Fibers
 There was a difference between the median 
volumetric density (Vv) of group I in relation to 
the other groups. There was no difference between 

median Vv of groups II and IV. The same was ob-
served between groups III and IV. Figure-1 demon-
strates this fact, showing the higher median volu-
metric density (Vv) of fibers in the bladders of rats 
of group I (BPCA graft after 4 weeks). Figures 2A 
and B illustrate the density of the collagen fibers 
in the bladder wall of animals from groups I and II, 
euthanized after 4 weeks. Figures 3A and B show 
the presence of graft in samples obtained from 
animals of groups I and III, respectively. There is a 
higher density of these fibers, corresponding to the 
denser red color of the connective tissue of blad-
ders of the animals of group I (BPCA).

dISCUSSION

 The physical proprieties of a polymer de-
pend on its length and molecular mass; due to 

Table 1 - Comparison of bladder weight and the presence of the material at the moment of euthanasia in the 4 studied groups.

MEDIUM WEIGHT OF BLADDER (g)

GROUP I GROUP II GROUP III GROUP IV

Presence of material YES 0.38 0.28 0.2 0.2

NO 0 0.2 0.2 0.27

Median of group 0.38 0.28 0.2 0.25

p < 0.05 between groups I and II, and between groups I and IV (non comparable).
p > 0.05 between groups I and II and between groups III and IV.

Table 2 - Comparison of the presence of the material and the presence of stones at the moment of euthanasia in the 4 studied groups.

PRESENCE OF STONES

GROUP I GROUP II GROUP III GROUP IV

YES NO YES NO YES NO YES NO

Presence of 
the material

YES 6 
(60%)

4 
(40%)

5 
(50%)

3 
(30%)

1 
(8.3%)

10 
(83.3%)

1 
(10%)

2 
(20%)

NO 0 
(0%)

0 
(0%)

2 
(20%)

0 
(0%)

0 
(0%)

1 
(8.3%)

4 
(40%)

3 
(30%)

p < 0.05 between groups I/III and II/IV in the presence of stones.
p > 0.05 between groups I/III and IV, considerin the absorption of the material.
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Figure 1 - Volumetric density (%) of collagen fibers in the 
rat bladders according to the studied group. 
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* p<0.05 between groups I and others.
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Figures 2A and 2B - Samples of groups I and II, respectively. The red color is more intense in group 
I. Observe the collagen fibers (arrows). Stained with Picro Sirius Red – 100X magnification.

Figures 3A and 3B - Samples of groups I and III, respectively. The red color is more intense in group 
I. Observe the collagen fibers (arrows). Stained with Picro Sirius Red – 100X magnification.
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this fact, they suffer a great variation, as observed 
with plastics, rubbers and fibers, macromolecules 
obtained through a process called polymerization. 
The polysaccharides produced through microbio-
logical synthesis and excreted in soluble and in-
soluble forms (15,16) are biopolymers, that include 
the sugar cane one (BPCA) used in our experiment. 
The choice of the rat for animal experiments oc-
curred due to the facility to purchase, the possi-
bility to use an adequate quantity of animals, the 
great resistance to infections, low cost, genetic ho-
mogeneity and similarity of exposition to injuries.
 Being a foreign body, the sustained con-
tact of sutures with saline solutions, as con-
tained in urinary and biliary tracts, can lead to 
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the formation of stones (10). Being absorbable 
materials, polyglactin 910 and BPCA can lead to 
the formation of stones as a transitory phenom-
enon facilitated by contamination of presence of 
infection, or influenced by some other delay of 
absorption, especially in less vascularized tissues. 
A recent study by Kosan et al. (1) using polyglac-
tin 910 sutures, chrome catgut and polydioxanone 
in vesical bladder of 74 female rates analyzed 
their role in bladder inflammatory reaction (forein 
body reaction) and the formation of stones and 
demonstrated that, although the contact of the su-
ture material with urine was the main factor that 
caused the formation of stones, the inflammatory 
reaction of the bladder and the physical presence 
of the material also played a role, and conclud-
ed that polydioxanone showed a lower degree of 
inflammation and didn’t cause stone formation. 
Their design of the study was similar to ours, the 
animals were euthanized after 4 and 8 weeks, but 
they used female rats due to the facility of urethral 
catheterization to collect urine for the determina-
tion of pH, leucocyte estearase and level of debris; 
they didn’t analyze the extracellular matrix. In 
our study, in spite of the continued contact of the 
BPCA graft with the urine of rats and our surgical 
technique that put the surgical knot into the blad-
der, we observed a lower absorption of the materi-
al even after 8 weeks of exposition, and there was 
only one animal with bladder stone, suggesting a 
lithogenic potential similar to polydioxanone and 
much lower than polyglactin 910.
 However, maybe the lithogenic potential 
could be related to the capacity of the applied 
material induce inflammatory reaction and some 
studies were made using absorbable and non-ab-
sorbable sutures (17). In our experiment, we used 
materials that were absorbed after a significant 
amount of time, and there was a significant differ-
ence between the median weight of the bladders 
that received BPCA grafts and that were harvested 
after 4 weeks and after 8 weeks, when the inflam-
matory response was lower. When we related the 
bladder weight with the presence or absence of 
graft in all the groups, this proportion didn’t show 
any statistical difference during the same inter-
val of time, with a similar lowering of the bladder 
weight and inflammatory reaction in the groups 

of animals euthanized after 8 weeks, even in the 
presence of graft observed in 91.6% of bladders 
of group III and only 30% of group IV. Hence, the 
biopolymer would be a material with less litho-
genic potential and longer absorption in relation 
to polyglactin 910. A similar phenomenon was 
observed by Steward et al. They compared three 
suture materials (polydioxanone, catgut and poly-
glactin 910) in a cohort of 129 rats. The initial in-
flammatory response was higher to polydioxanone 
and similar to others after 6 months of follow-up. 
There were no significant differences among the 
lithogenic potential of the tested materials af-
ter 6 months and they concluded that the three 
materials are similar in terms of bladder surgery 
(2). Polydioxanone had a lower absorption than 
chrome catgut but similar to polyglactin 910. So, it 
is possible to infer that polyglactin 910, polydioxa-
none and BPCA have some similar characteristics.
 Every moment a new generation of bio-
materials is being developed. It is important that 
we have safe available methods for analysis and 
quantification that can be reproducible and re-
spected by the scientific community, and the ste-
reology seems to be an ideal method, being ease 
and with low cost, efficient, with no bias and re-
producible (18). For quantitative analysis of in-
flammatory reaction due to the presence of the 
graft, we measured the volumetric density (Vv) of 
collagen fibers in the exact place of implantation 
in the bladder, and compared the response with 
that of polyglactin 910. There was a higher me-
dian volumetric density of collagen fibers of con-
nective tissue of bladders of group I (BPCA and 
euthanized after 4 weeks) in relation to the other 
groups, including group III (BPCA and euthanized 
after 8 weeks), demonstrating that there was an 
initial higher inflammatory reaction with BPCA 
that decreased to the same observed with the con-
trol group after 8 weeks. These facts are oppo-
site to the physical presence of the graft (91.6% 
of group III versus 30% of group IV). This means 
that the inflammatory reaction diminished to that 
of the presence of BPCA after 8 weeks suggesting 
that the presence of bladder stones would be the 
main factor of inflammatory reaction and fibrosis 
that must be analyzed together in order to estab-
lish the lithogenic potencial.
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 Biological compatible polymers as BPCA 
have a great capacity of use in a great number of 
sectors of the various and important organic sys-
tems (15,19-23). The study of polymers is related 
to the study of nanotechnology and nanomateri-
als developed to be used in several chemical and 
cellular levels inducing cellular proliferation and 
modifications of the extracellular matrix allowing 
the recovery or formation of injured tissues. Re-
searches involving nanoparticles for bladder sub-
stitution and the development of nanotechnology 
will allow the urologist a new understanding of 
the physiopathology and treatment of several dis-
eases (24,25). BPCA, produced with abundant and 
renewable raw material, belongs to a category of 
biomaterials that are currently being studied and 
its use in bladder rats will allow the development 
of a new material that can be used in the urologi-
cal and surgical practice (26-30).

CONCLUSIONS

 Sugar cane byopolimer is a material with 
adequate integration to rat bladders. Its absorp-
tion is slower than polyglactin 910, and is associ-
ated with lower presence of bladder stones after 
grafting.
 There was a higher inflammatory tissue 
response to the sugar cane byopolimer, directly 
related to the bladder weight and the presence of 
stones, but equal to polyglactin after 8 weeks of 
implantation, when tissue fibrosis was equivalent.
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Objective: This study was developed to determine whether the generation of free radi-
cals, induced by ischemia followed by reperfusion in a model of chronic intravesical 
obstruction in rats, would lead to damage in the detrusor. It also investigates the pos-
sible protective action of the flavonoid galangin on the tissue lesion induced by lipid 
peroxidation.
Materials and Methods: Twenty-one male rats were divided into three groups of seven 
animals each. Group A was subjected to a sham procedure; group B to partial obstruc-
tion of the bladder neck; and group C to partial obstruction of the bladder neck, but 
also received a diet rich in the flavonoid galangin. All the animals were subjected to 
urodynamic evaluation and then sacrificed. The bladders were sent for enzymatic tests.
Results: The urodynamic showed that group B developed significantly greater numbers 
of involuntary contractions of the detrusor, greater post-micturition residue and lower 
compliance.
The group A presented TEAC levels greater than to the group B. Comparative analysis 
of group A, B and C demonstrated significantly greater malondialdehyde levels in 
group B in relation to groups A and C. The group B presented smaller contraction am-
plitudes than did groups A and C, in electrically stimulated contractions.
Conclusions: That oxidative stress is implicated in the damage to the detrusor muscula-
ture following a period of chronic intravesical obstruction. We show, for the first time, 
that administration of an antioxidant prior to and following the start of chronic obs-
truction makes it possible to avoid the cellular lesions that cause detrusor dysfunction.

INTROdUCTION

Overactive Bladder Syndrome (OBS) is a 
complex of symptoms that include micturitio-
nal urgency with or without urge incontinen-
ce, frequency and nocturia (1), without any de-
monstrable anatomical cause. The International 

Continence Society regards OBS as a syndrome 
for which the physiopathology involved is not 
precisely known (1).

OBS is a recently defined entity. Thus, its 
prevalence and natural history have not been 
well studied. In our setting, Telöken et al. (2) 
conducted a population survey involving 848 
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people aged between 15 and 55 years, and 18,9% 
reported having symptoms compatible with OBS.

 The symptoms of OBS have many causes, 
and a variety of factors may contribute towards 
the pathogenesis of the disease (3).

Recently, experimental studies have de-
monstrated a positive association between the 
triggering of OBS and the generation of free 
radicals (4,5). The results from an experimental 
study involving smooth muscle fragments sub-
jected to periods of repeated electrical stimula-
tion demonstrated high levels of lipid peroxi-
dation products, and decreased smooth muscle 
contractility of the bladder, proportional to the 
level of oxidative stress (4). Masick et al. (5) 
demonstrated the existence of deterioration in 
muscle contraction, and also the emergence of 
oxygen-reactive species, in the bladders of ani-
mals subjected to chronic urethral obstruction. 
These authors suggested that the formation of 
free radicals was an important factor in decre-
asing the detrusor contractility observed in pa-
tients with benign prostatic hyperplasia.

Over recent years, there has been great 
interest in developing new therapeutic methods 
for treating HBP. The main objective is to deve-
lop drugs that selectively inhibit the involuntary 
contractions of the detrusor, thereby diminishing 
the symptoms without affecting micturition con-
traction.

 Antioxidants protect the organism 
against free radicals and are important agents 
for maintaining an adequate state of health. Fla-
vonoids are an important source of antioxidants. 
Among the more than 4000 different types of 
flavonoids, galangin is a flavonol that has im-
portant biological activities at low concentra-
tions and has a low toxicity index, which makes 
it a flavonoid with properties of interest for cli-
nical studies regarding its biological benefits.

 By utilizing an in vivo model, the pre-
sent authors have investigated the action of oxi-
dative stress on the bladder musculature and the 
possible protective action from the use of antio-
xidants. Thus, the principal objective of this stu-
dy was to determine whether the oxidative stress 
induced by ischemia followed by reperfusion, in 
a model of chronic infravesical obstruction in 

rats, would lead to damage of the detrusor mus-
culature.

MATERIALd ANd METhOdS

Arrangement of the groups
Twenty-one immature male rats weighing 

between 250 and 300 grams and aged 6-8 weeks 
were utilized in the experiment. These animals 
were divided into three groups of seven animals 
each (the sample size was determined statisti-
cally). They were kept under adequate conditions 
of hygiene in a climate-controlled vivarium and 
received controlled feed.

Group A was submitted to a sham procedu-
re consisting of opening and closing the abdominal 
wall without positioning an obstructive ring on the 
bladder neck. Four weeks after the procedure, the 
animals were submitted to urodynamic evaluation 
and then sacrificed to remove the bladder.

Group B was submitted to a surgical pro-
cedure to create partial obstruction of the bla-
dder neck (as described below). Four weeks af-
ter the procedure, the animals were submitted 
to urodynamic evaluation and then sacrificed to 
remove the bladder.

Group C was submitted to a surgical pro-
cedure to create partial obstruction of the bladder 
neck (as described below). Four weeks before the 
procedure, an antioxidant-rich diet rich was intro-
duced (containing the flavonoid galangin). After 
the procedure, the diet was maintained for four we-
eks afterwards, when the animals were submitted 
to urodynamic evaluation and then sacrificed to 
remove the bladder.

Antioxidant diet
Group C received a normal purine diet, 

like the other groups, but with the addition of 
a high proportion of the flavonoid galangin (30 
µM/day). The diet was devised by the chemistry 
laboratory of the institution at which the study 
was conducted.

The addition of galangin did not alter the 
color, texture, smell or flavor of the diet.

The animals’ daily intake of this diet was 
controlled so that all of them received 40 g of 
feed/day.
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Description of the procedure for creating the 
obstruction

Under anesthesia using xylazine (0.87 mg/
kg intraperitoneally) and ketamine (43.3 mg/kg 
intraperitoneally), the abdominal cavity was ope-
ned up in layers and the periurethral space was 
delicately dissected. A silver ring of 2 mm in dia-
meter was positioned around the bladder neck. 
This model made possible the institution of a gra-
dual obstruction process parallel to the animal’s 
growth, similar to a model for urological diseases 
that cause infravesical obstruction (6).

Urodynamic evaluation
 Under anesthesia using urethane (1 mg/Kg 

intraperitoneally) (the drug of choice for urody-
namic evaluations in animals, that enable mictu-
ritional assessment), two children’s angiographic 
catheters were inserted percutaneously into the 
bladder (24-gauge, 1-2 cm, Baxter Healthcare AS). 
One of the catheters was connected to an infusion 
pump with a capacity of 0.23 mL/min and the other 
to a pressure transducer. The volume urinated was 
collected using a graduated pipette connected to 
the pressure transducer (Baxter) in order to mea-
sure the volume urinated. Ten micturition cycles 
were evaluated and the following parameters were 
observed: presence and frequency of involuntary 
contractions of the detrusor during bladder filling 
(contractions for which the maximum amplitu-
de reached one-third of the maximum detrusor 
pressure during micturition), maximum detrusor 
pressure, compliance, residual volume, micturition 
volume and bladder capacity.

 Following the urodynamic evaluation, the 
animals were sacrificed and the bladder was re-
moved at the level of the bladder neck and proces-
sed for enzymatic and electrophysiological tests. 
After removing the bladder, it was sectioned lon-
gitudinally between the ureteral openings: the left 
half was sent for electrophysiological tests and the 
right half for enzymatic tests.

Tissue preparation for enzymatic tests
 The right half of the bladder, composed of 

smooth muscle and mucosa, was exposed to li-
quid nitrogen, weighed, dispersed in 1.15% KCL 
and homogenized to a concentration of 50 mg/mL 

for 10s, using a polytron. The mitochondria and 
microsomes were then isolated through different 
centrifugation runs, as described previously (7).

Malondialdehyde (MDA)
 Samples of bladder tissue (processed pre-

viously, as described above) were placed in glass 
tubes, and 1.15% 0.05M KCL and 1 mM FeSO4 
were introduced into 500 mL of tissue extract. The 
samples were incubated at 37° C for 60 min. At the 
end of the incubation, the reaction was halted by 
means of adding 150 mL of 40% trichloroacetic 
acid. The material was put into tubes and centrifu-
ged at 1000 x G for 1 min. After centrifuging, 100 
mL of the supernatant was incubated with 750 mL 
of perchloric acid (PCA) and thiobarbituric acid 
(TBA) (2.3% PCA, 0.53% TBA, pH 7.4) at 100° C 
for 60 min and then in ice for 10 min. To each 
tube, 2 mL of 1-butanol was added, and the tubes 
were inverted for 2 min. The tubes were centrifu-
ged at 1000 x G for 5 min and the top layer was 
measured fluorometrically at 532 nm. Total quan-
tification of proteins was done by means of the 
Micro BCA protein analyzer, and the results were 
expressed as nmoL MDA/mg protein (7).

 The MDA levels were described in relation 
to the total protein levels.

Total antioxidant capacity – trolox (TEAC)
 To measure the total antioxidant capacity, 

a previously standardized technique was utilized 
(8,9). In short, the total antioxidant capacity was 
analyzed on the basis of the ability of a compound 
to eliminate the ABTS radical in 6 min. ABTS was 
produced the reaction between 7 mM ABTS and 
2.45 mM of potassium persulfate in water. This 
solution was stored in a darkened environment for 
12-16 h before use. The extinction coefficient of 
ABTS at 734 nm is 1.5 x 104/moL/cm.

 The solution containing ABTS was diluted 
with phosphate (PBS) at pH 7.4, until final absorp-
tion of 0.70 ± 0.02 at 734 nm was achieved, at 37° 
C. Ten microliters of an antioxidant were added 
to 990 µL of ABTS and the absorption at 734 nm 
was evaluated. This result was compared with a 
reaction without antioxidant, in which 10 µL of 
the solvent was added to 990 µL of ABTS. The re-
duction in absorption after adding the antioxidant 
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was determined. The TEAC of the bladder tissue 
from the animals was calculated by adding the 
supernatant from the tissue to the ABTS solution. 
The tissue reacted instantly with the ABTS and the 
reaction was complete within a few seconds. The 
decrease in absorption at 734 nm was monitored 
over this period.

 The TEAC levels were described in relation 
to the total protein levels.

Preparation of tissue for physiological evaluation
Fragments of 2 x 2 cm, consisting of the 

mucous layer, submucous fat and conjunctive 
tissue, were removed from the dorsum of the 
bladder cap with the aid of a binocular micros-
cope. Similar-sized fragments of longitudinal 
smooth muscle, of 2 mm in diameter and 5 mm 
in length, were extracted for performing experi-
ments. Only one fragment was taken from each 
animal, so as to utilize the greatest number of 
animals possible.

Electrophysiological evaluation
 Organ bath: Each fragment was positioned 

vertically in an organ bath containing 5 mL of 
a standard nutrient solution (Krebs solution: 118 
mM NaCl, 5.6 mM KCl, 25 mM NaHCO3, 1.3 mM 
NaH2PO4, 2.5 mM CaCl2, 1.2 mM MgS04, 6.1 mM 
glycose; pH 7.4, 95% O2, 5% CO2), between two 
clips that were connected to a voltage transducer. 
An electrical field was generated (Hameg® Ins-
truments) between two platinum electrodes. The 
input and output flow of bath solution was con-
trolled by a system positioned at the bottom of the 
organ bath. The temperature was kept at 37° C by 
using a water heating system.

 Protocol: The muscle fragments were indi-
vidually inserted into the organ bath and incuba-
ted in the Krebs solution. Just after positioning the 
fragment in the organ bath, the “L0” point repre-
senting the length associated with maximum iso-
metric strength was determined at a temperature 
of 37° C. After determining L0, the fragments were 
left to rest for a 30-minute period and then were 
subjected to different stimuli: electrical (EFS), Ach 
(10 µmoL/L) and ATP (10 µmoL/L). An interval 
of 10 minutes was maintained between applying 
each stimulus, in order to avoid muscle fatigue.

Statistical evaluation
 The results were expressed as mean ± 

standard deviation, when appropriate. The diffe-
rences in maximum strength and time constant 
between pre and post-treatment readings were 
evaluated using SPSS 8.0 for Windows, by means 
of student’s t-test and ANOVA with Dunnet’s post-
-hoc test. The significance level chosen was 95% 
(p < 0.05). It was unnecessary to normalize the re-
adings for maximum strength and time constant, 
since the fragments were similar in size to reduce 
the variability in maximum basal amplitude.

RESULTS

Urodynamic evaluation
 Table-1 summarizes the urodynamic fin-

dings of the different groups. The results demons-
trated that the obstructed group (group B) deve-
loped significantly greater number of involuntary 
contractions of the detrusor during the bladder 
filling phase (p < 0.05), and also diminished ma-
ximum micturition flow (p < 0.05), increased post-
-micturition residue (p < 0.05) and decreased com-
pliance (p < 0.05).

 There was no significant difference betwe-
en groups A and C (p > 0.05).

Total antioxidant capacity
 Tissue TEAC measurements were obtai-

ned from 40 samples obtained from the superna-
tant of each animal. The results are represented 
in Figure-1.

 The animals in group A (sham procedu-
re) presented statistically greater TEAC levels 
(111.57 ± 9.50 µM/mg*mL-1) than did group B 
(infravesical obstruction without antioxidant-
-rich diet) (50.02 ± 9.80 µM/mg*mL-1). Group C 
(obstructed plus antioxidant-rich diet) presented 
TEAC of 80.54 ± 9.99 µM/mg*mL-1, which was 
statistically lower than group A and greater than 
group B.

 The highest TEAC values (in group A) su-
ggest that the bladders in these animals were ex-
posed to the least oxidizing damage. In contrast, 
the lowest TEAC values (in group B) suggest that 
these animals had a low antioxidant capacity, i.e. 
the greatest oxidizing damage.
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Malondialdehyde
 The MDA levels were expressed as µM 

MDA/mg*mL-1 protein (Figure-2).
 Since the MDA levels correlated negative-

ly with the total antioxidant capacity, it can be 
assumed that the low MDA levels represented high 
antioxidant potential in the samples studied.

Comparative analysis of groups A (sham), B 
(obstructed) and C (obstructed + galangin) demons-
trated that there were significantly greater MDA 
levels in group B than in groups A and C (respec-
tively 0.19 ± 0.069; 0.72 ± 0.03 and 0.17 ± 0.04).

In vitro evaluation – response of the detru-
sor musculature to electrical stimulation

Table 1 - Findings from the urodynamic evaluation performed four weeks after the sham procedure (group A), partial obstruc-
tion of the bladder neck using a silver ring (group B) and chronic obstruction together with the use of the flavonoid galangin 
(group C). The data are expressed as means.

Group A Group B Group C p

Presence of ICD absent present absent not applicable

Frequency of ICD/min 0 4 1 0.01 B vs. A + C

MaxDP 28.7 51.2 31.4 0.03 B vs. A + C

Compl 1.32 0.08 1.3 0.03 B vs. A + C

Rvol 0.3 2.1 0.4 0.04 B vs. A + C

Mvol 2.7 0.4 2.3 0.01 B vs. A + C

MaxCC 3.1 2.5 2.9 0.3

ICd: involuntary contraction of detrusor; MaxdP: maximum detrusor pressure (cmH2O); Compl: bladder compliance (mL/cmH2O); Rvol: residual 
volume (mL); Mvol: micturitional volume (mL); MaxCC: maximum cystometric capacity (mL).

Figure 1 - Mean TEAC values of the samples obtained from 
the rats, in the different groups.

Figure 2 - Mean MdA values of the samples obtained from 
the rats, in the different groups.

Group A: sham; Group B: obstructed; Group C: obstructed + galangin.   
*p < 0.05 A vs. B + C, #p < 0.05 C vs. A + B.

Group A: sham; Group B: obstructed; Group C: obstructed + galangin.   
*p < 0.05 A vs. B + C, #p < 0.05 C vs. A + B.
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The data related to the detrusor response 
to different electrical frequencies are shown in 
Figure-3. At the frequencies of 16 and 34 Hz, it 
was observed that the animals in the obstructed 
group (B) developed contractions of significan-
tly lower amplitude (p < 0.05) than did the sham 
group (A) and the obstructed group that received 
galangin (C).

In a preliminary study, it had been ob-
served that the muscle contractions induced by 
electrical stimulation were totally suppressed by 

tetrodotoxin (10-6M), which is a nervous response 
inhibitor. Thus, the results obtained from the pre-
sent study indicate that chronic obstruction leads 
to damage to the nervous response that is induced 
by the release of neurotransmitters at the presy-
naptic terminations.

In vitro evaluation– response of the detru-
sor musculature to acetylcholine

The data related to the detrusor response 
to acetylcholine are presented in Figure-4. The 
amplitudes of the muscle contraction induced by 

Figure 3 - Response of the detrusor musculature to different electrical stimulation (1, 2, 4, 8, 16 and 32 hz).

Figure 4 - Response of the detrusor musculature to acetylcholine (Ach) (10 μmoL/L).

Group A: sham; Group B: obstructed; Group C: obstructed + galangin. * p < 0.05.

Group A: sham; Group B: obstructed; Group C: obstructed + galangin.
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acetylcholine in the different groups were statisti-
cally similar (p > 0.05). Thus, it is suggested that 
the damage to the detrusor musculature induced 
by ischemia/reperfusion does not affect the mus-
carinic receptors.

In vitro evaluation – response of the detru-
sor musculature to ATP (adenosine triphosphate)

 The data related to the detrusor response 
to ATP are shown in Figure-5. The amplitudes of 
the muscle contraction induced by ATP in the di-
fferent groups were statistically similar (p > 0.05). 
Thus, it is suggested that the damage to the detru-
sor musculature induced by ischemia/reperfusion 
does not affect the purinergic receptors.

dISCUSSION

 In this study, data from in vivo and in vi-
tro evaluations were combined to assess detrusor 
function following a period of partial infravesical 
obstruction, and also the protective role of the fla-
vonoid galangin on the detrusor response to chro-
nic obstruction. Specifically, in vivo urodynamic 
evaluation data and in vitro isometric parameters 
and enzymatic tissue marker data were utilized to 
prove the hypothesis that the generation of free 
radicals has a role in detrusor damage after a pe-
riod of chronic infravesical obstruction.

Figure 5 - Response of the detrusor musculature to ATP (10 
μmoL/L).

Group A: sham; Group B: obstructed; Group C: obstructed + galangin.

The possible role of oxidative stress in the 
physiopathology of bladder dysfunction has still 
not been elucidated, despite various studies con-
ducted in this respect, in different centers around 
the world. Zhao et al. were the first investigators to 
suggest that a bladder submitted to acute disten-
sion would initially present a period of ischemia, 
followed by a period of reperfusion, which would 
lead to the generation of free radicals and tissue 
lesions (10). More recently, a study developed by 
Levin et al. demonstrated a possible relationship 
between a period of ischemia followed by reper-
fusion and the etiology of the bladder dysfunc-
tion subsequent to a period of chronic infravesical 
obstruction (7). These authors formulated the hy-
pothesis that a state of oxidative stress would be 
present in a situation of chronic obstruction and 
that this would lead to the formation of metabo-
lic end products that would cause damage to the 
phospholipids of the lipid membrane of the muscle 
cells. However, they did not find enough data to 
prove their hypothesis.

In the present investigation, two of the 
most widely used and accepted markers were uti-
lized to demonstrate the existence of oxidative 
stress in the tissue (MDA and TEAC). MDA, whi-
ch is the final product from the end product of 
lipid peroxidation induced by free radicals, has 
been implicated as the most important cause of 
destruction and damage in cell membranes. This 
occurs because the polyunsaturated fatty acids 
of cell membranes are degraded by this process, 
with consequent rupture of membrane integrity. 
Membrane peroxidation may lead to changes in 
membrane fluidity and permeability, and may 
also increase the protein degradation and cell ly-
sis rates (11).

The total antioxidant capacity (TEAC), 
which is another marker used for indirectly de-
termining the levels of oxidative stress in tissue, 
has been widely used for homogenized tissue from 
rats (12). This analysis assesses the antioxidant ac-
tivity against the ABTS radical.

 In the present study, the MDA concentra-
tion in the group subjected to the chronic obstruc-
tion procedure (B) was significantly greater than 
in the animals subjected to the sham procedure 
(A) and/or chronic obstruction with concomitant 
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use of galangin (C). It was also observed that the 
total antioxidant capacity in group B was statis-
tically lower than in the other two groups, whi-
ch indicates the presence of significant oxidative 
damage in the samples studied. When taken to-
gether, these findings corroborate the hypothesis 
that high levels of lipid peroxidation are associa-
ted with chronic infravesical obstruction. We can 
suggest that the damage to the detrusor muscula-
ture induced by infravesical obstruction (proven 
via the low amplitudes of contractions induced by 
electric stimulation and the occurrence of bladder 
dysfunction during the urodynamic evaluation) is 
at least partially related to the formation of free 
radicals and cell membrane damage.

 There is growing evidence that flavonoids 
have beneficial effects and are of special interest 
for preventing and treating specific diseases that 
are related to free radical generation (13). In the 
present study, the hypothesis tested was that one 
antioxidant (the flavonoid galangin) would have 
the capacity to avoid tissue damage induced by 
oxidative stress in the detrusor cells of guinea 
pigs. Galangin was chosen from among other fla-
vonoids because it has been demonstrated to be 
one of the flavonoids with greatest relaxant power 
of smooth musculature (14). Furthermore, galan-
gin is the most lipophilic of the flavonoids, which 
makes it appropriate for intravesical use due to the 
facility with which it penetrates the barrier formed 
by bladder mucosa (15).

 The mechanism through which galangin 
protects the detrusor from tissue lesions follo-
wing a period of chronic obstruction is a matter 
for speculation. Capasso & Tavares suggested in 
a study on rats in which they verified the action 
of this flavonoid on the amplitudes of bladder 
muscle contractions, that it would act on type L 
calcium channels (16). Levin et al. demonstrated 
that, when muscle tissue was exposed to free radi-
cal generation, there was an accumulation of cal-
cium in the intracellular medium, which would be 
responsible for cell damage. Thus, they suggested 
that galangin would act through type L calcium 
channels, thereby avoiding increased transporta-
tion of calcium ions into cells (17). There would, 
of course, be a need for studies to elucidate the 
exact mechanism for the action of galangin, in or-

der to characterize the diseases for which galangin 
could become part of the therapeutic arsenal.

 In summary, the findings described in the 
present study allow the conclusion that oxidative 
stress has a role in the damage of the detrusor 
musculature resulting from a period of chronic in-
fravesical obstruction. We also have, for the first 
time, shown that administration of an antioxidant 
prior to and following the beginning of chronic 
obstruction makes it possible to avoid the cellular 
lesions that cause detrusor dysfunction.

 From a broader perspective, it is suggested 
that benign prostate hyperplasia (BPH) is associated 
with induced free radical formation. Free radicals 
would therefore be at least partially responsible 
for the different degrees and types of micturition 
dysfunction observed during the evolution of the-
se patients. Together with this hypothesis, it is also 
suggested that the use of antioxidants would have 
a protective role against micturition dysfunction 
during the follow-up of patients with BPH.

CONCLUSIONS

 These results allow the conclusion that 
oxidative stress is implicated in the damage of the 
detrusor musculature following a period of chro-
nic infravesical obstruction. We also have, for the 
first time, shown that administration of an antio-
xidant prior to and following the beginning of 
chronic obstruction can avoid the cellular lesions 
that cause detrusor dysfunction.
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Microscopic hematuria and pelvic congestion syndrome 
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_______________________________________________________________________________

 This 53 year old white female presented 
with complaints of severe pelvic congestion syn-
drome and hematuria. The patient gave a history 
of intermittent macro- and microscopic hematuria 
for the past 3 years. A recent urologic examina-
tion with blue light cystoscopy had revealed some 
submucosal varices in the bladder, which were 
thought to be the source of bleeding. However, 2 
cystoscopies, 1 and 2 years prior, had not shown 
any varices. The patient had a history of ethanol 
abuse and at 2 occasions experienced hematemesis 
which was controlled  by application of a Black-
more tube. A gynecologic examination comple-
mented by ultrasound revealed a 3 cm submucosal 
fibroid. Laboratory finding were HB 12.8, HCT 38, 
RBC 4.2 mil, Platelets 180000, WBC 5800, BUN 
28, Creatinine 1.3, estimate GFR 42, Na 136, K 5.6; 
Cl 98 mEq/lt, alk pts 18 KA U, Tot. Bil 0.6; Glucose 
107, PT 10.0 , INR 1.3, Transaminase 500U.
 Urine-analysis revealed a spec grav 1022, 
12 RBC/ hpf, 1.2 WBC/hpf, isolated clumps of bac-
teria; culture showed no growth. Physical exami-
nation noted pale complexion, distended abdomen 
with palotment suggesting  the presence of ascitis; 
the spleen was markedly enlarged, BP 138/82, PR 
78, Respiration 20 and regular.
 An enhanced angioCT demonstrated 
massive esophageal and gastric fundus varices 
(Figure-1). The spleen was markedly enlarged. 
There were spleeno-renal shunts resulting in mas-
sive dilatation of the left renal vein (Figures 2,3). 
The left renal vein dilated to a degree, to be com-
promised in its passage between aorta and supe-
rior mesenteric artery (Figure-3). Dilated collateral 

veins to the umbilicus were present. In the pelvis 
one notes massive dilatation of  parametrial veins; 
pelvic congestion syndrome (Figure 4).
 Renal failure in cirrhotic patients is usu-
ally attributed to “hepato-renal syndrome” a con-
sequence of albumen loss to ascitis. In our patients 
the massive spleno-renal shunt caused increased 
flow in the left renal vein and thereby increased 
left renal vein pressure (1). This was probably the 
cause for microscopic hemarturia that had been 
observed for 3 years (Figure-3). Moreover, the in-
creased renal vein pressure caused parenchymal 

Figure 1 - demonstrates massive esophageal and juxta-
-esophageal collaterals in the retrocrural space extending 
into the posterior mediastinum.

Vol. 38 (4): 561-562, July - August, 2012
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Figure 2 - Note the large spleen and prominent spleeno-
-renal shunts.

Figure 4 - Note the markedly dilated left parametrial vein, 
resulting from collateral flow from the gonadal vein. Collate-
ral flow via pelvic veins is consistent with pelvic congestion 
syndrome.

Figure 3 - The left renal vein is massively dilated and appears 
obstructed at its point of transgression between aorta and 
superior mesenteric artery; “ nutcracker phenomenon”. The 
massive collateral flow has dilated the vein to a degree, to 
now cause obstruction. This in turn increases renal vein 
pressure and may cause microscopic hematuria.

damage (2). Collateral decompression flow via the 
left gonadal vein occasioned pelvic congestion 
syndrome resulting in marked dilatation of the 
parametrial veins and collateral decompression 
flow via vesical veins. This in turn caused submu-
cosal vesical varices ,responsible for occurence of 
macroscopic hematuria.
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CT Diagnosis of Foreign Body in Urinary Bladder after 
Surgical Management of Stress Urinary Incontinence
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_______________________________________________________________________________

 This 49-year-old Taiwanese woman pre-
sented with voiding urethral pain, frequency and 
hematuria. She had the past history of diabetes 
mellitus, hypertension and schizophrenia. The la-
bor history was G7P2. She had suffered from stress 
urinary incontinence (SUI) for several years and 
received repair surgery using polypropylene mesh 
sling (SPARC™ sling system) two years ago. Since 
one week after the surgery, she had had several 
episodes of urinary tract infection and no specific 
cause could be identified. This time she was admit-
ted for the same symptoms. The most recent uri-
analysis showed positive for occult blood, white 
blood cell (WBC) 11-20/ high power field and many 
bacteria. The urinary culture yielded Escherichia 
coli more than 106 colonies/ mL.
 KUB showed an amorphous hyperdense 
material in left lower pelvis (Figure-1). Computed 
tomography (CT) study revealed a 3 cm curvilin-
ear hyperdense lesion at left anterolateral wall of 
urinary bladder (Figure-2). Under the impression 
of intravesical foreign body, cystoscopy was per-
formed which revealed the misplacement mesh 
with stone encrustation (Figure-3). It was removed 
by Thulium Laser. There was no pyuria in the fol-
low up urianalysis (WBC 0-2/ high power field) and 
her symptoms were improved.
 Mesh repair has been used for surgi-
cal treatment of SUI since 1990s and has gained 
popularity. Urinary tract injury is a known com-
plication of the procedure, which may be due to 
iatrogenic injury during the surgery or subsequent 
erosion of the synthetic mesh through the mucosa 
(1). The incidence of urinary tract injuries from 

mesh repair is not exactly known, with higher re-
ported rate in synthetic material (2-4). The definite 
diagnosis of urinary bladder foreign body is made 
by cystoscopy, and endoscopic or surgical removal 
of the foreign body effectively cure the symptom 
(1). However the diagnosis is usually delayed with 
the median of 24 months after the original surgery, 
because the presenting symptoms are variable and 
confused with recurrent SUI or post-sling obstruc-
tion symptoms (1-3,5-7). This is the first report of 
the imaging findings of urinary tract injury follow-
ing SUI surgery. In patient with previous history of 
pelvic surgery, calcified urinary tract foreign body 
on CT should alert the present of iatrogenic injury.

Figure 1 - The plain KUB at postoperative 29 months showed 
a small irregular round radiopaque material (black arrow) at 
left lower pelvis which was not seen on the postoperative 1 
week film (not shown).
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Ventral Phalloplasty

Tariq S. Hakky, Alejandro R. Rodriguez, Justin Parker, Jorge L. Lockhart, John Honeymeyer II, Rafael E. 
Carrion

Department of Urology, Moffitt Cancer Center, Tampa, FL, USA

ABStRAct 
_______________________________________________________________________________

Purpose: To present the surgical technique of ventral phalloplasty as an adjunct procedure to the classic prosthetic surgery.
Materials and Methods: In this video we demonstrate how to perform a ventral phalloplasty in a patient that has undergone 
a penile prosthesis implantation. Our technique consists of: delineation of the penile scrotal web, excision of this redundant 
skin, and re-approximation of the wound to mimic the natural median raphe.
Results: The ventral phalloplasty improves the perception of phallic length, as well as patients’ satisfaction after prosthetic 
surgery.
Conclusion: Penile length perception is the main concern of patients that have undergone penile prosthesis implantation.  In 
this video we demonstrate that the ventral phalloplasty can improve perception of phallic length, and can be an important 
adjunct to the classic prosthetic surgery.

ARticle info
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EdITORIAL COMMENT

 The video nicely demonstrates a simple 
technique which improves the cosmetic appear-
ance of the phallus following implantation of a 
penile prosthesis.
 Decrease in penile length and volume have 
been reported following radical prostatectomy (1). 
Studies have not shown a significant decrease in 
penile length after implantation of a penile pros-
thesis. Despite this fact, patients that undergo im-
plantation of a penile prosthesis often complain 
of a perceived a loss of phallic length (2). To deal 
with this problem, urologists can either try to in-
crease the true length of the penis or improve the 
protruberance of the phallus without true length 
increase.  Several options are available.
 Suprapubic lipectomy which was first 
reported by Horton and colleagues in 1987 can 
help release a penis that is partially hidden by 
suprapubic fat (3). Additional penile length can 

be achieved by division of the penile suspensory 
ligament. This must be combined with post-oper-
ative penile stretching in order to achieve lasting 
success (4). Augmentation corporoplasty which 
involves corporal incisions and grafting can be 
used to improve both penile length and girth (5). 
Alternatively, after a period of time, one can place 
larger implant cylinders in the corpora (6). Scro-
toplasty has been commonly used in children to 
help improve the cosmetic appearance of the hid-
den penis due to penile webbing (7). Ventral phal-
loplasty modifies this technique by excising skin 
in a convex fashion to preserve the scrotal con-
tour.
 Perceived loss of penile length is a com-
mon problem after penile prosthesis implantation. 
This easily performed technique changes the posi-
tion of the penoscrotal angle and gives patients 
the perception of preserved penile length.
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To the editor,

 The concept of endoscopic inguinal dissection for penile cancer was proposed by Bishoff et 
al. from San Antonio, Texas, USA in 2003 with the dissection of 2 cadaveric models. After some 
modifications, the first case in clinical scenario was successfully operated at ABC Medical School, 
São Paulo, Brazil in 2003 by Tobias-Machado et al which nominate their procedure as VEIL (video 
endoscopic inguinal lymphadenectomy) (1).
 In order to achieve the maximum benefits of the minimally invasive approach, regarding mor-
bidity reduction, the ABC Medical School technique was based in 10 major steps and we would like to 
emphasize 3 of them: distal lymphatic tissue ligation at the femoral triangle vertex, proximal control 
of visualized lymphatics with clips and ligation of the proximal portion of the lymphatic tissue at the 
deep portion of the femoral channel (2). We are concerned about these issues because in the presented 
video no lymphatic clipage was documented, the tissue was sectioned using only monopolar electro-
cautery. This can increase the post-operative complications related to the lymphatic tissue, thereby 
reducing the benefits of minimally invasive procedure. It is fundamental to stress that no energy 
source (electric, ultrasonic, ligasure) can adequately seal lymphatic vessels. One other interesting 
observation is that monopolar energy can be used but control is needed when it is utilized near the 
skin to prevent an isquemic event. The present video demonstrates the dissection in the correct plane 
(under Scarpa´s fascia) to maintain some fat under the skin.
 A randomized comparison with open surgery in nonpalpable inguinal nodes patients showed a 
reduced overall complication rate of endoscopic technique (20 X 70%) specially related to skin events 
(0 x 40%) (3). The same number of nodes could be obtained comparing the approaches. Five year 
follow-up series showed cancer specific survival of 100% for negative inguinal nodes and 80% for 
positive nodes suggesting that VEIL is oncological effective (4).
 Veil is having a growing international acceptance but experience is yet small. Actually about 
20 centers around the world performed the endoscopic procedure with success and very similar re-
sults. Some centers are applying endoscopic surgery for other tumors as melanoma, vulvar and anal 
cancers. Actual results lead us to think that this technique has the potential to reduce post-operative 
morbidity (2-6).
 Nevertheless we would like to congratulate Britto et al who demonstrated the reproducibility of 
the method at the Federal University of Rio Grande do Norte, it could be consider especially impor-
tant because VEIL can be of great value in a region which has a high incidence of penile cancer.
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