


EDITOR-In-ChIEf

INTERNATIONAL

BRAZ J UROL

AssOCIATE EDITORs

sECTIOn EDITORs

Sidney Glina
ABC Medical School and

Ipiranga Hospital, SP, Brazil

Fernando Kim
Univ. of Colorado,
Denver, CO, USA

Leonardo O. Reis
Univ. of Campinas - 
UNICAMP, SP, Brazil 

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

Marcus V. Sadi
Fed. Univ. of Sao Paulo - 
UNIFESP, SP, Brazil 

OFFICIAL JOURNAL OF THE BRAZILIAN SOCIETY OF UROLOGY - SBU

Sandro Esteves
Androfert, Campinas
SP, Brazil

Stênio de Cássio Zequi
Urology Division,
AC Camargo Cancer Center -
Fund. A. Prudente, SP, 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

RADIOLOGY pAGE
Erich K. Lang
Johns Hopkins Medical Institutions
Baltimore, Maryland, USA

RECOnsTRuCTIvE uROLOGY
Décio Streit
Sao Lucas Hospital, PUC, 
Porto Alegre, RS, Brazil
 

LIThIAsIs
Eduardo Mazzucchi
School of Medicine USP,
SP, Brazil

LApAROsCOpY AnD ROBOTICs
Anuar I. Mitre
University of Sao Paulo, USP,
Sao Paulo, Brazil 

TRAnspLAnT
William Nahas
School of Medicine USP,
SP, Brazil



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
    
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
    
Andre G. Cavalcanti
Federal University of the State 
of Rio de Janeiro, RJ, Brazil

Andreas Bohle
Helios Agnes Karll Hospital
Bad Schwartau, Germany 

Anthony J. Schaeffer
Northwestern University
Chicago, IL, USA

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
 
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

Cassio Andreoni
Federal University of
Sao Paulo, SP, Brazil
 
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 Pasqualotto
Univ. of Caxias do Sul
RS, Brazil

Ferdinand Frauscher
Medical University Innsbruck
Innsbruck, Austria

Fernando Pires Vaz
Hosp. Serv. the State of
Rio de Janeiro, RJ, Brazil

Flavio Trigo Rocha
School of Medicine USP,
SP, 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

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

John Denstedt
University of Western Ontario
London, ON, Canada

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

Jose Carlos Truzzi
University of Santo Amaro
Sao Paulo, SP

Jose J. Correa 
Ces University 
Medellin, Columbia

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

INTERNATIONAL

BRAZ J UROL



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

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

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

Miguel Zerati Filho
Inst of Urology and Nephrology 
S. J. do Rio Preto, SP, Brazil 

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 Monti
Federal University of
Triângulo Mineiro, MG, 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-
Normandie, 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

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

Wassim Kassouf 
McGill University 
Montreal, Canada

INTERNATIONAL

BRAZ J UROL

Wilfrido Castaneda
University of Minnesota
Minneapolis, MN, USA

Wolfgang Weidner
Justus-Liebig Univ. Giessen
Giessen, Germany

Wojtek Rowinski
Univ. of Warmia and Mazury
Olsztyn, Poland



INTERNATIONAL

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

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 

pRODuCTIOn EDITOR
Bruno Nogueira

TEChnICAL EDITOR
Ricardo de Morais

http://www.brazjurol.com.br

ONLINE manuscript submission: www.brazjurol.com.br

by the Ministry of Science and Technology. National 
Council for Scientifi c and Technological Development.
 
Editorial and Graphic Composition
DRQ Gráfi ca e Editora Ltd.

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. Intellectual Property: 
All content of the journal, except where identifi ed, is licensed under a Creative Commons attribution-type BY-NC.

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.

Alberto Gentile (Founder)
(1975 - 1980)

Lino L. Lenz
(1981)

Rubem A. Arruda
(1982 - 1983)

G. Menezes de Góes
(1984 - 1985)

Sami Arap
(1986 - 1987)

N. Rodrigues Netto Jr
(1988 - 1993)
 

Sami Arap
(1994 - 1997)

Sérgio D. Aguinaga
(1998 - 1999)

Francisco J. B. Sampaio
(2000 - 2010)

Miriam Dambros
(2011)

Sidney Glina
(2012 -           )

 



CONTENTS

EDITORIAL In ThIs IssuE

404 Luciano A. Favorito

EDITOR´s COMMEnT

406 Philippe E. Spiess

DIffEREnCE Of OpInIOn

Inflatable Penile Prosthesis

408 Opinion: Why I prefer the infrapubic access

Eduardo B. Bertero

410 Opinion: Opinion: Why I prefer the penoscrotal access

Celso Gromatzky 

REvIEw ARTICLE 

412 Efficacy of antibiotic prophylaxis in cystoscopy to prevent urinary tract infection: a syste-
matic review and meta-analysis
Herney Andrés García-Perdomo,  Eladio Jiménez-Mejías, Hugo López-Ramos (Editorial 
Comment by Wanderley Marques Bernardo, MD)

425 Optimal duration of androgen deprivation therapy following radiation therapy in interme-
diate- or high-risk non-metastatic prostate cancer: A systematic review and meta-analysis
Frederico Leal, Maximiliano Augusto Novis de Figueiredo, Andre Deeke Sasse

ORIGInAL ARTICLE

435 Dosimetric coverage of the prostate, normal tissue sparing, and acute toxicity with high-
dose-rate brachytherapy for large prostate volumes
George Yang, Tobin J. Strom, Richard B. Wilder, Kushagra Shrinath, Eric A. Mellon, 
Daniel C. Fernandez, Matthew C. Biagioli

442 Prostate cancer volume estimations based on transrectal ultrasonography-guided biopsy in 
order to predict clinically significant prostate cancer
Ersin Konyalioglu, Hüseyin Tarhan, Ozgur Cakmak, Emel Ebru Pala, Ferruh Zorlu

449 Probability of extraprostatic disease according to the percentage of positive biopsy cores in 
clinically localized prostate cancer
Thiago N. Valette, Alberto A Antunes, Kátia Moreira Leite, Miguel Srougi

Volume 41 | number 3 |  May . June, 2015   |   INT BRAZ J UROL



455 A new technique of bladder neck reconstruction during radical prostatectomy in patients 
with prostate cancer
Yuri Tolkach, Konstantin Godin, Sergey Petrov, Sonny Schelin, Florian Imkamp

466 Anesthesiologic effects of transperitoneal versus extra-peritoneal approach during robot-
assisted radical prostatectomy: results of a prospective randomized study
Fabrizio Dal Moro, Alessandro Crestani, Claudio Valotto, Andrea Guttilla, Rodolfo 
Soncin, Angelo Mangano, Filiberto Zattoni

473 Utilization and perioperative complications of laparoscopic cryoablation vs. robotic partial 
nephrectomy for localized renal tumors
Aaron C. Weinberg, Solomon L. Woldu, Timothy Wen, Christopher M. Deibert, Ruslan 
Korets, Ketan K. Badani

486 Feasibility, complications and oncologic results of a limited inguinal lymph node dissection 
in the management of penile cancer
Igor Tsaur, Carmen Biegel, Kilian Gust, Tanja Huesch, Hendrik Borgmann, Maximilian 
P.J.K. Brandt, Martin Kurosch, Michael Reiter, Georg Bartsch, David Schilling, Axel 
Haferkamp

496 Percutaneous nephrolithotomy in patients with solitary kidney: a critical outcome analysis
Fabio C. M. Torricelli, Guilherme P. Padovani, Giovanni S. Marchini, Fabio C. Vicentini, 
Alexandre Danilovic, Sabrina T. Reis, Miguel Srougi, Eduardo Mazzucchi

503 Studying inhibition of calcium oxalate stone formation: an in vitro approach for screening 
hydrogen sulfide and its metabolites
Vaitheeswari S, Sriram R, Brindha P, Gino A. Kurian

511 Antilithiatic Activity of phlorotannin rich extract of Sarghassum Wightii on Calcium Oxalate 
Urolithiais – In Vitro and In Vivo Evaluation

D. Sujatha, Kiranpal Singh, Mursalin Vohra, K. Vijay Kumar, S. Sunitha

521 Flowmetry/ pelvic floor electromyographic findings in patients with detrusor overactivity
Farshid Alizadeh, Shekoufeh Shirani, Mahtab Zargham

527 Detrusor after-contraction: a new insight

Françoise A. Valentini, Brigitte G. Marti, Gilberte Robain, Pierre P. Nelson (Editorial 
Comment by Alfredo Canalini, MD)

535 Patient and partner outcome of inflatable and semi-rigid penile prosthesis in a single ins-
titution

Ibrahim Halil Bozkurt, Burak Arslan, Tarik Yonguç, Zafer Kozacıoglu, Tansu Degirmenci, 
Bulent Gunlusoy, Suleyman Minareci

542 Quality of life evaluation of patients with neurogenic bladder submitted to reconstructive 
urological surgeries preserving the bladder

Daniel Xavier Lima, Cleidismar Rosa Pires, Ana Clara Rezende dos Santos, Raphaela 
Gomes Mendes, Carlos Eduardo Corradi Fonseca, Orlando Barreto Zocratto

INT BRAZ J UROL     contents



547 Relationship between pseudoexfoliation syndrome and erectile dysfunction: a possible cau-
se of endothelial dysfunction for development of erectile dysfunction
Sabite Emine Gökce, Mehmet Ilker Gökce

552 Do Foley Catheters Adequately Drain the Bladder? Evidence from CT Imaging Studies
Svetlana Avulova, Valery J. Li, Johnathan A. Khusid, Woo S. Choi, Jeffrey P. Weiss

556 Ultrasound evaluation of obstructive uropathy and its hemodynamic responses in sou-
thwest Nigeria
I. N. Apoku, O.O. Ayoola, A. A. Salako, B.M. Idowu

562 To tell or not: parental thoughts on disclosure of urologic surgery to their child
Christina B. Ching, Douglass B. Clayton, John C. Thomas, John C. Pope IV, Mark C. Ada-
ms, John W. Brock III, Stacy T. Tanaka

569 Metabolic and testicular effects of the long-term administration of different high-fat diets 
in adult rats
Pamella Campos-Silva, Angelica Furriel, Waldemar S. Costa, Francisco J. B. Sampaio, 
Bianca M. Gregório

576 Beneficial effect of pentoxifylline into the testis of rats in an experimental model of unila-
teral hindlimb ischemia/reperfusion injury
Mohammad Ashrafzadeh Takhtfooladi, Fariborz Moayer, Hamed Ashrafzadeh Takhtfooladi

suRGICAL TEChnIquE

584 A Novel Approach for the Treatment of Radiation-Induced Hemorrhagic Cystitis with the 
GreenLight™ XPS Laser
Daniel Roberto Martinez, Cesar E. Ercole, Juan Gabriel Lopez, Justin Parker, Mary K Hall 

ChALLEnGInG CLInICAL CAsEs

588 Testicular calculus: A rare case
Volkan Sen, Ozan Bozkurt, Omer Demır, Burcin Tuna, Kutsal Yorukoglu, Adil Esen

591 Rapid intraoperative tissue expansion with Foley catheter in a challenging cripple Hypospadias
Murat Cakmak, Gulnur Gollu, Gonul Kucuk, Berktug Bahadir

RADIOLOGY pAGE 

596 Retroperitoneal Hygroma
Atabak Allaei, Erich K. Lang

598 Vesicoenteric fistula caused by bladder diverticulitis: MRI Findings
Ihsan Yuce, Hayri Ogul, Suat Eren, Ummugulsum Bayraktutan, Mecit Kantarci, Ahmet Yalcin

INT BRAZ J UROL     contents



INT BRAZ J UROL     contents

vIDEO sECTIOn

600 Distal spermatic cord peritoneal stripping: an adjunct technique during inguinal orchiopexy
Hubert S. Swana, Rikin Patel, Mark A. Rich (Editorial Comment by Tariq S. Hakky, MD)

602 Forgotten and fragmented ureteral j stent with stone formation: combined endoscopic 
management
Volkan Sen, Halil Ibrahim Bozkurt, Tarık Yonguc, Ozgu Aydogdu, Serkan Yarimoglu, 
Tansu Degirmenci, Suleyman Minareci (Editorial Comment by Hubert S Swana, MD and 
David J. Hernandez, MD)

LETTER TO ThE EDITOR

604 RE: Validation of the brazilian version of the expanded prostate cancer index composite 
(EPIC) for patients submitted to radical prostatectomy
Enaury Alves, Rebecca Medina, Cássio Andreoni

606  InfORMATIOn fOR AuThORs



404

EDITORIAL
IN ThIS ISSuE

The May-June 2015 issue of the International Braz J Urol presents original con-
tributions with a lot of interesting papers in different fields: Urinary tract infection, 
Penile Prosthesis, Erectile Disfunction, Neuro-urology, Penile Cancer, Prostate Cancer, 
Renal Cancer, Neprholithiasis, Pediatric Urology and basic research. The papers come 
from many different countries such as Brazil, USA, Turkey, Iran, Nigeria, France, Ger-
man, Italy, Indian, Russia, Sweden, Spain, Colombia and as usual the editor ’s comment 
highlights some papers.  

In this issue we had 5 papers about prostate cancer: Two about diagnosis (prosta-
te biopsy), one about brachyterapy, one about surgical technique and one about robotic 
prostatectomy and we decided to comment about the point of technique in prostate can-
cer.  Doctor Tolkach and collegues, from Sweden and Russia on page 50 an interesting 
study about a new technique of bladder neck reconstruction in open radical prostatec-
tomy. The authors evaluated the functional outcomes of radical prostatectomy in terms 
of urinary continence in patients with prostate cancer, in whom a new method of blad-
der neck reconstruction (BNR) with a deep dorsal stitch was applied, and also to find the 
potential underlying mechanisms for the efficacy of the BNR using anatomical models.  
Open radical retropubic prostatectomy was performed in 84 patients: 39 patients with 
a new BNR method used to improve continence and control group of 45 patients with 
standard “tennis racket” BNR. Median follow-up was 14 months in control group and 
12 months in study group. Continence recovery was accessed early postoperatively and 
every 3 months thereafter. Anatomical study was performed on 2 male fresh cadavers 
reproducing two different BNR techniques to clarify any underlying continence related 
mechanisms.  Patients with new BNR achieved full continence significantly faster. The 
authors concluded that the safety and efficacy of the new method of bladder neck re-
construction using a deep dorsal stitch was documented by this study. An improved ear-
ly continence was proven, compared to the standard technique of bladder neck recons-
truction using a “tennis racket”. The possible explanation for this clinical effect could be 
the presence of proximal passive closure mechanism at the level of bladder neck, which 
probably promoted continence until the distal sphincter complex could take over. 

The preservation of potency and urinary continence is the most important ob-
jective of the radical prostatectomy. One of the great merits of the advent of radical 
prostatectomy by robotics is the better visualization of the structures during surgery, in 
contrast to open surgery, especially the ability to confirm the structure of the prostatic 
fascia. This enables the surgeon to select the best layer among the inter-fascial, intra-
-fascial or extra-fascial when a nerve-sparing procedure is carried out (1-3). Robotic 
surgery is still more expensive (on average 1.595 euros more expensive than the pure 

Bladder Neck Reconstruction in Radical Prostatectomy:
What we still can learn and improve?

Volume 41 | number 3 | May . June, 2015   |   INT BRAZ J UROL
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laparoscopic technique), which in turn is more costly than the traditional open proce-
dures the open radical prostatectomy is still the first choice for surgical treatment of 
prostate cancer in some places specially in developed countries (4) and new techniques 
to improve the results of the open radical prostatectomy are very useful for many uro-
logical surgeons.

EDITORIAL
IN ThIS ISSuE

Luciano A. Favorito, MD, PhD

Associated Professor of the Urogenital Unit form State 
University from Rio de Janeiro

Associated Editor of International Braz J Urol

REfEREnCEs
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fibers? Eur Urol. 2006;49:955-7.
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Dear readers,

The past year has been another memorable one for our journal and particular-
ly for the video section. We gave expanded our editorial board of the video section to 
include international leaders in all facets of our specialty insuring that the quality of 
our reviews are kept to the highest standards while enabling these leaders to share their 
viewpoints and insight through their editorial comments accompanying accepted video 
abstracts. In addition over the past 6 months, we have transitioned the video section 
to an electronic video submission and review format enabling video submissions to be 
processed in a very expeditious manner while serving a state-of-the art platform for our 
journal and video section for the many years to come. In this editorial letter, I would 
like to honor as has been done in recent years, our accepted videos that were selected as 
the best of the year by our editorial board. In making their selection, the video section 
editorial board members could not select a video they served as a co-author on. In this 
regard, editorial board members were sent the weblinks to access all accepted videos 
and abstracts subsequent to which they were asked to review all videos and rank them 
thereafter from highest to lowest ranked accepted video which were then cumulated in 
making our selection as the best videos of the year. The 1st prize for best video of the 
year was by the group of Dr. Rafael Rebouças et al. (1). from the faculty of Medical 
Sciences of Paraiba and Department of Urology from the Police Military Hospital Edson 
Ramalho, Brazil and is titled “Pure laparoscopic augmentation ileocystoplasty”. In this 
beautiful depiction by Dr. Rebouças and colleagues, the authors employ a four port 
transperitoneal technique in performing an augmentation ileocystoplasty in a 15 year 
old female with voiding dysfunction and a prior history of Guillain-Barre syndrome. 
The great merit of this video is that minimally invasive surgery (MIS) can be adopted 
to such complex reconstructive techniques whereby further expanding the widespread 
applications of MIS in all avenues of our specialty. The 2nd prize is awarded to the video 
by Jared Wallen et al. (2) from the University of South Florida and Moffitt Cancer Center 
entitled “Optimizing penile length in patients undergoing partial penectomy for penile 
cancer: Novel application of the ventral phalloplasty oncoplastic technique”. This video 
originated from my group employing a surgical reconstruction technique first described 
by Dr. Rafael Carrion and adapting it to increase functional penile length in patients 
with penile cancer undergoing primary neoplasm resection. Clearly, the loss of sexual 
function following partial penectomy in the majority of patients pertains to the loss of 
penile length which can in consequence can adversely impact quality of life hence this 
surgical approach offers great promise in minimizing this impact on patients while not 

Best videos of the year for the International Brazilian Journal 
of Urology 2014
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dramatically increasing the complexity of the surgery. Notably this year, we had a num-
ber of videos (in excess of 5) selected for the 3rd prize making it impossible to select one 
of these as superior to the others.

I want to take this opportunity to thank our entire editorial staff, authors who 
have submitted such high quality submissions to our section, and lastly but most im-
portantly all of our readers for supporting our video section. You truly make the Inter-
national Brazilian Journal of Urology and the video section such a great success and 
we look forward to further significant growth and international recognition with your 
assistance in the months to years to come.

REfEREnCEs

1. Rebouças RB, Monteiro RC, Souza TN, Aragão AJ, Burity CR, Nóbrega JC, Oliveira NS, Abrantes RB, Dantas 
Júnior LB, Cartaxo Filho R, Negromonte GR, Sampaio Rda C, Britto CA. Pure laparoscopic augmentation 
ileocystoplasty. Int Braz J Urol. 2014;40:858-9.

2. Wallen JJ, Baumgarten AS, Kim T, Hakky TS, Carrion RE, Spiess PE. Optimizing penile length in patients 
undergoing partial penectomy for penile cancer: novel application of the ventral phalloplasty oncoplastic 
technique. Int Braz J Urol. 2014;40:708-9.
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Penile prosthesis placement is the third line therapy to treat erectile dysfunction. 
It is gold standard on those who do not respond to more conservative options (1). Place-
ment of the penile prosthesis, specially the three piece inflatable, has been reported from 
various different approaches, including penoscrotal, infrapubic, suprapubic and perineal 
locations (2). Each approach has its own advantage and disadvantages, however every 
implanter should be able to perform a few of these techniques depending on specific ana-
tomy or revision cases. The penoscrotal approach is the most widely used and according 
to manufacturer data, reaches 80% of all implants in the United States of the America. 
Historically, the suprapubic approach was the first used to implant prosthesis (3). Howe-
ver, the incisions were too big and there was some concern to bury the tubing underneath 
the fascia as it was not kink-resistant as today. Many physicians were afraid of injuring 
the dorsal nerve as well.

The infrapubic incision used today is a variation of the old one. The new techni-
que utilizes smaller incision and corporotomies, minimal corporal dilatation and decrea-
ses tissue dissection allowing for a rapid recovery and possibility of engaging in sexual 
activity on a shorter time. We have adopted this approach to implant 3-piece inflatables 
prosthesis since visiting Dr. Paul Perito from Miami, USA (4). I do not recommend this 
approach for semi rigid ones, as I believe a penile midline ventral incision is perfectly 
adequate.

Regarding the infrapubic technique there are several advantages:
Incision - a 3 cm length incision is made on the inferior border of the pubic bone. 

The penis should always be stretched and the surgeon positioned on the left side of the 
patient.

Exposure of the corpora - the exposure of both corporal bodies are carried out 
with blunt digital dissection. Artificial erection before the incision helps on the identifi-
cation of these structures. The neurovascular bundle is maintained intact on the center 
of both corpora. One or two hand-held retractors give the adequate exposure. Two stay 
sutures using a 2-0 monofilament is placed on each side on a parallel fashion. The cor-
porotomy is made with a 12 blade knife. 

Size of corporotomy - there is no need to open more than 1.5 cm of each corpora, 
unless a semi-rigid prostheses is taking place.
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Minimal dilatation - The Furlow instrument is passed once proximally and once 
distally with simultaneous measurement.  There is no need to progressive dilatation on 
first case implants. However, in some difficult cases such as post priapism and revisions 
after infections, this may be necessary.

Ease on positioning the reservoir - this is another advantage of this technique as 
the external inguinal ring is easily identified from this incision. Using a 6 or 8 cm nasal 
speculum the reservoir can be placed on Retzius space or ectopic, depending on the sur-
geons preference.

Ease on positioning the pump - This is the major advantage of this approach over 
the penoscrotal in my opinion, as there is not a scrotal scar. From the infrapubic incision 
is possible to create a space between the testicles through the introduction of a nasal 
speculum just parallel to the corpora.  With the jaws opened, it is possible to create an 
adequate space.

Not redundant tubing on the scrotum - Here is another advantage. The redundant 
tubing is trimmed and the connection is made through the infrapubic incision. The con-
nection is buried underneath the fascia. No tubing is visible on the scrotum.

Early recovery and prompt training - After 2 or 3 weeks, the patient is able to ini-
tiate his train managing the pump. When the surgeon keeps the prosthesis semi inflated 
after the procedure it is possible to deflate it after a few days without any harm. This is 
not possible after a penoscrotal approach as the area of the pump is too painful. 

COnCLusIOns

Prosthetic implanters should be aware of other techniques and, the infrapubic one 
is strongly recommended for 3-piece inflatables.
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The therapeutic arsenal of erectile dysfunction has in implant penile prostheses 
an option of third row, behind the phosphodiesterase-5 inhibitors and intracavernosal 
therapy. However, the satisfaction rate of treatment of erectile dysfunction with penile 
prostheses achieves excellent results, between 75 and 100% (1).

The type of prosthesis to be implanted, inflatable or malleable, depends mainly 
on the economic condition of the patient, because the high cost of inflatable implants 
compared to malleable. Other factors may also influence the choice of the type of pros-
thesis, such as the capacity and ability of the patient to manipulate the scrotal pump, the 
surgeon’s experience (2), specific clinical cases (3) and patient preference.

The choice of surgical access for penile implants depends on the surgeon’s choice 
in most cases. To proceed with complex cases, the surgical team must have knowledge of 
several accesses alternatives to perfom penile implants. The literature demonstrates that 
most of the implants are performed by penoscrotal access (2, 4). A paper published by 
Johns Hopkins Group with cases of concomitant penile prosthesis implant and artificial 
urinary sphincter, reported the choice of penoscrotal access to the penile implant (5).

A very interesting study comparing penile prosthesis implant surgery before and 
after Expert Training with Standardized Operative Technique for residents demonstrated 
that after the training, penoscrotal access increased from 52.2% to 97.8% (2).

The American Urological Association Guideline of Erectile Dysfunction of the, 
published in 2005 and revised in 2011 does not provide any guidance to the accesses 
procedures for implantation penile prostheses (6).

The Guideline of Male Sexual Dysfunction of the European Urological Associa-
tion, updated in March 2015, devotes a paragraph to discuss the surgical access options 
for implantation of inflatable penile prosthesis (7). The advantages of the penoscrotal 
access reported in this paper are:

- The penoscrotal approach provides an excellent exposure.
- It affords proximal crural exposure if necessary.
- Avoids dorsal nerve injury.
- Permits direct visualization of pump placement.
The disadvantage highlighted for the penoscrotal approach is that the reservoir 

is blindly placed into the retropubic space, which can be a problem in patients with a 
history of major pelvic surgery (mainly radical cystectomy).
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Furthermore this document reinforces the idea that revision surgery is associated 
with decreased outcomes and may be more challenging with the infrapubic approach.

The ISSM Consensus in Chapter 18 (8), dedicated to penile implants reports that 
there is no clear advantage of one type of access or other, and the choice depends on the 
surgeon’s preference and  that the literature data showed that the incidence of infection 
is similar between the penoscrotal and infrapubic access. The text reported also that pe-
noscrotal access is easier in severely obese patients.

Candela & Hellstrom presented retrospective study comparing satisfaction of the 
patients submitted to implantation of 3 volume inflatable penile prosthesis with penos-
crotal and infrapubic access through a questionnaire sent to 86 patients. Analysis of the 
42 questionnaires returned demonstrated no statistical differences in the replies of the 
two groups in either the factual or perceptual data (9).

The Cleveland Clinic published in 2003, that the penoscrotal approach is prefe-
rably. The reasons are that the penoscrotal approach avoids possible injury to the dorsal 
sensory nerves, provides easier and more complete corporeal exposure, and allows the 
pump to be anchored in the scrotal pouch (10).

My personal preference for penoscrotal access to implant inflatable penile pros-
thesis relies on the available data reported above, and also by teaching facility in resi-
dency training program of the same approach of access to implant both malleable as 
inflatable prostheses.
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Objective: To estimate the efficacy of antibiotic prophylaxis to prevent urinary tract 
infection in patients (both gender) who undergo a cystoscopy with sterile urine.
Materials and Methods: Search strategy (January 1980-December 2013) in Medline 
via PubMed, CENTRAL, and EMBASE. Additionally, we searched databases for regis-
tered trials and conference abstracts, as well as reference lists of systematic reviews 
and included studies. Seven published randomized clinical trials (January 1, 1980 to 
December 31, 2013) were included in quantitative analyses with no language restric-
tions. Two independent reviewers collected data. Risk of bias was evaluated with the 
Cochrane Collaboration tool. We performed a fixed effect analyses due to statistical 
homogeneity. The primary outcome was urinary tract infection and the secondary was 
asymptomatic bacteriuria. The effect measure was the risk difference (RD) with 95% 
confidence interval. The planned interventions were: Antibiotic vs placebo; Antibiotic 
vs no intervention and Antibiotic vs any other intervention.
Results: 3038 patients were found in seven studies. For the primary outcome, we in-
cluded 5 studies and we found a RR 0.53 CI95% (0.31, 0.90) and a RD-0.012 CI95% 
(-0.023,-0.002), favoring antibiotic prophylaxis. For asymptomatic bacteriuria we in-
cluded 6 studies and we found a RR 0.28 CI95% (0.20, 0.39) and a RD-0.055 CI95% 
(-0.07,-0.039), was found favoring prophylaxis. According to GRADE evaluation, we 
considered moderate quality of evidence for both outcomes. The subgroup analysis 
showed that only two studies were classified as having low risk of bias: Cam 2009 and 
García-Perdomo 2013. They showed no statistical differences (RD-0.009 CI95% -0.03, 
0.011).
Conclusions: Based on studies classified as low risk of bias, we found moderate evi-
dence to not recommend the use of antibiotic prophylaxis to prevent urinary tract in-
fection and asymptomatic bacteriuria in patients who undergo cystoscopy with sterile 
urine in an ambulatory setting.
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InTRODuCTIOn

Cystoscopy is the most frequently used 
and accepted diagnostic tool in urology (1). There 
are multiple indications as: hematuria, lower uri-
nary tract symptoms evaluation, urothelial can-
cer follow-u p, foreign body retrieval, planning 
a surgery, etc. (2). Based on these indications, it 

is important to notice its risks to prevent futu-
re complications. Pain, hematuria, lower urinary 
tract symptoms and urinary tract infection are 
the main adverse effects present during or af-
ter the procedure. These symptoms are associated 
with higher morbidity in patients and increase 
the cost for healthcare system (3-5). According 
to García-Perdomo et al. (6) in Latin America, 
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hematuria and urinary tract infection (UTI) inci-
dences are 1% and 1.8% respectively, others like 
Jimenez-Cruz et al. (7) found 10% of UTI inci-
dence in Spain, but it could vary between 1 and 
21% according to literature (4, 5, 8, 9).

 There are studies on UTI in an ambulatory 
and hospital settings, identifying it as the most 
common nosocomial infection nowadays (10).

 Experimental studies have demonstrated 
the prophylaxis antibiotic´s efficacy to prevent 
surgical site infection and UTI in surgical settings 
(7, 11, 12). According to urological guidelines, it 
is not mandatory to use antibiotics in procedures 
like cystoscopy, urodynamics and cystography in 
patients with sterile urine. In others, like aged 
patients, anomalies of the urinary tract, poor nu-
tritional status, cigarette smoking, immunosup-
pression, external catheters, instrumentation of 
urinary tract and bacteriuria, the prophylaxis is 
recommended (13-16).

 Currently there is no evidence to suggest 
antibiotic prophylaxis before cystoscopy due to a 
large amount of studies, heterogeneous, clinical 
and methodologically. The aim of this systematic 
review (SR) and meta-analysis (MA) was to es-
timate the efficacy of antibiotic prophylaxis to 
prevent urinary tract infection in patients who 
undergo a cystoscopy with sterile urine.

MATERIALs AnD METhODs

This study was conducted according to 
the recommendations of the Cochrane Collabora-
tion and following PRISMA Statement. The pro-
tocol was registered in the international prospec-
tive register of systematic reviews (PROSPERO): 
CRD42014006976.

Eligibility Criteria
Studies: We included parallel, randomi-

zed clinical trials (RCT) conducted between Janu-
ary 1, 1980 and December 31, 2013. Open label, 
cross-over trials and studies with simultaneous 
interventions were excluded. No language res-
trictions were imposed.

Participants: Female and male people ol-
der than 18 years old who underwent cystoscopy 
with sterile urine (negative urine culture). There 

were no preferences in any other demographic 
characteristic of participants.

Interventions: The planned interventions 
were: Antibiotic vs placebo; Antibiotic vs no inter-
vention and Antibiotic vs any other intervention.

 The antibiotic prophylaxis was unique ad-
ministration, 30 to 60 minutes before the urologi-
cal procedure. There was no restriction of dosage or 
type of antibiotic during the selection of the studies.

Outcomes: The primary outcome was the 
incidence of urinary tract infection (UTI) in pla-
cebo and treatment groups, defined as positive 
urine culture (>105 CFU/mL) plus storage bladder 
symptoms. The secondary outcome was asymp-
tomatic bacteriuria (AB) defined as positive uri-
ne culture (>105CFU/mL) without storage bladder 
symptoms. These outcomes were assessed up to 
30 days after the procedure.

Exclusions: No assessment of efficacy and 
antibiotic as a treatment.

Information sources and search strategy
 We designed a search strategy for RCTs 

published in Medline via PubMed, CENTRAL 
and EMBASE. The search strategy was specific 
for each database and included a combination of 
the medical subject headings and free text ter-
ms for urinary tract infection and cystoscopy. No 
language or publication status restrictions were 
considered. We included articles from January 1, 
1980 to December 31, 2013. The full search stra-
tegies are listed in Appendix 1.

 Other electronic sources were used to 
find additional studies, such as Clinicaltrials.gov, 
conference abstracts, DARE and PROSPERO. We 
looked for additional studies in reference lists of 
selected articles, contacted with authors about 
knowledge of published or unpublished articles.

The results of searches were crosschecked 
in order to eliminate duplicates.

Study selection
 Two investigators independently and 

blindly screened the titles and abstracts to de-
termine the potential usefulness of the articles. 
Eligibility criteria were applied to the full text 
articles during the final selection. When discre-
pancies occurred, an agreement was made to take 
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a final decision. In case of no agreement, a third 
reviewer made the final decision.

Data collection process
 Relevant data were collected by duplicate, 

using a standardized data extraction sheet, which 
contained: study design, participants, interventions 
and comparators and final outcomes details. Re-
viewers confirmed all data entries and checked at 
least twice for completeness and accuracy. If some 
information was missing, we contacted authors in 
order to get data completed.

Risk of bias in individual studies and across them
 The risk of bias was assessed independently 

by two researches using the Cochrane Collaboration 
risk of bias tool. We solved disagreements by con-
sensus. The “Risk of bias table” was edited using 
Review Manager Software Version 5.2® (RevMan) 
to illustrate the judgments for each study. A risk of 
bias summary was made to show the judgments in 
a cross-tabulation of study by entry. After all, we 
assessed the general quality by each outcome with 
the GRADE tool and we produced a summary of 
findings table.

Summary measures
 Analyses were performed in Revman®5.2 

and Stata®13 were needed. The Risk Ratio (RR) and 
the risk difference (RD) were the effect measured 
of the primary and secondary outcome, with 95% 
confidence intervals (95%CI). We performed fixed-
-effects Meta-analysis due to homogeneity (clinical 
and statistical) found in clinical trials included.

 Heterogeneity between trials was assessed 
through the I2 statistic. An I2 value greater or equal 
to 50% could represent heterogeneity according to 
Higgins et al. (17). Results were reported as forest 
plots showing the effect size of all the included stu-
dies with 95%CI.

Additional Analyses
Subgroup Analysis
Risk of bias (low, unclear and high risk 

of bias)
They were performed on Stata 13. No meta-

-regression was performed because of the number 
of included studies.

Sensitivity Analysis
We undertook the sensitivity analysis based 

on the exclusion of each one of the trials, as well as 
the unpublished and the smallest trials (18).

Publication Bias
This was not performed due to the number 

of studies found (less than 10 studies) according to 
Higgins (17).

REsuLTs

 Study Selection: 94 articles were found 
with the search strategies designed; after exclusions, 
7 studies were included in qualitative and quantita-
tive analyses (6-8, 19-22) (Figure-1).

 Characteristics of included studies: 3038 
patients were found in seven studies with a median 
of 162 patients (45-2172). Five studies assessed UTI 
as primary outcome (6, 7, 19, 21, 22) and 6 stu-
dies assessed asymptomatic bacteriuria as primary 
outcome (6-8, 19, 20, 22). Some of them measured 
both outcomes (6, 7, 19, 22) (Table-1).

 The studies of Jimenez-Cruz et al., 1993 
and Rané et al., 2001 used flexible urethrocystos-
cope while the rest of them used rigid cystoscope. 
The type of antibiotic administered was parente-
ral for the studies of Jimenez-Cruz et al., 1993 
and Rané et al., 2001 while the other five used 
oral administration (Table-1).

Characteristics of excluded studies: The 
reasons for exclusion were: different endoscopic 
procedures, combined procedures, not clinical 
trials, duplicates, inclusion of patients with po-
sitive urine culture, another research topic and 
antibiotic as a treatment.

Risk of bias within studies: We performed 
the risk of bias assessment for UTI and bacteriu-
ria at the same time due to the close relationship 
between the assessment of the two outcomes:

Jimenez-Cruz et al., 1993; Kamouni et al., 
2001; René et al., 2001 and Tsugawa et al., 1998 
showed no clear risk in most of their items, whi-
le Cam et al., 2009 and Cam et al., 2009 and 
García-Perdomo et al., 2013 had low risk mostly. 
High risk was found for attrition bias in the stu-
dy of Jimenez-Cruz et al., 1993; for allocation 
concealment in the study of Jimenez-Pacheco et 
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al., 2012 and Rané et al., 2001 presented on se-
quence generation, blinding and attrition biases 
(Figure-1).

Results of individual studies by outcome
 Urinary Tract Infection
 For antibiotic versus any other inter-

vention, we included five studies (6, 7, 19, 21, 
22); they showed a RR 0.52 IC95% (0.31, 0.89) 
(and a Risk difference of -0.012 CI95% (-0.023, 
-0.002)); the analysis of antibiotic compared 
to no intervention showed a similar effect (RR 

0.55 IC95% 0.32, 0.96) (and a Risk difference of 
–0.012 (-0.023, -0.002)); however, different from 
the result of antibiotic against placebo only one 
study was included here (6) (Table-2 and Figu-
re-2). Antibiotic vs antibiotic analysis was not 
performed since we did not find any article.

Asymptomatic Bacteriuria
 In the analysis antibiotic vs any other in-

tervention we included six studies (6-8, 19, 20, 22) 
that showed a RR 0.28 IC95% (0.20, 0.39) and a 
risk difference (RD) -0.012 CI95% (-0.023, -0.002)); 

figure 1 - study selection.
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the analysis of antibiotic compared to no interven-
tion and against placebo resulted in a similar effect 
(RR 0.26 IC95% 0.18, 0.38) and a Risk difference 
of –0.012 (-0.023, -0.002)); however, the last one 
had only one study included (6) (Table-2 and Figu-
re-2). We did not performed Antibiotic vs antibiotic 
analysis since we did not find any article.

Risk of bias across the studies
 Most of the items assessed as “Low risk” 

were: attrition, selective reporting and other bias, 
the performance (blinding personnel and parti-
cipants) and detection (blinding outcome asses-
sment); biases showed a “No clear” assessment 
mostly and allocation concealment along with 
attrition bias showed mostly a “High risk” evalua-
tion (Figure-2).

Subgroup Analysis
 We only performed the subgroup analysis 

related to the risk of bias assessment, based on 
the Cochrane tool.

Urinary Tract Infection
 Regarding this outcome, we found only 

two studies classified as having mostly low risk 
of bias: Cam 2009 and García-Perdomo 2013. 
They showed no statistical differences (RD -0.009 
CI95% -0.03, 0.011). Three studies had unclear 
risk of bias: Jimenez 1993, Karmouni 2001 and 
Tsugawa 1998. They showed RD -0.013 CI95% 
(-0.025, -0.001) (p=0.02).

Asymptomatic Bacteriuria
 Regarding this outcome, we found two stu-

dies classified as having mostly low risk of bias: 
Cam 2009 and García-Perdomo 2013. They showed 
a RD -0.02 CI95% (-0.045, 0.005).

Two studies had unclear risk of bias: Ji-
menez 1993 and Tsugawa 1998. They showed RD 
-0.073 CI95% (-0.093, -0.053) and two studies sho-
wed a high risk of bias: Jimenez-Pacheco 2012 and 
Rane 2001. These two showed RD -0.014 CI95%(-
0.199, -0.028) (p=0.000).

Sensitivity Analysis
 The sensitivity analysis found that the in-

clusion of Jimenez-Cruz et al., 1993 study influen-

ced notoriously the results. When this article is in-
cluded, the meta-analysis favors prevention of UTI 
using antibiotic prophylaxis; however when this 
one is excluded, there are no differences; besides, 
this study carries an unclear risk of bias.

GRADE Assessment
 The quality of evidence assessment was 

performed by the GRADE methodology and a 
summary of findings table was generated for both 
outcomes (Table-1). We found five studies asses-
sing the UTI outcome as the clinically important 
one. These five studies had serious considerations 
in the risk of bias, according to the Cochrane tool 
but there were no other important considerations. 
According to this evaluation, we considered mo-
derate quality of evidence for this outcome. There 
were six studies where we found similar findings 
for the asymptomatic bacteriuria and we graded 
as moderate quality of evidence according to the 
evaluation.

DIsCussIOn

Main Findings Summary
 In summary, we found 3038 patients in 7 

studies included; 5 assessed UTI as primary ou-
tcome (6, 7, 19, 21, 22) and 6 studies assessed 
asymptomatic bacteriuria (6-8, 19, 20, 22). For 
the primary outcome, a RR 0.52 IC95% (0.31, 
0.89) was found; to asymptomatic bacteriuria a 
RR 0.28 IC95% (0.20, 0.39) was supported.

Interventions To Prevent Urinary Tract Infec-
tion

 Physicians often think it is not necessary 
to incorporate antibiotics before cystoscopy be-
cause there is low incidence of UTI, however this 
intervention turned out to be really important 
when looking at the risk difference and risk of 
bias found in this meta-analysis. This agrees to 
different clinical trials that demonstrated lowe-
ring surgical site infection and UTI risk previou-
sly (7, 11, 12). Cam et al., 2009; García-Perdomo 
et al., 2013; Karmouni et al.; 2001 did not sho-
wed this result but it was probably because they 
had a small sample size, but it is clear the consis-
tence and homogeneity (I2=0%) of these results to 



ibju | Efficacy of antibiotic prophylaxis in cystoscopy

417

Ta
bl

e 
1 

- C
ha

ra
ct

er
is

tic
s 

of
 in

cl
ud

ed
 s

tu
di

es
.

So
ur

ce
Se

tti
ng

No
 o

f 
pa

tie
nt

s
M

ea
n 

ag
e

In
cl

us
io

n 
cr

ite
ria

In
te

rv
en

tio
n

Co
nt

ro
l

Ou
tc

om
e

Fo
llo

w
- u

p

Ca
m

 e
t a

l. 
20

09
Tu

rk
ey

20
0

58

Pa
tie

nt
s 

w
ho

 u
nd

er
w

en
t r

ig
id

 c
ys

to
sc

op
y 

fo
r 

bl
ad

de
r t

um
or

 fo
llo

w
-u

p 
or

 h
em

at
ur

ia
 a

nd
 b

la
dd

er
 

bi
op

sy
 a

nd
 tu

m
or

 re
se

ct
io

n.
 E

xc
lu

si
on

: a
nt

ib
io

tic
s 

30
 d

ay
s 

be
fo

re
 p

ro
ce

du
re

 o
r p

os
iti

ve
 u

rin
e 

cu
ltu

re
.

Ce
ph

op
er

az
on

e 
1 

gr
 

No
 in

te
rv

en
tio

n
UT

I a
nd

 
Ba

ct
er

iu
ria

Up
 to

 1
0 

da
ys

Ga
rc

ía
-

Pe
rd

om
o 

et
 a

l. 
20

13
 

Co
lo

m
bi

a
27

6
58

An
y 

no
n 

ur
ge

nt
 in

di
ca

tio
n 

of
 c

ys
to

sc
op

y.
 

Ex
cl

us
io

n:
 n

o 
fo

llo
w

-u
p,

 a
lle

rg
y,

 in
te

ra
ct

io
n 

w
ith

 a
nt

ib
io

tic
, p

er
m

an
en

t u
re

th
ra

l c
at

he
te

r, 
im

m
un

os
su

pr
es

si
on

, i
nt

er
m

ite
nt

 c
at

he
te

riz
at

io
n.

Le
vo

flo
xa

ci
n 

50
0 

m
g

Pl
ac

eb
o 

UT
I a

nd
 

Ba
ct

er
iu

ria
Up

 to
 1

0 
da

ys

Ji
m

en
ez

-
Cr

uz
 e

t a
l. 

19
93

Sp
ai

n
22

84
NA

Ol
de

r t
ha

n 
16

 y
ea

rs
 o

ld
, n

eg
at

iv
e 

ur
in

e 
cu

ltu
re

, 
di

ag
no

st
ic

 c
ys

to
sc

op
y.

 E
xc

lu
si

on
: i

nd
w

el
lin

g 
ur

et
hr

al
 c

at
he

te
r, 

an
tib

io
tic

s,
 u

ti,
 

Ce
ftr

ia
xo

ne
 1

 g
r

No
 in

te
rv

en
tio

n
UT

I a
nd

 
Ba

ct
er

iu
ria

Up
 to

 3
0 

da
ys

Ji
m

en
ez

-
Pa

ch
ec

o 
et

 
al

. 2
01

2
Sp

ai
n

60
65

An
y 

in
di

ca
tio

n 
fo

r fl
ex

ib
le

 c
ys

to
sc

op
y 

. 
Ex

cl
us

io
n:

 in
dw

el
lin

g 
ur

et
hr

al
 c

at
he

te
r, 

in
st

ru
m

en
ta

tio
n 

of
 u

rin
ar

y 
tra

ct
 1

 m
on

th
 b

ef
or

e,
 

ut
i, 

po
si

tiv
e 

ur
in

e 
cu

ltu
re

, v
es

ic
ou

re
te

ra
l r

efl
ux

, 
in

te
rm

ite
nt

 c
at

he
te

riz
at

io
n,

 ri
sk

 o
f e

nd
oc

ar
di

tis
, 

hy
pe

rs
en

si
tiv

ity
. 

Ph
os

ph
om

ic
in

e 
Tr

om
et

am
ol

 3
 g

r
No

 in
te

rv
en

tio
n

Ba
ct

er
iu

ria
Up

 to
 1

0 
da

ys

Ka
rm

ou
ni

 
et

 a
l. 

20
01

Fr
an

ce
12

6
66

Di
ag

no
st

ic
 c

ys
to

sc
op

y 
fo

r b
la

dd
er

 tu
m

or
 fo

llo
w

-
up

, h
em

at
ur

ia
, l

ut
s,

 in
co

nt
in

en
ce

. E
xc

lu
si

on
: 

an
tib

io
tic

s,
 ri

sk
 o

f e
nd

oc
ar

di
tis

, i
nd

w
el

lin
g 

ur
et

hr
al

 c
at

he
te

r, 
do

ub
le

 p
ig

 ta
il.

No
rfl

ox
ac

in
 4

00
 m

g
No

 in
te

rv
en

tio
n

UT
I

Up
 to

 1
0 

da
ys

Ra
ne

 e
t a

l. 
20

01
Un

ite
d 

Ki
ng

do
m

16
2

NA
Di

ag
no

st
ic

 c
ys

to
sc

op
y 

fo
r b

la
dd

er
 tu

m
or

 fo
llo

w
-

up
, E

xc
lu

si
on

: a
nt

ib
io

tic
s,

 ri
sk

 o
f e

nd
oc

ar
di

tis
, 

in
dw

el
lin

g 
ur

et
hr

al
 c

at
he

te
r, 

bl
ad

de
r b

io
ps

y
Ge

nt
am

ic
in

e 
12

0 
m

g
No

 in
te

rv
en

tio
n

Ba
ct

er
iu

ria
Up

 to
 1

0 
da

ys

Ts
ug

aw
a 

et
 

al
. 1

99
8

Ja
pa

n
47

63
Di

ag
no

st
ic

 c
ys

to
sc

op
y 

ba
se

d 
on

 s
ym

pt
om

s
Sp

ar
flo

xa
ci

ne
 

No
 in

te
rv

en
tio

n
UT

I a
nd

 
Ba

ct
er

iu
ria

Up
 to

 3
0 

da
ys



ibju | Efficacy of antibiotic prophylaxis in cystoscopy

418

Ta
bl

e 
2 

- s
ea

rc
h 

st
ra

te
gi

es
.

Qu
al

ity
 a

ss
es

sm
en

t
No

 o
f p

at
ie

nt
s

Ef
fe

ct
Qu

al
ity

Im
po

rta
nc

e

No
 o

f 
st

ud
ie

s
De

si
gn

Ri
sk

 o
f

bi
as

In
co

ns
is

te
nc

y
In

di
re

ct
ne

ss
Im

pr
ec

is
io

n
Ot

he
r 

co
ns

id
er

at
io

ns
An

tib
io

tic
 

pr
op

hy
la

xi
s

Co
nt

ro
l

Re
la

tiv
e

Ab
so

lu
te

(9
5%

 C
I)

Ur
in

ar
y 

Tr
ac

t I
nf

ec
tio

n 
(fo

llo
w

-u
p 

2-
30

 d
ay

s;
 a

ss
es

se
d 

w
ith

: U
rin

e 
cu

ltu
re

 p
lu

s 
sy

m
pt

om
s)

5
ra

nd
om

ize
d 

tri
al

s
Se

rio
us

 1
no

 s
er

io
us

 
in

co
ns

is
te

nc
y

no
 s

er
io

us
 

in
di

re
ct

ne
ss

no
 s

er
io

us
 

im
pr

ec
is

io
n

no
ne

21
/1

44
4

38
/1

37
5

RR
 0

.5
2 

(0
.3

1 
to

 
0.

89
)

1 
fe

w
er

 p
er

 
10

0 
(fr

om
 

0 
fe

w
er

 to
 

2 
fe

w
er

)

⊕
⊕
⊕
⊝

CR
IT

IC
AL

-1
.5

0%
-2

.8
0%

M
OD

ER
AT

E1

2.
80

%
1 

fe
w

er
 p

er
 

10
0 

(fr
om

 
0 

fe
w

er
 to

 
2 

fe
w

er
)

As
ym

pt
om

at
ic

 B
ac

te
riu

ria
 (f

ol
lo

w
-u

p 
2-

30
 d

ay
s;

 a
ss

es
se

d 
w

ith
: U

rin
e 

cu
ltu

re
 )

6
ra

nd
om

ize
d 

tri
al

s
Se

rio
us

 1
no

 s
er

io
us

 
in

co
ns

is
te

nc
y

no
 s

er
io

us
 

in
di

re
ct

ne
ss

no
 s

er
io

us
 

im
pr

ec
is

io
n

no
ne

43
/1

48
6

14
9/

14
26

RR
 0

.2
8 

(0
.2

 to
 

0.
39

)

8 
fe

w
er

 p
er

 
10

0 
(fr

om
 

6 
fe

w
er

 to
 

8 
fe

w
er

)

⊕
⊕
⊕
⊝

IM
PO

RT
AN

T 
 2

-2
.9

0%
-1

0.
40

%
M

OD
ER

AT
E1

10
.1

0%
7 

fe
w

er
 p

er
 

10
0 

(fr
om

 
6 

fe
w

er
 to

 
8 

fe
w

er
)

1 
M

an
y s

tu
di

es
 d

id
 n

ot
 d

es
cr

ib
e t

he
ir 

m
eth

od
s c

or
re

ctl
y. 

A 
pa

ir 
of

 th
em

 h
ad

 n
o 

cle
ar

 an
d 

hi
gh

 ri
sk

; 2
 Th

is 
ou

tco
m

e i
s n

ot
 cl

in
ica

lly
 re

lev
an

t



ibju | Efficacy of antibiotic prophylaxis in cystoscopy

419

figure 2 - forrest plot for antibiotic versus any other intervention, outcome: A. urinary tract infection B. asymptomatic 
bacteriuria.

A

B

recommend and prevent UTI using prophylaxis. 
The sensitivity analysis showed Jimenez-Cruz et 
al., 1993 as the most weighted study and changes 
results and conclusion of this research if we put it 
in or out of the Meta-analysis. According to the 
subgroup analysis, the low risk bias studies sho-
wed no differences between using or not antibio-
tic prophylaxis, in contrast to the unclear risk of 
bias studies.

 Clinical guidelines suggest not using pro-
phylaxis antibiotic in patients with sterile urine 
who undergo cystoscopy or urodynamic studies 
(based on descriptive studies); on the other side, 
they suggest to use prophylaxis in high-risk pa-
tients (13-15); however it is important to remem-
ber that these recommendations are based on an 
expert panel and also, UTI as any other disease, 
has an interaction between the microorganism 
and the inflammatory response from the host, 
which will determine the symptoms according to 
the immunity response (23). In Colombia, it is 

advised to use a first generation cephalosporine 
in high-risk patients due to the higher antibiotic 
resistance to ciprofloxacin and TMP/SMX. Indi-
cations for antibiotic in high risk patients were 
not measured in this MA because data were not 
enough based on the studies and this was not its 
aim.

Interventions To Prevent Asymptomatic Bacte-
riuria

 AB is not a clinically relevant outcome 
because it does not imply any significant dise-
ase for the patient (24). In the current study we 
found a significant reduction favoring the use of 
prophylaxis, however when looking at subgroup 
analysis based on the risk of bias assessment we 
found that only those studies with unclear and 
high risk of bias showed statistical differences, 
but those classified as low risk of bias showed 
no differences. Clinical guidelines recommended 
antibiotic prophylaxis to prevent urinary tract 
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infection, however there is not an statement for 
preventing asymptomatic bacteriuria since this 
is not a major outcome in clinical practice (13-
15, 25).

 All these results are according to publi-
shed literature and stated hypothesis due to ins-
trumentation of lower urinary tract. Despite of 
many studies evaluating AB incidence, it is just 
relevant for pregnant and immunosuppressed pe-
ople; however, these patients are frequently ex-
cluded from clinical trials.

Limitations
 Similar to other MA´s, clinical trials in-

cluded were not adequately written (it does not 
mean bad or low quality), so the assessment could 
have incurred on overestimations. Currently, the 
Cochrane risk of bias tool is the best and more 
consistent tool to evaluate clinical trials because 
they focus on the way to conduct a clinical trial. 
This was helpful for the development and assess-
ment of the articles included (17).

 Two articles had low risk of bias in most 
items (6, 19). One of them showed high risk of 
bias in three items (sequence generation, alloca-
tion concealment and attrition bias) (8), but the 
rest of them showed mostly no clear risk of bias. 
In general, across studies we had low risk of bias 
for sequence generation and attrition bias.

 To notice, the most weighted study (7) 
had no clear risk of bias in four items (sequen-
ce generation, allocation concealment, blinding 
of participants, investigator and assessors); high 
risk in attrition bias and low risk in reporting 
and other biases. This is important for analyzing 
and interpreting results; however it had the bi-
gger sample size, which is also relevant. When 
performing the subgroup analysis we found that 
those studies classified as low risk of bias showed 
no differences when using or not antibiotic pro-
phylaxis to prevent urinary tract infections and 
asymptomatic bacteriuria. We believe that this is 
the most important issue to consider making a 
decision about using or not antibiotic prophyla-
xis before a cystoscopy.

 Another important topic that limits our 
work is the lack of data found to perform a sub-
group analysis or a meta-regression.

 Despite there was no evidence of neither 
statistical (I2=0%) nor clinical heterogeneity, it is 
important to observe that studies used different 
type of antibiotics: Cefoperazone (19), Levofloxa-
cin (6), Ceftriaxone (7), Phosphomicine trometa-
mol (20), Norfloxacin (21), Gentamicine (8) and 
Sparfloxacin (22). This might contribute to the 
results and clinical application according to an-
tibiotic resistance in each hospital or ambulatory 
setting.

 Finally, our Meta-analysis was done for a 
frequent urological procedure, according to Co-
chrane and PRISMA methodology so we could re-
commend this intervention for institutions around 
the world.

 As a conclusion, based on studies clas-
sified as low risk of bias, we found moderate 
evidence to not recommend the use of antibiotic 
prophylaxis to prevent urinary tract infection and 
asymptomatic bacteriuria in patients who under-
go cystoscopy with sterile urine in an ambula-
tory setting. Nevertheless, we believe we need 
more well-designed, adequately powered clinical 
trials to assess benefits and harms of using anti-
biotic prophylaxis in these settings. We also su-
ggest conducting clinical trials on patients who 
are likely to develop UTI to determine the most 
effective antibiotic/s to prevent it. These factors 
are: advanced age, urinary tract anomalies, poor 
nutritional status, cigarette smoking, immunosu-
ppression, as well as external catheters, recurrent 
UTI and bacteriuria.
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AppEnDIx 1

Search strategy for medline via pubmed: 
(Cystoscopy [mh] OR Urethroscopy [tw] OR Urethrocystoscopy [tw] OR “flexible cystoscopy” 

[tw] OR “transurethral cystoscopy” [tw])  AND (“anti-infective agents, urinary” [mh] OR “antibiotic 
prophylaxis” [mh] OR “antibiotic” [tw] OR “antimicrobial prophylaxis” [tw]) AND (urinary tract infec-
tion [mh] OR bacteriuria [mh] OR pyuria [mh]) AND (randomized controlled trial [pt] OR controlled 
clinical trial [pt] OR randomized controlled trials [mh ] OR clinical trial [pt] OR “clinical trial” [tw])
Search strategy for EMBASE:

('cystoscopy'/exp OR 'urethroscopy'/exp OR urethrocystoscopy OR 'flexible cystoscopy' OR 
'transurethral cystoscopy') AND ('urinary tract antiinfective agent'/exp OR 'antibiotic prophylaxis'/
exp OR 'antibiotic agent'/exp OR 'antimicrobial prophylaxis') AND ('urinary tract infection'/exp OR 
'pyuria'/exp) AND ('randomized controlled trial'/exp OR 'controlled clinical trial'/exp OR 'clinical 
trial'/exp OR  'clinical trial')

Search strategy for CENTRAL:
(cystoscopy OR "urethroscopy" OR "urethrocystoscopy":ti,ab,kw OR ̈flexible cystoscopy¨:ti,ab,kw  

OR "transurethral cystoscopy":ti,ab,kw) AND ("anti-infective agents, urinary" OR "antibiotic prophyla-
xis" OR "antibiotic":ti,ab,kw  OR "antimicrobial prophylaxis":ti,ab,kw) AND (¨urinary tract infection¨ 
OR bacteriuria OR pyuria) AND (¨randomized controlled trial¨:pt  OR ¨controlled clinical trial¨:pt  OR 
¨randomized controlled trials¨ OR ¨clinical trial¨:pt  OR "clinical trial")
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EDITORIAL COMMEnT

Rather the use of validated methodologi-
cal tools, the author of a systematic review has 
in his or her hands, a lot of decisions to make, 
not always controlled by those instruments, whi-
ch can determine different conclusions, or even 
diametrically opposed one. A Systematic Review 
titled “Efficacy of antibiotic prophylaxis in uri-
nary tract cystoscopy to prevent infection” is 
a good example of the variation of options, in 
their development, producing results influenced 
by this variation.

There is a strong school of systematic re-
views, that recommends, on behalf of the reader 
information, to include and aggregate (meta-
-analysis) works with different populations, di-
fferent interventions, different comparisons and 
different outcomes; with distinct strength of evi-
dence (number and importance of bias); and im-
proper comparisons to define efficacy.

This review includes studies with the use 
of various antibiotics (Cefoperazone, Levoflo-
xacin, Ceftriaxone, Phosphomicine trometamol, 
Norfloxacin, Gentamicin and Sparfloxacin), whi-
ch were never compared, in these patients, allo-
wing them to be aggregated with the unique sta-
tus of antibiotics.

Some are flexible cystoscopy, other rigid; 
indications in some cases are for bladder tumors, 
other diagnostic only. Certainly the risk of infection 
varies, from uncorrected way, from work to work. 

Studies Jimenez in 1993, Jimenez-Pache-
co 2012, Karmouni 2001 Rane 2001 and Tsugawa 
1998 have important bias relative to randomiza-
tion and blinding, and must not be included in 
the review, and mainly in the meta-analysis. The 
sensitivity analysis, addressing only one study 
(Jimenez 1993) confirms this fact. 

Only two studies have a low level of bias, 
and only one study comparing intervention with 
placebo (García-Perdomo 2013), being the one 
who should be included to support the concept 
of efficacy. 

The quality assessment of the studies va-
ried: according to the outcome analyzed by grou-
ping (eg UTI or asymptomatic bacteriuria); accor-
ding to the topics of bias tool used; and requires 

clinical interpretation of what is moderate, which 
will vary from doctor to doctor. This fact makes 
the need for a critic academic exercise, that is the 
duty of the author, and should not be passed on 
to the reader, who only wishes to know: whether 
or not to prescribe antibiotic? and which anti-
biotic? 

We know that one of the major limita-
tions of the systematic review with meta-analy-
sis, is the true heterogeneity, which depends on 
the inherent differences of each included study. 
There is no instrument, step by step methodolo-
gy, which replace the judgment of the author. But 
there are schools of systematic review that make 
strong push for the inclusion to be as flexible as 
possible, to enable the meta-analysis. After all, 
“systematic review without meta-analysis, is not 
a systematic review”.

However, in this review to answer the 
questions: We must use antibiotics for pro-
phylaxis of urinary tract infection in cystos-
copy? What antibiotics? How effective is the 
antibiotic? only one study should be included: 
García Perdomo 2013. And the answer is “yes”, 
we should use Levofloxacin 500 mg, which re-
duces the risk of urinary infection in 25% (Num-
ber Need to Treat – NNT = 4) and asymptomatic 
bacteriuria in 40% (NNT: 2).
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Optimal duration of androgen deprivation therapy following 
radiation therapy in intermediate- or high-risk non-
metastatic prostate cancer: A systematic review and meta-
analysis
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Objectives: To investigate current evidence on the optimal duration of adjuvant hormo-
ne deprivation for prostate cancer treated with radiation therapy with curative intent.
Materials and Methods: A systematic search was performed in electronic databases. 
Data from randomized trials comparing different durations of hormone blockade was 
collected for pooled analysis. Overall survival, disease-free survival, disease-specific 
survival and toxicity were the outcomes of interest. Meta-analyses were performed 
using random-effects model.
Results: Six studies met the eligibility criteria. For overall survival, the pooled data 
from the studies demonstrated a statistically significant benefit for longer hormone 
deprivation (Hazard Ratio 0.84; 95% CI 0.74 - 0.96). A statistically significant benefit 
was also found for disease-free survival (Hazard Ratio 0.74; 95% CI 0.62 - 0.89), and 
disease-specific survival (Hazard Ratio 0.73; 95% CI 0.62 - 0.85). Studies with longer 
blockade duration arm demonstrated greater benefit. Toxicity was low, with no incre-
ase in cardiovascular events. 
Conclusions: Longer duration of androgen deprivation combined to radiotherapy pro-
longs OS, DFS and DSS in patients with intermediate and high-risk non-metastatic 
prostate cancer. However, this evidence is based on trials using older radiation te-
chniques, and further research of combination of androgen deprivation and new RT 
technologies may be warranted.
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InTRODuCTIOn

Prostate neoplasm is the most common ma-
lignancy affecting men in the World. Several mo-
dalities for the treatment of patients with prostate 
cancer have become well established, including ra-
dical prostatectomy, radiation therapy and andro-
gen deprivation therapy. Both radical prostatectomy 
and external-beam radiation therapy are considered 

equivalent options in patients with non-metastatic 
disease, with different risk profiles (1, 2).

The prognostic risk group, based on tumor 
staging, pre-treatment prostate-specific antigen 
(PSA) levels and Gleason Score, has been shown 
to predict survival and treatment outcomes (3). 
For patients with low-risk localized disease, the 
10-year mortality may be as low as 2%. However, 
patients with intermediate- and high-risk disease 
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have a worse prognosis, with mortality rates ran-
ging from 12% to 40% (3, 4).

Adjuvant and/or neoadjuvant androge-
nic suppression has been studied in an attempt to 
improve outcomes in intermediate- and high-risk 
non-metastatic prostate cancer (5). Several rando-
mized controlled trials (5-8) and systematic reviews 
(9, 10) have reported an improved disease-free and 
overall survival for radiotherapy combined with 
androgen blockade compared to radiotherapy alo-
ne. Combined treatment with androgen depriva-
tion and radiotherapy has also been shown to be 
superior to hormonal blockade alone (11, 12). The 
type of hormonal blockade (central, peripheral, or 
combined) combined to radiation therapy; the ti-
ming of treatment (neoadjuvant, adjuvant or both) 
and duration of deprivation have all varied among 
trials. While hormonal blockade with gonadotro-
pin-releasing hormone (GnRH) agonists has been 
shown to improve outcomes (9), peripheral blocka-
de with bicalutamide has not (13). There is eviden-
ce that short-term androgen deprivation may also 
have some benefit in the neoadjuvant setting, both 
reducing positive margins in patients treated with 
radical prostatectomy and improving survival in 
patients treated with radiation therapy (10).

Androgen deprivation with gonadotropin-
-releasing agents is already a standard of care for 
intermediate and high-risk localized or locally 
advanced prostate cancer treated with radiation 
therapy, but the optimal duration of hormonal de-
privation is yet to be defined (10). Establishing a 
standardized treatment may be important because 
while hormone deprivation improves survival, it is 
also associated with AEs like loss of bone densi-
ty, erectile dysfunction, hot flashes, and increased 
cardiovascular risk (14, 15). Two large randomized 
controlled trials (16, 17) have suggested that a lon-
ger course of androgen deprivation (2 to 3 years) 
may improve outcomes in high-risk patients com-
pared to 6-month adjuvant therapy. However, there 
is no consensus of how much longer the adjuvant 
treatment should be, with a recent trial suggesting 
that adjuvant hormonal treatment could be safely 
reduced from 36 months to 18 months (18).

Considering the conflicting conclusions 
of individual trials, we conducted a systematic 
review with meta-analysis to critically evaluate 

the existing evidence to support an indication of 
an optimal strategy for androgen deprivation to 
combine with external beam radiation therapy in 
patients with intermediate- or high-risk non-me-
tastatic prostate cancer.

MATERIALs AnD METhODs

A systematic search was performed in 
electronic databases, including Pubmed/ME-
DLINE, EMBASE, LILACS, ClinicalTrials.gov, the 
Cochrane Library, and ASCO meetings abstracts. 
Two reviewers performed the study selection in-
dependently.

Reports of results from prospective rando-
mized clinical trials comparing different durations 
of androgen blockade were selected for the meta-
-analysis. Both adjuvant and neoadjuvant hormo-
ne deprivation studies were included. There was 
no restriction as for the radiation dose delivered 
in each study. Both conventional and conformal 
radiation therapy were allowed. Studies evalua-
ting only radiotherapy plus hormonal blockade 
versus radiotherapy alone were excluded, even if 
subgroup analysis data comparing different an-
drogen deprivation durations has been published. 
Trials comparing hormonal blockade alone versus 
radiation therapy (with or without associated an-
drogen deprivation) were also excluded.

The shorter duration of hormonal thera-
py in each trial was considered its control arm, 
regardless of what arm was considered control 
in the original report. The longer duration arm 
was considered the experimental arm. Differences 
among the study designs were critically evaluated 
and used for sensitivity analysis.

Data extraction was performed indepen-
dently by two reviewers. Disagreements were 
resolved by discussion and consensus. Overall 
survival (OS), disease-free survival (DFS), disea-
se-specific survival (DSS), and toxicity were the 
outcomes of interest. The reported hazard ratios 
(HR) were used as a measure of survival benefit. 
For the articles in which the HR was not reported, 
we calculated estimates by transcription of the 
survival curves presented as figures in original 
articles and calculation with a spreadsheet deve-
loped by Tierney et al. (19).
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All studies selected were evaluated by the 
authors for characteristics linked to potential bias. 
Information about randomization, blinding, allo-
cation concealment, drop-outs, intention-to-treat 
(ITT) analysis, and funding source was especially 
evaluated. Eligibility criteria for the studies were 
also assessed for differences in patient popula-
tions among the trials.

Meta-analyses were conducted with Rev-
Man 5.0 software (Cochrane Collaboration’s In-
formation Management System). Analyses of data 
consisted of the HR for time-to-event outcomes, 
considering a random effect model. The 95% con-
fidence intervals (CI) were calculated and presen-
ted in forest plots. The diamond at the bottom of 
the plot summarizes the best estimate results (with 
the width representing its corresponding 95% CI).

Statistical heterogeneity was evaluated 
with the chi-square test, and expressed using the 
I2 index (20). If significant heterogeneity (I2 in-

dex >50%) was identified, a possible explanation 
was investigated. Differences in eligibility criteria, 
patient population, and treatment delivered were 
assessed and discussed.

REsuLTs

From 127 potential studies identified 
through the search in databases, 11 articles met 
the inclusion criteria. Of these, five were exclu-
ded for duplication, retrospective results or lack 
of results.  Therefore, six studies were selected for 
the meta-analysis. The data extraction process is 
represented in Figure-1.

All six studies were centrally randomized. 
All but one (21) clearly reported pre-established 
sample size calculation, with alpha and beta er-
rors defined. All studies performed an ITT analy-
sis. Therefore, the risk of biases in these trials was 
considered low.
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Figure 1: Flowchart   
 

figure 1 - flow Chart.
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One trial performed conventional external 
beam radiation therapy, while all the others used 
3D conformal radiation. None of them used intensi-
ty-modulated radiation. Radiation doses varied sli-
ghtly between trials, ranging from 65 Gy to 70 Gy.

Four studies recruited patients with both 
intermediate- and high-risk non-metastatic pros-
tate cancer; one study also recruited low-risk pa-
tients; and one recruited only high-risk prostate 
cancer patients. Two studies recruited patients in 
the neoadjuvant setting, while four trials were 
performed only in the adjuvant indication. All 
trials evaluated androgen deprivation with LHRH 
analogues. The EORTC 22961 (Bolla et al.) perfor-
med androgen deprivation with triptorelin, while 
all other trials used goserelin.

Hormone suppression duration was hi-
ghly variable among the trials, both in the control 
and experimental arms. For that reason, we clas-
sified the trials in three subgroups, according to 
the duration of blockade. Two studies compared 
a short-term blockade of less than 12 months with 
a long-term blockade of more than 12 months -- 
these studies were classified as the Long vs. Short 
blockade subgroups. In two studies, both arms had 
duration of less than 12 months (subgroup Short 
vs. Shorter), while one study had both arms lon-
ger than 12 months blockade (subgroup Longer vs. 

Long). Study characteristics are detailed in Table-1.
Two studies (21, 22) reported DFS data se-

parately for intermediate- and high-risk disease. Po-
oled data from these two studies, stratified by risk 
group, is described below. No study separately repor-
ted overall survival results for each risk strata.

Overall Survival
Five studies reported data on OS (16, 17, 22, 

23). Only two trials presented statistically signifi-
cant results favoring a longer androgen blockade. 
However, in our pooled analysis, we observed a 
significant OS benefit favoring longer blockade 
duration, with a hazard ratio of 0.84 (95% CI, 0.74 
- 0.96), with low heterogeneity (I2 = 23%).

This benefit was not different among the 
three subgroups analyzed (Long vs. Short, Short 
vs. Shorter, and Longer vs. Long), with a negative 
test for subgroup differences (p=0.96). The com-
plete pooled analysis is shown on Figure-2.

Disease-free and disease-specific survival
Five studies reported DFS. The pooled 

analysis for this endpoint resulted in a statistically 
significant benefit favoring the longer blockade, 
with a HR 0.74 (95% CI, 0.62-0.89). However, the-
re was important heterogeneity between trials for 
this endpoint (I2=70%). This heterogeneity was 

Table 1 - study Characteristics.

Author Year
Number - 
Short Arm

Number - 
Long Arm

Hormone 
Blockade

Short Arm 
(months)

Long Arm 
(months)

Timing
Risk Categories 

Included
Radiation 
Dose (Gy)

Horwitz 2008 763 758 Goserelin 4 24 Adjuvant Intermediate and 
High

65-70

Bolla 2009 483 487 Triptorelin 6 36 Adjuvant Intermediate and 
High

70

Crook 2009 194 184 Goserelin 3 8 Neoadjuvant Low, Intermediate 
and High

66

Denham 2011 270 272 Goserelin 3 6 Adjuvant Intermediate and 
High

66

Armstrong 2011 137 139 Triptorelin 4 8 Neoadjuvant Intermediate and 
High

Variable

Nabid 2013 320 310 Goserelin 18 36 Adjuvant High 70
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mainly due to a difference in study subgroups, 
with a positive test for interaction (p=0.002). In 
the Long vs Short subgroup, there was a statis-
tically significant benefit favoring the extended 
blockade treatment arm with a HR 0.63 (95% CI, 
0.56-0.71) and low heterogeneity within the sub-
group (I2=11%). In the Short vs. Shorter only a 
non-significant trend favoring the extended hor-
mone deprivation was observed (HR 0.86; 95% CI, 
0.76-1.02), also with low internal heterogeneity 
(I2=2%). It is important to note that the two studies 
held in the neoadjuvant setting demonstrated no 
DFS benefit, with a HR 0.96 (95% CI, 0.75-1.24) 
and no heterogeneity (I2=0%). The complete poo-
led analysis is shown in Figure-3.

A subgroup analysis by risk stratification 
was performed using data from the two studies 

that reported DFS results separately for interme-
diate- and high-risk disease. Pooled data from 
these two studies shows a non-significant bene-
fit for high-risk prostate cancer patients (HR 0.8; 
95% CI 0.56-1.15), with no heterogeneity between 
trials (I2=0%). For intermediate-risk neoplasms, 
pooled data from these two studies also showed a 
non-significant trend favoring the longer blocka-
de (HR 0.74; 95% CI 0.36-1.55). For this subgroup 
of patients, however, heterogeneity between these 
two trials’ results was high (I2=73%). No obvious 
reasons were found to clearly justify this high he-
terogeneity between trials.

Disease-specific survival (DSS) was also 
reported in four trials (16-18, 23). Pooled data 
from these have shown a statistically significant 
benefit for the longer hormone deprivation with a 

figure 2 - Overall survival - pooled Analysis.

SE – Standard Error
IV – Inverse Variance
CI – Confidence Interval
Df – Degree of freedom
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HR 0.73 (95% CI, 0.62-0.85). Heterogeneity betwe-
en trials for DSS was low (I2=8%). Results for this 
endpoint are detailed in Figure-4.

Toxicity
Four studies reported information on toxi-

city (16, 17, 22, 23). None of them reported sys-
tematically the number of occurrences for each 
AE. Therefore, a pooled analysis was not possi-
ble. Also, authors of different studies reported the 
observed AEs in different ways. Hot flashes and 
diarrhea were the most frequently reported events. 
Data regarding cardiovascular events was repor-
ted in the RTOG 92.02 and EORTC 22961 trials, 
and neither found a statistically significant diffe-
rence in cardiac events.

DIsCussIOn

Despite the marked differences in andro-
gen blockade duration evaluated in the trials, our 

pooled analysis showed an OS benefit for longer 
androgen deprivation. Such benefit was consis-
tent between study subgroups. When considering 
DFS, however, the benefit observed in the poo-
led analysis was mostly due to the studies in the 
Long vs Short subgroup, while the Short vs. Shor-
ter subgroup demonstrated only a non-significant 
trend toward an advantage. The unique study that 
compared two arms with longer-than-one-year 
hormone deprivation did not show any statisti-
cally significant difference in OS or DSS survi-
val. However, with a HR 0.87 for OS favoring the 
longer blockade, its results were consistent with 
the other studies, and contributed to a statisti-
cally significant benefit in the pooled analysis. 
Also, the trial did not have a non-inferiority de-
sign, with no pre-specified boundary for assuming 
the HR as clinically irrelevant. Therefore, it may 
not yet be considered safe to reduce the standard 
treatment duration from 2-3 years to 18 months 
in current clinical practice. A large, randomized, 

figure 3 - Disease-free survival – pooled Analysis.

SE – Standard Error
IV – Inverse Variance
CI – Confidence Interval
Df – Degree of freedom
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non-inferiority trial should be performed to test 
this approach.

The two larger studies (16, 17) demons-
trated quite different results with respect to OS. 
While Bolla and colleagues have reported an im-
portant benefit for the longer blockade in ter-
ms of OS in the European EORTC 22961 trial, 
Horwitz and colleagues found no statistically 
significant difference in the American RTOG 
92.02 study. Inclusion criteria, radiation dose, 
and patient characteristics were similar between 
the two trials, so there is no obvious explana-
tion for such a discrepancy between their results. 
One should note that the European trial used a 
longer androgen deprivation (36 months) than 
the American study (24 months). Patients with 
recurrent prostate cancer can have a relatively 
good overall survival, especially when compared 
to other recurrent or metastatic neoplasms (24). 
Also, prostate cancer patients tend to be elderly 
and many of them have important comorbidities 
and competitive risks of death (25). For these re-
asons, a benefit in terms of DFS or DSS may not 
necessarily translate into an OS benefit. When 
considering the two larger randomized trials, it 
is important to observe that they are consistent 
in showing a DFS and DSS benefit, despite their 
discordant results with regard to OS. In fact, DSS 
was the endpoint with the most consistent posi-
tive results among all trials evaluated.

Regarding comparison between shorter 
duration of androgen deprivation, two studies, 
the TROG 96.01 by Denham et al. and the Irish 
Clinical Oncology Group 97-01 by Armstrong 
and colleagues, reported OS data from randomi-
zed trials. The trials compared two arms with less 
than 12 months of androgen deprivation each. 
They demonstrated an important discrepancy in 
results: Denham and colleagues demonstrated a 
DFS and OS benefits while Armstrong and colle-
agues demonstrated no benefit in any endpoint. 
There were, however, important differences be-
tween these trial designs. In the TROG trial, pa-
tients received hormone blockade after radiation 
therapy, while in the Irish trial, hormonal depri-
vation was performed in the neoadjuvant set-
ting. Though previous trials have shown benefit 
of hormone blockade prior to radiation therapy 
versus radiation therapy alone (10), there is no 
previous evidence suggesting that a longer neo-
adjuvant blockade bears additional benefit. Data 
from pooled analysis of the studies by Crook and 
colleagues and Armstrong and colleagues, both 
performed in the neoadjuvant scene, demonstra-
ted no DFS benefit for the longer androgen de-
privation. So, extending hormonal therapy befo-
re local control may not be recommended, once 
long-term therapy can be delivered after prosta-
te irradiation and a longer neoadjuvant therapy 
could delay local control (26).

figure 4 - Disease-specific survival – pooled Analysis.

SE – Standard Error
IV – Inverse Variance
CI – Confidence Interval
Df – Degree of freedom
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The unique study that included low-risk 
prostate cancer patients did not show any DFS 
benefit. There is no consistent evidence that ad-
juvant hormone therapy provides benefit in such 
a good prognosis subgroup, so including those 
patients in long-term blockade trials may not be 
recommended (3). Most other trials have inclu-
ded both intermediate- and high-risk cancer pa-
tients, so it is not yet possible to establish a di-
fference in the recommended treatment strategy 
between these groups. Data on subgroups of the 
two largest trials evaluated in this systematic 
review (RTOG 92-02 and EORTC 22961) has not 
been published, leading to a reduction in the 
power of this analysis. The pooled data from the 
Irish and Canadian trials may not be enough 
to establish if intermediate-risk patients benefit 
from treatment as much as high-risk ones do. 
No prospective randomized trial has addressed 
the specific question of whether hormone depri-
vation therapy duration could be reduced in the 
intermediate-risk group. However, there is some 
evidence from subgroup analysis and retrospec-
tive studies that extending androgen blockade 
bears a greater benefit for high-risk patients 
than for the intermediate-risk ones.

Androgen deprivation is associated with 
important AEs like loss of bone density, erectile 
dysfunction, and hot flushes (14, 27). However, 
such AEs are usually manageable and almost ne-
ver fatal. Hormonal therapy has been associated 
with increased cardiovascular risks in observatio-
nal studies, including an increased risk of obe-
sity, diabetes, myocardial infarction, and cardiac 
sudden death (15). However, it has not been de-
monstrated that hormone deprivation significan-
tly increases mortality from cardiac causes, with 
reports from several trials demonstrating no di-
fference in risk of cardiovascular death (8, 28, 
29). In this systematic review we didn’t find any 
evidence suggesting an increase in cardiovascular 
risk for patients treated with long-term adjuvant 
hormone deprivation. 

COnCLusIOns

Given the OS benefit and generally favo-
rable toxicity profile, extended duration adjuvant 

hormone blockade may be recommended after 
radiation therapy for intermediate- and high-risk 
non-metastatic prostate cancer. However, it is im-
portant to note that the evidence is based on trials 
using older radiation techniques. There is a need 
of new studies, with non-inferiority design, eva-
luating different durations of androgen depriva-
tion in patients with intermediate- and high-risk 
non-metastatic prostate cancer receiving modern 
radiation therapy.
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Dosimetric coverage of the prostate, normal tissue sparing, 
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Purpose: To evaluate dosimetric coverage of the prostate, normal tissue sparing, and 
acute toxicity with HDR brachytherapy for large prostate volumes.
Materials and Methods: One hundred and two prostate cancer patients with prostate 
volumes >50 mL (range: 5-29 mL) were treated with high-dose-rate (HDR) brachythe-
rapy ± intensity modulated radiation therapy (IMRT) to 4,500 cGy in 25 daily fractions 
between 2009 and 2013. HDR brachytherapy monotherapy doses consisted of two 
1,350-1,400 cGy fractions separated by 2-3 weeks, and HDR brachytherapy boost do-
ses consisted of two 950-1,150 cGy fractions separated by 4 weeks. Twelve of 32 (38%) 
unfavorable intermediate risk, high risk, and very high risk patients received androgen 
deprivation therapy. Acute toxicity was graded according to the Common Terminology 
Criteria for Adverse Events (CTCAE) version 4.
Results: Median follow-up was 14 months. Dosimetric goals were achieved in over 
90% of cases. Three of 102 (3%) patients developed Grade 2 acute proctitis. No varia-
bles were significantly associated with Grade 2 acute proctitis. Seventeen of 102 (17%) 
patients developed Grade 2 acute urinary retention. American Urological Association 
(AUA) symptom score was the only variable significantly associated with Grade 2 acu-
te urinary retention (p=0.04). There was no ≥ Grade 3 acute toxicity.
Conclusions: Dosimetric coverage of the prostate and normal tissue sparing were ade-
quate in patients with prostate volumes >50 mL. Higher pre-treatment AUA symptom 
scores increased the relative risk of Grade 2 acute urinary retention. However, the ove-
rall incidence of acute toxicity was acceptable in patients with large prostate volumes.
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InTRODuCTIOn

Use of high-dose-rate brachytherapy 
(HDR) for prostate cancer has increased over the 
last decade (1). HDR brachytherapy has produ-
ced excellent outcomes as either monotherapy 
(2) or as a boost in combination with external 
beam radiation therapy (EBRT) (3, 4).

 The Groupe Européen de Curietherapie 
(GEC) European Society for Radiotherapy and 
Oncology (ESTRO)–European Association of Uro-
logy (EAU) consider prostate volumes larger than 
60 mL to be less suitable for HDR brachythera-
py due to increased pubic arch interference and 
concerns regarding greater toxicity (5). Similar-
ly, the American Brachytherapy Society has su-
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ggested that prostate volumes greater than 50 
mL constitute a relative contraindication to HDR 
brachytherapy (6).

 The purpose of this study is to evaluate 
dosimetric coverage of the prostate, normal tissue 
sparing, and acute toxicity with HDR brachythera-
py in patients with prostate volumes >50 mL.

MATERIALs AnD METhODs

Patient Characteristics
 Patient records were reviewed after ins-

titutional review board approval was obtained. 
Patients were included in this study if they had 
clinically localized prostate cancer, prostate vo-
lumes greater than 50 mL, and underwent HDR 

brachytherapy without or with intensity modu-
lated radiation therapy (IMRT) at a single insti-
tution between 2009 and 2013. Prostate volume 
was calculated using pre-treatment computed to-
mography (CT) scans. The mean ± standard devia-
tion prostate volume was 68±16 mL (range, 51-
129 mL). National Comprehensive Cancer Network 
(NCCN) definitions of very low, low, intermediate, 
high, and very high recurrence risk groups were 
used (7). Patient characteristics are presented in 
Table-1. All patients received alpha blockers for a 
minimum of one month after HDR brachytherapy.

HDR Brachytherapy Monotherapy
 Prostate cancer patients with very low risk 

disease and an expected survival of ≥20 years, low 

Table 1 - patient characteristics.

Patient Characteristics Category Number (%)

Age (years) Median 69

Gleason Score ≤ 6 38 (37)

7 48 (47)

≥ 8 16 (16)

Recurrence Risk Group Very Low to Low 34 (33)

Intermediate 47 (46)

High to Very High 21 (21)

Pre-treatment Prostate-Specific Antigen (ng/mL) <10 82 (80)

10-20 12 (12)

>20 8 (8)

Prostate Volume (mL) Median 62

Body Mass Index Median 28.7

Androgen Deprivation Therapy No 86

Yes 16

Pre-treatment American Urological Association Symptom 
Score

Median 6

1-7 (Mild Symptoms) 38 (37%)

8-19 (Moderate Symptoms) 63 (63%)

20-35 (Severe Symptoms) 0 (0%)
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risk disease and an expected survival of ≥10 ye-
ars, or “favorable” intermediate risk disease were 
treated with HDR brachytherapy monotherapy to 
the prostate. “Favorable” intermediate risk patients 
were defined as those with a Gleason score 3+4=7, 
American Joint Committee on Cancer clinical ≤T2b 
disease (8), and ≤50% positive core biopsies (2).

 Patients underwent HDR brachytherapy 
monotherapy according to American Brachythe-
rapy Society consensus guidelines (6). Patients 
were placed under general anesthesia, put in the 
low dorsal lithotomy position, and prepared and 
draped in sterile fashion. A #16 Foley catheter was 
inserted into the bladder and 5 mL of diatrizoate 
contrast was injected into the catheter balloon. A 
biplane trans-rectal ultrasound (TRUS) probe was 
inserted into the rectum and mounted on an ad-
justable stepper stabilizer. A prostate template was 
attached to the front of the TRUS stabilizer unit. 

 Fourteen to eighteen ProGuideTM (Nucle-
tron, Veenendaal, Netherlands) HDR brachythe-
rapy treatment catheters were inserted into the 
prostate transperineally under TRUS guidance. 
Each treatment catheter was carefully advanced 
so as to not penetrate the inferior bladder wall or 
come within 1.0 cm of the prostatic urethra. Once 
the treatment catheters were in position, the pros-
tate template was sutured onto the perineum and 
locked.  Upon completion of treatment catheter 
placement, the prostate template was removed.

 The clinical target volume (CTV) consisted 
of the prostate as defined by CT scan. The plan-
ning target volume (PTV) was the same as the CTV. 
The PTV was treated with two 1,350-1,400 cGy 
fractions. One fraction was delivered with each iri-
dium-192 (Ir-192) implant, and the two implants 
were separated by 2-3 weeks.  Prostate doses were 
recorded as the minimum dose that covered more 
than 90% of the prostate volume expressed as a 
percentage of the prescription dose (prostate D90). 
Prostate volumes were recorded as the fractio-
nal volume of the prostate that received 100% of 
the prescribed dose (prostate V100), 150% of the 
prescribed dose (prostate V150), and 200% of the 
prescribed dose (prostate V200). The urethral vo-
lume was recorded as the fractional volume of the 
urethra that received 150% of the prescribed dose 
(urethra V150). The urethral dose was the dose de-

livered to 10% of the urethral volume expressed as 
a percentage of the prescribed dose (urethra D10). 
The rectal volume was recorded as the fractional 
volume of the rectum that received 75% of the 
prescribed dose (rectum V75). Rectal doses were re-
corded as the maximum dose received by 2 mL of 
the rectum expressed as a percentage of the pres-
cribed dose (rectal D2 mL). The bladder volume was 
recorded as the fractional volume of the bladder 
that received 75% of the prescribed dose (bladder 
V75). Bladder doses were expressed as the maxi-
mum dose received by 2 mL of the bladder expres-
sed as a percentage of the prescribed dose (bladder 
D2 mL). Dosimetric goals are presented in Table-2. 
No androgen deprivation therapy (ADT) was given 
to HDR brachytherapy monotherapy patients, e.g., 
to down-size the prostate.

HDR Brachytherapy + IMRT ± ADT

 “Unfavorable” intermediate risk patients 
had a Gleason score 4+3=7, clinical T2c disease, or 
>50% positive core biopsies (9, 10). Unfavorable in-
termediate risk and high risk patients were treated 
with an HDR brachytherapy boost consisting of two 
950-1,150 cGy fractions and IMRT to the prosta-
te and proximal 1.0 cm of the seminal vesicles to 
4,500 cGy in 25 fractions over 5 weeks without or 
with ADT (4). The two HDR brachytherapy fractions 
were delivered 1 1/2 weeks before the start of IMRT 
and 2 1/2 weeks after the start of the IMRT. The 
CTV for each HDR brachytherapy fraction consis-
ted of the prostate as defined by CT scan. In cases 
with extraprostatic extension on MRI or biopsy, the 
CTV was expanded to include disease outside of the 
prostate with a 0.3 cm margin. In cases with seminal 
vesicle invasion on MRI, the CTV was expanded to 
the seminal vesicle involvement. The PTV was the 
same as the CTV. Four fiducial gold markers were 
transrectally inserted into the left and right mid la-
teral prostate and the prostatic base and apex at the 
time of the first HDR brachytherapy implant. The 
markers made it possible to determine the location 
of the prostate using electronic portal imaging im-
mediately prior to each IMRT treatment and there-
by deliver image-guided radiation therapy (11). No 
IMRT was delivered the day of the second HDR bra-
chytherapy fraction.
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Patients were simulated for IMRT with an 
empty rectum using a pelvic CT scan with 0.3 cm 
slices. Forty mL normal saline mixed with 10 mL 
non-ionic contrast was injected into the bladder 
and urethra at the time of simulation in order to 
perform a cystogram and urethrogram, respecti-
vely. The CTV for IMRT consisted of the prostate 
and inferomedial 1.0 cm of the seminal vesicles as 
defined by CT and magnetic resonance imaging 
(MRI) scans. In cases with extraprostatic extension 
on MRI or biopsy, the CTV for IMRT was expanded 
to include disease outside of the prostate based 
on CT-MRI fusion. In cases with seminal vesicle 
invasion on MRI, the CTV for IMRT was expanded 
to include the entire involved seminal vesicle. The 
PTV consisted of the CTV with 0.5 cm expansion 
posteriorly, inferiorly, and superiorly and 0.7 cm 
expansion anteriorly and laterally. The minimum 
allowable dose delivered to the PTV was 93% of 
the prescribed dose, and the maximum allowable 
dose delivered to the PTV was 115% of the prescri-
bed dose. At least 98% of the PTV received ≥95% 
of the prescribed dose (12). Rectal and bladder 
dose-volume histograms (DVHs) were created. The 

dosimetric goals for IMRT were that no more than 
15% of the rectal volume should receive >4,100 
cGy and no more than 15% of the bladder volume 
should receive >4,000 cGy. 

Biologically Effective Doses (BED1.5)
 Assuming an α/β ratio of 1.5 for pros-

tate cancer (13), the biologically effective doses 
(BED1.5) with HDR brachytherapy monotherapy to 
a total dose of 2,700-2,800 cGy in 2 fractions ver-
sus an HDR brachytherapy boost to 1,900-2,300 
cGy in 2 fractions in combination with IMRT to 
4,500 cGy in 25 fractions are 27,000-28,933 cGy, 
and 23,833-29,833 cGy, respectively.

ADT
ADT always consisted of a gonadotropin-

-releasing hormone agonist. In most cases, ADT 
also included an anti-androgen. The median du-
ration of a gonadotropin-releasing hormone ago-
nist was 4 months in a neoadjuvant and conco-
mitant setting for intermediate-risk disease and 
28 months in a neoadjuvant, concomitant, and 
adjuvant setting for high risk or very high risk 

Table 2 - Dosimetric results achieved with hDR brachytherapy.

Dosimetric Endpoint Goal Achieved Mean Achieved Standard Deviation Achieved Range

prostate

D90 (%) >90 and <130 105 3 87-111

V100 (%) >90 94 2 87-98

V150 (%) <50 27 3 20-36

V200 (%) <25 11 2 7-22

urethra

V150 (%) 0 0.0 0.0 0.0-0.0

D10 (%) <115 108 2 105-120

Rectum

V75 (mL) <1.0 0.2 0.3 0.0-1.5

D2 mL (%) <75 54 10 33-75

Bladder

V75 (mL) <1.0 0.7 0.5 0.0-3.0

D2 mL (%) <80 65 6 45-79
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disease. The median duration of an anti-androgen 
was one month starting two weeks prior to the 
gonadotropin-releasing hormone agonist. Twelve 
of 32 (38%) unfavorable intermediate risk, high 
risk, and very high risk patients received ADT. 
ADT use in these cases was at the discretion of the 
patients and began two months prior to the start 
of radiotherapy. None of the patients who received 
ADT had a history of congestive heart failure or 
myocardial infarction.

Acute Toxicity
The severity of adverse effects was graded 

according to the Common Terminology Criteria 
for Adverse Events version 4.0 (14).

statistics

 Statistical analysis was performed using 
Minitab® Statistical Software version 16 (Mini-
tab®, Inc, State College, PA). A two sided p ≤0.05 
was considered significant. Means, standard de-
viations, and minimum and maximum values of 
the dosimetric parameters were calculated. Mul-
tivariate logistic regression analysis was used to 
assess the association between prostate volume, 
body mass index (BMI), pre-treatment American 
Urological Association (AUA) symptom score, to-
tal HDR dose, dosimetric parameters (D90, V100) 
and the occurrence of ≥ Grade 2 acute urinary re-
tention and acute proctitis.

REsuLTs

 Median follow-up was 14 months. Dosi-
metric results achieved with HDR brachytherapy 
are presented in Table-2. In terms of prostate co-
verage and sparing of the urethra, rectum, and 
bladder, dosimetric goals were achieved in over 
90% of cases.

Three of 102 (3%) patients developed Grade 
2 acute proctitis. Seventeen of 102 (17%) patients 
developed Grade 2 acute urinary retention requi-
ring placement of a Foley catheter for less than 6 
weeks. Only AUA symptom score was significantly 
associated, on multivariate analysis, with Grade 2 
acute urinary retention (odds ratio 1.14, 95% con-
fidence interval 1.01-1.28, p=0.04). No variables 

were significantly associated with Grade 2 acute 
proctitis. There was no ≥ Grade 3 acute toxicity.

DIsCussIOn

Monroe et al. (15) performed a study of 54 
patients who received either HDR brachytherapy 
monotherapy or HDR brachytherapy as a boost to 
EBRT. Large prostate volumes did not affect dosi-
metric coverage of the prostate, with prostate D90, 
V100 and V150 meeting the dosimetric goals. In 
addition, genitourinary and gastrointestinal toxi-
city in patients with prostates > 50 mL was con-
sistent with previously-reported toxicity for small 
prostates (6, 16). Le et al. (17) performed a study of 
164 prostate cancer patients who underwent HDR 
brachytherapy monotherapy and found no sig-
nificant difference in prostate D90 or V100 with 
prostate volumes > 50 mL. In patients with larger 
glands, a significantly higher biochemical control 
of disease was observed, with no difference in late 
toxicity. They concluded that gland size should 
not be considered in the selection of patients for 
HDR brachytherapy. White et al. (18) reported that 
HDR brachytherapy allows the physician to con-
sistently achieve complete prostate target cove-
rage and maintain normal tissue dose constraints 
for organs at risk over target volumes ranging 
from 12-109 mL. Similarly, in this study, prostate 
coverage and sparing of the urethra, rectum, and 
bladder were dosimetrically achieved in over 90% 
of cases with prostate volumes ranging between 
51 mL and 129 mL (Table-2).

 In this report, ADT was only given to 
12/32 (38%) unfavorable intermediate risk, high 
risk, and very high risk patients. Neoadjuvant ADT 
may be used to down-size an enlarged prostate 
due to benign prostatic hyperplasia (BPH) regard-
less of the recurrence risk group (6, 19). However, 
ADT has been implicated in brachytherapy-rela-
ted morbidity such as urinary retention (20). Also, 
there may be a significant detriment in quality of 
life due to ADT (21).

 In the present report, the incidence rate of 
Grade 2 acute urinary retention was 17%. This is 
consistent with the literature (22). There was an 
independent association on multivariate analysis 
between pre-treatment AUA symptom score and 
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acute urinary retention. An increased pre-treat-
ment AUA symptom score may be due to BPH 
(21). Some groups have reported that high AUA 
symptom scores are associated with an increased 
risk of urinary retention (24, 25). Similar findings 
were observed in this study. AUA symptom scores 
improve after brachytherapy significantly faster 
in patients receiving alpha blockers (26).

 A brachytherapy boost offers a potential 
radiobiological benefit over conventionally-frac-
tionated IMRT by delivering hypofractionated 
treatment, which may increase the sensitivity of 
prostate cancer to radiation therapy by favorably 
affecting the α/β ratio (27-29). This may explain 
why some have observed improved biochemical 
disease-free survival with IMRT and a brachythe-
rapy boost compared with IMRT alone, though 
there is a greater risk of late genitourinary toxicity 
(30). There was no ≥ Grade 3 acute toxicity due to 
an HDR brachytherapy boost and IMRT without or 
with ADT in the present study.

 Limitations of this study are primarily re-
lated to its retrospective nature, limited number of 
patients, and short follow-up. Nevertheless, this is 
one of the few reports on HDR brachytherapy in 
men with large prostates.

COnCLusIOns

 Prostate volumes greater than 50 mL do 
not constitute a relative contraindication to HDR 
brachytherapy.

COnfLICT Of InTEREsT

None declared.

 
REfEREnCEs

1. Zaorsky NG, Doyle LA, Yamoah K, Andrel JA, Trabulsi EJ, 
Hurwitz MD,et al. High dose rate brachytherapy boost for 
prostate cancer: a systematic review. Cancer Treat Rev. 
2014;40:414-25.

2. Ghilezan M, Martinez A, Gustason G, Krauss D, Antonucci JV, 
Chen P,et al. High-dose-rate brachytherapy as monotherapy 
delivered in two fractions within one day for favorable/
intermediate-risk prostate cancer: preliminary toxicity data. 
Int J Radiat Oncol Biol Phys. 2012;83:927-32.

3. Deutsch I, Zelefsky MJ, Zhang Z, Mo Q, Zaider M, Cohen G, 
et al. Comparison of PSA relapse-free survival in patients 
treated with ultra-high-dose IMRT versus combination HDR 
brachytherapy and IMRT. Brachytherapy. 2010;9:313-8.

4. Martinez AA, Gonzalez J, Ye H, Ghilezan M, Shetty S, Kernen 
K, et al. Dose escalation improves cancer-related events at 
10 years for intermediate- and high-risk prostate cancer 
patients treated with hypofractionated high-dose-rate boost 
and external beam radiotherapy. Int J Radiat Oncol Biol 
Phys. 2011;79:363-70.

5. Hoskin PJ, Colombo A, Henry A, Niehoff P, Paulsen Hellebust 
T, Siebert FA,et al. GEC/ESTRO recommendations on high 
dose rate afterloading brachytherapy for localised prostate 
cancer: an update. Radiother Oncol. 2013;107:325-32.

6. Yamada Y, Rogers L, Demanes DJ, Morton G, Prestidge BR, 
Pouliot J, et al. American Brachytherapy Society. American 
Brachytherapy Society consensus guidelines for high-dose-
rate prostate brachytherapy. Brachytherapy. 2012;11:20-32.

7. Mohler JL, Armstrong AJ, Bahnson RR, Boston B, Busby JE, 
D’Amico AV, et al. Prostate cancer, Version 3.2012: featured 
updates to the NCCN guidelines. J Natl Compr Canc Netw. 
2012;10:1081-7.

8. Edge SB, Compton CC. The American Joint Committee on 
Cancer: the 7th edition of the AJCC cancer staging manual 
and the future of TNM. Ann Surg Oncol. 2010;17:1471-4.

9. Castle KO, Hoffman KE, Levy LB, Lee AK, Choi S, Nguyen 
QN, et al. Is androgen deprivation therapy necessary in all 
intermediate-risk prostate cancer patients treated in the dose 
escalation era? Int J Radiat Oncol Biol Phys. 2013;85:693-9.

10. Huang J, Vicini FA, Williams SG, Ye H, McGrath S, Ghilezan 
M, et al. Percentage of positive biopsy cores: a better risk 
stratification model for prostate cancer? Int J Radiat Oncol 
Biol Phys. 2012;83:1141-8.

11. Vetterli D, Thalmann S, Behrensmeier F, Kemmerling L, Born 
EJ, Mini R, et al. Daily organ tracking in intensity-modulated 
radiotherapy of prostate cancer using an electronic portal 
imaging device with a dose saving acquisition mode. 
Radiother Oncol. 2006;79:101-8.

12. Shaffer R, Morris WJ, Moiseenko V, Welsh M, Crumley 
C, Nakano S, et al. Volumetric modulated Arc therapy 
and conventional intensity-modulated radiotherapy 
for simultaneous maximal intraprostatic boost: a 
planning comparison study. Clin Oncol (R Coll Radiol). 
2009;21:401-7.

13. Fowler JF. The radiobiology of prostate cancer including 
new aspects of fractionated radiotherapy. Acta Oncol. 
2005;44:265-76.

14. National Cancer Institute. Common Terminology Criteria for 
Adverse Events v4.0. NIH publication #09-7473. Published on 
May 28, 2009. Retrieved on June 14, 2010 Available at: http://
evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03_2010-06-14_
QuickReference_5x7.pdf



ibju | HDR BRacHytHeRapy foR laRge pRostate volumes

441

15. Monroe AT, Faricy PO, Jennings SB, Biggers RD, Gibbs GL, 
Peddada AV. High-dose-rate brachytherapy for large prostate 
volumes (> or =50cc)-Uncompromised dosimetric coverage 
and acceptable toxicity. Brachytherapy.  2008;7:7-11.

16. Zelefsky MJ, Levin EJ, Hunt M, Yamada Y, Shippy AM, Jackson 
A, et al. Incidence of late rectal and urinary toxicities after three-
dimensional conformal radiotherapy and intensity-modulated 
radiotherapy for localized prostate cancer. Int J Radiat Oncol 
Biol Phys. 2008;70:1124-9.

17. Le H, Rojas A, Alonzi R, Hughes R, Ostler P, Lowe G, et al. The 
influence of prostate volume on outcome after high-dose-rate 
brachytherapy alone  for localized prostate cancer. Int J Radiat 
Oncol Biol Phys. 2013;87:270-4.

18. White EC, Kamrava MR, Demarco J, Park SJ, Wang PC, Kayode 
O, et al. High-dose-rate prostate brachytherapy consistently 
results in high quality dosimetry. Int J Radiat Oncol Biol Phys. 
2013;85:543-8.

19. Kovács G, Pötter R, Loch T, Hammer J, Kolkman-Deurloo IK, 
de la Rosette JJ,et al. GEC/ESTRO-EAU recommendations on 
temporary brachytherapy using stepping sources for localised 
prostate cancer. Radiother Oncol. 2005;74:137-48.

20. Merrick GS, Wallner KE, Butler WM. Patient selection for 
prostate brachytherapy: more myth than fact. Oncology 
(Williston Park). 2004;18:445-52; discussion 452, 455-7.

21. Gay HA, Michalski JM, Hamstra DA, Wei JT, Dunn RL, Klein 
EA, et al. PROSTQA Consortium. Neoadjuvant androgen 
deprivation therapy leads to immediate impairment of vitality/
hormonal and sexual quality of life: results of a multicenter 
prospective study. Urology. 2013;82:1363-8.

22. Demanes DJ, Martinez AA, Ghilezan M, Hill DR, Schour L, 
Brandt D, et al. High-dose-rate monotherapy: safe and effective 
brachytherapy for patients with localized prostate cancer. Int J 
Radiat Oncol Biol Phys. 2011;81:1286-92.

23. McVary KT, Roehrborn CG, Avins AL, Barry MJ, Bruskewitz RC, 
Donnell RF, et al. Update on AUA guideline on the management 
of benign prostatic hyperplasia. J Urol. 2011;185:1793-803.

24. Roeloffzen EM, Hinnen KA, Battermann JJ, Monninkhof 
EM, van Roermund JG, van Gellekom MP, et al. The 
impact of acute rinary retention after iodine-125 prostate 
brachytherapy on health-related quality of life. Int J Radiat 
Oncol Biol Phys. 2010;77:1322-8.

25. Schwartz DJ, Schild SE, Wong WW, Vora SA. Factors 
associated with the frequency of self-intermittent 
catheterization after prostate brachytherapy. Int J Radiat 
Oncol Biol Phys. 2005;61:60-3.

26. Elshaikh MA, Ulchaker JC, Reddy CA, Angermeier KW, Klein 
EA, Chehade N, et al. Prophylactic tamsulosin (Flomax) 
in patients undergoing prostate 125I brachytherapy for 
prostate carcinoma: final report of a double-blind placebo-
controlled randomized study. Int J Radiat Oncol Biol Phys. 
2005;62:164-9.

27. Brenner DJ, Martinez AA, Edmundson GK, Mitchell C, 
Thames HD, Armour EP. Direct evidence that prostate tumors 
show high sensitivity to fractionation (low alpha/beta ratio), 
similar to late-responding normal tissue. Int J Radiat Oncol 
Biol Phys. 2002;52:6-13.

28. Martinez AA, Demanes J, Vargas C, Schour L, Ghilezan 
M, Gustafson GS. High-dose-rate prostate brachytherapy: 
an excellent accelerated-hypofractionated treatment for 
favorable prostate cancer. Am J Clin Oncol. 2010;33:481-8.

29. Wong WM, Wallner KE. The case for hypofractionation of 
localized prostate cancer. Rev Urol. 2013;15:113-7.

30. Bannuru RR, Dvorak T, Obadan N, Yu WW, Patel K, Chung 
M, et al. Comparative evaluation of radiation treatments for 
clinically localized prostate cancer: na updated systematic 
review. Ann Intern Med. 2011;155:171-8.

_______________________
Correspondence address:

Matthew C. Biagioli, MD
Florida Hospital Cancer, Institute

Department of Radiation Oncology
2600 Westhall Lane

Maitland, FL 32751, USA
Telephone: +1 305 978-4617

E-mail: mcbiagioli@yahoo.com



ORIGINAL ARTICLE

442

Prostate cancer volume estimations based on transrectal 
ultrasonography-guided biopsy in order to predict clinically 
significant prostate cancer
_______________________________________________
Ersin Konyalioglu 1,  Hüseyin Tarhan 2, Ozgur Cakmak 2 , Emel Ebru Pala 3, Ferruh Zorlu 2

1 Department of Urology, Milas 75. Yil State Hospital, Mugla, Turkey; 2 Department of Urology, Tepecik 
Research and Training Hospital, Izmir, Turkey; 3 Department of Pathology, Tepecik Research and Training 
Hospital, Izmir, Turkey

ABsTRACT         ARTICLE InfO______________________________________________________________     ______________________

Introduction: Tumor diameter is a reliable parameter to estimate tumor volume in solid 
organ cancers; its use in prostate cancer is controversial since it exhibits a more irregu-
lar pattern of growth. This study aimed to examine the association between the tumor 
volume estimations based on transrectal ultrasound (TRUS) guided biopsy results and 
the tumor volume measured on the pathological specimen.
Materials and Methods: A total of 237 patients who underwent radical retropubic 
prostatectomy (RRP) were included in this retrospective study. The differences and 
correlations between cancer volume estimations based on TRUS guided biopsy findin-
gs and cancer volume estimations based on post-prostatectomy pathology specimens 
were examined. In addition, diagnostic value of TRUS guided biopsy-based volume 
estimations in order to predict clinically significant cancer (>0.5 cc) were calculated.
Results: The mean cancer volume estimated using TRUS biopsy results was lower 
(5.5±6.5 cc) than the mean cancer volume calculated using prostatectomy specimens 
(6.4±7.6 cc) (p<0.041). TRUS guided biopsy examination resulted in 5 false positive and 
15 false negative cases. There was a significant but weak correlation between the two 
parameters (r=0.62, p<0.001). The sensitivity and specificity of TRUS guided biopsy  in 
predicting the presence of clinically significant cancer was 93.4% (95% CI, 89.1-96.1) 
and 50.0% (95% CI, 20.1-79.9), respectively. 
Conclusions: TRUS guided biopsy-derived estimations seem to have a limited value 
to predict pathologically established tumor volume. Further studies are warranted to 
identify additional methods that may more accurately predict actual pathological cha-
racteristics and prognosis of prostate cancer.
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InTRODuCTIOn

Radical prostatectomy is currently the tre-
atment of choice for prostate cancer in patients 
with a good expectancy of life. However, an acti-
ve surveillance protocol rather than curative tre-

atment is recommended in organ-confined disease 
for low to very-low risk tumors and for “clinically 
insignificant” tumors according to Epstein’s cri-
teria. On the other hand, tumors with a volume 
of less than 0.5 cc are also considered “clinically 
insignificant” (1). But it should be also stated that 
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“insignificant cancer” in surgical specimens is 
not only a limited volume cancer but should be 
also confined to the organ and with Gleason score 
3+3=6.

 Maximum tumor diameter is a reliable pa-
rameter to estimate tumor volume in solid organ 
cancers, which generally have a roughly spherical 
form. However, this may not be readily applied 
to prostate cancers, which are thought to exhibit 
a more irregular pattern of growth (2). Therefo-
re, the utility of this approach is controversial for 
prostate cancer despite the presence of a consen-
sus regarding the role of tumor size as a staging 
parameter for many different solid tumors. 

 In the recent consensus about reports on 
radical prostatectomy specimen, the ISUP mem-
bers decided that pathologist should give some 
estimative of tumor volume but its importance is 
still under investigation. Several different methods 
such as square, cuboid, or ellipsoidal estimations 
have been utilized to gauge the tumor volume of 
radical prostatectomy specimens (3); and these ap-
proaches require the use of 3-dimensional measu-
rements (length, width, and thickness) for tumor 
volume estimation that cannot be accomplished 
through transrectal ultrasound (TRUS) guided 
biopsy. Therefore, these methods cannot be used 
to estimate the tumor volume of the biopsy. 

 In the present study it was assessed the tu-
mor volume estimation prior to radical prostatec-
tomy, the association between the tumor volume 
estimate based on TRUS biopsy results, the tumor 
volume measured on the pathological specimen, 
and the value of this method to predict the presen-
ce of clinically significant cancer. 

MATERIALs AnD METhODs

Patients
 A total of 318 patients who underwent ra-

dical retropubic prostatectomy (RRP) in our uro-
logy department between March 2006 and June 
2012 were retrospectively examined. For biopsy 
standardization, only patients with 10 and 12-qua-
drant biopsy results with a minimum core length 
of 11.5 mm were included in the study. Twenty-
-nine patients without a 10 or 12-quadrant biop-
sy result, 14 patients with an average core length 

below 11.5 mm, and 38 patients with missing data 
were excluded, yielding a total of 237 subjects in 
the study population. 

Assessments
 Cancer volume estimations based on 

TRUS guided biopsy findings and cancer volume 
estimations based on post-prostatectomy patho-
logy specimens were assessed. 

 Prostate biopsies were performed by a 
trained team with the patient in lateral decubi-
tus position. Periprostatic nerve block was per-
formed in each patient using prilocaine. In all 
patients, a SonoScape® SSI 2000 BW US biopsy 
gun with a 6.5 MHz transrectal probe and an 
18 G, 25 cm Geotek® biopsy needle were used. 
In case of inadequate specimen collection, the 
procedure was repeated. Each core was sent to 
the pathology laboratory with the name of the 
patient; localization data were recorded on the 
sample container, and all biopsies were assessed 
by the same pathology laboratory. In each can-
cer-positive core, the maximum tumor dimen-
sion was reported by the pathology department. 
Pathology specimens were analyzed by five di-
fferent pathologists, one of whom experienced 
in uropathology. In core biopsies we measured 
each tumor focus individually and substracted 
out the intervening benign prostate tissue. The 
sum of these measurements was considered the 
cancer length/diameter of the core.  Then we 
calculated the approximate tumor volume by 
4/3.π.r³ formula which is actually used for cal-
culating the sphere volume. For each cancer-
-positive focus, the cancer volume based on this 
formula was calculated separately. The resultant 
data were collected and recorded as the estima-
ted cancer volume for the TRUS-biopsy. In the 
literature there is no previous study using this 
formula for estimating the cancer volume in 
biopsy specimen. However, we know that one of 
the most reliable method to measure total pros-
tate volume is spherical formula, so we tried 
this empirical method as a new approach. 

 In radical prostatectomy specimens, firstly 
the percentage of tissue involved with tumor was 
evaluated by simple visual inspection. In possible 
cases we measured the dominant tumor nodule in 
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at least 2 dimensions. For the measurement of ap-
proximate cancer volume in radical prostatectomy 
specimens, the entire prostate was examined. We 
calculated the maximal area and percentage of 
the tumor in tumor involved blocks and determi-
ned the ratio of involved-to-uninvolved blocks. 
We estimated a percentage of prostate involved 
by prostate cancer. And we calculated the total 
prostate volume by using three dimensions. We 
found out the tumor volume by using total pros-
tate volume and tumor percentage. We did not use 
morphometric techniques.

 Cancer volume greater than 0.5 cc was 
considered significant cancer. 

statistical analysis

 Analysis of data was done using Statisti-
cal Package for Social Sciences (SPSS) for Windo-
ws version 21. The difference between the cancer 
volume estimates based on TRUS guided biopsy 
findings and the cancer volume estimates in pa-
thological specimens was compared using student 
t test for paired samples. The correlation betwe-
en the two variables was tested using Spearman’s 
correlation analysis. Diagnostic parameters inclu-
ding sensitivity, specificity, positive predictive va-
lue, negative predictive value and likelihood ratio 
of TRUS guided biopsy based volume estimations 
to predict clinically significant cancer were calcu-
lated. Receiver operator characteristic curve (ROC) 
was generated to examine the accuracy of TRUS-
-based estimations and potential cut-off values. A 
p value<0.05 indicated statistical significance.

REsuLTs

 The mean age of the patients at the time 
of TRUS examination was 63.1±6.4 years (range, 
44-77 y). At baseline, the mean PSA level was 
10.6 ng/mL. On TRUS the mean core length was 
14.1 mm and mean prostate volume was 43.8 cc. 
The mean percentage of cancer in each core was 
as follows: right lateral 1, 12.7%; right lateral 2, 
11.0%; right lateral 3, 9.8%; right apex, 13.7%; ri-
ght middle, 12.6%; right base, 11.3%; left lateral 1, 
10.2%; left lateral 2, 9.8%; left lateral 3, 7.2%; left 
apex, 9.7%; left middle, 11.8%; left base, 10.2%. 

In comparison, the mean percentage of cancer was 
14.7% in prostatectomy specimens.

COMpARIsOn Of CAnCER vOLuMEs

 The mean cancer volume estimated using 
TRUS biopsy results was 5.5±6.5 cc (range, 0.21-
42.0 cc), while the mean cancer volume calcula-
ted using prostatectomy specimens was 6.4±7.6 
cc (range, 0-48.4 cc). The difference between 
the two mean volumes was statistically signifi-
cant (p<0.041). There was a significant but weak 
correlation between the two parameters (r=0.62, 
p<0.001).

pREDICTIvE vALuE Of TRus GuIDED BIOpsY 
fInDInGs

 The sensitivity and specificity of TRUS 
guided biopsy in predicting the presence of clini-
cally significant cancer was 93.4% (95% CI, 89.1-
96.1) and 50.0% (95% CI, 20.1-79.9), respectively. 
Its positive predictive value was 97.7% and ne-
gative predictive value was 25%, with a positive 
likelihood ratio of 3.5. In this study, TRUS guided 
biopsy examination resulted in 5 false positive and 
15 false negative cases. Figure-1 shows a receiver 
operator characteristics (ROC) curve for predicting 
clinically significant cancer based on TRUS guided 
biopsy estimation. Area under the curve is 0.81 
(95% CI, 0.65-0.96, p<0.001) indicating a good to 
fair accuracy. A cut-off value>0.41 cc would re-
sult in a better sensitivity with the same level of 
specificity with 0.5 cc (97% and 50%, respective-
ly), whereas when the cut-off is set to>0.74 cc, 
sensitivity would decrease and specificity would 
increase slightly (87% and 60%, respectively). 

 Tumors with a volume of less than 0.5 cc 
are considered “clinically insignificant”, tumors 
with a volume of more than 0.5 cc are considered 
“clinically significant”. In our study TRUS guided 
biopsy examination resulted in 5 false positive 
and 15 false negative cases. Fifteen patients with 
clinically non-significant lesion according to tu-
mor volume in TRUS guided biopsy were sub-
sequently found to have a clinically significant 
lesion after RRP. In contrast, 5 patients having 
clinically significant lesion according to TRUS 
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guided biopsy were found to have an insignifi-
cant tumor after RRP.

DIsCussIOn

 TNM classification and the Gleason sco-
ring system, i.e. histological subtyping, provide a 
fairly high predictive value in prostate cancer (2). 
Many other solid organ cancers lack parameters 
with such a high predictive value for disease pro-
gression, placing a significant importance on the 
tumor volume estimations. 

 Presence of tumor in at most 3 quadrants 
with no>50% tumor in any of the cores is one of 
the Epstein’s criteria, which aim to define “clini-
cally non-significant” cancers that do not require 
curative treatment (4). However, if prostate cancer 
has an irregular pattern of growth as suggested by 
some authors (2), then how appropriate would it be 
to classify a cancer as “clinically non-significant” 
solely on the basis of the number of cancer-posi-
tive biopsy cores and the percentage of tumor in 
the cores. Do cancers classified as “clinically non-
-significant” according to such criteria really have 
a volume of less than 0.5 cc? And finally, can the 

cancer volume be predicted on the basis of biopsy 
results and are these consistent with the cancer 
volume in RRP materials? These questions, and 
particularly the latter, were the primary questions 
that were addressed in our study. 

 The first study to draw attention to the im-
portance of tumor volume in prostate cancer was 
carried out by Stamey et al. where tumor volu-
me was found to be associated with metastases, 
seminal vesicular invasion, and extra-capsular 
involvement, with only those prostate cancers ex-
ceeding a volume of 4 cc having association with 
metastases in 100 autopsy-prostates and 38 radi-
cal prostatectomy specimens (5).

 In 1993, Epstein et al. examined 185 ra-
dical prostatectomy specimens and found no pre-
dictive value for the tumor volume, when Gleason 
score and surgical margins were incorporated into 
the assessment. Although tumors with a volume of 
greater than 10 cc showed progression and tumors 
smaller than 0.5 cc showed no progression, tumor 
volume had no predictive value for tumors that lie 
in the intermediate volume category, i.e. between 
these two values, which comprise the majority of 
such tumors . A similar study from John Hopkins 
found no progression at all in tumors with a vo-
lume of less than 0.5 cc, while 97% of the tumors 
with a volume greater than 12 cc progressed. In 
recent publications, the reported rates of progres-
sion for tumor volumes of 0.5 cc to 2 cc and 2 cc 
to 6 cc are 14% and 39%, respectively (6).

 In 1990, Humphrey and Vollmer examined 
73 radical prostatectomy specimens and found 
that the percent-tumor involvement of the speci-
men had an independent predictive value for clini-
cal recurrence (7). The percent-tumor involvement 
in progressing and non-progressing tumors in the 
studies by Carvalhal et al. and Jones et al. were 
23.8% and 11.3, and 36% and 24%, respectively 
(8, 9). The percentage of tumor involvement in our 
study was 14.7%, which was in line with previous 
reports, although no differentiation between pro-
gressing and non-progressing tumors was made in 
our study. 

 The most likely explanation for the discor-
dant results relating to the independent prognostic 
significance of RP tumor volume lies on its strong 
correlation with other prognostic markers such as 

figure 1 - ROC curve for predicting clinically significant 
cancer, based on TRus guided biopsy estimation.
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extraprostatic extension (EPE) and positive mar-
gins. In almost all studies RP tumor volume, EPE 
and margin status all correlated strongly with pos-
toperative progression on univariate analysis. Ho-
wever, on multivariate analysis often one of these 
parameters drops out and loses its prognostic sig-
nificance, as these 3 variables were tightly corre-
lated with each other. For example, once margin 
status is known, tumor volume (TV) does not pro-
vide much additional prognostic information and 
vice versa. Consequently, in a given study, depen-
ding on whether TV or margin status is slightly 
better, one variable will be highly significant on 
multivariate analysis and the other will loose its 
significance. For example, if in one study margins 
were not factored into the multivariable analysis, 
TV was strongly predictive at p=0.004 (10). Howe-
ver, once margins were factored into the analysis, 
TV lost prognostic significance (2).

 Carvalhal et al. reported an average pros-
tate volume of 46 cc, while this figure reported by 
Jung et al. was 38 cc (9, 11). Obek et al. observed 
an average prostate volume of 39.80 cc and 46.3 
cc in malignant or benign prostates, respectively 
(12). The average prostate volume in our study, i.e. 
43.8 cc, was consistent with literature data. 

One of the most controversial aspects of 
TRUS biopsy reports is the absence of an agree-
ment on the measurement methods for multiple 
cancer foci, which exhibit discontinuous areas of 
involvement with normal prostate tissue in-be-
tween. Pathologists’ use of different reporting sys-
tems for discontinuous foci of cancer within the 
core may result in a variation in therapeutic op-
tions recommended. For instance, in the study by 
Egevad et al., a cancer without tumor continuity 
in the core was reported as having 60% tumor in-
volvement by one of the clinics, while in another 
clinic the normal prostate tissue between tumor 
involved sites were discarded, yielding a percent 
involvement below 50% (13). One of the criteria 
for active surveillance is the absence of>50% in-
volvement in any core. In this situation, the re-
commendations would lead to different treatment 
schemes in the example above. 

Pathologists in our hospital also discard 
benign prostate tissue between tumor-involved si-
tes while determining percent tumor involvement. 

 Quintal et al. reported that total percent 
tumor involvement in biopsy specimens was supe-
rior to other volumetric measurement parameters 
in predicting pT3 in the multivariate analysis and 
represented an independent risk factor for bioche-
mical recurrence when combined with PSA and 
Gleason score (14). These findings are somehow at 
odds with ours, since in our study, parameters uti-
lized for estimating the biopsy tumor volume such 
as the tumor diameter or percent tumor involve-
ment did not emerge as reliable predictive factors. 
The tumor volume estimates based on biopsy pa-
rameters were not consistent with the tumor vo-
lume observed in RRP materials and 15 patients 
were classified as clinically non-significant accor-
ding to biopsy based tumor volume and actually 
had clinically significant tumors after RRP. We do 
believe that these observations may well be as-
sociated with the irregular growth pattern of the 
prostate cancer.

 Boccon-Gibod et al. proposed a minimum 
core length of 10 mm for a good biopsy sampling 
(15). Similarly, Obek et al. found an increased can-
cer detection rate with a core length exceeded 11.9 
mm compared to those below that cut-off value, 
i.e. cancer detection rates of 23% and 39%, res-
pectively (12). The average core length in biopsies 
with cancer detection was 12.3 mm vs. 11.4 mm 
in those without cancer detection (p=0.015). In our 
study, the average core length was 14.08 mm, as 
suggested in previous reports. For biopsy standar-
dization, 14 patients with an average core length 
below 11.5 mm were excluded from our analyses.

 There is no literature data comparing biop-
sy based tumor volume estimations and surgical 
specimen tumor volume measurements. Perera et 
al. compared the tumor volume (TV) measurement 
methods in radical prostatectomy materials (3). 
TV estimation methods including square, cuboidal 
and elipsoidal approaches were compared against 
the ‘gold standard’ and the accuracy of identifying 
clinically significant tumors with a volume of>0.5 
cc was determined. The elipsoidal method (k (π/6) 
× length × width × thickness) produced the closest 
correlation with the gold-standard. However, the-
se measurement methods require the use of 3-di-
mensional data obtained from the tumor tissue. In 
contrast, biopsy material provides only single-di-
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mensional data, precluding the use of these me-
thods for estimating the tumor volume in biopsy 
materials. Kondler et al. used the ellipsoid formula 
to estimate TV in RP specimen and reported that 
increasing TV was associated with significantly 
higher risks of seminal vesicle invasion, positive 
surgical margins and lymph node involvement. 
Moreover, on multivariate analysis, greater TV 
remained associated with significantly increased 
risks of systemic progression, death from prostate 
cancer and all-cause mortality (16).

 In their study, Ongun et al. reported that 
prostate specific antigen density (PSAD), ma-
ximum percentage in positive cores and radical 
prostatectomy (RP) tumor volume emerged as sta-
tistically significant determinants for advanced 
stage disease in their univariate and multivariate 
analyses. Also, ROC analyzes identified the radical 
prostatectomy tumor volume as a reliable parame-
ter for advanced stage disease (17). As suggested 
by Ongun et al., ability to estimate the tumor vo-
lume prior to RP would help minimize treatment 
failures (i.e. over or undertreatment) in PCa. In 
our study, our objective was to estimate the tu-
mor volume before RP. Our results showed that the 
average biopsy tumor volume was approximately 
1 cc less than the volume determined after patho-
logical examination of the surgical specimen, the 
difference between the two being statistically sig-
nificant (p˂0.041). In addition, there was a weak 
correlation between cancer volumes predicted by 
TRUS biopsy and RRP specimen. 

 Tumors with a volume of less than 0.5 cc 
are considered “clinically insignificant”, tumors 
with a volume of more than 0.5 cc are considered 
“clinically significant”. In our study there were 5 
false positive and 15 false negative results. We be-
lieve that this inconsistency between tumor volu-
mes based on biopsy and surgery specimens may 
result from the irregular growth pattern of the 
prostate cancer. 

COnCLusIOns

 Most of solid organ cancers grow sphe-
rically, though prostate cancer grows irregularly. 
So tumor diameter does not correlate with tumor 
volume as close as tumors in other sites. It is in-

dicated that objective tumor volume measurement 
does not add useful prognostic information  other 
than the  information routinely reported by the 
pathologists. As the morphometric methods are 
not practical and time consuming, easy methods 
are used in routine practice.  In this study we tried 
a new, easy method for volume estimation.

 However, we could not find a strong cor-
relation between tumor volume in biopsies and 
radical materials.  Our data suggests that biopsy-
-derived estimation parameters currently availa-
ble may have a limited value in the prediction of 
pathologically established tumor volume. Further 
studies are warranted to identify additional para-
meters and/or methods that may more accurate-
ly predict actual pathological characteristics and 
prognosis in prostate cancer.
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Objective: Prediction of extraprostatic disease in clinically localized prostate cancer is 
relevant for treatment planning of the disease. The purpose of this study was to ex-
plore the usefulness of the percentage of positive biopsy cores to predict the chance of 
extraprostatic cancer.
Materials and Methods: We evaluated 1787 patients with localized prostate cancer 
submitted to radical prostatectomy. The percentage of positive cores in prostate biop-
sy was correlated with the pathologic outcome of the surgical specimen. In the final 
analysis, a correlation was made between categorical ranges of positive cores (10% in-
tervals) and the risk of extraprostatic extension and/or bladder neck invasion, seminal 
vesicles involvement or metastasis to iliac lymph nodes. Student’s t test was used for 
statistical analysis.
Results: For each 10% of positive cores we observed a progressive higher prevalence of 
extraprostatic disease. The risk of cancer beyond the prostate capsule for <10% positi-
ve biopsy cores was 7.4% and it increased to 76.2% at the category 90-100% positive 
cores. In patients with Gleason grade 4 or 5, the risk of extraprostatic cancer prostate 
was higher than in those without any component 4 or 5.
Conclusion: The percentage of positive cores in prostate biopsy can predict the risk of 
cancer outside the prostate. Our study shows that the percentage of positive prostate 
biopsy fragments helps predict the chance of extraprostatic cancer and may have a 
relevant role in the patient’s management.
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InTRODuCTIOn

Prostate cancer is the second most com-
mon cancer in humans, being surpassed only by 
the skin tumors. In 2008, the disease was responsi-
ble for 14% (903.500) of total cancer cases around 
the World and for 6% (258.400) of all cancer dea-
ths in men (1).

In patients with disease confined to the 
prostate radical prostatectomy is followed by a 

significant reduction in mortality and in the risk 
of metastases as compared to active surveillance 
in intermediate and high risk prostate cancer (2, 
3). On the other hand, when the disease is locally 
advanced, the survival and prognosis of the pa-
tient are less favorable when compared with figu-
res seen in disease confined to the prostate.

Currently, serum PSA, clinical stage and 
Gleason biopsy score are the main predictor varia-
bles for pathologic outcome after radical surgery 
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(4). Some recent studies have suggested that quan-
tifying the volume of the cancer or the number of 
positive biopsy cores can predict the presence of 
metastases, tumor recurrence and mortality of the 
disease (5-9).

The objective of our study was to deter-
mine whether the percentage of positive cores on 
prostate biopsy is useful to predict the probability 
of the presence of the tumor outside the prostate, 
which would have obvious therapeutic and prog-
nostic implications.

MATERIALs AnD METhODs

 This was a retrospective study analyzing 
1787 patients bearing clinical localized prostate 
adenocarcinoma submitted to radical prostatec-
tomy from 1998 to 2011 and who had not received 
any previous treatment.

 All cases were diagnosed by elevated se-
rum PSA or palpable nodule at digital rectal exa-
mination and were diagnosed by ultrasound gui-
ded biopsy, that involved the removal of 8 to 22 
cores (mean 12.5, median 12.0) of each patient. 
All radical prostatectomies were performed by 
the same surgeon (MS) and all the surgical spe-
cimens were examined by the same pathologist 
(KRML). In this review surgical complications 
were not accessed.

 The clinical data collected from patients 
were age, biopsy Gleason score, preoperative PSA 
levels, the number of positive biopsy cores and 
the total number of biopsy samples collected (Ta-
ble-1), that allowed to establish the percentage 

of positive biopsy cores. This last parameter was 
then correlated with the presence of extraprosta-
tic disease, seminal vesicle and/or lymph nodes 
involvement in the final pathologic analysis of 
surgical specimens. Biopsy Gleason scores were 
graded according to the International Society of 
Urological Pathology (ISUP) (10). The specimens 
were processed through the whole-mount me-
thod. The extraprostatic disease was defined as 
the invasion of adipose tissue and/or of the peri-
prostatic neurovascular plexus.

 Patients were categorized by the percenta-
ge of positive cores in groups of ten percent. For 
each category, the chance of the disease extended 
outside the prostate (pT3 N0 or N1) was noticed. 
Subsequently, we analyzed the patients in two 
subgroups, one carrying grade 4 or 5 component 
in the biopsy Gleason score and other without gra-
de 4 or 5 component. In each subgroup the chance 
of extension of the disease outside the prostate was 
calculated for each category of 10% positive cores.

 Summary statistics were used (mean, stan-
dard deviation, maximum and minimum) and 
comparison between the percentage of positive co-
res and extraprostatic disease was made by using 
Student’s t test (11). The tests were performed with 
a significance level of 5%.

 We also created a formula to predict the 
chance of finding tumor outside the prostate based 
on the percentage of positive cores using a logistic 
regression model (12).

REsuLTs

The results are shown in Figures 1 to 3. 
As can be noted, for each 10% of positive cores 
a progressive increase in the risk of extraprosta-
tic disease was observed (Figure-1). This finding 
was observed either in cases without grades 4 or 
5 Gleason component in the biopsy (Figure-2) as 
well as in those with these grades present (Figu-
re-3). Clearly, the risk of extraprostatic disease for 
the same percentage of positive cores was higher 

P=
e (-2,21204+3,17286 x percentage of positive cores)

1+e(-2,21204+3,17286 x percentage of positive cores)
 P=Probability of extraprostatic disease

Table 1 - Clinical data of patients.

N=1787
Mean

(standard deviation)

Age 61.43 (7.93)

Gleason score 6 (1.19)

PSA value 7.37 (5.59)

Total number of biopsy samples collected 12.58 (4.70)

Number of positive biopsy cores 3.94 (2.79)

Percentage of positive biopsy cores 34.0%

Percentage of extraprostatic disease 24.5%

Percentage of lymph nodes involvement 9.0%

Percentage of seminal vesicle involvement 1.2%
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figure 1 - Chance of extraprostatic disease according to the percentage of positive biopsy cores for all patients.

figure 2 - Chance of extraprostatic disease in patients without grade 4 or 5 component in the biopsy Gleason score.

in cases with grades 4 or 5 present in the biopsy 
(figures 2 and 3).

As can be seen in the Table-2 the mean 
percentage of positive cores is statistically higher 
in cases with tumor outside the prostate (pT3 or N1) 

than in cases with tumor confined to prostate (pT2) 
(p<0.001).

The formula found for predicting the pro-
bability of the tumor extended outside the prostate 
to all patients according to percentage of positive 
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figure 3 - Chance of extraprostatic disease in patients with grade 4 or 5 in the biopsy Gleason score.

Table 2 - Correlation between the percentage of positive biopsy cores and the pathologic stage in patients with and without 
grade 4 or 5 component in biopsy Gleason escore.

Group Pathologic stage Nº Patients Mean positive cores (%) P Value

With
GL 4 or 5

pT2

pT3 or N1

890
177

26.6
38.2

p<0.001

Without
GL 4 or 5

pT2

pT3 or N1

429
283

19.4
25.4

P<0.001

All Patients pT2

pT3 or N1

1324
463

19.4
24.6

p<0.001

{ {
{ {

{ {

biopsy cores is as follows bellow. The number e 
is an important mathematical constant that is the 
base of the natural logarithm. It is approximately 
equal to 2.71828.

DIsCussIOn

According to the present study, the higher 
the percentage of positive biopsy cores, the higher 
the chance to find tumor outside of the prostate 
and this finding is more prominent when biopsies 
show grade 4 or 5 component in the Gleason score.

 Our results are reinforced by the large num-
ber of patients included in the study. In addition, 
all radical prostatectomies and pathologic analysis 
were performed by the same surgeon and patholo-
gist allowing a better standardization of our data. 
However there were some limitations in the present 
study. In some patients a smaller number of total 
cores was retrieved, but the total sample was always 
greater than six. It would be more accurate if all 
biopsies involved a large number of cores, since the 
extended biopsies are superior to the outdated sex-
tant technique for detection of prostate cancer (13-
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17). Moreover, the biopsies were not performed by 
the same physician. Additionally, the formula which 
was described is not simple for routine use in the 
routine clinical practice. However it can be used for 
calculating the probability of extraprostatic disease 
in a future nomogram.

 Leite et al. in 2003 demonstrated the im-
portance of determining the volume of the tumor 
when used in conjunction with the Gleason histo-
logical score, but the overall extent of tumor in the 
positive cores appeared to be the most informative 
of all parameters studied (18). In 2005, Antunes et 
al. demonstrated the usefulness of the percentage of 
positive cores to determine the recurrence of prosta-
te cancer (7). Later, this group observed that the per-
centage of positive cores is the best method among 
the different parameters to determine the tumor vo-
lume (6).

 The percentage of positive cores has been 
associated with tumor pathological features, bio-
chemical recurrence, distant metastases, overall sur-
vival, capacity to determine extraprostatic exten-
sion of tumor and lymph node invasion, but most of 
these studies have some shortcomings such as small 
sample size and short term patients’ follow-up (11-
18). Consequently, the use of serum PSA, clinical 
stage and Gleason score to predict the probability of 
the tumor extending outside the prostate still persist 
as useful prognostic tools up to the present days (4).

 We hope that with this study the percentage 
of positive cores can be incorporated to the clini-
cal practice to aid in the proper staging of disease, 
improving the therapeutic planning and the ou-
tcome of patients with clinically localized prostate 
cancer. As is well known, the prognosis of patients 
with disease outside the prostate is gloomy (19) and 
justifies changes in treatment strategy to improve 
patients’ outcome.

 In conclusion, the results of the present stu-
dy suggest that the inclusion of the percentage of 
positive biopsy cores in the construction of preope-
rative nomograms allows a better staging of the di-
sease in patients with apparently localized prostate 
cancer and can help the treatment strategy decision.
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Purpose: To evaluate continence after radical prostatectomy in prostate cancer pa-
tients, in whom a new method of the bladder neck reconstruction (BNR) using deep 
dorsal stitch was implemented (deep single stitch through all bladder layers directly 
dorsal to the bladder opening after “tennis racket” reconstruction) and to provide jus-
tification for its use by means of anatomical study in cadavers.
Material and Methods: Open radical retropubic prostatectomy was performed in 84 
patients: 39 patients with a new BNR method used to improve continence and control 
group of 45 patients with standard “tennis racket” BNR. Median follow-up was 14 
months in control group and 12 months in study group. Continence recovery was 
accessed early postoperatively and every 3 months thereafter. Anatomical study was 
performed on 2 male fresh cadavers reproducing two different BNR techniques to cla-
rify any underlying continence related mechanisms.
Results: Patients with new BNR achieved full continence significantly faster (p=0.041), 
but the continence rates after 12 months were similar between groups. The severity of 
incontinence up to month 9 was significantly reduced in BNR group. The anastomo-
tic stricture rate was not affected. Applying new BNR to the cadaver model revealed 
effects on early continence, namely presence of proximal passive closure mechanism 
in area of bladder neck.
Conclusions: Continence in patients with the new BNR method using deep dorsal stitch 
recovered significantly faster. Moreover, a reduced grade of residual incontinence was 
documented. The effect was non-significant at month 12 of follow-up, meaning that 
only early effect was present.
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InTRODuCTIOn

Prostate cancer is one of the most common 
cancers in men. It has the highest incidence among 
other cancers and is in third place in the structure of 
cancer related male mortality in Europe (1). Many 
patients are in need of radical treatment every year. 
The most common types of applied treatments with 

curative intent are radical prostatectomy and radia-
tion therapy with the surgical treatment being most 
common in every day practice (2).

 Among the main clinical problems related 
to the surgical treatment of prostate cancer are ear-
ly and late complications which arise shortly after 
operation, namely urinary incontinence and erectile 
dysfunction, which affect more than 50% patients 
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(3, 4), negatively affecting the quality of life in a 
prolonged and sometimes irreversible manner. The 
post-operative incontinence can last more than 1 
year after the operation in up to 10% of the patients 
(4, 5), significantly impairing the social functioning 
in this mostly very active contingent of patients.

 The imperfect nature of the radical pros-
tatectomy with regard to the urinary continen-
ce was object for intense investigations, mainly 
with an urgent task to improve the operational 
technique in order to preserve continence in the 
majority of patients (6, 7). One group of tech-
nical methods, which could potentially improve 
continence after radical prostatectomy is blad-
der neck reconstruction, that were investigated 
in small mainly underpowered studies with an 
overall tendency to improve the continence early 
after operation with no differences in general af-
ter one year. (8-15).

 The aim of this investigation was to eva-
luate the functional outcomes of radical prosta-
tectomy in terms of urinary continence in patients 
with prostate cancer, in whom a new method of 
bladder neck reconstruction (BNR) with a deep 
dorsal stitch was applied, and also to find the 
potential underlying mechanisms for the efficacy 
of the BNR using an anatomic model.

MATERIALs AnD METhODs

 This is a controlled clinical study with pros-
pectively collected data performed in 84 consecuti-
ve male patients. All patients underwent open ra-
dical retropubic prostatectomy due to the presence 
of histologically confirmed localized prostate cancer 
of all clinical risk groups (cT1-cT3N0M0, any PSA, 
any preoperative Gleason score). In 39 patients a 
new method of bladder neck reconstruction using a 
deep dorsal stitch was used, aimed to improve the 
functional outcomes (urinary continence) after ra-
dical prostatectomy. Another 45 patients, in whom 
a standard reconstruction using “tennis racket” was 
implemented, were used as a control group. All 
patients were operated on in the period of 2008-
2010 years in a high-volume uro-oncological center 
(Urology Clinic of Military Medical Academy, Saint-
-Petersburg, Russia) by a single surgeon (S.P.) with 
a background of approximately 400 open radical 

prostatectomies and 10 years of experience with 
this operation. The two patient groups included 
in this study represented two consecutive series 
(operations on patients in control group were 
performed earlier than in the new BNR group). 
Only those patients in whom the nerve bundles 
were not preserved were included into analysis 
for the conceptual isolation of the new BNR me-
thod. Formally, part of the patients included in 
the study had the indications for nerve sparing, 
but this technique was not applied as it was only 
recently introduced in clinical practice and was 
not performed at that moment in all patients.

 Preoperative staging was performed ac-
cording to the current European Association of 
Urology guidelines. All patients included in the 
study were continent prior to operation.

Description of the standard method of the BNR
 After removal of the prostate with the retro-

grade dissection technique (release of the apex, tran-
section of urethra, retrograde ligation of vascular pe-
dicles, dissection of prostate off the bladder) eversion 
of the bladder mucosa was performed and bladder 
neck was narrowed with the use of running Vycril 
2/0 suture from the dorsal edge of the bladder neck 
opening resulting from prostate removal (so-called 
“tennis racket” reconstruction, Figure-1, A-D). Addi-
tional single stitch (Vycril 2/0) was used to appro-
ximate the dorsal part of the rhabdosphyncter and 
the remaining portion of the vesico-prostatic muscle 
dorsal to the bladder neck (Rocco stitch (16). Anas-
tomosis was created using 4 to 7 single sutures of 
Vycril 3/0 (median 5 stitches).

Description of the new method of the BNR (BNR 
using deep dorsal stitch)

 After removal of the prostate a standard 
“tennis racket” tapering was made as described 
above. Then a BNR using deep dorsal stitch was 
performed (Figure-1, A-F; Figure-2). A deep stitch 
was applied at the posterior semi-circumference of 
the previously created “tennis racket” with a polyfi-
lament absorbable material (Vycril 0) through all 
layers of the bladder wall over the previous narro-
wing suture. During the tightening of this stitch, a 
bougie 28Ch was introduced into the bladder cavity 
to prevent a possible contraction of the aperture. 
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figure 1 - Consecutive steps of bladder neck reconstruction using the standard and deep stitch techniques: A) Direct view of 
bladder neck after removal of prostate specimen; B) Mucosa eversion; C, D) ‘tennis racquet’ reconstruction of the bladder 
neck; E) placing of the deep stitch dorsally to the bladder neck orifice through all layers of the bladder wall; f) The final view 
of bladder neck after reconstruction.

Images A-D are the steps of the standard technique, A-F - the steps of the technique under investigation.

A

C

E

B

D

f

After tightening the stitch the bougie was removed 
and anastomosis was finished equally as described 
for the standard method.

 With this deep dorsal stitch the opening of 
the bladder neck was compressed by the surroun-
ding tissues but without reducing the diameter of 
the orifice (Figures 1 and 2).

 This technique of BNR was suggested by 
Sonny Schelin (Kalmar County Hospital, Kalmar, 
Sweden).

Postoperative follow-up
The continence status was evaluated at 6 con-

trol time points–within 1 week after catheter removal 
and at 1, 3, 6, 9 and 12 months after operation.

The evaluated parameters were:
1. Question: Is full continence achieved?
2. Number of the incontinence pads used 

per day.
3. Assessment using questionnaire ICIQ-

-UI SF (International Consultation on 
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Incontinence Questionnaire Urinary 
Incontinence Short Form) in a ver-
sion, validated for Russian language.

Full continence was strictly defined as 
full absence of urine leakage. All patients were 
controlled for residual volume (ultrasound), de-
crease in the micturition velocity (uroflowmetry, 
Qmax), and for the newly arising lower urinary 
tract symptoms during follow-up.

Ethical issues
Institutional review board and ethical 

committee of the Military Medical Academy 
(Saint-Petersburg, Russia) approved this study.

Anatomical study
Anatomical study was performed on two 

fresh male cadavers with documented reason of de-
ath demonstrating no link to the lower urinary tract, 
which were used to reproduce all steps of radical pros-

tatectomy using both BNR methods under investiga-
tion. The intention was to identify anatomical factors, 
which could pre-determine the efficacy of the BNR 
with regard to the urinary continence after radical 
prostatectomy. Anatomical study was covered by the 
permission of the ethic commission.

statistics

 Statistical analysis was performed using 
the STATISTICA 8.0 software (StatSoft, Tulsa, 
USA). Life tables and Kaplan-Meyer analysis 
were used to compare continence recovery in pa-
tients with standard technique and deep stitch 
technique under investigation.

REsuLTs

Median follow-up for the patients after 
radical prostatectomy was 14 months in the stan-
dard BNR group and 12 months in the group of 

figure 2 - schematic representation of the steps of the bladder neck reconstruction using deep stitch technique: A) Bladder 
neck view after formation of classic ‘tennis racket’; B) Deep stitch is made dorsally to bladder orifice through all layers of the 
bladder wall; C) Tightening of the suture results in the tissue shift, which represents a formation of proximal passive closure 
mechanism (compression of the bladder neck orifice with surrounding tissues without reducing the diameter). A bougie (*) 
should be introduced into the bladder neck to prevent substantial shrinkage of the tissues during the tightening of the suture.

A

B

C
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Table 1 - preoperative characteristics of the patients (by groups).

Parameter Study Group
(n=39)

Me (Q25; Q75)

Control Group
(n=45)

Me (Q25; Q75)

p-level

Age, years 60.1±4.71 60.3±6.51 0.851

Prostate volume (Ultrasound), mL 31 (20.9; 36.3) 34 (22; 48) 0.202

Total PSA, ng/mL 7.5 (5.3; 11.2) 9.4 (6.1; 15.0) 0.117

Division of patients based on Gleason sum, pts. (%)

2-4 3 (7.7) 7 (15.6) 0.353

5-7 32 (82.1) 36 (80.0)

8-10 4 (10.2) 2 (4.4)

Division of patients based on clinical stage, pts. (%)

cT1c 22 (56.4) 21 (46.7) 0.682

cT2a 2 (5.1) 3 (6.7)

cT2b 5 (12.8) 3 (6.7)

cT2c 5 (12.8) 7 (15.6)

cT3a 3 (7.7) 8 (17.8)

cT3b 2 (5.1) 3 (6.7)

1 Mean ± Standard deviation

the patients with the new reconstruction techni-
que using deep dorsal stitch.

Preoperative and perioperative clinical pa-
rameters are shown in Tables 1 and 2. The patient 
groups had no significant differences in age, pros-
tate volume, total PSA level, biopsy results, clini-
cal stage of prostate cancer (cT-stage), estimated 
blood loss and duration of pelvic drainage.

Operation time showed statistically signi-
ficant differences between the groups with lon-
ger duration in the control group (p=0.044). This 
fact was probably related to the consecutive na-
ture of the patients.

The duration of catheterization tended to 
be longer in the control group. This was related 
to the change in institutional guidelines during 
the period of study regarding the initial necessity 
of the extended catheterization time in all pa-
tients after prostatectomy.

The results of the follow-up regarding 
urinary continence are summarized in Table-3. A 
higher percent of patients submitted to the new 
method of BNR achieved full continence early af-
ter catheter removal, at months 1 and 3, with a 
clear positive trend at month 6, when compared 
to the standard BNR. Starting from the month 
9 this difference was no more observable. The 
analysis of time to full continence was also car-
ried out using life tables and Kaplan-Meier cur-
ves (Figure-3). The Kaplan-Meier curves data for 
full continence achievement were analyzed using 
Gehan-Wilcoxon criteria, which showed a statis-
tically significant difference in favor of the new 
BNR technique (p=0.041). In conclusion, the new 
method of BNR led to achievement of full conti-
nence faster, but the continence rates by the end 
of the study follow-up (12 months) were similar 
between the groups. Two patients in study group 
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Table 2 - perioperative characteristics of the patients (by groups).

Parameter Study Group
(n=39)

Me (Q25; Q75)

Control Group
(n=45)

Me (Q25; Q75)

p-level

Operation time, min 180 (150; 205) 200 (180; 250) 0.044

Estimated blood loss, mL 300 (200; 500) 300 (200; 500) 0.635

Type of suture material for anastomosis

pts. (%) 36 (92.3) 41 (91.1)

Vycril 3/0 0 1 (2.2) 0.074

Vycril 2/0 3 (7.7) 0

Monocryl 3/0
PDS 2/0

0 3 (6.7)

Duration of catheterization, days 12 (10; 13) 13 (12; 15) 0.038

Urinary extravasation1 according to cystography, pts. 
(%)

8 (20.5) 12 (26.6) 0.188

Duration of pelvic drainage, days 6 (4; 8) 6 (4; 7) 0.649

1 mostly very small extravasation pattern not warranting prolonged catheterization.

Table 3 - Continence status of the patients and incontinence severity during the follow-up period (by groups).

Timepoint/Parameter Study Group
(n=39)

Control Group
(n=45)

p-level

patients: incontinent/total on follow-up (percent of fully continent patients)1

1-7 days after catheter removal 28/39 (28.2%) 38/45 (15.6%) 0.159

1 month after operation (OP) 22/39 (43.6%) 33/45 (26.7%) 0.01

3 months after OP 14/35 (60.0%) 28/45 (37.8%) 0.02

6 months after OP 7/32 (78.1%) 16/45 (64.4%) 0.175

9 months after OP 5/32 (84.4%) 8/45 (82.2%) 0.77

12 months after OP 2/32 (93.8%) 4/45 (91.1%) 0.670

ICIq-uI sf, points (Me (q25; q75)

1-7 days after catheter removal 10 (9; 13.5) 15 (13; 17) <0.001

1 month after OP 10 (9; 13) 15 (13; 16) <0.001

3 months after OP 9 (8; 10) 14 (12; 15) <0.001

6 months after OP 9 (9; 13) 12 (10; 13.5) 0.077

9 months after OP 9 (9; 10) 12.5 ([10; 13.5) 0.048

12 months after OP 10.5 (7; 14) 13 (10.5; 13.5) 0.817

pads per day (Me (q25; q75)

1-7 days after catheter removal 1 (1; 2) 2 (2; 3) 0.001

1 month after OP 1 (1; 2) 2 (2; 2) <0.001

3 months after OP 1 (1; 1) 2 (1.5; 2) 0.003

6 months after OP 1 (1; 1) 2 (1; 2) 0.033

9 months after OP 1 (1; 1) 1 (1; 2) 0.558

12 months after OP 1 (1; 1) 1.5 (1; 2.5) 0.345

1 part of the patients by this time point was excluded from the analysis without achieving continence because of short follow-up period.
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figure 3 - kaplan-Meyers curves for the continence restoration in the studied patient groups. Group 1) new method of BnR 
using deep dorsal stitch, Group 2) standard BnR using “tennis racket” technique.

and 4 in control group didn’t achieve full conti-
nence by the end of the first year (p>0.05).

The analysis shows that the severity of 
the incontinence in patients who were still in-
continent (determined by the ICIQ-UI SF questio-
nnaire in a week after catheter removal, at 1, 3, 
6, 9 and 12 months) was significantly different in 
both groups favoring the study group (Table-3). 
But the difference was no longer significant by 
month 12. The similar trend was observed for the 
pad usage in favor of the study group with the 
new method of BNR.

The rate of BNR complication (stric-
ture of the vesico-urethral anastomosis) was 
also analyzed. The stricture was diagnosed in 
7.7% and 8.8% of the patients in the study and 
control groups respectively by the end of the 
follow-up period (p>0.05). All cases except one 
required urethral dilation for the stricture. The-
re were no cases of acute or chronic urinary 
retention or urine flow deterioration except on 
the patients with stricture of vesico-urethral 
anastomoses in both groups.

As an extension of our study we have 
performed an anatomic model of the new and 
standard techniques of the bladder neck recons-
truction using fresh cadaver material (Figure-4). 
The final outside-inside views of the bladder 
neck using deep dorsal stitch and standard BNR 
methods are presented in Figure-4. The principal 
difference between these two methods of bladder 
neck reconstruction was that bladder neck ori-
fice after reconstruction was wide and open in 
“tennis racket” BNR and closed and compressed 
by the surrounding tissues in case of the deep 
stitch new technique. This compression did not 
cause shrinkage of the diameter of the bladder 
neck opening, and therefore did not predispose 
to bladder neck stricture. We concluded that, pla-
cing a deep stitch dorsally to the bladder neck 
led to a formation of a proximal passive closure 
mechanism, which enabled to control small in-
creases in intra-abdominal pressure preventing 
urine leaks during non-intense physical activity 
(changing body position, cough etc.). This con-
cept was proven, when the bladder after BNR 
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and before finalizing anastomosis was filled with 
fluid and a gradually rising pressure was applied 
to the bladder wall, simulating increases in intra-
-abdominal pressure. It was obvious that when 
little pressure was applied there was no leakage 
with the new technique, while the BNR using the 
“tennis racket” tended to leak independently of 
the pressure magnitude.

DIsCussIOn

The method of BNR using deep dorsal 
stitch that was investigated in our study could 
be considered as one of the bladder neck re-
construction techniques used in prostatectomy. 
Among these techniques the tubularization of 
the bladder neck using the circular flap, bladder 
neck invagination, bladder neck plication and 
intussusception (8-15) are commonly used in cli-
nical practice for decades. The efficacy of these 
techniques was not confirmed in large prospecti-
ve studies, though their use is rational from the 

anatomical point of view. Published long term 
outcomes are limited. Few studies mentioned 
the increased risk of complications inherent to 
more aggressive techniques of bladder neck re-
constructions tubularization (13). The method of 
BNR using a deep dorsal stitch is technically and 
conceptually close to the intussusception tech-
nique of Walsh P. et al. (10) and to the plication 
technique of Lee et al. (11). Nevertheless, direct 
comparison of these methods to the deep dorsal 
stitch method is hard to do, while the anatomical 
justification of the potential efficacy is lacking.

In our study we have used the anatomic 
model in cadavers to elucidate the underlying 
anatomical mechanisms of the deep dorsal stitch 
BNR application, which according to our study 
led to better early continence control after radi-
cal prostatectomy. The results provide a possible 
explanation for the early restoration of continen-
ce (Figure-4). The presence of so called proximal 
passive closure mechanism in the area of the bla-
dder neck opening was implemented through the 

figure 4 - Anatomical justification for the efficacy of the new bladder neck reconstruction technique. A view into the bladder 
cavity: A and B) wide open bladder neck orifice by the standard reconstruction (‘tennis racquet’); C and D) The orifice is closed 
by the surrounding tissues, in fact is situated within the tissues (passive proximal closure mechanism due to compression by 
the surrounding tissues without any changes in the diameter of the bladder neck orifice).

A

C

B

D
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compression by surrounding tissues. On the con-
trary, a wide opening of the bladder neck could 
be seen in patients submitted to standard techni-
que of BNR, free for pressure transmission from 
the bladder cavity to the urethra.

Deep stitching through all layers dorsally 
to the opening of the bladder neck didn’t chan-
ge the diameter of the outflow orifice. The ab-
sence of shrinkage was prevented by the inser-
tion of the bougie in the bladder cavity before 
tightening the stitch. Nevertheless, this technique 
could raise some concerns regarding the increa-
sed risk of anastomosis stricture. However this 
was not observed in our patients. In the described 
limited follow-up period the rate of anastomo-
sis stricture in the group that received the new 
BNR technique was low (7.7%) and comparable 
to the standard group rate (8.8%) and to the rates 
(2.1-10.9%) reported in the contemporary litera-
ture (17, 18). Moreover, it could be stated that the 
highest risk for the development of anastomotic 
stricture is present in the first postoperative year 
(17, 19), which is within our follow-up period for 
the majority of the patients.

According to the opinion of many urolo-
gists, the bladder neck zone after prostatectomy 
doesn’t play a significant role in urinary conti-
nence (7-20, 21). The proponents of this theory su-
ggest that achievement of continence is a question 
of time, which is necessary for the distal sphincter 
complex to take over the function of the proximal 
one. We believe that early after operation (up to 
6 months) a passive proximal closure mechanism 
could be beneficial for the continence restoration 
and could compensate at least partially the chan-
ges in abdominal pressure related to the activi-
ty of the patient, responsible for post-operative 
incontinence. Later on, structural and functional 
adjustments of the distal sphincter are a much 
more important issue in all patients, which could 
account for the absence of significant difference 
in the continence rates between the investigated 
groups by the month 12 of the follow-up.

In our study we have used ICIQ-UI SF 
questionnaire for the evaluation of the patients, 
which is a reliable tool to measure the continence 
status and a subjective reaction to incontinence 
(22-24). The results of the analysis show that the 

differences in the ICIQ-UI SF scores were signi-
ficant between the groups in the first 6 months 
of the follow-up. Later the difference is non-sig-
nificant, which probably relates to the fact that 
the number of patients still being incontinent 
is reduced and by the end of follow-up in both 
groups only the patients who had a severe incon-
tinence from the start remained incontinent. This 
was probably due to the initially low functional 
reserve of the distal sphincter complex.

The obvious limitation of this study is the 
absence of nerve sparing in our patients, which 
is nowadays a standard part of the radical pros-
tatectomy, whenever possible. However, it can be 
stated that the relationship of nerve sparing and 
continence-related functional results is uncertain 
and the effect of one side nerve preservation is 
also vague. Other limitations of the study are the 
relatively small number of patients in both groups, 
the consecutive nature of the cases and non-ran-
domized design. Our study was carried out using 
the controlled before-and-after intervention stu-
dy design. Given that all operations were perfor-
med by one surgeon, nevertheless some concerns 
could arise with regard to the consecutive nature 
of the cases and therefore possible differences in 
the outcome in favor of second group related to 
the gain of experience by the surgeon. However, 
we consider that the influence of this factor was 
minimal. The surgical experience of the opera-
ting urologist at the moment of the study embra-
ced approximately 400 procedures, which exceed 
the average number of procedures to achieve the 
plateau on the learning curve, according to the 
recently published meta-analysis (25). Moreover, 
the number of procedures included in the study 
was not enormous to disclosure substantial expe-
rience-related differences. And also the observed 
substantial shift towards the better continence in 
the study group early after operation could be 
hardly explained only by virtual improvement in 
surgical experience.

COnCLusIOns

The safety and efficacy of the new me-
thod of bladder neck reconstruction using a deep 
dorsal stitch was documented by this study. An 
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improved early continence was proven, compa-
red to the standard technique of bladder neck re-
construction using a “tennis racket”. The possible 
explanation for this clinical effect could be the 
presence of proximal passive closure mechanism 
at the level of bladder neck, which probably pro-
moted continence until the distal sphincter com-
plex could take over.

ABBREvIATIOns

BNR = Bladder neck reconstruction
ICIQ-UI SF = International Consultation on In-
continence Questionnaire Urinary Incontinence 
Short Form
PSA = Prostate-Specific Antigen

COnfLICT Of InTEREsT

None declared.
 
REfEREnCEs

1. Ferlay J, Steliarova-Foucher E, Lortet-Tieulent J, Rosso 
S, Coebergh JW, Comber H, et al. Cancer incidence and 
mortality patterns in Europe: estimates for 40 countries in 
2012. Eur J Cancer 2013;49:1374−403.

2. van Tol-Geerdink JJ, Willem Leer J, Weijerman PC, van 
Oort IM, Vergunst H, van Lin EN, et al. Choice between 
prostatectomy and radiotherapy when men are eligible for 
both: a randomized controlled trial of usual care vs decision 
aid. BJU Int. 2013;111:564-73.

3. Galvin DJ, Eastham JA. Critical appraisal of outcomes 
following open radical prostatectomy. Curr Opin Urol. 
2009;19:297-302.

4. Prabhu V, Sivarajan G, Taksler GB, Laze J, Lepor H. Long-
term continence outcomes in men undergoing radical 
prostatectomy for clinically localized prostate cancer. Eur 
Urol. 2014;65:52-7.

5. Jeong SJ, Kim HJ, Kim JH, Oh JJ, Lee SC, Jeong CW, et 
al. Urinary continence after radical prostatectomy: predictive 
factors of recovery after 1 year of surgery. Int J Urol. 
2012;19:1091-8.

6. Kojima Y, Takahashi N, Haga N, Nomiya M, Yanagida T, 
Ishibashi K, et al. Urinary incontinence after robot-assisted 
radical prostatectomy: pathophysiology and intraoperative 
techniques to improve surgical outcome. Int J Urol. 
2013;20:1052−63.

7. Cambio AJ, Evans C. Minimising postoperative incontinence 
following radical prostatectomy: considerations and 
evidence. Eur Urol. 2006;50:903−13.

8. Seaman EK, Benson MC. Improved continence with 
tubularized bladder neck reconstruction following radical 
retropubic prostatectomy. Urology 1996;47:532−5.

9. Poon M, Ruckle H, Bamshad BR, Tsai C, Webster R, 
Lui P. Radical retropubic prostatectomy: bladder neck 
preservation versus reconstruction. J Urol. 2000;163:194–
8.

10. Walsh PC, Marschke PL. Intussusception of the 
reconstructed bladder neck leads to earlier continence after 
radical prostatectomy. Urology 2002;59:934−8.

11. Lee DI, Wedmid A, Mendoza P, Sharma S, Walicki M, 
Hastings R, et al. Bladder neck plication stitch: a novel 
technique during robot-assisted radical prostatectomy to 
improve recovery of urinary continence. J Endourol. 2011; 
25:1873−7.

12. Connolly JA, Presti JC Jr, Carroll PR. Anterior bladder neck 
tube reconstruction at radical prostatectomy preserves 
functional urethral length--a comparative urodynamic 
study. Br J Urol. 1995;75:766−70.

13. Steiner MS, Burnett AL, Brooks JD, Brendler CB, Stutzman 
RE, Carter HB. Tubularized neourethra following radical 
retropubic prostatectomy. J Urol. 1993;150:407−9.

14. Wille S, Varga Z, von Knobloch R, Hofmann R. 
Intussusception of bladder neck improves early continence 
after radical prostatectomy: results of a prospective trial. 
Urology 2005;65:524−7.

15. Sakai I, Harada K, Hara I, Eto H, Miyake H. Intussusception 
of the bladder neck does not promote early restoration 
to urinary continence after non-nerve-sparing radical 
retropubic prostatectomy. Int J Urol. 2005;12:275−9.

16. Rocco F, Luca Carmignani L, Acquati P, Gadda F, Dell’Orto P, 
Rocco B, et al. Early continence recovery after open radical 
prostatectomy with restoration of the posterior aspect of 
the rhabdosphincter. Eur Urol. 2007;52:376–83.

17. Shimizu T, Takahashi A, Ichihara K, Shinkai N, Ikeda T, 
Nojima M, et al. Anastomotic stricture following radical 
retropubic prostatectomy: insights into incidence, 
management and factors predisposing for occurrence. 
Nihon Hinyokika Gakkai Zasshi. 2012;103:604−9.

18. Wang R, Wood DP Jr, Hollenbeck BK, Li AY, He C, 
Montie JE, et al. Risk factors and quality of life for post-
prostatectomy vesicourethral anastomotic stenoses. 
Urology 2012;79:449−57.

19. Ouzaid I, Xylinas E, Ploussard G, Hoznek A, Vordos D, 
Abbou CC, et al. Anastomotic stricture after minimally 
invasive radical prostatectomy: what should be expected 
from the Van Velthoven single-knot running suture? J 
Endourol. 2012;26:1020−5.



ibju | A new technique of blAdder neck reconstruction

465

20. Paparel P, Akin O, Sandhu JS, Otero JR, Serio AM, 
Scardino PT, et al. Recovery of urinary continence after 
radical prostatectomy: association with urethral length 
and urethral fibrosis measured by preoperative and 
postoperative endorectal magnetic resonance imaging. Eur 
Urol. 2009;55:629−37.

21. Kordan Y, Alkibay T, Sozen S, Bozkurt Y, Acar C, Talu T, et al. 
Is there an impact of postoperative urethral and periurethral 
anatomical features in post-radical retropubic prostatectomy 
incontinence? Urol Int. 2007;78:208−13.

22. Karantanis E, Fynes M, Moore KH, Stanton SL. Comparison 
of the ICIQ-SF and 24 hour pad test with other measures for 
evaluating the severity of urodynamic stress incontinence. 
Int Urogynecol J Pelvic Floor Dysfunct. 2004;15:111−6. 

23. Wein AJ. ICIQ: a brief and robust measure for evaluating 
the symptoms and impact of urinary incontinence. J Urol. 
2005;173:908−9.

24. Hajebrahimi S, Corcos J, Lemieux MC. International 
consultation on incontinence questionnaire short form: 
comparison of physician versus patient completion and 
immediate and delayed self-administration. Urology 
2004;63:1076−78.

25. Abboudi H, Khan MS, Guru KA, Froghi S, de Win G, Van 
Poppel H, et al. Learning curves for urological procedures: a 
systematic review. BJU Int. 2014;114:617-29.

_______________________
Correspondence address:

Yuri Tolkach, MD
Urology and Urologic Oncology Clinic

Carl-Neuberg-Str. 1 OE 6240
Hannover, 30625, Deutschland

Fax: +49 511 532 163-449
E-mail: tolkach.iurii@mh-hannover.de



ORIGINAL ARTICLE

466

Anesthesiologic effects of transperitoneal versus extra-
peritoneal approach during robot-assisted radical 
prostatectomy: results of a prospective randomized study
_______________________________________________
Fabrizio Dal Moro 1, Alessandro Crestani 1, Claudio Valotto 1, Andrea Guttilla 1, Rodolfo Soncin 1, Angelo 
Mangano 2, Filiberto Zattoni 1

1 Department of Surgical, Oncological and Gastroenterological Sciences Urology, University of Padova, 
Italy; 2 Department of Anesthesiology, Azienda Ospedaliera di Padova, Padova, Italy

ABsTRACT         ARTICLE InfO______________________________________________________________     ______________________

Objectives: To compare the effects of CO2 insufflation on hemodynamics and oxygen 
levels and on acid-base level during Robot-Assisted Radical Prostatectomy (RARP) 
with transperitoneal (TP) versus extra-peritoneal (EP) accesses.
Materials and Methods: Sixty-two patients were randomly assigned to TP (32) and EP 
(30) to RARP. Pre-operation data were collected for all patients. Hemodynamic, res-
piratory and blood acid-base parameters were measured at the moment of induction 
of anesthesia (T0), after starting CO2 insufflation (T1), and at 60 (T2) and 120 minutes 
(T3) after insufflation. In all cases, the abdominal pressure was set at 15 mmHg. Com-
plications were reported according to the Clavien-Dindo classification. Student’s two-
-t-test, with a significance level set at p<0.05, was used to compare categorical values 
between groups. The Mann-Whitney U-test was used to compare the median values of 
two nonparametric continuous variables.
Results: The demographic characteristics of the patients in both groups were statis-
tically comparable. Analysis of intra-operative anesthesiologic parameters showed 
that partial CO2 pressure during EP was significantly higher than during TP, with a 
consequent decrease in arterial pH. Other parameters analysed were similar in the 
two groups. Postoperative complications were comparable between groups. The most 
important limitations of this study were the small size of the patient groups and the 
impossibility of maintaining standard abdominal pressure throughout the operational 
phases, despite attempts to regulate it.
Conclusions: This prospective randomized study demonstrates that, from the anesthe-
siologic viewpoint, during RARP the TP approach is preferable to EP, because of lower 
CO2 reabsorption and risk of acidosis.
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InTRODuCTIOn

Robot-Assisted Radical Prostatectomy 
(RARP) can be performed via either transperitone-
al (TP) or total extra-peritoneal (EP) approaches. 
There are some contraindications for TP endos-

copic surgery, such as obesity or intraperitone-
al adhesions, which may make the EP approach 
more attractive. EP is also believed to follow open 
surgery principles more closely, because the peri-
toneal cavity is not violated and the peritoneum 
functions as a natural bowel retractor, thereby 
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preventing bowel displacement into the surgical 
field. Another advantage of the EP approach is the 
possibility of decreasing the risk of intra-abdomi-
nal complications such as bowel injury.

 Nevertheless, TP is the most frequently 
used approach to RARP, perhaps because a larger 
working space is created than during EP.

 During laparo-endoscopy, carbon dioxide 
(CO2) insufflation into both peritoneal and extra-
-peritoneal cavities produces a wide range of pa-
thophysiological hemodynamic changes. Vigilan-
ce in monitoring and diligence in management are 
essential in order to prevent complications.

 Although several studies comparing extra/
retroperitoneal and TP approaches for laparoscopic 
or robotic surgical interventions (1) have focused 
on functional and oncological outcomes, the lite-
rature contains few reports on the anesthesiologic 
effects of the two approaches in animal models 
and only one concerning RARP in humans (2).

 This prospective randomized study asses-
ses the effects of EP and TP CO2 insufflation on 
hemodynamic parameters and oxygen transport 
in a group of patients undergoing RARP for pros-
tate cancer.

MATERIALs AnD METhODs

 In this study, 62 patients were randomly 
assigned to TP (32) or EP (30) RARP. Pre-operation 
data, including age, BMI, American Society of An-
esthesiologists class, PSA levels, prostate volume, 
clinical stage and Gleason scores were collected 
prospectively Table-1.

 In order to reduce any confounding factor 
due to heterogeneity among surgeons, this study 
was designed so that, in all cases, two similarly 
experienced surgeons performed the initial ap-
proach (FDM and CV), and another experienced 
surgeon (FZ) performed the actual prostatectomy, 
using a standardized method.

 The time required for each operative step 
was recorded. The following hemodynamic, res-
piratory and oxygen transport parameters were 
measured: pH, partial arterial pressure of oxygen 
(PaO2), partial arterial pressure of CO2 (PaCO2), 
tidal volume, respiratory frequency, ventilation 
pressure, and volume/minute, recorded for each 

patient at the moment of induction of anesthesia 
(T0), after starting CO2 insufflation (T1), and at 60 
(T2) and 120 minutes (T3) after insufflation.

 Complications were defined and graded 
according to the Clavien–Dindo classification (3).

 Exclusion criteria included prior abdom-
inal surgery. In this series there were no patients 
with chronic pulmonary disease included since 
they ideally were not candidate for robotic pros-
tatectomy.

 We received approval of the ethical com-
mittee of the institution and all patients signed a 
consent form.

AnEsThEsIA AnD suRGICAL TEChnIquE

Anesthesia
 Patients’ respiratory rate was set at 10 

breaths per minute. Tidal volume was set at 8-10 
mL/kg and adjusted by means of repeated arterial 
blood gas analyses to maintain PaO2 and pH with-
in the normal ranges of 32-45 mmHg and 7.34-
7.47, respectively.

 To evaluate hemodynamics and gas ex-
change during CO2 insufflation, first arterial blood 
gas analyses were performed at the moment of in-
duction of anesthesia as a baseline value.

 Measurements were taken for heart rate, 
mean arterial blood pressure, and end-tidal CO2. 
Arterial (radial) and central venous (internal jugu-
lar) blood samples were taken for gas analyses of 
PaO2, PaCO2 pressure, and mixed venous oxygen 
saturation.

surgical technique

EP approach
 Under general anesthesia, the patient was 

placed in the Trendelenburg position (20°) with 
legs apart. A 20-Fr Foley catheter was inserted 
into the bladder. The skin was incised transversely 
just below the umbilicus. The anterior rectus sheet 
was incised vertically over 1 cm. The pre-peri-
toneal space was then freed by finger dissection 
and further developed with a balloon trocar (Tyco, 
Norwalk, CN), inflated by 20−24 pumping actions 
until the extra-peritoneal space was appropri-
ately created. The first 8-mm robot trocar (Intui-
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tive Surgical, Sunnyvale, CA) on the left side was 
bluntly introduced about four fingers laterally to 
the sub-umbilical incision, on the line joining the 
incision and the left anterior iliac crest. The 12-
mm optic trocar was then introduced and insuf-
flation was started (intra-abdominal pressure 15 
mmHg). Inspection of the extra-peritoneal space 
was performed with the 0° 3D da Vinci® camera. 
Under direct vision, the camera itself can be used 
to increase the size of the extra-peritoneal space 
by being made to sweep the peritoneal borders 
gently latero-cranially. The second 8-mm robot 
trocar can be placed under visual control in or-
der to reflect the previously placed one. The 12-
mm assistant trocar on the right side was placed 
cranio-medially to the right anterior iliac crest. 
Another 8-mm robot trocar was placed under vi-
sion on the left side, cranio-medially to the left 
anterior iliac crest for the fourth arm of the robot. 

The 5-mm assistant trocar for the suction device 
was placed in between, about 2 cm cranially to the 
right robotic and the optic trocar. The abdominal 
wall was slightly lifted by the camera-arm trocar 
(“laparo-lift”). Lastly, the robot was docked.

TP approach
 Under general anesthesia, the patient was 

placed in the Trendelenburg position (33º) with 
legs apart. A 20-Fr Foley catheter was inserted 
into the bladder. The skin was incised vertically 
just above the umbilicus. The anterior rectus sheet 
was incised vertically over 1 cm. The 12-mm optic 
trocar was then introduced and a pneumoperito-
neum was created (intra-abdominal pressure 15 
mmHg). Inspection of the abdominal cavity was 
performed with the 0º 3D da Vinci® camera. Then 
the first 8-mm robot trocar on the right side was 
placed under vision, about four fingers laterally 

Table 1 - Demographic and clinical characteristics of extra-peritoneal and transperitoneal robot-assisted radical prostatectomy.

EP Approach TP Approach p value

Age

Mean (SD) 61.3 (±6.57) 64.09 (±6.56) 0.103

AsA class (%)

I-II 100% 100% 1

III-IV 0 0

BMI (kg/m2)

Mean (SD) 25.91 (±2.56) 26.9 (±3.23) 0.588

pre-operative psA (ng/mL)

Mean (SD) 6.71 (±3.99) 7.59 (±4.04) 0.469

prostate volume (cc)

Mean (SD) 39.16 (±16.95) 43.52 (±13.33) 0.427

Bioptical Gl. score, n (%)

≤6 19 (63%) 18 (56%)

7 9 (30%) 10 (31%) 0.238

8-10 2 (7%) 4 (13%)

Clinical stage, n (%)

T1c 21 (70%) 27 (84.37%)

T2a 3 (10%) 2 (6.25%) 0.220

T2b 4 (13.3%) 3 (9.37%)

T2c 1 (3.33%) 0

sD = standard deviation; AsA = American Society of Anesthesiologists
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to the supra-umbilical incision on the line joining 
the sub-umbilical incision and the right anterior 
iliac crest. Another 8-mm robot trocar was placed 
specularly to the first one on the left side. A third 
8-mm robot trocar for the fourth robotic arm was 
placed 2-4 inches cranially to the left anterior iliac 
crest. The distance of this trocar to the iliac crest 
depends on the morphology of the patient. A 12-
mm assistant trocar for the suction device and 
Hem-o-lok® positioning was placed in between, 
about 2 cm cranially to the right robotic and the 
optic trocar. Lastly, the robot was docked.

Prostatectomy
 In all cases, standard pelvic lymphadenec-

tomy was performed before prostatectomy. After 
removal of the prostate and before anastomosis, 
the dorsal vein complex was suture-ligated: dur-
ing this phase, intra-cavity pressure was increased 
to 20 mmHg.

statistical analysis

 Student’s two-tailed t-test, with a signif-
icance level set at p<0.05, was used to compare 
the categorical values between groups. The Mann-
Whitney U-test was used to compare the median 
values of two nonparametric continuous variables. 
Statistical significance was p<0.05.

REsuLTs

 The demographic characteristics of pa-
tients in the two groups were statistically compa-
rable Table-1.

 In the EP group, no patient was converted 
to the TP approach because of an unapproacha-
ble Retzius space or technical difficulties. In two 
patients, small lacerations in the peritoneum were 
noted, and procedures were completed extra-peri-
toneally.

 Complications, according to the Din-
do-Clavien Classification, are listed in Table-2, 
showing not statistically significant differences 
between the two groups. No open conversions 
were needed.

 Analysis of the times required for each step 
of RARP only revealed a difference in the time for 
trocar positioning, which was significantly higher 
in EP (mean 31 min; SD±11) than TP (mean 10 
min; SD±2), p<0.001.

 Mean time to perform standard pelvic 
lymphadenectomy was not statistically different 
(p=0.316) between two groups. In EP group was 23 
min (SD±8) and in TP group was 21 min (SD±6).

 Mean total operative time was 146 min for 
EP and 128 min for TP approach, p=0.19.

 Mean estimated blood loss was 220 mL for 
EP and 312 mL for TP approach, p=0.289.

Table 2 - post operative complications according to Clavien-Dindo classification.

EP Approach (30) TP Approach (32) p value

All Grades Overall: 20% Overall: 18.75% ns

Grade I-II Overall: 16.7% Overall: 18.75%

Urinary infections w/o therapy (10%); Blood 
Transfusion (3.3%); Urinary Leakage (3.3%)

Not infectious diarrhea (6.25%); Urinary 
infections w/o therapy (6.25%); Blood 

Transfusion (6.25%)

ns

Grade III Overall: 3.3%

Lymphocele requiring percutaeous drainage 
(3.3%)

- ns

Grade IV - - -

Grade V - - -
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 The heart rate did not change significantly 
during either of the surgical approaches.

Although mean arterial blood pressure and 
cardiac output did increase significantly during 
TP insufflation, although not during EP insuffla-
tion, the differences between the methods were 
not statistically significant.

 Gas exchange parameters are listed in 
Table-3.

 Figure-1 shows changes in PaCO2 (Panel 
A) and blood artery pH (Panel B) during RARP 
with the EP and TP approaches.

 Analysis of intra-operative anesthesiolog-
ic parameters showed that PaCO2 was significantly 
higher during EP than during TP at times T2 and 
T3 (p=0.0125), with a consequent significant de-
crease in arterial pH (p=0.0268). Other parameters 
analysed were similar in both groups.

DIsCussIOn

 In our study analysis of intra-operative 
anesthesiologic parameters showed that partial 
CO2 pressure during EP was significantly high-
er than during TP, with a consequent decrease in 
arterial pH. Furthermore tidal volume was higher 
in EP group although there was not a statistically 
significant difference.

 CO2 absorption during laparo-endoscopic 
surgery is a challenging anesthesiologic problem, 

Table 3 - Gas exchange parameters.

Extra-Peritoneal approach Transperitoneal approach p value

Parameters T0 T1 T2 T3 T0 T1 T2 T3

ph 7.464 7.427 7.376 7.374 7.46 7.448 7.417 7.413 0.0268

paO2 (mmhg) 157 159.2 153 167.3 141.2 143.6 152.3 154.1 0.5963

paCO2 (mmhg) 33.5 37.1 44.7 40.6 33.4 33.8 35.7 36.1 0.0125

Tidal vol. (mL) 651 687 729 764 669 678 682 698 0.0693

Resp. freq. 12 12 13 14 12 12 13 13 0.6459

press.vent. (cmh2O) 16 24 26 29 17 30 30 31 0.0986

pulmonary liters inflated/min 7.7 8.1 9.6 12.6 7.8 8.6 9.2 9.5 0.4732

and may lead to hypercarbia and acidosis. Clear-
ance of CO2 is related to adequate alveolar venti-
lation, and a rapid increase in CO2 levels may be 
compensated by hyperventilation of the lungs.

 Only a small proportion of CO2 is dissolved 
in blood and delivered directly to the lungs.

Most of it combines with water in red 
blood cells to form carbonic acid, which then dis-
sociates into hydrogen and bicarbonate, according 
to the formula:

CO2+H2O↔H2CO3↔H++HCO3

CO2 absorbed through the peritoneum is 
handled in the same manner and, ultimately, is 
eliminated by respiratory exchange in the lun-
gs. While the patient is under general anesthesia, 
minute ventilation volumes must be increased to 
maintain normocarbia.

 Although the increase in PaCO2 is not 
fully compensated by hyperventilation, most he-
althy patients can easily adapt to the increase in 
end-tidal CO2. However, some cannot tolerate the 
increased CO2 load during insufflation, and this 
condition may lead to myocardial depression and 
vasodilation. Conversely, severe acidemia and 
hypercapnia may depress heart performance, se-
condary to decreases in myocardial inotropy (4).

The patient counteracts these effects by 
centrally mediated sympathetic stimulation, which 
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causes persistent increases in blood pressure and he-
art rate, increasing catecholamine concentrations (5).

 In addition, the pneumoperitoneum, becau-
se of direct compression of the diaphragm, leads to 
a significant reduction in forced expiratory volume, 
peak expiratory flow and forced vital capacity, with 
a consequent decrease in pulmonary compliance (6).

 The extent of the hemodynamic effects of 
hypercarbia is also correlated to the patient’s po-
sition: in the Trendelenburg position, abdominal 
contents are pushed against the diaphragm, redu-
cing functional residual capacity and predisposing 
to atelectasis (5). In 1946, Case et al. (7) described a 
15% decrease in lung volume in this position. The 
Trendelenburg position also increases central ve-
nous pressure, myocardial work, pulmonary venous 
pressure (decreasing pulmonary compliance), intra-
-cranial pressure (8) and intra-ocular pressure (9).

Our data concerning hemodynamic changes 
during RARP demonstrate that the EP approach is 
associated with hemodynamic alterations similar to 
those observed during TP access, but with more rapid 
increases in partial CO2 pressure compared with TP, 
starting 1 hour after the beginning of CO2 insufflation.

 Despite substantially comparable operation 
times, and despite a less extreme Trendelenburg po-
sition in the EP approach and theoretically higher 
permeation of the gas into the bloodstream from the 
peritoneal cavity during TP access, in our experien-
ce EP RARP causes a significantly higher absorption 
of CO2 than TP, resulting in more rapid acidosis.

 These findings confirm the results of the 
only reported study comparing CO2 homeostasis du-
ring TP and EP RARP in humans (2): the authors 
reported a more marked acidosis during CO2 insu-
fflation in EP than during TP.

 The mechanisms responsible for these chan-
ges appear to be multifactorial and have not been 
completely clarified.

 One mechanism causing higher EP CO2 re-
absorption may be direct intra-vascular uptake of 
CO2, perhaps facilitated, as suggested by Glascock 
et al. (10), by the disruption of microvascular and 
lymphatic channels during the creation of an extra-
-peritoneal cavity.

Another less well-known element playing a 
role in CO2 absorption may be the use of a suction de-
vice during TP: repeated suction during the operation 
causes a cyclic decrease-increase in intracavity pres-
sure, which is less pronounced in the peritoneal cavi-
ty because of the larger space, in which suction leads 
to a dramatic and rapid decrease in pressure. Repea-
ted rapid variations in pressure may act as a sort of 
pump which insufflates CO2 into the microvessels of 
the extra-peritoneal cavity, causing gas reabsorption.

 Examining the clinical outcomes of our pa-
tients, in cases of acidosis and hypercarbia, the ven-
tilation parameters were intra-operatively modified 
to maintain values under 30 mmHg and pH>7.3, 
respectively, increasing tidal volume and respiratory 
frequency, and successfully correcting pH alterations 
without complications.

figure 1 - Arterial CO2 pressure (A) and ph (B) during carbon dioxide (CO2) insufflation in Tp (red line) and Ep (blue line) 
groups. Data are presented as means at moment of induction of anesthesia (T0), after starting CO2 insufflation (T1), and at 
60 (T2) and 120 minutes (T3) after insufflation.

*TP vs EP groups, p<0.05.
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 All of our patients performed a pelvic lym-
phadenectomy (PLND) independently to the risk 
group. This step inevitably prolonged the dura-
tion of the procedure in both groups. However the 
extension of the lymphadenectomy has been the 
same in both groups. We performed PLND in all of 
our patients for a prospective study (on going in 
that period) in order to evaluate a new nomogram 
on the risk of nodes metastasis in prostate cancer 
patients. The purpose of the study was to inves-
tigate whether patients actually classified as low 
risk (according to D’Amico risk groups) had in fact 
a risk close to zero to have nodes metastasis and 
to evaluate the predictive power of a new nomo-
gram independently to the core’s number evalua-
ted at the biopsy. Nowadays the guidelines do not 
suggest to perform PLND in all patients because 
of the very low risk of nodes metastasis in low 
risk patients. However the nomograms proposed 
do not evaluate the total number of cores at the 
biopsy but only the percentage of positive cores.

 There are several criticisms of our study: 
one of the most important is the impossibility of 
maintaining standard intra-cavity pressure throu-
ghout the operational phases, despite attempts to 
regulate it.

 In addition, the statistical power of the 
small sample size of the two groups may have 
been insufficient to detect certain differences be-
tween them.

 Nevertheless, our findings bring to the at-
tention-not only of urologists but also of anesthe-
siologists-the possible hemodynamic effects of which 
approach is used for RARP. Although the choice is 
often dictated by the surgeon’s preferences, the above 
data may help to tailor a safer approach for each pa-
tient, preferring when possible TP access, when CO2 
reabsorption could be more dangerous and difficult 
to manage intra-operatively by the anesthesiologist.

 This prospective randomized study demon-
strates that TP and EP RARP are comparable, con-
sidering the times of the single steps of the oper-
ation. From the anesthesiologic viewpoint, during 
RARP the TP approach is preferable, because there 
is less CO2 reabsorption and risk of acidosis. These 
data should consequently be interpreted with cau-
tion, until they can be replicated in other settings 
and in other types of studies.

REfEREnCEs

1. Ficarra V, Novara G, Artibani W, Cestari A, Galfano A, Graefen 
M, et al. Retropubic, laparoscopic, and robot-assisted radical 
prostatectomy: a systematic review and cumulative analysis of 
comparative studies. Eur Urol. 2009;55:1037-63.

2. Meininger D, Byhahn C, Wolfram M, Mierdl S, Kessler P, 
Westphal K. Prolonged intraperitoneal versus extraperitoneal 
insufflation of carbon dioxide in patients undergoing totally 
endoscopic robot-assisted radical prostatectomy. Surg Endosc. 
2004;18:829-33.

3. Dindo D, Demartines N, Clavien PA. Classification of surgical 
complications: a new proposal with evaluation in a cohort of 6336 
patients and results of a survey. Ann Surg. 2004;240:205-13.

4. Youssef MA, Al Mulhim A. Physiologic effects of 
pneumoperitoneum in adults with sickle cell disease undergoing 
laparoscopic cholecystectomy (a case control study). Surg 
Endosc. 2008;22:1513-8.

5. Kanwer DB, Kaman L, Nedounsejiane M, Medhi B, Verma GR, 
Bala I. Comparative study of low pressure versus standard 
pressure pneumoperitoneum in laparoscopic cholecystectomy-
-a randomised controlled trial. Trop Gastroenterol. 2009;30:171-
4.

6. Hasukić S, Mesić D, Dizdarević E, Keser D, Hadziselimović S, 
Bazardzanović M. Pulmonary function after laparoscopic and 
open cholecystectomy. Surg Endosc. 2002;16:163-5.

7. Case EH, Stiles JA. The effect of various surgical positions on 
vital capacity. Anesthesiology. 1946;7:29-31.

8. Park EY, Koo BN, Min KT, Nam SH. The effect of 
pneumoperitoneum in the steep Trendelenburg position on 
cerebral oxygenation. Acta Anaesthesiol Scand. 2009;53:895-9.

9. Awad H, Santilli S, Ohr M, Roth A, Yan W, Fernandez S, et al. 
The effects of steep trendelenburg positioning on intraocular 
pressure during robotic radical prostatectomy. Anesth Analg. 
2009;109:473-8.

10. Glascock JM, Winfield HN, Lund GO, Donovan JF, Ping ST, 
Griffiths DL. Carbon dioxide homeostasis during transperitoneal 
or extraperitoneal laparoscopic pelvic lymphadenectomy: a real-
time intraoperative comparison. J Endourol. 1996;10:319-23.

_______________________
Correspondence address:

Fabrizio Dal Moro, MD
Assistant Professor

Department of Surgical
Oncological and Gastroenterological Sciences-Urology

University of Padova
Via Giustiniani 2,

Padova, 35128, italy
Fax: +3 904 9821-8757

E-mail: fabrizio.dalmoro@unipd.it



ORIGINAL ARTICLE

473

utilization and perioperative complications of laparoscopic 
cryoablation vs. robotic partial nephrectomy for localized 
renal tumors
_______________________________________________
Aaron C. Weinberg 1, Solomon L. Woldu 1, Timothy Wen 2, Christopher M. Deibert 1, Ruslan Korets 1, 
Ketan K. Badani 3

1 Department of Urology, Columbia University College of Physicians and Surgeons, New York NY, USA; 
2 Keck School of Medicine of the University of Southern California, Los Angeles, CA, USA; 3 Department 
of Urology, Mount Saini Medical Center, New York, NY, USA

ABsTRACT         ARTICLE InfO______________________________________________________________     ______________________
Objective: To compare the utilization, perioperative complications and predictors of 
LCA versus RPN in the treatment of localized renal tumors.
Methods: From the Nationwide Inpatient Sample we identified patients undergoing 
RPN or LCA for the treatment of localized renal tumors from October 2008 through 
2010. Patient and hospital-specific factors which predict postoperative complications 
and use of LCA were investigated.
Results: 14,275 patients with localized renal tumors were identified: 70.3% had RPN 
and 29.7% had LCA. LCA was more common in older patient and at hospitals without 
robotic consoles. No difference was identified in perioperative complications (0.2% 
vs. 0.2%), transfusion (5.1% vs. 6.2%), length of stay (2.9 vs. 3.0 days) or median 
cost ($41,753 vs. $44,618) between the groups, LCA vs. RPN. On multivariate analysis 
sicker patients were more likely to have LCA (OR 1.34, p=0.048) and sicker patients 
had greater postoperative complications (OR 3.30, p<0.001); LCA did not predict more 
complications (OR 1.63, p=0.138) and LCA was performed at hospitals without RCs 
(OR 0.02, p<0.001). Limitations include observational study design, inability to assess 
disease severity, operative time, or body mass index, which may affect patient selection 
and outcomes.
Conclusions: More patients had RPN vs. LCA; surgical technique was not predictive of 
postoperative complications. As technology develops to treat localized renal tumors, 
it will be important to continue to track outcomes and costs for procedures including 
RPN and LCA.
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InTRODuCTIOn

In the last decade there has been a rising 
incidence of localized renal tumors largely related 
to the increasing use of cross-sectional abdominal 
imaging (1-3). These masses are often discovered 
incidentally by abdominal ultrasound or cross-
-sectional imaging and they are generally slow 

growing and detected at an earlier stage (4, 5). 
Management options can broadly be classified as 
active surveillance versus ablative or extirpative 
surgery. Nephron sparing (NS) approaches are in-
creasing in utilization compared to the previous 
“gold standard” radical nephrectomies, because 
they offer equal oncologic and functional outco-
mes while preserving normal renal parenchyma 
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(6). NS surgery for the localized renal tumors is 
now the recommended approach whenever possi-
ble by urological guidelines (7).

 In recent years there has been a rising in-
terest in minimally invasive treatment options. 
This includes laparoscopic and robotic assisted 
laparoscopic partial nephrectomy (LPN, RPN) and 
ablative therapies such as radiofrequency ablation 
(RFA) and cryoablation (CA). RPN has emerged 
as a viable alternative to mitigate the technical 
challenges of LPN, demonstrating perioperative 
outcomes that are comparable to LPN, with the 
benefit of reduced warm ischemia time (8).

 A theoretical advantage to ablative te-
chniques for localized renal tumors is that they 
represent a simpler operation, without a need for 
hilar dissection, clamping of renal vessels, do 
not result in kidney ischemia, and do not require 
a renorrhaphy to repair the renal defect. Of the 
ablative procedures available, cryoablation has a 
more predictable ablative zone and there is some 
evidence favoring cryotherapy over radiofre-
quency due to better surgical and oncological ou-
tcomes (9, 10). Laparoscopic assisted cryoablation 
(LCA) has been utilized in various tumor types 
in the kidney where the percutaneous approach 
may not be feasible. In this regard, LCA could be 
considered an alternative if perioperative compli-
cation rates and oncologic results are comparable 
to RPN.

 In 2011 Klatte et al. performed a systema-
tic review examining LCA and partial nephrec-
tomy; specifically, the study focused on compli-
cations and oncologic outcomes of LCA, open 
partial nephrectomy (OPN) and LPN (11). After 
multivariable analysis LCA was found to have sig-
nificantly worse oncologic outcomes with similar 
perioperative outcomes. Given that RPN now re-
presents 70% of all PN performed nationally and 
both LCA and RPN require general anesthesia, 
similar patient positioning and port placement, 
we sought to examine which patients would most 
benefit from LCA (12). In this study we explore 
the utilization and perioperative complications of 
LCA and RPN; additionally we examined factors 
which predicted the use of LCA in the treatment 
of patients with localized renal tumors, using a 
contemporary population-based cohort.

MATERIALs AnD METhODs

Data Source
Data from the Nationwide Inpatient Sam-

ple (NIS) were abstracted from October 2008 un-
til December 2010. The NIS includes all inpatient 
hospital discharge data collected via federal-state 
partnerships, as part of the Agency for Healthcare 
Research and Quality’s Healthcare Cost and Uti-
lization Project. NIS is a nationally representable 
database of hospitals within the United States, in-
cluding public and private hospital as well as aca-
demic medical centers. The NIS is the only hospital 
database in the United States that collects charge 
information on all patients regardless of payer, in-
cluding those patients covered by Medicare, Medi-
caid, private insurance, and the uninsured.

Sample Population and Surgical Procedures
 Using a previously described extraction me-

thodology, all patients with a primary diagnosis code 
189.0 of cancer of the kidney were identified using 
the 9th Revision of the International Classification of 
Disease, Clinical Modification (ICD-9-CM).  Patients 
who underwent LCA (55.34) were abstracted. Patients 
who underwent PN (55.4) were also identified. Be-
ginning October 1, 2008, the robot-assisted modi-
fier (ICD-9-CM 17.4x) code was first utilized by the 
Centers for Medicare and Medicaid Services and the 
National Center of Health Statistics and was used to 
identify all RPN (this excluded pure laparoscopic PN) 
(13). We excluded patients <18 years old; with an ad-
mission type other than elective; and with diagnoses 
of transplant (v59.4), renal pelvis tumor (189.1), and 
pyelonephritis (590.00, 590.01, 590.10, 590.11).

 To reduce the potential for confounding by 
tumor complexity, we initially excluded from analy-
sis patients undergoing the following concomitant 
procedures: splenectomy (41.4, 41.42, 41.43), liver re-
section (50.2, 50.21–26, 50.29, 50.3), pancreas resec-
tion (52.5, 52.51–53, 52.59, 52.6, 52.7), bowel or co-
lon resection (45.5, 45.50–52, 45.61–62, 45.7, 45.71, 
45.73–76, 45.79, 45.8, 45.81–83), or thrombectomy 
with vascular reconstruction (37.10, 38.05, 38.07, 
38.45, 38.47, 38.65, 38.67, 38.75, 38.77, 38.87, 39.6, 
39.61, 39.63, 39.66). This step resulted in exclusion 
of 58 patients, 28 LCA and 30 RPN. Because the NIS 
database does not have information on clinical sta-
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ging or pathologic data for these kidney cancers 
that were amenable to RPN or LCA, we will refer 
to these masses as localized renal tumors.

 We also summed the total surgical proce-
dures performed each year within individual hos-
pitals and grouped each surgical procedure into 
hospital volume tertiles (low, medium and high); 
for RPN and LCA respectively (<5, 5-16, >16 
and 1, 2-5, >5).

Baseline Patient and Hospital Characte-
ristics

 Patient demographic characteristics in-
cluding age at surgery, gender, and race (white, 
black and other races including: Hispanic, Asian, 
Pacific Islander, Native American, or other/unk-
nown) were also examined. Secondary ICD-9 
codes were used to define baseline Charlson Co-
morbidity Index (CCI) according to Charlson et 
al. (14) and adapted according to Deyo et al. (15). 
Patients were then stratified by CCI score as 0, 1, 
and ≥2. To ensure uniformity of coding, detailed 
insurance categories were combined into more 
general categories including: private insurance, 
Medicare, Medicaid, and other (self-pay). Hos-
pital characteristics included location (rural vs. 
urban) and region (Northeast, Midwest, South, 
West). The NIS does not provide any informa-
tion on tumor size or staging for any cancer.

Intraoperative Complications and Postope-
rative Complications During Hospitalization

 NIS records up to 15 diagnoses and pro-
cedures per each patient’s in-hospital stay. Com-
plications were identified using ICD-9 diagnoses 
2 through 15. ICD-9 codes used for complications 
relied on previously published methodology; spe-
cifically seven groups of postoperative complica-
tions were identified, namely: Cardiac, Respiratory, 
Bowel, Genitourinary, Deep Venous Thromboem-
bolism (DVT) and Pulmonary Embolism (PE), In-
fection, Hemorrhage and Wound (16). Additionally 
intraoperative complications were defined as any 
accidental puncture or laceration during a proce-
dure. Blood transfusions were identified using the 
ICD-9 procedure for transfusion of homologous 
blood (99.04). In-hospital complications were defi-
ned as the presence of one or more complications. 

Operative time, which may be related to peri-
-operative complications, is not a variable in-
cluded in the NIS.

LOS, In-hospital Mortality and Costs
 LOS is calculated by subtracting the admis-

sion date from the discharge date. In-hospital mor-
tality information is abstracted from disposition of 
patient. We do not have capital cost data or cost of 
acquiring surgical systems and costs presented only 
include in-hospital total costs. All cost data was cal-
culated from the cost to charge ratio as provided by 
the NIS. All total hospitalization costs were adjusted 
to 2013 U.S. dollars using the Consumer Price Index.

statistical analysis

 Descriptive statistics include estimated fre-
quencies or proportions for categorical variables. 
Means, medians and ranges were reported for any 
continuously coded variable. Chi-square and inde-
pendent-sample t-tests calculated the differences in, 
respectively, proportions and means.

 Categorical distributions are reported as 
counts (%) and continuous variables as means and 
standard deviations (SD), and medians and interquar-
tile ranges (IQR). Fisher’s exact test, Chi-square test, 
and Mantel-Haenszel test were used to assess diffe-
rences in distribution among the categorical varia-
bles. The median test and t-test were used to assess 
the difference in distributions among continuous va-
riables.

 We fitted multi-level/mixed effects multiva-
riable logistic regression models to test the associa-
tions of patient and hospital variables as predictors 
for performance of LCA and also for postoperative 
complications, while adjusting for clustering of pa-
tient covariates to the hospital level. All tests were 
two-sided with a statistical significance set at p<0.05.  
All analyses were computed using SAS 9.3 (Cary, NC).

REsuLTs

14,275 patients were identified from the NIS 
database from 2008-2010, of which 70.3% (10,034) 
had a RPN and 29.7% (4,421) had a LCA.  Characte-
ristics of the patient populations are presented in Ta-
ble-1. Patient populations differed by race, insurance 
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status, preoperative comorbidity, and age. A greater 
percentage of LCA patients were white (68.8% vs. 
62.1%), had Medicare (57.9% vs. 33.2%), had a 
preoperative CCI score ≥2 (56.7% vs. 46.2%), and 
were ≥70 years old (42.4% vs. 16.2%). No differen-
ce was noted between groups when stratified by 
gender or income quartile. Hospital characteris-
tics were significantly different between the two 
groups. Specifically, a higher proportion of RPN 
was performed at teaching institutions (74.8% 
vs. 57.1%) and government hospitals (80.6% vs. 
63.9%). RPN was more often performed in the Mi-
dwest (37.0%), whereas LCA was most commonly 
performed in the South (40.9%). The largest per-
centage of each surgery was performed at high 
volume institutions (44.2% and 51.0%; LCA and 
RPN, p<0.001 for both). Of note 73.1% of all LCA 
were performed at a hospital that does not per-
form robotic surgeries.

 Table-2 identifies the rate of intraope-
rative and postoperative outcomes, stratified by 

surgery. The rate of any complication occurring 
was found to be equivalent between (10.14% vs. 
9.92%), as was the rate of blood transfusion (5.14% 
vs. 6.15%), Length of Stay (LOS) (2.89±0.18 vs. 
3.04±0.13) and median cost ($41,753 vs. $44,618; 
p=0.49) for LCA vs. RPN respectively. However, 
statistically significant differences were noted for 
individual complications; specifically, patients 
undergoing RPN had lower rates of respiratory 
(4.17% vs. 5.80%, p<0.001), infection (2.06% vs. 
4.07%, p<0.001), and genitourinary complications 
(4.50% vs. 3.87%, p=0.035).

 On multivariate analysis (Table-3), pa-
tients were more likely to have their renal mass 
treated with LCA if they had multiple preoperative 
comorbidities compared to none (OR 1.34, 1.02-
1.79; p=0.048) or were from the highest income 
bracket vs. lowest (OR 1.58, 1.03-2.43; p=0.038). 
Younger patients were significantly less likely to 
undergo LCA compared to older patients. Hospital 
factors that predicted LCA vs. RPN treatment in-

Table 2 - Complications by surgical Approach for the Treatment of small Renal Masses.

Laparoscopic Renal 
Cryoablation

Robotic Partial Nephrectomy

% Complication Overall Overall p-value

Any 10.14% 9.92% 0.139

Infection 4.07% 2.06% <0.001

Respiratory 5.80% 4.17% <0.001

Genitourinary 4.50% 3.87% 0.035

Cardiac 2.12% 0.05% 0.019

DVT/PE 1.29% 0.67% 0.364

Bowel 9.02% 8.86% 0.144

Hemorrhage 8.16% 7.96% 0.122

Wound 1.45% 1.39% 0.23

Reoperation During Hospitalization 3.77% 2.49% 0.466

Intraoperative Intestinal Injury 4.48% 3.59% 0.727

Intraoperative Ureteral or Bladder Injury 2.59% 3.79% 0.585

Other Operative Injury 3.33% 2.79% 0.301

% Blood Transfusion 5.14% 6.15% 0.400

Mean ± SD LOS (days) 2.89 ± 0.18 3.04 ± 0.13 0.610

Median $ costs (IQR) $41,753
($31,781- $60,087)

$44,618
($33,548- $60,532)

0.490
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cluded large hospital vs. small (OR 2.93, 1.07-8.03; 
p=0.037), and LCA was less likely to be performed 
at hospitals that performed robotic surgeries (OR 
0.02, 0.01-0.05; p<0.001).

 Additionally, patients with preoperative 
comorbidities were more likely to have a postope-
rative complication compared to patients without 
comorbidities (OR 1.63-3.30, p<0.001) (Table-4). 
Interestingly, female gender was protective of com-
plications (OR 0.77, 0.62-0.96; p=0.017); age, race 
and income were not predictors of post-operative 
complications. Regional variation existed with re-
gard to complications and government hospitals, 
compared to private hospitals, were more likely to 
have complications (OR 0.77, 0.62-0.96; p=0.017). 
LCA was not more predictive of perioperative com-
plications compared to RPN (OR 1.63, 0.53-1.09 
p=0.138); and only RPN showed a reduction in 
complications with increasing procedure volume at 
the hospital (OR 0.71-0.40, p<0.05).

DIsCussIOn

 RPN was initially described in 2004 and re-
presents an acceptable alternative to open or lapa-
roscopic PN for select localized renal tumors (17). It 
has been hypothesized that RPN may help overcome 
the technical challenges of LPN and may offer an 
easier transition to minimally invasive PN (18). In 
this retrospective study, we compared short-term pe-
rioperative outcomes of RPN vs. LCA, relying on a 
contemporary (2008-2010) population-based cohort 
of individuals undergoing minimally invasive treat-
ment for localized renal tumors.

 Our findings are several-fold. First, our 
contemporary analysis shows that RPN has si-
milar blood loss and LOS compared to LCA, with 
reduced perioperative complications. In this na-
tionally representative sample of inpatient ad-
missions between October 2008 and December 
2010, nearly three times as many RPNs were 
performed compared to LCAs (10,034 vs. 4,241), 
thus accounting for 70.3% of treatment for this 
sample cohort. Although objective evidence has 
shown that the utilization of RPN has increased 
dramatically in recent years, no previous reports 
have identified this in the context of nephron 
sparing treatment (19).

 Second, the characteristics of RPN vs. 
LCA cases differed regarding several patient 
and hospital attributes. However, on multiva-
riate analysis, patients who were older and had 
a higher preoperative Charlson score were more 
likely to undergo LCA.

 While treating, physicians might expect 
that older or sicker patients might benefit from LCA 
vs. RPN; we found that neither age nor treatment 
approach predicted complications. Despite the fact 
that there were no differences in complications, the 
groups that underwent the treatments were diffe-
rent. While we understand that there are patient 
and physician factors that may have influenced 
a patient to undergo a specific treatment beyond 
preoperative comorbidities, our study is similar to 
other publications which have shown that preope-
rative comorbidities are the most significant pre-
dictor of perioperative complication, and therefore 
all patients should be offered the treatment that gi-
ves the best oncologic outcome (20).

 As a result of the increasing use of ima-
ging techniques in the general population, there 
has been an increase in the detection rate of lo-
calized renal tumors.There is a general acceptance 
of nephron sparing approach as the first option in 
the management of a patient with an incidental 
localized renal tumors. Additionally it is accepted 
that the standard of care is still surgery due to its 
low level of postoperative complications and high 
oncologic efficacy (7, 21).

 Although the increase in incidence of lo-
calized renal tumors has been seen among all age 
groups, it is most evident in the elderly popula-
tions who have more medical comorbidities. It is 
not surprising, therefore, that the potential appli-
cation of minimally invasive treatment options for 
these incidental lesions has been of wide interest. 
Many retrospective studies have identified older 
age and preoperative comorbidity as predictors of 
receiving cryoablation, but these studies represent 
single centers and their conclusions could be in-
fluenced by sampling error and the surgeon’s pre-
ferences within that institution (11).

 While treating patients with localized re-
nal tumors, three competing factors have to be 
balanced: cancer control, patient morbidity, and 
preservation of renal function (7). In examining 
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the advantages and disadvantages of the treat-
ment and surgical options, only a few studies have 
formally compared ablation and extirpative sur-
gery for localized renal tumors (22-24) and even 
fewer examining LCA and RPN (25, 26). The lar-
gest series from the Cleveland Clinic reported only 
436 patients over a 12-year period with a mean 
follow-up of 4.8 months (27). A recent study by 
Emara et al. showed that with a mean follow-up of 
16.5 months, there was no difference in periope-
rative measures (EBL or LOS) but LCA had a 3.6% 
local recurrence rate vs. 0% in RPN (9). This data 
is in line with a recent report by Klatte et al., who 
reported a higher recurrence rate in the LCA group 
compared with LPN and RPN group (28).

 In the present series, there would appear 
to be no significant differences between the two 
treatment methods in terms of perioperative com-
plications, blood transfusion, length of stay and 
cost. Our study was not able to assess any oncolo-
gic outcomes including positive surgical margins 
or local recurrence rate; however, a recent meta-
-analysis showed that no recurrence was detec-
ted in the RPN group, and had a positive surgical 
margin rate similar to other published series (27). 
Others have noted that RPN is a less challenging 
technique, compared to pure laparoscopic partial 
nephrectomy; specifically the shorter learning 
curve, minimal perioperative morbidity and shor-
ter postoperative hospital stay (8, 29).

 Nevertheless, our findings would support 
our general belief that RPN can truly challenge 
LCA; both procedures require general anesthesia, 
similar patient positioning and surgical incisions, 
and result in similar intra-operative and posto-
perative morbidity. As robotic systems presence 
in medical centers and surgeon experience with 
this platform continues to grow, the real question 
becomes clear: if patients are healthy enough to 
undergo general anesthesia, why should LCA be 
offered? Clearly, further and longer-term follow-
-up, preferably within a formal randomized study 
will be necessary to confirm oncologic and perio-
perative outcomes.

 Several limitations of our study need to be 
considered. This analysis is affected by selection bias 
because of its retrospective design and because the 
NIS represents a large sample of patients with locali-

zed renal tumors managed by RPN or LCA. Additio-
nally, the NIS has no data on oncologic details such 
as stage, size, pathologic grade, atomic complexity, 
or margin status; additionally short and long term 
oncologic control is not reported in the NIS. Addi-
tionally we were unable to examine surgeon cha-
racteristics for the surgeries performed, as it is only 
complete for approximately half of the states in the 
NIS database, and therefore are unable to identify if 
the same surgeon or even practitioners from the same 
field (urology versus interventional radiology) perfor-
med these surgeries. And finally, NIS data is derived 
from hospital billing data based on ICD9 coding and 
not chart review and like any administrative database 
we cannot be sure of coding errors because this data 
was not confirmed by chart review.

COnCLusIOns

 Kidney tumors can be managed via a va-
riety of techniques; for masses not amendable to 
percutaneous access for ablation, the choice is ex-
tirpative surgery or laparoscopic ablation.  
Theoretically, LCA is a simpler surgical procedu-
re than a RPN, which requires a hilar dissection, 
clamping of renal vessels, and renorrhaphy. Ho-
wever, our analysis of a large population-based 
cohort indicates that LCA does not appear to be 
associated with decreased complications compa-
red to RPN. As studies suggest possible decreased 
oncologic control with CA compared to extirpa-
tive surgery, these findings call into question the 
utility of LCA as opposed to RPN in localized renal 
tumors not amenable to percutaneous ablation.
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Purpose: In patients with penile cancer (PeCa) and increased risk of inguinal lympha-
tic dissemination, inguinal lymphadenectomy offers a direct histological staging as 
the most reliable tool for assessment of the nodal metastasic status and a definitive 
oncologic treatment simultaneously. However, peri- and/or postoperative mutilating 
sequalae often occurn. We report on clinical outcome and complications of a limited 
inguinal lymph node (LN) dissection. 
Materials and Methods: Clinical and histopathological data of all patients with PeCa 
who underwent limited inguinal lymphadenectomy (LIL) at our institution between 
1986 and 2012 were comprehensively analyzed. Perioperative results were presented 
in relation to one-sided procedures, if appropriate, which were assessed without cross 
comparison with contralateral LILs.
Results: 29 consecutive patients with PeCa aged 60±10.3 years were included in the 
current study with 57 one-sided LIL performed. Mean operative time for one-sided 
LIL was 89.0±37.3 minutes with 8.1±3.7 LNs removed. A complication rate of 54.4% 
(n=31), including 16 minor and 15 major complications was found in a total of 57 
procedures with leg oedema being the most prevalent morbidity (15.8%). 4 patients 
with clinically positive LNs developed inguinal lymphatic recurrence within 9 months 
after surgery.
Conclusions: Our technique of limited inguinal LN dissection provided an acceptable 
complication rate without aggravating morbidity. We experienced no recurrences in 
clinically LN negative patients, so that the approach might be a reasonable option in 
this scenario. In patients with enlarged LNs, radical inguinal lymphadenectomy still 
appears to represent the gold standard.
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InTRODuCTIOn

Inguinal lymphadenectomy (iLAD) is es-
sential within the treatment algorithm of penile 
squamous cell carcinoma (PeCa). The inability of 
conventional imaging techniques to reliably detect 
the presence of micrometastases and the fact that 

lymph node (LN) involvement is the most crucial 
variable predicting patient survival (1), iLAD offers 
a direct histological LN staging (2) and a definitive 
oncological treatment at the same time. However, 
since the surgical management of inguinal LNs in 
patients with PeCa is associated with a high risk of 
perioperative and long-term sequelae, reluctance 
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emerges considering whether to perform this pro-
cedure in an individual patient. Being standard of 
care for patients with nodal invasion, iLAD is not 
justified for every patient with clinically negative 
nodes and may represent in up to 75% an over-
treatment with risk of aggravating complications 
(1, 3, 4). Conversely, keeping a potentially curative 
approach of an iLAD in mind, around 75% of pa-
tients with up to 2 positive inguinal LNs present 
a long term survival (1), while a significant pro-
portion of patients submitted to surveillance will 
have a consecutive LN relapse and will face survi-
val disadvantages, not having undergone surgery 
in first place (5, 6).

 Identifying appropriate candidates with 
non-palpable nodes who are at high risk for occult 
regional lymphatic involvement and might benefit 
most likely from surgery is challenging but crucial 
for long-term survival (2). Moreover, taking into 
account that experience with dynamic sentinel LN 
biopsy (DSNB) as diagnostic procedure with favo-
rable complications rate is still limited to several 
centers (7), reduction of morbidity of iLAD is an 
important prerequisite for changing physician`s 
cautious attitude to indicate surgical approach.

 In the current study, we present our ex-
perience with limited open iLAD (LIL) in PeCa 
patients treated at our institution with particular 
emphasis to assessment of morbidity as well onco-
logic parameters.

MATERIALs AnD METhODs

Clinical Characteristics
 The study was conducted after receiving 

approval of the study protocol by the Ethics Com-
mittee of the Goethe University (no. 162/13). Epi-
demiological, clinical and histopathological data 
of all patients with PeCa consecutively treated with 
LIL at our institution between 1986 and 2012 were 
retrospectively collected from the patient charts 
and analyzed comparatively. Charlson comorbid-
ity index was calculated as proposed by Charlson 
et al. (8). Patients were generally assessed for in-
guinal and visceral metastases by physical exami-
nation and ultrasound of the inguinal region and 
computed tomography of the abdomen and pelvis 
as well as chest X-ray. Tumor stage and grade was 

determined according to the current TNM classifi-
cation, which remained unchanged for PeCa from 
fourth to sixth edition between 1987 and 2009.

 Risk groups for occult metastasis were de-
fined according to pathologic stage of the primary 
tumor: stages ≤pT1 G1 being low risk group, stage 
pT1 G2 – intermediate risk and stages ≥pT1 G3 be-
ing high risk group. In cases of intermediate or high 
risk for occult metastases without clinical evidence 
for inguinal LN dissemination, LILs were defined to 
be performed with prophylactic intent. If clinical 
or radiological signs for inguinal LN involvement 
were present, LILs were considered therapeutic. 
Surgical procedures for recurrent inguinal dissemi-
nation after primary resection or significantly ul-
cerated inguinal LN metastases were excluded from 
the study. Neoadjuvant chemotherapy or radiation 
was not performed in any case.

 After hospital discharge, patients were fol-
lowed in our outpatient clinic or cooperating outpa-
tient units every three months for two years and bi-
annually thereafter until five years after diagnosis. 
Subsequent follow-up controls took place annually.

Surgical procedure
 LILs were all performed under general an-

esthesia. Patients were placed in supine position 
with the leg of the appropriate side being exter-
nally rotated and abducted in the hip joint and 
flexed in the knee joint, so that the sole of the foot 
abutted on the opposite knee and was fastened 
with a strap. The dissection field was marked as 
following: cranial border – line connecting an-
terior superior iliac spine and tuberculum pubi-
cum, medial border – 18 cm perpendicular from 
tuberculum pubicum downwards, lateral border 
– 20 cm perpendicular from anterior superior ili-
ac spine downwards, caudal border – connection 
line between both perpendicular ends (dissection 
field and selected surgical steps are illustrated 
in Figure-1). After proper disinfection, a 10 cm 
skin transverse incision was performed 2 finger-
breadths below the inguinal crease. Camper fascia 
was incised until Scarpa fascia could be identified. 
Fibrofatty tissue between Scarpa fascia and fascia 
lata was then diligently dissected with meticulous 
ligation of lymphatic vessels. Particular attention 
was paid to preservation of at least 4-5 mm skin 
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flap. While fascia lata and great saphenous vein 
were preserved, vena circumflexa, ilium super-
ficialis, vena epigastrica superficialis and venae 
pudendae externae were dissected. Afterwards, fi-
brofatty tissue with superficial LNs was removed 
en bloc. Finally, deep LNs were dissected in fossa 
ovalis and femoral canal after exposing femo-
ral vessels. Wound drains without suction were 
placed in the cranial and caudal part of the dis-
sected field. Camper fascia was adapted at fascia 
lata and the wound closed. The leg was immedi-
ately winded with short-stretch bandage from the 
sole of the foot till the inguinal crease.

Postoperative care
 All patients received antibiotic therapy in-

itiated at the latest before skin incision and main-
tained at least until removal of drains. Generally, 
β-lactam antibiotics were used unless cultures 
from the primary tumor or urine yielded results 
necessitating application of other antibiotics. Pa-
tients were mobilized starting on postoperative 
day 1. Prior to discharge, short-stretch bandage 
was replaced by individually matched elastic com-
pression stockings. Unfractionated or low molecu-
lar weight heparin was prescribed after surgery 
and discontinued on postoperative day 6 at the 

figure 1 - (A) preoperative view of the left groin with dissection borders and selected anatomic structures marked on the skin. 
(B) Cranial extension of the dissection field. Circle - external inguinal ring, arrow - lymphatic tissue being removed, white 
dotted line with white arrow - inguinal ligament. (C) Caudal dissection area with thick skin flaps preserved (circle). (D) Deep 
inguinal nodes (asterisk) are being dissected in the femoral canal.

Tp = tuberculum pubicum, Is = (anterior superior) iliac spine, fO = fossa ovalis, sv = (great) saphenous vein, Asv = (medial) accessory 
saphenous vein, fv = femoral vein, fA = femoral artery, Af = abdominal fascia, fL = fascia lata.
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earliest unless clinical signs of a significant leg 
oedema were present. Drains were removed after 
the daily secretion amount was below 30 mL.

Complications
 Complications occurring during a 30-day 

period after surgery were defined as early and 
thereafter as late complications. Classification of 
the complication type and severity was performed 
according to Bevan-Thomas et al. (9) and the 
modified Clavien system (10).

statistics

 Clinical variables are presented as abso-
lute numbers, mean ± standard deviation or per-
centage. Fisher´s exact test was used for compara-
tive assessment of the complication rate between 
prophylactic and therapeutic LIL.

REsuLTs

 Twenty-nine consecutive patients with 
PeCa aged 59.5±10.3 years were included in the 
current study with 57 one-sided LILs performed 
(Table-1). Body-Mass-Index (BMI) of the study co-
hort was 28.6±3.6.

 Radical circumcision was the definitive 
treatment of the primary lesion limited to the fore-
skin in 1 (3.4%) patient. Circumcision combined with 
local tumor excision was performed in 7 (24.1%) 
men with superficial tumors below 4 cm dimension. 
In 17 (58.6%) patients with tumors larger than 4 
cm and/or invasive disease, partial penectomy was 
carried out. Total penectomy was the treatment of 
choice in 4 men (13.8%) with large tumors and/or 
extensive proximal involvement of the penile shaft 
or scrotum. Clinical and histopathological character-
istics of primary PeCa and LN status are presented 
in Table-2. At our institution, no patients with PeCa 
staged pTis or pTa underwent LIL due to low risk of 
lymphatic metastases and clinically negative ingui-
nal LNs. On the other hand, all patients with pT4 
tumors presented systemic metastases so that they 
have not received inguinal lymphadenectomy but 
palliative chemotherapy.

28 patients underwent bilateral LIL, while 
one patient rejected further surgical treatment 

Table 1 - Demographic and clinical characteristics of 
the study cohort. nr - patient number, age in years at 
cancer diagnosis, CCI - Charlson Comorbidity Index, Y/n - 
circumcision in the past before cancer diagnosis yes/no.

Nr Age Circumcision CCI

1 33 Y 2

2 71 N 3

3 58 N 4

4 41 Y 2

5 64 N 2

6 46 N 2

7 63 N 3

8 72 N 5

9 66 N 2

10 56 N 2

11 53 N 4

12 67 N 4

13 69 N 6

14 61 N 2

15 67 N 2

16 71 N 4

17 58 N 3

18 67 N 4

19 56 N 2

20 66 N 6

21 61 N 2

22 61 N 7

23 41 N 6

24 54 N 6

25 53 N 7

26 50 N 6

27 62 Y 2

28 60 N 7

29 79 N 6
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Table 2 - Clinical and pathological characteristics of primary tumour and clinical Ln status of 29 patients diagnosed with 
penile cancer undergoing LIL.

Total Grade 1 Grade 2 Grade 3 Tumour size (cm) cN-/cN+

pT1 (N (%)) 16 (55.2) 3 (10.3) 9 (31.0) 4 (13.8) 2.1±2.5 10/6

pT2 (N (%)) 11 (37.9) 2 (6.9) 8 (27.6) 1 (3.4) 2.5±1.4 7/4

pT3 (N (%)) 2 (6.9) 0 (0) 1 (3.4) 1 (3.4) 7.0±2.8 0/2

after undergone a one-sided LIL. 33 LILs (57.9%) 
were conducted with prophylactic intention and 
24 (42.1%) therapeutic. 42 bilateral LILs (75.0%) 
were performed simultaneously, whereas 14 bilat-
eral LILs (25.0%) were carried in a two step pro-
cedure, starting with the clinically positive side, if 
present, and performing the contralateral LIL 4 to 
13 weeks after surgical convalescence using the 
same dissection technique. Time from definitive 
primary tumor therapy to LIL was 1 to 53 weeks, 
while in 6 patients (20.7%) these interventions oc-
curred simultaneously. Time of hospital stay was 
14.2±6.1 days. Operative time for one-sided LIL 
was 89.0±37.3 minutes. 8.1±3.7 LNs were removed 
during unilateral LIL. From 242 LNs removed dur-
ing prophylactic LIL, histopathological examina-
tion revealed one LN metastasis. In contrast, 27 
nodes were found to be metastatic out of 202 ex-
tirpated during therapeutic LIL. None of the low 
risk patients presented histologically positive LN, 
while LN metastases were found in 3 intermediate 
risk patients (33.3%) and in 7 patients (41.2%) of 
the high risk group.

 A total of 31 complications (54.4%) in-
cluding 16 minor (28.1%) and 15 major (26.3%) 
were observed in 57 performed LILs. 9 patients 
(31.0%) experienced no postoperative complica-
tions. Separate complication types and rates strat-
ified to prophylactic and therapeutic LIL as well as 
early and late onset are described in Table-3 ac-
cording to Bevan-Thomas (9). Classification of the 
complications according to Clavien (10) is depicted 
in Suppl. Table-1. Complication rates of prophy-
lactic LIL (n=16, 48.5%) were decreased compared 
to therapeutic LIL (n=15, 62.5%) without reach-
ing statistical significance (p˃0.05). There were no 
relevant intraoperative complications or mortal-
ity associated with LIL. 4 patients (13.8%) who 

received a therapeutic LIL and revealed LN me-
tastases developed histologically proven inguinal 
lymphatic recurrence 3 to 9 months after LIL. Fol-
low-up period of the study cohort was 49.5±42.6 
months with 5 patients lost in the course of post-
operative surveillance.

DIsCussIOn

 Penile cancer is a rare entity in Europe and 
North America with an incidence rate of less than 
1 per 100,000 males (11). In many central Euro-
pean countries, particularly in Germany, thera-
peutic management of this cancer entity is not 
limited to high-volume referral centres but rather 
distributed to a large number of hospitals result-
ing in relatively small case numbers per institu-
tion. Strategies concerning the indication to iLAD 
as well as surgical technique vary significantly. 
Thus, different template extension and periopera-
tive management on one hand and inconsistent 
methodology of complication definition, grading, 
reporting and way of data acquisition (prospec-
tively/retrospectively) on the other (12) contribute 
to a great variability of iLAD complication rates 
reported in literature. We comprehensively ana-
lyzed the outcome of our technique with horizon-
tal skin incision, limited dissection field including 
thick skin flaps, preservation of fascia lata and 
great saphenous vein without transposition of the 
sartorius muscle and compared our results with 
those of other institutions.

 Historically, classic radical iLAD (RIL) for 
PeCa (13-15) with a skin incision of 10 cm length, 
an extensive dissection field with a complete ex-
position of the femoral vessels, division of the 
great saphenous vein and transposition of the sar-
torius muscle was accompanied by considerable 
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Table 3 - 31 clinically relevant complications associated with 57 LILs. In brackets - complication rates. Complication rates 
of prophylactic and therapeutic LIL presented in relation to respectively performed LILs, early and late complication rates 
related to all LILs. 

Complication Prophylactic LIL
N (%)

Therapeutic LIL
N (%)

Early complication
N (%)

Late complication
N (%)

Minor: 9 (27.3) 7 (29.1) 16 (28.1) 0 (0)

Leg oedema mild + moderate 4 (12.1) 5 (20.8) 9 (15.8) 0 (0)

Wound infection 2 (6.1) 2 (8.3) 4 (7.0) 0 (0)

Seroma 2 (6.1) 0 (0) 2 (3.5) 0 (0)

Paresthesia 1 (3.0) 0 (0) 1 (1.8) 0 (0)

Major: 7 (21.2) 8 (33.3) 10 (17.5) 5 (8.8)

Wound infection + intravenous 
antibiotics

1 (3.0) 0 (0) 0 (0) 1 (1.8)

Lymphocele + intervention 3 (9.1) 1 (4.2) 2 (3.5) 2 (3.5)

Wound reexploration for abscess, 
hematoma, infected lymphocele, 
wound healing deficit

3 (9.1) 6 (25.0) 7 (12.3) 2 (3.5)

DVT 0 (0) 1 (4.2) 1 (1.8) 0 (0)

Total 16 (48.5) 15 (62.5) 26 (45.6) 5 (8.8)

DvT = deep venous thrombosis.

suppl. Table 1 - Type, rate per procedure (in brackets) and severity of 31 complications related to 57 LILs.

Complication Grade 1
N(%)

Grade 2
N(%)

Grade 3a
(N%)

Grade 3b
(N%)

Total
(N%)

Wound infection 0 (0) 5 (8.8) 0 (0) 8 (14) 13 (22.8)

Leg oedema 9 (15.8) 0 (0) 0 (0) 0 (0) 9 (15.8)

Seroma/lymphocele 2 (3.5) 0 (0) 4 (7) 0 (0) 6 (10.5)

Hematoma 0 (0) 0 (0) 0 (0) 1 (1.8) 1 (1.8)

Paresthesia 1 (1.8) 0 (0) 0 (0) 0 (0) 1 (1.8)

DVT 0 (0) 1 (1.8) 0 (0) 0 (0) 1 (1.8)

Total 12 (21.1) 6 (10.5) 4 (7.0) 9 (15.8) 31 (54.4)

DvT = deep venous thrombosis.

morbidity rates. The most common cited compli-
cations included wound infection (10-20%), lym-
phocele/seroma (19-45%), particularly mutilating 
skin edge necrosis (14-65%), and lymphoedema 
(2-100%) (1). Johnson et al. (16) reported that 

only 18% of patients experienced no postopera-
tive complications during 101 groin dissections in 
67 patients. Similarly, Kamat et al. (17) observed 
an overall complication rate of 87% in 31 patients 
and Horenblas et al. (18) described a complication 
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rate of 53% in 32 patients with RIL. A recently 
published large series from the Netherlands by 
Stuiver et al. (19) including 237 RILs reported 195 
complications (82.3%). In contrast, Koifman et al. 
(20) observed in a large series of 170 patients with 
340 RILs without muscle transposition an overall 
complication rate of only 10.3%. To our knowl-
edge this is the currently lowest reported compli-
cation rate for this technique. The high incidence 
of PeCa in Brazil with nearly 300 newly diagnosed 
patients per year (15), leading to the high number 
of patients within a 10 years study period and a 
consequently expanded expertise of the group in 
RIL surgical techniques as well as an optimized 
postoperative patient management contributed 
to these outstanding results. However, only a few 
centres experience such a high volume of patients 
with PeCa resulting conceivably in a higher perio-
perative complication rate.

 Hence, several modifications of this radical 
technique mainly aiming to reduce the dissection 
area have been proposed to alleviate immediate 
and long-term sequelae and to improve the quality 
of life, while maintaining the oncologic benefit of 
the procedure. The most commonly used technique 
is the modified inguinal lymphadenectomy (MIL) 
proposed by Catalona (21). This technique is mainly 
characterized by a shorter skin incision of 6-7 cm, 
reduced dissection field which is predominantly fo-
cusing on deep inguinal nodes in fossa ovalis with 
omitting of the regions lateral to femoral artery and 
caudal to fossa ovalis, as well as maintenance of 
the saphenous vein and no transposition of sarto-
rius muscle (1). In case of histologically proven me-
tastases during this procedure, RIL is recommended 
to be performed (1). In a series with 6 patients with 
clinically negative LNs, Catalona reported one lym-
phocele and mild lymphoedema in most cases (21). 
In a small cohort of 12 patients, Parra et al. (22) 
observed no major complications, skin flaps necro-
sis or leg oedema. Similarly, no significant sequelae 
were indicated by Jacobellis et al. (23) in bilateral 
MILs of 8 patients with PeCa and 2 with penile leio-
myosarcoma. In concert with these results, Bouchot 
et al. (4) describes only 12 minor complications in 
118 MILs (10.2%).

 Our approach with a limited extent of dis-
section compared to the standard RIL was con-

ducted aiming the reduction of perioperative 
sequalae and simultaneously preserving the onco-
logic safety. Particularly, the dissection of the great 
saphenous vein, fascia lata, wide exposure of the 
femoral vessels and consequent transposition of 
the sartorius muscle was avoided in order to limit 
the dissection of the deep lymphatic vessels and 
deterioration of lymph flow. With this technique, 
we experienced an overall complication rate of 
54.4%, which ranges expectably between that of 
the most series with RIL and MIL as proposed by 
Catalona (21) Thereby, leg oedema represented the 
most prevalent morbidity (overall 15.8%). Surgical 
re-exploration was required in 9 patients (15.8%). 
The spectrum of complications was comparable 
to other publications on RIL, except that relevant 
skin edge necrosis was not observed in our cohort 
using a horizontal skin incision, most likely based 
on the fact that skin vascularisation is horizon-
tal at the level of the subcutaneous adipose tissue 
(14), resulting in a high incidence of skin flap ne-
crosis if a vertical dissection is used, interrupting 
the blood supply.

 If bilateral surgery should be accom-
plished simultaneously or as a two step procedure 
still remains to be investigated. The pros for one 
step approach might include one anesthesia with 
the respective risks, one postoperative hospital 
stay and only one surgical recovery process im-
plicating in postoperative pain, impaired mobili-
zation, prolonged use of compression stockings, 
venous thromboembolism prophylaxis, analgesic 
and antibiotic therapy. However, as evidence on 
this issue is limited, concerns exist that simul-
taneous approach might lead to a higher overall 
wound size at the same time with an eventually 
augmented risk for wound infection, furthermore 
impaired mobilization and quality of life, as e.g. 
lymphorrhoea or lymphoceles that are often rather 
bothersome. Moreover, a deep venous thrombosis 
on both sides as the worst case might represent 
a precarious condition. In our study, 25% of pa-
tients with a bilateral LIL underwent a two step 
procedure. Even a higher rate of patients with a 
bilateral surgery (28 out of 73 patients, 38.4%) 
was exposed to a two step procedure in the large 
contemporary series of Stuiver et al. (19). Of note, 
bilateral dissection in a single procedure was one 
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of the factors most strongly associated with the 
occurrence of moderate to severe wound compli-
cations in a multivariate analysis in this study. 
The selection of the one vs. two step surgery still 
seems to be on the discretion of the surgeon. Obvi-
ously, prospective randomized trials are required 
to comparatively assess both strategies in terms of 
general health cost, complication rates as well as 
if clinical variables as Charlson comorbidity index 
or BMI might assist individually the selection of 
the most appropriate approach. Further research is 
also needed to shed more light on the influence of 
the histopathologic result of the one-side surgery 
on extension of the contralateral dissection.

 Local inguinal tumour recurrence is the 
main concern of surgical approaches with a lim-
ited dissection field. Surprisingly, only a few 
studies reported about this critical issue (2). Thus, 
Lopes et al. (24) criticized Catalona´s procedure 
with avoiding the dissection of the LNs lateral 
to the femoral artery as unreliable due to local 
recurrence in 2 out of 13 patients and the fact 
that no patient presented metastases in the medial 
quadrant LNs. In concert with these results, 2 out 
of 18 patients experienced local recurrence within 
two years after MIL published by D´Ancona et al. 
(25). In contrast, Colberg et al. (26) observed no 
local recurrence in nine patients despite the his-
tological finding of metastases in three of them. 
Nevertheless, omitting of the dissection laterally 
to the femoral artery as well as superior zones 
has to be critically reviewed. A recently published 
study by Leijte et al. on the penile lymphatic 
drainage (27) provided evidence for location of 
sentinel and higher-tier nodes in superior and 
central inguinal zones. Furthermore, the number 
of removed nodes should be taken into account 
as tenuous data on the groin lymphatic anatomy 
suggest the presence of 10-15 superficial and 0-5 
deep inguinal nodes (20, 28, 29).

The average number of removed LNs per 
side in our study was 8.1, which is slightly lower 
compared to most recent studies (19, 20) using RIL 
with 9 (median) and 10.9 (mean) nodes, respective-
ly. Unfortunately, 4 patients with therapeutic LIL 
in our study experienced local inguinal recurrence 
within 9 months after surgery despite our approach 
with dissection of all five anatomical sectors of the 

inguinal LNs as described by Daseler et al. (30). Lo-
cal recurrence might be based on insufficient dis-
section of the deep lymphatics on the femoral ves-
sels due to their reduced exposure and preservation 
of fascia lata using our approach of LIL.

Recently, video-endoscopy (31) with fur-
ther advancement of a single-port access (32) and 
even robotic-assisted techniques (33) have been 
proposed for iLAD aiming to further decrease peri-
operative sequalae. These series yielded promising 
preliminary results. However, until a definitive as-
sessment of the reliability and oncologic safety of 
these approaches will be possible after presenta-
tion of studies with larger sample size and longer 
follow-up in the future, open iLAD still remains a 
state-of-the-art procedure if surgical approach is 
indicated. Also, the role of DSNB, currently ap-
plied only in a few centres worldwide, should be 
further elucidated.

The current study is limited by its restricted 
sample size and retrospective nature, which might 
have contributed to underestimated complication 
rates (12). Taking into account a low incidence of 
PeCa in Europe, cooperative research in this area 
might be crucial to achieve more robust evidence 
with higher patient numbers and a shorter recruit-
ment period. Nevertheless, we believe that our re-
sults reflect the “real life” in central Europe, where 
procedures are performed out of high-volume re-
ferral centres and in regions with a low incidence 
of the disease.

In conclusion, our technique of a limited 
inguinal dissection provided an acceptable com-
plication rate without aggravating morbidity. We 
experienced no recurrences in clinically negative 
patients, so that LIL might be a reasonable option 
for this cohort and incorporation of frozen sec-
tion analysis into this approach with extending 
the dissection field to radical template in case of 
positivity might further reduce the risk of local re-
currence. In patients with clinically enlarged LNs, 
more extended resection is required and RIL still is 
the gold standard.
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ABsTRACT         ARTICLE InfO______________________________________________________________     ______________________
Purpose: To describe our experience with percutaneous nephrolithotomy (PCNL) in 
patients with solitary kidneys and analyze factors that can impact on intra-operative 
bleeding and postoperative complications.
Materials and Methods: We reviewed our stone database searching for patients with 
solitary kidney who underwent PCNL from Jan-05 through Oct-13. Demographic data, 
stone characteristics, and intra- and postoperative outcomes were recorded. Spearman 
correlation was performed to assess which variables could impact on bleeding and 
surgical complications. Linear and logistic regressions were also performed.
Results: Twenty-seven patients were enrolled in this study. The mean age and BMI 
were 45.6 years and 28.8Kg/m2, respectively; 45% of cases were classified as Guys 3 
(partial staghorn or multiple stones) or 4 (complete staghorn) – complex cases. Stone-
-free rate was 67%. Eight (29.6%) patients had postoperative complications (five of 
them were Clavien 2 and three were Clavien 3). On univariate analysis only number 
of tracts was associated with increased bleeding (p=0.033) and only operative time 
was associated with a higher complication rate (p=0.044). Linear regression confir-
med number of access tracts as significantly related to bleeding (6.3, 95%CI 2.2-10.4; 
p=0.005), whereas logistic regression showed no correlation between variables in study 
and complications.
Conclusions: PCNL in solitary kidneys provides a good stone-free rate with a low rate of 
significant complications. Multiple access tracts are associated with increased bleeding.
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InTRODuCTIOn

Nephrolithiasis prevalence has been increa-
sing (1) and patients with solitary kidneys are also 
at a higher risk of developing kidney stones. These 
patients deserve appropriate metabolic evaluation 
and efficient stone clearance as this condition mi-
ght ultimately worsen their renal function (2).

 The management of urolithiasis in pa-
tients with a solitary kidney remains a challenging 
scenario. Shock wave lithotripsy (SWL) and retro-
grade intrarenal surgery (RIRS) have similar ou-

tcomes in patients with one or two functional kid-
neys (3, 4). Conversely, there is literature evidence 
that percutaneous nephrolithotomy (PCNL) in pa-
tients with solitary kidneys might have a higher 
morbidity rate when compared to patients with 
two functioning kidneys (5). Even though PCNL 
is related to potential surgical complications, e.g. 
bleeding, infection, lung collapse, and urinary 
fistula, it remains as the gold standard treatment 
for complex kidney stones even for patients with 
solitary kidneys, providing reasonable stone-free 
rates while preserving renal function (6-8).
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 The aim of this study is to describe the 
experience of a large volume referral center for 
kidney stones management with PCNL in patients 
with solitary kidneys. We also performed a critical 
analysis of factors that can impact on intra-ope-
rative bleeding and postoperative complications.

MATERIAL AnD METhODs

Study Design
 After Institutional Board Review appro-

val, we reviewed our stone database searching 
for patients with solitary kidneys who underwent 
PCNL from January 2005 through October 2013. 
Patients were considered to have a solitary kid-
ney in case of congenital abnormality, contrala-
teral nephrectomy, or solitary functioning kid-
ney with contralateral atrophy (relative function 
<5%). Patients under 18 year-old were excluded 
from this study.

 Pre-operative data recorded included age, 
gender, body mass index (BMI), American Socie-
ty of Anesthesiology (ASA) classification, serum 
creatinine, renal function at the time of PCNL cal-
culated by Modification of Diet in Renal Disease 
(MDRD) equation (estimated glomerular filtration 
rate – eGFR), cause of solitary kidney, laterality, 
renal cortex thickness measurement with ultra-
sound, stone burden, and Guys score (9). Intra and 
post-operative data comprised patient‘s PCNL po-
sition (prone vs. supine), number of urinary tracts, 
drop in serum hemoglobin and hematocrit levels 
(bleeding), transfusion rate, operative time (defi-
ned from the beginning of the cystoscopy until the 
end of nephrostomy tube placement), variation of 
creatinine clearance, complications according to 
the Clavien classification, length of hospital stay, 
and stone-free rate.

Surgical Technique And Postoperative 
Image Control

 All patients received prophylactic third-
-generation cephalosporin preoperatively during 
anesthesia induction, or therapeutic culture-gui-
ded antibiotic initiated seven days before surgery. 
Patients with staghorn calculi started oral antibio-
tics 7 days before surgery irrespective of urinary 
culture status.

 Briefly, all patients were submitted to cys-
toscopy under general anesthesia for a 5 Fr urete-
ral catheter placement and retrograde pyelography. 
Thereafter, patients were positioned in prone or su-
pine position according to the surgeon’s preference. 
Upper tract access was planned by examining preo-
perative noncontrast computed tomography (NCCT) 
and intraoperative fluoroscopy. The collecting sys-
tem was punctured, a guidewire was inserted, and 
then the urinary tract was dilated with serial dila-
tors. After nephroscopic inspection, lithotripsy was 
done with ultrasonic lithotripter (Swiss Lithosclast® 
Master, Electro Medical System) allowing concomi-
tant stone fragmentation and suction. Larger stone 
fragments were retrieved with graspers. At the end 
of all procedures, flexible nephroscopy was perfor-
med. An eighteen Fr nephrostomy tube was rou-
tinely left in place at least for two days. Ureteral 
catheter or a double J stent were also routinely left.

 In the first postoperative day, all patients 
underwent NCCT and laboratory exams following 
our Institutional protocol. Patients with residual 
stones were submitted to auxiliary procedures ac-
cording to the residual stone burden and location. 
Patients who underwent auxiliary procedures were 
submitted to a consented additional NCCT.

statistical analysis

 Results were expressed in proportion, mean, 
and standard deviation. Spearman correlation was 
performed to assess which variables could impact 
on bleeding (drop in hematocrit level) and surgi-
cal complications. Linear and logistic regression in-
cluding BMI, ASA classification, baseline clearance 
creatinine, patient’s PCNL position, number of uri-
nary tracts, stone burden, Guys score, renal cortex 
thickness and operative time were performed to 
evaluate which variables were significantly related 
to bleeding and complications, respectively. Statis-
tical analysis was performed with SPSS version 20.0 
(SPSS Inc., Chicago, IL) and significance level was 
set up at p<0.05.

REsuLTs

 Twenty-seven patients (29.6% male) with 
solitary kidneys who underwent PCNL were enrol-
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led in this study. The mean (± standard deviation) 
age and BMI were 45.6±14.6 years and 28.8±4.7 
Kg/m2, respectively. Mean stone burden was 
503±222 mm2 and almost half of patients (45%) 
were classified as Guys 3 (partial staghorn or mul-
tiple stones) or 4 (complete staghorn) – complex 
cases. Most patients (78%) had a solitary kidney 
due to a stone-related event. Demographic and 
preoperative data are summarized in Table-1.

 The majority of patients were positioned 
in prone position (63%) for PCNL and had a single 
puncture performed (78%). Stone-free rate after 
auxiliary procedures was 67%. Mean drop in the 
hematocrit level was 8.1% and it was used to es-
timate the intra-operative bleeding. Blood trans-
fusion was required in five (18.5%) cases. Mean 
operative time was 138.3±36.7 minutes and mean 
length of hospital stay was 5.6±3.9 (range 2 to 16) 

days. Most patients (55.5%) stayed in the hospital 
for no more than 4 days; only four patients had 
a hospitalization time longer than one week due 
to surgical complications. Eight (29.6%) patients 
had postoperative complications; five of them 
were Clavien 2 (one urinary tract infection and 
four blood transfusions) and three were Clavien 3 
(two urinary fistulas treated with 2J placement – 
one patient also needed a blood transfusion – and 
one 2J displacement that required anesthesia for 
surgical removal). The variation between pre- and 
postoperative creatinine clearance was minimal. 
Table-2 shows intra- and postoperative data. 

 On univariate analysis, only the number 
of urinary tracts was associated with increased 
bleeding (p=0.033) – Figure-1 – and only operati-
ve time was associated with a higher complication 
rate (p=0.044) – Table-3. Linear regression con-

Table1 - Demographic and preoperative data.

Demographic data

Age (years) 45.6±14.6

Gender (Male) 29.6%

BMI (Kg/m2) 28.8±4.7

ASA score 37% ASA 1 / 48% ASA 2 / 15% ASA 3

Serum creatinine (mg/dL) 1.5±0.8

Creatinine Clearence (mL/min/1.73m2) 60.5±32.0

Preoperative data

Laterality (Right) 48%

Renal Cortex Thickness (cm) 1.9±0.6

Stone Burden (mm2) 503±222

Guys score 11% Guys 1 / 33% Guys 2 / 41% Guys 3 / 4% Guys 4

Solitary kidney cause

Lithiasis 21 (78%)

Renal agenesia 3 (10%)

Kidney cancer 1 (4%)

Abdominal trauma 1 (4%)

Kidney donation 1 (4%)

BMI = Body mass index; AsA = American Society of Anesthesiology
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firmed number of urinary tracts as significantly 
related to bleeding – drop in the hematocrit level 
(6.3, 95%CI 2.2-10.4; p=0.005), whereas logistic 
regression showed no correlation between varia-
bles in study and complications.

Table 2 - Intra- and postoperative data.

PCNL Position (Prone / Supine) 63% / 37%

Number of Urinary Tracts 78% One / 22% Two

Hb level drop (mg/dL) 2.7 (Initial 13.4 - Final 10.7)

Ht level drop (%) 8.1 (Initial 40.7 - Final 32.6)

Transfusion (n; %) 5 cases; 18.5

Operative time (min) 138.3±36.7

Length of hospital stay (days) 5.6±3.9

Complications 8 (29.6%)-Clavien 2: 62.5% Clavien 3: 37.5%

Creatinine variation (mg/dL) 0.1 (Initial 1.5-Final 1.4)

Creatinine Clearence variation (mL/min/1.73m2) 0.5  (Initial 60.5-Final 60)

Stone-free rate (%) 67

hb = Hemoglobin; ht = Hematocrit

figure 1 - Correlation between number of urinary tracts and drop in hematocrit level.

DIsCussIOn

 We studied patients with solitary kidneys 
who underwent PCNL in a referral center for ma-
nagement of kidney stones to compare our ou-



ibju | PCNL iN SoLitary KidNey

500

tcomes with others centers worldwide; then we 
analyzed factors that could impact on intraope-
rative bleeding and postoperative complications. 
Compared to the largest series of PCNL in solitary 
kidneys reported in the literature (Clinical Rese-
arch Office of the Endourological Society – CRO-
ES) (5), both studies showed reasonable stone-free 
rates (>65%) with high proportion of transfusion 
and minor complication rates. In our cases, almost 
25% of our PCNLs were done with two percuta-
neous accesses, which was significantly related to 
a higher bleeding rate, compared to only 10.6% of 
cases from CROES study. We also had a high num-
ber of complex cases (Guys 3 and 4) that can have 
impacted on our outcomes, although it was not 
significantly associated with our analyzed results. 
Eight patients had postoperative complications, 
however only 3 (11.1%) required further interven-
tion (all of them were small procedures and were 
uneventfully done).

 El-Nahas el al. (10) studied 39 patients 
submitted to PCNL who presented with bleeding 
requiring angiographic renal embolization and re-
ported that solitary kidney, staghorn calculi, mul-
tiple tracts, and an inexperienced surgeon were 
significant risk factors for severe bleeding. In our 

Table 3 - univariate analysis – sperman correlation.

 Bleeding Complications

p-value R2 linear p-value R2 linear

BMI 0.170 0.085 0.361 0.038

ASA classification 0.793 0.003 0.910 <0.001

Initial serum creatinine 0.512 <0.001 0.697 0.052

Initial clearence of creatinine 0.709 0.024 0.938 0.004

Patient's position 0.508 0.015 0.420 0.026

Number of urinary tracts 0.033 0.216 0.450 0.023

Stone burden 0.971 0.002 0.918 0.003

Guys score 0.653 0.017 0.978 <0.001

Renal cortex tickness 0.631 0.010 0.735 0.008

Operative time 0.212 0.067 0.044 0.210

BMI = Body mass index; AsA = American Society of Anesthesiology

study, a second tract was significantly related to 
bleeding. A more conservative approach avoiding 
more than one renal puncture in complex cases 
might be safer in these patients. Surgeon expe-
rience was not considered in our analysis, as all 
procedures in our institution were performed by a 
resident under supervision of an experienced staff 
urologist. 

 Jones et al. (11) in a study with 53 pa-
tients reported the safety of PCNL in solitary kid-
ney patients showing a stone-free rate of 77.3% 
(defined by absence of residual calculi or frag-
ments ≤2mm). The authors did not report any se-
rious complications, except for one patient who 
had deterioration in renal function. More recently, 
Resorlu et al. (12) reported their experience with 
16 patients with complex caliceal or staghorn sto-
nes in solitary kidney treated with PCNL. There 
were no significant intraoperative complications, 
but one patient had bleeding from an infundibular 
tear attributed to excessive kidney torquing. Du-
ring the 1-year study period, no patients progres-
sed to end-stage renal disease. They concluded 
that PCNL in solitary kidney with staghorn calculi 
is not only effective but also safe. In our study we 
had 3 (11.1%) minor complications, two urinary 
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fistulas and a double-J misplacement, which re-
quired further intervention. All of them were sol-
ved uneventfully.

 PCNL in obese patients has its particu-
larities that may be related to a harder patient’s 
mobilization and positioning before surgery and 
a longer urinary tract length. These peculiarities 
could be linked to some difficulty to gain access 
to the collecting system and sometimes to a signi-
ficant bleeding. In our study, BMI was not related 
to surgical complications or bleeding following 
PCNL in solitary kidneys. In fact, previous studies 
have shown that BMI does not impact on postope-
rative complications of PCNL (13, 14). Terrecialla-
-Ortiz et al. (14) in a prospective study including 
225 PCNL reported no statistical significant diffe-
rence in terms of complication or stone-free rate 
when patients were stratified according to their 
BMI. There were also no differences in failure to 
gain access, hospital stay, or need for auxiliary 
procedures. In this study, only operative time and 
radiation doses were higher in patients with incre-
ased BMI.

 Canes et al. (15) studied the impact of 
PCNL on renal function and reported a series of 
81 patients with solitary kidney submitted to 92 
percutaneous procedures. In 64 (69.6%) patients 
PCNL was done for stones, including staghorn 
calculi in 25 and renal or ureteral stones in 39 
cases. In this study, percutaneous procedures were 
not associated with a worsening in renal function, 
which was similar to our findings. Wang et al. (16) 
reported their experience with PCNL in solitary 
kidney patients in prone (10 patients) and supine 
position (6 patients), showing that patient’s posi-
tion has no impact on surgical outcomes, which 
was again similar to our results.

 In our study, the overall stone-free rate 
was 67%. Although this number can be slightly 
lower compared to those reported by others au-
thors (12, 15-18), the strict follow-up based on 
a NCCT to evaluate outcomes may explain that 
finding. Furthermore, it was similar to the results 
showed by CROES study in a global evaluation.

 Recent published systematic review and 
meta-analysis showed that PCNL provides a hi-
gher stone free-rate when compared to RIRS. Ho-
wever, PCNL is also followed by a higher compli-

cation rate and blood loss (19). In patients with 
solitary kidneys with kidney stones >2.0 cm, PCNL 
should be recommended as the first-line treatment 
option, although RIRS can be offered to selected 
patients who prefer to be submitted to staged pro-
cedures with low morbidity rate.

 Our study has some limitations. It is a 
retrospective study with a limited number of pa-
tients. However, PCNL in solitary kidney is a re-
lative rare procedure and prospective series are 
challenging to be done. Although it is not a lar-
ge series, it has a reasonable number of patients 
and evidenced the association between multiple 
urinary tracts and bleeding, showing that a more 
conservative approach (single puncture procedu-
re) might avoid blood transfusions. We did not 
compare our PCNL outcomes in solitary kidneys 
to those obtained from PCNL in patients with two 
functional kidneys; however, it would be complex 
to match these patients considering all variables 
which could be associated with intraoperative ble-
eding and postoperative complications. 

COnCLusIOns

 PCNL in solitary kidneys is a challenging 
procedure, however a reasonable stone-free rate 
can be achieved with a low rate of significant 
complications. Multiple urinary tracts impacts on 
intraoperative bleeding and when there is the need 
for a second tract, a staged procedure is advised.
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Purpose: Calcium oxalate urolithiasis is one of the most common urinary tract disea-
ses and is of high prevalence. The present study proposes to evaluate the antilithiatic 
property of hydrogen sulfide and its metabolites like thiosulfate & sulfate in an in vitro 
model.
Materials and Methods: The antilithiatic activity of sodium hydrogen sulfide (NaSH), 
sodium thiosulfate (Na2S2O3) and sodium sulfate (Na2SO4) on the kinetics of calcium 
oxalate crystal formation was investigated both in physiological buffer and in urine 
from normal and recurrent stone forming volunteers. The stones were characterized by 
optical and spectroscopic techniques.
Results: The stones were characterized to be monoclinic, prismatic and bipyramidal 
habit which is of calcium monohydrate and dihydrate nature. The FTIR displayed 
fingerprint corresponding to calcium oxalate in the control while in NaSH treated, 
S=O vibrations were visible in the spectrum. The order of percentage inhibition was 
NaSH>Na2S2O3>Na2SO4.
Conclusion: Our study indicates that sodium hydrogen sulfide and its metabolite thio-
sulfate are inhibitors of calcium oxalate stone agglomeration which makes them unsta-
ble both in physiological buffer and in urine. This effect is attributed to pH changes and 
complexing of calcium by S2O3

2-and SO4
2- moiety produced by the test compounds.
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InTRODuCTIOn

The incidence of urolithiasis in recent times 
is alarmingly increasing in both adult and pedia-
tric populations (3 per 1000 in men and 2 per 1000 
in women) (1, 2). This may be due to the change 
in lifestyle and dietary intake as diet plays an im-
portant role in the pathogenesis of kidney stone 
(3). Recurrent stone formation is one of the major 
concerns in this disease where frequent medical 
cares for the patients are required (4). Even though 

calcium phosphate and Mg-ammonium phosphate 
stones are prevalent, calcium oxalate stones are 
occurring with high incidence (70-80%) (5). This 
may be due to the relatively high consumption of 
animal protein and fat and low consumption of 
carbohydrate in the diet (1).

The formation of stones nadir due to 
calcium oxalate crystal retention in the kidney 
resulted from the accumulation plasma oxalate, 
derived from both endogenous and exogenous 
sources. Experimental evidence indicates that 
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tolerance of kidney stone formation varies among 
the animals (6). Adhesion of newly formed Cal-
cium oxalate monohydrate (COM) crystals to the 
apical surface of renal tubular epithelial cells 
could be an important initiating event of stone 
formation (7). Interaction of renal epithelial cells 
with COM crystals has been shown to increase 
the generation of reactive oxygen species and are 
responsible for damage renal tubules (8). Howe-
ver, in animal experimental models, it is difficult 
to discriminate between effects caused by crys-
tals or by oxalate as calcium oxalate crystalluria 
cannot exist without hyperoxaluria. Hence in this 
study we used one in vitro experimental model to 
study the effect of the drug.

 Dietary management and medical expul-
sion therapy such as lithotripsy, ureteroscopy, 
shock wave lithotripsy (SWL) and percutaneous 
nephrolithotomy (PNL) are some of the medical 
management procedures for renal stones. Howe-
ver, most of these approaches have significant 
side effects and this leads to the stimulation for 
alternative therapy in this field.

All these facts indicate the need for new 
therapeutic target or agent for the treatment of 
renal stones (3. 4). Recent studies have proved 
that anti-oxidants, thiazide diuretic, thiol based 
agents are few promising agents that can be used 
to reduce Calcium oxalate crystal induced renal 
injuries (9-11). They primarily reduce urinary 
calcium excretion and thereby inhibit the forma-
tion of calcium containing stones.

 Sodium thiosulfate, promising anti-uro-
lithiatic agent received considerable attention as 
a drug and its clinical trial on recurrent stone 
formers is an evidence for sulfur based drugs for 
the treatment of renal stone. Antioxidant po-
tential and its ability for sulfur group donation 
underline the effectiveness of thiosulfate in re-
nal stone treatment (9, 10). The metabolites of 
thiosulfate, namely, hydrogen sulfide and sulfate 
are also reported to have similar property, but 
without scientific evidence as anti-urolithiatic 
agent (12, 13). In this manuscript, we compare 
the effectiveness of thiosulfate, hydrogen sulfide 
and sulfate in inhibiting in vitro crystallization 
process in physiological buffer, normal and pa-
thological urine.

MATERIALs AnD METhODs

Chemicals
 The chemicals used in this study were 

purchased from Hi media®, India except Sodium 
hydrogen sulfide, bought from Sigma-Aldrich®.

In Vitro calcium oxalate synthesis
In vitro calcium oxalate was synthesized 

according to the procedure described by Henne-
quin et al. with some minor modifications (14). 
Calcium oxalate was prepared by measuring equal 
volume of stock solutions of 5 mM calcium chlo-
ride (CaCl2) and 0.5 mM sodium oxalate (Na2C2O4) 
prepared in buffer containing 10 mM Tris-HCl and 
90 mM NaCl at pH 6.5 and maintained at 37ºC. The 
resulting white turbid solution was stirred at 400 
rpm for 24h and left without shaking for the crys-
tals to settle down. The supernatant was discarded 
and the crystals were washed twice with ethanol 
followed by water and subjected to lyophilization. 
The inhibitory effect of H2S and its metabolites 
were analyzed by adopting similar procedures in 
the presence of trisodium citrate (Na3C6H5O7), so-
dium hydrogen sulfide (NaSH), sodium thiosulfate 
(Na2S2O3) and sodium sulfate (Na2SO4) at equimo-
lar concentrations.

Characterization of crystals by FTIR
 The dry crystal morphology was cha-

racterized in the absence and presence of test 
compounds by microscopy using inverted phase 
contrast microscope (Carl-Zeiss AXIO®) for crys-
tal habit identification at 40X magnification and 
confirmed with Fourier Transform Infrared spec-
troscopy using PerkinElmer® (15, 16).

Urine sample collection
 All the procedures involving human sub-

jects were approved by the Institutional Ethical 
committee (IEC) of SASTRA University. A total of 
8 volunteers (5 men and 3 women) with a mean 
age of 42, with a calcium stone forming tendency 
but having a normal renal function formed the 
experimental group and 6 volunteers (3 men and 
3 women) with a mean age of 38, without any 
medical co-morbidities or history of urolithiasis 
formed the control group. The required multiple 
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urine collections were made with their willing-
ness and consent.

Kinetics of calcium oxalate formation in 
buffer system and urine

 The influence of hydrogen sulfide (H2S) & 
its metabolites on the kinetics of calcium oxalate 
formation was studied both in the buffer system 
as well as in the urine obtained from normal vo-
lunteers and recurrent stone formers as per the 
method explained by Hennequin et al. (14) with 
some minor modifications in a 48 well plate.

For kinetic study in buffer, solutions of 
CaCl2 and Na2C2O4 were prepared at the final con-
centration of 3.5 mM and 0.5 mM, respectively 
in Tris-HCl buffer (0.02 M) containing NaCl (0.15 
M) adjusted to pH 6.5. The solutions were mixed 
in the absence and presence of sodium hydrogen 
sulfide (NaSH), sodium thiosulfate (Na2S2O3) and 
sodium sulfate (Na2SO4) at concentrations ran-
ging from 0.44 mM to 3.5 mM. Trisodium citra-
te (Na3C6H5O7) was used as the positive control. 
Crystallization was initiated by adding 100 µL of 
Na2C2O4 in 100µL of CaCl2. All the reactions were 
carried out in triplicate maintaining the tempe-
rature at 37ºC and monitored at 620 nm every 1 
min using Biotek Micro plate spectrophotometer 
associated with Gen5™ data analysis software. 
The percentage inhibition by the test compounds 
was calculated as per the expression (1-(Tsi/Tsc)) 
X 100, where Tsc was the turbidity slope of con-
trol and Tsi the turbidity slope in the presence of 
the test compounds.

 A similar procedure was adopted for uri-
ne sample except pH was adjusted to 6.5 and the 
treatments were added directly to urine excluding 
CaCl2. The crystallization was initiated by adding 
100 µL of Na2C2O4 to 100µL of urine. The rest of 
the procedures were the same as adopted for the 
buffer system.

statistical analysis

 Data were expressed as mean±S.D. of three 
observations and analyzed by two way-ANOVA with 
95% confidence interval limits to estimate the diffe-
rences between the test compounds and concentra-
tions using Graph Pad Prism version 5.01.

REsuLTs

Crystal morphology: Figure-1 displays the crys-
tal nature in the buffer system as well as in the 
urine of both normal volunteers of recurrent sto-
ne formers. Crystals predominantly resembled the 
agglomerated form of calcium oxalate dendrites 
and monoclinic prisms in the buffer system. The 
agglomeration was found to be reduced in the 
presence of H2S & its metabolites. In the urine of 
recurrent stone formers, bipyramidal weddellite 
type of stones were observed. Unlike the observa-
tions above, H2S & its metabolites did not change 
the morphology of the crystals but crystal number 
was reduced. 
FTIR spectroscopy: Figure-2 displays the typical 
FTIR spectra of synthesized calcium oxalate alone 

figure 1 - Calcium oxalate crystal morphologies representing the type of crystal in a buffer and in b urine at 40 x magnification.
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and in the presence of test compound NaSH. The IR 
spectra were recorded in the range of 400-4000 cm-1 
.The absorption bands identified for calcium oxalate 
were at 3434.26 cm-1, 3063.40 cm-1 (Symmetric and 
asymmetric O-H stretching), 1615.18 cm-1, 1322.44 
cm-1 (C=O, C-O stretch), 949.36, 885.12 cm-1 (C-C 
stretch), 785.30 cm-1, 662.89 cm-1 (out of plane O-H 
bending and C-H bending) and 515.23 cm-1 (O-C-
-O in plane bending). In the presence of NaSH, the 
stones obtained had an additional absorption bands 
at 672.35 cm-1 1000.14 cm1, 1132.38 cm-1, 1440.12 
cm-1 and 1621.74 cm-1, indicating the presence of 
SO4

2- and S2O3
2- functional groups, thereby confir-

ming the interaction of H2S on crystal formation.

Kinetics of calcium oxalate formation in 
the buffer system: Figure-3 shows the effect of 
trisodium citrate, sodium hydrogen sulfide, sodium 
thiosulfate and sodium sulfate on the growth ki-
netics of calcium oxalate in the buffer system. On 
comparison with control (absence of test com-

pounds), the percentage inhibition shown by test 
compounds at 0.44 mM was 38% for NaSH, 9% for 
Na2S2O3 and no significant inhibition with Na2SO4 
and Na3C6H5O7. At 0.88 mM, the percentage inhi-
bition was 52% for NaSH followed by 31%, 23% 
and 3% for Na3C6H5O7, Na2S2O3 and Na2SO4 respec-
tively. For higher concentrations of test compounds 
at 1.75 mM and 3.5 mM, the increase in percenta-
ge inhibition ranged from 48-72% for Na3C6H5O7, 
followed by 54-68% for NaSH and with almost 
constant inhibition for Na2S2O3 (34-38%) and Na-

2SO4 (10-13%).

Kinetics of calcium oxalate formation in 
the urine: Figure-4 and Figure-5 display the effect 
of trisodium citrate, sodium hydrogen sulfide, so-
dium thiosulfate and sodium sulfate on the growth 
kinetics of calcium oxalate in the urine of normal 
and recurrent stone formers.

 The urine from the normal volunteers with 
no previous incidence of stone formation was used 

figure 2 - fTIR spectral data of calcium oxalate obtained in the absence (above) and presence (below) of nash.
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figure 3 - Effect of test compounds on kinetics of calcium oxalate in buffer. Data are mean±s.D. of three observations. 
(p<0.001).

figure 4 - Effect of test compounds on kinetics of calcium oxalate in normal urine. Data are mean±s.D. of three observations. 
(p<0.001).

for analysis. The percentage inhibition shown by 
test compounds at 0.44 mM and 0.8 mM were in-
significant compared to control where NaSH sho-
wed 35% inhibition. But at a higher concentration 
of 1.75 mM and 3.5 mM, the percentage inhibi-
tion elevated to 25-45% for Na3C6H5O7, followed 

by 27-45% for Na2S2O3 and with almost constant 
inhibition for NaSH (30-40%) and Na2SO4 (10%).

 The calcium oxalate crystals studied with 
urine from stone forming volunteers showed inhi-
bition of 41% for NaSH, 34% for Na2S2O3, 32% for 
Na3C6H5O7 and almost no inhibition at 0.4 mM for 
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Na2SO4. At higher concentration of test compounds 
at 0.88 mM, 1.75 mM and 3.5 mM, the percentage 
inhibition was 45-61% for NaSH, followed by 35-
51% for Na3C6H5O7 and with almost constant inhi-
bition for Na2S2O3 (49-51%) and Na2SO4 (11-18%).

DIsCussIOn

 The prevalence of urolithiasis has been a 
major problem affecting people of all socioecono-
mic levels irrespective of region, age, and gender. 
Among the four major types of stones, calcium, 
uric acid, struvite and cysteine, the calcium oxa-
late accounts for more than 80% of reported cases 
(17). The mechanism behind the initial growth of 
crystal still remains an oblivion although many 
reports suggest that a single nucleus, the “Randall 
Plaque” is responsible for growth of calcium oxa-
late crystal (18). The surgical removal of stones by 
ESWL, ureteroscopy and percutaneous lithotripsy 
still remains the major treatment strategy despite 
the fact that recurrence is a major limitation to 
these procedures (4). Lack of drug treatments tar-
geted towards stone formation, adverse effects of 
existing drugs such as thiazide diuretics and low 
efficacy of citrate therapy has kept this area wide 
open for research.

 The current investigation is targeted at 
testing the influence of sodium hydrogen sulfide, 
sodium thiosulfate and sodium sulfate, which are 
products of endogenous metabolism of hydrogen 
sulfide within the cells, on the formation of cal-
cium oxalate stone (19). The basis of this present 
study triggers the fact that despite thiosulfate 
being used clinically, the mechanism of its action 
remains elusive. Being a part of the endogenous 
hydrogen sulfide metabolism, if similar activity 
exists with its metabolites as reported in vascular 
calcification remains a question to be answered 
(20). In this study the inhibitory potency of the 
test compounds was tested on the kinetics of cal-
cium oxalate formation in vitro both in buffer and 
in urine obtained from normal and recurrent stone 
forming volunteers. In the buffer system, NaSH, 
the H2S donor showed 68% inhibition at the hi-
ghest concentration of 3.5 mM which was 4% less 
than the positive control Na3C6H5O7. This effect 
was significant even at the least concentration of 
0.44 mM for NaSH (38%) while the positive con-
trol showed no inhibition.

On the other hand, chemically proven drug 
for urolithiasis, thiosulfate showed formation of 
kidney stone generally under the influence of 
pH; alkaline pH favors calcium phosphate type of 

figure 5 - Effect of test compounds on kinetics of calcium oxalate in urine of recurrent stone formers. Data are mean±s.D. 
of three observations. (p<0.001).
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stones while acidic pH favors oxalate, uric acid 
stones (21).The solution of NaSH was tested to be 
alkaline (pH=10.9) and immediately increases the 
pH of the microenvironment and thus might con-
tribute to inhibition of stone formation even at 
lower concentration as suggested from the kinetic 
data (Figure-3). However Na2S2O3 and Na2SO4 in 
solution were slightly acidic and did not prevent 
the stone formation in the in vitro buffer system.

 Evidence from previous report suggest 
that calcium, sodium, oxalate, urate, Tamm- Hor-
sfall protein and low urine pH are the factors that 
favors the stone formation and are widely present 
in stone forming patients (17, 22, 23). The nor-
mal calcium oxalate nucleation procedure was not 
followed in normal urine as its pH was around 
7.2 and did not favor the nucleation. Hence urine 
from normal person was adjusted to pH 6.5 and 
crystal nucleation was initiated suggesting the 
pH as a major factor influencing calcium oxala-
te stone formation as reported by others (21). In 
recurrent stone formers urine, the maximum inhi-
bition in the nucleation showed by NaSH (61%) 
which was near consistent with that of buffer sys-
tem while it was lowered by 20% in normal urine 
suggesting a low tendency of stone formation in 
normal subject and the suitability of using a bu-
ffer system for the essential evaluation of anti-
-urolithiasis. On the other hand, Na2S2O3 showed 
49-51% inhibition in pathological urine similar 
to that of positive control Na3C6H5O7 indicating its 
efficacy and agreement with the previous reports 
(23). Tri sodium citrate and sodium thiosulfate 
acts by interfering the stone formation through 
complexing the calcium as suggested by Yatzidis, 
1985. Sodium sulfate was found to be a poor inhi-
bitor of stone formation in vitro, being the end 
product of H2S metabolism that is easily excreted 
in urine unchanged.

 The prepared calcium oxalate crystal mor-
phology was analyzed and assessed according to 
the guidelines described by Thongboonkerd, 2006. 
Interestingly, we found two different types of cal-
cium oxalate crystals in buffer & urine. In buffer 
system the crystals formed was monoclinic and 
aggregated to form dendritic crystals of calcium 
oxalate of monohydrate in nature (24). Addition 
of test compounds reduced the number of agglo-

merates but not the morphology. However in urine 
collected from recurrent stone formers, dihydrate 
stones were predominant as evident from their bi-
pyramidal nature (Figure-1). In general, calcium 
oxalate stones exist in three forms: monoclinic 
monohydrate, tetragonal dihydrate and triclinic 
trihydrate of which monohydrate is thermodyna-
mically stable and forms the majority of kidney 
stones (24).

 FTIR fingerprint spectra of calcium oxala-
te, showed the characteristic bands of 672.35 cm-

1, 1000.14 cm-1, 1132.38 cm-1, 1440.12 cm-1  and 
1621.74 cm-1 suggesting the existence of S=O stre-
tching and bending vibrations pertaining to S2O3

2- 
and SO4

2- functional group. This suggests the in-
terference of NaSH on calcium oxalate nucleation, 
thereby preventing its growth. Further in vivo stu-
dies have to be carried out for confirming the same.

COnCLusIOns

 The current study revealed the anti-uro-
lithiatic activity of H2S & its metabolites in an 
in vitro model. Moreover the effect was observed 
both for monohydrate and dihydrate forms pre-
venting their aggregation which promotes ther-
modynamic stability.
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Purpose: Urolithiasis is a common urological disorder responsible for serious human 
affliction and cost to the society with a high recurrence rate. The aim of the present 
study was to systematically evaluate the phlorotannin rich extract of Sargassum wi-
ghtii using suitable in vitro and in vivo models to provide scientific evidence for its 
antilithiatic activity.
Materials and Methods: To explore the effect of Sargassum wightii on calcium oxalate 
crystallization, in vitro assays like crystal nucleation, aggregation and crystal growth 
were performed. Calcium oxalate urolithiasis was induced in male Sprague dawley rats 
using a combination of gentamicin and calculi producing diet (5% ammonium oxalate 
and rat pellet feed). The biochemical parameters like calcium, oxalate, magnesium, 
phosphate, sodium and potassium were evaluated in urine, serum and kidney homo-
genates. Histopathological studies were also done to confirm the biochemical findings.
Results: The yield of Sargassum wightii extract was found to be 74.5 gm/kg and con-
firmed by quantitative analysis. In vitro experiments with Sargassum wightii showed 
concentration dependent inhibition of calcium oxalate nucleation, aggregation and 
growth supported by SEM analysis. In the in vivo model, Sargassum wightii reduced 
both calcium and oxalate supersaturation in urine, serum and deposition in the kidney. 
The biochemical results were supported by histopathological studies.
Conclusion: The findings of the present study suggest that Sargassum wightii has the 
ability to prevent nucleation, aggregation and growth of calcium oxalate crystals. 
Sargassum wightii has better preventive effect on calcium oxalate stone formation 
indicating its strong potential to develop as a therapeutic option to prevent recur-
rence of urolithiasis.
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InTRODuCTIOn

The risk of developing urolithiasis in adults 
appears to be higher in the western hemisphere (5-
9% in Europe, 12% in Canada, and 13-15% in the 
USA) (1), than in the eastern hemisphere (1-5%), 
although the highest risks have been reported in 

some Asian countries such as Saudi Arabia (20.1%) 
with lifetime recurrence rates of up to 50% (2).

 The formation of the most common type 
of calculi, the calcium containing calculi, is more 
complex and surprisingly not yet understood 
completely. Current evidence suggests that both 
free and fixed stone formation is possible. The 
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long accepted simple explanation of formation of 
calcium oxalate (CaOx) stones is supersaturation 
(3). Deviating from the hypothesis new insights 
suggest a primary plaque formation in the inters-
titial space of the renal papilla. This plaque acts as 
support commonly referred as nidus made of ei-
ther calcium phosphate crystals or organic matrix 
derived from damaged membranes. This membra-
ne damage is mainly because of various apoptotic 
pathways as ROS, oxidative stress, altered pH and 
co-morbid conditions damaging the kidney.

 Hence, it has been hypothesized that com-
pounds that either alter supersaturation or prevent 
membrane damage can be a useful aid to treat and 
prevent recurrence of urolithiasis. Phlorotannins, 
important secondary metabolites obtained from 
many marine sources are structurally similar to 
tannins, can easily complex these divalent ions 
and accordingly reduce supersaturation of urine. 
On the other hand, phlorotannins are claimed and 
proved to be good antioxidants from earlier re-
ports (4). Hence, they may also reduce the renal 
tubular damage and prevent stone formation.

Sargassum wightii is an important marine 
species (Family: Phaeophyceae), widely distribu-
ted in tropical and temperate oceans. S. wightii 
shows presence of good amount of flavonoids, 
alkaloids, phenolics, phlorotannins and steroids 
with various pharmacological activities like anti-
bacterial and antioxidant activity (5-8). Still many 
pharmaceutical and therapeutical applications of 
S. wightii are untapped. Hence, the present stu-
dy has been initiated with an objective to obtain 
phlorotannin rich extract of S. wightii (PTSW) 
and to evaluate whether PTSW has any preventive 
or curative affect against calcium oxalate stones 
using suitable in vitro crystallization methods and 
animal model.

MATERIALs AnD METhODs

Collection of S. Wightii and Extraction
 The brown algae S. wightii was collected 

in November from sea shore of MANDAPAM re-
gion Rameshwaram coast. The brown algae was 
authenticated by Dr. B. Seetharam, Professor, Sri 
Venkateswara Ayurvedic Medical College Tirupa-
thi, Andhra Pradesh, India and a voucher speci-

men (M-001) was deposited in the department of 
pharmacology and toxicology of National Insti-
tute of Pharmaceutical Education and Research, 
Hyderabad, India.

 Air dried S.wightii was extracted to obtain 
phlorotannin rich extract as explained by Young 
et al. with some modifications (9). Briefly, air dried 
S.wightii was kept for maceration at room tem-
perature with 70% methanol (v/v) for 24 hrs un-
der nitrogen environment. Methanolic extract was 
then collected by using rota evaporator (Rotavac, 
Heidolf, Germany) at 40ºC and fractioned thrice 
with distilled water and n-hexane for 24 hr (1:1). 
All the aqueous portions were pooled and acetyla-
ted with ethyl acetate in pyridine environment. 
The acetylated aqueous extract was then dialyzed 
against distilled water using dialyzing membrane 
(3000 kd cutoff). The obtained phlorotannin rich 
S.wightii extract (PTSW) was collected and stored 
at 2-8ºC.

Quantification of PTSW
 For qualitative estimation of phlorotan-

nins, TLC was carried out on 10×20 cm silica gel 
plate as per the procedure of Jeeva et al. (10). The 
chloroform and methanol (9:1) served as mobi-
le phase. Folin-Ciocalteu reagent was used as 
spraying agent to detect the phenolic compoun-
ds. Quantification of phlorotannins in PTSW was 
done according to modified Folin-Ciocalteu me-
thod, using phloroglucinol as standard (11). Total 
phlorotannin content was expressed as gram equi-
valents of phloroglucinol.

In vitro crystallization methods
 The method used to study the effect of 

PTSW on CaOx nucleation, aggregation and crys-
tal growth was described by Hennequin et al. (12), 
Atmani and Khan (13) and Nakagawa (14) res-
pectively but with some modifications. Calcium 
chloride (12mmol/L) and sodium oxalate (NaOx) 
(2mmol/L) were used for nucleation assay and si-
multaneously, morphological characterization of 
the calcium oxalate monohydrate (COM) crystals 
was done using scanning electron microscopy 
(SEM) (SEM-3700N). The crystals were viewed at 
the voltage of 15 kv, 5 eV and SE of range 37-270 
at 0 and 60 min in the crystal growth assay.
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Antilithiatic activity of S. wightii
Animals
Male Sprague Dawley (SD) rats (150-200g,) 

were obtained from Teena laboratories and housed 
under conditions of optimum light, temperature 
and humidity (12 h light–dark cycle, 22±2˚C and 
relative humidity of 45 to 55%), with food and 
water provided ad libitum. The animal experimen-
tal protocols were approved by the Institutional 
Animal Ethics Committee (IAEC No: NIP/10/2013/
PC/66). Acute toxicity study for S. wightii (PTSW) 
was performed as per OECD guideline no 425 to 
determine the dose for antilithiatic study.

Experimental design
 Hyperoxaluria and calcium oxalate depo-

sition was induced using gentamicin and calculi 
producing diet (CPD) (15). The standard rat pellet 
feed was powdered and mixed with ammonium 
oxalate (5%), then made into pellets used as CPD.

 Male SD rats were randomly grouped in 
to 7 groups (n=8). The group Normal (N) recei-
ved only vehicle (distilled water, 2 mL/kg/p.o.). 
The remaining six groups received gentamicin (40 
mg/kg/s.c., 1-8th day) and CPD from 5-15th day. 
The preventive-control (PC) and curative-control 
(CC) groups received only vehicle (distilled water, 
2 mL/kg/orally) from day 1 to 15 and day 16 to 
30 respectively. The preventive groups (P1 and 
P2) received the PTSW (200 and 400 mg/kg/p.o. 
respectively) from day 1 to 15, whereas curative 
groups (C1 and C2) received the PTSW (200 and 
400 mg/kg/p.o. respectively) from day 16 to 30. As 
the extract was administered from 1st day, P1 and 
P2 assess ability of PTSW to prevent stone forma-
tion for which the PC group serves as control. The 
purpose of groups C1 and C2 was to assess the 
ability of the extract to treat already developed 
renal calculi for which CC group serves as control.

Parameters monitored
 Biochemical parameters were measured 

for preventive groups on the day 15 and for cura-
tive groups on the day 30. At regular intervals, 
as mentioned above the animals were individually 
housed in metabolic cages for collection of urine 
samples for 24 hr. The urine volume was measured 
and then centrifuged at 3000 rpm for 5 min to 

collect the supernatant for estimation of urinary 
parameters like sodium, potassium, calcium, oxa-
late, magnesium and phosphate.

 Blood was collected from the retro-orbi-
tal region at the same time points and allowed to 
clot at room temperature and serum was separa-
ted by centrifugation at 3000 rpm for 5 minutes. 
The serum was used to analyze the serum level of 
sodium, potassium, calcium, oxalate, magnesium 
and phosphate.

Animals were sacrificed at the end of the 
experimental period day 15 (PC, P1 and P2) and 
day 30 (CC, C1 and C2) by decapitation. The kidneys 
were carefully excised, weighed and one kidney of 
each animal was put in 10% formalin for histolo-
gical studies. The other kidney was sliced into two 
equal halves. One half was homogenized in 10% 
HCl and another in 10 % Tris buffer. The superna-
tant from HCl homogenate was used for estimation 
of calcium and oxalate and Tris buffer homogenate 
for estimation of magnesium and phosphate. All the 
biochemical parameters mentioned were measured 
using commercial analytical kits (Accurex Pvt Ltd) 
except oxalate. The urine, serum and kidney levels 
of oxalate were estimated manually using procedu-
re of Hodgkinson and Williams (16).

Histopathological evaluation
For microscopic evaluation, kidneys were 

fixed in 10% formalin. Tissue sections of 5µm thi-
ckness were stained with hematoxylin-eosin. A 
minimum of 10 fields for each kidney slide were 
examined for necrosis, calcium oxalate crystals 
deposits, stone size, membrane damage  and other 
histopathological parameters. Tissue slices were 
photographed using research microscope (Nikon 
Eclipse Ti-U, USA) at 10X magnification.

statistical analysis

All values were expressed as mean ± SD 
of three observations for in vitro studies and 8 
observations for in vivo studies. The data was 
analyzed using Graph pad prism software ver-
sion 5.0. One way ANOVA and two ANOVA 
were used depending upon the need followed by 
Bonferroni’s test as post hoc test. The statistical 
significance was set at p<0.05.
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REsuLTs

PTSW yield and quantification 
The yield of methanolic extract of S. wi-

ghtii was found to be 74.5 gm/kg of dry material. 
The yield of phlorotannins rich extract (PTSW) 
was found to be 20g / 100 g of methanolic ex-
tract of S. wightii. Total phlorotannin content of 
PTSW was determined from the calibration cur-
ves of phloroglucinol (y=0.002x-0.022, R²=0.989) 
by Folin-Ciocalteu method. The total phlorotan-
nin content of PTSW was found to be 74.5µg/mg 
phloroglucinol equivalents. 

Nucleation assay
The simultaneous incubation along with the 

different concentrations of PTSW significantly re-
duced the nucleation of calcium oxalate at 30 and 
60 min significantly (p<0.05), when compared to 
control setup. The % inhibition of nucleation, by 
PTSW was found to be dose dependent (Table-1).

Crystal aggregation assay
The simultaneous incubation of COM seed 

along with different concentrations of PTSW (t1-
50µg, t2-100µg, t3-250µg and t4-500µg) had shown 

a significant reduction in aggregation of COM crys-
tals. Results showed a significant inhibitory effect 
of PTSW in all the different concentration when 
compared to the control COM slurry (p<0.05), but 
the effect was dose independent. The % aggrega-
tion inhibition rate was calculated and found to be 
dose independent effect as shown in Table-1.

Crystal growth assay
A significant deposition of 6.18% of oxa-

late was observed at 400 s, whereas an additional 
5.71 % was deposited by 800s indicating signifi-
cant growth of COM crystal in control samples. 
When COM crystals were incubated with different 
concentrations of PTSW, it was observed that the 
oxalate deposition was significantly reduced in 
dose and time dependent manner as shown in Ta-
ble-1.The SEM analysis of calcium oxalate growth 
assay at 0 and 60 min showed the reduction in 
size and the shape of COM crystals in the incu-
bation mixtures having different concentrations 
of PTSW when compared with control (Figure-1), 
which clearly indicate ability of PTSW to redu-
ce crystal growth supporting the results of crystal 
growth assay.

Table 1 - Effect of pTsw on in vitro crystal nucleation, aggregation and growth assay.

Concentrations Nucleation assay Aggregation assay Crystal growth assay

% inhibition={(1-
(TSi/TSc)} X 100

% aggregation 
inhibition rate,

Ir=(1-TSi/TSc)  X  100

% Reduction of free oxalate % Relative inhibitory activity 
{% Relative inhibitory activity 

=((C-S)/C)×100}

60 min 60 ⇒ in (0–400)
seconds

(400-800 ) 
seconds

400 seconds 800 seconds

Control Nil Nil 6.18±0.45 5.71±0.32 Nil Nil

T1 (50µg/mL) 91.95±6.25 31.65±1.25 4.50*±0.34 2.38*±0.23 27.18±1.25 58.31±3.14

T2 (100µg/mL) 92.90±4.56 27.66±2.01 1.47*±0.04 1.20*±0.06 76.21±8.21 78.98±6.54

T3 (250µg/mL) 97.04±6.89 48.28±4.56 1.08*±0.1 0.78*±0.09 82.52±9.14 86.34±4.89

T4 (500µg/mL) 98.97±5.61 42.6±3.58 0.56*±0.05 0.55*±0.05 90.93±6.24 90.36±7.28

All values were mean ± SD of 3 observations. Where; *=p<0.05, when compared with control and

Tsi = Turbidity slope in the presence of the test sample;

Tsc = Turbidity slope of the control;

C= Rate of reduction of free oxalate without test sample;

s= Rate of reduction of free oxalate with test sample.
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Acute toxicity study
PTSW was found to be safe up to 2 g/kg, 

p.o. as no mortality was observed in 48 hrs follo-
wed by 14 days observation except increase in 
urination in the fi rst 6 hrs. The dose for pharma-
cological evaluation was fi xed at 200 and 400 mg/
kg p.o as per standard guidelines.

Effect of PTSW on biochemical parameters
With administration of CPD and gentami-

cin, signifi cant (p<0.05) increase in urinary excre-
tion of calcium and oxalate was observed in PC 
and CC groups when compared with normal group 
(N) confi rming that CPD and gentamicin treatment 
has caused supersaturation of urine with calcium 
and oxalate. After treatment with PTSW a signifi -
cant (p<0.05) decrease in calcium and oxalate was 
observed in P1, P2, C1 and C2 groups when com-
pared with their respective control groups, indica-
ting the ability of PTSW to reduce super saturation 
of urine caused by CPD and gentamicin adminis-
tration. PC and CC has not shown any signifi cant 
increase in magnesium and phosphorus excretion 
when compared with normal animals (N), but with 
PTSW treatment a signifi cant (p<0.05) decrease in 
urinary excretion of magnesium and phosphorus 
was observed in P1, P2, C1 and C2 groups when 

compared with their respective control groups. 
Similar signifi cant (p<0.05) increase was 

observed in serum concentrations of calcium, 
oxalate and magnesium, in PC and CC, when 
compared with normal group (N). Whereas on 
treatment with PTSW for 15 days, a signifi cant 
(p<0.05) decrease in serum concentrations of cal-
cium and oxalate alone was found P1, P2, C1 and 
C2 groups when compared with their respective 
control groups, without any effect on magnesium 
levels (Table-2).

While on treatment with gentamicin and 
CPD for 15 days, a signifi cant (p<0.05) deposition 
of calcium, oxalate, magnesium and phosphorous 
in kidney was observed in PC and CC groups when 
compared to the normal group (N). Administration 
of PTSW in two different doses for 15 days, signi-
fi cantly (p<0.05) decreased deposition of calcium, 
oxalate and magnesium in P1, P2, C1 and C2 
groups when compared to their respective control 
groups. A signifi cant decrease in phosphate depo-
sition was also observed but only with higher con-
centration of PTSW i.e., only in P2 and C2 groups 
as shown in Table-2.

Though urinary, serum and kidney deposi-
tion of sodium and potassium were also measured, 
they were not documented as no signifi cant chan-

figure 1 - sEM Images of Crystal growth assay taken at 0 and 60 min.

a, b = Control (0 and 60 min respectively); c, d = t1-50µg/mL (0 and 60 min respectively); e, f = t2- 100µg/mL (0 and 60 min respectively);g, h = t3- 250 µg/mL (0 and 60 
min respectively); i, j = t4-500µg/mL (0 and 60 min respectively); Arrows indicate sharp edged COM crystals.
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ges were observed between the groups and serum 
levels of phosphorous have also not been included 
because of their non significant changes.

Histopathology
The sections photographed highlights the 

junction of medulla and cortex region in kid-
ney as both in humans and rats CaOx deposition 
mainly occurs in this region. Gentamicin and CPD 
administration has caused severe glomerular da-
mage, tubular dilation, membrane damage and 
deposition of CaOx crystals as highlighted in the 
photomicrographs of PC and CC. 

Treatment with PTSW at both the doses 
clearly ameliorated the nephrotoxic damage cau-

sed by gentamicin and CaOx deposition by CPD as 
noted in the sections of P1, P2, C1 and C2.These 
results not only support the biochemical estima-
tions but also testify that PTSW has antilithiatic 
property (Figure-2).

DIsCussIOn

In clinical scenario, irrespective of the che-
mical nature of kidney stones they are treated by 
various surgical procedures like extracorporeal 
shock wave lithotripsy, percutaneous nephrolitho-
tomy etc.,. Beyond doubt the surgical procedures 
cause immediate relief from the kidney stones but 
cannot overcome their recurrence, a very common 

figure 2 - photomicrographs of kidney sections at 100 x magnification where n,pC,p1,p2,CC,C1 and C2 corresponds to groups.

Cr = Calcium oxalate crystals; D = Dilation of tubules; G = Glomerular damage; R = Normal glomeruli; T = Tubular damage
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problem associated with kidney stones and consi-
dered unmet clinical need in the area of urology.

Phlorotannins, important secondary meta-
bolites are obtained from many marine sources. 
These being structurally similar to tannins can ea-
sily complex the divalent ions and might reduce 
supersaturation of urine (17).On the other hand, 
phlorotannins like tannins/polyphenols obtained 
from plant sources are claimed and proved to be 
good antioxidants from earlier reports (18). Hence, 
the present study focuses on the systematic evalu-
ation of PTSW for its benefit as antilithiatic agent.

Extraction of phlorotannins is not always 
easy and uniform to isolate phlorotannins due to 
the susceptible chemical structure of phlorotan-
nins with interphloroglucinol linkages which can 
be oxidized easily (19). Hence, ascorbic acid and 
acetylation of phlorotannins was used during the 
extraction procedure which might be responsible 
for increase in the yield of phlorotannins.

The rationale behind the selection of CaCl2 
and NaOx solution for in vitro studies is their swift 
solubility and they rapidly complex to form CaOx 
crystals uniformly, which can be used as probes 
for in vitro studies as mentioned in many former 
reports (17). Results of nucleation assay indica-
te that PTSW complexes the free Ca and Ox ions 
available in the incubation mixture, thus causing 
dose dependent inhibition of nucleation. After 
nucleation, agglomeration of particles is a critical 
step in urinary stone formation, as larger crystals 
are less likely to pass spontaneously in the urinary 
tract. If the extract keeps CaOx particles dispersed 
in solution for longer time they are more easily 
eliminated. Thus, from aggregation assay results 
it can be affirmed that phlorotannins can main-
tain divalent ions in dispersed condition for lon-
ger durations such that they can be eliminated out 
through urine.

Antilithiatic substances can also prevent 
the growth of COM by inhibiting oxalate depo-
sition on the COM crystals surface present in in-
cubation mixture (20). PTSW has shown similar 
dose dependent ability to inhibit the growth of 
CaOx crystals. The growth assay was followed by 
SEM analysis of crystals which clearly testified 
ability of PTSW to reduce crystal growth. PTSW 
incubated samples showed comparatively less 

number and smaller size smooth surfaced crys-
tals indicating PTSW ability of converting COM 
to CaOx dehydrate crystals, which may adhere 
less to renal membranes and can be easily excre-
ted along with urine.

In the in vivo studies, from the results of 
urinary biochemical parameters, we can explain 
that PTSW clearly reduces supersaturation of 
urine with divalent cations with much specific 
effect on calcium and oxalate. Sodium and po-
tassium excretion were not altered, but those ions 
are neither induced nor regulated by gentamicin 
and CPD diet, which was confirmed once again 
by our studies. Moreover, in urolithiasis oxalic 
salts are soluble when formed with magnesium 
but when complexes with calcium forms inso-
luble calcium oxalate thus causing crystalline 
precipitation of renal calculi of calcium oxalate 
type (21). Accordingly, hyperoxaluria is far more 
significant risk factor in the pathogenesis of re-
nal stones than hypercalciuria and changes in 
urinary oxalate levels are relatively much more 
important than those of magnesium, phosphorus, 
sodium and potassium (22). As, PTSW lowered 
the levels of both oxalate and calcium in urine it 
can be suggested that PTSW reduces both hype-
roxaluria and hypercalciuria.

After serum studies, it was clear that super-
saturation of urine with certain urinary salts such 
as calcium and oxalate was comparative with their 
serum levels. CPD and gentamicin clearly increased 
serum levels of calcium and oxalate which can be 
attributed to the enzymatic disturbances caused by 
gentamicin and increased absorption of both cal-
cium and oxalate by feeding with CPD as mentio-
ned earlier (23). PTSW ability to reduce hyperoxa-
luria and hypercalciuria can thus also be attributed 
to its ability to reduce absorption of calcium and 
oxalate from dietary sources and also might recti-
fy the enzymatic disturbances leading to idiopathic 
hyperoxaluria, evident by decreased serum levels 
of calcium and oxalate. Further mechanistic studies 
are warranted to explain the exact effect of PTSW 
on absorption of divalent ions.

In the present study, gentamicin along 
with CPD increased kidney deposition of calcium 
and oxalate as a consequence of increased cal-
cium and oxalate levels both in serum and urine. 
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But PTSW at both the doses clearly dimini-
shed the deposition of calcium and oxalate in kid-
ney. These results were further supported by his-
tological findings, where preventive control and 
curative control groups showed marked glomeru-
lar damage, widened gaps in tubular duct, depo-
sition of honey colored CaOx crystals, inflamma-
tory damage and collecting duct dilatation. The 
different concentration of PTSW has shown the 
marked reduction in glomerular damage, mem-
brane damage and infiltration of inflammatory 
cells. CaOx deposition was significantly reduced 
as shown in both preventive treatment groups and 
curative treatment groups. These findings support 
the in vitro results and biochemical changes cau-
sed by PTSW, suggesting the antilithiatic activity 
of PTSW.

COnCLusIOns

The findings of the present study highlight 
the ability of PTSW to prevent nucleation, aggre-
gation and growth of calcium oxalate crystals as 
proved in in vitro studies. PTSW has also shown re-
markable decrease in supersaturation of urine and 
serum with calcium, oxalate and magnesium. All 
these conditions put together will create an envi-
ronment to prevent formation of kidney stone ra-
ther than dissolving them. Though PTSW has sho-
wn both the properties, i.e.; ability to prevent stone 
formation and dissolved already formed stones, the 
preventive effect was more predominant. This stu-
dy encourages isolation of active constituents of 
PTSW responsible for antilithiatic activity. 
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flowmetry/ pelvic floor electromyographic findings in 
patients with detrusor overactivity
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To evaluate different flowmetry/EMG patterns in patients with proven detrusor overac-
tivity (DO) and compare them with that of a group of patients with lower urinary tract 
symptoms (LUTS) but without DO.
Materials and Methods: We retrospectively evaluated the records of 100 patients with 
frequent urinary tract infection or any kind of storage or voiding symptoms that had 
undergone urodynamic testing: 50 cases with proven DO on cystometry who had a 
good quality flowmetry/EMG and 50 patients without DO. EMG lag time (the time dis-
tance between pelvic floor EMG inactivation and the start of urine flow) and different 
flow curve pattern were recorded and compared. 
Results: The age and gender distribution were not statistically significant between the 
two groups. A negative lag time (≤ 0 sec) and an obstructive pattern were the only 
parameters that were more commonly seen in the DO group. Sensitivity, specificity, 
positive predictive value (PPV) and negative predictive value (NPV) of a lag times <2 
sec for diagnosing DO were 70%, 96%, 96% and 72%, respectively. For a negative lag 
time, they were 52%, 100%, 100% and 63%, respectively. 
Conclusions: A lag time < 2 sec is a useful flowmetric finding that effectively rules out 
patients with LUTS that do not have DO (specificity and PPV=96%). With the cutoff 
of zero or less, specificity and PPV will be 100%. It has lower sensitivity and NPV, 
however, and is not measurable in a considerable population of patients with DO that 
have concomitant DV.
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InTRODuCTIOn

Detrusor overactivity (DO) is the most pre-
valent type of voiding dysfunction among chil-
dren. This condition may impose considerable fi-
nancial burden on the family; not only because of 
DO itself, but also due to indirect sequelae of uri-
nary incontinence such as urinary tract infection 
(UTI) and psychological problems. Prolonged DO 
may culminate in bladder wall thickening that will 
affect the function of the bladder in adulthood (1).

 Although up to 10% of healthy neonates 
and infants may show DO in cystometry and some 
60% of them have uncoordinated voiding, these 
phenomena will disappear in childhood (2). Per-
sistence of DO may cause symptoms of frequency, 
urgency, nocturnal enuresis and UTI. When the 
child tries to suppress the involuntary detrusor 
contractions by contracting the pelvic floor mus-
culature, he or she may develop dysfunctional 
voiding, because he or she continues to do so du-
ring voluntary micturition, as well.

Vol. 41 (3): 521-526, May - June, 2015

doi: 10.1590/S1677-5538.IBJU.2014.0204
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 The gold standard method for detecting 
DO has been urodynamic study (UDS). This me-
thod, however, is invasive and harbors the poten-
tial risk of inducing UTI.

 Recently, some researchers have tried to 
detect DO and other common voiding conditions, 
using a non-invasive method of uroflowmetry/
electromyography (EMG) (3-5). The criterion that 
they have proposed is a short lag time between the 
start of pelvic floor relaxation (determined by pel-
vic floor EMG inactivation) and the start of urine 
flow during voluntary voiding.

 In this study, we evaluated the flowmetric 
patterns that were observed in a cohort of patients 
with detrusor overactivity to see if there are other 
findings than a short lag time in these patients and 
compared them with patients without DO in order 
to determine which are more prevalent in DO pa-
tients. With the presence of a control group, it was 
also possible to calculate the sensitivity, specificity 
and predictive values of a short lag time.

MATERIALs AnD METhODs

 From Oct 2009 to Sep 2013, 1372 urody-
namic tests were performed at our center. With 
institutional review board approval, we retrospec-
tively evaluated these tests and enrolled 100 of 
them into the study: 50 cases with proven DO on 
cystometry who had a good quality flowmetry-
-EMG (i.e. voided volume ≥1/2 estimated bladder 
capacity (EBC) in children and 150 mL in adults, 
without EMG artefact) and 50 cases without DO 
on cystometry as the control group.

 Indications for performing UDS in patients 
who later proved to have no DO included prolon-
ged enuresis, urinary incontinence in women and 
high grade vesicoureteral reflux in children who 
were candidates for surgery, recurrent UTI and re-
fractory lower urinary tract symptoms (LUTS).

 All tests were performed on a Laborie® 
urodynamic system (Laborie Medical Technolo-
gies, Toronto, Ontario, Canada), using double lu-
men urethral catheters (6 F in children and 8 F 
in adults) and rectal balloons, according to Inter-
national Continence Society recommendations (6). 
Tests were performed in sitting position and pa-
tients with a known history of spinal cord injury, 

spinal dysraphism, intervertebral disk herniation, 
head trauma, stroke and central nervous system 
tumors were excluded.

 None of the patients in either group had a 
gross anomaly in the external genitalia. Bladder 
and urethral anomalies in children with a history 
of UTI was evaluated by a micturition cystoure-
thrography. Surgically correctable urethral ano-
malies were managed first and UDS was perfor-
med in patients with recurrent UTI or unresolved 
storage or voiding symptoms.

 In young male adults with voiding 
symptoms, a retrograde urethrography was per-
formed first. In middle aged and older males, 
treatment for presumed prostatic hyperplasia 
was initiated and if no response was observed, 
UDS was performed.

 We used an EMG module with a high sam-
pling rate and surface electrodes were placed at 
3 and 9 o’clock positions at the margin of anal 
verge. A sample flowmetry/EMG in a patient with 
documented DO, showing a negative lag time is 
presented in Figure-1. All patients were off anti-
cholinergics for at least 12 weeks prior to the test.

 Real time bladder ultrasound was per-
formed just before and after the test to measure 
the urine volume and post-void residual urine 
volume (PVR). In children, Koff formula was 
used for calculating EBC: (age in years+2) x30 
mL up to 350 mL.

 Patients who had a bell-shaped flow pat-
tern, a quiet pelvic floor and an EMG lag time 
between 2-6 seconds were considered completely 
normal. If the EMG became inactive 0-2 seconds 
before the initiation of flow, we considered it as a 
short lag time and if inactivation occurred after 
that, it was defined as negative lag time.  Bladder 
neck dysfunction was defined as a prolonged lag 
time (>6sec), a depressed curved with a right shift 
and silent pelvic floor. Patients who had active 
EMG during voiding were considered to have dys-
functional voiding (DV), whether the flow curve 
was bell-shaped or staccato. Obstructive pattern 
was defined as a plateau curve with lag time<6sec.

 Data were entered into SPSS version 22 
and Student’s t test, Fisher’s exact test and chi-
-square test  were used for analyzing data, with 
significance considered at p<0.05.
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figure 1 - A sample of flowmetry/EMG in a patient with 
documented DO, showing a negative lag time.

figure 2 - Age distribution of patients with and without DO.

REsuLTs

 Twenty-three patients (46 %) in the case 
group and 17 patients (34%) in the control group 
were male. The gender distribution between 
the two groups was not statistically significant 
(P=0.32).The mean patients’ age in the DO and 
control groups were 27.8±22.9 years and 32±19 
years, respectively; the difference was not signifi-
cant (P=0.56). Figure-2 shows the age distribution 
of patients and controls.

 Flowmetric findings are summarized in 
Table-1. Significantly more patients in the control 
group had a normal curve and normal lag time. 
On the other hand, a negative lag time and an 
obstructive pattern were more commonly seen in 
the DO group. Other findings were not significan-
tly different between the two groups. 

 In the DO group, one patient with obstruc-
tive pattern and one with tower-shaped flow curve 
had a normal lag time. The “super-voider” patient 
in the control group had also a normal lag time.

 The most common abnormal finding in 
the DO group was a negative lag time (36%); while 
in the control group, it was DV (46%).

 If we exclude patients with DV, in whom 
a lag time cannot be measured, in the DO group 
23% had a normal lag time, 18% a short, and 53% 
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a negative lag time. These figures were 89%, 4% 
and 0% in the control group, respectively. The di-
fference was still significant for normal and nega-
tive lag times (p<0.001) and insignificant for short 
lag time (p=0.12).

 The remaining patients had BND with a 
long lag time (6% in the DO and 7% in the control 
group; p=0.99).

 Sensitivity, specificity, positive predictive va-
lue (PPV) and negative predictive value (NPV) for lag 
times<2 sec and≤0 sec are presented in Table-2.

DIsCussIOn

 Overactive bladder (OAB) is a syndrome of 
symptoms, with its hallmark being urgency. Howe-
ver, not all patients with urgency have DO; patients 
with DV and BND frequently complain of urgency 
while the primary treatment for them is not anticho-
linergics (5). Van Batavia et al. evaluated a group of 

children with LUTS by flowmetry/EMG and found 
that the most common finding in patients with DV 
was day time incontinence, while they were repor-
ted frequency and urgency in patients with DO and 
BND (4). These finding suggest that irritative LUTS 
are the most common complaint in patients with 
DO, DV and BND. Therefore, it is reasonable to tailor 
the treatment according to the underlying condition 
rather than prescribing anticholinergics for all pa-
tients with urgency.

 Attempts have been made to diagnose di-
fferent types of bladder dysfunction by the non-
-invasive method of flowmetry. A tower-shaped 
flow curve has been attributed to DO (7). This fin-
ding was seen in two patients (4%) with and one 
patient (2%) without DO. We found it a weak in-
dicator of DO (p=0.99). Van Batavia et al. reported 
a tower flow pattern in 10% of their patients, all 
with a short or negative lag time (4), while one of 
our DO patients had a normal lag time.

Table 1 - flowmetric findings in DO patients and controls. DO: detrusor overactivity, BnD: bladder neck dysfunction, Dv: 
dysfunctional voiding.

DO Control

Flowmetric finding Number (%) Number (%) P value

Completely normal curve 6 (12) 23 (46) <0.001

Normal lag time (2-6 seconds) 8 (16) 24 (48) 0.001

Short lag time (0-2 seconds) 6 (12) 1 (2) 0.11

Negative lag time 18 (36) 0 (0) <0.001

BND 2 (4) 2 (4) 1

DV 16 (32) 23 (46) 0.15

Obstructive pattern 6 (12) 0 (0) 0.027

Tower-shaped(super voider) 2 (4) 1 (2) 0.99

Table 2 - sensitivity, specificity, positive predictive value (ppv) and negative predictive value (npv) for lag times<2 sec 
and≤0 sec.

Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Lag time < 2 sec 70 96 96 72

Lag time ≤ 0 sec 52 100 100 63
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 A short EMG lag time is another indicator 
of DO. Combs et al. found a positive predictive 
value (PPV) and specificity of 100% for a zero or 
negative lag time. The sensitivity was 88%, 80% 
and 70% for lag times of <2 sec, <1 sec and ≤0, 
respectively (5). They argue that since the bladder 
volume at the time of voiding may not be high 
enough to provoke DO, a short or negative lag 
time is not present in all patients with DO. Besi-
des, a patient may be able to voluntarily abort the 
DO just prior to volitional voiding. These authors 
believe that repeating the study may increase the 
sensitivity. In our study specificity and PPV were 
the same; although sensitivity was lower (for lag 
time <2 sec: 70% vs. 88% and for lag time ≤0, 
52% vs. 70%). Instead of lag time ≤0 sec, if we 
consider lag time <2 sec as abnormal, then the 
sensitivity will increase from 52% to 70% without 
sacrificing much of specificity.

 In the present study, although a short 
lag time (0-2 sec) was more common in the DO 
group (6 vs.1 patients), the difference was not 
significant (p=0.11); this could be because of the 
small sample size.

 DV was a common finding in both groups. 
In these patients, the flow curve may or may not 
have a staccato pattern. However, EMG is always 
active during voiding and a lag time cannot be 
measured. A short lag time does not apply to pa-
tients with BND either, in whom lag time is longer 
than normal. These two groups formed more than 
one-thirds of patients in the DO group. Therefore, 
there are substantial numbers of patients with DO, 
in whom a short lag time is not applicable.

Our study has several limitations:
1. It has a retrospective design.
2. Patients’ symptoms have not been re-

corded to be correlated with flowme-
tric findings.

3. Flowmetry is not repeated after treat-
ment to check for its change in pattern.

4. Our control group consisted of patients 
with some kind of LUTS without proven 
DO on UDS and not completely normal 
people. Some of them might have had 
DO that was not evident on UDS.

5. Previous studies that evaluated the lag 
time were performed on children only, 
while our study population consisted 
of children and adults.

6. The sample size was relatively small.
7. In spite of the previous studies that 

have evaluated only pediatric patients, 
our study group was heterogeneous in 
terms of patients’ age. Considering the 
differences in the neural system func-
tion that might be present between 
children and adults, more studies are 
needed to confirm the reliability of a 
short lag time in adults and the elderly.

COnCLusIOns

 A negative lag time and an obstructive 
pattern were significantly more common in the 
DO group while a completely normal curve and a 
normal lag time were more prevalent in the con-
trol patients. The prevalence of a short lag time, 
BND, DV and a tower-shaped flow curve was not 
significantly different between the two groups.

 A lag time <2 sec is a useful flowmetric fin-
ding that effectively rules out patients with LUTS 
that do not have DO (specificity and PPV=96%). 
With the cutoff of zero or less, specificity and PPV 
will be 100%. It has lower sensitivity and NPV, 
however, and is not measurable in a considerable 
population of patients with DO that have conco-
mitant DV.

 Further studies are recommended in se-
parate groups of pediatric, adult, elderly and 
neurologically impaired patients to confirm 
these findings in more homogenous groups. 
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Aims: Detrusor after-contractions (DAC) are non-common in adults. Both definition (no-
thing in ICS reports) and significance (artefact, link with detrusor overactivity (DO) or bla-
dder outlet obstruction (BOO)) remain discussed. Our purpose was to carry out an analysis 
of the urodynamic parameters during voidings with DAC and, using the VBN model, to 
simulate pathophysiological conditions able to explain both voiding phase and DAC.
Materials and Methods: From large urodynamic database of patients referred for eva-
luation of lower urinary tract dysfunction, DAC were observed in 60 patients (5.7%). 
Criteria for DAC were post-void residual <30mL and increase of detrusor pressure 
>10cmH2O. VBN model was used for analysis of both pressure and flow curves, and 
simulations of pathophysiological conditions.
Results: Onset of DAC (ODAC) occurred when Q=7.3±5.7mL/s and bladder 
volume=17.9±15.4mL. Urgency-frequency syndrome and urodynamic diagnosis of DO 
were the more frequent scenarios associated with DAC. ODAC was associated to an 
inversion of the slope of detrusor pressure curve without any perturbation in flow 
curve. Among tested pathophysiological hypothesis (great, abnormal, detrusor force, 
sphincter contraction), none allowed restoring all recorded curves (flow rate, voiding 
pressure and DAC).
Conclusion: No urodynamic characteristic of the first part of voiding is an index of oc-
currence of DAC. ODAC is a significant phenomenon linked with the bladder collapse. 
DAC is not associated with BOO but more probably with DO and appears as the result 
of local conditions in an almost empty bladder (concentration of stresses around a 
transducer); thus DAC seems of weak clinical significance.
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InTRODuCTIOn

Detrusor after-contraction (DAC) is an uro-
dynamic phenomenon (Figure-1) which definition 
(nothing in ICS reports) (1, 2) is not clear despite a 
recent proposal as “a detrusor pressure increase af-
ter flow ceases at the end of micturition” (3) althou-
gh DAC is frequently observed when the bladder is 
close to empty (4). The first observation by Rehflish 
dates from 1897, and few studies have focused on 
DAC; strict definition, causes and significance of 
that phenomenon remain far from elucidation.

 Although DAC is frequently observed in 
children (4), it is also observed in adults. DAC is 
detected by all kind of pressure transducers (5). 
Several hypothesis about its mechanism had been 
suggested (6, 7): DAC is an artifact or can be due 
to some dysfunction of the bladder or/and the ure-
thra and thus be eventually correlated with detru-
sor overactivity (DO) (6) or bladder outlet obstruc-
tion (BOO) (7).

 Our purpose was to propose strict criteria 
to define DAC, then to analyze the urodynamic 
characteristics and to use mathematical modeling 
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to test earlier hypotheses proposed as causes of 
DAC in order to answer to the question: artifact or 
clinical significance.

MATERIALs AnD METhODs

Urodynamic recordings of patients refer-
red to our urodynamic laboratory for evaluation 
of lower urinary tract dysfunction over the pe-
riod January 2006 to December 2009 were re-
trospectively analyzed.

To state unambiguously the occurrence 
of DAC, two criteria were chosen: PVR should 
be <30mL to avoid a possible resumption of the 

voiding process and increase of detrusor pressu-
re (pdet)>10cmH2O to avoid error of reading.

To use mathematical modeling, additional 
conditions were necessary for voiding phase be-
fore DAC: Qmax>2mL/s, voided volume ≥100mL, 
continuous flow curves without predominant 
abdominal straining.

Cystometry was performed with the pa-
tient in the seated position with a 7-F triple-
-lumen urethral catheter perfused with saline at 
room temperature, using a filling rate of 50mL/
min. The type of catheter enabled the recording 
of urethral pressure during cystometry and pres-
sure-flow study; the distal eye-hole, kept in the 
lateral position, was located at the site of maxi-
mal urethral closure pressure. Pressure transdu-
cers were zeroed to atmospheric pressure at the 
upper edge of the symphysis pubis. Rectal pres-
sure was recorded using a punctured intra-rectal 
balloon catheter filled with 2mL of saline accor-
ding to the report of Good Urodynamic Practice 
guidelines (8). Post void residual volumes (PVR) 
were measured by ultrasound (US) using a Bla-
dder-Scan®.

Among 1823 patients who underwent 
filling cystometry, only 1047 succeeded (714 
women and 333 men) in a pressure-flow study 
which fulfilled the required criteria for mathe-
matical modeling. Among these 1047 patients 
and according with the proposed criteria, DAC 
was found in 60 patients (53 women and 7 men). 
Three women performed two cystometries with 
intubated flow in the same session, and DAC was 
observed in both.

Method
 In a first step, careful analysis of urodyna-

mic recordings allowed to study the urodynamic 
events occurring during the onset of DAC (ODAC). 
There was no use of mathematical modeling.

 In a second step, the VBN mathematical 
micturition model (9, 10) was used to analyze the 
main part of the voiding phase and to test patho-
physiological hypotheses able to explain the oc-
currence of DAC.

 We recall that the VBN software, based on 
a global model of micturition, allows computing 
voiding curves: flow rate and detrusor pressure vs. 

figure 1 - Recording of a typical example of detrusor 
after-contraction (DAC) observed during intubated flow of 
a female patient. from top to bottom: detrusor pressure 
(pdet), urethral pressure (pura), vesical pressure (pves), rectal 
pressure (prec) and flow rate (q). note the high amplitude of 
DAC compared with pdet during voiding.
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time for any set of characteristic parameters, such as 
detrusor contractility, urethral parameter (compres-
sive or constrictive), effective abdominal pressure 
and degree of nervous excitation of both detrusor 
and urethral sphincter. The model and the software 
are fully described in references 9 and 10. When a 
good fitting between computed and recorded curves 
is obtained (quadratic error <1%), one can say that 
the evaluation of characteristic parameters is good. 
Gender, initial bladder volume and catheter geome-
trical obstruction are included in the model.

 This study was conducted in accordance 
with the Declaration of Helsinki. According to the 
local practice of our Ethics Committee, there is no 
formal Institutional Review Board approval requi-
red for retrospective studies.

statistical analysis

 Data are presented as mean ± SD and 
range. t test, analysis of variance (ANOVA) and 
the chi-square test were used as appropriate. All 
statistical results were considered significant at 
p<0.05. Statistical analyses were performed using 
SAS, version 5.0 (SAS Institute, Inc., Cary, NC).

REsuLTs

Population 
 DAC occurred in 5.7% of the studied po-

pulation (60/1047) and was more frequent in wo-
men (53/714=7.4% vs. 7/333=2.1%) than in men.

 For the group with DAC, mean age 
was 48.4±16.4 y [21-84 years] for women and 
53.0±22.3 years [26-79 years] for men. Nine wo-
men (16.9%) and 2 men (28.6%) had a history of 
neurological disease.

 Urgency-frequency syndrome was repor-
ted by 43/60 (71.6%) patients. Urodynamic DO was 
found for 32/60 (53.3%) patients (phasic DO for 
19 patients, terminal DO for 13). Other urodyna-
mic diagnoses were intrinsic sphincter deficiency 
for 13 women (11) and hypertonic sphincter for 8 
women (12). BOO defined according with Abrams-
-Griffiths number (A-G>40) (13) for man and cut-
-off values Qmax<12mL/s and pdet.Qmax>25cmH2O for 
woman (14) was found in 10/60 (16.6%) patients, 
respectively 1 (14.3%) man and 9 (16.9%) women.

Characteristics of urodynamic recordings

1- Two significant events were observed:
a- Onset of DAC (ODAC) did not oc-

cur for an empty bladder but during the latest 
part of flow and for a small bladder volume: 
VODAC=17.9±15.4mL (i.e. bladder collapse con-
dition). The ratio voided volume at the onset of 
DAC vs. voided volume was 0.932±0.060. The 
flow rate at ODAC was QODAC=7.3±5.7mL/s (whi-
le Qmax=17.4±7.7mL/s; p<0.0001). Thus, DAC is 
characterized by an increase of detrusor pressure 
starting during the phase “return to continence” 
(15) of micturition; detrusor pressure reached its 
maximum after flow ceased in 45/60 (75.0%) of 
the studied DAC.

b- In 47 (78.3%) files, ODAC was an angu-
lar point on the pressure curve (i.e. a discontinuity 
of its slope with a change from negative to posi-
tive value) without disruption of the flow curve at 
this time (Figure-2A). Remark: the behavior of the 
flow curve was the same (no disruption) in absen-
ce of angular point.

2- Other urodynamics characteristics of voidin-
gs with DAC:

The pressure amplitude of DAC (pDAC) was 
significantly higher than pdet.Qmax: 75.5±51.7 vs. 
34.8±18.0cmH2O (p<0.0001). Voided volume was 
316±145mL and PVR 1.8±5.4mL.

 Urethral behavior could not be assessed in 
13 files because the transducer moved (leveling of 
both urethral and vesical pressures). No change of 
activity of urethra was observed in 21/47 (44.7%) 
files. An increase of rectal pressure was observed 
at ODAC in 8/60 (13.3%) files (20.1±10.6cmH2O) 
but with concomitant increase of urethral pressu-
re in only 1 file. No change of rectal activity has 
been observed in the 52 remaining files.

No change of activity of both urethra and 
rectum in 17/47 (36.2%) was observed during DAC.

3- Patterns of DAC
 Assessment of patterns of DAC was made 

according with the description of Ruarte et al. (4). 
Among the more simple patterns, 30 bell shaped 
curves, 5 with small waves during the rising phase 
and 4 of high amplitude and tower shape were 
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found. Other patterns were more complicated: 11 
irregular and prolonged, 6 with sharp peak in the 
rising phase, 4 two headed and 2 with fluctuations 
in the falling phase. Whatever the pattern of DAC 
(4), the increase in pdet was not associated to any 
change in flow rate.

 Looking at the three files with 2 DAC, the 
2 DAC exhibited a difference in shape, pressure 
and duration.

VBN analysis of voidings with DAC and simula-
tion of pathophysiological conditions

 For each patient the voiding phase until the 
onset of DAC was restored by VBN analysis (Figu-
res 2 A-D). As in voiding without DAC, the fitting 
of recorded and computed curves in the terminal 
part was sometimes obtained with the addition of 
an effective abdominal pressure (which only acts on 
the bladder) in 30/60 (50%) files (Figures 2 C-D). 
That additional pressure clearly began before the 
onset of DAC (Figures 2 C-D).

 After the onset of DAC, the flow curve was 
restored using the same VBN mechanical parame-
ters (detrusor force and urethral parameter) as in the 
initial phase of voiding. But we did not succeed to 
restore the slope of the increase of pdet and its maxi-
mum value with these parameters.

 Tested hypothesis to restore DAC were to 
introduce in the computation a strong sphincter ex-
citation or a great (abnormal) detrusor force starting 
during that last phase of micturition. None of these 
hypotheses enabled us to restore the whole recor-
ded curves (flow rate, detrusor pressure including 
DAC). More, the VBN model or any global model of 
micturition could not explain the brisk change in 
the slope of the detrusor pressure curve without any 
flow perturbation (Figure 2-A).

DIsCussIOn

 From analysis of urodynamic recordings of 
micturition with DAC, we propose the following de-
finition of DAC: a detrusor pressure increase (higher 
than 10cmH2O to avoid artifact of interpretation) 
during the phase “return to continence” of mictu-
rition (15) with PVR less than 30mL (to avoid con-
fusion with reinforcement of detrusor pressure to 
empty the bladder).

 If reference to a limit in detrusor pressure 
is usually mentioned in the studies on DAC (16) 
there is a lack of information about the PVR (4, 7).

 In the studied adult population, prevalen-
ce of DAC is 5.7% which is in the range of the 
results of Webster et al. (17) and Cho et al. (7) who 
respectively found a prevalence of 2.0% and 8.1%.

 Significance of DAC is often discussed. 
In their study in children with non-neuroge-
nic incontinence problems, Hoebeke et al. (18) 
concluded that DAC were indicators of detrusor 
instability. In adults, D’Amico et al. (6) found a 
statistical correlation among DAC and detrusor 
overactivity (DO) and overactive bladder (OAB), 
Cho et al. (7) concluded that DAC was significan-
tly correlated to the presence of BOO. in our stu-
dy (only adult individuals), urgency-frequency 
syndrome and urodynamic diagnosis of DO are 
the more frequent scenarios associated with DAC, 
BOO is less frequent than DO. But the liability of 
the correlations is weak.

 For all the studied urodynamic recordin-
gs, flow and pressure curves before ODAC are 
successfully analyzed using the standard VBN 
model: the first part of voiding does not possess 
any characteristic that could predict the occur-
rence of DAC.

 Close to emptying (V<40mL) the bladder 
collapses and becomes flat or wrinkled while its 
shape is close to be spherical when filled. While at 
ODAC, the flow rate is still 0.42 Qmax, the bladder 
volume is close to the condition of bladder collap-
se (VODAC=17.9±15.4mL). We conclude that DAC is 
related in some way with collapse.

The flow rate before and after ODAC obeys 
the standard VBN model without any change in 
the parameters value; this is not the case of the 
detrusor pressure. Two kinds of explanations can 
be considered. Either the recorded pressure is not 
the real detrusor pressure, but is an artifact, or 
the voiding phase during DAC results from a brisk 
change of the voiding parameters. That second 
mechanism has been proposed by RL Vereecken 
(19) who performed needle EMG and concluded 
that DAC “is only the expression of a sphincter 
contraction interrupting an incomplete detru-
sor contraction”, i.e. “a late dyssynergic urethral 
sphincter contraction”.
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figure 2 - four examples of vBn analysis of voidings followed by detrusor after-contraction (DAC) in female patients. The 
description only concerns the lower register (flow and pressures): q (recd) (red)= recorded q; q (comp) (blue)= computed q; 
pdet (recd) (fuchsia)= recorded pdet; pdet (comp) (grey) =computed pdet; pabd.eff (comp) (green) = computed pabd.eff.

In the lower register, the yellow curve (A-D) without label is the computed sphincter pressure, and the cyan curve (C) the sum computed pdet  plus computed pabd.eff

A) A very impressive brisk increase of pdet at the onset of DAC.
C, D: additional effective abdominal pressure (pabd.eff) which only acts on the bladder to achieve emptying. That additional pressure clearly begins before the onset of DAC.

In the upper register of each analysis: computed detrusor and sphincter excitations (for details about the VBN model, see references 9, 10).

 It has been shown that large PVR or/and 
decreased maximum flow rate during intubated 
flow without DAC can be the consequence of a 
compression-like effect possibly due to an urethral 
reflex induced by the catheter in situ (20, 21).

 So, the Vereecken hypothesis is realis-
tic and we have tested it. Starting from the VBN 
analysis of the first part of a voiding with DAC, 

a strong sphincter excitation is introduced in the 
computation at the time of ODAC. The result is 
an insufficient increase of detrusor pressure and 
arrest of the flow.

 More generally, whatever the change in 
mechanical parameter tested (sphincter contrac-
tion or/and increased detrusor force, effective ab-
dominal pressure only acting on the bladder) we 
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never succeeded to reproduce simultaneously the 
flow curve, both slope and amplitude of the recor-
ded pressure and still less the discontinuity of the 
slope at ODAC. Thus the artifact hypothesis must 
be reconsidered.

 Some authors asserted that DAC is a pos-
sible artifact related to recording during the final 
phase of micturition (22). In this study, despite a 
small number of patients, when DAC is observed 
during two successive intubated flows, DACs di-
ffer in all characteristics. Two papers advocated 
the hypothesis that the sensible membrane of a 
microtip transducer could be pressed against the 
wall of the empty bladder and falsely record an 
increase in detrusor pressure (22, 23). From our 
analysis we agree with these last assumptions.

 A plausible explanation is that in most ca-
ses, at the end of voiding, the transducer shifts on 
a smooth bladder wall which does not create any 
pressure but that in some cases, the transducer is 
trapped in a bladder fold which leads to a local 
concentration of stresses and induces the obser-
ved increase in pressure. That last condition can 
explain the brisk change in the slope of pdet curve 
without any change in the flow curve. Why the 
DAC stops remains not understood. A hypothesis 
is that the stresses exerted by the bladder wall on 
the tip of the catheter are sufficient to expel the 
catheter from the bladder fold.

 Limitations of our study include the fact 
that it is retrospective, and that EMG and video-
-urodynamics are not used. We don’t routinely use 
EMG because needle EMG which gives the best in-
formation increases the invasiveness. Video-uro-
dynamics would be informative if the location of 
the transducer could be clearly identified on the 
pictures; as it is not the case, mainly when the bla-
dder is close to collapse condition, its usefulness 
remains discussed.

COnCLusIOns

 No urodynamic characteristic of the first 
part of voiding is an index of occurrence of DAC. 
The onset of DAC is a significant phenomenon 
which is linked with the bladder collapse. During 
a voiding with DAC, the flow rate obeys a global 
model of micturition while the detrusor pressu-

re obeys the model only until the onset of DAC; 
DAC pressure cannot be restored using this model. 
Thus, DAC appears to be more probably an ar-
tifact. The interaction of the transducer with the 
bladder wall leads to a concentration of stresses 
around the transducer similar to that observed at 
the tip of a nail. DAC appears as the result of local 
conditions in an almost empty bladder and thus of 
weak clinical significance.

ABBREvIATIOns

A-G = Abrams-Griffiths number
BOO = Bladder outlet obstruction
DAC = Detrusor after-contraction
DO = Detrusor overactivity
EMG = Electromyography
ICS = International Continence Society
ODAC = Onset of detrusor after-contraction
pdet, pdet.Qmax = Detrusor pressure, detrusor pressure 
at maximum flow rate
pDAC = Pressure amplitude of detrusor after-con-
traction
PVR = Post void residual volume
Q, Qmax = Flow rate, maximum flow rate
US = Ultra sound
VBN = Valentini-Besson-Nelson (authors name)
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EDITORIAL COMMEnT

DAC is not a common finding in urody-
namics evaluation, and is a phenomenon with no 
clear definition even in the ICS.

In ancient times it was a common belief 
that urodynamics must reproduce the patient’s 
complain to be of any value. Following this state-
ment, we hardly try to find involuntary detrusor 
contractions in patients with reliable reports of 
urge incontinence. We did not had the clear kno-
wledge that, for instance, more than half patients 
with OAB would not show involuntary bladder 
contraction during cistometry.

By that time, DAC worth as something to re-
port in a patient with urgency and a normal cistome-
try, and this finding was also associated with BOO.

In this paper, the authors analyzed 60 uro-
dynamic evaluations with DAC, and although DO 
were associated with this finding, they did not 
find a strong clinical significance for this finding.

Is DAC a true detrusor contraction or a late 
dyssynergic urethral sphincter contraction or an 
artifact? It cans be everything, but I do agree that 
this phenomena in more an artifact. The proposi-
tion for further studies with EMG and video uro-
dynamics to clarify our doubts is worthy, but its 
clinical usefulness perhaps will be little.

From this paper, we can give to DAC its 
true value: weak clinical significance. 
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Introduction: Penile prostheses are subject to a continuous development and have gai-
ned better mechanical reliability and safety during the last decades. In this study, we 
aimed to investigate the outcomes and satisfaction rates of inflatable penile prosthesis 
(IPP) and semirigid penile prosthesis (SPP) implantation.
Materials and Methods: From August 2001 to June 2012, 257 men with erectile dys-
function (ED) underwent penile prosthesis implantation (PPI) at our institution. Of the 
257 patients, 118 underwent implantation of IPP and 139 underwent SPP implantation. 
The pre-operative and post-operative erectile status of the patients were assessed by 
international index of erectile function (IIEF) questionnaire. The satisfaction of patients 
and partners were evaluated by a telephone interview using the erectile dysfunction 
inventory of treatment satisfaction (EDITS) questionnaire and EDITS partner survey.
Results: The overall major complication rate was higher in IPP group. PPI led to a 
significant improvement in IIEF scores in both groups. For IPP and SPP groups the 
average EDITS scores were 78±11and 57±8, respectively, and that for the partners were 
72±10 and 49±7, respectively (p<0.05).
Conclusion: Although the IPP implantation have better satisfaction rates, the SPP im-
plantation is still a viable treatment option in the surgical treatment of ED because of 
low cost and high durability with acceptable satisfaction rates.
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InTRODuCTIOn

Erectile dysfunction (ED) affects more than 
half of men between 40-70 years of age (1). Penile 
prosthesis implantation (PPI) is the gold standard 
of treatment for ED patients who have failed the 
first and second line treatments or have found 
them unacceptable (2). Penile prosthetic devices 
can be broadly divided into two groups; inflata-
ble devices and semirigid ones. The first inflatable 
penile prosthesis (IPP) was designed in 1973 by 
Scott et al. (3) which was associated with high me-
chanical failure rates ranging from 21-45% within 

a few years after implantation (4-6). Currently, di-
fferent types of IPP with high mechanical reliabi-
lity can be found on the market.

The satisfaction of the patient and the par-
tner is the most important end point of this sur-
gery. To anticipate the functional results of PPI, it 
is important to assess the psychosocial status of 
the couple and to inform them about the procedu-
re to avoid unrealistic expectations.

Currently, the preferred type of penile im-
plant in developed countries is the inflatable ones. 
Although there are several studies examining the 
outcomes and satisfaction rates of IPP and semi-
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rigid penile prosthesis (SPP) for different types of 
devices, as far as we know there is not a single 
center study comparing the outcomes and satis-
faction rates of procedures with the modern devi-
ces. In this study, we retrospectively analyzed the 
results of PPI surgery in our clinic and investiga-
ted the outcomes and satisfaction rates of IPP and 
SPP implantations.

MATERIAL AnD METhODs

From August 2001 to June 2012, 257 men 
with ED underwent PPI in our institution. Becau-
se of the insurance policy in our country, most of 
the SPP were implanted before 2008. After 2008, 
all types of penile prosthesis were included in the 
general insurance system, so that IPP could be 
implanted more commonly. The choice of either 
prosthesis model was made based on the availa-
bility and changing of the insurance system. Of 
the 257 patients, 118 underwent IPP implanta-
tion (97 AMS Ambicor, 13 AMS 700 CX and 8 
AMS Ultrex (AMS, Inc., Minnetonka, MN, USA)) 
and 139 underwent SPP implantation (72 AMS 
600-650, 67 Mentor Acu-Form (Mentor, Goleta, 
CA, USA)). All patients had completed a mini-
mum one year follow-up period after PPI before 
being enrolled in the study group. Approval of 
institutional review board was obtained for this 
study.

All operations were performed by two 
experienced surgeons in a single center under 
intravenous antibiotic prophylaxis under spinal 
anesthesia. The skin of surgical field was scrub-
bed with povidone-iodine solution for 10 minu-
tes. In most of the cases a single penoscrotal inci-
sion was used, an infrapubic incision was rarely 
required, particularly for three-piece IPP.

The etiology of ED in the IPP and SPP 
groups were: radical pelvic surgery in 44 and 
51 patients, vasculogenic in 52 and 71 patients,  
Peyronie’s disease in 12 and 13 patients, spinal 
cord injury in 5 and 3 patients, pelvic trauma 
in 4 and 0 patients and post priapism in 1 and 
1 patient, respectively. Duplex ultrasound of the 
penis, intracavernous injection test and/or noc-
turnal penile tumescence and rigidity test were 
used as diagnostic tools.

The data about pre-operative assessment 
and complications were obtained from the patients’ 
records retrospectively. The pre-operative erectile 
status of the patients were assessed by internatio-
nal index of erectile function (IIEF) questionnaire 
(7). The IIEF is a readily self-administered questio-
nnaire that adresses the relevant domains of male 
sexual function like erectile function, orgasmic 
function, sexual desire, intercourse satisfaction 
and overall satisfaction (7). The satisfaction of pa-
tients and partners were evaluated by a telephone 
interview using the erectile dysfunction inventory 
of treatment satisfaction (EDITS) questionnaire 
and erectile dysfunction inventory of treatment 
satisfaction partner survey (8). EDITS is a valida-
ted questionnaire to be used to assess satisfaction 
with treatment modalities for erectile dysfunction 
and to explore the impact of patient and partner 
satisfaction on treatment continuation (8). During 
the satisfaction analysis of patients with func-
tional prosthesis, those with moderate to severe 
urinary incontinence and those without a regu-
lar partner were excluded from the study. The pa-
tients’ characteristics are summarized in Table-1.

 All statistical analyses were performed 
using Statistical Package for the Social Sciences 
(SPSS) software version 17.0, Chicago IL. Catego-
rical variables were analyzed using the chi-square 
or Fisher exact test and continuous variables were 
analyzed using Mann-Whitney U test. Comparati-
ve differences were considered statistically signi-
ficant when the p value was <0.05.

REsuLTs

Patients in IPP and SPP groups had a mean 
age of 63 (40-71), and 59 (46-76) years, respec-
tively (p=0.670). Mean duration of time with ED 
in the pre-implantation period was 43.4±26.6 and 
40.3±28.1 months in IPP and SPP groups, respec-
tively (p=0.810). In IPP and SPP groups 83.0% and 
66.1% of the patients were administered phospho-
diesterase type 5 (PDE5) inhibitors, and 21.1% 
and 25.8% were administered intracavernosal in-
jections before PPI, respectively. None of the pa-
tients had tried vacuum device previously in both 
groups. The mean operation time was 46.6±10.9 
and 52.9±11.1 in SPP and IPP groups, respecti-
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vely. No statistically significant difference was 
found between both groups in terms of opera-
tion time (p=0.095). The most common intrao-
perative complications were corporeal crossover 
(5 in SPP, 2 in IPP), corporeal perforation (1 in 
SPP, 3 in IPP) and urethral perforation (1 in SPP, 
1 in IPP). In case of urethral perforation, the 
mucosa was repaired with absorbable sutures 
and the patient was catheterized. The operation 
was postponed for a second session.

Most of the postoperative complications 
were minor complications including superficial 
wound infection, penoscrotal hematoma, urina-
ry retention that resolved with conservative tre-
atment. Postoperative major complications were 
detected in 14 (11.8%) and 5 (3.5%) patients in 
IPP and SPP groups, respectively. Mechanical 
failure necessitating surgical correction occur-
red only in one patient in SPP group, which was 
a case of rod fracture after eight years. Most of 
the mechanical failures were seen in IPP group, 
fluid leakage from the tubing in 4 cases (3 with 
2 piece and 1 with 3 piece IPP) being the most 
common one. All of the 2 piece prostheses with 
tubal leakage were replaced with a new IPP. The 
3 piece IPP case with tubal leakage was repai-
red and functioned normally thereafter. Pump 
failure was detected in 1 patient in IPP group 
that required surgical revision. Five patients in 

IPP group and two patients in SPP group expe-
rienced prosthesis infection. Three cases in IPP 
and one in SPP group with infection could be 
successfully managed with Mulcahy (9) salvage 
protocol while the remaining two IPP and one 
SPP necessitated the explantation of the device 
and implantation of a new device two months 
later. In SPP group, unilateral erosion occurred 
in two cases and resulted in explantation of the 
ipsilateral rod. Erosion occurred in the pump 
area of 4 patients in IPP group that required 
surgical revision. The management of infection 
and erosion are shown in Table-2.

A total of 152 patients (80 IPP, 72 SPP) 
could be contacted and accepted to respond to 
the survey together with their current partners 
in the satisfaction analysis. Mean follow-up was 
significantly longer in SPP group, 52±30.6 vs. 
34±22.1. Preoperative average IIEF scores were 
10.1±4.5 and 8.2±5.5 in IPP and SPP groups, 
respectively. PPI led to a significant improve-
ment in IIEF scores in both groups. Mean post 
implantation IIEF score for IPP and SPP groups 
were 23.4±1.5, 22.8±1.8, respectively (p=0.815). 
For IPP and SPP groups the average EDITS sco-
res were 78±11and 57±8, respectively, and that 
for the partners were 72±10 and 49±7, respec-
tively (p<0.05). The mean frequency of sexu-
al intercourse per month were 5.7 (3-19) and 

Table 1 - patients’ characteristics.

CHARACTERISTICS IPP SPP p value

Patients, n 118 139

Age (years), mean (range) 63 (40-71) 59 (46-76) 0.670

Follow-up (months), mean±SD 34±22 52±30.6 <0.05

Pre-op IIEF score, mean±SD 10.1±4.5 8.2±5.5 0.520

previous ED treatments

Oral treatment, n (%) 98 (83.0%) 92 (66.1%) <0.05

ICI, n (%) 25 (21.1%) 36 (25.8%) 0.376

Duration of ED until surgery (months), mean±SD 43.4±26.6 40.3±28.1 0.810

Ipp = Inflatable penile prosthesis; spp = Semirigid penile prosthesis
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3.9 (1-16) for IPP and SPP groups, respectively 
(p=0.06). The satisfaction outcomes of the pa-
tients are summarized in Table-3.

DIsCussIOn

Penile prosthesis are subject to a continuous 
development and have gained better mechanical 
reliability and safety during the last decades (10), 
but device related complications together with the 
well-known complications of PPI still can occur 
(11, 12). The most important end-point of PPI sur-
gery is to achieve the highest patient and partner 
satisfaction with the lowest complication rates. 
Cost has been an important factor for the develo-
ping countries through all times which currently 
is under investigation in developed countries, too, 
with changing economic circumstances. IPP have 
the advantages of penile flaccidity when deflated, 
ease of concealment and low risk of chronic pain. 

However, the IPP are expensive, have increased 
risk of mechanical failure and the implantation 
process is more sophisticated. The SPP have the 
advantages of easy implantation, low cost, less 
mechanical failure and ease of use. The main di-
sadvantage is permanent rigidity that results in 
difficulty in concealment and chronic pain.

In our study, none of the patient had tried 
vacuum devices pre-operatively because of the tra-
ditional characteristics of our people. Also, the rate 
of intracavernosal injection for ED preoperatively 
is lower compared to the literature (13) due to the 
hesitance of our patients to make injections to their 
penis. ED is still a hard topic to discuss with the pa-
tients in our country. The use of oral medication for 
ED was found to be higher in the IPP group which 
can be attributed to the increased socio-economic 
status of our patients during the last years.

In our study, major postoperative compli-
cations were seen in 4.3% of the SPP group and 

Table 2 - Management of infections and erosions.

Infections (n=7) Erosions (n=6)

IPP (n) SPP (n) IPP (n) SPP (n)

In situ treatment 0 0 4 0

Extrusion+new prosthesis 3 1 0 0

Extrusion+new prosthesis (2 months later) 2 1 0 0

Extrusion 0 0 0 2ª

ª Unilateral extrusion

Ipp = Inflatable penile prosthesis; spp = Semirigid penile prosthesis

Table 3 - satisfaction and outcomes of the patients.

IPP SPP p value

Post-op IIEF score, mean±SD 23.4±1.5 22.8±1.8 0.815

EDITs score

Patients’ score±SD 78±11 57±8 <0.05

Partners’ score±SD 72±10 49±7 <0.05

Frequency of sexual intercourse (per month), mean (range) 5.7 (3-19) 3.9 (1-16) 0.06

Ipp = Inflatable penile prosthesis; spp = Semirigid penile prosthesis
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14.4% of the IPP group. A malleable rod fracture was 
detected after eight years in SPP group. Minervini et 
al. also reported two cases of rod fracture with two 
different malleable devices at long term (14).

It was reported that the erosion with SPP 
was more frequently encountered in the spinal 
cord injury patients compared with the general 
population (15). In our study, consistent with the 
previous reports, one patient with spinal cord in-
jury who was implanted SPP experienced erosion 
from the glans penis. The other erosion of SPP 
was encountered in a patient with diabetes melli-
tus and after a vigorous sexual activity. The ero-
sion of the pump area was detected at 4 patients 
in IPP patients. In two patients the etiology were 
spinal cord injury which may be a contributing 
factor and the rest two patients had uncontrolled 
diabetes and poor hygiene habbits.

It is stated in the literature that either im-
mediate or delayed replacement of a new device 
after the removal of all the pieces of the device 
is necessary (16, 17). But we have the experien-
ce of 4 IPP patients with erosion of the pump 
area to whom a salvage surgery was performed 
as quickly as possible. During the salvage sur-
gery, we separated the tunica albuginea at the 
point of insertion of the pipes. If there was any 
purulent drainage coming out from the corpum 
cavernosum with mild massage, the device was 
completely extruded, and a new device was im-
planted after the debridement of necrotic tissue 
and lavage of the area as explained elsewhe-
re (9). But if there was no purulent discharge, 
the pump was washed and rubbed aggressively 
with the same solutions and relocated in a new 
pouch. The patients with diabetes mellitus also 
underwent a strict control of blood glucose le-
vel under consultation of endocrinology.

Infection was reported to be more com-
mon in men with IPP than SPP (14, 18) which is 
consistent with our findings. Some authors pro-
posed that the increased risk of infection with 
inflatable prosthesis might reflect the longer ope-
rative duration, increased at the risk period when 
colonization of the implant could take place (14, 
19). However, operation time was not significan-
tly different between two groups in our series. In 
secondary or tertiary implant surgeries it is more 

presumably that the operation time is prolon-
ged and that may promote bacterial growth (20). 
Prosthesis infection is a hard topic in andrology. 
There are two main options in this situation. The 
first is to extrude the prosthesis and reimplant a 
new one after some delay for healing (21). In this 
case, formation of fibrosis can complicate the 
further surgery. The second option is complete 
removal of all prosthetic material followed by the 
use of Mulcahy salvage procedure to reimplant a 
new penile prosthesis at the same session (9). In 
our cases the selection of treatment modality was 
determined on the patient basis and experience 
of the surgeon.

 There is scarce data reporting the outco-
mes and satisfaction rates of semirigid prosthe-
ses in the literature. In a recent prospective study 
analyzing the satisfaction rates of AMS Spectra 
penile prosthesis, Falcone et al. reported 86.4% 
of patients and 52.6% of their partners confirmed 
that they felt completely satisfied (22). Salama et 
al. reported 70% and 57% satisfaction rates with 
AMS 650 and Mentor Acu-Form, respectively at 
long term (23). Fathy et al. also reported simi-
lar results with low complication rates with Tube 
(Promedon, Cordoba, Argentina) malleable peni-
le implant, however the satisfaction rates were 
not assessed by a confirmed questionnaire (24). 
Minervini et al. reported that the most common 
reasons for dissatisfaction were the shortness of 
the prosthesis, unhappiness with the appearance 
of the penis and pain with the malleable devices. 
But only 26% of the dissatisfied men wanted the 
prosthesis to be removed (14).

The patient and partner satisfaction rates 
are reported to be high in well functioning IPP 
(10, 14, 25). Although it is claimed that the ease 
of concealment is one of the main advantage of 
IPP, interestingly only half of men were satisfied 
with the deflate mechanism in a study that exa-
mined 3 types of IPP (25). Wilson et al. reported 
an estimated 10-year revision-free survival of 
68.5% calculated for fourteen different IPP (26). 
Chung et al. analysed 955 PPI, and reported 184 
penile prosthesis malfunction, all of which had 
occurred in the inflatable group (12).

There was no statistically significant di-
fference between IPP and SPP in terms of IIEF 
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scores, which are indicators of erectile function in 
our study. IPP group had significantly higher sco-
res on EDITS questionnaire for both patients and 
partners compared to SPP (p<0.05). It was shown 
in the literature that the main cause for dissatis-
faction was removal of the prosthesis (14). In this 
recent study main dissatisfaction factors were di-
fficulty in concealment and chronic pain for SPP 
and malfunctioning for IPP.

The two limitations of our study were that 
most of the IPP used in our series were 2-piece 
devices, outnumbering 3-piece ones. This is be-
cause the selection of prosthesis model was made 
based on availability and insurance system. And 
cost analysis could not be achieved, because of 
variability of costs in time and the changing crite-
ria of the insurance system.

 Patient and partner expectations must be 
modeled according to the results of comparative 
studies about satisfaction rates which have inclu-
ded the malfunction and durability of the devices. 
Further studies using confirmed surveys are nee-
ded for appropriate counseling of ED patients who 
are candidates for PPI.

COnCLusIOns

 Although the IPP implantation have better 
satisfaction rates, the SPP implantation is still a 
viable treatment option in the surgical treatment 
of ED because of low cost and high durability with 
acceptable satisfaction rates.
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Quality of life evaluation of patients with neurogenic 
bladder submitted to reconstructive urological surgeries 
preserving the bladder
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Treatment of neurogenic bladder (BN) aims to upper urinary tract protection. When the 
conservative clinical measures are insufficient, surgical treatment is indicated. Though 
admittedly important, the quality of life (QoL) has been little studied in these patients, 
there are even contradictory results. The aim of this study was to evaluate QoL before 
and after bladder augmentation in patients with BN refractory to medical treatment. 
We analyzed, prospectively, the data of 67 patients who underwent surgical treatment 
for BN by questionnaire SF-36® and Qualiveen® QoL before and after six months of 
operation. Comparisons using paired t-tests and Wilcoxon and the assumption of nor-
mality was assessed using the Shapiro-Wilk test were made. According to the analysis 
of the SF-36® questionnaire, the patients had higher QoL indices in the postoperative 
period in the areas functional capacity, general state of health, vitality, social aspects, 
emotional aspects and mental health (n = 67; p <0.05). The questionnaire also revealed 
Qualiveen® best result in quality of life index in the postoperative period, and show 
lower specific negative impact by urinary problems (n = 36; p <0.05). The results show 
that, despite not being the main objective, the bladder augmentation results in signifi-
cant improvement in QoL, probably related to the perception of better health and the 
resolution of urinary incontinence. Thus, the bladder augmentation associated with 
other urologic reconstruction techniques allows the upper urinary tract protection, and 
contribute to a better quality of life of patients with BN.
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InTRODuCTIOn

The term “neurogenic bladder” (NB) is em-
ployed to describe any disturbance of the bladder-
-sphincter system caused by or associated to alte-
ration of bladder innervation and of the muscles of 
the pelvic floor. Among several etiologies, it inclu-
des myelomeningocele, spinal cord injury, myelitis, 
multiple sclerosis and several other conditions that 
can reduce bladder capacity and compliance (1).

 Bladder neurological alterations are the-
rapeutically challenging, due to high risk of renal 
failure (2-4). Renal failure is the main cause of 
death among patients with myelomeningocele in 
all ages (5). NB treatment is intended to protect 
the superior renal tract, to promote urinary con-
tinence and, when possible, to preserve micturi-
tion. When conservative measures, such as clean 
intermittent catheterization, the use of anticholi-
nergic drugs and intravesical injection of botulin 
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toxin are insufficient, surgical treatment is indi-
cated (6). Although most care centers use bladder 
augmentation as the primary choice of treatment, 
cystectomy and ileal conduit are also satisfactory 
for those patients (7).

 Evaluation of quality of life (QoL) of pa-
tients with NB should always be part of the eva-
luation of symptoms and follow-up of results of 
treatments, as observed in other chronic and de-
bilitating conditions (8, 9). Measurement of QoL 
is a fundamental parameter of treatment evalu-
ation, since it allows for a multidimensional un-
derstanding of the patient’s life, including physi-
cal, mental, emotional and social well-being. The 
perspective of deterioration of renal function is an 
important source of psychological stress, anxiety 
and reduction of QoL of patients with NB. Despite 
this, few articles evaluate the impact of surgical 
treatment on QoL of patients with NB. In litera-
ture, there are contradictory results in different 
casuistries (7, 10-13). The objective of the present 
study was to evaluate QoL before and after re-
constructive urological surgeries preserving the 
bladder in patients with NB refractory to clinical 
treatment.

MATERIALs AnD METhODs

From 2008 to 2012, 67 patients with NB 
refractory to clinical treatment decided to partici-
pate in a study previously approved by the Ethical 
and Research Committee and were submitted to 
bladder augmentation and to eventual comple-
mentary procedures by the same surgeon; the-
re were 22 female patients (32.8%) and 45 male 
patients (67.2%), with a median age of 29.5±1.7 
years. NB etiology included spinal cord injury 
(n=33; 49.0%), myelomeningocele (n=24; 35.8%) 
and myelitis (n=10; 15.2%).

 Refractory clinical treatment was stabli-
shed when it was observed incapacity to control 
intravesical pressure, associated or not to deterio-
ration of renal function and to urinary incontinen-
ce, using anticholinergic drugs, clean bladder ca-
theterization and intravesical injection of botulin 
toxin, Exclusion criteria included non-acceptance 
of participation of the study (two patients). After 
hospital discharge, patients were followed weekly 

during the first two months and monthly after six 
months of surgery.

Prospectively, the data from the generic 
questionnaire about QoL Short Form Health Sur-
vey (SF-36®) were analyzed. The 67 patients filled 
the questionnaire before and six months after the 
surgery. Also, 36 patients answered the specific 
questionnaire for QoL Qualiveen®. The question 
forms were completed in the ambulatory and were 
supervised by the physician that performed the 
surgeries. The question forms were translated and 
validated to Portuguese (14, 15).

 The pre and post-operatory data were 
statistically analyzed by the softwares R, version 
2.7.1 and Epi Info version 6.04. Parametric data 
were analyzed by paired-t test and non-parame-
tric data by Wilcoxon test. Normality assumption 
was evaluated by the Shapiro-Wilk test. Signifi-
cance level was established as 5%.

REsuLTs

 For bladder augmentation it was utilized 
the distal ileum (n=56; 83.6%), sigmoid colon (n=8; 
11.9%) and stomach (n=3; 4.5%). In 14 patients 
some complementary procedures were performed: 
cutaneous apendico-vesicostomy (n=7), continent 
cutaneous ileo-vesicostomy (Yang-Monti techni-
que) (n=2) (16), unilateral ureteral reimplantation 
(n=4) and cutaneous apendicostomy (Malone te-
chnique) (n=1) (17). All patients were continent 
after 6 months of bladder augmentation surgery. 
In spite of the magnitude of the surgery, only pro-
longed ileum delayed hospital discharge in some 
cases. Routinely, a cystostomy catheter was main-
tained for one week and through it it was instilled 
a mucolytic solution, preventing urinary obstruc-
tion (retention) by mucus.

During the 6 months period of follow-up, 
there were no episodes of urinary tract infection 
or surgical wound infection, as well as no clinical 
metabolic disturbances.

According to the analysis of the SF-36® 
questionnaire (Table-1), patients presented higher 
QoL at post-operatory period in the domains func-
tional capacity, general health status, vitality, so-
cial aspects, emotional aspects and mental health. 
The domains physical limitation and pain showed 
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no statistical differences between pre and post-
-operatory periods.

The four domains of the Qualiveen® ques-
tionnaire, that measure the specific negative im-
pact of urinary problems on QoL showed lowered 
values at the post-operatory periods (inconve-
nience, limitations, fear and impact on daily acti-
vities). Also, it was observed a lowered SIUP index 
Specific Impact of Urinary Problems (Table-2).

The parameter that measures general QoL 
also showed better result during post-operatory 
period (QoL index).

DIsCussIOn

 Main objectives of NB treatment include 
preservation of renal function and prevention of 

urological complications (8, 9). Since the intro-
duction of clean intermittent catheterization by 
Lapides et al. (1972) (18), emptying regularly the 
bladder is an important basic treatment, in order 
to protect the deterioration of the renal tract, to 
reduce the frequency of urinary infections and to 
allow good continence following catheterization. 
In cases when bladder capacity is not correctly re-
covered using anticholinergics, bladder augmen-
tation surgery is the treatment of choice, as long 
as renal function is preserved (9).

 When it was observed difficulty to perform 
urethral catheterization via urethra, the use of a 
continent stoma in the abdomen is indicated (16) 
and in our study it was performed in 9 patients. 
In one patient it was performed a catheter stoma 
in the colon, allowing for anterograde enema for 

Table1 - quality of life before and after surgery according to the sf-36® questionnaire.

Domains1 Pre-operatory
(n=67)

Post-operatory
(n=67)

P

Functional capacity 29.0±26.2 35.0±28.7 0.0243

Physical limitation 33.9±36.6 40.5±41.8 0.0873

Pain 66.6±26.3 70.1±25.2 0.1992

General health 58.9±22.1 67.0±20.4 <0.0012

Vitality 62.7±24.8 67.2±26.1 0.0123

Social aspects 63.8±27.0 72.3±29.0 0.0103

Emotional aspects 44.3±42.0 56.5±41.4 0.0203

Mental health 62.0±24.0 66.3±25.8 0.0093

1 = Pontuaction limit from 0 to 100; 2 = paired T-test; 3 = Wilcoxon test
Values expressed as median±standard deviation

Table 2 - quality of life before and after surgery according to Qualiveen® questionnaire.

Domains Pre-operatory
(n=36)

Post-operatory
(n=36)

P

Inconvenience1 1.82±1.06 1.31±0.96 0.0023

Limitation1 2.78±0.86 2.21±0.98 <0.0014

Fears1 2.25±0.86 1.79±1.04 0.0033

Daily activities impact1 1.97±1.09 1.48±1.01 0.0023

SIUP index1 2.23±0.76 1.70±0.83 <0.0013

QoL index2 0.02±0.90 0.54±0.97 <0.0014

1 = ponctuation limit from 0-4; 2 = ponctuation limites from-2 to+2; 3 = paired T-test; 4 = Wilcoxon test
Values expressed as median±standard deviation
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severe intestinal constipation (17). Ureteral reim-
plantation was performed in 4 patients with gra-
des IV and V vesico-ureteral reflux in order to 
protect the superior renal tract. Cases with grades 
I and II reflux were not surgically corrected due 
to low correlation with renal failure, following 
amelioration of bladder capacity (9). The choice 
of gastrointestinal segment was based upon re-
nal function and easiness of technique, in order 
to move the chosen segment to bladder without 
tension. Three cases of gastro-cystoplasty were 
performed in patients with limited renal function, 
that contraindicated the use of ileum or colon, due 
to absorptive capacity of intestinal mucosa.

The generic question form SF-36® presen-
ted higher indexes of QoL at the post-operatory 
period in all domains, except physical limitation 
and pain. The use of a specific questionnaire for 
patients with spinal cord injury (Qualiveen®) com-
pleted the QoL evaluation, since generic question 
forms may not correctly reflect important aspects 
of physical, social and psychological well-being 
of these individuals (8).

We started the use of (Qualiveen®) only for 
the last 36 patients, since it was not included in 
the original project. Since this was a prospective 
study, the data of the initial patients could not be 
analyzed. Also, the results of (Qualiveen®) showed 
lower impact on QoL in all studied domains du-
ring post-operatory period. The generic evaluation 
of QoL included in this instrument was in accor-
dance to the previous relative positive effect of the 
surgical treatment.

 It is important to stress the heterogenei-
ty of the present data in terms of baseline dise-
ases and their evolution period, that varied from 
a few years (patients with spinal cord injury and 
myelites), to lifetime (patients with myelomenin-
goceles). Forms of treatment also varied, in ter-
ms of the chosen gastrointestinal segment and of 
the need of the construction of continent conduits 
for catheterization. However, in order to unify 
the samples, bladder augmentation surgery was 
performed as primary surgical procedure and all 
patients presented bladder disturbances, including 
low compliance, elevated pressures and low capa-
city of storage. Although there were differences, 
better quality of life was observed in all individu-

als, even in those without urinary incontinence in 
the pre-operatory period. These aspects corrobora-
te the perception that health status is benefitted by 
reconstructive urological surgeries with bladder 
preservation.

 Probably, there was better urinary conti-
nence during catheterization intervals, since this 
is a troublesome alteration in all patients. Urinary 
continence probably benefitted secondarily social 
life and allowed for the performance of daily ac-
tivities, as noted by the questionnaires. Patients 
submitted to continent conduit for catheterization 
were able to empty more easily their bladder, with 
a better QoL, since the difficulty during pre-ope-
ratory period to catheterize was corrected. Inter-
val spaces between catheterization were corrected 
allowing for the avoidance of urinary leakage. 
The absence of alteration of the SF0360® domains 
physical limitation and pain after surgery is pre-
dictable, since the surgical procedures were direc-
ted to the urinary tract problems.

 QoL improvement during post-operatory 
period in patients with NB refractory to clinical 
treatment was also observed in previous studies 
(7, 13). Although this correlation seems obvious, 
the absence of QV improvement following surge-
ries for urinary incontinence of patients with NB 
was also published (12). Since QoL is a concept 
that includes social, psychological and physical 
aspects, different populations can experience 
these aspects differently, and it is important to 
perform studies in different centers (12). Althou-
gh cystectomy and ileum conduit also present 
good results in terms of QoL (7), this technique 
present long term clinical risks, such as renal fai-
lure, and has been deprecated by most authors 
(19). Bladder augmentation associated to other 
techniques of urological reconstruction remains 
an excellent choice for NB patients, although wi-
thout side effects as the presence of mucus in the 
urine and the need of intermittent catheterization 
(20). Being less aggressive and without an incon-
tinent abdominal stoma, it is preferred in relation 
to cystectomy. Future studies may discriminate 
better the implied factors related to QoL improve-
ment in patients submitted to reconstructive uro-
logical surgeries and contribute to better choice 
of therapies for this complex condition.
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COnCLusIOns

 Surgical treatment of NB refractory to cli-
nical treatment using reconstructive techniques in 
order to preserve the bladder is associated with 
improvement of QoL indexes at post-operatory 
period, according to the SF-36® and Qualiveen® 
questionnaires.

COnfLICT Of InTEREsT
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Objectives: Pseudoexfoliation syndrome (PES) is a common age-related fibrillopathy 
related to accumulation of pseudoexfoliation  material (PEM) in certain places in the 
body, especially blood vessels. Erectile dysfunction (ED) is another condition related to 
vascular pathology and in this study it is aimed to identify the relationship between  
ED and PES.
Materials and Methods: Data of 92 patients were investigated. There were 34 patients 
in the PES group and 58 patients in the control group. Presence of diabetes, hyperten-
sion, smoking history, BMI, and serum levels of lipids and testosterone were recorded. 
The groups were compared for ED rates and severity. Also logistic regression analysis 
was performed to identify independent risk factors for development of ED.
Results: Mean age of the population was 67.3. No significant difference was observed 
between the two groups regarding the presece of DM, HT, smoking, BMI and laboratory 
measurements. ED rate was significantly higher in the PES group (70.6% vs 48.3%, 
p=0.002). Also, severe ED rate was higher in the PES group (p=0.002). PES was detected 
as an independent risk factors for the development of ED.
Conclusion: ED is a possible consequence of PES. ED rate and severity is found to be 
higher in the PES group and PES is detected as an independent risk factor for deve-
lopment of ED. Patients with PES should be informed about development of ED and 
further prospective trials with objective measurements of penile blood flow should be 
conducted to verify the erectile status and penile blood flow in PES patients.
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InTRODuCTIOn

Pseudoexfoliation syndrome (PES) is a 
common age-related fibrillopathy of unknown 
cause and is the most common clinical precursor 
of open-angle glaucoma (1). Originally, pseudo-
exfoliation  material (PEM) accumulation was 
thought to be limited to  the anterior segment of 
the eye; however, accumulation in blood vessels, 

heart, liver, and lung were also demonstrated in 
recent studies (2-4).

 Accumulation of PEM in blood vessels 
leads to endothelial dysfunction (5). Endothelial 
dysfunction is currently shown to be responsible 
for several clinical problems related to the vas-
cular system and one of the main consequences 
of endothelial dysfunction is erectile dysfunction 
(ED). ED is a prevalent and chronic disorder in 
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men over 40 years old (6) and with increasing life 
expectancies, the prevalence of ED is expected to 
increase, particularly in men with endothelial dys-
function (7-10).

 PES and ED are two conditions that affect 
the same age group and endothelial dysfunciton 
seems to be associated with both conditions. The-
refore investigation of associaton of these two 
conditions seems to be reasonable. However, to 
our knowledge, there had been no studies investi-
gating the relation of PES and ED. In this study we 
aimed to identify the association of PES and ED 
and whether PES is a risk factor for development 
of ED.

MATERIALs AnD METhODs

 Patients admitted to ophthalmology ou-
tpatient clinics between October 2012 and April 
2013 were involved in the study. All patients un-
derwent complete ocular examination and meti-
culous examination for presence of PEM acumu-
lation. Male patients ≥65 years of age with PES 
were involved in the study group (PES group) 
and a control group of male patients at the same 
age group without PES was established. Control 
group consisted of patients with normal anterior 
and posterior chamber examination, normal optic 
disc findings and normal visual field test. Patients 
with history of any pelvic surgery, use of any kind 
of medication for ED, having any neurological or 
mental problem, using antiandrogens and lacking 
a regular sexual partner were excluded.

 PES diagnosis is based on presence of 
pseudoexfoliation material on pupillary area, and/
or anterior capsule of the lens, together with no 
abnormalities on visual field and fundus. Erecti-
le function status was evaluated by the Interna-
tional Index for Erectile Functions (IIEF) and ED 
was classified as mild, moderate or severe based 
on IIEF score. The severity of ED was classified as: 
severe (5 to 7), moderate (8 to 11), mild to modera-
te (12 to 16), mild (17 to 21), and no ED (22 to 25). 
History of Diabetes Mellitus (DM), hypertension 
(HT) and smoking together with body mass index 
(BMI) were also recorded.

 Medical history and physical examination 
were performed to exclude any neurological or 
genitourinary abnormality. Laboratory analysis 
including liver and kidney functions, serum tes-

tosterone level, serum fasting glucose level, serum 
lipid profile including cholesterol, triglycerides, 
low-density lipoproteins (LDL), high-density lipo-
proteins (HDL) and very low-density lipoproteins 
(VLDL) were measured.

 Sample size estimation was performed by 
a conventional statistical program by taking into 
account an effect size of 30% difference in ED ra-
tes between the two groups and minimum num-
ber of patients needed to reject the null hypothesis 
was 60 (30 for each group).

statistical analysis

 Statistical analysis was done by SPSS ver-
sion 15.0 programme. For detection of normal dis-
tribution of the variables, Kolmogorov-Smirnov 
test was used. The chi-square analysis or Fishers 
exact test was used to assess the significance of 
differences between dichomatous variables. Conti-
nuous variables were compared by Student’s t test 
or Mann-Whitney U test. To determine indendent 
prognostic factors for the development of ED, lo-
gistic regression analysis was performed. P value 
of 0.05 was accepted for statistical significance.

REsuLTs

 A total of 92 patients were included in the 
study. Mean age of the population was 67.3±8.1. 
PES group consisted of 34 patients and there were 
58 patients in the control group. Mean age of the 
PES group was 68.2±9.9 years and mean age of the 
control group was 66.7±8.2 (p=0.345). DM and HT 
were present in 5 and 7 of the 34 patients in the 
PES group, and and 9 and 11 of the 58 patients 
in the control group. No significant difference was 
observed between the two groups in relation to 
rates of DM, HT, smoking and BMI. Similarly the 
groups were also similar in terms of laboratory me-
asurements. The results are summarized in Table-1.

 When the two groups were compared for 
presence and severity of ED, the prevalence of ED 
was found to be significantly higher in the PES 
group compared to the control group (70.6% vs 
60.3%, P=0.002). More importantly, prevalence of 
severe ED was significantly higher in the PES group 
compared to the control group (54.2% vs 31.4%, 
p=0.002). The results are summarized in Table-2.
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 Results of logistic regression analysis reve-
aled that presence of DM, PES , serum testosteron 
level, cholesterol level, fasting blood glucose levels 
and history of smoking were independent risk fac-
tors for the development of ED. Age and presence 
of HT were not found to be independent risk fac-
tors for development of ED. The results of logistic 
regression analysis are summarized in Table-3.

DIsCussIOn

 PES is defined as a fibrillopathy, characte-
rized by overproduction of pseudoexfoliation ma-
terial and its accumulation in ocular tissues and 
elsewhere. This syndrome affects about 30% of 
people over the age of 60 years and it is the most 
common cause of open angle glaucoma (1). In 
electron microscopic studies its accumulation in 
heart, kidney, skin, lungs, liver, bladder, aorta and 
cerebral vasculature has been demonstrated (11, 
12). This accumulation in other systemic tissues 
brings into mind the idea of PES as a systemic 
disease. Small and middle sized vessels are shown 
to be affected by PES (3).

 ED is another conditon with underlying 
vascular pathology. Coordinated work-up of vas-
cular, neuronal and psychosomatic systems is 
crucial for the management of erection. With in-
creasing age among those coordinated systems, 
vascular system is affected more commonly, and 
it is the main target for urologists in the medical 

Table 1 - Demographic characteristics and serum measurements of the patients.

Parameters PES Group (n=34) Control Group (n=58) P Value

Age (mean±SD) 68.2±9.9 66.7±8.2 0.345

Presence of DM (%) 5/34 (14.7) 9/58 (15.5) 0.258

Presence of HT(%) 7/34 (20.5) 11/58 (18.9) 0.365

Smoking history(%) 17/34 (50.0) 30/58 (51.7) 0.440

BMI (mean±SD) 24.7±5.1 25.2±5.7 0.339

Serum cholesterol (mg/dL) 185.3±18.2 182.6±17.9 0.463

Serum triglycerides (mg/dL) 145.4±13.8 150.4±14.4 0.496

Serum LDL (mg/dL) 120.3±10.7 117.6±9.9 0.455

Serum HDL (mg/dL) 43.3±7.1 42.6±6.1 0.387

Serum testosterone (ng/mL) 344.5±26.3 348.8±25.9 0.448

Table 2 - Comparison of two groups for presence of ED and severity.

Parameters PES Group (n=34) Control Group (n=58) P Value

Presence of ED (%) 24/34 (70.6) 28/58 (48.3)

0.002

Mild ED (%) 4/34 (11.7) 8/58 (13.7)

Mild to moderate ED (%) 3/34 (8.8) 8/58 (13.7)

Moderate ED (%) 4/34 (11.7) 9/58 (15.5)

Severe ED (%) 13/34 (38.2) 3/58 (5.1)

No ED (%) 10/34 (29.4) 30/58 (51.7)

Table 3 - Results of mutivariate analysis.

Parameters HR (95% CI) P value

Age 1.135 (0.861-1.877) 0.41

DM 1.724 (1.231-3.144) 0.01

HT 1.101 (0.782-1.653) 0.47

PES 1.690 (1.150-2.472) 0.01

Serum Testosteron(ng/mL 2.047 (1.430-4.097) 0.008

Serum Cholesterol (mg/dL) 1.811 (1.241-2.550) 0.01

Serum glucose level (mg/
dL)

1.644 (1.130-2.138) 0.01

DM = diabetes mellitus; hT = hypertension; pEs = Pseudoexfoliation syndrome



ibju | Relationship between pseudoexfoliation syndRome and eRectile dysfunction

550

management of ED. Other clinical problems as-
sociated with endothelial dysfunction may have 
relationship with the development of ED. PES 
which was found to be associated with endothelial 
dysfunction may also have causative relationship 
with ED.

 To date there are no studies investigating 
the possible relationship between these conditions 
and our data revealed that ED was present in 24 
of the 34 patients with PES, which is significantly 
higher compared to those without PES (28 of 58 
patients). Besides, in the PES group, siginificantly 
more patients suffered from severe ED, compared 
to the control group. Additionally, prevalence of ED 
in the PES group is striking (70.4%). In the previous 
studies, even in patients with DM, ED prevelance 
reaches about 75% (13-15). Therefore, results of our 
study reveals that PES seems to be an important 
vascular risk factor for the development of ED.

 Moreover, in multivariate analysis, the 
presence of PES was shown to be an indepen-
dent risk factor for the development of ED toge-
ther with DM, serum cholesterol, testosteron and 
fasting blood glucose levels. This finding is also 
as important as the presence of DM and serum 
cholestorel levels, that are also associated with en-
dothelial dysfunction and vascular ED. Therefore, 
the presence of PES seems to have its own role for 
development of endothelial dysfunction and this 
should further be evaluated in future studies ei-
ther by measuring blood flow or histopathological 
examination of vascular wall structures.

 A major drawback of our study is lacking 
of objective measurement of decreased blood flow 
to the corpus cavernosum. This may prove the pos-
sible status of erectile tissue. However, this is being 
studied in another on-going prospective controlled 
trial in our institution and nocturnal penile tumes-
cence test and penile doppler ultrasonography are 
being used to evaluate the status of penile blood 
flow. Also, our study is a cross-sectional study, that 
represents the PES and ED status of the studied po-
pulation. Therefore, the patients should be followed 
prospectively to verify the erectile function status 
after development of PES.

 All patients in our population were naive 
for any medication for ED. Therefore investigation 

of this population for response to phosphodieste-
rase type V inhibitors should also be performed.

COnCLusIOn

 PES has systemic consequences related to 
accumulation in vessel walls. ED is a possible con-
sequence of PES. ED rate and severity is found to 
be higher in the PES group and PES is detected 
as an independent risk factor for development of 
ED. Patients with PES should be informed about 
development of ED and may be consulted by an 
urologist. Further prospective trials with objecti-
ve measurements of penile blood flow should be 
conducted to verify the erectile status and penile 
blood flow in PES patients.
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Introduction: The Foley catheter has been widely assumed to be an effective means of 
draining the bladder. However, recent studies have brought into question its efficacy. 
The objective of our study is to further assess the adequacy of Foley catheter for com-
plete drainage of the bladder.
Materials and Methods: Consecutive catheterized patients were identified from a re-
trospective review of contrast enhanced and non-contrast enhanced computed tomo-
graphic (CT) abdomen and pelvis studies completed from 7/1/2011-6/30/2012. Residual 
urine volume (RUV) was measured using 5mm axial CT sections as follows: The length 
(L) and width (W) of the bladder in the section with the greatest cross sectional area 
was combined with bladder height (H) as determined by multiplanar reformatted ima-
ges in order to calculate RUV by applying the formula for the volume (V) of a sphere 
in a cube:V=(π/6)*(L*W*H).
Results: RUVs of 167 (mean age 67) consecutively catheterized men (n=72) and women 
(n=95) identified by CT abdomen and pelvis studies were calculated. The mean RUV 
was 13.2 mL (range: 0.0 mL-859.1 mL, standard deviation: 75.9 mL, margin of error at 
95% confidence:11.6 mL). Four (2.4%) catheterized patients had RUVs of >50 mL, two 
of whom had an improperly placed catheter tip noted on their CT-reports.
Conclusions: Previous studies have shown that up to 43% of catheterized patients had 
a RUV greater than 50 mL, suggesting inadequacy of bladder drainage via the Foley 
catheter. Our study indicated that the vast majority of patients with Foley catheters 
(97.6%), had adequately drained bladders with volumes of <50 mL.
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InTRODuCTIOn

The Foley catheter has been a staple of me-
dical care since its inception in 1935 by American 
urologist Frederic Foley (1). Though there have 
been modifications in the 80 years since its cre-
ation, the Foley catheter has withstood the test of 
time and is considered an acceptable means for 
bladder drainage in the appropriate setting. One 

of the main complications of its use is catheter-
-associated urinary tract infection (CAUTI).

 The prevalence of CAUTI is high, as up to 
40% of catheterized patients in the acute hospital 
care setting develop CAUTI (2). This, in conjunc-
tion with the fact that up to 25% of patients ad-
mitted to hospitals have a urinary catheter placed 
at some point during their stay highlights the he-
althcare burden generated by CAUTI (3). Although 
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the cost of each CAUTI is estimated to be less than 
$600, the additive cost to hospitals for lack of Me-
dicare and Medicaid reimbursement of a “preven-
table complication” is considerable (4, 5).

 For each day that a catheter is in place, 
3-7% of patients may develop a CAUTI (6). By the 
30th day of catheterization, the incidence of CAU-
TI or catheter-associated asymptomatic bacteriu-
ria (CAASB) is almost 100% (7). Failure to keep 
the urinary collection bag in a gravity dependent 
position is the most commonly violated catheter 
care-related recommendation, and can double the 
relative risk of developing CAUTI or CAASB (8).

 One potentially modifiable factor to im-
pact the incidence of CAUTI is inadequate drai-
nage of the bladder. Stoller et al. suggested that 
Foley catheters do not consistently and constantly 
drain urine from the bladder, with 43% of patients 
found to have a residual urine volume >50 mL 
(8). A previous study found that clinically asymp 
tomatic men with a post-void residual volume 
(PVR) of >180 mL are at high risk for developing 
bacteriuria (9). Further, PVR >150 mL in a non-
-catheterized patient is associated with an incre-
ased risk of developing a urinary tract infection 
(10). Taking these findings together, it would seem 
logical that we can reduce the incidence of CAUTI 
by addressing the problem of inadequate bladder 
drainage by Foley catheters. As such, the purpose 
of our study was to evaluate the efficacy of the 
Foley catheter in bladder drainage.

MATERIALs AnD METhODs

 After obtaining approval from our Institu-
tional Review Board (approved protocol #330937-
1), we retrospectively identified 167 consecutively 
catheterized patients via contrast enhanced and 
non-enhanced abdominal and pelvic CT studies 
from 7/1/2011-6/30/2012. Patients with suprapu-
bic bladder drainage catheters were excluded.

 We assessed residual urine volume (RUV) 
by utilizing the 5mm axial section demonstrating 
the greatest bladder cross sectional area. Using co-
ronal multiplanar reformatted images to determi-
ne maximum bladder height, RUV was calculated 
by means of the formula for the volume (V) of a 
sphere in a cube with a given length (L), width 
(W), and height (H): V=(π/6)*(W*L*H).

REsuLTs

 Patients were stratified into three groups: 
RUV =0 (n=68, 40.7%), RUV >0 and <50 mL 
(n=95, 56.9%, mean=6.7 mL, standard deviation 
(st dev) =7.9 mL), and RUV ≥50 mL (n=4, 2.4%, 
mean=394.7 mL, st dev=345.3 mL). Two of the 
four patients with RUV ≥50 mL were found to 
have improperly placed catheters by CT. The ove-
rall mean RUV was 13.2 mL with a st dev of 75.9 
mL and margin of error of 11.6 mL for a 95% con-
fidence interval.

 We further stratified patients by gender. 
Thirty nine women (41%) had RUV =0 mL, 54 
(57%) had a RUV >0 mL and <50 mL (mean=8.0 
mL, st dev=8.3 mL), and 2 (2%) had RUV ≥50 mL, 
(mean=301.4 mL, st dev=172.6 mL). The overall 
mean RUV for women was 10.9 mL with a st dev 
of 50.0 mL. Twenty nine men (40.3%) had RUV=0 
mL, 41 (57%) had a residual urine volume of >0 
mL and <50 mL, (mean=4.9 mL, st dev =7.0 mL), 
and 2 (2.8%) had RUV >50 mL (mean=488.1 mL, 
st dev=362.8 mL). The overall mean RUV for men 
was 16.2 mL, with a st dev of 100.2 mL. A summa-
ry of our data analysis is provided in Table-1.

DIsCussIOn

 Contrary to the study performed by Stoller 
et al., we found that the vast majority of our patients 
(97.6%) had a RUV of <50 mL. Further, 40.7% of our 
patients were found to have no residual volume at 
all. This contrast may be attributed to differences in 
study design. In Stoller’s study, bladder sonography 
was performed at the bedside whereas in the present 
cohort, the patient was transported to the CT depart-
ment. It is possible that during transport, manipula-
tion and movement of the Foley, as well as changes 
in abdominal pressure during transfer resulted in 
drainage in urine from the bladder. Since patients 
either move or are turned/moved frequently while in 
hospital beds, we feel that CT-derived measurement 
of bladder volume still represents a “real world” si-
tuation amongst catheterized inpatients. Further, so-
nographic measurement of the bladder is less precise 
when the bladder is collapsed (11, 12).
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 In the present study, while only 2% of pa-
tients had a RUV of >50 mL, 59% of patients a 
RUV of >0 mL, indicating that for most patients 
the Foley catheter does not completely drain the 
bladder. Though some of the smaller volumes 
may be considered negligible, 16% of our patients 
(n=26) had a RUV of >10 mL.

 We found that half (2/4) of the patients 
with a RUV >50 mL had an improperly placed 
catheter, emphasizing the importance of catheter 
placement technique and urine output monitoring. 
Hence, the vast majority of properly placed cathe-
ters appear to drain the bladder at least moderate-
ly well with an arbitrary “cut point” of 50 mL. The 
importance of finite RUV <50 mL in catheterized 
patients has yet to be determined.

COnCLusIOns

 In summary, our retrospective study pro-
vides three principal findings:
1) For the vast majority of patients the Foley ca-
theter adequately drained the bladder;
2) There were no gender differences in the efficacy 
of the Foley catheter in bladder drainage;
3) Improper placement of a Foley catheter can 
lead to significant urinary retention.

ABBREvIATIOns

CAUTI = catheter-associated urinary tract in-
fection 

CAASB = catheter-associated asymptomatic bac-
teriuria
PVR = post-void residual volume
RUV = residual urine volume
L = length
W = width
H = height
V = volume
St dev = standard deviation
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Purpose: To determine the renal arterial hemodynamic changes induced by obstructive 
uropathy using Doppler ultrasonography.
Materials and Methods: 60 adult subjects with suspected obstructive uropathy and 60 
asymptomatic apparently healthy controls with normal renal ultrasound features were 
evaluated.
B-mode sonography of the kidneys and spectral Doppler examination of the renal 
interlobar arteries of all the participants were performed. The mean resistive indices 
(mRI) of both interlobar arteries were obtained and compared to that of the controls. 
The mRI of bilaterally obstructed kidneys were also compared with the mRI of unila-
terally obstructed kidneys.
Results: The mRI of the right and left kidneys of subjects were 0.72±0.04 and 0.69±0.06 
while those of the controls were 0.64±0.04 and 0.63±0.03 respectively. The mRI for 
the grades of caliectasis increased from grade I (0.72±0.03) to grade II (0.73±0.03) and 
grade III (0.73±0.02) but fell within the most severe levels of obstruction (0.69±0.07). 
There was no statistically significant relationship between the grades of caliectasis 
and unilateral or bilateral obstruction for both kidneys. The results show a sensitivity 
and specificity of 86.7% and 90% respectively when mRI≥0.7 was used to determine 
presence of obstruction.
Conclusion: Renal duplex sonography is highly sensitive and specific for diagnosis 
of obstructive uropathy. Increased resistive index of the obstructed kidney may be a 
useful diagnostic tool in situations where intravenous urography cannot be done or is 
contraindicated.
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InTRODuCTIOn

Obstructive uropathy is a commonly en-
countered problem in clinical practice. It refers to 
structural impedance to the flow of urine anywhe-
re along the urinary tract leading to pelvicalyceal 
dilatation. Renal parenchymal damage resulting 
from obstructive uropathy is termed “obstructive 
nephropathy” (1). Obstructive uropathy is often 
secondary to anatomical pathologies of the uri-

nary tract or the genital system. Obstructive uro-
pathy is a known predisposing factor to urinary 
tract infection, urolithiasis and post-renal renal 
failure (2). Prompt and accurate diagnosis is cru-
cial to salvaging the affected kidney. The purpose 
of this study is to assess the renal arterial hemo-
dynamic changes in obstructive uropathy using 
duplex sonography, and to evaluate the ability 
of this modality to differentiate obstructed from 
non-obstructed kidneys.
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MATERIALs AnD METhODs

 This prospective, non-randomized, case-
-control study was carried out in a tropical uni-
versity teaching hospital from July, 2011 to June, 
2012. Approval for the study was obtained from 
the Ethics and Research Committee of the hospital. 
Verbal informed consent was obtained from all 
participants. Sixty adults aged 18 years and abo-
ve, referred for ultrasonography with symptoms 
of obstructive uropathy along with 60 age-and 
sex-matched apparently healthy control subjects 
were recruited consecutively by the urologist and 
referred to the sonologist who was blinded to the 
clinical status of the subjects to minimize bias. The 
sonologist who carried out the examination was a 
third year resident at the Radiology department of 
the institution while the urologist had been prac-
ticing as a specialist for 15 years. All subjects had 
no clinical symptoms and signs, or sonographic 
features of urinary tract infection. Any participant 
with clinical symptoms (dysuria, flank pain), signs 
(renal angle or suprapubic tenderness), or sono-
graphic features (thickened urinary bladder wall, 
urine containing mobile low-level internal echoes) 
suggestive of urinary tract infection were exclu-
ded from the study. Pregnant women, sickle cell 
disease patients, diabetic patients, subjects with 
renal artery stenosis, smokers, hypertensive pa-
tients, subjects with congenital renal anomalies, 
and subjects with elevated urea and creatinine 
values were excluded from the study. Their age, 
sex, symptom duration and prospective diagno-
sis were documented. Subjects who presented as 
emergency were examined immediately while the 
others were examined after at least eight hours 
fasting to reduce intra-abdominal gas and enhan-
ce visualization of the renal arteries.

 Renal sonography was done in both supine 
and prone positions using 3.5-5MHz transducer of 
MINDRAY® Real time Ultrasound Machine: Model 
DC-6 (Shenzhen Mindray Bio-medical Electronics, 
Nanshan, Shenzhen, China). Both kidneys of each 
subject were initially examined by ultrasonogra-
phy to rule out congenital anomalies and renal 
artery stenosis and then to assess for caliectasis. 
The presence of hydronephrosis was documented 
for each subject on B-mode and graded as descri-

bed by Sehata et al. (3) Thereafter, Doppler stu-
dies (color and spectral) of the interlobar arteries 
was done as previously described (4). The Doppler 
mode was activated with the Doppler angle adjus-
ted to 60 degrees or less and kept parallel to the 
vessel wall. The sample gate size used was 1mm.
The interlobar artery resistive indices were recor-
ded for each kidney in subjects and controls by 
taking three reproducible wave forms from each 
kidney and averaging them to derive the mRI of 
the kidney. Finally, a general abdominopelvic ul-
trasound was done to determine the possible cau-
se of obstruction. Independent samples t test was 
used to compare the mean age and mRI of sub-
jects and controls. One-way analysis of variance 
(ANOVA) was used to compare means of variables 
where there were three or more groups. Chi square 
test was used to evaluate categorical variables e.g. 
grades of caliectasis in the proportions of male 
and female patients. The significance level was 
set at p<0.05. Data analysis was done using the 
Statistical Package for Social Sciences (SPSS Inc., 
Chicago, IL, USA), version 17.0 for Windows.

REsuLTs

 There were 120 participants comprising 60 
study subjects and 60 controls. The study subjects 
comprised 27 (45%) men and 33 (55%) women, 
while the controls comprised 32 (53%) men and 
28 (47%) women; p=0.465. The mean age of the 
study subjects was 48.68±16.69 years (mean±SD) 
while that of controls was 36.97±11.19 years.

 Of the 60 subjects, 13.3% were below 30 
years of age, while 23.3%, 20% and 8.3% were 
in their 4th, 5th and 6th decades of life respective-
ly. Twenty-one (35%) subjects were aged 60 years 
and above. Sixteen (26.7%) controls were younger 
than 30 years of age, while 40%, 16.7% and 10% 
were in their 4th, 5th and 6th decades of life, res-
pectively. Four (6.7%) controls were aged 60 years 
and above.

 The median symptom duration in subjects 
was 8 months with a range of 1 week to 5 years.

 Twenty (33%) subjects had uterine fibroid, 
16 (27%) had enlarged prostate, 9 (15%) had pel-
vi-ureteric junction obstruction, 7 (11%) had uri-
nary bladder mass; 4 (7%) subjects each had ova-
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rian cysts, cervical carcinoma, rectal carcinoma, 
ureteral stricture and vesico-ureteral obstruction 
respectively.

Twenty (33.3%) subjects had unilateral 
obstruction (either left or right kidney), of which 
19 (31.7%) had only right renal obstruction whi-
le 1 had only left renal obstruction. Thirty-three 
(55%) subjects had bilateral obstruction while 7 
(11.7%) subjects had no obstruction at all on B-
-mode sonography.

Based on the assessment of the right kid-
ney, 15 subjects (7 men and 8 women) had grade 
I caliectasis, 22 (12 men and 10 women) had gra-
de II caliectasis, 14 (five men and nine women) 
had grade III caliectasis while nine (3 men and 
6 women) had grade IV caliectasis (Table-1). The 
mRI of the right kidney of subjects was 0.72±0.04, 

while that of their left kidney was 0.69±0.06 
(p=0.000). In the controls, the mRI of the right 
kidney was 0.64±0.04 while that of the left kidney 
was 0.63±0.03 (p=0.598), (Table-2).

The mRI of the right kidney in male sub-
jects was 0.72±0.04 while that of the female sub-
jects was 0.73±0.04 (p=0.703).

Based on a cut-off mRI value of >0.70, the 
presence of obstructive nephropathy as documen-
ted on B-mode ultrasound was predicted with a 
sensitivity of 86.7% indicating 52 of the 60 study 
subjects were identified correctly. The specificity 
at the same value was 90% indicating 54 of the 
60 controls were predicted correctly as not having 
obstructive nephropathy as adjudged by absence 
of caliectasis. Fifty-two (86.7%) subjects had ri-
ght renal obstruction (mRI>0.70) while 8 (33.3%) 

Table 1 - Grades of right renal caliectasis and mRI in subjects.

Caliectasis with normal mRI Caliectasis with increased mRI Total

Grade I 1 14 15

(%) (6.7) (93.3) (100.0)

Grade II 1 21 22

(%) (4.5) (95.5) (100.0)

Grade III 0 13 13

(% ) - (100.0) (100.0)

Grade Iv 5 4 9

(%) (55.6) (44.4) (100.0)

Total 7 52 59

% 11.9 88.1 100.0

Pearson x2=19.69, df=3, p=0.000

Table 2 - Mean Resistive Index (mRI) in the study participants.

Right kidney Left kidney p Value Note on analysis

Subjects, n=60 0.72±0.04 0.69±0.06 0.000 paired t test, r = 0.4; p=0.000

Controls, n=60 0.64±0.04 0.63±0.03 0.598 paired t test, r = 0.8; p=0.000
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had normal right kidney (mRI<0.70). Thirty-four 
subjects (56%) had left renal obstruction while 26 
(43.3%) had normal left kidneys.

 Analysis of the relationship between gra-
des of caliectasis and mRI of the right kidney 
showed that in grade I, 1 subject had normal mRI 
while 14 subjects had increased mRI. In grade II, 
1 subject had normal mRI while 21 subjects had 
increased mRI. All the subjects in grade III had 
increased mRI. In grade IV, 5 subjects had normal 
mRI while 4 had increased mRI. The mRI by gra-
des of obstruction increased steeply from grade 
I to III but fell rapidly with the most severe level 
of obstruction (Table-3). This change was statisti-
cally significant (p=0.030). In other words, renal 
mRI rose with increasing severity of obstruction 

up to certain level above which it was less rema-
rkable (Figure-1).

 When the grades of caliectasis in unila-
teral and bilateral obstruction were compared, 
there were no statistically significant differences 
in the proportion of subjects with unilateral or 
bilateral obstruction across each grade of caliec-
tasis (p=0.798).

 Comparison of right renal mRI of the uni-
laterally and bilaterally obstructed right kidney 
showed no significant difference between the 
two groups (p=0.171).

 One way ANOVA comparing right and left 
kidney mRI values in cases of bilateral obstruc-
tive nephropathy across the grades of caliectasis 
showed that there was no significant difference 

Table 3 - One way AnOvA for right renal mean resistive index by severity of obstruction.

N Mean mRI Std. Deviation 95% Confidence Interval

Lower Bound Upper Bound

Grade I 15 0.7220 0.0336 0.70 0.74

Grade II 22 0.7341 0.0314 0.72 0.75

Grade III 13 0.7346 0.0161 0.72 0.74

Grade Iv 9 0.6911 0.0683 0.64 0.74

Total (All subjects) 59 0.7246 0.0395 0.71 0.73

figure 1 - Graph of mean resistive index (mRI) versus degree of caliectasis.
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in the mRI values (p=0.270 for the right kidney, 
and 0.480 for the left kidney). There was a mode-
rate positive correlation between the age of stu-
dy subjects and right renal mRI (r=0.4, p=0.006). 
This correlation was also found with the right 
mRI of the controls (p=0.000). This means that 
the right renal mRI increased with age in both 
subjects and controls.

DIsCussIOn

 Ultrasonography is cheap, readily availa-
ble, and also easily identifies the cause of obstruc-
tive uropathy. In this study, uterine fibroid was 
the commonest cause of obstructive uropathy in 
women while enlarged prostate was the commo-
nest cause in men. This is similar to the findings 
by Soyebi et al. (5).

 This study showed that most study sub-
jects had raised right renal mRI, which may in-
dicate the presence of obstructive uropathy. This 
was supported by the accompanying calyceal di-
latation on grey-scale examination. With urina-
ry obstruction, there is elevation of the pressure 
within the intrarenal collecting system. This can 
induce reduction in renal blood flow as a result of 
increased renovascular resistance. An increase in 
intra-renal vascular resistance diminishes diasto-
lic blood flow velocity in intrarenal arteries and 
subsequently, the RI is increased (6).

 The subjects had significantly higher right 
and left renal mRI than the controls (p=0.000).

This means that renal artery hemodynamics 
change in response to urinary tract obstruction.

Therefore, intra-renal duplex Doppler so-
nography can provide physiologic information re-
flecting the renal hemodynamic status by means 
of the RI (7).

 Our sensitivity and specificity using the re-
nal mRI cut-off of 0.70 in the diagnosis of obstruc-
tion were 86.7% and 90% respectively. This is close 
to what Platt and his coworkers (8) reported. They 
had a sensitivity of 92% and a specificity of 88% 
and an overall accuracy of 90% in diagnosing the 
presence or absence of obstruction in an adult po-
pulation. Gottlieb and colleagues (9) also reported a 
sensitivity of 100% in a smaller group of adult sub-

jects. However, a similar study carried out by Chen 
and coworkers (10) reported a low sensitivity of 53%. 
The discordance in results could be due to the diffe-
rences in the degrees of urinary tract obstruction and 
the potential vasodilatory effects of non-steroidal 
medications typically used for the treatment of pain 
associated with obstructive uropathy (11, 12).

 This study also showed that the mRI by 
grades of obstruction increased steeply from grade 
I to grade III but fell rapidly with the most se-
vere levels of obstruction. This observation was 
also reported by Platt et al. (13) where a markedly 
hydronephrotic kidney did not show an increase 
in RI (i.e. RI<0.70) despite the presence of what 
was thought to be obvious severe obstruction. This 
lack of response is believed to be caused by a ma-
rked decrease in absolute blood flow in chronically 
high grade obstruction (grade IV), and decreased 
filtration pressure produced by minimally func-
tioning renal cortex or elevated compliance in a 
capaciously dilated collecting system (14). Rawa-
shdesh et al. (15) also observed that in chronic 
renal obstruction with marked parenchymal loss, 
the RI does not change. This was attributed to the 
probable absence of vasoconstriction at that stage.

COnCLusIOns

 Mean resistive index (mRI) effectively de-
monstrates the hemodynamic changes in the renal 
artery and values ≥0.70 are highly sensitive and 
specific for identifying an obstructed kidney. The-
refore, it may be a very useful tool in patients in 
whom excretory urography cannot be done or is 
contraindicated. A limitation of this study is that 
no other investigative modality was used to cor-
roborate the diagnosis or exclusion of obstructive 
uropathy in the participants.

ABBREvIATIOns
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Purpose: Literature pertaining to surgical disclosure to the pediatric patient is lacking. 
We hypothesized parents would find it difficult to disclose urologic surgery to a child.
Materials and Methods: Parents of patients <5 years old undergoing urologic surgery 
were contacted for telephone survey. Parents were asked about future plans of surgical 
disclosure, comfort with disclosure, and any support received.
Results: 98 parents consented to study participation. 87% of surgeries were on the 
genitalia with 62% being minor genitalia surgery (i.e. circumcision). 70% of parents 
would tell their child about minor genital surgery while 84% would tell about major 
genital surgery (p=0.07). 4 of 20 parents of children undergoing hypospadias repair 
(major genital surgery) did not plan to tell their child about surgery. All parents of 
children undergoing non-genital surgery would tell. Of all parents planning to tell 
their children about surgery, only 14% were nervous. 34% of parents would find gui-
dance in talking to their child helpful despite the majority (90%) stating no guidance 
had ever been provided.
Conclusions: Parents seem comfortable discussing urologic surgeries with a child but 
about 1/3 would appreciate further counseling. 20% of parents of children undergoing 
hypospadias repair hope to avoid telling their child.
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InTRODuCTIOn

The current existing literature on medi-
cal disclosure to the pediatric patient tends to 
address disclosure of life-threatening illnesses 
such as pediatric cancers and the human im-
munodeficiency virus (HIV) or issues related to 
adoption and assisted reproductive technology 
(1-6). There is little in the literature about pa-
rental communication of a prior surgery to their 
child. Specifically, there is limited information 
on disclosure of urologic surgery which some 

parents may find difficult to discuss as it often 
involves socially taboo parts of the body such 
as the external genitalia.

 We decided to survey parents to see their 
thoughts on urologic surgical disclosure to their 
child–including their plan as to whether or not 
they would tell their child about surgery. We 
hypothesized that parents would find disclosu-
re of urologic surgery and specifically genital 
surgery difficult and require more education 
and support on discussing such topics with their 
child than they are receiving now.
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MATERIALs AnD METhODs

 After receiving institutional review board 
approval (#121876), we contacted parents of all 
pediatric patients <5 years old undergoing urologic 
surgery between February 2013 and May 2013 at 
Monroe Carell Jr. Children’s Hospital at Vanderbilt 
University. This included patients of all 6 pediatric 
urologists at Vanderbilt. Parents consented at time 
of post-operative follow-up phone call. These calls 
were all performed the day after surgery as part 
of our standard post-operative follow-up phone 
call protocol at which time parents were then told 
about the study and asked to participate in a te-
lephone survey. The survey questions are listed in 
Figure-1 and include whether parents ever plan to 
disclose such prior surgery to their child, the age 
at which parents would disclose such information, 
parental comfort with disclosing such informa-
tion to their child, prior support given and desire 
for future support in how to tell their child about 
surgery, and the parent’s own personal experience 
with childhood surgery. The exact type of surgery 
the parent underwent and surgical history of the 
other parental unit was not asked. The electronic 
medical record (EMR) of each pediatric patient 
was also reviewed for evidence of other prior sur-
geries and major patient co-morbidities. Categori-
cal variables were compared with chi-square test 
while continuous variables were compared using 
Student’s t-test. Significance was determined by a 
p value <0.05.

REsuLTs

 103 parents of children undergoing urolo-
gic surgery at <5 years of age were contacted in 
consecutive post-operative follow-up phone calls 
of which 98 parents consented to participate in 
our study. No patient parents were specifically ex-
cluded from the study. For all participants, only 
one of the parental units was questioned during 
the survey (the parent answering the phone) and 
the parents did not have time to consult each 
other at time of phone survey. The 5 parents decli-
ning to participate included 3 patients undergoing 
chordee lysis/circumcision, 1 undergoing inguinal 
hernia repair, and 1 undergoing labiaplasty for 

congenital adrenal hyperplasia. The average age 
of patients included was 15.7 months (median 8.2 
months, range 3.7-57.7 months). The majority of 
patients were male (95 patients); however, 3 were 
female. Table-1 lists the types of surgeries and 
corresponding parental decision about disclosure. 
There were 85 genital surgeries (penis and testi-
cular surgery) and 13 non-genital surgeries (her-
nia surgery, bladder surgery, and kidney surgery). 
All parents of children undergoing non-genital 
surgery were planning on disclosing surgery to 
their child. 16 of 85 (18.8%) of parents of children 
undergoing genital surgery were not planning to 
tell their child about surgery; 4 of 85 (4.7%) were 
unsure. This difference in plans for disclosure be-
tween genital versus non-genital surgery was not 
statistically significant (p=0.06).

 Among genital surgery, the majority of 
surgeries (53/85; 62.4%) were minor (circumci-
sion, circumcision revision, chordee lysis, exci-
sion penile ski bridge/tag/adhesion, and meato-
tomy) while the rest (32/85; 37.6%) constituted 
more major genital surgery (orchiopexy, orchiec-
tomy, and hypospadias). 37/53 (69.8%) of pa-
rents of children undergoing minor genital sur-
gery would definitely disclose the recent surgery 
to their child; 3/53 (5.7%) were unsure. 27/32 
(84.4%) of parents of children undergoing major 
genital surgery would definitely disclose surgery 
to their child; 1/32 (3.1%) was unsure. There was 
not a significant difference in plans for disclosure 
based on whether a child underwent minor versus 
major genital surgery (p=0.07). Interestingly, 4 of 
the 20 parents of children undergoing hypospa-
dias repair (major genital surgery) did not plan to 
tell their children. All 4 of the children underwent 
distal hypospadias repair. All parents of children 
undergoing mid or proximal hypospadias repair 
planned to tell their children.

 The majority of parents questioned were 
female; 11 (11.2%) were male. The sex of the pa-
rent surveyed was not a significant factor in de-
termining disclosure response (p=0.68). There was 
not a significant association between parental 
choice to disclose their child’s surgery and if the 
parents themselves had ever had surgery (p=0.25) 
or specifically surgery at <5 years of age (p=0.68). 
Of those 4 parents of children undergoing hypos-
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figure 1 - parental Disclosure of surgery questionnaire.

1. How old is your child?

2. What surgery did your child just undergo?

3. Do you plan to tell your child about this surgery? YES NO

a. If you plan to tell your child, Do you know when (ie how old) you will tell your child?

b. If you plan to tell your child, Do you know how you will tell your child?

4. Are you nervous or concerned to tell your child? YES NO

a. If you are nervous or concerned, why?

5. Has anyone ever talked to you about telling your child? YES NO

6. Would you find it helpful to talk to someone about telling your child? YES NO

7. Before taking this survey,  had you given any thought to talking to your child? YES NO

a. Have you ever had surgery?

8. How old were you? YES NO

padias repair who did not plan on telling them 
about surgery, all had undergone surgery themsel-
ves but none at less than 5 years of age. Prior ma-
jor surgery or major co-morbidity in the pediatric 
patient was not predictive of parental choice to 
disclose their child’s recent urologic surgery, and 
neither was patient race (p=0.56). Parents seem to 
agree to tell their child about surgery “when they 
can understand” however the definition of this 
ranged in age from 2-16 years old (mean 9 years).

 Of all parents planning to disclose surgery 
(78), only 11 (14.1%) of these parents were ner-
vous to do so. Overall, 33/98 (33.7%) of parents 
would find it helpful to have guidance in talking 
to their child about surgery despite the overwhel-
ming majority (88/98; 89.8%) reporting not ha-
ving received any such guidance.

DIsCussIOn

 Our interest in parental disclosure of 
prior childhood urologic surgery began after at-
tempting to reach teenage patients for long-term 
follow-up after childhood hypospadias repair 
and encountering one parent’s refusal for parti-
cipation due to the fact they had never told their 

child about the initial surgery. We wondered the 
regularity of this occurrence and the literature 
that may exist on the topic of surgical disclosu-
re. Overall, there is minimal information on dis-
closure of prior urologic surgery to a child, with 
the few articles that exist primarily focusing on 
disorders of sexual development. These tend to 
emphasize decisions of gender assignment and 
timing of surgical intervention (7-11).

 The majority of literature on disclosing 
childhood medical conditions is primarily limited 
to grave illnesses such as HIV, cancer, Duchenne 
muscular dystrophy, and fetal alcohol syndrome 
(1-3, 12-17) where disclosure has important tre-
atment ramifications. In HIV, disclosure of disease 
may improve patient medication compliance and 
the sharing of disease status to future sexual par-
tners to prevent disease transmission (13, 14, 18).

While diagnoses related to urologic surgery 
are often not as grave as HIV, important lessons 
regarding potential medical compliance and ne-
cessary follow-up may follow with its disclosure.

 Urologic surgery has the potential for de-
layed complications of which the patient should 
be aware. Urinary tract reconstruction such as 
hypospadias may result in voiding issues such as 
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Table 1 - parental decision on whether or not to tell their child about surgery and the type of surgery the patient underwent.

Type surgery Number 
patients

Plans to tell child patient

Yes
(%)

No
(%)

Unsure
(%)

Genital 
surgery

Minor Chordee lysis 5 3 (60) 2 (40)

Chordee lysis/circumcision 14 11 (78.6) 1 (7.1) 2 (14.3)

Circumcision 11 8 (72.7) 3 (9.1)

Circumcision revision 11 9 (81.8) 2 (18.2)

Excision penile skin bridge/tag/adhesions 8 3 (37.5) 4 (50) 1 (12.5)

Meatotomy 3 3 (100)

Ureterocele incision+circumcision 1 1 (100)

Major Hypospadias 20 15 (75) 4 (20) 1 (5)

Distal 16 11 4 1

Mid 1 1

Proximal 3 3

Orchidopexy 8 8 (100)

Orchidopexy+circumcision 1 1

Orchiectomy 4 4 (100)

Orchiectomy+circumcision 2 2

non-Genital surgery Cystoscopic incision of ureterocele 1 1(100)

Herniorrhaphy/hydrocele repair 7 7 (100)

Pyeloplasty 3 3 (100)

Ureteral reimplant 2 2 (100)

obstruction or fistula. Prior hernia or orchiope-
xy may affect fertility. Some urologic conditions 
have a genetic association and could affect the 
patient’s own future offspring: one mother in our 
study planned to tell her son about his hypospa-
dias because it was “important for him to know if 
he has his own kids”. Failing to disclose such in-
formation to a child may result in delayed feelings 
of resentment and deception (19).

One mother being interviewed expressed 
regret that she and her husband had only recen-
tly been told of the husband’s prior childhood hy-
pospadias repair; she intended to discuss her son’s 
urologic surgery earlier in his life.

 Some major concerns in disclosing prior 
urologic surgery to a child is the potential of dra-
wing “unnecessary” attention to and emphasizing 
the potentially sensitive issue of a child’s genita-
lia. Parents who were not intending to tell their 
child about surgery shared a common theme of 
only planning to inform their child if they specifi-
cally asked about a scar. Parents may be reluctant 
to talk to their child about a prior surgery in order 
to avoid drawing attention to an already sensitive 
topic–with the hopes of “normalizing” the child 
and not wishing to emphasize the original patho-
logy that required surgery. One parent who was 
not planning to tell their child about surgery stated 
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they “did not want (their child) to feel different”. 
The potential sensitive nature of urologic surgery 
was evident by the response of one of the parents 
who declined participation in the study. The child 
had undergone labiaplasty for congenital adrenal 
hyperplasia and the parent specifically stated their 
desire to only discuss their child’s condition with 
the surgeon. None of the other 4 parents declining 
to participate gave such a strong explanation for 
their decision.

 Given the possibility that parental dis-
closure could be influenced by the body part on 
which is being operated, we decided to evaluate 
parental response based on genital versus non-
-genital surgery. While we did not find that pa-
rental thoughts on disclosure between genital and 
non-genital surgery was significantly different, 
it did approach statistical significance (p=0.06) 
and was perhaps limited by the small number of 
patients in our non-genital surgery group (only 
13). Again, this could suggest that parents may be 
more hesitant to discuss genital versus non-geni-
tal surgery with their child; however, it could also 
demonstrate a distinction in perceived severity of 
the surgery and need for continued follow-up. For 
example, some of the non-genital surgeries may 
require ongoing follow-up due to the risk of se-
rious complications (i.e. vesico-urinary reflux and 
the possibility of associated reflux nephropathy) 
which may influence a parent’s attitude towards 
disclosure. While we did not have enough patients 
to do a meaningful comparison of overall major 
versus overall minor surgery, we did evaluate pa-
rental plan for disclosure based on major versus 
minor genital surgery but did not find a signifi-
cant difference in disclosure plans.

 Overall, we found that parents generally 
planned to discuss surgery with their child and 
felt relatively comfortable doing so. While 34% 
of parents would find it helpful to have some 
sort of guidance in talking to their child, some 
parents stated they thought the discussion of dis-
closure “should be between husband and wife” 
and “should not include a 3rd party.” It appeared a 
highly personal decision–that often involved talk 
amongst family members via anecdotal responses. 
One thing is evident, we as urologists do not do 
an adequate job of addressing this issue or at least 

acknowledging the future need for disclosure. Of 
the 10 parents responding they had entered dis-
cussions of how to disclose surgery to their child, 
only 5 had been counseled by a medical profes-
sional while the other 5 had sought counsel with 
other family members or in their church. Approxi-
mately one-third of our parents would apprecia-
te some counseling from a healthcare profession 
about talking to their child. One of the most com-
monly stated reason for being nervous to discuss 
surgery was being unsure “how” to tell their child 
or “what words to use”. Better collaboration with 
Child Life resources may help aid in choosing the 
most appropriate words to explain to a child about 
a prior surgery. This may help ensure a gradual, 
age appropriate discussion that would be most 
tangible and thus beneficial in conveying this in-
formation to the patient.

 There is no data to help determine the best 
age of the patient at which to disclose medical 
information (19). Some argue that early discus-
sions are important in order to create a sense of 
“teamwork” and establish open early channels of 
communication (20).

In the case of maternity or paternity as 
with donor reproduction, it appears disclosure to a 
child at a younger age is important (4, 5); howe-
ver, this scenario is difficult to extrapolate to ours 
given the differences in the nature of information 
being conveyed with the latter case more directly 
affecting parent/child relationships when compa-
red to our study.

When evaluating the literature for timing 
of disclosure on other issues, there does not appe-
ar to be a specific age where disclosure seems ap-
propriate with most studies concluding there is no 
obvious appropriate age (6) other than just when 
it “seemed right” or when parents thought their 
child could optimally understand (4).

 Our study had several limitations. First of 
all, the overall number of patient parents questio-
ned was small and our study was not specifically 
powered to find a difference between the various 
subgroups noted. In addition, the majority of ca-
ses were circumcisions which do not generally 
necessitate long term follow-up or even specific 
disclosure, particularly in the United States where 
circumcision is relatively common.
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Children undergoing circumcision clearly 
ultimately know they have been circumcised inde-
pendent of whether the child’s parents specifically 
tell them. We also chose to survey parents of chil-
dren <5 years old. Arguably this included some 
children who already realized they were undergoing 
surgery and thus would not need specific disclosure 
of their surgery. A future study may want to include 
surveying parents of younger children.

One thing we did not specifically deline-
ate when asking parents about their plan was if 
their plan of disclosure was specific to the surgery 
or just about disclosing a childhood surgery and 
whether they would specifically withhold infor-
mation about surgery from their child. We also 
did not specifically ask parents why or why not 
they would tell their child of a prior surgery and 
did not include parental age and educational and 
socioeconomic status in our analysis.

 A future study may want to probe further 
how exactly we as urologists can help counseling 
these parents and the potential role education/
socioeconomic status may play in a parent’s de-
cision for disclosure. We are also relying on the 
ability of parents to recall prior guidance on dis-
closure which may not be completely accurate as 
to whether guidance was actually offered and gi-
ven. This study was only a preliminary evaluation 
of this issue and can continue with evaluation of 
more complex surgeries such as hypospadias re-
pair or even children with ambiguous genitalia or 
disorders of sexual differentiation in which these 
issues of disclosure are of more consequence. In 
addition, it would be nice to correlate the future 
plans as found in this study with the actual reality 
of disclosure in a prospective study. It will remain 
to be seen what the true impact of disclosing or 
not disclosing such information to former child 
patients will be.

COnCLusIOns

 Disclosure of a urologic surgical procedu-
re is a personal decision for each parent.

Parents seem overall relatively comforta-
ble telling a child about prior urologic surgery, 
although we as urologists could do a better job of 
discussing this issue with parents.

Those parents willing to avoid specifically 
telling their child about a surgery seem content to 
do so unless the child notices a physical difference 
post-operatively. Parents seem more reluctant to 
discuss hypospadias repair with their child when 
compared to other urologic surgeries which may 
necessitate a more informed discussion between 
urologist and parent about potential long-term 
complications of hypospadias surgery.
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Purpose: To evaluate the effects of different high-fat diets on body mass, carbohydrate 
metabolism and testicular morphology in rats seven months old. 
Materials and Methods: Male Wistar rats were divided into four groups: SC (standard 
chow), HF-S (high fat diet rich in saturated fatty acids), HF-P (high fat diet rich in 
polyunsaturated fatty acids), HF-SP (high fat diet rich in saturated and polyunsatu-
rated fatty acids). The rats were fed for 16 weeks. Blood samples, testes and genital 
fat deposits were collected for analysis. Data were analyzed by one-way ANOVA and 
Bonferroni post hoc test, considering p<0.05 as statistically significant. 
Results: Different high-fat diets promoted an increase in the body mass (p<0.0001). The 
genital fat deposits were higher in the high-fat groups (HF-S, HF-P, HF-SP) (p=0.0004). 
Regarding serum parameters, the animals in the HF-S and HF-SP groups presented 
hyperglycemia (p=0.0060), hyperinsulinemia (p=0.0030) and hypercholesterolemia 
(p=0.0021). All of the hyperlipidemic groups showed hyperleptinemia (p=0.0019). Con-
cerning the testis, the HF-S group showed a reduction on the seminiferous epithelium 
height (p=0.0003) and cell proliferation (p=0.0450). Seminiferous tubule diameter was 
lower in the HF-SP than in the SC group (p=0.0010).
Conclusions: The high fat diet administration, independent of the lipid quality, pro-
motes overweight. Diet rich in saturated fatty acids (lard) alters the carbohydrate me-
tabolism and the testicular morphology with reductions of seminiferous epithelium 
height, seminiferous tubule diameter and cell proliferation which could be related to a 
disturbance of spermatogenesis.
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InTRODuCTIOn

The World Health Organization (WHO) es-
timates that more than half a billion adults are 
obese and approximately three million people die 
as a result of obesity per year (1). It is know that 
an excess of lipid intake, regardless of the type of 
fat, causes obesity. Obesity is normally associated 
with a higher incidence of insulin resistance, type 
2 diabetes mellitus, hypertension, dyslipidemia, 

some types of cancer and certain metabolic and 
reproductive disorders (2).

In recent years, several studies have sho-
wn an inverse relationship between the body mass 
index (BMI) and hyperleptinemia in male repro-
ductive parameters. In obese men, leptin can also 
act to lower the testosterone level, implying in 
hypogonadism (3). The fat rich-diets affect the or-
ganization of the plasma membrane. One of the 
consequences in the testes is the altered availabili-
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ty of gonadotropin receptors, such as luteinizing 
hormone (LH) and follicle stimulating hormone 
(FSH), comprising testosterone production by 
the Leydig cells (interstitial) and spermatoge-
nesis by the cells of the seminiferous tubules, 
respectively (4).

There are few data relating the effects of 
saturated and polyunsaturated fatty acids upon 
the testicular components in rats. The aim of the 
present study was to evaluate the body mass, 
carbohydrate metabolism and testicular mor-
phology in Wistar rats at seven months old that 
were fed with different high-fat diets (rich in 
saturated and/or polyunsaturated fatty acids).

MATERIALs AnD METhODs

Experimental protocol
This study was approved by the Ethics 

Committee for the Care and Use of Experi-
mental Animals of the Institute of Biology, 
CEUA0272012) and followed the guidelines su-
ggested by the Brazilian College of Animal Ex-
perimentation (COBEA).

Male Wistar rats aged three months were 
divided into four experimental groups according 
to the lipid content of their diet: SC (standard 
chow, n=9), HF-S (high fat diet rich in saturated 
fatty acids, based on lard, n=10), HF-P (high fat 
diet rich in polyunsaturated fatty acids, based 
on canola oil, n=10) and HF-SP (high fat diet 
rich in saturated and polyunsaturated fatty aci-
ds, n=10). The SC diet (14% protein, 76% carbo-
hydrates and 10% lipids with a total energy of 
15.9 kJ/g) and the different high-fat diets (14% 
protein, 36% carbohydrates and 50% fat with a 
total energy of 20.9 kJ/g) were prepared follo-
wing the recommendations of the AIN-93M (5). 
The diets were made by Pragsolutions® (www.
pragsolucoes.com.br) and the high fat diets in-
cluded added lard (saturated fatty acid) and/or 
canola oil (polyunsaturated fatty acid).

The control and HF groups received the 
diets SC, HF-S, HF-P and HF-SP over 16 we-
eks, from three months until seven months of 
age. The food intake was recorded daily. Body 
mass (BM) was monitored weekly until the end 

of the experiment. The animals were placed in 
an appropriate environment with a temperature 
of 21±2°C and controlled light cycle (12-12 h 
light/dark), with free access to water and food.

Euthanasia of animals
After 12 hours of fasting, the animals 

were anesthetized intraperitoneally with sodium 
pentobarbital and killed at seven months of age. 
Blood samples were collected from the heart (right 
atrium) by cardiac puncture, for the serum analy-
sis. The testes and genital fat pad were dissected, 
weighed and fixed.

Serum biochemistry and hormone levels
Serum was separated by centrifugation 

(3000 rpm, for 8 min) at room temperature and 
stored at -20°C for the serum analysis. The glucose 
(monoreagent-K082), triglyceride (monoreagent-
-K117) and total cholesterol (monoreagent-K083) 
concentrations were measured by a colorimetric as-
say (Bioclin Systems II®, Quisaba, Bioclin, Belo Ho-
rizonte, MG, Brazil). The serum analyses for insulin, 
leptin and testosterone were performed using the 
following commercially available enzyme-linked 
immunosorbent assay (ELISA) kits: rat/mouse in-
sulin kit (Millipore-Cat. EZRMI-13 k – St Charles, 
MO, USA), rat leptin kit (Millipore-Cat. EZRL-83K, 
St Charles, MO, USA) and general testosterone kit 
(Uscn-Cat. E90458Ge – Wuhan, China). All samples 
were analyzed in duplicate with an intra-assay coe-
fficient of variation of 1.4%.

Immunohistochemistry
Sections of the testes at a thickness of 5µm 

were deparaffinized, and antigen retrieval was 
performed with TRIS-EDTA (pH 9.0) for 12 hours 
(overnight) at 60°C. Then, an endogenous peroxi-
dase blockade was made with hydrogen peroxida-
se 3%, and nonspecific binding was inhibited. The 
sections were incubated with anti-PCNA antibody 
(PC10, Ref: 180110, Invitrogen, Camarillo, CA, USA), 
and the immunoreaction was amplified with the 
biotin-streptavidin system kit (Ref: 859643, Invi-
trogen, Frederick, MD, USA). Immunostaining was 
visualized after incubation of the sections with 3, 
3-diaminobenzidine tetrachloride (Ref: 859643, In-
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vitrogen, Frederick, MD, USA) and counterstaining 
with Mayer’s hematoxylin.

Testis quantitative study
The testes were fixed in Bouin’s solution for 

24 hours and 1.27 M formaldehyde in 0.1 M phos-
phate buffer, pH 7.2 for 48 h at room temperatu-
re, after was embedded in Paraplast plus® (Sigma-
-Aldrich C., St. Louis, MO, USA). Subsequently, the 
material was sectioned at a thickness of 5 µm and 
stained with hematoxylin and eosin. Digital images 
from the testes were obtained by an Olympus BX51 
light microscope (Tokyo, Japan) coupled to a digital 
camera (Olympus DP70-Tokyo, Japan). The quanti-
tative evaluation was performed using the software 
Image J® (Image Processing and Analysis in Java). 
After calibration, the seminiferous tubule diameter 
and seminiferous epithelium height were determi-
ned with the “straight line selections” tool. These 
morphometric analyses were performed with a 10X 
objective for the seminiferous tubule diameter and 
a 20X objective for the seminiferous epithelium 
height. The rate of cell proliferation was measured 
with the “cell counter” tool, and then the “free hand 
selections” tool was used to delimit the area quanti-
fied. Photomicrographs were obtained using an ob-
jective of 40X. For these analyses, 25 fields/animal 
were also assessed.

Biochemical Analysis
The samples were fixed in cold acetone for 

24 hours at 4ºC. Then, the material was cleaved 
(2 mm x 2 mm) and submitted to two soaks of 24 
hours each in 40 mL of chloroform/methanol (2:1, 
v/v) at room temperature. The material was incu-
bated at 60ºC for 30 minutes. Thus, 5 to 15 mg of 
testicular dry tissue was defatted and hydrolyzed 
in 6N HCl for 18 hours at 118ºC. The dosage was 
determined using neutralized hydrolyzates by the 
chloramin T method (6).

Data analysis

The data were reported as the mean±standard 
deviation (SD). Differences between groups were 
calculated by the analysis of variance (one-way 
ANOVA) and Bonferroni post hoc test. In all cases, 

a p-value≤0.05 was considered statistically signifi-
cant (GraphPad Prism version 5.03 for Windows-
-GraphPad Software, San Diego, CA, USA).

REsuLTs

Food intake and body mass
Throughout the experiment, the HF-S, 

HF-P and HF -SP groups showed an increase of 
food intake. This pattern was accompanied by a 
significant increase in the body mass of the HF-S 
(529.30±57.39 g), HF-P (546.40±40.13 g) and HF-
-SP (532.90±48.27 g) groups compared with the 
SC group (424.22±40.29 g, p<0.0001).

Genital fat pad
Animals fed the HF diet had a greater 

epididymal fat mass (HF-S: 12.79±4.05 g, HF-P: 
14.64±4.75 g, HF-SP: 14.54±2.12 g) than those in 
the SC group (7.65±2.70 g, p=0.0004), correspon-
ding to increases of 67%, 91% and 90% of the 
compartment, respectively.

Carbohydrate metabolism (glucose and 
insulin values)

The animals in the HF-S and HF-SP groups 
showed hyperglycemia (p=0.0060) and hyperinsu-
linemia (p=0.0030) (Table-1).

Lipid profile, leptin and testosterone levels
The values of total cholesterol were hi-

gher in the HF-S and HF-SP groups than in the 
SC group (p=0.0021). All animals that received the 
HF diets showed hyperleptinemia (p=0.0019). The 
triglyceride and testosterone levels did not differ 
among the groups (Table-1).

Testes parameters
The testicular mass did not differ among 

the groups. Figure-1 shows the seminiferous epi-
thelium height and seminiferous tubule diameter, 
and Figure-2 shows the proliferation of a sper-
matogenic cell line in the testes of the different 
groups. The SC, HF-P and HF-SP groups showed 
the highest seminiferous epithelium compared 
with the HF-S group (p=0.0003). Regarding the 
seminiferous tubule diameter, there was a decre-
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Table 1 - Carbohydrate metabolism (glucose and insulin values), lipid profile (triglycerides and total cholesterol values), 
leptin levels, testosterone levels and testes parameters in rats fed for 16 weeks.

Serum Analyses SC (n=9) HF-S (n=10) HF-P (n = 10) HF-SP (n=10)

Glucose (mmol/L) 7.87±1.62 10.62±2.36 a 9.85±1.61 11.09±1.65 a

Insulin (µLU/ml) 1.49±0.41 2.75±0.45 a 2.15±0.83 2.85±0.92 a

Triglycerides (mg/dL) 86.29±23.68 95.63± 8.60 83.63±17.52 84.25±5.04

Total Cholesterol (mg/ dL) 80.56±11.75 104.80± 12.95 a 100.10±10.38 105.20±19.65 a

Leptin (ng/mL) 6.79±3.73 12.04± 1.02 a 11.49±1.73 a 11.63±1.61 a

Testosterone (ng/mL) 5.48±0.83 4.73± 1.14 4.28±1.25 5.11±0.89

Testes parameters SC (n=9) HF-S (n = 10) HF-P (n=10) HF-SP (n = 10)

Testicular mass (g) 1.46±0.09 1.51± 0.07 1.52±0.07 1.53±0.08

Seminiferous epithelium 
height (µm)

44.84±1.46 41.66± 2.60 a 46.12±2.24 b 44.92±1.92 b

Seminiferous tubule 
diameter (µm)

310.60±6.99 303.30 ± 8.26 297.90±10.15 291.40±11.46 a

Cell proliferation (µm/mm²) 3.24x10¯3±0.83x10¯3 2.25x10¯ 3 ± 0.57x10¯ 3 a 2.89x10¯3±0.23x10¯3 2.75x10¯3±0.36x10¯3

Collagen (µg/mg) 2.09±0.23 2.08 ± 0.21 1.94±0.68 2.07±0.37

ase in the HF-SP group compared with the SC 
group (p=0.0010). Cell proliferation was redu-
ced in HF-S group compared with the SC group 
(p=0.0450). The collagen level did not differ 
among the groups (Table-1).

DIsCussIOn

Comparing the metabolic effects triggered 
by different high fat diets, diets based on saturated 
fatty acids and cholesterol are believed to induce 
deleterious effects on the body mass and meta-
bolism and to predispose to the development of 
insulin resistance, whereas diets based on polyun-
saturated fatty acids are believed to exert opposite 
effects (7). In the present study, both diets were 
able to promote an increase in body mass. Hariri, 
Gougeon et al. (2010) also observed overweight in 
animals fed with a high fat diet, regardless of the 
lipid quality (8).

In addition to the increase in body mass, 
all HF groups presented an increase in genital fat 

deposits, confirming the overweight. The HF-S 
and HF-SP groups showed increased serum levels 
of glucose, insulin and total cholesterol. Thus, the 
consumption of saturated fat at different concen-
trations (50% and 25% of the total energy in the 
diet) was capable of causing metabolic changes. In 
humans, recent evidence has correlated metabo-
lic syndrome with hypogonadism (9). Nascimento, 
Barbosa-da-Silva et al. (2010) also reported that 
C57BL/6 mice developed obesity, insulin resistan-
ce and lipid profile alterations when fed a diet rich 
in saturated fatty acids (10). Obesity and metabolic 
syndrome or one of its components (hyperlipide-
mia) can cause oxidative stress (11). The testicular 
tissues and spermatozoa are very sensitive to reac-
tive oxygen species attack and lipid peroxidation 
(12). Some studies have revealed that oxidative 
stress resulted in sperm membrane lipid peroxi-
dation with impairment in sperm motility and 
sperm-oocyte interaction (13).

In our study, simultaneous with the incre-
ase of white adipose tissue, the HF diets raise the 
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serum levels of leptin, consistent with the obser-
vation that white adipose tissue is the main source 
of leptin in adult animals (14). Hyperleptinemia 
appears to be involved in the reduction of serum 
testosterone levels. Vigueras-Villasenor, Rojas-
-Castaneda et al. (2011) observed a reduction in 
testosterone levels in Sprague-Dawley rats fed a 
HF diet from weaning at 90 days (15). This work 
did not show a decrease in the testosterone levels, 
although there were increased levels of leptin. The 
animals’ body mass may not have been sufficient 
to produce a significant decrease in the serum tes-
tosterone levels.

One of the parameters used for the evalua-
tion of spermatogenesis is the seminiferous tubule 
diameter (16). In our work, the seminiferous tubu-
le diameter was reduced in the HF-SP group, indi-
cating a decrease in spermatozoa production. Lard 
administration in the diet of the HF-SP group may 

have been the cause of this reduction.  With res-
pect to the seminiferous epithelium height, the 
HF-S group showed a significant decrease com-
pared with the control group. However, the HF-P 
and HF -SP groups showed results similar to those 
of the SC group. Cholesterol is known to be part of 
the composition of animal cell membranes, pro-
moting the rigidity of the plasma membrane when 
in excess (17). The expected result, therefore, is 
that the increased intake of polyunsaturated fatty 
acids may improve the physico-chemical proper-
ties of the plasma membranes and thus promo-
te spermatogenesis. Sebokova, Garg et al. (1990) 
observed the accumulation of cholesterol in the 
plasma membrane of germ cells after the adminis-
tration of hypercholesterolemic diets (18).

 Cell proliferation was significantly redu-
ced in the HF-S group, showing that some stage 
of spermatogenesis was affected by cholesterol. 

figure-1 - photomicrographs of the seminiferous tubule diameter and seminiferous epithelium height.

sC (standard chow); hf-s (high-fat diet rich in saturated fatty acids); hf-p (high-fat diet rich in polyunsaturated fatty acids) and hf-sp 
(high-fat diet rich in saturated and polyunsaturated fatty acids). The data are reported as mean±SD. The differences were tested by the 
one-way analysis of variance (ANOVA) and the Bonferroni post hoc test, p<0.05. The HF-S and HF-SP groups showed a reduction in the 
seminiferous epithelium height and seminiferous tubule diameter, respectively, which may affect sperm production. H-E staining 200x.
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Purohit and Daradka (1999) obtained the same 
result in hyperlipidemic rats (19). These authors 
noted that spermatogenesis was arrested at pri-
mary spermatocyte stage because few secondary 
spermatocytes were observed. These observations 
are consistent with our results.

 Biancalana et al. (2010) observed signifi-
cant changes in the hydroxyproline content in the 
tendons of obese mice (20). Collagen changes in the 
urogenital system of obese mouse have not been 
described. In the present study, the amount of hydro-
xyproline in the rats’ testes was similar in all groups, 
showing that the different fat diets did not affect the 
amount of collagen in the obese rat testes.

COnCLusIOns

 The high fat diet administration, indepen-
dent of the lipid quality, promotes overweight. 
However, a diet rich in saturated fatty acids (lard) 
alters the carbohydrate metabolism and testicular 

figure-2 - photomicrographs of the proliferation of a spermatogenic cell line in animals.

sC (standard chow); hf-s (high-fat diet rich in saturated fatty acids), hf-p (high-fat diet rich in polyunsaturated fatty acids) and hf-sp 
(high-fat diet rich in saturated and polyunsaturated fatty acids). The data are reported as the mean±SD. The differences were tested by the 
one-way analysis of variance (ANOVA) and the Bonferroni post hoc test, p<0.05. The HF-S group showed a reduction in the proliferation 
of the spermatogenic cell line, which can affect sperm production. Immunohistochemical staining for PCNA 400x.

morphology, with reductions of the seminiferous 
epithelium height, seminiferous tubule diameter 
and proliferation of cells of a spermatogenic li-
neage, which could be related to a disturbance of 
spermatogenesis.
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Objective: The objective of the present study was to investigate the role of pentoxifylline 
(PTX) on remote testicular injury caused by unilateral hind limb ischemia/reperfusion 
of rats. 
Materials and Methods: Twenty healthy male Wistar rats were allocated randomly into 
two groups: ischemia/reperfusion (IR group) and ischemia/reperfusion + pentoxifylline 
(IR+PTX group). Ischemia was induced by placement of a rubber tourniquet at the greater 
trochanter for 2h. Rats in IR+PTX group received PTX (40 mg/kg IP) before the reper-
fusion period. At 24h after reperfusion, testes were removed and levels of superoxide 
dismutase (SOD), malondialdehyde (MDA), catalase (CAT) and myeloperoxidase (MPO) 
activity were determined in testicular tissues. Three rats of each group were used for wet/
dry weight ratio measurement. Testicular tissues were also examined histopathologically 
under light microscopy. 
Results: Activities of SOD and CAT in testicular tissues were decreased by ischemia/
reperfusion (P<0.05). Significantly increased MDA levels in testicular tissues were de-
creased by PTX treatment (P<0.05). MPO activity in testicular tissues in the IR group 
was significantly higher than in the IR+PTX group (P<0.05). The wet/dry weight ratio 
of testicular tissues in the IR group was significantly higher than in the IR+PTX group 
(P<0.05). Histopathologically, there was a statistically significant difference between two 
groups (P<0.05). 
Conclusions: According to histological and biochemical findings, we conclude that PTX 
has preventive effects in the testicular injury induced by hind limb ischemia/reperfusion.
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InTRODuCTIOn

Hind limb ischemia/reperfusion injury may 
occur clinically after a release of tourniquets du-
ring orthopedic surgery, or extrication of a trauma 
victim who is compressed with a heavy weight for 
a prolonged period (crush syndrome). Several re-
ports have indicated that the pathophysiology of 

the injury varies according to the duration and 
grade of the ischemia (1-3). It is well recognized 
that sustained ischemia can induce cell death and 
tissue necrosis, which are mainly caused by ener-
gy insufficiency. Many studies have shown that 
tissue injury in many organs occurs not only du-
ring the ischemic period but also in the reperfu-
sion period. Skeletal muscle ischemia/reperfusion 
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is associated with a systemic inflammatory res-
ponse and determines the effect on remote or-
gans (liver, lung, kidney, myocardium and testis) 
structure and function (4-9). The development 
of remote organ dysfunction was observed only 
following reperfusion, which implies that humoral 
and/or cellular mediators produced locally in the 
limb were responsible for mediating remote organ 
injury (10-12).

 Pentoxifylline (PTX) is a methylxanthine 
derivative with multiple hemorheologic properties. 
PTX through effects of increasing intracellular 
cyclic AMP on red blood cells improve the oxy-
gen delivery to ischemic tissues and also increases 
the cyclic AMP on polymorph nuclear leukocytes 
and decreases oxygen free radical production (10, 
13-16). In addition, PTX limit the inflammatory 
response with reduction in cellular activation, 
phagocytosis and endothelium adhesion. There 
are evidences that PTX also reduces the nitric oxi-
de destruction (15). Recent studies have indicated 
that PTX improves ischemia/reperfusion injury 
in many organs (17-19). However, the effects of 
PTX on remote testicular injury caused by skeletal 
muscle ischemia/reperfusion are not clear. The ob-
jective of the present study was to investigate the 
role of PTX on remote testicular injury caused by 
unilateral hind limb ischemia/reperfusion of rats. 
For this purpose, the biochemical and pathologi-
cal effects of skeletal muscle ischemia/reperfusion 
and PTX in testicular tissues of rats have been in-
vestigated. The results of our investigation would 
help to clarify the potential importance of the use 
of PTX in situations of oxidative damage. These 
findings may encourage the use of antioxidants to 
reduce remote organ injury after skeletal muscle 
ischemia/reperfusion.

MATERIALs AnD METhODs

Animals
 The study was conducted on 20 healthy 

male Wistar rats, 12-16 weeks old and weighing 
between 270-300g. All rats of this study were 
kept according to the norms of the Islamic Azad 
University College of Veterinary Medicine Tehran 
Iran laboratory of animal experimentations; this 
investigation was approved by the Committee of 

Ethics in Research with animals of Islamic Azad 
University. The study was designed so as to mini-
mize the number of animals required for the expe-
riments. The rats were housed in individual cages 
under temperature controlled standard conditions, 
12h/12h light/dark cycle with free access to stan-
dard rodent food and filtrated tap water.

Experimental Design
 The animals were allocated randomly 

into two experimental groups of ten rats each 
as follows: ischemia/reperfusion (IR group) and 
ischemia/reperfusion + pentoxifylline (IR+PTX 
group). Anesthesia was induced with a mixture of 
ketamine and xylazine (50 mg/kg and 10 mg/kg, 
respectively) via intramuscular injection. The le-
vel of anesthesia was continuously monitored by 
observing the respiratory patterns and toe pinch 
reflex. After the induction of anesthesia, fur was 
completely removed from left hind limbs with an 
electric shaver to facilitate the measurement of 
limb perfusion. Unilateral hind limb ischemia was 
induced by placing an orthodontic rubber band 
at the hip joint. Before using the tourniquet, 250 
IU of heparin was administered via the jugular 
vein to prevent clotting. The animals were kept 
anesthetized throughout the duration of ischemic 
period with additional anesthetic doses as needed. 
Body temperature was maintained with a heating 
pad whilst the animals were under anesthesia. 
In IR+PTX group, pentoxifylline (40 mg/kg) was 
injected intraperitoneally immediately before re-
perfusion. Pentoxifylline tablets were dissolved 
in normal saline as explained in previous studies 
(20). The analgesic nalbuphine hydrochloride (2 
mg/kg) was used via subcutaneous during obser-
vation time. After 24h of reperfusion, all animals 
were anesthetized again with the same mixtu-
re and a longitudinal incision of approximately 
2cm was made to the scrotal raphe for bilateral 
orchiectomies (a procedure involving cord clam-
ping and hemostasis). Three rats of each group 
were used for wet/dry weight ratio measurement. 
Right testes of seven rats were processed for his-
topathological examination and left testes were 
washed with normal saline and stored in a -80°C 
refrigerator for the evaluation of biochemical pa-
rameters. Then the rats were euthanized with an 
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overdose of intraperitoneal pentobarbital by in-
jection (300mg/kg).

Preparation of Testicular Tissue Homoge-
nates

 The left testicular tissues were washed 
three times in cold normal saline solution (0.9%). 
Then, the tissues were homogenized in ice-cold 
Tris-HCl buffer solution, within a homogenizer for 
2min at 11200×g. The homogenate was centrifu-
ged at 3500×g for 60min and a supernatant was 
obtained. The levels of MPO were determined in 
the supernatant, and MDA levels were studied in 
the homogenate. For a further extraction proce-
dure, the supernatant was extracted in ethanol/
chloroform mixture (5/3 v/v). After a second cen-
trifugation at 3500×g for 20min, the clear upper 
layer was taken and used for SOD activity deter-
mination (21).

BIOChEMICAL AssAYs

Measurement of SOD Activity
 The principle of the SOD activity determi-

nation method was based on the inhibition of ni-
troblue tetrazolium reduction described by Sun et 
al. (22) and modified by Durak et al. (23). One unit 
of SOD was defined as the enzyme activity cau-
sing 50% inhibition in the nitroblue tetrazolium 
reduction rate. The SOD activity was expressed as 
units per mg tissue protein.

Measurement of MDA levels
 The MDA levels in testicular tissues were 

analyzed by a method based on the reaction with 
thiobarbituric acid at 95ºC (24). In the thiobarbi-
turic acid test reaction, MDA or MDA-like subs-
tances and thiobarbituric acid react together to 
produce a pink pigment with an absorption ma-
ximum of 532nm. The results were expressed as 
nanomol per gram wet tissue (nmoL/g tissue). 

Measurement of CAT activity
 CAT activity was determined according to 

Aebi’s method (25). The principle of the assay is 
based on determination of the rate constant k (s-

1) of H2O2 decomposition at 240nm. Results were 
expressed as k (rate constant) per gram of protein.

Measurement of MPO activity
 Testicular injury was quantified by me-

asuring testicular MPO activity, the activity of 
infiltrated polymorphonuclear leukocytes, using 
a protocol modified from a previous report (26). 
MPO activity was determined after adding O-
-dianisidine dihydrochloride and hydrogen pe-
roxide. The MPO activity was expressed as units 
per gram tissue.

Wet/dry weight assay
 The wet/dry weight ratio, the tissue ede-

ma index, was measured to evaluate testicular 
injury. Briefly, freshly harvested testes were wei-
ghed, placed in an oven for 24h at 60˚C and wei-
ghed again when dry (26). The wet/dry weight 
ratio was then calculated.

hIsTOpAThOLOGICAL EvALuATIOn 

 The right extracted testes were immedia-
tely placed into 10% neutral formaldehyde solu-
tion. The tissue specimens were placed in paraffin 
blocks, sectioned at 5µm, and stained with he-
matoxylin and eosin (H&E) for light microscopic 
analysis. An experienced pathologist, who was 
blinded to the experiment and data, examined 
the samples histopathologically. The histological 
parameters were scored according to Cosentino et 
al. (27) classification as follows: Grade-I: Showed 
normal testicular architecture with an orderly, ar-
rangement of germinal cells; Grade-II: Injury sho-
wed less orderly, non-cohesive germinal cells and 
closely packed seminiferous tubules;

Grade-III: Injury exhibited disordered slou-
ghed germinal cells with shrunken pyknotic nuclei 
and less distinct seminiferous tubule borders;

Grade-IV: Injury defined seminiferous tu-
bules that were closely packed with coagulative 
necrosis of the germinal cells.

statistical analysis

 Analyses were performed by using com-
mercial SPSS software for Windows version 18. 
Kruskal-Wallis test was used to compare the bio-
chemical and histopathological parameters betwe-
en groups. When Kruskal-Wallis test results were 
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significant, Bonferroni adjusted Mann-Whitney U 
test was used in the paired comparison. Data are 
shown as the mean±standard deviation with sig-
nificance considered at 0.05.

REsuLTs

 The experimental procedure was well tole-
rated and no animal died during the experiment. 
One of the most interesting observations at the his-
topathological examination of the testicular tissues 
is the presence of sloughed germinal cells within 
the seminiferous tubules and disorganization in rat 
testes after the unilateral hind limb ischemia/reper-
fusion. The testicular injury score increased signifi-
cantly in the IR group compared with the IR+PTX 
group (P<0.05) (Table-1). In the IR group, coagulati-
ve necrosis with loss of seminiferous tubule epithe-
lium, edema and sloughed germinal cells were pre-
dominant features in sections (Figure-1). However, 
the rats in the IR+PTX group had essentially normal 
seminiferous tubule morphology (Figure-2).

 Activities of SOD and CAT in testicular tis-
sues were decreased by ischemia/reperfusion, but ad-
ministration of PTX increased these levels (P<0.05) 
(Table-1). The tissue levels of MDA increased in the 
IR group in comparison to the IR+PTX group (Ta-
ble-1). MPO activity in testicular tissues in the IR 
group was significantly higher than in the IR+PTX 
group (P<0.05) (Table-1). The wet/dry weight ratio 
of testicular tissues in the IR group was significantly 
higher than in the IR+PTX group (P<0.05) (Table-1).

DIsCussIOn

 The systemic inflammatory response syn-
drome is a consequence of many conditions, such 
as surgery, trauma, burn, shock, or bacterial in-
fection (28), that results in the development of 
potentially fatal complication known as multiple 
organ dysfunction syndrome. Hind limb ischemia/
reperfusion has been extensively used in our labo-
ratory as a model of systemic inflammatory res-
ponse syndrome, which closely resembles the acu-
te traumatic and ischemic insult seen in systemic 
inflammatory response syndrome patients (29). It 
has been demonstrated that hind limb ischemia/
reperfusion causes cellular injury in remote organs 
(kidney, lung, and myocardium) and contributes 
to the development of multiple organ dysfunction 
syndrome (5, 29). As far as we know, there are only 
a few reports demonstrating testicular remote in-
jury following muscle ischemia/reperfusion injury 
(8). The results of Takhtfooladi et al. (8) indicated 
that skeletal muscle ischemia/reperfusion induces 
severe testicular damage and N-acetylcysteine has 
protective effects on testicular injury after hind 
limb ischemia/reperfusion. Their data supported 
this view that temporary occlusion of the femo-
ral artery induced testicular injury in rats (8). Pre-
vious studies indicate that inflammatory response 
and injury to remote organs can be caused by the 
systemic release of the pro-inflammatory media-
tors and free oxygen radicals upon reperfusion of 
ischemic limbs (5, 30). Despite decades of research 

Table 1 - The tissue CAT and MpO activities and levels of sOD and MDA in testicular tissues and score of testicular histological 
changes and muscle wet/dried weight (w/D) ratio.

Ischemia/Reperfusion Ischemia/Reperfusion + Pentoxifylline

SOD (U/mg protein) 4.016±0.28 8.12±0.13*

CAT (k/g protein) 81.03±4.17 98.10±2.73*

MPO (U/g tissue) 1.03±0.20 0.61±0.08*

MDA (nmoL/g tissue) 2.74±0.33 1.85±0.21*

Histological Grading 2.30±0.67 1.40±0.51*

W/D Ratio 2.20±0.13 1.64±0.09*

*P < 0.05 compared with the ischemia-reperfusion group. 
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in this area, ischemia/reperfusion injury remains a 
clinically challenging problem.

PTX is one of the phosphodiesterase inhi-
bitors that have been reported to increase intra-
cellular cyclic AMP and reduce superoxide anion 
production by both monocytes and polymorpho-
nuclear cells dose dependently in vitro (31). En-
dres et al. (32) indicated that PTX led to a marked 
increase in cyclic AMP levels, whereas cyclic GMP 
levels were only marginally elevated in lipopoly-
saccharide stimulated human monocytes. PTX has 
received considerable attention with respect to 
its action on leukocytes in many organs (33-35). 
Reignier et al. (19) reported that after reperfusion, 
myeloperoxidase activity and blood neutrophil 
count were lower with PTX than with saline, and 
changes in the filtration coefficient were correla-
ted to the percent changes in blood neutrophils 
during reperfusion. They suggested that this effect 
may be mainly caused by a decrease in seques-
tration of neutrophils in the lung during reperfu-
sion. Their group also reported that PTX preven-
ted endothelial injury during ischemia/reperfusion 
by decreasing neutrophil sequestration in isolated 
perfused rat and rabbit lungs and in pigs after left 
lung allotransplantation (33).

 Previous studies have also confirmed the 
potential antioxidant effects of PTX (36-38). Re-
cently administered PTX was shown to protect 
against ischemia/reperfusion injuries in local and 

remote organs and it was suggested that this pro-
tective effect may be due to its ability to inhibit of 
free radical generation (12, 20). There is growing 
evidence regarding its beneficial effects in amelio-
rating testicular ischemia/reperfusion injury (39). 
In an experimental study Savas et al. (39) sugges-
ted that the administration of PTX at a dose of 
50 mg/kg 15 min. before spermatic cord torsion 
may have a protective effect in rat experimental 
testicular torsion/detorsion models. Their results 
suggest that pentoxifylline treatment attenuates 
reperfusion damage on both sides, possibly with 
its effects on blood flow and neutrophils (39). This 
observation was supported by Pozor et al. (40), 
who demonstrated that PTX may be a potential 
protective agent for preventing the negative chan-
ges related to oxidative stress in testicular injury 
caused by spermatic cord torsion in miniature 
horse stallions. However, the protective effect of 
PTX on testes from skeletal muscle ischemia/re-
perfusion injury has not been studied to date. In 
the current study, we tested the hypothesis that 
PTX could protect the testes from remote organ 
injury after skeletal muscle ischemia/reperfusion.

 Oxidative stress is associated with an in-
creased rate of cellular damage induced by oxygen 
and oxygen-derived oxidants, commonly known 
as reactive oxygen species (41, 42). The major 
targets of reactive oxygen species are membrane 
lipids, in a process known as lipid peroxidation. 

figure 1 - Light microscopic view of testis tissues from 
IR group showing coagulative necrosis with loss of 
seminiferous tubule epithelium, edema and sloughed 
germinal cells. h&E staining; magnification of 10 × 10.

figure 2 - Light microscopic view of testis tissues from 
pTx treated group showing normal seminiferous tubule 
morphology with orderly arrangement of germinal cells. 
h&E staining; magnification of 10 × 10.
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It is also acknowledged that testicular tissues and 
spermatozoa are very sensitive to reactive oxygen 
species attack and lipid peroxidation. The suscep-
tibility of testicular tissues to oxidation is attribu-
ted to the high polyunsaturated fatty acid content 
of sperm membranes (42, 43). Many tissues con-
tain powerful endogenous scavengers that provide 
protection against free radical damage, including 
SOD, CAT, glutathione peroxidase, ascorbic acid 
and α-tocopherol (44). Sikka et al. (45) have re-
ported that adequate levels of antioxidants such 
as SOD, CAT and possibly glutathione peroxidase 
and reductase, maintain the scavenging potential 
in gonads and seminal fluids, which is referred to 
as oxidative stress status. Tissue CAT and MPO ac-
tivities, and SOD and MDA levels are considered to 
indicate oxidative stress. In the present study, SOD 
level and CAT activity were decreased significan-
tly in IR group compared with IR+PTX group. The 
tissue MDA level and MPO activity in testes were 
increased significantly in IR group compared with 
IR+PTX group. According to the observations of 
this study, the histopathological injury score was 
significantly decreased in IR+PTX group com-
pared with that of IR group. In the PTX treated 
group, histopathological features such as edema, 
congestion, hemorrhage, and necrosis of the ger-
minal cells were markedly less than in IR group. 
The findings in this study indicate that reperfusion 
of the ischemic limb leads, within 24h of reperfu-
sion, to a systemic response as demonstrated by 
the biochemical and histological impairment of 
the testis. Also, data on CAT and MPO activity, 
and SOD and MDA levels suggested a protective 
effect of PTX against testicular remote injuries af-
ter unilateral hind limb ischemia/reperfusion. The-
se data together with previous findings (39) con-
firm the potent anti-oxidation capacity of PTX. 
These data also support the concept that PTX may 
be an effective therapeutic adjunct to reperfusion 
injury. The clinical relevance of this manuscript 
refers to the previous use of PTX in situations re-
quiring procedures ischemia with reperfusion to 
reduce or prevent distant organs damage. There-
fore, the long-term effect of PTX warrants further 
investigation.

COnCLusIOns

 The results of this study showed that uni-
lateral hind limb ischemia/reperfusion induced 
testicular injury in rats. Nevertheless, PTX ad-
ministration significantly decreased testes injury 
induced by skeletal muscle ischemia/reperfusion 
according to our histological and biochemical fin-
dings. PTX is already in clinical use for the treat-
ment of vascular diseases and these results suggest 
the possibility of clinical application of PTX in 
testicular remote organ injury following skeletal 
muscle ischemia/reperfusion. Further studies are 
needed to clarify clinical usefulness of this agent.
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A Novel Approach for the Treatment of Radiation-Induced 
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Introduction: The treatment of pelvic malignancies with radiotherapy can develop se-
vere sequelae, especially radiation-induced hemorrhagic cystitis. It is a progressive 
disease that can lead to the need for blood transfusion, hospitalizations, and surgical 
interventions. This tends to affect the quality of life of these patients, and management 
can at times be difficult. We have evaluated the GreenLight Xcelerated Performance 
System (XPS) with TruCoag, although primarily used for management of benign pros-
tatic hypertrophy (BPH), for the treatment of radiation-induced hemorrhagic cystitis.
Materials and Methods: After International Review Board (IRB) approval, a retrospec-
tive chart review was performed in addition to a literature search. A series of four male 
patients, mean age of 81 years, with radiation-induced hemorrhagic cystitis secondary 
to radiotherapy for pelvic malignancies (3 prostate cancer, 1 rectal cancer) were suc-
cessfully treated with the GreenLight laser after unsuccessful treatment with current 
therapies described in the literature.
Results: All four patients treated with the GreenLight laser had resolution of their 
hematuria after one treatment and were discharge from the hospital with clear urine.
Conclusion: The GreenLight XPS laser shows promising results for the treatment of 
patients with radiation-induced hemorrhagic cystitis, and deserves further evaluation 
and validation, especially since there is limited data available in the literature regar-
ding the use of this technology for the treatment of this devastating condition.
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InTRODuCTIOn

 The treatment of radiation-induced he-
morrhagic cystitis can be especially frustrating for 
the practicing urologist. This potentially severe 
condition can appear more than 10 years after pel-
vic radiotherapy (1). Among patients treated with 
external beam pelvic radiotherapy or brachythera-
py, 2.1% to 8.2% will have symptomatic hematu-
ria, which can result in repeat hospital admissions, 
require blood transfusions, and surgical interven-
tions for necessary treatment (2). Historically, 
treatments have included bladder irrigation with 

evacuation of clots and fulguration with electro-
-cautery, oral and intravesical agents, hyperbaric 
oxygen, and ultimately cystectomy with urinary 
diversion (Table-1). These treatments have been 
successful to varying degrees in the past. One po-
tential endoscopic treatment is the use of laser te-
chnology for coagulation of the bladder. 

 Over the last several years, there have been 
significant advances in laser technology. Since first 
introduced in 1992, the laser has been mainly uti-
lized in prostatic ablation and stone surgery. The 
initial Neodymium: Yttrium-Aluminum-Garnet 
(Nd: YAG), with its wavelength of 1064nm, had an 
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excellent coagulation effect, but with significant 
absorption of energy into the tissue causing irri-
tative post-procedural symptoms secondary to the 
sloughing of necrotic tissue (3). With the addition 
of the potassium-titanyl-phosphate (KTP) crystal 
the wavelength was reduced in half with more im-
mediate and efficient vaporization of tissue, with 
Malek et al. introducing its use for photo selective 
vaporization of the prostate for benign prostatic 
hyperplasia (BPH) in 1998 (4). The application of 
the KTP laser has expanded beyond prostatic abla-
tion surgery, including, but not limited to, urethral 
hemangiomas and even partial nephrectomies in 
human and animal models (5, 6). The GreenLight™ 
laser (American Medical Systems® (AMS); Minne-
tonka, MN) is capable of producing a coagulation 
effect by either defocusing the beam or reducing 
power. Most recently, the GreenLight™ Xcelerated 
Performance System (XPS) with TruCoag™ has 
been developed by AMS. The improved coagula-
tion effect of this laser has expanded the potential 
uses of this technology.

 It is a combination of this improved coa-
gulation effect with minimal depth of penetration; 
the wavelength of 1064nm is ideal for lysing red 
blood cells, and the fact that the GreenLight laser 
has no contact, minimizing any additional trau-
ma to the already friable tissue, that has led us to 

postulate that this technology would be of benefit 
in treating patients with refractory hemorrhagic 
cystitis. To our knowledge, after an extensive li-
terature search, there have been no reports of its 
usage in the treatment of radiation-induced he-
morrhagic cystitis.

 We present our initial series of patients, 
after retrospective chart review, which underwent 
successful GreenLight laser therapy for radiation-
-induced hemorrhagic cystitis. We demonstrate 
that novel use of this technology may benefit pa-
tients with this difficult problem.

MATERIALs AnD METhODs

patients
 After International Review Board (IRB) ap-

proval, a retrospective chart review was performed 
at the James A. Haley Veterans’ Affairs Hospital in 
Tampa, FL. Patients treated for hemorrhagic cysti-
tis, most commonly, but not limited to, radiation-
-induced between January 2010 and June 2012. 
These patients must first have been treated with 
current standard of care, and then treated with the 
GreenLight laser after unsuccessful treatment with 
current therapies as described in the literature. 

 The algorithm of treatment, at this insti-
tution, involves first management with large bore 
catheters and intermittent/continuous bladder ir-
rigations. If this fails, cystoscopy with clot eva-
cuation and fulguration is then utilized. Once the 
patients have required more than one trip to the 
operating room (in a 3 month period of time) for 
management of their hemorrhagic cystitis, they 
are started on hyperbaric oxygen therapy, and are 
considered for bladder instillations. If unsucces-
sful, or if the patient prefers not to proceed with 
bladder instillations, prior to considering angio-
embolization/surgical intervention, they are given 
the option of proceeding with GreenLight laser 
ablation/fulguration of the bladder.

 After reviewing 100 charts, we identified 
four male patients who presented to the emer-
gency room with gross hematuria and were subse-
quently admitted to the hospital for management 
of their hematuria. The average patient age was 
81 years and all had a history of external beam 
radiation therapy. Three patients underwent radio-

Table 1 - Management options for the treatment of intractable 
hemorrhagic cystitis.

Large Bore Catheter Drainage

Bladder Irrigation with Saline/Water

- Intermittent

- Continuous

Cystoscopy/Clot Evacuation/Fulguration

-Monopolar Electro cautery

-Bipolar Electro cautery

Hyperbaric Oxygen

Bladder Instillation

-Alum

-1% Silver Nitrate

-Formalin

GreenLight™ Laser Ablation/Fulguration

Selective Bladder Angioembolization

Cystectomy and Urinary Diversion
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therapy for prostate cancer and one patient for 
rectal cancer. All had previously undergone a full 
clinical evaluation for their hematuria which was 
noted to be negative for upper or lower tract pa-
thology. Each patient had been noted on cystos-
copy to have evidence of hemorrhagic cystitis and 
had previously been treated with cystoscopy, clot 
evacuation, and at least one round of fulguration 
using electro-cautery with subsequent recurrence 
of their hematuria.

surgical Technique
 The procedure was performed under ge-

neral anesthesia with the patient in the low dor-
sal lithotomy position. A rigid 22 French cystos-
cope was utilized to evacuate the bladder of all 
clots and a complete cystoscopy was performed to 
identify the source of bleeding and rule out any 
other unidentified pathology. The GreenLight laser 
was used to target any active source of bleeding, 
as well as any prominent telangiectatic vessels 
of the irradiated mucosa perceived as a potential 
source of future bleeding. These areas were coa-
gulated with the laser at a setting of 40 watts with 
the laser fiber 3-4mm from the tissue. The vapo-
rization setting was not used for this procedure. 
Throughout the procedure, saline irrigation was 
used and care was taken to ensure that the ureteral 
orifices were not injured. At the completion of the 
procedure, the bladder was drained under direct 
visualization to ensure adequate hemostasis. Very 
minimal bladder mucosal damage was apprecia-
ted. Then, a large three-way catheter was placed 
and continuous irrigation was maintained overni-
ght and stopped the next morning.

REsuLTs

 All four patients successfully underwent 
coagulation with the GreenLight laser system. 
They were able to be discharged home with clear 
urine. One patient had urinary retention and mild 
recurrence of his hematuria on attempted cathe-
ter removal, which was solely managed by place-
ment of a Foley catheter. The other three patients 
successfully underwent catheter removal without 
difficulty. None of the patients have required sub-
sequent hospitalization or surgical procedures for 

management of their radiation cystitis in a mean 
follow-up of 12 months.

DIsCussIOn

 Traditionally, the treatment of patients 
with radiation-induced hemorrhagic cystitis has 
been a difficult and frustrating experience, espe-
cially because of the progressive ischemic nature 
of the radiation injury on the bladder mucosa. This 
can result in multiple hospital admissions with a 
significant financial expense. Multiple therapies 
have been utilized in the past with varying degre-
es of success, with hyperbaric oxygen showing the 
most promising results (7), but it requires several 
treatments with substantial cost and has limited 
availability. 

 The GreenLight laser has become one of 
the standards in prostatic ablative therapy. Multi-
ple studies have been performed investigating the 
usage of this technology for the management of 
BPH (8-10). Its use in the treatment of radiation-
-induced hemorrhagic cystitis has not yet been 
described. The previously poor coagulation effect 
of the GreenLight™ laser limited its use in this re-
gard. Thus, the advent of the GreenLight™ XPS 
system with TruCoag™ has opened up the realm 
of potential alternative uses, including the treat-
ment of radiation-induced hemorrhagic cystitis. 
The non-contact nature of this laser, improved 
coagulation effect, and its wavelength of 1064nm 
(lysing red blood cells), all make this technology 
ideal for management of this very frustrating di-
sease.

 We acknowledge that this series is limited 
by the small sample size and its retrospective na-
ture. However, the initial series of patients treated 
at our institution does demonstrate the potential 
use of this technology. While adjunct therapies 
such as hyperbaric oxygen may still be required 
in the long term, the short-term results and po-
tential for decreased hospitalizations is promising. 
Further investigation of the GreenLight laser for 
radiation-induced hemorrhagic cystitis is neces-
sary to determine the long-term viability of this 
treatment. At our institution, we have begun the 
prospective evaluation of this treatment.
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COnCLusIOn

 Chronic hematuria secondary to radiation 
cystitis can be difficult to treat. Often times, a 
multidisciplinary approach is necessary. We have 
evaluated another indication for the GreenLight 
laser in the management of radiation-induced he-
morrhagic cystitis refractory to current standard 
of care therapy. It is possible to perform this pro-
cedure, using minimally invasive technology, in a 
safe and efficient manner. It may be used in con-
junction with other treatment modalities, and may 
also be incorporated as a bridge to more definitive 
therapy, including hyperbaric oxygen therapy. The 
KTP laser is a recent addition to the urologist’s ar-
mamentarium in treating BPH, and now we have 
successfully treated refractory hematuria.
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Background: Testicular calculus is an extremely rare case with unknown etiology and 
pathogenesis. To our knowledge, here we report the third case of testicular calculus. A 
31-year-old man was admitted to our clinic with painful solid mass in left testis. After 
diagnostic work-up for a possible testicular tumour, he underwent inguinal orchiec-
tomy and histopathologic examination showed a testicular calculus.
Case hypothesis: Solid testicular lesions in young adults generally correspond to testi-
cular cancer. Differential diagnosis should be done carefully. 
Future implications: In young adults with painful and solid testicular mass with hype-
rechogenic appearance on scrotal ultrasonography, testicular calculus must be kept in 
mind in differential diagnosis. Further reports on this topic may let us do more clear 
recommendations about the etiology and treatment of this rare disease.
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CAsE REpORT

 A 31-year-old man was admitted to our 
clinic with left testicular pain for a month. He did 
not report testicular trauma and/or tuberculosis 
in his past medical history and no accompanying 
urinary tract symptoms were present in his query. 
Scrotal examination showed a 2 cm painful and 
solid mass in left testis, whereas right testis was 
normal.Vital signs were in normal ranges and no 
other pathology was seen in systemic physical 
examination.  Urinalysis and urine culture re-
sults were normal. Tumour markers were within 
normal limits (β-HCG: 1 mIU/mL, AFP:1.14 ng/
mL, LDH:314 U/L). Scrotal doppler ultrasonograpy 
was performed and an eggshell shaped hypere-

chogenic 16x12 mm solid mass was determined in 
the middle of left testis. He underwent left radical 
inguinal orchiectomy with a suspicion of testicu-
lar cancer. He was discharged the day after the 
operation. In gross examination, the testis was 
unremarkable. On the cut section there was a well 
demarcated mass in white and yellow colour (Fi-
gure-1). Microscopically,  this mass was composed 
of ossified tissue and there was minimal mononu-
clear inflammatory cells focally next to the ossifi-
cation (Figure-2). Intratubular germ cell neoplasia 
or dysgenetic changes were not seen near or far 
away from the mass. These histopathological fea-
tures revealed the diagnosis of testicular calculus. 
To rule out tuberculosis, three early morning urine 
samples and polymerase chain reaction assays for 
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mycobacterium tuberculosis were done for pos-
sible etiologic clarification, however results were 
negative. The patient is on follow-up for 42 mon-
ths and did not face any other pathologic finding 
during this period.

CAsE hYpOThEsIs AnD RATIOnALE

 Testicular calculus is an extremely rare 
case with unknown etiology and pathogenesis.  
Testicular calcification/ossification may evolve 
due to tuberculosis, haematoma resorption or after 
trauma; however none of these conditions were 
present in our patient.

 
DIsCussIOn AnD fuTuRE pERspECTIvEs

 To our knowledge there were only two case 
reports for testicular calculus in the existing litera-
ture presenting with similar symptoms and age in-
terval for testicular cancer (1, 2). Our case also mi-
mics a testicular cancer considering the presenting 
symptoms and age, so work-up consisted of a tes-
ticular mass approach. Definition of the calculus is 
“a concretion formed in any part of the body, most 
commonly in the passages of the biliary and urina-
ry tracts; usually composed of salts of inorganic or 
organic acids, or of other material such as choleste-
rol.” Localized bone formation in extraskeletal sites 
is a known disease and many of these are called as 
osteoma cutis but they are not true neoplasias.They 
are accepted to be products of metaplasia.There is 
only one case report of testicular osteoma (3), but 
we believe this case is not a true osteoma. The two 
cases described in English literature are similar ca-
ses to any etiological factors as in our case (1, 2).We 
believe all these three cases to have developed un-
der metaplastic processes, and either calculus or 
stone terminology is appropriate according to the 
nature of the lesion. Testicular calcification/ossifi-
cation may evolve due to tuberculosis, haematoma 
resorption, or after trauma. Tuberculosis tests were 
negative in our patient. No hemosiderin pigment 
was seen and no trauma history was present ex-
cluding the other possible etiologies. Ellis and Hut-
ton (1) reported that their patient was diagnosed 

figure 1 - Macroscopic cut section appearance of testicular calculus.

figure 2 - histopathological documentation of testicular calculus.
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on routine medical examination with no testicu-
lar pain or discomfort in his past medical history, 
whereas Dayanc et al. (2) described a 35-year-old 
man presenting with testicular painful mass. They 
also mentioned that this lesion was highly echo-
genic on scrotal ultrasonography. These two fea-
tures are in close proximity with our patient. Scro-
tal magnetic resonance imaging (MRI) is a useful 
tool for differentiating between benign and ma-
lignant intratesticular masses, but high costs limit 
its use in daily clinical practice (4). Organ sparing 
surgery with frozen-section examination could be 
an option for this patient (5-7). However; central 
location of the mass, suspicion of a testicular tu-
mour and healthy contralateral testis kept us from 
this option.We can conclude that in young adults 
with painful and solid testicular mass with hype-
rechogenic appearance on scrotal ultrasonogra-
phy, testicular calculus may be kept in mind in 
differential diagnosis. Further imaging with MRI 
and testicular sparing surgery with the availabili-
ty of frozen-section examination may be opted in 
proper cases.  Further reports on this topic may 
let us do more clear recommendations about the 
etiology and treatment of this rare disease.
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Failed hypospadiass cases may result in hypovascular, scarred penis with residual peni-
le chordee and leave the patient with minimal residual skin for penile resurfacing and 
urethroplasty. Local tissue expansion has become a good alternative to provide skin 
for penis by using expanders however they require long periods of time for expansion. 
Besides, rapid tissue expansion was also described in different tissues.We used rapid 
intraoperative expansion technique by using a Foley catheter in a failed hypospadias 
case who had minimal residual skin secondary to infection and we concluded that ra-
pid intraoperative tissue expansion with Foley catheter is an effective, feasible recons-
tructive method for easy dissection and penile resurfacing in failed hypospadiass cases.
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InTRODuCTIOn

 The risk of complications such as fistu-
la, infection, residual penile curvature in hypos-
padiass surgery is relatively high even though 
perfect surgeries are performed; correction of the 
complications with secondary surgeries are still 
challenging especially in patients with scarred, 
inadequate penile tissue (1). It is reported that 
when we evaluate all kind of complications the 
rate is between 1-90%. Several failed hypospa-
diass surgeries may result in hypovascular, shor-
tened, scarred penis with penile chordee and leave 
the patient with minimal residual local skin for 
penile coverage and urethral reconstruction (2). In 

case of complicated hypospadias repairs, tissue for 
resurfacement of penis can be acquired from local 
tissue or from extragenital areas. Chronic tissue 
expansion was described for delicate tissues and 
in case of large tissue defects. Sasaki has described 
rapid tissue expansion and called it “intraoperati-
ve sustained limited expansion” which provided 
less tension and better cosmesis for closing large 
defects (3, 4). Besides, Vordermark described tissue 
expansion for penile reconstruction (5). By combi-
ning these methods, we used rapid intraoperative 
expansion technique by using a Foley catheter in 
a failed hypospadias case who had minimal resi-
dual skin secondary to infection.
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pROCEDuRE

 A four-year old boy who was treated pri-
marily a year ago in another center for penoscro-
tal hypospadias encountered infection following 
the first surgery which resulted in scarred, inade-
quate penile skin for reconstruction. The patient 
still showed penoscrotal hypospadias (Figure-1). 
By combining the advantages of rapid tissue ex-
pansion and local tissue usage, we decided to use 
rapid intraoperative expansion technique using 
a Foley catheter in this failed hypospadias case 
who had inadequate, fragile, scarred penile skin. 
Informed consent was obtained from parents for 
publication.

 Under general anesthesia, following ap-
propriate preoperative antibiotics, two incisions 
of 0.3 cm length were made to dorsum of penis 
at the corona, fashioned at 11 and 1 o’clock po-
sition. Then the tips of two 8Fr Foley catheters 
were trimmed, keeping the balloons intact. After 
blunt dissection, the catheters were inserted under 
the dorsal penile skin (Figures 2-4). The balloons 
were filled with 3 ml saline until the flaps were 
blanched. Balloons were inflated synchronously 
for four times for three minutes with a two-minute 
rest period. Easy dissection of the skin from the 
dorsal and lateral sides of the penis was achie-
ved without bleeding. Following tissue expansion, 
adequate penile tissue was achieved to cover the 
penile shaft through Snodgrass repair (Figure-5). 
In four months follow-up, the penis has an opti-
mal esthetic appearance with no fistula and with 
good urethral calibration (Figures 6 and 7).

DIsCussIOn

 We used rapid intraoperative expansion 
technique by using Foley catheters in a failed hy-
pospadias case who had minimal residual skin se-
condary to infection. In the literature, Foley cathe-
ter has been described as atool for rapid expansion 
in cleft palate repair, alopecia repair, tissue defect 
repair following mass excision such as basal cell 
carcinoma, melanocytic nevus from forehead, 
temple, eyelid, periorbital region and extremi-
ties (4, 6-10). The aim of this paper is to describe 
the use of Foley catheter in cripple hypospadias 

figure 1 - preoperative view.

figure 2 - Intraoperative view. first foley catheter was 
inserted under the dorsal penile skin at 11 o’clock position.

figure 3 - Intraoperative view. The foley catheters were 
inserted under the dorsal penile skin following incising the 
corona at 11 and 1 o’clock position.
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surgery for rapid intraoperative tissue expansion 
with easier dissection and less bleeding.

 Tissue for resurfacement of penis can be 
obtained from local tissue or from extragenital 
areas such as buccal mucosa and skin. Extrage-
nital skin grafts may result in loss of the graft, 
graft shrinkage, lack of sensation, hair bearing 
skin with different pigmentation (1, 4). Methods 
for local tissue resurfacement are dorsal relaxing 
incision, Z-plasty, rotation of a scrotal flap and 
burying the penis into the scrotum.

 Tissue expansion is especially useful in 
those who lack enough penile skin and extrage-
nital skin graft is not preferred. In the literature, 
authors reported that tissue expansion provides 
increased tissue area which is well-vascularized, 
sensate skin and excellent tissue match for pig-
mentation, texture and thickness (2, 4, 8, 11). It 
was also used in staged hypospadiass repairs (13). 
It also avoids the need to transfer tissue over a 
distance. For these reasons, local tissue expansion 
has become a good alternative to provide skin for 

figure 4 - Intraoperative view. The foley catheters were 
expanded under the dorsal penile skin.

figure 5 - postoperative view following penile 
reconstruction and urethroplasty.

figure 6 - ventral view of penis in one month follow-up. figure 7 - Dorsal view of penis in one month follow-up.
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penis (2). Another advantage of local tissue ex-
pansion is the recruitment of additional skin with 
a similar distribution of androgen receptors for 
penile reconstruction as hypothesized by Kajba-
fzadeh et al. (1). Recently, besides chronic tissue 
expansion, rapid tissue expansion technique has 
also been used in different parts of the body by 
some authors. According to Auletta et al. imme-
diate tissue expansion has provided enough tis-
sue to close defects up to 5cm in diameter with 
16-6% tissue expansion and according to Baker 
and Johnson although actual amount of skin in-
creased during expansion is uncertain, it has been 
estimated as 31% (3, 6, 13). Although the authors 
described expansion of 30%, our case had nearly 
10-15% of expansion. The reason for this small 
amount may be the small dimension of the scar-
red penis. Demirseren et al. described immediate 
tissue expansion with Foley catheter in a case of 
congenital melanocytic nevus and emphasized the 
advantage of omnidirectional expansion (7).

 Expanders require long periods of time for 
expansion, may cause erosion, they are for single-
-use, expensive and difficult to use in children. 
Meanwhile, Foley catheters are readily available, 
inexpensive, disposable and practical for intrao-
perative tissue expansion (1, 9, 14, 15). Chronic 
tissue expansion has a potential risk of infection 
in children as discussed by Friedman et al. howe-
ver this wasn’t a significant problem in Mathews’ 
series (2, 11). Also, chronic tissue expansion can 
be slightly uncomfortable to the patient, may cre-
ate an unnatural distortion of the dorsum of the 
penis, requires multiple outpatient clinic visits, re-
peated inflations and may have psychological im-
plications. According to Friedman et al. the major 
complications of chronic tissue expansion were 
implant exposure, deflations, wound dehiscen-
ce and minor technical complications with port, 
hematoma and significant pain (11). The authors 
describe the method as three to four cycles of in-
flation and deflation after placement of catheter 
for 3 to 5 minutes (3). Another advantage of rapid 
expansion is that it does not create a fibrous cap-
sule in the expanded tissue because of brief dura-

tion avoiding retraction (4). Another advantage of 
this technique is to provide easier dissection with 
less bleeding in secondary cases and scarred tis-
sues. By using this method, we were able to both 
dissect the dorsal and lateral penile skin easily wi-
thout bleeding and also close the ventral defect.

 The use of rapid intraoperative tissue ex-
pansion in failed hypospadias cases is an effective 
and feasible reconstructive method which provi-
des additional sensate, hair bearing local tissue 
with excellent match of texture, pigmentation and 
thickness to the native penis.
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We present a 46-year-old white male with a retroperitoneal hygroma protruding from the right flank.

CAsE REpORT

 This 46-year-old white male presented at 
the emergency room with a history of right flank 
pain and a protruding mass at the right posterior 
flank. The flank mass became apparent two months 
after trauma to the back by a beam and progressi-
vely enlarged. Immediately following the traumatic 
episode the patient noted gross hematuria, which 
subsided without treatment within 10 days.

 At the time of admission the patient pre-
sented with a 10x8 cm postero-lateral right flank 
mass, which appeared soft and compressible. The 
mass was only minimally tender to palpation. La-
boratory values included: Hb 13.8, HCT 36, RBC 
4.5 Mil, WBC 9400, BUN 28, Creatinin 2,1; urine 
cloudy with 5-10 WBC/hpf, 10 RBC/hpf, abundant 
bacteria and debris, spec gravity 1024 and temp 
37.1ºC. Lungs were negative to auscultation, car-
diac exam was negative with vitals BP 138/82, PR 
78. Urine cultures were positive for E. coli, and 
appropriate antibiotic therapy was instituted.

 A coronal reconstruction of a computed 
tomogram (CT) post intravenous and oral contrast 
administration revealed cephalad displacement 
of the right kidney. The kidney showed normal 
enhancement but also moderate hydronephrosis. 
The uretero-pelvic junction was elevated and the 
right ureter was displaced medially and splayed 
around non-enhancing cystic retroperitoneal 
masses (Figure-1). Three cystic masses of variable 
wall-thickness (2-8 mm) were identified, measu-
ring 7x6 cm, 7x5 cm, and 12x8 cm in the sagittal 
plane (Figure-2). They appeared to arise from the 
retroperitoneal space, but not from kidney or ure-
ter. The wall thickness of these cysts was 2-8 mm, 
suggesting an inflammatory component (1, 2). The 
delayed CTs showed no evidence of enhancement 
of any of the cystic masses. The CT showed her-
niation of the most lower  cyst through the abdo-
minal transversalis fascia as well as posterior strap 
muscles. The diagnosis of retroperitoneal hygroma 
was made. Lack of enhancement on the delayed 
CTs eliminated the diagnosis of urinomas (1, 2).
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 A retroperitoneal hygroma is a rare benign 
neoplasm that occurs as a result of an abnormal 
connection between the lymphatic and venous sys-
tems. This lesion is classically found in the neck and 
axillary regions. Although usually asymptomatic 
they may present as low back pain in adults. Com-

plete resection is the treatment of choice if sympto-
matic or causing compression of adjacent organs.

 In the reported case, the hygroma was re-
sected via a posterior approach and the posterior ab-
dominal transversalis fascia was closed. Following 
completion of the antibiotic therapy for the urinary 
tract infection the patent made a full recovery.

figure 1 - post-contrast axial CT demonstrating a medially 
displaced right ureter (white arrow) splayed around non-
enhancing cystic retroperitoneal masses (*); herniated cyst 
(black arrow).

figure 2 - sagittal reformatted post-contrast CT shows 
herniation of the lower most cyst herniating (black arrow) 
through the abdominal transversalis fascia as well as posterior 
strap muscles. note anteriorly displaced ureter (white arrow).

2. Bussink BE, van Ginhoven TM, Smit PC. Hygroma in 
a 23-year-old man. BMJ Case Rep. 2013;2013. pii: 
bcr2013201217.
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 The images presented below were from a man, at the age of 80, who was admitted to hospital with recurrent uri-
nary tract infection. Magnetic resonance imaging (MRI) was performed after initial examination. Conventional MRI showed 
multiple diverticulum in bladder and one of them had contact sigmoid colon via fistula tract (Figure-1). Diffusion weighted 
images (DWI) showed restricted diffusion in a few diverticulum (Figure-2). Sagittal T2 weighted MR image shows diverti-
culum and bladder (Figure-3). Sistoscopic evaluation confirmed imaging findings. Pathological findings were in favor of 
diverticulitis and exclude malignancy.
 Vesicoenteric fistulas are generally the consequences of inflammatory processes of the bowel, mainly colonic di-
verticulitis; colorectal cancer and, more rarely, carcinoma of the bladder; trauma; and iatrogenic fistulas between bladder 
and sigmoid colon as a result of prostatic surgery (1). In a study, Alapont Pérez et al. showed acquired vesicoenteric fistula 
in 23 patients: 48% of these were of inflammatory etiology, 35% were caused by neoplasms and 17% were iatrogenic (2). 
Bladder diverticula are usually asymptomatic and found incidentally. Large diverticula may present with symptoms inclu-
ding hematuria, urinary tract infection, urinary retention, neoplasm formation, or even acute abdomen due to rupture (3). 
Conventional MRI with DWI is an important imaging modality for evaluation malignancies and inflammatory conditions.

figure 1 - Enterovesical fistula secondary to diverticulitis. T1-weighted axial MR images (A-B) with intravenous contrast 
medium shows thick-walled diverticulum (D) and fistula track (arrow) between diverticulum (D) and bowel (B). T2-weighted 
axial MR images (C-D) shows bladder diverticulum (D) and large fistula track (arrow) between diverticulum (D) and bowel 
(B). Asterisk: bladder.
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figure 2 - Axial T2-weighted MR image (A) shows multiple bladder diverticula (D) and pseudodiverticula (arrowheads). Axial 
ADC image (B) shows that the diverticula (D) have a low ADC value. Asterisk: bladder.

figure 3 - sagittal T2 weighted image shows diverticulum 
(D) and bladder (asterisk). p: prostate.
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InTRODuCTIOn        _______________________________________________________________________________________

Inguinal orchiopexy is a common operation performed for undescended testis. Several surgical techniques have been 
described to mobilize the spermatic cord and optimize the position of the testis in the scrotum. We demonstrate a novel 
adjunct surgical maneuver which includes stripping the distal peritoneal investments of the spermatic cord to achieve 
additional length in cases when dependent scrotal position is not optimal.

MATERIALs AnD METhODs

A transverse inguinal incision is used. Standard inguinal dissection and mobilization of the peritoneal reflection is per-
formed at the level of the internal ring. Hernia ligation is performed if necessary. Retroperitoneal dissection is performed 
in standard fashion to achieve maximal proximal length of the spermatic cord. In cases where optimal length was not 
achieved, additional lengthening of the spermatic cord was obtained by dissection and stripping of the peritoneal invest-
ments of the distal spermatic cord. Careful dissection is carried down to the level of the epidydimis. In select cases this 
technique has allowed us to attain a dependent scrotal position of the testicle without the need for a Prentiss maneuver.

COnCLusIOns

When optimal position of the testis is not obtained during inguinal orchiopexy, distal peritoneal dissection and stripping 
of the spermatic cord can provide additional cord length resulting in a more dependent scrotal testis.

ARTICLE InfO Available at: www.brazjurol.com.br/videos/may_june_2015/swana_600_601video.htm
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EDITORIAL COMMEnT

Achieving adequate spermatic cord length 
during inguinal orchiopexy can be a challenge. 
Several adjunct techniques have been described. 
In this video by Swana et al., the authors nicely 
depict a surgical technique of peritoneal strip-

ping of the spermatic cord thus avoiding the 
need to perform the Prentiss maneuver. The au-
thors nicely depict this surgical technique; and 
this simple step allows the testis to sit in a more 
dependent location in the scrotum. The merits of 
this versus other techniques are ultimately at the 
discretion of the surgeon.
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forgotten and fragmented ureteral j stent with stone 
formation: combined endoscopic management
_______________________________________________
Volkan Sen 1, Halil Ibrahim Bozkurt 1, Tarık Yonguc 1, Ozgu Aydogdu 1, Serkan Yarimoglu 1, Tansu 
Degirmenci 1, Suleyman Minareci 1

1 Izmir Bozyaka Research and Training Hospital Department of Urology, Izmir, Turkey

ABsTRACT_______________________________________________________________________________________

Objective: Ureteral stents are widely used in endo-urological procedures. However, ureteral stents can be forgotten and 
cause serious complications, including fragmentation, migration and urosepsis.
There are few reports about forgotten and fragmented ureteral stents with stone formation. We aimed to present this rare 
case with successful combined endo-urological management.

CAsE

A 60 year old male patient presented with right flank pain, hematuria and dysuria. One year earlier he had a story of 
indwelling ureteral J stent and extracorporeal shock wave lithotripsy (ESWL) for 1 cm right ureteral stone. The patient 
developed an anal abcess and this diverted his attention from the retained ureteral J stent and stone. Therefore he left out 
ESWL therapy after two sessions and ureteral J stent was not removed. He had pyuria in his urine test and urine culture 
revealed Enterecoccus faecalis infection sensitive to ampicillin. Intravenous urography showed fragmented ureteral J 
stent to four pieces with stone formation around.  One piece of the stent was in bladder, two pieces were in ureter and 
the last piece was in the lower pole of the kidney. Intravenous antibiotics were given until urine culture was negative. 
One week later vesical and ureteral fragments were removed by endoscopic cystolithotripsy and ureterolithotripsy. Renal 
fragment was removed via percutaneous access at the same session. The total operative time was 150 minutes and the 
estimated blood loss was 100 ml.  Postoperative period was uneventful, the percutaneous nephrostomy tube was removed 
on the postoperative 1st day and the patient was discharged on the postoperative 2nd day.
 At the postoperative first month, urine culture was clean and no residual fragments were found.

COnCLusIOns

Combination of endoscopic methods is minimally invasive, safe and viable treatment option in patients with forgotten 
and fragmented ureteral stents with stone formation. However patients should be informed in detail about the ureteral 
stent complications, so that these complications can be prevented.

vIDEO sECTIOn Vol. 41 (3): 602-603, May - June, 2015
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EDITORIAL COMMEnT

This video nicely demonstrates a com-
bined endourologic approach for a challenging 
problem. Stent encrustation increases as time 
passes. El-Faqih et al. reported that 47.5% of 
stents removed between 6 weeks and 12 weeks, 
and 76.3% of stents removed after 12 weeks de-
veloped encrustation (1). Forgotten stents that 
have been left in place over long periods of time 
can become completely encrusted. These exten-
sively encrusted stents often require multiple 
procedures for their complete removal (2). Elec-
tronic stent registries have been shown to help 
keep track of previously placed stents (3).
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EDITORIAL COMMEnT

Despite numerous methods to avoid the 
“forgotten” ureteral stent including emphasis on 
adequate counseling and monitoring, retained 
stents remain a persistent challenge in urology. 
Removal of these stents risks ureteral injury 
including intussusception and avulsion. En-
crustation and fragmentation create a difficult 
situation which can be technically challenging, 
often requiring several surgeries and advanced 
endourologic skills to avoid prolonged operative 

times and/or complications. This video high-
lights the combined retrograde endoscopic and 
percutaneous nephroscopic treatment for a frag-
mented and calcified stent. It demonstrates that, 
with adequate preoperative planning, encrusted 
and fragmented ureteral stents can be safely re-
moved in stepwise fashion in a single procedure.
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RE: Validation of the brazilian version of the expanded 
prostate cancer index composite (EPIC) for patients 
submitted to radical prostatectomy
_______________________________________________
Enaury Alves 1, Rebecca Medina 1, Cássio Andreoni 1

1 Department of Urology, Escola Paulista de Medicina da Universidade Federal de São Paulo, EPM/
UNIFESP - Sao Paulo, SP, Brazil

Int Braz J Urol. 2013; 39: 344-52

To the editor,

Nowadays, optimize oncologic results and minimize the negative impact of local and systemic 
treatments on quality of life of patients with prostate cancer guide the way the treatment of prostate 
cancer is carried out.

Since 2006, our group has partnered with leading authors of the most used patient-related ou-
tcomes questionnaires in prostate cancer. We have followed the international standardized translational 
process, cultural adaptation and pilot-test for the Brazilian version of the UCLA-PCI® and the EORTC 
QLQ-PR25® (1). The projects were approved by the both Ethics Committees.

We read with interest the recently published paper regarding the Brazilian version of the EPIC® 
questionnaire (2). We support Alves et al. efforts in the improvement of the quality of life research in our 
country, with its known socio-cultural heterogeneity. There is, however, a missed step to complete the 
validation of the EPIC® questionnaire. The psychometrics properties are: reliability, validity and respon-
siveness. Reliability is important to measure score consistency, but it doesn’t guarantee the validation of 
a questionnaire (3). Furthermore, the EPIC® and the UCLA-PCI® should be scored in association with the 
core instrument (Rand SF-36® V2). The SF-36® is copyright and the researcher must pay royalties and 
user fees to QualityMetry® in order to use with the PCI and EPIC.

The European Organization for Research and Treatment of Cancer, Quality of Life Group (EORTC 
QoL) offer the core instrument (EORTC C-30®), the cancer-specific module PR25® and the scoring manu-
als free of charge for academic non-sponsored projects (http://groups.eortc.be/qol/). The PR25® is com-
posed by two functional scales (sexual activity and sexual functioning) and 4 symptoms scales (urinary 
symptoms, bowel symptoms, hormone treatment-related symptoms and incontinence aid). The sexual 
functioning scale is conditional on being sexually active and the incontinence aid is a conditional scale 
that must be answered only by patients using pads.

 Using a structured interview, we report here the internal consistency of the Brazilian version of 
the PR25® applied to 186 prostate cancer patients regardless if local or metastatic tumors. All patients 
enrolled were treated at two reference centers located in south of Brazil, with different cultural back-
ground (Santa Casa de Porto Alegre in Porto Alegre/RS and Centro de Pesquisas Oncológicas/CEPON 
in Florianópolis/SC). The overall internal consistency of the PR25 was measured using the Cronbach’s 
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alpha, and was considered good (α=0.79). Three scales showed good to moderate internal consistency: 
urinary symptoms (α=0.86), sexual activity (α=0.74) and sexual functioning (α=0.73). Two did not satis-
fied the standardized reliability of 0.7 criteria: bowel symptoms (α=0.51) and hormonal treatment-related 
symptoms (α=0.49). Incontinence aid is a single item scale. In the international validation of the PR25, 
similar issues concerning the reliability for each subscales were reported (4, 5).

Nowadays, we finished the recruitment phase and validity and responsiveness properties will be 
soon published. We claimed for the use of validated questionnaires in urology and clinical oncology 
research, allowing the reported outcomes obtained by Brazilian researchers can be compared to the in-
ternational literature.
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must be accordingly to the informed in the Instructions for Authors, depending on the type of manuscript.
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