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Aspect of the bladder mucosa of irradiated patients with varying degrees of neovascularization 
comparing with normal bladder mucosa. Images were obtained during cystoscopy examinations of 

patients included in the study and correspond to the endoscopic findings of RTOG/EORTC late morbidity 
scale: A and B - normal bladder mucosa, C and D - Grade 1: slight epithelial atrophy, minor 

telangiectasia, E and F - Grade 2: generalized telangiectasia, G and H – Grade 3: severe generalized 
telangiectasia (often with petechiae)..  (page 300)
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EDITORIAL
IN THIS ISSUE

We are pleased to announce that International Brazilian Journal of Urology became the official 
communication organ of the American Confederation of Urology.  The editorial board and the Brazilian 
Urology Society are very happy because the beginning of this partnership what will contribute to rein-
force the impact of the International Brazilian Journal of Urology on the American continent.

 We are experiencing very difficult times because of the Covid-19 pandemic and at the time 
of writing this editorial a second wave of the disease is starting in Europe.  However, research cannot 
stop.  The March-April 2021 number of Int Braz J Urol, the ninth under my supervision, presents origi-
nal contributions with a lot of interesting papers in different fields: Prostate Cancer, Urethral Stricture, 
Male Incontinence, Vesicoureteral Reflux, Renal Cell Carcinoma, Bladder Cancer, BPH, SARS-CoV-2 and 
Urology, Radiation Induced Cystitis, Vaginoplasty, Varicocele, Basic Research applied to Female Urinary 
Incontinence, Flexible Ureteroscopy, Penile Fracture and Straghorn Renal Calculi. The papers came from 
many different countries such as Brazil, USA, Turkey, China, Iran, Portugal, Serbia, Montenegro and 
Spain, and as usual the editor´s comment highlights some of them.

In the present issue we present four important papers in reconstructive urology and 2 very impor-
tant papers about SARS-CoV-2 pandemic in Urology. Dr. Benson and colleagues from USA performed in 
page 237 (1) a nice sistematic review about the long term outcomes of one-stage augmentation anterior 
urethroplasty and concluded that the long-term success rates of augmentation urethroplasty are appear 
to be worse than previously appreciated and patients should be counseled accordingly.  Dr. Barros and 
collegues (2) from Rio de Janeiro – Brazil performed in page 389 a important paper about a rare condi-
tion: The penile fracture. In this paper the authors described penile fracture (PF) findings with non-sexual 
etiology in a referral emergency hospital, with emphasis on demographic data, clinical and intraopera-
tive findings and long-term outcomes and concluded that PF is a rare urologic emergency, especially 
with the non-sexual etiology. However, PF should always be considered when the clinical presentation 
is suggestive, regardless of the etiology. Penile manipulation and roll over in bed were the most common 
non-sexual causes. These cases are related to low-energy traumas, usually leading to unilateral rupture 
of corpus cavernosum. Urethral involvement is uncommon but may be present. Early treatment has good 
long-term clinical outcome, especially when performed in specialized centers with extensive experience 
in FP.

International Brazilian Journal of Urology Is the Official 
Information Journal of the American Confederation of 
Urology - CAU
______________________________________________________________________________________________
Luciano A. Favorito 1, 2

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

_______________________________________________________________________________________

Vol. 47 (2): 229-231, March - April, 2021

doi: 10.1590/S1677-5538.IBJU.2021.02.01



230230

IBJU | EDITORIAL ISSUE

Dr. Angulo and colleagues from Spain and Portugal (3) present in page 399 an important study 
about urorectal fistula approaches and concluded that the surgical approach elected to correct URF is 
not determinant of success nor of complications. Fistula size appears as independent determinant for 
failure. Trans-sphincteric approach could be advantageous over other procedures regarding HRQoL is-
sues and the last paper about reconstructive urology is performed by the group of Dr. Allen Moorey (4) 
in page 415. The authors studied the standing cough test stratification of moderate male stress urinary 
incontinence and concluded that many men with self-reported history of moderate SUI actually present 
severe SUI observed on SCT. The SCT is a useful tool to stratify moderate SUI patients to more accurately 
predict sling success. 

The 2 papers about COVID-19 in urology came from Brazil.  Dr. Mazzuchi and collegues from 
Brazil presented in page 251 (5) a nice review about the impact of COVID-19 in medical practice focused 
on Urology and concluded that despite not been a urological disease, the urologist needs to be updated 
on how to deal with these patients and how to take care of himself and of the medical team he works 
with the disease. Dr. Silva and collegues from Brazil presented in page 378 (6) an important study about 
the evaluation of uro-oncological surgical treatment during the Sars-CoV-2 pandemic in a Brazil and 
concluded that elective uro-oncological procedures at the COVID-19 epidemic period in a COVID-19-free 
Institute are safe, and patients who need urgent procedures, with a long period of hospitalization, need 
special care to avoid COVID-19 infection and its outcomes. The editor in chief would like to highlight 
the following works too:

Dr. Jeremias and collegues from Brazil (7) on page 275 evaluate the oxidative origin of sperm 
DNA fragmentation in the adult varicocele and concluded that patients with varicocele have an increase 
in sperm DNA fragmentation levels, particularly in oxidative stress-induced sperm DNA damage. 

Dr. Castellanti de Mattos and collegues from Brazil (8) performed on page 295 a very interesting 
study about the evaluation of HIF-1α and VEGF-A expression in radiation- induced cystitis. This study 
is on the cover in this number. The authors concluded that despite the lack of statistical significance 
precludes a definitive conclusion, the data presented herein suggests that further studies investigating 
the role of HIF-1α in bladder neovascularization in radiation-induced cystitis are highly recommended. 

Dr  Menezes and collegues (9) from Brazil perfomed on page 308 a interesting anatomic stu-
dy about the veromontonum and they described a new and interesting anatomic classification where 
they found five different verumontanum types: “volcano” (51.61%), “lighthouse” (24.73%), “whale tail” 
(12.90%), “hood” (5.38%) and “castle door” (5.38%) and concluded that Veromontanum has smaller me-
asurements in patients with BPH regardless of treatment. In the control group, there was an increase in 
verumontanum diameters with an increase in BMI. The volcano type of verumontanum was the most 
frequent regardless of groups and BMI. 

Dr. Wang and collegues (10) from China proposed on page 333 a study to establish and evaluate 
a nomogram for predicting the overall survival (OS) and cancer-specific survival (CSS) of RCC patients 
with bone metastasis and concluded that the nomograms for predicting prognosis provided an accurate 
prediction of OS and CSS in RCC patients with bone metastasis, and contributed clinicians to optimize 
individualized treatment plans. 

Dr. Loftus and collegues (11) from USA investigated on page 350 the effect of various intra-renal 
pressures on histologic changes and fluid extravasation during simulated ureteroscopy and concluded 
that pressurized endoscopic irrigation leads to significant extravasation of fluid into the renal parenchy-
ma. Higher intra-renal pressures were associated with increased penetration of irrigant during ureteros-
copy in an ex-vivo porcine model. 

Dr. Maluf and collegues (12) from Brazil shows on page 359 and interesting consensus about the 
non-metastatic castration resistant prostate cancer (M0 CRPC) in Brazil and concluded that the use of 
apalutamide and enzalutamide in patients with M0 CRPC who were not eligible for PROSPER or SPAR-
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TAN due to clinical and laboratory factors, such as shorter life expectancy and longer PSAtd, with the 
goal to facilitate clinical decision making 

Drs. Djordjevic and Vokovic (13) from Serbia and Montenegro shows on page 426 a interesting 
surgical technique about the modifi ed Hautmann neobladder with Wallace ureteroileal anastomosis on a 
6-8 cm long isoperistaltic chimney, following radical cystectomy and concluded that the functional re-
sults with modifi ed Hautmann neobladder, incorporating short afferent limb in Wallace I uretero-enteric 
anastomosis, were effi cient. This technique is an effective way to minimize potential uretero-enteric 
stricture, anastomotic leakage and incidence of vesicoureteral refl ux. 

 We hope that readers will enjoy the present number of the International Brazilian Journal of 
Urology in this very diffi cult times of COVID-19.

Luciano A. Favorito, MD, PhD

Unidade de Pesquisa Urogenital
da Universidade do Estado de Rio de Janeiro - UERJ,
Rio de Janeiro, RJ, Brasil
E-mail: lufavorito@yahoo.com.br
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COMMENT

Bacillus Calmette-Guérin (BCG) is a live attenuated vaccine derived from Mycobacterium bovis 
initially isolated in 1902 from a tuberculous cow (1). This isolate was cultured for 13 years until it lost 
its virulence and was developed into a vaccine by Albert Calmette and Camille Guerín in 1921 at the 
Pasteur Institute in Lille, France. It is the only available vaccine to fight tuberculosis and other myco-
bacterial infections as leprosy and Buruli ulcer disease (2,3).

All the BCG substrains currently in use derive from the original strain produced, distributed to 
several countries. Currently, the main substrains are the Brazilian (Moreau/Rio de Janeiro), Danish (Co-
penhagen – 1331), Japanese (Tokyo – 172-1), Russian (Moscow – 368), and Bulgarian (Sofia – SL222). 
The World Health Organization (WHO) has recommended BCG vaccination since 1948 and recognized 
the Brazilian Moreau-RJ as a reference strain in 2012, along with the Russian, Danish, and Japanese 
strains (3, 4).

During the 1970s, the Canadian urologist Alvaro Morales have studied BCG for treating non-
-muscle invasive bladder cancer (NMIBC) (5). Since then, intravesical BCG is still the most effective 
treatment, along with transurethral resection, to avoid NMIBC recurrence. According to all international 
guidelines, it is recommended as first-line therapy for NMIBC, as it reduces to almost half the recurrence 
rates (6-8).

In addition to proven efficacy as a vaccine on genitourinary oncology, BCG is still the target for 
molecular and cellular research since the mechanisms activated by vaccination are complex, involving 
at least two responses: T cells antigen-specific and memory (classic adaptive immunity), and “trained” 
immunity (epigenetic reprogramming) mediated by innate immune cells (9, 10). This reprogramming 
occurs at the histone methylation level, inducing persistent conformational changes of chromatin in 
a mononuclear cell, exhibiting a long-lasting phenotype after vaccination with the ability to mediate 
specific and nonspecific protection against other infections, leading to a robust and faster immune res-
ponse compared to adaptive immunity (9-12).

Bacillus Calmette-Guérin (BCG) Brazilian Backstage in 
Bladder Cancer
______________________________________________________________________________________________
Fernando Korkes 1, 2, Frederico Timóteo 1, Karen Linares Ferrari 3, Leonardo Oliveira Reis 3, 4

1 Divisão de Urologia, Faculdade de Medicina do ABC-FMABC, Santo André, SP, Brasil; 2 Hospital 
Israelita Albert Einstein, São Paulo, SP, Brasil; 3 UroScience, Universidade Estadual de Campinas – 
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In such background, BCG is an alternative to battle agents of the most diverse natures, since 
the immune system is continuously tackled, especially within 2020 current context in which BCG has 
been challenged in clinical trials against COVID-19 as potential preventive and even therapeutic stra-
tegy to boost the immune system (13-15). In the placebo controlled, randomized, double-blind phase 
III ACTIVATE study, published on August 31, 2020 in the important journal “CELL”, BCG vaccination 
in elderly patients proved to be safe with no difference in the frequency of adverse effects, and with an 
80% decrease in respiratory infections (risk ratio 0.21, p = 0.013) (16).

While onco-BCG is more profitable for manufacturers than their tuberculosis vaccine counter-
part, the latter is a public health priority. From over thirty global manufacturers during the 1990s, in 
2017, only 17 manufacturers worldwide kept producing BCG (17). In the last three years, some addi-
tional manufacturers have withdrawn production. In 2011, the Food and Drug Administration (FDA) 
shuttered a Sanofi Pasteur’s manufacturing laboratory in Toronto for health issues and mold after a 
flood. It never reopened. In the same year, Institute Cantacuzino, in Romania, also decided to stop BCG 
production. In 2014, the Danish government decided to sell the BCG vaccine production business. In 
2016, Merck also experienced manufacturing issues. In the USA, Merck is currently the sole supplier of 
BCG (18).

The Brazilian backstage 
The first BCG vaccine sample has arrived in Brazil in 1925, brought by the Uruguayan doctor 

Julio Elvio Moreau. That sample was delivered to Dr. Arlindo Raymundo de Assis in Rio de Janeiro and 
was called BCG Moreau (4). Given the difficulties in bringing laboratory supplies from Europe at that 
time, the vaccine was initially produced with the Viscondesa de Morais culture media’s, which was not 
the original culture media recommended by the Pasteur Institute. These adaptations were responsible 
for mutations in the microorganisms, and it is noteworthy the lower rate of adverse effects of this strain 
(19).

Since the 1930s, the Moreau strain has been maintained by the Fundação Ataulpho de Paiva 
(FAP), a nonprofit foundation in Rio de Janeiro, Brazil and after the 1970s the lyophilization process 
has been adopted. In the 1980s, the Instituto Butantan, a public research institution in São Paulo, also 
started to produce BCG from the Moreau-RJ strain. In 2003, the bladder cancer-targeted “onco-BCG” 
production also started at Instituto Butantan; however, the production was adapted at antique produc-
tion laboratories that did not respect the WHO standards. After only four years, in 2007, the production 
of BCG ceased in São Paulo. 

Supply availability has been the main challenge with BCG production in Brazil as in the rest of 
the world, and there are several reasons for that. While vaccine development technologies have widely 
progressed, BCG manufacturing has remained mostly unchanged since the 1920s. Surprisingly there 
are no reports of significant contamination problems during the 86 years of BCG production in Brazil. 

Since 1992 the WHO has issued and updated the Good Manufacturing Practices for Biological 
Products (GMP) recommendations (20). It is an important scientific and advisory document aiming to 
guide regulatory agencies and manufacturers. Nevertheless, there are some difficulties for BCG produc-
tion since filtration processes cannot sterilize the BCG vaccine. For these axenic products, processing 
should be conducted aseptically to minimize the introduction of contaminants. For that reason, robust 
environmental controls and monitoring are essential to avoid contamination. In contrast to these GMP 
issues, suppliers and manufacturers’ decisions are associated with this low-price vaccine. While the 
relatively low cost of BCG production makes it widely affordable, they are also associated with reduced 
incentives for manufacturers to enhance and invest in the production processes.

WHO regional offices have tracked BCG shortages for children immunization during the last 
fifteen years. BCG shortages have been a problem worldwide since then, and developing countries have 
been even more affected (17). If supply problems have been common for the widely applied, largely 
demanded, BCG vaccine, that uses a low dose (0.05 ml to 0.1 ml) per vial, it is even a bigger problem for 
onco-BCG that relies on higher doses (80mg). Even though there is no precise tracking for the onco-BCG 
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shortage worldwide, supply problems have been frequent in Brazil during the last four years. 
In Brazil, FAP is the sole supplier. In 2016, FAP started to experience manufacturing issues with 

the Brazilian Health Regulatory Agency (ANVISA), as their production did not attend GMP recommen-
dations. Non-conformities included four critic, 25 major, and 14 minor problems (21). According to FAP 
representatives, GMP rules are extremely difficult to be followed. Currently, GMP does not tolerate any 
particles in the final product. The lyophilizers must be altered for expensive ones with self-cleaning 
technologies. Air conditioning structures must be rebuilt; the water supply system must be reformatted. 
BCG is an artisanal four-month process of a potato cultivated mycobacteria that result in a low-value 
product. In such a context, it is not easy to implement technological processes. BCG passes through 
several Erlenmeyers during the cultivation process. After a 21-day cultivation period, the bacterial sus-
pension must be repeatedly diluted for the established number of doses. The first product is evaluated 
according to its colony formation units (CFU) and sterility. The product must be axenic, and at least six 
animals must be tested for 42 days.

At FAP, the solution would be a completely automated process and rebuilding new BCG manu-
facturing industries. Since FAP’s old manufacturing unit, in São Cristóvão could not attend GMP requi-
rements, a new unit has been under construction, in Xerém, Duque de Caxias, during the last decades. 
The construction of this new FAP’s industry in Xerém, RJ, has been largely awaited. This unit has been 
under construction since 1989, costing several millions of dollars but still not working. This unit aims 
to respect GMP’s strict rules. Furthermore, currently, there is a technology transfer agreement between 
FAP, in Brazil, and a Spanish institution, with a new manufacturing center being developed in Madrid 
to supply the European BCG market. As in many countries, in Brazil, only one strain is registered. The 
Moreau-RJ strain is only produced by the FAP. Another Moreau strain is produced in Poland by Biomed 
Lublin.

At the same time of BCG shortage, bladder cancer incidence has been increasing in Brazil in 
the last decades, with 10.640 cases expected for each year of the 2020/21/22 triennium, while in 2018-
2019, the estimate was 9.480 cases per yearc(22). Along with the populational aging process, health 
care access improvement, and an increase in BC related hospitalizations make it reasonable to expect 
an increase of BCG requirements in the next years (22, 23).

When BCG is not available, intravesical chemotherapies or immunotherapeutics, as pembrolizu-
mab (24), can be more rentable and less effective treatment strategies (25), featuring as another negative 
incentive to BCG production. While BCG prices range between US$ 60-70 each vial (2x106  CFU/40mg), 
chemotherapies as mitomycin had their prices almost doubled recently, costing around US$ 1,000.00/
vial (18) and immunotherapeutics cost around US$ 6,000.00/vial (25).

During the last years, while the FAP production was halted, onco-BCG only became available 
to wealthiest Brazilians. During the frequent periods of BCG shortage in the last four years, the only 
alternative is to directly import, at prices as high as US$ 5,000.00/12 vials (SWOG induction protocol) 
(26), instead of US$ 720.00. Additionally, the government does not acquire the onco-BCG directly from 
FAP anymore, and each hospital has to buy its supply through independent distributors. Right now, 
most patients are not receiving BCG treatment (or any treatment), and many patients are progressing to 
invasive disease and dying of BC much more than they should.

Right now, FAP is authorized by ANVISA to sell onco-BCG vials again. However, a new audit 
will probably occur within the next months, with a new possible interruption of onco-BCG distribution, 
as GMP requirements will probably not be attended. The costs, including financial expenses, human 
lives, and the lack of adequate treatment, are not measured. Nevertheless, there is no doubt that treating 
patients with more advanced BC is significantly costlier, associated with more suffering and deaths. 
BCG production is a problem that has to be seriously addressed to come to a definitive solution in Brazil 
and all over the globe. 
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Long term outcomes of one-stage augmentation anterior 
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ABSTRACT

Objective: The objective is to summarize and characterize the long-term success of 
anterior augmentation urethroplasty (AU) in published series. The current literature 
on AU consists largely of retrospective series reporting intermediate follow-up and 
incompletely characterize the long term outcomes of AU.
Materials and Methods: A systematic literature review was performed consistent with 
PRISMA guidelines to characterize long-term outcomes of AU with a minimum upper 
limit follow-up of 100 months.  Penile/preputial skin fl aps and graft and oral mucosal 
graft urethroplasties were included. The primary outcome was stricture-free survival 
for one-stage AU. Secondary analysis evaluated differences in outcomes based on two 
failure defi nitions: the need for intervention versus presence of recurrent stricture on 
cystoscopy or urethrography. Hazard rates were induced from the reported failure rates 
of one-stage AU and fi xed and random effect models were fi tted to the data. Additional 
subset analysis, removing potential confounders (lichen sclerosus, hypospadias and 
penile skin graft), was performed.
Results: Ten studies met inclusion criteria, and two studies reported separate outcomes 
for grafts and fl aps, and thus were included separately in the analysis. The mean 
hazard rate across all studies was 0.0044, the corresponding survival rates at 1 year 
0.948, 5 years 0.766, 10 years 0.587, and 15 years 0.45. Subset analysis of the 4 select 
and homogeneous studies noted 1, 5, 10, and 15 years survival rates of 0.97, 0.96, 0.74, 
and 0.63, respectively.
Conclusions: The long-term success rates of augmentation urethroplasty are appear to 
be worse than previously appreciated and patients should be counseled accordingly.
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INTRODUCTION

Urethroplasty is the gold standard treat-
ment for urethral strictures, which is cost effective 
and has the highest reported success rates (1). The-
re are a large variety of urethroplasty techniques 
that are utilized in modern practice. Nevertheless, 

regardless of the technique, the shared goals are of 
safety (minimal side effects), effi cacy (unobstruc-
ted urethra with normal voiding), and durability 
(long-term effective results). Urethral reconstructi-
ve surgery decision making is highly nuanced and 
requires consideration of a multitude of factors, 
including stricture characteristics (length, location, 
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and etiology), prior treatments, surgeon experience, 
co-morbidities and availability/quality of penile skin 
or graft material (2). Clearly, the surgical techniques 
and choice of graft/flap materials for augmentation 
urethroplasty (AU) have evolved over-time, and the-
re is not a one-size fits all approach. Excision and 
primary anastomosis (EPA) urethroplasty has the hi-
ghest reported durable success rates; (>85%); howe-
ver, this is not always possible and often have to rely 
on buccal mucosal grafts (BMG) and/or penile skin 
flaps for successful reconstruction (3).

 For AU, patients are often quoted an average 
success rate approximating 85% for augmentation 
urethroplasty. This is based on intermediate follow-
-up (~5 years), with variable reported definitions of 
success (2). Moreover, the ICUD consensus statement 
on urethral strictures, prominently states that avera-
ge success rates for one-stage bulbar urethroplasty is 
83-88.8%, Asopa 86.7%, one-stage penile 75% and 
panurethral 88.2% (2, 4). While the durability of EPA 
urethroplasty is well documented, the long term suc-
cess of AU has been poorly characterized. Thus, rai-
sing the question, is an 85% success rate an accurate 
representation of long-term AU success? We sought 
to characterize and analyze and summarize the long-
-term outcomes (10 and 15 year) of AU in literature. 
Our hypothesis is that the long-term outcomes of AU 
are well below the commonly quoted 85%.

MATERIALS AND METHODS

Search Strategy and Study Selection
 A systemic literature review using Pub-

med/MEDLINE and Embase databases from 2000-
2018 was performed consistent with the Preferred 
Reporting Items for Systematic Reviews and Meta-
-Analyses (PRISMA) guidelines, in order to identify 
long-term outcomes and prognosis of augmentation 
urethroplasty (5). Terminology utilized for the data-
base search included: Urethroplasty and long term 
outcomes, long term follow-up and urethroplasty, 
long term and urethroplasty, urethroplasty and ou-
tcomes, substitution urethroplasty, AU and outcomes, 
outcomes and urethral stricture. Inclusion criteria for 
meta-analysis included all studies reported in the 
adult literature on one-stage AU for anterior urethral 
strictures. Further inclusion criteria were studies that 
included patients who had follow-up of at least 100 

months, and urethral reconstruction utilizing BMG, 
preputial/penile skin grafts and/or flaps. We inclu-
ded studies utilizing Palminteri urethroplasty, as well 
as Asopa inlay urethroplasty techniques (6, 7). The 
term “augmentation” urethroplasty was selected to 
encompass all of these techniques in accordance to 
the ICUD terminology consensus statement (8). We 
excluded studies and patients who underwent aug-
mented anastomotic urethroplasty or staged urethro-
plasties, had the upper limit range of follow-up <100 
months, and/or non-BMG and non-penile skin graft/
flap urethroplasties. Manuscripts without English 
translation were also excluded from the analysis as 
well as papers with incomplete or non-granular data.

Figure-1 demonstrates the PRISMA flow dia-
gram and how studies were selected. We identified 
1.302 unique articles from our search, of which 103 
abstracts were reviewed, the remainder of the studies 
were excluded based largely on titles of the studies 
that were not relevant to the meta-analysis. Of the 
103 abstracts reviewed in detail, only 34 abstracts in-
cluded patients undergoing AU with adequate follow-
-up or unclear follow-up, based on abstract alone and 
these 34 manuscripts were reviewed by two authors 
(CRB, SBB). We identified 10 retrospective studies 
from expert urethral surgeon series, that met inclu-
sion criteria, and classified as level 3 evidence.

Data Extraction

 When present, we extracted the following 
variables: number of patients, types of urethroplas-
ty, substitution material, length of follow-up, defini-
tions of success, Kaplan-Meier method censor points 
for stricture-free survival, failure rates, graft/flap 
location. Unpublished granular data was obtained 
from the author of one study (9) and was included in 
the analysis. Additionally, two studies reported ou-
tcomes of grafts and flaps separately, and thus were 
individually analyzed (9, 10). Several studies reported 
outcomes on non-AU one-stage reconstruction and 
these patients were excluded from analysis. If this 
was not possible because the lack of granularity, the 
entire study was excluded from analysis.

Outcome Measures
 The primary outcome was prognostic strictu-

re free survival (SFS) of one-stage AU. All included 
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Figure 1 - PRIMSA Diagram for inclusion and exclusion of studies in the meta-analysis.

studies did not utilize the same failure definition; 6 
studies utilized the need for intervention following 
urethroplasty and 4 studies used presence of recur-
rent stricture on cystoscopy or urethrography during 
routine follow-up. Secondary analysis compared di-
fferences in SFS based on these definitions. An addi-
tional subset analysis was performed to eliminate po-
tential confounders known to impact urethroplasty 
success, in an effort to create a “best case scenario.” 
In order to reduce contamination, we excluded pa-
tients and/or studies, when the data was not granu-
lar, that included patients with hypospadias and/or 
lichen sclerosus stricture etiologies, as well as the use 
of penile/preputial skin grafts.

Statistical analysis

 The software package “metaphor” (Version 
1.9-9) in R (Version 3.2.1) was used to conduct the 
meta-analysis on hazard rates. Hazard rates were 

induced from the reported failure rates of one-stage 
substitution anterior urethroplasty assuming survival 
followed an exponential distribution, and also using 
the above assumptions allowing us to combine the 
data. Random effects models were fitted to the data. 
Forrest plots were included to show effect sizes and 
confidence intervals for individual studies and also 
for the meta-analysis, as well as comparing the two 
definitions of failure. I2 analysis was used to repre-
sent heterogeneity among the studies and funnel 
plots were reported to represent the likelihood of pu-
blication bias in each analysis.

RESULTS

 Supplementary Table-1 summarizes the gra-
nular data from these 10 studies (3, 6, 9-16). Across 
the studies, a total of 954 patients were included 
for analysis. Figure-2A demonstrates the hazard 
rates of all included studies. The average hazard 
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Figure 2 - A) Forrest Plot of all studies included in analysis demonstrating the effect size of each study as hazard rates, which 
captures time to stricture recurrence in each individual study. B) Forrest Plot of Studies, demonstrating the effect size of each 
study using the need for instrumentation after urethroplasty as definition of failure. C) Forrest Plot of studies, demonstrating 
the effect size of each study, using recurrent stricture on routine urethrography or cystoscopy as definition of failure.
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rate across all studies was 0.0044 (SD 0.000693), 
which corresponds to a 5-year survival rate of 
0.766 (95% CI 0.706-0.831). Further, the survival 
rates at 1 year were 0.948 (95% CI 0.933-0.964), 
at 10 years, 0.587 (95% CI 0.499-0.691), and at 
15 years, 0.45 (95% CI 0.352-0.574), as shown in 
the Kaplan-Meier curve in Figure-3. Two studies, 
Breyer et al. and Ahyai et al., reported separate 
outcomes for each fasciocutaneous skin flap and 
BMG patients, and thus were included separately 
in our analysis (9, 10).

 The outcomes of urethroplasty were com-
pared based on the definition of urethroplasty fai-
lure and found that the outcomes were not signi-
ficantly different using either definition (p=0.132) 
(Figures 2B and 2C). We identified significant he-
terogeneity among the included studies in the me-
ta-analysis (I2=85.66%, p <0.001). Additionally, 
we identified publication bias among the included 
studies all together and when divided by failure 

definition, which is demonstrated in the funnel 
plots in supplementary Figure-1.

 The subset analysis for the “best case sce-
nario” included only four studies that met the cri-
teria. Qualitative synthesis of the data from these 
four studies demonstrated corresponding survi-
val rates 0.969 (95% CI 0.956-0.983) at 1 year, 
0.857 (95% CI 0.798-0.920) at 5 years, 0.735 (95% 
CI 0.638-0.847) at 10 years, and 0.630 (95% CI 
0.509-0.779) at 15 years (Figure-4A) and the cor-
responding funnel plot is shown in Figure-4B. The-
re was a significant difference in SFS at all time 
points, when comparing these 4 “best case scenario” 
studies to the remaining 6 studies (p=0.0011).

DISCUSSION

 To our knowledge, this is the first study to 
combine expert series as a meta-analysis to evaluate 
the long-term success of AU. The current literature 

Figure 3 - Estimated Kaplan-Meier curve overlay on the survival rates from each study included in the meta-analysis.
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Figure 4 - A) Sub-Analysis- Estimated Kaplan-Meier curve overlay on the survival rates from each study included in the 
meta-analysis, when excluding studies using penile skin grafts and reporting patients with a history hypospadias and lichen 
sclerosus. B) Funnel Plots of the same studies, indicating less publication bias than seen in the full analysis.
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is deficient in reporting the long-term outcomes 
beyond five years for AU, largely low level of 
evidence from high volume expert surgeons and 
centers (2, 4). Certainly, it is well understood that 
at intermediate follow-up (5 years), urethroplasty 
success far exceeds that of endoscopic treatments. 
However, this data questions the long-term dura-
bility of these results for AU and suggests worse 
SFS than publish with intermediate follow-up.

 In order to contextualize our results and 
meta-analyze the data, we relied on published ou-
tcomes of urethroplasty techniques that enabled 
us to combine the data for analysis. Vasudeva et 
al. randomized 80 patients to have either dorsal or 
ventral BMG onlay urethroplasty with non-infe-
rior success rates, 92.5% versus 90% respectively 
(17). Similarly, Aldagadossi et al. randomized pa-
tients to dorsal onlay or inlay BMG urethroplasty 
and found no difference in success rates, 88% ver-
sus 86.4% (18). Furthermore, a recent systematic 
review also noted comparable success rates of 88% 
at 3 years, regardless of graft location (4). Thus, 
indicating that outcomes, regardless of BMG pla-
cement locations, are non-inferior. Additionally, 
there have been two randomized trials comparting 
dorsal BMG and penile skin flaps, demonstrating 
non-inferior success rates. Dubey et al. published 
success rates of 89.9% versus 85.6%, respective-
ly, and similarly Soliman et al. found similar re-
sults with success rates of 89.5% versus 83.3% for 
BMG compared to penile skin flaps, respectively 
(19, 20). Lastly, there are several series demonstra-
ting similar outcomes of free penile/preputial skin 
grafts AU compared to BMG AU. Alsikafi et al. 
reported similar success for penile skin graft (84%) 
and BMG AU (87%) (p=0.7375) (21). This was also 
corroborated by Raber et al., which found no sig-
nificant difference in bulbar urethroplasty success 
comparing BMG and penile skin grafts (22). This 
is further supported by a systematic review, re-
vealing recurrence rates of 14.5% and15.7% for 
grafts and flaps respectively (23). In contrast, a 
recent systematic review evaluated urethroplasty 
outcomes related to BMG versus penile skin grafts 
and found higher interim success of BMG (85.9%) 
compared to penile skin grafts (81.8%) (p=0.01) 
(24). However, our analysis was not powered to 

differentiate outcomes between penile skin/prepu-
tial flaps, penile skin/preputial grafts and BMG in 
urethral reconstruction. While objective and ana-
tomic outcome measures are important, it is also 
essential to evaluate the quality of life and subject 
outcomes of urethral reconstruction.

 Symptomatic urethral strictures interfere 
with voiding function and can have a profound 
impact on patients’ quality of life and the patient’s 
family. The published definitions of success vary 
widely and include uroflowmetry, narrowing on 
cystourethroscopy or urethrography, calibration 
with bougienage, need for endoscopic interven-
tion, as well as patient reported outcome measures 
(PROM) (1, 25). Bertrand et al. found that patient 
satisfaction based on PROM was strongly asso-
ciated with objective measures of urethroplasty 
success (26). Moreover, there is a recent impetus 
to include PROMs as a measure of urethroplasty 
success, furthering the emphasis on patient satis-
faction (27). The most common practice pattern 
among GURS members is to define urethroplas-
ty failure as the “need for secondary procedures” 
and the most common methods for screening for 
stricture recurrence are uroflowmetry and post-
-void residual (25). However, invasive testing, 
such as routine cystoscopy (19%) and urethrogra-
phy (17%), are less commonly utilized as routine 
screening methods by GURS members (25). Ure-
thral surgery is mostly a quality of life surgery, 
and thus is successful if the patient reports im-
proved quality of life and voiding function. This 
supports the notion that invasive testing is often 
overly aggressive and will not alter management, 
in the asymptomatic and satisfied patient.

 Moreover, Baradaran et al. reported no di-
fference in validated questionnaire scores between 
patients with normal cystoscopy (anatomic suc-
cess), <17F and >17F recurrence of stricture (27). 
Among those with <17F recurrent stricture, 66% 
of the patients did not require secondary interven-
tions, implying there was still subjective success 
and improved quality of life despite cystoscopic 
findings (27). Furthermore, our analysis demons-
trated no significant difference in long-term 
outcomes comparing the definitions of success 
(p=0.132). This supports defining urethroplasty 
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success, as the need for secondary intervention; 
however, the meta-analysis was not powered to 
answer such question.

 As reconstructive urologists, patients are 
often quoted success rates of around 85% (75.6%-
90.6%) for AU, which may be inflating its dura-
bility (2, 4). Furthermore, urethroplasty surgery is 
associated with a significant learning curve, be-
tween 100 and 400 cases, before achieving consis-
tent successful outcomes (28, 29). Inexperienced 
urethral surgeons will likely not have the same 
results as the results in expert published series. A 
recent population analysis of urethroplasty ou-
tcomes, demonstrated a 32% failure rate for ante-
rior urethroplasty at 3 years and trending toward 
40% failure rate at 5 years, which highlights that 
community performed urethroplasty outcomes are 
worse than the 85% interim results by expert sur-
geons (30). The results of expert surgeon series are 
not necessarily reproducible by the occasional ure-
thral surgeon. Thus, acknowledging this informa-
tion is an essential aspect of the preoperative ure-
throplasty informed consent process. This analysis 
suggests a progressive deterioration rate over time 
for AU, which has been observed in multiple ure-
throplasty series (9, 10, 14, 31, 32). Several series 
have indicated that most failures occur within 
the first two years following urethroplasty; ho-
wever, not all urethroplasty failures are equi-
valent (10, 14, 31). There are several potential 
explanations for AU failure; under-estimation 
of stricture length or degree of spongiofibrosis, 
failure of the graft to take due to poor host bed 
conditions, or flap loss due to compromised pe-
dicle. This analysis is limited by lack of detail 
of failure patterns for AU, and thus are not able 
to incorporate this into our analysis.

 We feel our conclusions about long-
-term success of AU are reliable even with the 
inherent limitations. After removing potential 
confounders in our subset analysis, the 15-year 
stricture free survival went from 45% to 63% 
for AU, which still falls short of the quoted 
85% success at intermediate follow-up. Future 
studies would attempt to prospectively evalu-
ate patients with similar stricture characteris-
tics, risk factors, and surgeon experience and 
follow these patients’ long term. Furthermore, 

it is critical to better understand and identify the 
causes of progressive attrition in AU with long-
-term follow-up. Several potential causes of late 
failure include: an under-appreciation of the de-
gree of spongiofibrosis at the time of reconstruc-
tion, progressive spongiofibrosis over time, and/
or subsequent urethral trauma leading to recur-
rence. Perhaps advanced imaging technology such 
as MRI or ultrasound elastography, will be enable 
more accurate characterization of spongiofibrosis 
that may not be readily apparent preoperatively 
or intraoperatively.

 Our study limitations are merely a re-
flection of the lack of granularity of the repor-
ted outcomes of urethroplasty. The studies in-
cluded herein are largely lower level of evidence 
and retrospective series with single surgeon or 
multiple expert surgeon series, and thus largely 
just observational and very heterogenous. Fur-
thermore, as demonstrated in the funnel plots 
in supplemental Figure-1, there is publication 
bias which may have also impacted our results. 
Certainly, bias is also introduced with inclusion 
of a heterogeneous patient population with 
non-uniform stricture characteristics with va-
riability in the AU grafts and/or flaps utilized 
and variable definitions of success.

CONCLUSIONS

 The long-term success of AU seems not 
as durable as reported with intermediate follow-
-up and appears to have continued deterioration 
with more than 100 months of follow-up. AU has 
worse than appreciated long term outcomes and 
further prospective studies are necessary to cor-
roborate these findings. Our meta-analysis gives 
the urethral surgeon more information regarding 
the long-term success rates to aid in preoperative 
patient counseling. We cannot impart the long-
-term success of AU, unless we first acknowledge 
that long term results potentially are not as robust 
as once believed.

CONFLICT OF INTEREST

None declared.
 



IBJU | LONG-TERM OUTCOMES OF AUGMENTED URETHROPLASTY

245

REFERENCES

1. Meeks JJ, Erickson BA, Granieri MA, Gonzalez CM. Stricture 
recurrence after urethroplasty: a systematic review. J Urol. 
2009;182:1266-70.

2. Chapple C, Andrich D, Atala A, Barbagli G, Cavalcanti 
A, Kulkarni S, et al. SIU/ICUD Consultation on Urethral 
Strictures: The management of anterior urethral stricture 
disease using substitution urethroplasty. Urology. 2014;83(3 
Suppl):S31-47.

3. Andrich DE, Dunglison N, Greenwell TJ, Mundy AR. The 
long-term results of urethroplasty. J Urol. 2003;170:90-2.

4. Mangera A, Patterson JM, Chapple CR. A systematic 
review of graft augmentation urethroplasty techniques 
for the treatment of anterior urethral strictures. Eur Urol. 
2011;59:797-814.

5. Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, 
Petticrew M, et al. Preferred reporting items for systematic 
review and meta-analysis protocols (PRISMA-P) 2015 
statement. Syst Rev. 2015;4:1.

6. Palminteri E, Lumen N, Berdondini E, Di Pierro GB, 
Cucchiarale G, Tenti G, et al. Two-sided dorsal plus 
ventral oral graft bulbar urethroplasty: long-term results 
and predictive factors. Urology. 2015;85:942-7.

7. Asopa HS, Garg M, Singhal GG, Singh L, Asopa J, Nischal 
A. Dorsal free graft urethroplasty for urethral stricture 
by ventral sagittal urethrotomy approach. Urology. 
2001;58:657-9.

8. Latini JM, McAninch JW, Brandes SB, Chung JY, 
Rosenstein D. SIU/ICUD Consultation On Urethral 
Strictures: Epidemiology, etiology, anatomy, and 
nomenclature of urethral stenoses, strictures, and pelvic 
fracture urethral disruption injuries. Urology. 2014;83(3 
Suppl):S1-7.

9. Ahyai, SA et al. Extended long-term results of surgery for 
urethral strictures. J Urol. 2011;185: e42.

10. Breyer BN, McAninch JW, Whitson JM, Eisenberg ML, 
Mehdizadeh JF, Myers JB, et al. Multivariate analysis of 
risk factors for long-term urethroplasty outcome. J Urol. 
2010;183:613-7.

11. Spencer J, Blakely S, Daugherty M, Angulo JC, Martins F, 
Venkatesan K, et al. Clinical and Patient-reported Outcomes 
of 1-sided Anterior Urethroplasty for Long-segment or 
Panurethral Strictures. Urology. 2018;111:208-13.

12. Barbagli G, Morgia G, Lazzeri M. Dorsal onlay skin graft 
bulbar urethroplasty: long-term follow-up. Eur Urol. 
2008;53:628-33.

13. Barbagli G.,Romano G.,De Angelis M.,Lazzeri M. 146 
Comparative retrospective outcome analysis of 62 
patients who underwent one-stage repair of penile 
urethral strictures in a single referral center experience. 
Eur Urol Suppl 2009; 8: 157.

14. Mellon MJ, Bihrle R. Ventral onlay buccal mucosa 
urethroplasty: a 10-year experience. Int J Urol. 
2014;21:190-3.

15. Khan R, Kelly L, Palmer M. Substitution bulbar urethroplasty 
using buccal mucosal graft in dorsal onlay fashion (barbagli 
technique): Results for patients treated over a 10-year 
period in a scottish regional referral centre. Urology. 
2014;84(4):S85.

16. Pandey  A, Borisenkov M, Barta-Kelemen A, Keller H. Re-
do urethroplasty after unsuccessful urethral reconstruction 
with buccal mucosa graft. Eur Urol Suppl. 2017; 16: e485. 

17. Vasudeva P, Nanda B, Kumar A, Kumar N, Singh H, Kumar 
R. Dorsal versus ventral onlay buccal mucosal graft 
urethroplasty for long-segment bulbar urethral stricture: A 
prospective randomized study. Int J Urol. 2015;22:967-71.

18. Aldaqadossi H, El Gamal S, El-Nadey M, El Gamal O, 
Radwan M, Gaber M. Dorsal onlay (Barbagli technique) 
versus dorsal inlay (Asopa technique) buccal mucosal 
graft urethroplasty for anterior urethral stricture: a 
prospective randomized study. Int J Urol. 2014;21:185-8.

19. Dubey D, Vijjan V, Kapoor R, Srivastava A, Mandhani A, 
Kumar A, et al. Dorsal onlay buccal mucosa versus penile 
skin flap urethroplasty for anterior urethral strictures: 
results from a randomized prospective trial. J Urol. 
2007;178:2466-9.

20. Soliman MG, Abo Farha M, El Abd AS, Abdel Hameed H, El 
Gamal S. Dorsal onlay urethroplasty using buccal mucosa 
graft versus penile skin flap for management of long 
anterior urethral strictures: a prospective randomized 
study. Scand J Urol. 2014;48:466-73.

21. Alsikafi NF, Eisenberg M, McAninch JW. 317: Long-Term 
outcomes of Penile Skin Graft Versus Buccal Mucosal 
Graft for Substitution Urethroplasty of the Anterior 
Urethra. J Urol. 2005;173 (4S):87–8.

22. Raber M, Naspro R, Scapaticci E, Salonia A, Scattoni V, 
Mazzoccoli B, et al. Dorsal onlay graft urethroplasty using 
penile skin or buccal mucosa for repair of bulbar urethral 
stricture: results of a prospective single center study. Eur 
Urol. 2005;48:1013-7.

23. Wessells H, McAninch JW. Current controversies in 
anterior urethral stricture repair: free-graft versus pedicled 
skin-flap reconstruction. World J Urol. 1998;16:175-80.



IBJU | LONG-TERM OUTCOMES OF AUGMENTED URETHROPLASTY

246

24. Lumen N, Oosterlinck W, Hoebeke P. Urethral reconstruction 
using buccal mucosa or penile skin grafts: systematic review 
and meta-analysis. Urol Int. 2012;89:387-94.

25. Yeung LL, Brandes SB. Urethroplasty practice and surveillance 
patterns: a survey of reconstructive urologists. Urology. 
2013;82:471-5.

26. Bertrand LA, Voelzke BB, Elliott SP, Myers JB, Breyer BN, Vanni 
AJ, et al. Measuring and Predicting Patient Dissatisfaction 
after Anterior Urethroplasty Using Patient Reported Outcomes 
Measures. J Urol. 2016;196:453-61.

27. Baradaran N, Fergus KB, Moses RA, Patel DP, Gaither TW, 
Voelzke BB, et al. Clinical significance of cystoscopic urethral 
stricture recurrence after anterior urethroplasty: a multi-
institution analysis from Trauma and Urologic Reconstructive 
Network of Surgeons (TURNS). World J Urol. 2019;37:2763-8.

28. Faris SF, Myers JB, Voelzke BB, Elliott SP, Breyer BN, Vanni AJ, 
et al. Assessment of the Male Urethral Reconstruction Learning 
Curve. Urology. 2016;89:137-42.

29. Fossati N, Barbagli G, Larcher A, Dell’Oglio P, Sansalone S, 
Lughezzani G, et al. The Surgical Learning Curve for One-stage 
Anterior Urethroplasty: A Prospective Single-surgeon Study. Eur 
Urol. 2016;69:686-90.

30. Benson CR, Goldfarb R, Kirk P, Qin Y, Borza T, Skolarus 
TA, et al. Population Analysis of Male Urethral Stricture 
Management and Urethroplasty Success in the United 
States. Urology. 2019;123:258-64.

31. Barbagli G, Palminteri E, Lazzeri M, Turini D. Interim 
outcomes of dorsal skin graft bulbar urethroplasty. J Urol. 
2004;172(4 Pt 1):1365-7; discussion 1367.

32. Kessler TM, Schreiter F, Kralidis G, Heitz M, Olianas 
R, Fisch M. Long-term results of surgery for urethral 
stricture: a statistical analysis. J Urol. 2003;170:840-4.

_______________________
Correspondence address:

Steven B. Brandes, MD
Department of Urology, Columbia Univeristy, 

161 Ft. Washington Ave 11th Floor
New York, NY 10032, USA

Telephone: +1 212 305-6151
E-mail: sbb2169@cumc.columbia.edu



IBJU | LONG-TERM OUTCOMES OF AUGMENTED URETHROPLASTY

247

Supplementary Figure 1 - Funnel Plots indicating the presence of publication bias among the studies for (a) all included 
studies in the analysis (b) studies using the failure definition of need for instrumentation (c) studies using the failure definition 
of recurrent stricture on routine urethrography or cystoscopy.
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Supplementary Table 1 - Summary statistics and analysis of the studies included for meta-analysis. This includes the study 
population, age, definition of failure, follow-up, and etiology.

Study Study population Mean 

Ages

Definition of 

Failure

Total 

Patients

Mean Follow up 

*Median

Failure 

Rate

Stricture 

Length 

Range

% with 

Prior 

Endoscopic 

Procedures

Number 

with prior 

urethroplasty

Etiology

Breakdown

Number

*Median (Range)

Andrich et 

al. 2003 (2)

Substitution 

Urethroplasty 

with penile/

preputial/scrotal 

onlay flap

47.2 

years

Presence 

of stricture 

identified by 

symptoms and 

subsequent 

investigation

84 Not reported Year (Rate) Congenital/

hypospadias

7

(10-15+ years) 1 (12%) Infectious --

5 (21%) Traumatic --

10 (31%) -- -- -- Lichen Sclerosus 4

15 (58%) Idiopathic 16

Iatrogenic 57

Radiation --

Barbagli 

et al. 2008 

(12)

Bulbar 

Urethroplasty 

dorsal penile skin 

graft

43 years Need for any 

intervention

38 111 months 

(80-149months)

(34.40%) -- 60.50% 0% Congenital/

hypospadias

--

Infectious 2

Traumatic 7

Lichen Sclerosus --

Idiopathic 18

Iatrogenic 6

Catheter 5

Barbagli 

et al. 2009 

(15)

Penile 

Urethroplasty 

with orandi flap 

or Asopa inlay 

penile skin/OMG

51 years Need for 

intervention

62 50 months (12-

132 months)

24% 17.70% 4.80% Congenital/

hypospadias

--

--- Infectious 1

Traumatic 4

---- Lichen Sclerosus --

Idiopathic 19

Iatrogenic 17

Radiation 1

Catheter 20
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Breyer et 

al. 2010 

(10)

Anterior 

Urethroplasty 

OMG (88 

patients) 

Fasciocutaneous 

Flap (70 patients)

41 

years*

Need for 

intervention

158 *69.6 months 

(1 month-120 

months)

Year (Flap) 

((Graft))

Congenital/

hypospadias

--

1 (17%) 

((12%))

Infectious --

3 (32%) 

((19%))

Traumatic --

5 (35%) 

((24%))

0.25cm-

24cm

---- ----- Lichen Sclerosus --

10 (37%) 

((25%))

Idiopathic --

Iatrogenic --

Radiation --

Ahyai et 

al. 2011, 

(Unpublished 

updated data 

presented 

2014) (9)

Anterior 

urethroplasty 

OMG (22 

patients)  Flap 

(79 patients)

56 years Presence of 

stricture on 

urethrogram, 

Uroflow < 15 

cc/s

101 140 months (60-

204 months)

Congenital/

hypospadias

--

Infectious --

Traumatic --

24.1% 

(OMG)

--- --- --- Lichen Sclerosus --

28.3% 

(Flap)

Idiopathic --

Iatrogenic --

Radiation --

Mellon 

and Bihrle 

2014 (13)

Ventral 

Buccal Graft 

Urethroplasty

42.4 

years

Need for 

intervention

107 39.3 months 

(6.6 -127.3 

months)

28.90% 89% 11% Congenital/

hypospadias

--

Infectious 5

Traumatic 22

1cm-

8cm

Lichen Sclerosus 3

Idiopathic 51

Iatrogenic 26

Radiation --

Khan et al. 

2014 (15)

Dorsal OMG 

Bulbar 

Urethroplasty

43.9 

years

Stricture on 

Urethrogram

61 40.7 months (0-

113 months)

23% ----- 0% Congenital/

hypospadias

--

Infectious --

Traumatic --

--- Lichen Sclerosus --

Idiopathic --

Iatrogenic --

Radiation --
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Palminteri 

et al. 2015 

(6)

Bulbar 

Urethroplasty 

Overlappying 

Dorsal plus 

ventral OMG

40 years Need for 

intervention

166 *59.3 months 

(IQR 33-95.5 

months)

10.20% 75% 1.20% Congenital/

hypospadias

--

Infectious --

Traumatic 7

1.9cm-

3cm

Lichen Sclerosus --

Idiopathic 117

Iatrogenic 8

Catheter 34

Spencer 

et al. 2018 

(11)

Anterior 

Urethroplasty 

dorsal onlay 

OMG, (Kulkarni) 

for long segment 

strictures

56 years Need for 

intervention

73 44 months (12-

162 months)

12.30% 92% 14% Congenital/

hypospadias

--

Infectious --

Traumatic 8

8cm-

21cm

Lichen Sclerosus 28

Idiopathic 18

Iatrogenic 16

Radiation 3

Pandey et 

al. 2017 

(16)

Ventral 

Onlay OMG 

Urethroplasty

51 

years*

Presence 

of Stricture 

on Cysto/

Urethrogram

104 *54 months (1-

205 months)

9.60% 1cm-

23cm

100% Congenital/

hypospadias

--

Infectious --

Traumatic --

________ Lichen Sclerosus --

Idiopathic --

Iatrogenic --

Radiation --
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ABSTRACT

COVID-19 pandemic is a rapidly spreading virus that is changing the World and 
the way doctors are practicing medicine. The huge number of patients searching 
for medical care and needing intensive care beds led the health care system to a 
burnout status especially in places where the care system was already overloaded. 
In this setting, and also due to the absence of a specific treatment for the disease, 
health authorities had to opt for recommending or imposing social distancing to 
relieve the health system and reduce deaths. All other medical specialties non-
directly related to the treatment of COVID-19 had to interrupt or strongly reduce 
their activities in order to give room to seriously ill patients, since no one knows 
so far the real extent of the virus damage on human body and the consequences 
of doing non deferrable procedures in this pandemic era.
Despite not been a urological disease, the urologist needs to be updated on how to 
deal with these patients and how to take care of himself and of the medical team 
he works with.
The aim of this article is to review briefly some practical aspects of COVID-19 and 
its implications in the urological practice in our country.
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INTRODUCTION

COVID-19 is a rapidly spreading virus 
whose fi rst manifestations as a viral pneumonia 
occurred in Wuhan, China, in December 2019 (1). 
The disease is caused by a beta coronavirus named 
severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) (1). Coronavirus is a family of en-
veloped, single-stranded RNA viruses that cause 

respiratory, enteric, hepatic, and neurologic dise-
ases (2, 3). Human Coronavirus (CoV) infections 
are caused by α- and β-CoVs (2, 3). SARS corona-
virus (SARS-CoV) and MERS coronavirus (MERS-
-CoV) are members of β-CoVs family (2) and share 
79.5% and 50% of their genomes sequence with 
SARS-CoV-2, respectively (4, 5).

 COVID-19 is highly contagious through 
SARS-CoV-2 virus-containing respiratory droplets 
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of infected personnel resulting from coughing or 
sneezing. This is considered the main source of 
infection as they are propelled for approximately 
one to two meters and then they can be deposited 
on the oral, nasal or ocular mucous membranes of 
a nearby person. The virus can also be transmit-
ted by human to human contact or still, contact 
with infected objects (6). The incubation period for 
the SARS-COV-2 ranges from 2-14 days (7). The 
infection by the SARS-CoV-2 can be asymptoma-
tic or produce symptoms like fever (98%), fatigue 
(70%), dry cough (60%), anosmia and coryza. The-
se symptoms can progress to dyspnea in 30% of 
the patients progressing as the pulmonary invol-
vement increases (8). Eventually, non-respiratory 
symptoms like diarrhea and nausea occur in 10% 
of the cases (8). About 30% of patients will pre-
sent an asymptomatic infection, 55% of patients 
will have mild to moderate symptoms and 15% 
severe to critical symptoms (7, 9). The mortality 
rate throughout the world and in Brazil is around 
7% (10, 11). Older people and those with chronic 
co-morbidities (obesity, hypertension, diabetes) 
present with higher mortality rates (12).

 Due to its rapidly spreading COVID-19 
was defined as a pandemic by the World Health 
Organization in March 11th, 2020 (13). The disease 
is changing medical practice and the way of life 
throughout the World (14). By the end of April 
2020, three million people have been affected with 
more than 200.000 people deceased (10). The sa-
nitary and health systems were severely affected 
in the majority of countries reaching a burnout 
status in many of them. Surgical and Urologi-
cal practice changed rapidly in the last months 
in order to adapt to the new sanitary conditions. 
The aim of this article is to evaluate the impact of 
COVID-19 in urological practice in a developing 
country and how to deal with it.

MATERIALS AND METHODS

 An extensive review of the existing lite-
rature on Pubmed was performed, including web 
pages of the World Health Organization (WHO), 
Center for Diseases Control (CDC) and Brazilian 
Council of Medicine (CFM). The protocols of the 
Brazilian Ministry of Health were also accessed. 

The terms searched were COVID-19; SARS-CoV-2; 
surgery; urology, operation, laparoscopy, pande-
mic, renal transplantation.

RESULTS

Effects of SARS Cov-2 on the genitourinary tract
 SARS-CoV-2 has a spike protein that bin-

ds to the epithelial cells through the angiotensin-
-converting enzyme 2 (ACE2) receptors. Therefore, 
the human cells that express ACE 2, like the heart, 
esophagus, urinary bladder and kidney can be po-
tential target cells for the SARS-COV-2 infection 
(5). Additionally, the liver, vascular system and 
testis can be affected by other mechanisms. Some 
patients with severe disease develop acute kidney 
injury (AKI), which requires continuous renal re-
placement therapy (CRRT) (1, 15).

Effect of SARS- Cov2 on the kidneys
 The exact mechanism of kidney involve-

ment is unclear: postulated mechanisms include 
sepsis leading to cytokine storm syndrome or a 
direct cellular injury due to the virus (16). Histo-
pathological studies of kidneys from six patients 
who died from COVID-19 and with impaired renal 
function revealed acute renal tubular damage (but 
not glomerular injury) and acute tubular necrosis 
in all cases (5, 15, 16). According to Li et al., 60% 
of patients had proteinuria and elevated levels of 
serum creatinine (SCr) were observed in 22% of 
patients, during treatment. Furthermore, 28% of 
patients gradually worsened and were diagno-
sed with acute kidney injury (AKI). Seven of 65 
patients (10.7%) evaluated by the authors requi-
red dialysis. The mortality of these patients was 
5.3-times higher than those without AKI (1, 15).

Effect of SARS-Cov2 on the reproductive system
 The blood-testis barrier does not protect 

against SARS-CoV-2 infection. As other viruses 
like mumps, HIV, hepatitis B and C, Epstein- Barr 
and papilloma can cause viral orchitis, also SARS-
-COVID 2 can lead to orchitis and even lead to 
male infertility (17). Histopathological studies 
from testis obtained from six patients who died 
of SARS-CoV-2 (not COVID-19) revealed sperma-
togenic cell apoptosis, germ cell destruction, few 
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spermatozoa in the seminiferous epithelium, 
thickening of the basement membrane and leu-
kocyte infiltration in all six specimens (7). A 
recent study showed that the testosterone to lu-
teinizing hormone ratio in 81 patients with CO-
VID-19 was dramatically decreased in compari-
son with 100 age-matched healthy counterparts 
(patients with COVID-19: 0.74; healthy men: 
1.31, P <0.0001) (18).

 Despite no clinical cases of orchitis re-
lated to COVID-19 have been described so far, a 
fertility evaluation of young men interested in 
having children after recovery from COVID-19 
is advisable (1, 17).

Impact on urologic practice
Urological visits and outpatient procedures
 It is highly recommended that patients 

suspect or positive for COVID-19 do not have any 
contact with the other patients. This way many 
hospitals have created special areas for treatment 
of such patients reducing the other activities only 
to non-deferrable procedures.

 Routine deferrable appointments should 
be postponed for at least six months and electro-
nic consultations should be performed when pos-
sible. Medical prescriptions should be delivered 
outside the hospital or preferably electronically 
once the Brazilian Council of Medicine and the 
Health Ministry authorized validated electronic 

prescriptions during the pandemic period (19).
 Outpatients diagnostic and elective proce-

dures should also be postponed especially those 
requiring general anesthesia or sedation. Ficarra 
et al. proposed deferring diagnostic urodyna-
mic studies, cystoscopy for lower grade bladder 
tumors, replacement of ureteral stents and ne-
phrostomy tubes, prostatic biopsies and intrave-
sical therapy for low or intermediate grade bla-
dder tumors for up to six months (20). On the 
other hand, the authors advise to not postpone 
cystoscopy and intravesical BCG for high grade 
vesical tumors and prostatic biopsies for suspec-
ted high tumors (20) (Table-1).

Preoperative care and general rules
 Recent studies reported the occurrence of 

SARS-CoV 2 in urine, blood, anal swabs and sto-
ol and failed to demonstrate viral particles in the 
semen of patients with positive oro-pharyngeal 
swabs (21, 22) corroborating the data from Ling 
et al. (23) that reported the occurrence of SARS-
-Cov-2 RNA in the urine of 6.9% of patients reco-
vering from COVID-19. Kumar et al. and others re-
ported the blood isolation of SARS-CoV-2 in 15% 
of patients with COVID-19 (24, 25). These studies 
reinforce the importance of specific rules for pro-
tection of the operating room personal. If a non-
-deferrable procedure has to be performed, some 
rules must be followed:

Table 1 - Outpatient procedures during COVID-19 pandemic (Ficarra et al., modified).

Procedure Indication Consideration

Urodynamic studies Postpone

Prostatic biopsy Postpone Consider performing biopsy is suspected 
high grade tumor

Cystoscopy Postpone Exception: known or highly suspected 
high-grade tumor

Intravesical BCG or other agents Postpone for low/intermediate grade 
tumor

Do not postpone for high grade tumor

Ureteral stent replacement Postpone for up to six months Evaluate case by case. Do not postpone 
patients with high risk of calcification

Extracorporeal shockwave lithotripsy Postpone calyceal and other elective 
situations

Do not postpone: ureteral stones and 
calcified ureteral stents
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1) Consent discussion with patients must co-
ver the risk of COVID-19 exposure and the 
potential consequences;

2) It is highly recommendable to have a de-
dicated operating room (OR) with negative 
pressure and a separated access from the 
other ORs. Also, a separate anesthesia ma-
chine and experienced team of anesthe-
siologists and operating room nurses are 
important.

3) Testing asymptomatic patients for CO-
VID-19 before surgery with the aim of 
protecting them and the surgical team is 
controversial, once the nasopharyngeal 
and oropharyngeal testing PCR-RT has a 
60 to 70% sensitivity (26). The Center for 
Diseases Control recommends only testing 
for those presenting with symptoms (27). 
However, 5% to 80% of COVID-19 patients 
may be asymptomatic depending on the 
population studied (28). The Spanish As-
sociation of Surgeons and the Society of 
American Gastrointestinal and Endoscopic 
Surgeons (SAGES) recommend testing for 
all patients undergoing elective or urgent 
surgeries and there is a tendency towards 

testing all patients once test-kits become 
more disponible (personal view) (29, 30). 
Additionally, the surgeon must pay at-
tention to the medications that patients 
are taking, once many of them receive 
hydroxychloroquine, which can be car-
diotoxic, non-Gram-negative directed 
antibiotics and heparin, among others 
(29, 30). If the oropharyngeal swab PCR-
-RT for SARS-CoV-2 is not available and 
the patient is suspicious for asympto-
matic infection, a clinical and laborato-
rial screening on symptoms (fever, dry 
cough, myalgia, anosmia) and on white 
blood cell count, D-dimer, hepatic enzy-
mes and renal function tests and a chest 
CT should be performed. The rapid test 
for IgG/IgM should be also performed if 
available (29). The Spanish group propo-
sed a flowchart for testing patients befo-
re surgery, shown in Figure-1 (29);

4) Only those considered essential staff 
should be participating in the surgical 
procedure and unless there is an emer-
gency, there should be no exchange of 
room staff;

Figure 1 - Preoperative flowchart during pandemic (Balibrea el at., modified).
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5) All members of the OR staff should use 
Protective Personal Equipment (PPE). 
Everyone in the operating-room (OR) should 
wear caps, personal protective glasses, N95 
or PF2 mask, protective gowns for contacts, 
procedure gloves and shoe covers (31). The 
recommendation for using N 95 masks varies 
across the World with some recommending 
its use for all types of surgeries and others 
only in cases of COVID-19 confirmed pa-
tients or for surgery with potential for aero-
solize the virus (32-35). Face shields should 
be used in high risk situations. These measu-
res should be used in all surgical procedures 
during the pandemic regardless of known or 
suspected COVID-19 status. Placement and 
removal of PPE should be done according to 
control of infectious diseases CDC and other 
guidelines (29-31);

6) Surgical equipment used during proce-
dures with COVID-19 positive or persons 
under investigation/suspected COVID-19 
patients should be cleaned separately from 
other surgical equipment (Table-2).

Inpatient urologic surgeries and emergencies
 Generally, all patients with non-life thre-

ating pathologies should have their surgeries and 

other procedures re-evaluated and delayed. Lei et 
al. reported the results of 34 asymptomatic pa-
tients for COVID-19 operated in Wuhan for va-
rious types of surgeries ranging from cesarean 
and appendectomies to orthopedic and cancer 
surgeries and who developed COVID-19 in the 
postoperative period. All patients in this group 
developed pneumonia, 15 (44%) were recovered 
at ICU and seven (20.5%) died from COVID-19 
related complications (36). These are scaring 
data and talk per se. Therefore, BPH treatments, 
reconstructive and prosthetic surgeries among 
others should be deferred.

 Urologic emergencies must be treated wi-
thout delay but avoiding invasive procedures is 
recommended. The main emergencies and treat-
ments during COVID-19 pandemic are summari-
zed in Table-3, according to Ficarra et al. (20).

Oncology
 Cancer patients are considered immuno-

compromised patients due to the nature of their 
disease and to the treatment they are submitted 
(chemotherapy, radiotherapy, or surgery). Due to 
more advanced age, the impossibility of recei-
ving adequate medical care and to the fact that 
cancer patients have 3.5 folds risk of developing 
COVID-19 related serious events, all elective sur-

Table 2 - Urologic emergencies and treatment during COVID-19 pandemic. (Ficarra et al., modified).

Clinical condition Treatment

Acute urinary retention Urethral catheter or suprapubic tube under local anesthesia

Upper urinary tract obstruction

Ureteral stent or percutaneous nephrostomy under local or 
spinal anesthesia.

Consider semirigid ureteroscopy for obstructing lower ureteral 
stones (spinal blockade).

Urinary retention – bladder clot
Evacuation by cystoscopy.

Consider prostate or bladder tumor resection or fulguration

Spermatic cord torsion
Surgical orchidopexy.

Consider manual distortion

Infection of prosthesis Surgical removal of device

Priapism
Corpora cavernosa irrigation under local anesthesia

Shunt under spinal blockade

Abscesses and Fournier Gangrene Percutaneous drainage/debridement
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geries, chemotherapy and radiotherapy proce-
dures in stable patients should be deferred (36-
38). The decision of postponing cancer surgeries 
or not will also depend on patient condition/
decision and of the capacity of the hospital in 
providing intensive care units, ventilators and 
blood-bank among other resources needed for 
big cancer surgeries (20).

 Cancer surgeries can be classified in four ca-
tegories according to their urgencies (20, 38, 39).

1) Non-deferrable surgeries: procedures who-
se delay can jeopardize cancer-related ou-
tcomes:
Renal cancer: radical or partial nephrec-
tomy for clinical T2-4 tumors;
Urothelial cancer: radical nephroureterec-
tomy for high grade upper tract urothelial 
carcinoma;
Bladder cancer: transurethral resection 
for high-risk non-muscle invasive bladder 
cancer, any high-grade bladder cancer, or 
tumors more than 2cm at the time of diag-
nosis. Radical cystectomy and urinary di-
version for muscle-invasive bladder cancer 
or refractory carcinoma in situ;
Prostate cancer: radical prostatectomy with 
pelvic lymph node dissection for high risk or 
locally advanced prostatic carcinoma;
Cancer of the testis: radical orchiectomy;
Adrenal cancer: adrenalectomy for tumor 
>6cm;
Penile cancer: partial penectomy for clini-
cal >T1G3 penile cancer.

2) Partial non-deferrable surgeries: are those 
that when postponed probably will not cause 
harm to patients:
Renal cancer: partial or radical nephrectomy 
for clinical T1b tumors;
Bladder cancer: Endoscopic resection for 
small low-grade bladder tumors;
Prostate cancer: radical prostatectomy for 
intermediate or high-grade prostate cancer.

3) Deferrable surgeries: those that when 
postponed will cause minimal harm to 
patients:

Renal cancer: partial nephrectomy for 
small clinical T1 b renal tumors;
Bladder cancer: transurethral resection for 
small low-grade bladder tumors;
Prostate cancer: radical prostatectomy for 
low/intermediate prostate cancer.

4) Replaceable surgeries
Small low-grade renal tumors can be re-
placed by cryotherapy or radiofrequency 
ablation.
These data are summarized in Table-4.

Endourology
 Renal colic and urinary stones management 

accounts for approximately 30% of the daily practi-
ce of the general urologist. Renal colic is one of the 
most frequent pathologies in the emergency room of 
every hospital. During pandemic, renal colic should 
be managed conservatively as much as possible (40). 
Adequate analgesia and medical expulsive thera-
py (MET) with alpha blockers or calcium channel 
blockers should be used according to the guideli-
nes especially for ureteral stones between 5 and 
10mm not accompanied by infection or massive 
hydronephrosis and with controlled pain. Accor-
ding to the literature, patients under MET showed 
superior spontaneous stone passage rates in pa-
tients with <10mm distal ureteral stones treated 
with α-blockers (77.3%) compared to placebo or 
no treatment (54.4%) (41, 42).

 Patients should be kept home whenever 
possible avoiding admission to the ward and mo-
nitored for refractory pain and development of 
infection and sepsis. In the case of infection as-
sociated to an obstructive ureteral stone, decom-
pression with a ureteral stent or a percutaneous 
nephrostomy or even with ureteroscopy and intra-
corporeal lithotripsy or stone removal with baskets 
in favorable cases should be performed promptly 
once these patients can progress to sepsis in up 
to 25% of the cases (41, 43). External strings for 
double J stents that can be removed at the office 
or even at home should be encouraged after une-
ventful procedures avoiding a hospital visit (44).

 Percutaneous nephrolithotomy (PCNL) is 
generally a bigger procedure requiring general 
anesthesia and intensive care especially in older 
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patients with co-morbidities like obesity, diabetes, 
hypertension or other cardiac diseases or in cases 
of big staghorn stones (44).

 In order to spare ICU beds and respirators 
these procedures should be postponed except in 
very selected cases. In the pandemic setting Ex-
tracorporeal Shockwave Lithotripsy (SWL) appears 
as an interesting option once it can be performed 
ambulatory under local anesthesia or sedation. 
Both the American Urological Association/Endou-
rological Society (AUA/ES) and European Asso-
ciation of Urology (EAU) guidelines recommend 
SWL as an effective and safe therapy for ureteral 
stones <10mm, once the median stone-free rates 
for SWL is 66.5% against 85% for ureteroscopy 
but the complication rate is lower for SWL (41, 
42). For renal stones SWL also presents good re-
sults, especially for non-lower pole and <20mm 
stones with very low complication rates.

 The peak of the pandemic is decreasing in 
several countries which does not mean that the 

World will get rid of the virus soon and that pro-
tective measures will be relaxed in the next mon-
ths. Thus, changing some practice patterns and 
not simply postponing procedures are of utmost 
importance once stone patients suffer with pain 
and repeated infections. Therefore, SWL can be a 
very interesting alternative in this moment.

 Proietti et al. proposed a classification 
for endourologic procedures regarding their ur-
gency (40). We propose some changes adapting 
to our country. This classification is summarized 
in Table-5.

Grade 1 - Surgical emergencies: patients 
that should be operated in 24-48 hours: obstruc-
tion associated to infection, obstructive anuria 
in solitary anatomic or functional kidney or bi-
lateral obstructive ureteral stones, obstructive 
ureteral stones in immunocompromised patients 
or in those with complications of previous en-
dourologic procedures presenting with urinary 
fistula, abscess or obstruction.

Table 3 - Oncological surgeries and procedures during COVID-19 pandemic (Ficarra et al., Stensland et al., modified).

Organ Cancer condition Surgical procedure

Kidney

Clinical T1a/b Postpone. Consider ablative procedures

Clinical T2 Partial/radical nephrectomy

Clinical T3-T4 Radical nephrectomy/ thrombectomy in 
case of thrombus

Bladder

Small/ low grade Postpone

Noninvasive high-grade tumor > 2cm 
tumor at first diagnosis

Trans urethral resection

Invasive Refractory CIS Radical cystectomy + diversion

Prostate

High grade Radical prostatectomy. Consider 
radiotherapy for selected cases

Low/intermediate grade Postpone. Radiotherapy?

Testis Radical orchiectomy

Upper urinary tract

Low grade Postpone.

High grade, ≥T1c Nephroureterectomy + lymph node 
dissection

Adrenal tumor
Smaller than 6 cm Postpone

Bigger than 6 cm Adrenalectomy
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Grade 2 - Urgencies: patients that should 
be operated in no more than two weeks, inclu-
ding obstructive ureteral stones with mild or no 
pain and obstructive renal pelvic stone with ne-
phrostomy.

Grade 3 - Semi-elective surgeries: patients 
that should be operated in no more than 8 weeks: 
patients previously stented due to ureteral or renal 
stones or in cases of renal stones with afebrile UTI 
or chronic renal function loss.

Grade 4 - Elective surgeries: asympto-
matic non-obstructive caliceal stones in non-
-solitary kidneys.

Laparoscopy and Robotics surgeries in the 
pandemic era

 One of the characteristics of SARS-CoV-2 
is its high infectivity and capacity to remain via-
ble and infective for up to four hours in aerosols 
and days in stainless steel and plastic, similarly 
to SARS-CoV-1 (44). These facts raise concerns 
of infection of the operating room (OR) person-
nel during intubation/extubation and in laparos-
copic/robotic surgeries. Spread of viruses through 
the smoke of electrocautery or laser devices du-

ring surgery is well documented for papillomavi-
rus (HPV) and also for HIV (37, 45). The cautery 
smoke of 62% of plantar warts treated harbored 
HPV virus DNA (46-48). Although not proved for 
SARS-CoV-2, this should not be the exception and 
OR personnel should take extreme care to avoid 
contamination during these procedures (49).

 In order to avoid or minimize the risk 
of contamination during laparoscopic and ro-
botic procedures, some rules must be followed. 
The trocars should be adequate to the incision to 
avoid carbon dioxide (CO2) leakage; an exclu-
sive 5mm trocar should be used for insufflation 
and deflation and a smoke evacuation filter used, 
the pneumoperitoneum should be reduced to the 
lowest possible as well as the electrocautery po-
wer, the pneumoperitoneum should be evacuated 
slowly and only by the exclusive trocar (20, 49, 
50). Additionally, it is recommendable that also 
the console surgeon wears protective glasses and 
mask (50) (Table-6).

Renal transplantation
 No evidence of transmission of SARS-

-CoV-2 by organ donation has been demonstrated 

Table 4 - Endourologic conditions and management during pandemic (Proietti et al., modified).

Condition Management

Grade 1 - Emergencies (operate in no more than 24-48h)

-Obstructive pyelonephritis (any cause)
- Ureteral stone: Obstructive anuria, refractory pain, worsening 

renal function.
Obstruction in immunocompromised patients (tx, chemo).

- Pre-stented patients with pain, infection, hematuria
- Postoperative complications (fistula, abscess, avulsion, 

obstruction).

Grade 2- Urgencies (operate in no more than 2 weeks)
Obstructive ureteral stone - no pain; no spontaneous elimination 

after 4 weeks;
Obstructive renal pelvic stone with nephrostomy

Grade 3 - Semi elective surgeries (operate in no more than 
8-12 weeks)

Previous stent due to ureteral or renal stones;
Renal stone with afebrile UTI or chronic renal function loss.

Grade 4- Elective surgeries
Asymptomatic non obstructive caliceal stones- non solitary 

kidney.
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but it has been shown the presence of the virus 
in the blood of 15% of patents with COVID-19; 
therefore, all solid organs are at risk of trans-
mission (25, 51, 52).

 Like other elective surgeries, renal 
transplants, particularly those with live donors 
should be deferred especially in places with a 
high incidence of COVID-19 (53). Renal trans-
plants should be considered for highly sensiti-
zed patients (panel reactive antibodies - PRA 
>95%) or other urgencies like no access for 
dialysis. The transplantation team must check 
the availability of intensive care unit and ven-
tilators and the capacity of the hospital of ha-
ving these patients in COVID-19-free area and 
trained personnel for taking care of transplan-
ted patients (51).

 Regarding donors, it is recommendable 
and mandatory that all potential live and dece-
ased donors be screened with PCR-RT nasal and 
oropharynx swab test and also with the rapid 
test. Additionally, a clinical and laboratorial 
screening should be performed regarding the 
previous occurrence of symptoms (fever, myal-
gia, dry cough, etc.) also including a chest CT 
(51). Living donor transplants should be pos-
tponed for 14 to 21 days if donors had been 
exposed to the virus, visited highly epidemic 
regions or presented COVID-19 related symp-
toms. The donor should be closely monitored 
during this period (51, 52).

 Regarding the safety of the transplant 
surgical team, it is mandatory the use of PPE 

as discussed above for other surgeries. Organ 
procurement teams should avoid travelling to 
COVID-19 high incidence zones and work in 
parallel with other procurement teams in order 
avoid contact among them (51).

 There are only few reports on the ou-
tcomes of transplanted patients that developed 
COVID-19; in one case, the patient recovered 
with initial cessation and subsequent reduction 
of immunosuppressive agents (54) and another 
case where the patient recovered without any 
reduction in immunosuppression (53). On that 
manner, there is no absolute consensus about 
how to deal with these patients.

CONCLUSIONS

 SARS-CoV-2 induces a renal tubular 
lesion compatible with acute tubular necrosis 
that can lead to acute renal insufficiency and 
a testicular lesion similar to other viral orchitis 
but with no clinical cases reported. Presential 
outpatient visits must be replaced by electronic 
consultations and the majority of invasive ou-
tpatient diagnostic and therapeutic procedures 
shall be postponed. Urgent surgeries in gene-
ral urology, oncology and endourology are well 
defined and exceptions should be discussed 
case by case. Elective surgeries must be postpo-
ned. Patients undergoing undeferrable surgeries 
shall be screened for SARS-CoV-2 infection be-
fore their procedures and positive cases should 
have their surgeries postponed unless an organ 
or life-threatening emergency occurs. Medical 
team must protect themselves by wearing ap-
propriate PPE and by adopting surgical tech-
niques to reduce spreading of the virus. Kidney 
transplantation can be done in particular situ-
ations with very special concerns to the live 
donor, receptor and medical team health.
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 Eduardo Mazzucchi, MD. is a speaker for 
Boston Scientific and Promedon.

Table 5 - Rules for laparoscopy and robotic surgeries 
during pandemic

1. Adequate incision to trocar diameter

2. Use an exclusive 5mm trocar for insufflation/deflation

3. Lower pneumoperitoneum pressure

3. Reduce electrocautery power, use bipolar 

4. Deflate using the OR suction system or a filter

5. Deflate only by the dedicated trocar

6. Avoid sudden release of pneumoperitoneum
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ABSTRACT

Vaginoplasty is a commonly performed surgery for the transfeminine patient. In 
this review, we discuss how to achieve satisfactory surgical outcomes, and highlight 
solutions to common complications involved with the surgery, including: wound 
separation, vaginal stenosis, hematoma, and rectovaginal fi stula. Pre-operative 
evaluation and standard technique are outlined. Goal outcomes regarding aesthetics, 
creation of a neocavity, urethral management, labial appearance, vaginal packing 
and clitoral sizing are all described. Peritoneal vaginoplasty technique and visceral 
interposition technique are detailed as alternatives to the penile inversion technique in 
case they are needed to be used. Post-operative patient satisfaction, patient care plans, 
and solutions to common complications are reviewed.
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OVERVIEW

Vaginoplasty is the most commonly per-
formed surgery for gender affi rmation, with more 
than 3.000 performed annually worldwide. Ove-
rall, it is a safe and reliable surgery for genital 
reconstruction in a male-to-female patient (1). 
Techniques include the most commonly used 
procedures: penile inversion, as well as visceral 
interposition and pelvic peritoneal vaginoplasty. 
Uncommon, but important complications include 
rectovaginal fi stula and vaginal stenosis.

 With greater social and medical ackno-
wledgement of gender dysphoria, a wider range 

of patients are seeking care, including elderly, 
medically comorbid, and younger patients (who 
may require different vaginoplasty techniques 
and considerations because of the use of puberty 
blockers). Surgical care for transgender patients 
has steadily improved, and increased global ex-
perience has steadily enhanced outcomes. Ho-
wever, it is crucial to continue to improve these 
techniques for still better outcomes including 
improving the aesthetics and function of the 
neovagina, increasing patient satisfaction, and 
decreasing complication rates. At our high-vo-
lume center, we perform more than 140 vagino-
plasty surgeries per year, and have an ongoing 
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program of surgical improvement aimed at op-
timizing this surgery.

INTRODUCTION

 Approximately 44 million individuals 
worldwide are diagnosed with gender dysphoria, 
and with increased advocacy, acceptance, and ac-
cess to care, individuals seeking care for gender 
dysphoria are likely to rise in the future (2). Gender 
affirmation surgery (GAS) has been demonstrated 
as the most effective treatment for gender dyspho-
ria in those who desire it (3). Successful GAS re-
lies on elements of psychotherapy, hormonal the-
rapy, genital and non-genital surgical procedures 
(3). More specifically, transfeminine genital GAS 
(gGAS) refers to feminizing genital procedures 
including vaginoplasty. A detailed understanding 
of pelvic anatomy and specific understanding of 
patient’s surgical goals are necessary for success-
ful vaginoplasty.

 Prior to surgery, the World Professional 
Association for Transgender Health (WPATH) gui-
delines should be considered. These guidelines are 
from the Standards of Care for the Health of Trans-
sexual, Transgender, and Gender Non-conforming 
People, and serve to help determine appropriate 
candidates for surgery (4). Even though there are 
few absolute medical contraindications to surgery, 
the preoperative consultation should be used to 
identify relative risk factors associated with higher 
rates of complications, and to optimize care for 
such factors pre-operatively. It is crucial that the 
irreversibility of the procedure is emphasized, and 
mandatory to determine if the patient can safe-
ly undergo surgery and cope with the psychiatric 
and self-dilation demands that their new anatomy 
will produce.

 The type of vaginoplasty performed is de-
pendent on every individual’s specific needs and 
surgical goals. Some patients may choose a “zero-
-depth” vaginoplasty (aka “vulvoplasty”) if they do 
not anticipate to ever want vaginal penetration, or 
they may have comorbidities that make this a sa-
fer option (5). Younger patients in whom puberty 
has been arrested, may have insufficient penile skin 
needed for neovaginal cavity augmentation in ex-
cess of what is available through standard penile 

inversion techniques (2). To accommodate diverse 
patient needs, high volume centers offering vagi-
noplasty should be well-versed in more than one 
technique and offer alternatives when appropriate.

 In this review, we discuss how to achieve 
satisfactory surgical outcomes and highlight so-
lutions to common complications associated with 
vaginoplasty. The anatomy, as well as aesthetic 
and functional parameters, including the different 
techniques involved in the creation of a canal, are 
discussed. In addition, the penile inversion techni-
que is detailed because it is the usual technique of 
choice for vaginoplasty. The visceral interposition 
and peritoneal vaginoplasty techniques are also 
briefly outlined as secondary methods to create 
the neovaginal cavity. Finally, methods to maxi-
mize patient satisfaction and solutions for com-
mon complications, including rectovaginal fistula 
and vaginal stenosis, are summarized.

Pre-operative medical care
 After receiving WPATH support letters and 

completing depilation (if desired), surgery is sche-
duled. Notably, preoperative hair removal is only 
required at the proximal shaft of the phallus, as 
this tissue will be transferred to the vaginal cavity 
and will continue to grow hair after vaginoplas-
ty. Patients with chronic medical conditions such 
as hypertension, diabetes and/or hypercoagulable 
state are cleared and optimized by the patient’s 
own physicians. The day before the surgery, the 
patient completes a mechanical colon prep.

BMI and vaginoplasty
 A thorough evaluation of the thousands of 

manuscripts that discuss the role of body weight 
and surgical complications is beyond the scope of 
this paper. Many surgery centers have a BMI cuto-
ff over which gender confirmation surgery is not 
performed, which varies from center to center. At 
our center there is no cutoff for feminizing mas-
tectomy for example, but we do have a strong pre-
ference for patients to have a BMI of 39 or lower 
for vaginoplasty. Many other centers have a more 
restrictive cut-off.

 The literature seems clear that as BMI in-
creases by decile (i.e.: from 20’s to the 30’s), ove-
rall complication rate rises predictably (6, 7). Some 
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of these complications are self-limited wound in-
fections, but other notable complications, such in-
creased, possibly deadly venous thromboembolism 
(VTE), have also been reported (6). Our practice is 
to assess the patient’s general health and cardiac 
risk first and foremost. While rising BMI has an 
association with diabetes, cardiovascular disease, 
hypertension, obstructive sleep apnea and surgical 
infection, each of these risks must be independen-
tly assessed as being present/not present in each 
patient regardless of BMI. Patients with higher risk 
require thorough optimization and surgical clea-
rance from their primary care physicians and me-
dical specialists. Patients with diabetes should have 
excellent control of blood sugar, and we prefer pre-
operative HgA1c values below 7.0.

Standard Inversion Technique

 Penile inversion vaginoplasty is the most 
common vaginoplasty technique utilized today (2).

 From an embryologic perspective, unders-
tanding homologous structures between male and 
female genitalia creates a framework for both the 
deconstructive and reconstructive approach to the 
surgery. The labia majora are formed from the lateral 
periscrotal skin, the labia minora are created from la-
teral neovaginal tissue (former penile base skin), and 
the clitoris is formed from the reduced dorsal glans. 
The neoclitoris is perfused by the dorsal penile ar-
tery and is innervated by its dorsal penile nerve and 
so requires that the neurovascular bundle be meti-
culously preserved. To allow for the creation of the 
inner labia minora, urethral meatus, and vestibular 
lining, the penile urethra is shortened, spatulated and 
everted. To augment the vaginal depth, full-thickness 
skin grafts can be harvested from scrotum and sewn 
at the end of the inverted penile skin sleeve (8). This 
technique creates an aesthetic and functional vagina 
and external genitalia (Figure-1).

Brief step-by-step of the standard inversion te-
chnique

1) Identify and mark the perineal flap to in-
dicate the location of the vaginal introi-
tus. (Figure-2).
A) Excellent vaginal depth can be achie-

ved without using any perineal skin 

Figure 1 - Well-healed postoperative appearance after 
penile inversion vaginoplasty showing excellent appearance 
of labia majora, labia minora and clitoris. Note the 
appearance of the clitoral hood, and the well-sized clitoris, 
which closely mirrors that found in the natal female.

flaps, which is desirable as this tissue 
can introduce hair bearing skin into 
the introitus. Also, sparing the skin of 
the perineum provides a useful “tissue 
bank” of healthy skin flaps that can 
be used later to repair those patients 
who might develop narrowing of the 
introitus.

2) To create the future limits of the vagi-
nal introitus, mark the anterior limit of 
the incision by measuring from the pe-
rineal body to the penoscrotal junction 
along the perineal midline raphe so that 
the future labia majora will be smooth, 
graded and continuous appearing. This 
v-shaped design also reduces the risk of 
introital contracture.

3) After orchiectomy, create the vaginal 
canal within the space between the rec-
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Figure 2 - Surgical markings indicating the borders of the 
scrotal skin removal, sparing the penile base tissue, and 
creating a wide-open perineal opening for the future vagina.

Figure 3 - A neovaginal space at least 14cm deep and 6cm 
wide is created. In this photo, a second team has made the 
clitoris already.

tum and prostate (Figure-3). Use cautery 
to make a midline incision through the 
perineal fascia into the deep perineal 
pouch. Dissection continues to the peri-
toneal refl ection until the cavity is at le-
ast 14cm deep. This is done by following 
Denonvillier’s fascia to its terminus. 
While dissecting, avoid iatrogenic injury 
to the rectum, prostate, and bladder. In-
cise the ischiocavernosus muscles after 
the vaginal cavity is created to enlarge 
its width.

4) Resect the bulbospongiosus muscles (be-
cause of anecdotal reports of diffi culty 
urinating with sexual arousal when the 
muscle is not removed).

5) Separate the urethra from the corpora 
and discard distal unneeded urethra. Par-
tially remove the ventral corporal bodies, 
meticulously sparing the neurovascular 
bundle, its underlying corpora and the 
portion of the glans designated to make 
the neoclitoris.

6) Create a neoclitoris (Figure-4) and loose-
ly affi x the neurovascular pedicle to the 
fascia of the anterior abdominal wall to 
prevent migration.

7) Position the penile fl ap/scrotal skin 
complex into the vaginal cavity after 
suturing the penile and scrotal-perineal 
grafts together (Figure-5).

8) Invert and advance the fl ap into the neo-
vagina.
a. The labia majora are created naturally 

when the penile skin is involuted, 
which only requires suturing of the 
skin edges to complete.

9) Construct the labia minora and clitoral 
hood (Figure-6).

10)Place vaginal packing into the vaginal ca-
vity and place a bolster dressing (Figure-7). 
Remove the vaginal packing after 5-7 days.

GOAL OUTCOMES

Anatomy and aesthetics
 The ultimate goal for gender reassignment 

surgery in transfeminine patients is to create ex-
ternal genitalia congruent to the natal female, a 



IBJU | VAGINOPLASTY TIPS

267

functional urethra, and vaginal depth sufficient 
for intercourse if desired. Overall, the ideal neova-
gina should have an aesthetic female appearance, 
a sensate neoclitoris, and a vaginal cavity that is 
functionally specific for a patient’s needs.

 The vestibule must appear moist, and the 
clitoris and its hood should be in the superior as-
pect and midline of the neolabia minora construct, 
with the neourethra approximately two thirds the 
distance from the clitoris to the introitus. To pre-
vent the clitoris from being placed too high, the 
neoclitoris must be positioned at the line joining 
the adductor longus tendon. To ensure a moist 
appearance of the vestibule and allow for some 
lubrication with arousal, the medial labia minora 
are created from lateral urethral tissue, and the 
neoclitoris is brought through the center of the 
urethral flap.

Figure 4 - An aesthetic, properly sized clitoris is made from 
the dorsal glans. Note preservation of the nerve, artery, 
and vein of the phallus including the tunica albuginea over 
which it courses.

Figure 5 - The penile skin flap is sewn to the thinned scrotal 
tissue, over a vaginal form, to create a large-size vaginal lining.

 To ensure that the introitus, neovagina, la-
bia minora, clitoris and its hood are hairless, com-
plete hair removal of the penile shaft should be 
accomplished preoperatively either by electrolysis 
or laser hair removal pre-operatively. Only the pe-
nile shaft needs to be treated. Depilation may take 
more than one year to complete, so this should be 
factored in when planning surgery. Effective hair 
removal will not permanently remove all potential 
for future hair growth and may only decrease the 
density of hair on treated skin. Our experience is 
that no hair removal is truly permanent, and hair 
regrowth may be a feature of any vaginoplasty. 
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To avoid increased risk of infection and damage 
to the subdermal plexus, which is required to keep 
the penile flaps alive, hair removal should not be 
performed within two weeks of surgery.

Cavity
 A neovaginal cavity to allow for penetra-

tive sexual intercourse is important for many pa-
tients. The potential space to create this cavity is 
determined by the anatomy of the male perineum/
pelvis. The maximum size of the cavity depends 
on the body habitus. Although there is no stan-
dard size for the creation of a neovaginal cavity, a 
depth less than 6cm is associated with an increase 
in the need for secondary revision surgery (9). In 
most cases, we create a cavity measuring at least 
14cm by 6cm to reduce the need for revision sur-
gery (9). Larger cavities, especially in tall or large 
patients, are routinely achieved. However, patients 
must follow a strict dilating regimen or the ca-
vity will shrink post-operatively. To prevent loss 
of depth and width, post-operative management 
by dilations may need to be maintained for the 
patient’s lifetime.

 In general, other than meticulous surgical 
technique, there is no widely accepted or scien-
tifically-proven method for improving the ou-
tcomes pertaining to the vaginal cavity. We and 
others have endeavored to place growth-factor-

Figure 6 - Two examples of immediate post op result. Note minor differences in the size and configuration of the external 
genitalia, just as in natal females.

A B

-rich material in the cavity to improve outcomes. 
We currently use 100mg of Amniofill™ (MiMedx; 

Figure 7 - After vaginal packing is placed, a bolster dressing 
is placed over the packing to eliminate the possibility of 
packing extrusion. The bolster dressing can be extended 
over the entire genitals to provide light pressure to combat 
swelling and hematoma.
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Marrietta, Georgia, USA) sprinkled into the cavity 
before placing the inverted penile skin flap in pla-
ce. AmnioFill™ is a sterile tissue matrix allograft 
derived from human amniotic membrane (harves-
ted during scheduled Caesarian section surgery) 
that preserves active extracellular matrix proteins, 
growth factors, cytokines, and other specialty 
growth factors to help enhance healing (10, 11). 
More than 100 scientific reports support the use 
of dehydrated human amnion to improve healing 
and decrease scarring. We have anecdotally seen 
fewer vaginal wound disruptions with its use, yet 
further research is required to determine its effec-
tiveness in vaginoplasty surgery.

Urethral management
 We use the PKS SEAL™ Open Forceps, part 

of the Advanced Bipolar PK System (Olympus; Cen-
ter Valley, PA), to simultaneously incise and seal the 
ventral urethra. This is an impedance-controlled, 
bipolar vessel sealing system that seems to greatly 

decrease bleeding and oozing from the cut urethral 
edge (12). The distal urethra is discarded, the distal 
bulbar urethra is incised to create the paraclitoral 
moist/pink tissue, and the proximal bulbar urethra 
is left in place as the shortened, female-type urethra. 
It is important that the bulbar urethra is incised to 
a point where it is absolutely straight from the bla-
dder, as otherwise the urine may shoot up and over 
the toilet brim with seated voiding. As mentioned 
previously, the bulbospongiosus muscle is mostly re-
sected, as when this is not done, some patients report 
inability to void when sexually aroused.

 The cut edges of the urethra can be a sour-
ce of ongoing bleeding after surgery, so throm-
bin-soaked gel foam is placed around the clitoris 
and urethral catheter before the bolster dressing 

Figure 8 - Moderate loss of the left inferior skin flap resulting 
in dehiscence of the suture line. This may be treated by 
wound debridement and irrigation and delayed primary 
closure. Note wound exudate over the clitoris is commonly 
present (as it is here), and usually resolves with time.

Figure 9 - Total loss of the vaginal canal 10 months after 
vaginoplasty, in a patient with no previous signs of vaginal 
flap/graft loss. This patient has a notable history of healing 
other wounds very quickly and thoroughly and may represent 
a “phenotype” of patients with the ability to aggressively fill 
in surgical defects. Note the otherwise excellent appearance 
of the external genitalia.
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is placed, with good effect against troublesome, 
ongoing bleeding.

Labia majora fat
 Some patients will have a large degree of 

adipose in the perineum that can be divided in the 
midline and then moved laterally to fill the labia 
majora, or it can be removed. If the amount of this 
fat is excessive, we tend to remove it, as there usu-
ally is plenty of left over adipose to make a plump, 
cushioned, and aesthetic labia majora.

Clitoral sizing
 The clitoris should be fashioned to be aes-

thetically equivalent to an adult cis female. In 
addition, the creation of a thorough and aesthe-
tic labia major creates a clitoral hood that further 
recapitulates the ideal neovulva. The clitoris can 
initially be made small (i.e.: size of the tip of the 
5th finger) but will often both retract and contract 
in size over time, possibly leaving a “too small” 

or even vanished clitoris. We prefer to make a 
slightly larger clitoris (i.e.: the size of the tip of 
the 4th finger) to anticipate some shrinkage/con-
traction over time and to maximally preserve the 
erogenous nerves of the glans. Even though sli-
ghtly larger at first, the neoclitoris ends up being 
thoroughly covered by the neoclitoral hood and 
seldom is protuberant. Rare cases of over protube-
rant clitoris can be revised in a small surgery after 
full healing has occurred (5).

Vaginal Packing
 An important step after completion of va-

ginoplasty is the placement of vaginal packing. 
We use Kerlix™ (11.4cm X 3.6m; Medtronic, for-
merly Covidien; Minneapolis, MN), as the thinner, 
standard vaginal packing used in other vaginal 
surgery is not bulky enough to fill the space. The 
Kerlix is thoroughly soaked in Clindamycin 1% 
foam and lubricating jelly. The packing is placed 
with Russian forceps to fill the cavity evenly, that 
is then sealed in place with the bolster dressing.

Peritoneal vaginoplasty technique
 For augmentation of the inverted penile 

flap canal, some centers have used the pelvic pe-
ritoneum to line the deep neovaginal cavity. This 
technique does add time, expense, and comple-
xity, but can be advantageous for patients who 
have had puberty arrested and thus insufficient 
penile skin for the creation of a neovaginal cavi-
ty using the standard penile inversion technique 
(2). It also appears to be effective to salvage peni-
le inversion vaginoplasty patients who have had 
marked shrinkage or obliteration of the vaginal 
cavity. Eventual epithelization of the neovagina is 
said to occur over some months (13).

 This peritoneal vaginoplasty is similar 
to the penile inversion technique aside from the 
following differences:

1) The external genitalia are created as 
in the penile inversion vaginoplasty, 
including incising the future vaginal 
introitus, as described above.

2) The peritoneum is entered robotically. 
The pelvic peritoneum is incised, and 
a peritoneal flap pulled down to meet 

Figure 10 - Severe post-operative swelling and likely 
hematoma. Note the distribution of bruising along the 
abdomen and thighs, conforming to the borders of Camper’s/
Scarpa’s fascia.
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the vaginal introitus by upward, an-
terior, and posterior retraction, and 
sutured. Suture the caudal end of the 
peritoneal cavity.

3) Tack the anterior rectum to the peri-
toneum to prevent development of a 
rectocele.

Visceral interposition vaginoplasty technique
 In cases of congenital vaginal agenesis, 

revision of severe vaginal stenosis after previous 
inversion vaginoplasty, or grossly insufficient pe-
nile length, sigmoid interposition or ileal vagino-
plasty technique can be used, although we would 
generally favor a revision peritoneal vaginoplasty 
in these cases (14). Use of bowel might be advan-
tageous for some revision cases because it provides 
a vascularized, tubular structure that provides its 
own mucous which can act as lubrication. It also 
may allow for easier inset into a previously opera-
ted field, as well as reducing the possibility of ne-
eding continuous dilations. Because of occasional 
patient complaint of foul-smelling mucous dischar-
ge after colon vaginoplasty, this technique is not 
often performed (2) and we avoid its use.

Patient Satisfaction
 Vaginoplasty has excellent outcomes 

among appropriately selected patients. Patient sa-
tisfaction can be maximized by extensive pre-ope-
rative counselling and setting realistic expectations 
for what the surgery can and cannot achieve. A 
pre-operative consultation first determines if the 
patient can undergo the surgery safely, and cope 
with the psychiatric/recovery/dilation demands of 
the surgery. Factors that can help determine if the 
patient is an appropriate candidate for surgery in-
clude personal and social stability, age of majority 
at the time of surgery, and a stable support system. 
Dissatisfaction, even to the point of surgical regret, 
appears to be increased by the presence of surgical 
complications (2). Therefore, it is crucial to address 
potential future self-limited and non-self-limited 
complications, and communicate effectively how 
those complications will be ameliorated should 
they occur (15). Requests for revision, usually to 
improve features of the cosmetic appearance can 

include reconstruction of the clitoral hood, forma-
tion of a more defined labia minora, or reduction of 
labia majora size/bulk (5).

Post-operative care plans
 We use postoperative clinical pathways 

(CPWs) to provide high quality care through alig-
ning clinical practice with clinical best practices. 
CPWs seek to improve clinical outcomes while mi-
nimizing costs, and can improve overall healthcare 
costs, resource allocation, and length of stay (16). 
CPWs have been used in clinical practice interna-
tionally since the 1980s, and an estimated 80% of 
hospitals in the US had implemented CPW as of 
2003 (16, 17). A 2012 Cochrane Review showed 
that CPW implementation consistently reduced in-
-hospital complications and improved documen-
tation without increasing patient’s length of stay 
or healthcare costs (16). In addition, a majority of 
studies reported that CPW’s decreased in-hospital 
complications for surgical procedures (16).

 We use a robust, standardized, 2-day 
inpatient CPW for all full vaginoplasties. In this 
way, order sets are standardized between patients, 
decreasing the potential for errors, and minimi-
zing ad hoc orders placed for each individual. 
Nursing expectation for daily progress is also 
standardized. Patients who are not meeting ex-
pected milestones are identified early and receive 
extra diagnostic/therapeutic attention. Finally, 
our patient’s understanding of the day-by-day 
hospital course is greatly improved. Patients are 
given individualized treatments, especially when 
encountering complications, but our CPW allows 
patient, physician, and nurses to be aligned as to 
each day’s expectations and treatments. Because 
of the predictable safety profile provided by our 
post-operative CPW, most vaginoplasty patients 
are able to be safely discharged 2 days after the 
operation at our center.

 Patients stop progesterone two weeks be-
fore surgery but are allowed up to 4mg/day of es-
trogen up until the day before surgery. Estrogen 
is held while in-patient, and restarted when the 
patient is ambulating reliably once home.

 Patients with zero depth vaginoplasty are 
discharged home the day of surgery. Patients with 
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a neovagina are admitted for an average of 48 
hours after surgery, although some surgeons have 
good results with shorter hospital stays. They are 
placed on a standardized postoperative care pa-
thway, with early nutrition and ambulation, ice 
off/on to the surgical area, and multimodal pain 
medication that includes muscle relaxers and 
NSAIDS, with use of narcotics only when needed. 
They are discharged home with vaginal packing 
and a urinary catheter in place and are to be seen 
in 5-7 days for packing/catheter removal. They 
stay on oral antibiotics until the packing is out.

 At the time of packing removal, the pa-
tient is educated on how to dilate the neovagina 
and they begin a daily regimen of dilation. They 
are seen weekly for two more weeks and as needed 
after that.

POST-OPERATIVE COMPLICATIONS

Wound separation
 The most common postoperative compli-

cation is wound separation at the inferior introi-
tus. Usually it is treated with dry dressings and 
expectant management. Minimal bedside debri-
dement may be required, and rarely a thorough 
wound washout and delayed primary closure with 
nylon sutures may be needed (Figure-8).

Vaginal stenosis
 The vaginal canal can become narrowed 

and stenotic, resulting in loss of depth and wi-
dth (Figure-9). Vaginal stenosis is best managed 
by maintaining serial dilations, although an im-
portant minority of patients can still get vaginal 
stenosis despite diligent dilation. In case where 
only the introitus is narrowed, incising the “scar 
ring” and bringing in perineal skin using y-v plas-
ty is often curative. In cases that need an involved 
revision vaginoplasty, skin grafts may be placed 
into incisions made into the neovagina. For more 
severe cases, revision peritoneal vaginoplasty or 
visceral interposition vaginoplasty may be requi-
red. In some patients, vaginal canal loss is due to 
inexorable healing of the vaginal cavity over time, 
despite all dilation efforts, which we hypothesize 
is more likely in certain patients with a history 

of exuberant scar formation, superfast healing, or 
other scarring-related disorders such as urethral 
stricture (5).

Hematoma
 Vaginoplasty surgery involves well-vas-

cularized tissue and the cut edges of the corpora 
cavernosum, bulbar urethra, vaginal cavity and 
spermatic cord may bleed despite thorough sur-
gical technique. Small postoperative hematomas 
are relatively common and may generally be ob-
served. Large hematomas are uncommon and may 
require surgical exploration and drainage if they 
cause swelling that endangers the health of the 
flaps. (Figure-10).

Rectovaginal fistula
 Rectovaginal fistula is the most devasta-

ting complication for transfeminine genital sur-
gery and can occur occasionally despite careful 
technique. Fistulas that develop in the absence 
of obvious rectal injury/repair may result from 
a occult vascular insult to the rectum (3). Other 
mechanisms include disordered healing of a kno-
wn intraoperatively-repaired rectal injury or an 
undiagnosed rectal injury. Rectovaginal fistulas 
may occur early or late. Many fistulas are small 
and heal spontaneously, but fistula repairs may 
be necessary (5). Reparative surgery involves fecal 
diversion, resection of the fistula, and revision of 
the vaginoplasty (3).

CONCLUSIONS

 We and others endeavor to constantly 
evaluate and improve the steps of vaginoplas-
ty surgery, and to investigate new concepts and 
materials in an ongoing effort to further improve 
outcomes. We have had good success with the-
se techniques at our high-volume center, though 
more thorough investigation and quantification of 
patient outcomes is still needed. Ultimately, with 
continued innovation and sharing of improved 
surgical techniques, it may be possible to better 
standardize care and improve the aesthetic and 
functional outcome of this complex and increa-
singly common surgery.
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COMMENT 

The paper by Santucci et al. (1) gave us a huge view of options in vaginoplasty for transgender care. 
The Crane center is one of the largest centers for transgender care in United States with great experience in 
this complex procedure. Gender-affi rming surgery (GAS) is increasingly recognized as a therapeutic inter-
vention and a medical necessity, with growing societal acceptance and this kind of knowledge is essential 
for urologists. It is therefore imperative to understand and establish best practice techniques for this patient 
population. The great problem with GAS is the poor quality of the studies about it. There is a lack of rando-
mized trials to fi nd the best way to treat and build a vagina. Most of the studies, including this by Santucci 
is based in personal experience. Some options as Skin mesh and buccal mucosa vaginoplasty, who achieve 
some good results in other centers were not described. As a whole the paper give some good tips and tricks 
for that surgeons that already do the procedure and opens a new world for the others,
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Oxidative origin of sperm DNA fragmentation in the adult 
varicocele
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ABSTRACT

Purpose: Sperm DNA fragmentation is a major cellular mechanism underlying varicocele-
related male infertility. However, the type of DNA fragmentation - whether oxidative 
or of another nature - remains unknown. Thus, the aim of this study was to evaluate 
single- and double-stranded sperm DNA fragmentation, and oxidative-induced sperm 
DNA damage in men with varicocele.
Materials and Methods: A cross-sectional study was performed, including 94 
normozoospermic adults, of which 39 men without varicocele (controls) and 55 men with 
varicocele grades II or III, uni- or bilaterally. All men collected semen by masturbation. 
After semen analysis, the remaining volume was used for evaluation of three types of 
sperm DNA damage: (i) total DNA fragmentation, using an alkaline comet assay, (ii) 
double-stranded DNA fragmentation, using a neutral comet assay, and (iii) oxidative 
DNA damage, using an alkaline comet assay associated with the DNA glycosylase 
formamidopyrimidine enzyme. In each assay, percentage of sperm with any degree of 
DNA fragmentation, and with high DNA fragmentation were compared between the 
groups using an unpaired Student’s t test or a Mann-Whitney test.
Results: The varicocele group presented a higher rate of sperm with fragmented DNA 
(both any and high DNA fragmentation), considering single-stranded DNA fragmentation, 
double-stranded DNA fragmentation, or a combination of both, as well as oxidative-
induced DNA fragmentation.
Conclusions: Patients with varicocele have an increase in sperm DNA fragmentation 
levels, particularly in oxidative stress-induced sperm DNA damage.
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INTRODUCTION

Varicocele, considered the main treatable 
cause of male infertility, is characterized by venous 
dilation in the pampiniform plexus with blood refl ux 
(1). Varicocele is associated with semen alterations 
(2-4), however, semen analysis itself does not pro-
vide a direct diagnosis of infertility, due to its low 

sensitivity (5). Therefore, additional methods to assess 
sperm quality have been studied and, particularly in 
varicocele, sperm functional abnormalities, such as 
increased sperm DNA fragmentation, have already 
been observed (2, 6).

 Sperm DNA fragmentation is considered 
one of the main cellular mechanisms associated with 
male infertility. Studies have demonstrated that it is 
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associated with decreased pregnancy rates, both in 
natural and assisted reproduction, with increased 
pregnancy loss, and with poor embryo development 
(7, 8). Approximately 10% of sperm from fertile men 
and 20-25% of sperm from infertile men present 
DNA damage (9). Sperm DNA fragmentation may oc-
cur mainly due to apoptosis during spermatogenesis, 
leading to double-stranded DNA damage (DSB), in 
chromatin packaging during spermiogenesis, which 
generates single-stranded DNA breaks (SSB), and due 
to oxidative stress (10).

 Among the many causes of sperm DNA 
fragmentation in men with varicocele, oxidative 
stress is suggested as one of the most important 
factors (11). It is defined as an imbalance between 
the production of reactive oxygen species (ROS) 
and antioxidants, in favor of the oxidant (12). In-
deed, an increase in sperm ROS levels, as well as a 
decrease in total antioxidant capacity in the semi-
nal plasma of men with varicocele were observed, 
along with high sperm DNA fragmentation (13, 
14). Furthermore, higher levels of malondialdehy-
de-a by-product of the lipid peroxidation caused 
by oxidative stress - were observed both in blood 
and seminal plasma of men with varicocele, as-
sociated with a higher percentage of sperm with 
fragmented DNA (15). Thus, this suggests the in-
volvement of oxidative stress in the sperm DNA 
damage observed in these men, as reviewed by 
Majzoub et al. (16).

 Oxidative stress-induced sperm DNA damage 
is caused by several mechanisms, both in the testes, 
the sperm transit throughout the male reproductive 
tract, and after ejaculation (17). ROS lead to the for-
mation of 8-OH-guanine and 8-OH-20-deoxygua-
nosine, which thereafter promotes SSB. Furthermore, 
the formed hydroxyl radicals and other lipid pero-
xidation by-products, such as 4-hydroxy-2-nonenal, 
activate caspases and endonucleases (18), which, in 
turn, alter nucleotides and peptides functions, indi-
rectly inducing DSB (19). Moreover, hydroxyl radi-
cals could also lead to loss of selective membrane 
permeability, allowing ROS to enter the intracellular 
environment and, thus, to directly attack DNA (20). 
Finally, ROS can compromise chromatin compaction 
during spermiogenesis, in which DNA is more sus-
ceptible to damage due to the replacement of DNA-
-associated histones by protamines (21).

 It has been considered that SSB can be more 
easily repaired by the oocyte after fertilization than 
DSB (10). On the other hand, although DSB can be 
repaired, when the damage is too extent to be re-
paired, or if the oocyte fails to repair the damage, it 
may impair embryo development and lead to a mis-
carriage (10, 22-24). It has been shown that infer-
tile men present increased DSB, compared to fertile 
controls, which was predictive of Intracytoplasmic 
Sperm Injection (ICSI) failure (25). Furthermore, it has 
been identified that men from couples with recurrent 
pregnancy loss have increased DSB (24). On the other 
hand, analyzing both single- and double-strand bre-
aks is more sensitive in predicting natural pregnancy 
(26, 27). Therefore, given the difference in prognosis 
of SSB and DSB, to establish the type of sperm DNA 
damage in men with varicocele is clinically of great 
importance.

 Although there is an association between 
varicocele and increased sperm DNA fragmentation 
rates, the type of the damage - whether oxidative or 
of other nature - remains unknown. Thus, the aim of 
this study was to evaluate SSB and DSB levels and 
oxidative-induced sperm DNA damage in men with 
varicocele.

MATERIALS AND METHODS

Patients
 The present study protocol was reviewed and 

approved by the institutional review board from our 
university (Reg. No. 26931314.5.0000.5505). Infor-
med consent was submitted by all subjects when they 
were enrolled, and the principles of the Helsinki De-
claration were followed. All reagents were obtained 
from Sigma-Aldrich (Missouri, USA), unless otherwi-
se described.

 A cross-sectional study was performed in-
cluding 94 volunteers who attended our Andrology 
Laboratory, between January and September 2015. 
Inclusion criteria were as follows: men aged between 
18 and 50 years old, whose semen presented volu-
me ≥1.5mL, concentration ≥15x106 sperm/mL, sperm 
progressive motility ≥32% and sperm morphology 
≥4% of normal cells. Exclusion criteria were: obesity 
(body mass index - BMI ≥30.0), smoking habits or 
use of psychotropic substances, report of fever within 
90 days prior to semen collection, medical history 
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of alterations associated with the urogenital tract, of 
systemic diseases such as cancer, or of chemothera-
py or radiotherapy treatments. For the control group 
(n=39), only individuals without varicocele were 
included, whereas for the varicocele group (n=55), 
only men with varicocele grades II or III, uni- or bi-
laterally, were included. Varicocele was evaluated by 
scrotal palpation in a temperature-controlled room 
with adequate illumination, and graded according to 
Dubin and Amelar (28):

(i) Varicocele grade I - dilation of spermatic 
cord palpable only with Valsalva maneuver;

(ii) Varicocele grade II - dilation of spermatic 
cord easily palpable, with the patient standing, de-
monstrating marked venous dilation during Valsalva 
maneuver;

(iii) Varicocele grade III - massive dilation of 
spermatic cord easily visualized with patient standing 
and intensified ectasia during Valsalva maneuver.

Study Design
 Semen samples were collected at the Andro-

logy Laboratory, by masturbation after 2 to 5 days of 
ejaculatory abstinence. The study design is represen-
ted in Figure-1. After semen liquefaction, an aliquot 
was used for semen analysis, according to the World 
Health Organization (WHO) recommendations, 2010 
(29). The remaining semen volume was used for the 

following analyses: (i) total sperm DNA fragmen-
tation (both SSB and DSB of any origin - alkaline 
comet assay), (ii) only DSB of any origin (neutral co-
met assay), and (iii) total sperm DNA fragmentation 
caused exclusively by oxidative stress (alkaline comet 
assay associated with the DNA glycosylase formami-
dopyrimidine [FPG] enzyme).

Sperm DNA fragmentation analyses
 To assess sperm DNA fragmentation, three 

different Comet assays were performed: alkaline co-
met assay, for evaluation of total DNA fragmentation; 
neutral assay to assess only DSB; and FPG-associated 
alkaline assay (BioLabs®, Ipswich, Canada). FPG is an 
exonuclease that recognizes and removes 8-OH-gua-
nine and 8-OH-20-deoxyguanosine adducts, and, 
consequently, forms DNA fragments at these oxidati-
ve sites, allowing evaluation of total DNA fragmenta-
tion caused by oxidative stress (30). Overall protocol 
is described in full details in previously published ar-
ticles from our group (2, 31, 32).

 Briefly, for each assay, two slides were prepa-
red with 1mL of normal melting point agarose (NMPA, 
Invitrogen, Burlington, USA) 1% (w:v) in Tris-Bora-
te-EDTA (TBE) solution and kept at room temperature 
overnight. In each slide, 100µL of low melting point 
agarose (LMPA, Invitrogen, Burlington, USA) 0.75% 
(w:v) in TBE were added to a final sperm concentra-

Figure 1 - Study design, including all performed sperm DNA fragmentation tests, as well as the type of fragmentation detected 
in each of these tests. Right panel: representative images of cell classification, both for alkaline assays and neutral comet 
assay. Class I - High DNA integrity (no DNA migration); Class II - Low DNA fragmentation (an intense nucleus with little DNA 
migration); Class III - Increased DNA fragmentation (an observed nucleus, but with intense DNA migration); Class IV - High DNA 
fragmentation (an intense DNA migration and no observed nucleus). FPG - DNA glycosylase formamidopyrimidine enzyme.
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tion of 1x106 sperm/mL of LMPA. Slides were covered 
with a coverslip and kept at 4°C to solidify. After 10 
minutes, coverslips were removed and 300µL of 
LMPA 0.75% (w:v) in TBE were added. Slides were 
again covered with a coverslip and kept for 10 
minutes at 4°C. Subsequently, coverslip was remo-
ved, and the slides were immersed in cold lysis so-
lution (100mM Na2-EDTA, 10mM Tris, 2.5M NaCl, 
2% [v:v] Triton X-100, 4mM DTT, pH=11.0) at 4°C 
for 2 hours and then washed with milli-Q water 
(2x5 minutes).

 In the alkaline assay, after lysis, slides were 
maintained in an alkaline solution (300mM NaOH; 
1mM Na2-EDTA, pH >13.0) for 20 minutes and elec-
trophoresis was carried out for 20 minutes at 1.5V/cm 
and a maximum intensity of 270mA. For the neutral 
assay, the same parameters were used, replacing the 
electrophoresis solution by TBE (pH 8.2-8.4). For the 
alkaline assay associated with FPG, before stabiliza-
tion and electrophoresis, slides were washed with NE 
buffer (50mM NaCl, 10mM Tris-HCl, 10mM MgCl2, 
1mM DTT, pH 7.9, New England BioLabs®, Ipswich) 
for 5 minutes. Thereafter, slides were incubated with 
the FPG enzyme (1:10.000 [v:v] dilution of a 8.000 
units FPG/mL, in NE buffer) for 30 minutes at 37°C. 
Alkaline and neutral assay slides remained at 4°C in 
lysis buffer while FPG slides were being incubated 
with the enzyme.

 Finally, all slides were washed with TBE (2x5 
minutes) and fixed in ethanol 70% (v:v, 1x5 minutes) 
and 100% (2x5 minutes). Subsequently, slides were 
stained with 1mL of SYBR Green solution (SYBR Gre-
en II RNA stain gel 10.000 times in DMSO), diluted 
1:10.000 (v:v) in TBE, incubated in the dark for 40 
minutes and washed with TBE. Analysis was per-
formed in an epifluorescence microscope Olympus 
BX-51 (Olympus, Japan), and 100 cells per sample 
per DNA fragmentation test were classified as: class I 
(high DNA integrity: no DNA migration), class II (low 
DNA fragmentation: an intense nucleus with little 
DNA migration), class III (increased DNA fragmen-
tation: an observed nucleus, but with intense DNA 
migration) or class IV (high DNA fragmentation: an 
intense DNA migration and no observed nucleus). Re-
presentative images of this classification are included 
in Figure-1. For statistical analysis, we considered the 
sum of classes II, III and IV, meaning cells presenting 
with any detected DNA fragmentation, and the sum 

of classes III and IV as high DNA fragmentation.

Statistical Analysis

 Statistical analyses were performed using 
SPSS (PASW) software 18.0 for Windows (SPSS, 
Inc., Illinois, USA). For all analyses, the Kolmogorov-
-Smirnov test was utilized to verify the normality of 
data distribution. Normally distributed variables were 
compared between the control and varicocele groups 
by an unpaired Student’s T test, and data are presen-
ted as mean, standard deviation and 95% confidence 
interval of the mean. On the other hand, the Mann-
-Whitney test was applied for non-normally distri-
buted variables, which are described as median, in-
terquartile range, and first and third quartile values. 
An alpha error of 5% was adopted for all cases. For 
variables presenting with a statistically significant di-
fference, Cohen’s d effect size coefficient is also pre-
sented. Effect size was considered low when below 
0.25, medium when d=0.5, and high when d=0.8 (33).

RESULTS

 In total, 94 patients were included in this stu-
dy, of which 39 were in the control group (without 
varicocele) and 55 in the varicocele group. The vari-
cocele group was composed by: 4 patients with uni-
lateral varicocele grade II on the left, 2 patients with 
unilateral varicocele grade III on the left, 1 patient 
with varicocele grade I on the left and grade II on the 
right testicle, 1 patient with varicocele grade I on the 
left and grade III on the right, 17 patients with vari-
cocele grade II on the left and grade I on the right, 18 
patients with bilateral varicocele grade II, 3 patients 
with varicocele grade III on the left and grade I on the 
right, 3 patients with varicocele grade III on the left 
and grade II on the right, and 6 patients with bilateral 
varicocele grade III.

 Results of clinical (age) and semen variables 
in the control and varicocele groups are shown in 
Table-1. Patients with varicocele presented lower 
sperm progressive motility when compared to con-
trols. The evaluation of sperm DNA fragmentation 
levels in men with varicocele is described in Ta-
ble-2. Men with varicocele presented an increase in 
sperm DNA fragmentation, regardless of the type of 
damage (SSB and DSB of any origin or oxidative-
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-induced SSB or DSB), both when considering any 
DNA fragmentation or high DNA fragmentation.

DISCUSSION

 Although the exact mechanisms through 
which varicocele negatively affects sperm func-
tion and semen quality are still poorly unders-
tood, sperm DNA fragmentation caused by oxi-
dative stress is suggested as a main contributor 
(12). However, despite the fact that both oxidative 
stress and DNA fragmentation have been obser-
ved in semen of men with varicocele (13), direct 
oxidative DNA damage has yet to be demonstra-
ted. Therefore, the aim of this study was to eva-
luate a possible oxidative origin of sperm DNA 
fragmentation in varicocele, in order to determine 
the importance of oxidative stress-induced DNA 
damage in these patients.

 In our study, patients with varicocele pre-
sented a decrease in sperm motility compared to 
controls. Studies have shown this effect of vari-
cocele (2, 4-6), although others have not observed 

a difference in conventional semen quality in the 
presence of varicocele (31). It is well demonstrated 
that varicocele is not homogeneous in terms of 
generating detectable alterations in semen qua-
lity of adult men, which in turn has led to the 
suggestion that more sensitive tests are neces-
sary (34). Our study was not designed to verify 
the effects of varicocele on conventional semen 
quality, but rather to compare sperm DNA frag-
mentation between men with or without varico-
cele. However, it is important to highlight that 
the varicocele group did present alterations on 
sperm motility, in addition to the observed incre-
ased sperm DNA fragmentation.

 We observed that men with varicocele pre-
sented a higher rate of sperm with SSB and DSB of 
any origin, when compared to the control group. 
Furthermore, these men also presented increased 
oxidative stress-related DNA fragmentation. To 
the best of our knowledge, our study demonstra-
tes for the first time, using a comet assay, that in 
normozoospermic men with varicocele, ROS are 
directly responsible for damages to the DNA single 

Table 1 - Clinical and semen analysis data of the control and varicocele groups. Groups were compared using an unpaired 
Student’s T test (α=5%), unless otherwise described.

Control Group
(n=39)

Varicocele Group
(n=55)

p

Age (years)

Mean; SD 34.6; 6.96 33.6; 5.96 0.482

95% CI 32.31-36.82 32.01-35.23

Sperm concentration (x106/mL)

Mean; SD 120.4; 51.86 118.5; 69.12 0.939

95% CI 85.52-155.20 82.93-154.01

Sperm progressive motility (%)

Mean; SD 51.7; 8.70 46.8; 11.28 0.026*

95% CI 48.87-54.51 43.75-49.85

Sperm morphology (% normal)

Median; IQ 6.0; 3.00 5.0; 4.00 0.417¥

Q1 – Q3 5.00-8.00 4.00-8.00

SD – Standard deviation; 95% CI – 95% confidence interval of the mean; IQ – Interquartile range; Q1 – First quartile (25%); Q3 – Third quartile (75%); ¥ Groups were 
compared using the Mann-Whitney test; *p <0.05, statistically significant
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and double strands. This oxidative nature of sperm 
DNA damage in varicocele is made more important 
by the fact that it occurs in the gamete. Therefo-
re, it leads to a potential transgenerational effect 
which underscores the importance of treating such 
an effect, especially because the self-feeding na-
ture of oxidative stress - and thus oxidative DNA 
damage - leads to a potentiation of the number 
of affected sperm in an ejaculate (35). Moreover, 
not all oxidative damages to DNA are detectable 
with current tests. For example, malondialdehyde 
binding to DNA, which has been shown to induce 
transversions to thymine and transitions to ade-
nine in bacteria, is not detected with the current 
array of sperm DNA fragmentation tests (36).

 In a recent systematic review and meta-
-analysis, Kirby et al. concluded that men with va-
ricocele who undergo surgical repair present increa-
sed odds of achieving pregnancy and live birth when 
compared to those who do not (37). In a comment to 
that article, Hockenberry and Lipshultz added that 
this finding demonstrates there is essentially a mis-

sed opportunity in diagnosing and treating varico-
cele (38). Indeed, the findings of our study further 
support the need for a formal urological evaluation 
and, if needed, intervention, not only with the in-
tent of increasing pregnancy and live birth rates, 
but in decreasing the potential promutagenic effects 
of oxidative DNA damage, such as discussed above. 
This is especially important because we have de-
monstrated that increased sperm DNA fragmenta-
tion is observed even in normozoospermic men with 
varicocele, and these men, currently, do not fit the 
criteria for a varicocelectomy. It should be noted, 
however, that analysis of sperm oxidative DNA 
fragmentation, as it was performed in our study, is 
non-exhaustive, which is to say that, if oxidative 
DNA damage was definitely demonstrated in our 
study by the use of a modified Comet assay, it may 
not be the only source of DNA fragmentation that 
occurs in sperm of men with varicocele.

 Direct ROS attack to the DNA strands may 
result in SSB by the formation of 8-OH-guanine 
and 8-OH-20-deoxyguanosine (18). Thereafter, these 

Table 2 - Sperm DNA fragmentation analyses in the Control and Varicocele groups. Total sperm DNA fragmentation (single- 
and double-stranded fragmentation), double-stranded DNA fragmentation, and total oxidative DNA fragmentation levels 
were compared using an unpaired Student’s T test, unless otherwise described (α=5%).

Control Group
(n=39)

Varicocele Group
(n=55)

Effect size 
(Cohen´s d)

p

Total sperm DNA 
fragmentation

Any DNA 
fragmentation

Mean; SD 64.5; 17.73 72.0; 15.29 0.453 0.031*

95% CI 58.71 – 70.21 67.83 – 76.10

High DNA 
fragmentation

Median; IQ 12.0; 10,00 15.0; 11,00 0.414 0.027¥*

Q1 – Q3 7.00 – 17.00 10.00 – 21.00

Double-
stranded DNA 
fragmentation

Any DNA 
fragmentation

Mean; SD 52.9; 16.37 64.2; 13.77 0.747 0.023*

95% CI 45.19 – 60.51 57.71 – 70.59

High DNA 
fragmentation

Mean; SD 4.0; 3.43 7.5; 4.58 0.865 0.010*

95% CI 2.39 – 5.61 5.31 – 9.59

Total 
oxidative DNA 
fragmentation

Any DNA 
fragmentation

Mean; SD 72.7; 17.92 79.9; 13.23 0.457 0.036*

95% CI 66.88 – 78.50 76.37 – 83.52

High DNA 
fragmentation

Median; IQ 13.0; 9.00 20.0; 15.00 0.609 0.004¥*

Q1 – Q3 9.00 – 18.00 13.00 – 28.00

SD – Standard deviation; 95% CI – 95% confidence interval of the mean; IQ – Interquartile range; Q1 – First quartile (25%); Q3 – Third quartile (75%); ¥ Groups were 
compared using the Mann-Whitney test; *p <0.05, statistically 
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oxidative-induced SSB may be converted to DSB by 
two mechanisms. The first mechanism is that DSB is 
promoted by two opposite and close oxidative SSB 
events, which can spontaneously convert into a DSB 
(39), an event that leads to an estimated 10 to 50 
DSB in all human cells daily (40). The second mecha-
nism takes place during meiosis I of spermatogenesis, 
when a replicative polymerase encounters an oxida-
tive SSB in the template strand and stalls, resulting 
in a collapse of the replicative fork and subsequent 
DSB formation (41). Besides these DSB formed from 
oxidative-induced SSB, DSB can also be caused du-
ring apoptosis (10).

 However, sperm with DNA fragmentation 
still have fertilizing capacity. Although this capacity 
may be reduced, given that sperm DNA fragmenta-
tion has been negatively correlated with the repro-
ductive success (8), DNA fragmentation could still 
result in fertilization. This may lead to: (i) uncom-
pensated damage, when the oocyte repair machinery 
fails to repair DNA damage, and the embryo may fail 
to develop or be aborted naturally, (ii) compensated 
damage, when the oocyte repairs the SSB and DSB by 
polymerases before initiation of the first cleavage di-
vision, leading to a healthy offspring, or (iii) partially 
compensated damage, when deletions or sequence 
errors may be introduced because of partial oocyte 
repair, and abnormal offspring may then result (42). 
Therefore, although not affecting fertilization, sperm 
DNA fragmentation may impair embryo develop-
ment, and such consequences emphasize the impor-
tance of determining the type of sperm DNA frag-
mentation in patients with varicocele. It is of note, 
however, that DSB are more hazardous to the cell, 
and may lead to consequences such as deletions (43).

 In conclusion, normozoospermic patients 
with varicocele present an increase in sperm DNA 
single- and double-stranded DNA fragmentation, as 
well as an increase in sperm oxidative DNA damage.
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COMMENT 

Varicoceles are so common in infertile men they are believed to be a leading cause of male infertility 
(1). Up to 40% of men with primary infertility have varicoceles, and this figure increases to a staggering 80% 
of men with secondary infertility (2). 

Despite this, clinical examinations are seldom performed on men attending for infertility investiga-
tions, and hence neither detection of a varicocele nor its treatment is routinely included in the male workup. 
Although there is strong evidence that varicocele repair improves semen parameters (reviewed by Tiseo et 
al. (3)), there is a poor association of a conventional semen analysis with either male infertility diagnosis or 
with successful ART (reviewed by (4, 5)). This has led to a dismissal of the need to improve sperm parame-
ters quality prior to assisted reproductive treatment (ART), especially when intracytoplasmic sperm injection 
(ICSI) can be used as a faster alternative to overcome the problem (6, 7).

In a recent study, Jeremias et al. have sought to identify the impact of varicocele on a more critical 
sperm health marker than a semen analysis; its DNA (8). Sperm DNA provides the genetic template for a 
man’s offspring, and its quality impacts significantly on children’s short- and long-term health. In summary, 
this latest data supports that of previous studies indicating that varicocele is strongly associated with DNA 
damage. However, Jeremias and co-workers have drilled deeper and by using the sensitive and versatile Co-
met assay (9), at both alkaline and neutral pH, they have been able to detect total DNA damage and double-
-stranded breaks separately. They have also included a base excision repair enzyme –formamidopyrimidi-
ne DNA glycosylase (FPG)– to convert 8-OH-guanine and 8-OH-20-deoxyguanosine adducts into further 
single-strand breaks as a measure of damage induced explicitly by oxidative stress. Using this approach, the 
authors added to our knowledge as they showed a markedly elevated double-stranded, oxidatively induced, 
and total DNA damage in sperm of men with grade 2 or 3 uni- or bilateral varicoceles.

To the best of our knowledge, this is the first study detailing the type of DNA damage in men with 
clinically significant varicoceles. It provides direct evidence that in men with varicocele DNA damage is oxi-
datively induced. Equally important, it shows that clinical varicocele causes both single-strand DNA breaks 
and double-strand DNA breaks; the latter being more severe and difficult to repair by oocyte repair me-
chanisms. Another novel aspect of their work relates to the inclusion of normozoospermic men –those who 
have conventional semen parameters within normal ranges. Again, to our knowledge, this is the first study 
to report that normozoospermic men with clinically significant varicoceles can cause sperm DNA damage 
even though conventional semen parameters do not show evident abnormalities. 
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treatment option for all male partners of infertile 
couples presenting with palpable varicoceles and 
sperm DNA damage, regardless of the conventional 
semen analysis results. The study by Jeremias and 
co-workers provides further evidence supporting 
the adverse impact of varicocele on sperm DNA of 
normozoospermic men, and the need for including 
sperm DNA fragmentation testing in the routine 
evaluation of men with varicocele seeking fertility 
(4, 6, 20).

A further impediment to providing a full 
male investigation is the lack of uro-andrologists 
on fertility clinic teams.  This is commonly the case 
in the UK, although less common in the USA and 
Brazil. Most UK fertility clinics are staffed by obste-
tricians, so they are female focussed. Traditionally, 
these clinicians have little training in the causes of 
male infertility and hence in the male partner. This 
required urgent redress as a matter of best clinical 
practice.  

A final consideration for the inclusion of va-
ricocele in the male fertility workup is cost-effecti-
veness. Cost-benefit analyses were reviewed by Yan 
and co-workers in 2019, concluding that surgical 
repair of the varicocele is the most cost-effective pri-
mary treatment compared to any form of ART (21). 

For all these reasons, we ask readers: ‘Is it 
time to review our traditional male workups based 
on the latest scientific and economic evidence and 
provide men with an optimal fertility pathway?
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ABSTRACT

Purpose: Despite high success rates in the treatment of urinary incontinence, complications 
related to the use of polypropylene (PP) meshes are still a concern, especially in vaginal 
prolapses surgeries. The objective of this study was to assess the effect of autologous 
platelet-rich plasma (PRP) coating on the integration of PP meshes implanted in the 
vaginal submucosa of rabbits.
Materials and Methods: Thirty adult New Zealand rabbits were randomly divided into 
two groups (n=15): PP, implanted with conventional PP meshes; and PRP, implanted with 
autologous PRP coated PP meshes. Animals in both groups (n=5) were euthanized at 7, 
30 and 90 days postoperatively, the vaginas extracted and sent to immunohistochemical 
analysis for the assessment of the pro-infl ammatory agent TNF-α, anti-infl ammatory 
agents TGF-β and IL-13, collagen metabolism marker MMP-2, and angiogenesis marker 
CD-31. AxioVision™ image analysis was used for the calculation of the immunoreactive 
area and density. Statistical analysis was performed with ANOVA followed by Tukey test 
(p <0.05).
Results: Animals in the PRP group showed signifi cantly increased expression of the 
angiogenesis agent CD-31 at all experimental times when compared to the PP group (p 
<0.0001). However, no differences concerning the expression of the other markers were 
observed between the groups.
Conclusion: The addition of autologous PRP gel to PP meshes can be simply and safely 
achieved and seems to have a positive effect on implantation site angiogenesis. Further 
investigations are required to ascertain PPR coated meshes clinical effi cacy in prolapses 
and stress urinary incontinence surgeries.
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INTRODUCTION

With the rapid aging of the world’s po-
pulation, pelvic organ prolapses (POP) and stress 

urinary incontinence (SUI) have become com-
mon health problems among women, with serious 
effects on their health, as well as their personal, 
sexual, and professional life (1).
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 Polypropylene (PP) meshes have been used 
for decades, and are considered the gold standard 
in urogynecology surgeries. It is a simple technique 
with higher success rates than traditional tissue self-
-repair. However, after the American Food and Drug 
Administration (FDA) reported on more than 3500 
unexpected and severe adverse events in 2008 and 
2011, the transvaginal placement of surgical meshes 
has become a source of concern worldwide (2).

 While many factors may influence compli-
cations rates, such as surgeon experience and the 
correct indication for implantation and dissection 
techniques, mesh features can also represent a deter-
minant factor (3). There is evidence that changes to 
mesh surface can influence tissue response in vivo 
(4). Although several different types of biomaterials 
have been tested for mesh coating purposes, no con-
sistent results have been reported so far (5).

 Platelet-rich plasma (PRP) is a platelet con-
centrate 3-5 times higher than the normal count, 
obtained through centrifugation of a sample of the 
patient’s own blood. Since the 1990s PRP has been 
used in several different fields of regenerative me-
dicine (6, 7). The potential therapeutic effect of PRP 
is based on its ability to improve tissue regeneration 
by releasing growth factors present in platelet alpha 
granules (8). Considering its effects on wound hea-
ling hemostasis, proliferative, and remodeling phases, 
PRP could be considered as a coating agent for PP 
meshes in urogynecology and pelvic reconstructive 
surgeries. Nevertheless, animal studies have been su-
ggested in order to better ascertain the host’s respon-
se to implants coated with PRP (9).

 Therefore, the aim of this study was to eva-
luate the effect of autologous PRP coating on the in-
tegration of monofilament PP meshes in comparison 
with conventional uncoated meshes implanted in the 
vaginal wall of rabbits. We hypothesized that PRP 
coated meshes would result in improved immunoin-
flammatory response, collagen metabolism, and an-
giogenesis when compared to uncoated meshes.

MATERIALS AND METHODS

Ethical aspects
 This preclinical animal study was performed 

after approval by the Ethics Committee for Animal 
Experiments of the State University of Londrina, 

Brazil (CEEA-IB-UEL, no. 12071.2013.21), and all 
procedures were conducted according to the ethical 
principles adopted by the Brazilian College of Animal 
Experimentation (COBEA).

Sample
 The sample consisted of thirty white fema-

le New Zealand rabbits (Oryctolagus cuniculus), 
specially bred for research purposes, aged betwe-
en 3 and 6 months and weighing between 2.5 and 
4kg (mean 3.2kg).

 At the moment of the surgery, the rabbits 
were randomly allocated (n=15) either to the PP 
group (control), which received a conventional 10 x 
10mm monofilament PP mesh with pores measuring 
1500µm, or to the PRP group (test) - implanted with 
same mesh coated with autologous PRP gel.

PPR gel preparation
 Autologous PRP in a gel form was prepared 

according to the protocol described by Anitua et al. 
(10). After anesthetic induction with ketamine 40mg/
kg and xylazine 3mg/kg, 5mL of blood were collec-
ted from each animal through cardiac puncture. The 
blood was transferred to a 1.8mL sterile polypropy-
lene tube containing 0.10mL of 3.2% sodium citrate. 
After homogenization, the tube was centrifuged at 
1200rpm for 10 min., and 1.2mL of the plasma was 
transferred into a sterile plastic Eppendorf tube, whi-
ch was centrifuged at 2000rpm for another 10 min. 
The supernatant was discarded, and 5µL of 10% steri-
le calcium gluconate was added to the remaining ma-
terial and homogenized for 15 min in order to acqui-
re a gel consistency. Platelet counts were conducted 
in 25% of randomly chosen gel samples to confirm 
platelet concentration. An average platelet count 4.5 
times higher than that normally found in peripheral 
blood (360.000 vs. 80.000/µL) was obtained. The gel 
was carefully spread on the PP mesh, ensuring that 
the entire length and the interstices between the mesh 
pores were filled.

Mesh implantation
 Once adequately anesthetized and with the 

animals in a horizontal dorsal decubitus position, va-
gina antisepsis was conducted with 10% iodopovido-
ne alcohol solution. A 2cm transverse incision was 
performed at the introitus in the posterior vaginal 
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wall, and the epithelial layer was laterally and lon-
gitudinally dissected to a distance of approximately 
2cm to reveal the rectovaginal fascia. After expo-
sing the underlying fascial tissue, the implant was 
inserted without fixation to prevent tissue respon-
se. The PP mesh was implanted in a standardized 
manner, between the hypodermis and the fascia of 
the abdominal muscles.

 After the implantation, the vaginal mucosa 
was sutured with a single stitch using a 3.0 nylon 
thread. Postoperative analgesia was performed orally 
with tramadol solution 1mg/kg, at every 6 hours for 
48 hours, and antibiotic prophylaxis with a single in-
jection of penicillin benzathine 40.000IU/kg.

 Animals from both groups (n=5) were eutha-
nized at 7, 30 and 90 days postoperatively, and an en 
bloc excision containing all layers of the vaginal wall 
(skin, subcutaneous, mesh, and muscle aponeurosis) 
was performed. The samples were placed in a contai-
ner with 10% formaldehyde for 48 hours, after whi-
ch they were transferred to a 70% alcohol solution. 
Then, tissue specimens were fixed in 10% formalin, 
embedded in paraffin, sectioned and mounted on 
numbered slides. Five slides containing 3 sections of 
the surgical specimen were mounted for each animal.

Immunohistochemical sample preparation
 Based on the literature (11-14), immuno-

histochemical analysis was conducted by using 
rabbit-specific antibodies in order to assess: (a) 
immunoinflammatory response, evaluated by the 
proinflammatory agent tumor necrosis factor recep-
tor alpha (TNF-α), and the anti-inflammatory agents 
transforming growth factor beta (TGF-β) and inter-
leukin-13 (IL-13); (b) collagen metabolism, evaluated 
by matrix metalloproteinase-2 (MMP-2); and (c) an-
giogenesis, assessed by cluster of differentiation-31 
(CD-31).

 Sections were incubated at room tempera-
ture for 30 min and at 8°C overnight with mouse 
monoclonal antibody to Anti-IL13 receptor alpha 2 
(polyclonal, Abcam 55275 diluted at 1: 1000); TNF-α 
receptor-1 (polyclonal, Abcam 19139, diluted at 1: 
1000); TGF-β 1 (polyclonal, Abcam 9758, diluted at 1: 
800); MMP-2 (clone [4D3], Abcam 2462, diluted at 1: 
250); CD-31 (clone JC 70A, Abcam 9498 diluted at 1: 
500). Antigen-antibody binding was observed using 
an advanced detection system (Dako EnVision™), and 

immunostaining achieved using diaminobenzidine 
(DAB). Positive internal and external controls inclu-
ded tissue samples as indicated on the datasheet of 
the antibodies used. The same tissue samples used for 
positive controls were also used as negative controls 
by omitting the primary antibody.

Immunohistochemical analysis
 Histological evaluations were conducted 

with a Zeiss Primo Star™ microscope connected to 
a Zeiss AxioCam ICC 1™ camera (Carl Zeiss Micros-
copy, Jena, Germany). Only one single experienced 
pathologist blinded to the groups and times evalua-
ted all specimens. The slide for each animal, contai-
ning three surgical specimens, was analyzed under X 
20 magnification, and three fields of each slide were 
randomly selected for subsequent image acquisition.

 Objective analysis of the immunoreactive 
expression was performed with the use of an image 
analysis program (AxioVision™ Microscope V 4.8.0.0 
Software). After field definition, the program auto-
matically calculated the extension of the immunore-
active area and the density of the specific immuno-
reactive expression (Figure-1). For each variable, the 
final immunoreactive area and density were obtained 
by analyzing each of the three selected fields and cal-
culating the means.

Statistical Analysis

 Mean immunoreactive area and density 
were statistically analyzed using repeated measures 
ANOVA followed by Tukey post hoc test to compare 
groups and experimental times at a 95% level of sig-
nificance (p <0.05).

RESULTS

 All the animals survived the surgical pro-
cedures without any intraoperative or postoperative 
complications. Table-1 illustrates the mean immuno-
reactive area and density values obtained for the stu-
died variables. Table-2 illustrates the statistical results 
(p values) comparing groups and experimental times.

 No significant differences in the immunore-
active area or density were observed between groups 
with regards to the anti-inflammatory response (IL-
13 and TGF-β). However, when the experimental 
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Figure1 - A) immunoreactive expression of MMP2. B) A special feature of the AxioVision™ Microscope V 4.8.0.0 Software 
highlighting the reactive area in red for the automatic calculation of the reactive area (45.1%), and density (153.9). (20x 
magnifi cation). Scale bars=20µm for A and B.

times were compared, a signifi cant decrease in the 
immunoreactive area of IL-13 was observed in both 
groups at 90 days when compared to the other times 
(p=0.0051).

 The pro-infl ammatory response (TNF-α) 
presented no signifi cant differences in mean immu-
noreactive area among times (p=0.5839) or between 
groups (p=0.1160), neither in mean density among 
times (p=0.0967) or between groups (p=0.1930).

 Collagen metabolism (MMP-2) did not pre-
sent signifi cant differences between groups in terms 

of area (p=0.9462) or density (p=0.4527). However, 
similarly to IL-13, a signifi cant decrease in the area 
was observed in both groups at 90 days in relation to 
the other times (p=0.0223).

 The angiogenesis expression agent CD-
31 demonstrated signifi cant differences between 
groups, with the PRP group presenting a signi-
fi cantly larger immunoreactive area when com-
pared to the PP group at all experimental times 
(p=<0.0001; Table-2; Figure-2). At 30 days, both 
groups presented a signifi cantly decreased area 

Table 1 - Mean area and density of IL-13, TGF-β, TFN-α, MMP-2, and CD-31 expression in the PP (polypropylene mesh) and 
PRP (polypropylene mesh + platelet-rich plasma) groups at the different experimental times.

Variables Groups
7 days 30 days 90 days

Area (%) Density Area (%) Density Area (%) Density

IL-13
PP 22.34 87.28 23.13 87.88 19.24 87.54

PRP 21.56 87.48 18.51 86.82 16.53 87.17

TGF-β
PP 21.68 107.19 30.60 108.46 26.11 107.26

PRP 23.93 106.64 27.54 107.39 20.42 106.49

TFN-α
PP 10.87 60.26 7.66 60.64 8.66 61.24

PRP 6.45 60.19 7.34 60.51 8.76 60.43

MMP-2
PP 39.76 55.93 40.67 61.82 36.52 58.52

PRP 44.34 59.82 44.93 57.94 28.27 54.99

CD-31
PP 2.41 108.18 1.11 104.72 1.65 107.28

PRP 6.34 108.70 4.84 104.78 5.83 107.93
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Table 2 - Statistical results (p values) comparing times (7, 30 and 90 days) and PP (polypropylene mesh) and PRP 
(polypropylene mesh + platelet-rich plasma) groups.

Markers Immunoreactive Comparison among Comparison between

Times (p) Groups (p)

IL-13
Area 0.0051ᵃ 0.0672

Density 0.9888 0.0956

TGF-β
Area 0.0778 0.5656

Density 0.2951 0.0945

TFN-α
Area 0.5839 0.1160

Density 0.0967 0.1930

MMP-2
Area 0.0223ᵇ 0.9462

Density 0.3912 0.4527

CD-31
Area 0.0420ᶜ <0.0001ᵈ

Density 0.0006ᵉ 0.3102

ᵃ = 7≠90, 30≠90; ᵇ = 7≠90, 30≠90; ᶜ = 7≠30; ᵈ = PP<PRP; ᵉ = 7≠30, 90≠30

(p=0.0420) and density (p=0.0006) when compa-
red to the other times.

DISCUSSION

 In this preclinical study, the integration of 
PRP coated monofilament PP meshes was assessed 
in comparison with uncoated meshes implanted in 
the vaginal wall of rabbits. The results demonstrated 
a significantly higher expression of the angiogene-
sis marker CD-31 in the PRP group when compared 
with the PP group. However, no statistical differences 
were observed between groups in the expression of 
the other studied markers. Hence, the working hypo-
thesis was only partially supported by the results.

 Some studies have been recently conducted 
in an attempt to develop optimized surgical meshes 
that can permit the transmigration of beneficial host 
cells, avoiding extensive local inflammation and 
improving biocompatibility. As a result, changes in 
meshe’s weight and pore size, different types of poly-
mers, such as polyvinylidene fluoride (PVDF), as well 
as surface coating (collagen, titanium or absorbable 
polymers) have been tested (15). Among the possible 
candidates for mesh coating, platelet derivatives have 
emerged as an interesting alternative. Apart from its 
critical role in wound healing hemostasis, prolifera-
tive and remodeling phases (16), a previous in vitro 
study suggested that plasma coated meshes could 

perform better than other types of mesh in terms of 
biocompatibility (5).

 Autologous PRP can be simply and quickly 
prepared from the patient’s own blood, eliminating 
the risk of infection transmission and immunogenic 
responses, observed with allograft and xenograft pre-
parations (17). The cost involved in its preparation is 
minimal and, to date, no evidence of systemic or car-
cinogenic effects have been reported (17). Most of the 
side effects described are local, venipuncture-related 
during blood collection, rarely resulting in scarring 
or calcification at application sites (17). The applica-
tion of PRP in the management of soft tissue injuries 
has only recently been investigated, and the results 
reported have been controversial. In some animal 
studies, PRP has demonstrated clear benefits in ter-
ms of accelerated healing, whereas others have failed 
to show any significant biomechanical benefits (18). 
This discrepancy may be explained by the fact that 
large multicenter randomized trials with representa-
tive sample sizes are yet to be conducted to validate 
the therapy.

 The use of PRP in urogynecology is still inci-
pient with just a few published attempts. The vaginal 
implant site is unique due to the specific vaginal mi-
croenvironment, dynamics, biochemical exchange, 
and immunological response. Hence, results obtai-
ned in other medical areas, such as inguinal hernia 
surgery, cannot be directly extrapolated. The endo-
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genous microfl ora in the vagina creates a hostile en-
vironment to vaginally implanted graft materials, le-
ading to autolysis or rejection. Therefore, graft 
material investigations in a vaginal model are 
essential to shed some light on how the vaginal 
compartment integrates, rejects, or even chan-
ges graft materials. Rabbits have a large vagi-
nal cavity with bacterial flora similar to the hu-
man vagina (19). In a previous study conducted 
by our research group using rabbits, the effect 
of PRP added to PP meshes was associated with 
increased concentrations of collagen I and III 
seven days postoperatively (20).

 The first study in which plasma coated 
meshes were used in urogynecology in humans 
was performed with 20 patients indicated for 
SUI and POP repair. The authors concluded that 
the procedure was safe, easy to execute, with 
good functional outcomes, with no severe com-
plications (21). Subsequently, some studies have 
also demonstrated PRP safety in gynecological 
surgeries, with no apparent side effects (10). Re-
cently, using platelet-rich fibrin in site-specific 
prolapse corrections, Gorlero et al. obtained an 
80% success rate and a 100% improvement in 

prolapse symptoms at 24 months (22). In con-
trast, in a clinical study with a small number of 
patients, Einarsson et al. revealed that PRP use 
during colporrhaphy did not seem to increase 
collagen content or durability of the surgical 
repair (23). Nonetheless, PRP has been recen-
tly proposed as an alternative therapy for the 
treatment of some complications in urogyne-
cology, such as vesicovaginal fistula (24), and 
vaginal mesh exposure after abdominal sacral 
colpopexy (2).

 Our findings showed no significant 
effect of PRP coated meshes on the expres-
sion of inflammation and collagen metabolism 
markers after implant. However, a significant 
decrease in MMP-2 and IL-13 immunoreactive 
area was observed at 90 days postoperatively in 
both groups, indicating that these markers tend 
to have an attenuated role in late mesh integra-
tion.

 On the other hand, animals in the PRP 
group demonstrated a significantly higher ex-
pression of the angiogenesis marker CD-31 at 
all times when compared to the PP group, in-
dicating an improved effect on neovasculari-

Figure 2 - Voids marked with a black cross were previously occupied by mesh fi laments, while the brownish areas in the 
surrounding tissue is the immunoreactive expression of CD-31. A, B and C) PP group at 7, 30 and 90 days, respectively. D, 
E, and F) PRP group at 7, 30, and 90 days, respectively. Immunoreactive areas A=2.4%; B=1.1%; C=1.6%; D=6.3; E=4.1%; 
F=5.8% (20x magnifi cation).  Scale bars=50µm for (A-F).
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zation after mesh implant. The enhanced an-
giogenesis activity can be explained by the 
autologous growth factors (including PDGF, 
VEGF, TGF-β, and EGF) found in PRP, and the 
way they are released by hydrogels (25). Angio-
genesis is critical to wound healing and tissue 
regeneration, providing a mechanism for new 
healing factors to be brought into the wound. 
The slow release of angiogenic growth factors 
in the PRP gel may contribute to enhanced neo-
vascularization, stabilization of newly formed 
vessels, and improved wound healing. However, 
no clear evidence is yet available to support 
that increased angiogenesis can reduce mesh-
-related complications.

 The results of the present study must be 
interpreted cautiously. The rational use of ani-
mals for research purposes imposes a limit on 
the sample size. Another important limitation 
concerns the very small number of studies as-
sessing PRP using immunohistochemical analy-
sis, preventing direct comparisons. The choice 
of reagents is also limited by the lack of immu-
nohistochemical antibodies present in the re-
activity of rabbits. Moreover, the different PRP 
preparation techniques found in the literature 
with different blood volumes, platelet separa-
tion systems, activating agents, forms of ap-
plication, and platelet concentrations, also im-
pair proper comparisons (19). However, despite 
these limitations, our findings seem to indicate 
that PRP coated PP meshes may become a fea-
sible and beneficial alternative in reconstructi-
ve surgeries in the foreseeable future.

CONCLUSION

 Based on the results and limitations of 
the present study, the implantation of PRP co-
ated meshes in a vaginal model in rabbits was 
shown to be a simple, safe and low cost proce-
dure, which may result in some benefit to the 
patient. From an immunohistochemical point 
of view, the procedure seems to have a posi-
tive effect on implantation site angiogenesis. 
Further studies using different PRP preparation 
methods and forms of delivery are required to 
clarify the real benefits and clinical applicabili-

ty of PRP coated meshes in prolapses and stress 
urinary incontinence surgeries.
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ABSTRACT

The standard treatment for locally advanced cervical cancer (CC) is chemo-
radiotherapy. Once the bladder receives part of the radiation, a typical 
inflammatory condition that configures radiation-induced cystitis may develop. 
Chronic radiation-induced cystitis is commonly characterized by the bladder 
new submucosal vascularization, which is typically fragile and favors hematuria. 
The current study aims to investigate if Hypoxia-Induced Factor (HIF-1α) and 
its transcriptional target Vascular Endothelial Growth Factor A (VEGF-A) could 
be a primary pathway leading to increased submucosal vascularization. HIF-1α
and VEGF-A mRNA levels in bladder core biopsies from CC patients treated with 
radiotherapy versus untreated (non-irradiated) patients were analyzed using a 
droplet digital polymerase chain reaction technology. Gene expression results 
showed that HIF-1α and VEGF-A had no significant differences between bladder 
samples from patients previously irradiated and untreated patient samples. 
However, a direct relationship between the degree of late morbidity and the 
expression of HIF-1α and VEGF-A has been demonstrated. Despite the lack of 
statistical significance precludes a definitive conclusion, the data presented 
herein suggests that further studies investigating the role of HIF-1α in bladder 
neovascularization in radiation-induced cystitis are highly recommended.
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INTRODUCTION

Cervical cancer (CC) is the fourth most 
common malignancy diagnosed in women 
worldwide. In Brazil, CC is the third most com-
mon cancer and the third cause of cancer death 
in women (1). The standard treatment for lo-
cally advanced CC is chemo-radiotherapy. Once 
the bladder receives part of the radiation, a typical 

infl ammatory condition that confi gures radiation-
-induced cystitis (actinic cystitis) may develop.

 The reported incidence of late actinic cysti-
tis that are related to pelvic neoplasms radiotherapy 
varies from 5 to 10% (2). However, radiation-induced 
cystitis has already been estimated to range between 
8 and 12% in CC patients, with moderate or severe 
sequelae ranging between 2 and 6% (3). Levenback 
et al. reported an incidence of 6.5% in 1.784 stage IB 
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CC patients treated with radiotherapy over a period of 
29 years (4).

 Radiation-induced cystitis can be chronolo-
gically divided into three distinct phases: (i) an acu-
te phase that begins during treatment and improves 
within several weeks after the course of radiotherapy 
is completed, (ii) an asymptomatic latent phase, dose-
-dependent, which may last months or even years, 
and (iii) a chronic phase of late and irreversible res-
ponse. Chronic irradiated tissues are commonly cha-
racterized by hypoxia. The capacity of tissue repair 
is severely compromised and may result in fibrosis, 
ulceration and fistula. The bladder new submucosal 
vascularization, which is typically fragile, favors he-
maturia (5).

 Therefore, Hypoxia-Induced Factor (HIF-
1α) and its transcriptional targets, including 
Vascular Endothelial Growth Factor A (VEGF-A) 
could be a primary pathway which leads to incre-
ased submucosal vascularization in the radiation-
-damaged bladder. HIF-1α is a transcription factor 
that, after a hypoxia insult, associates with speci-
fic nuclear cofactors, activating the specific genes 
that are responsible for various adaptive responses 
to low oxygen tensions (6).

 Radiation cystitis is a challenging problem 
for urologists and the effectiveness of therapies is 
limited due in part to the lack of understanding of 
the molecular changes that are responsible for the 
progression of the disease. The current study aims 
to compare the expression of HIF-1α and VEGF-A 
in bladder tissue samples from patients undergoing 
radiotherapy as a treatment for CC versus untreated 
(non-irradiated) patients.

MATERIAL AND METHODS

Study design
 A single-institution, case-control study was 

performed in CC patients that were previously tre-
ated with pelvic radiotherapy versus non-irradia-
ted CC patients. Tissue fragments were collected 
by endoscopic bladder biopsy. Control patients 
were led to participate in the study during the sta-
ging exam and irradiated patients were then invi-
ted after consulting the medical records or before 
carrying out a previously scheduled exam, mostly 
due to chronic hematuria.

 This study was approved by the Ethics in Hu-
man Research Committee of the Brazilian National 
Cancer Institute (INCA), Rio de Janeiro, Brazil (num-
ber 918.354), and was conducted in accordance with 
the Good Clinical Practice Guidelines. All patients 
gave written informed consent.

Eligibility
 Patients older than 18 years of age with pri-

mary squamous cell carcinoma or adenocarcinoma 
of cervix, performance status (PS) of 0, 1, or 2 and 
proper organic function were eligible to be included 
in the study. All medical records were available for 
data collection purposes. Patients with blood clotting 
disorder, active macroscopic hematuria or active uri-
nary tract infection as clinically demonstrated or in 
laboratory tests were excluded.

 Patients selected for irradiated group should 
have been treated for CC with external radiotherapy 
from August 2010 to June 2016, respecting an inter-
val between the completion of external radiotherapy 
and cystoscopy of no less than 18 months. The time 
chosen between radiotherapy and sample collection 
had to correspond to the installed chronic actinic da-
mage. If the interval was too short it would be feasi-
ble that the findings would correspond to acute in-
jury. Since chronic damage is irreversible, there was 
no maximum interval between treatment and sample 
collection.

 Patients that were both diagnosed with CC 
and treatment-free and whose clinical staging was no 
more advanced than IIIA were included in the control 
group.

Patient data collection
 All relevant demographic, clinical and labo-

ratory data, histological type, staging and radiation 
doses were collected from the medical charts and a 
bladder endoscopic examination was performed.

 Regarding late adverse events, patients were 
evaluated according to the Common Terminology 
Criteria for Adverse Events (CTCAE) system, version 
4.03 (7). During endoscopic evaluation the presence 
of actinic cystitis was classified according to the Ra-
diation Therapy Oncology Group/European Organi-
zation for Research and Treatment of Cancer (RTOG/
EORTC) system. This considers symptoms and endos-
copic findings (8) and the evaluation was also per-
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formed according to the Late Effects Normal Tissue 
Task Force/Subjective, Objective, Management and 
Analytic (LENT/SOMA) system (9).

 Sampling, handling and storage of blad-
der core biopsy and bladder washing for mole-
cular assays.

 A (very) small fragment of bladder tissue was 
removed by cystoscopy. In general terms, the prefer-
red puncture site in non-irradiated women was the 
posterior vesical wall while in previously irradiated 
women, for safety reasons, the elected puncture site 
was the less vascularized one.

 In some individuals from the control group, 
bladder washing samples were collected by barbota-
ge before core biopsy, kept at 4°C and then sent to the 
laboratory to be promptly processed. Tissue samples 
were immediately placed on RNAlater™ Tissue Col-
lection (Thermo Fisher Scientific, Wilmington, DE, 
USA), left at 4°C for 24 hours, then, the RNAlater™ 
was discarded and samples were stored dry at -80°C 
until RNA isolation.

RNA extraction and complementary DNA syn-
thesis

 Tissue homogenization and subsequent 
RNA isolation were performed using the Omni TH 
tissue homogenizer® (Omni International, Kenne-
saw, GA, USA) in combination with the RNeasy 
Mini Kit® (Qiagen, Hilden, Germany). The RNA 
isolation was performed according to the protocol 
of the manufacturer. All RNA samples were stored 
at -80°C prior to further use. RNA concentrations 
were determined by OD 260nm measurements on 
a NanoDrop ND-1000 spectrophotometer® (Ther-
mo Fisher Scientific, Wilmington, DE, USA). RNA 
was reverse transcribed using Superscript II reverse 
transcriptase® (Invitrogen, Carlsbad CA, USA) ac-
cording to the manufacturer’s protocol.

Droplet digital PCR assays for VEGF-A and 
HIF-1α

 Droplet digital PCR (ddPCR) using TaqMan™ 
hydrolysis probes chemistry was performed using a 
Bio-Rad QX100 Droplet Digital PCR system (Bio-Rad, 
Pleasanton, CA, USA). Bio-Rad QX100 reagents and 
consumables were used for the experiments. Quanti-
tative polymerase chain reaction assays were perfor-
med using HIF1α-FAM and VEGF-A-FAM TaqMan 

assays. Glyceraldehyde-3-phosphate dehydrogena-
se (GAPDH)-HEX assays were performed for each 
sample on each plate for normalization of all other 
targets. Reactions were performed in appropriate 
volumes using ddPCR 2x Master Mix, 20x TaqMan 
Probe Mix, nuclease free water and reverse transcrip-
tase product. Each ddPCR assay mixture was disper-
sed into droplets using the QX100 droplet generator 
(Bio-Rad, Pleasanton, CA, USA). When droplet gene-
ration was completed, the droplets were transferred 
to a 96-well PCR plate and heat-sealed with sealing 
foil sheets (Bio-Rad, Pleasanton, CA, USA). The PCR 
amplification was performed in a sealed 96-well 
plate using a Veriti™ thermal cycler (Thermo Fisher 
Scientific, Wilmington, DE, USA) with the following 
cycling parameters: 95°C for 10 minutes followed by 
40 cycles of 94°C for 30 seconds, 60°C for 70 seconds 
(ramp rate set to 2°C/s) and a final extension step 
at 98°C for 10 minutes and a hold at 4°C. After PCR 
is complete, the 96-well plate was loaded into the 
QX100 Droplet Reader and the QuantaSoft™ softwa-
re version 1.5.38.118 (Bio-Rad, Pleasanton, CA, USA) 
was used for data analysis following manufacturer’s 
recommendations. Each well was measured for fluo-
rescence and the results were displayed as dot plots.

Statistical Analyses

 The Mann-Whitney U test was used to es-
timate the statistical significance of differences ob-
served between case and control groups (Graph-Pad 
Prism 5.0 software), p values ≤0.05 were considered 
to be associated with statistical significance.

RESULTS

 Between February 2015 and July 2018, 14 
previously irradiated patients and 12 patients as a 
control group were included. Clinical data from all 
patients are summarized in Table-1.

 The primary complication that was expected 
from the sample collection was hematuria. However, 
it should be emphasized that there were no complica-
tions related to the sample collection in any patient 
from either group.

 The characteristics related to the treatment 
of irradiated patients and possible complications of 
radiotherapy and bladder toxicity scores are shown 
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Table 1 - Clinical characteristics of patients.

Irradiated - n (%) Control - n (%)

Age (years, median) 48, 31 - 66 44.5, 33 - 66

Color/race

brown 6 (42.9) 5 (41.7)

white 7 (50.0) 4 (33.3)

black 1 (7.1) 3 (25.0)

Histopathology 
squamous cell carcinoma 12 (85.7) 11 (91.7)

adenocarcinoma 2 (14.3) 1 (8.3)

Grade

I 0 1 (8.3)

II 13 (92.9) 7 (58.3)

III 1 (7.1) 3 (25)

Not informed 0 1 (8.3)

FIGO stage at diagnosis*

IB1 2 (14.3) 1 (8.3)

IB2 1 (7.1) 1 (8.3)

IIA 1 (7.1) 1 (8.3)

IIB 9 (64.3) 8 (66.7)

IIIA 0 1 (8.3)

IIIB 1 (7.1) 0

Total 14 12

* FIGO: International Federation of Gynecology and Obstetrics

in Table-2. The external radiotherapy dose employed 
in 12 cases was 4500cGy, while two patients received 
5040cGy. The external radiotherapy dose that rea-
ched the bladder, calculated when the three-dimen-
sional conformational technique was used, did not 
reach the maximum restrictive value of 6500cGy for 
all cases (10). Eleven patients received 2400cGy dose 
during brachytherapy and two received 2800cGy. 
The total dose of radiotherapy employed, summing 
the dosages of external radiotherapy and brachythe-
rapy, ranged from 6900 to 7840cGy, with an average 
of 7044cGy. The interval between the completion of 

external radiotherapy and biopsy cystoscopy ranged 
from 19 to 69 months, with an average of 46 months.

 The RTOG/EORTC, LENT/SOMA and CTCAE 
scores, urinary sediment examination and presence 
of associated actinic rectal disease were considered. 
Fifty percent of irradiated patients had complaints 
compatible with rectal actinic damage, from which 
it was possible to endoscopically prove the compli-
cation in six patients and one had chronic diarrhea. 
On the RTOG/EORTC scale the score found seven pa-
tients with grade 1 toxicity, four patients with grade 
2 and three patients with grade 3. The score for LENT/
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SOMA scale, considering the sum of toxicity grades, 
ranged from 1 to 8 (average 3.57). The sum of the 
degrees of severity on the CTCAE version 4.03 sca-
le, including the different adverse events most likely 
related to bladder irradiation, ranged from 0 (one pa-
tient) to 6 (two patients), with a mean of 3.

 To further explore macroscopic changes of 
the urinary bladder associated with late radiation 
injuries, bladder endoscopic examination was per-
formed. Bladder assessment by cystoscopy revea-
led varied intensities of radiation-induced damage 
according to the late RTOG/EORTC morbidity scale 
(Figure-1).

 In light of the important role of hypoxia in 
increase submucosal vascularization in the radiation-
-damaged bladder we then evaluated the possible in-
volvement of HIF-1α and its transcriptional target, 
VEGF-A, in bladder tissue samples from CC patients 
undergoing radiotherapy versus untreated (non-irra-
diated) CC patients.

 Total RNA extraction from irradiated group 
was performed in eight patients for molecular analy-
sis and all patients of control group were included. 
Subsequently, gene expression analysis of HIF-1α, 
VEGF-A and GAPDH was performed by ddPCR using 
5ng RNA for each reaction. As shown in Figure-2 it 

was possible to accurately quantify the gene expres-
sion of all targets in the irradiated patient samples 
and controls.

 The gene expression results showed that 
HIF-1α had no significant differences between bla-
dder samples from patients previously irradiated 
and untreated patient samples (p=0.177). Simi-
lar results were found in expression of VEGF-A 
(p=0.6713) (Figure-3).

 Due to problems in the RNA extraction of 
patients with Grade 3 symptoms using the RTOG/
EORTC scoring system, we only performed the analy-
sis of HIF-1α and VEGF-A using the Grades 1 and 
2. A direct relationship between the degree of late 
morbidity and the expression of HIF-1α and VEGF-
-A has been demonstrated (Figure-3). However, this 
trend did not reach statistical significance (p=0.250 
and 1.0 respectively).

 Considering the risks involving bladder 
biopsy in patients with radiotherapy-induced cystitis, 
in some individuals, from the control group, bladder 
washing samples were collected. As shown in Figu-
re-3, there were similar expression levels of HIF-1α 
in bladder biopsy compared with washing samples of 
control group. However, the ddPCR showed that the 
mean relative expression of VEGF-A was significan-

Figure 1 - Aspect of the bladder mucosa of irradiated patients with varying degrees of neovascularization comparing with 
normal bladder mucosa. Images were obtained during cystoscopy examinations of patients included in the study and 
correspond to the endoscopic findings of RTOG/EORTC late morbidity scale: A and B - normal bladder mucosa, C and D - 
Grade 1: slight epithelial atrophy, minor telangiectasia, E and F - Grade 2: generalized telangiectasia, G and H – Grade 3: 
severe generalized telangiectasia (often with petechiae).
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Figure 2 - Graphics of digital PCR in drops. The graphs indicate the fluorescence intensity (Ch1 Amplitude and Ch2 Amplitude 
for FAM or HEX, respectively) of the drops analyzed (events number). The drops are termed "positive" or "negative" based on 
their fluorescence amplitudes. Positive events are marked in blue (HIF-1α and VEGF-A) and green (GAPDH), while negative 
events in gray (drops without the DNA molecule of interest). All analyzes were performed using QuantaSoft software (Bio-
rad). During drop formation cDNA molecules are randomly distributed in the droplets. Due to the high number of independent 
events, the Poisson algorithm is used to determine absolute quantitation of copy number independent of a standard curve, 
allowing accurate quantification of gene expression. (A) Expression of HIF1α in a control group patient (left) and in an 
irradiated patient (right). (B) Expression of VEGFA in a control group patient (left) and in an irradiated patient (right). (C) 
Expression of GAPDH in a control group patient (left) and in an irradiated patient (right).

tly lower in bladder biopsy when compared with the 
washing samples of control group (p=0.0011).

DISCUSSION

 Hypoxia is a common phenomenon in the 
majority of cancers and great interest on HIF-1α stu-
dies comes from its potential for targeted therapy 
through small inhibitors.

 The current results on the expression pattern 
of HIF-1α and VEGF-A in bladder tissue from CC pa-
tients undergoing radiotherapy were in contrast to 
previous studies under other clinical or experimental 
conditions (11-18). Here, no differences on HIF-1α or 
VEGF-A mRNA levels were observed between irra-
diated versus non-irradiated groups (Figure-3). Mo-
reover, we have also found that patients with higher 
RTOG/EORTC toxicity score exhibited a trend toward 
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Figure 3 - Droplet digital PCR expression analysis of HIF-1α and VEGF-A mRNA. (A) and (B) Analysis of HIF-1α and VEGF-A 
mRNA in non-irradiated patients (control) and patients previously submitted to pelvic radiotherapy (cystitis). (C) and (D) 
Analysis of HIF-1α and VEGF-A mRNA expression in patients previously submitted to pelvic radiotherapy according to the 
late RTOG/EORTC morbidity score. (E) and (F) Analysis of HIF-1α and VEGF-A mRNA in bladder tissue samples and washing 
bladder samples of non-irradiated patients. The targets mRNA expression were calculated relative to a stable expressed 
reference gene (GAPDH). Results were expressed as median and comparison between groups was performed by Mann–
Whitney U test. RTOG/EORTC: grade 1 - mild epithelial atrophy, small telangiectasia (microscopic hematuria); grade 2 - 
moderate frequency, generalized telangiectasia, and intermittent macroscopic hematuria.

higher HIF-1α mRNA levels, in a directly proportio-
nal way.

 Previous studies have shown an increased 
expression of HIF-1α, VEGF-A, and other angio-
genesis markers in bladder cancer (11, 12). The 
relationship of HIF-1α and VEGF-A with radio-
therapy-induced intestinal damage in prostate 

cancer or CC were also evaluated (13). The authors 
demonstrated in rectal biopsy samples a signifi -
cant increase in HIF-1α (6.9-fold) and VEGF-A 
(4.7-fold) expression, as well as fi broblast-2 and 
interleukin-1β growth factor (13).

 The expression of HIF-1α and VEGF-A and 
other markers of hypoxia, oxidative stress, angioge-
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nesis and capillary proliferation, macrophage acti-
vation, cell signaling and fi brosis have also been 
studied in irradiated rat lungs (14). The authors 
verifi ed the progressive increase of HIF-1α from 
4 weeks and VEGF-A from 6 weeks after irradia-
tion (14). Also, an increased expression of HIF-1α, 
HIF-2α and VEGF-A has been shown in bladder 
obstruction (15, 16), overactive bladder syndrome 
(17) and interstitial cystitis (18).

 Next, an analysis was performed using the 
washing bladder samples of control group to test if 
those samples could provide a good model of radio-
therapy-induced cystitis. Bladder washing exfoliates 
large sheets of urothelium and even three-dimensio-
nal urothelial fragments, however, we observed only 
a few preserved cells were recorded. The data showed 
that HIF-1α expression levels were similar in bladder 
biopsy compared with washing samples of control 
group. In contrast, VEGF-A mRNA levels were sig-
nifi cantly lower in bladder biopsy when compared 
with washing samples of the control group. Clearly, 
additional analysis with more patients of the control 
and irradiated groups are needed to test if bladder 
washing samples could be a better approach for stu-
dying radiotherapy-induced cystitis.

 It is important to point out, that the current 
study faced some limitations that could easily in-
fl uence its fi ndings. In addition to the diffi culties in 

enrolling patients, an important issue was the quality 
and amplifi ability of RNA in some samples. Sam-
ples collected in the early stages of the research 
may have experienced some level of RNA degrada-
tion. It should be noted that all samples collected 
were preserved in RNAlater® solution shortly after 
collection, in accordance with the manufacturer’s 
recommendations. Other important hypotheses of 
note are the possibility of contamination due to 
the presence of blood cells in the biopsy material 
and the potential interference of tissue hypoxia on 
GAPDH expression (19). In light of this, a previous 
study has shown modulation of GAPDH mRNA ex-
pression after ionizing radiation (20).

 Additionally, considering the risks involved 
in bladder biopsies in patients with radiotherapy-in-
duced cystitis, obtaining samples in the most inten-
sely vascularized patients was not considered safe by 
the investigators; therefore, the most affected areas 
were not represented in this trial. The obtained sam-
ples, in turn, also presented reduced dimensions, whi-
ch made their processing and RNA extraction even 
more challenging.

 It was also not possible to include patients 
irradiated in a single center or through a single 
technique. Thus, eventual differences in tissue hy-
poxia intensity and HIF-1α and VEGF-A expres-
sion between different external radiotherapy te-
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chniques may have resulted in differences in the 
detected values.

 Most importantly, several of the limitations 
listed above are related to the fact that there is no 
other study that evaluated the expression of HIF-1α 
or VEGF-A in irradiated bladders.

CONCLUSIONS

 No differences on HIF-1α or VEGF-A mRNA 
levels were observed between the irradiated group 
versus the non-irradiated group. Among the irradia-
ted patients, a direct proportional trend in the degree 
of RTOG/EORTC toxicity score and HIF-1α mRNA 
relative expression was observed, as HIF-1α mRNA 
levels increased alongside toxicity degree.

 Although the lack of statistical significance 
precludes a definitive conclusion, the data presented 
herein suggests that further studies (with a higher 
number of patients) investigating the role of HIF-1α 
in bladder neovascularization in radiation-induced 
cystitis are highly recommended, given that radia-
tion-induced cystitis is an orphan disease.

ABBREVIATIONS

CC = cervical cancer
cGy = centigray
CTCAE = Common Terminology Criteria for Adverse 
Events
ddPCR = droplet digital polymerase chain reaction
GAPDH = Glyceraldehyde-3-phosphate dehydroge-
nase 
HIF-1α = hypoxia-induced factor-1 α
INCA = Brazilian National Cancer Institute
mRNA = messenger ribonucleic acid
PS = performance status
RTOG/EORTC = The Radiation Therapy Oncology 
Group/ European Organisation for Research and Tre-
atment of Cancer
VEGF-A = vascular endothelial growth factor A
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COMMENT 

Radiation-induced late toxicity in normal tissue can impact quality of life of patients treated with 
radiotherapy. The authors studied the expression of the hypoxia-inducible factor-1 (HIF-1α) and its trans-
criptional target Vascular Endothelial Growth Factor A (VEGF-A) in patients with radiation cystitis due to 
therapy for locally advanced cervical cancer. 

HIF is a cell mediator of adaptative responses in a hypoxic microenvironment regulating the ex-
pression of a cluster of genes. The high HIF-1 expression HAS been linked to tumor metastasis, angiogene-
sis, and tumor resistance therapy (1).

VEGF can induce growth of pre-existing (angiogenesis) or de novo vessels. VEGF-A is the most 
potent inducer of blood vessel growth and responsible to support tumor growth (2).

After bladder radiation, tissues with a slow turnover rate (vascular and connective) hold radiation 
damage at the time of treatment and the effects are not expressed until repeated cell division is undertaken, 
resulting in late toxicity.

Late radiation tissue damage can take several months to many years. Atrophy and fibrosis are the 
most frequent findings in irradiated tissues, probably caused by radiation-induced endothelial injury (3, 4).

Today there is no target therapy or marker to treat or prevent late toxicity of bladder radiation. A 
better understanding of all mechanisms involved is crucial to develop strategies to help patients.

In a case control-study, the authors studied the expression of HIF-1α and VEGF-A on bladder core 
biopsies obtained from fourteen patients treated with chemoradiation therapy for locally advanced cervical 
cancer. The authors did not find any difference in expression of HIF-1α in irradiated bladder tissue vs con-
trols (p=0.177); no difference in VEGF-A expression was detected also (p=0.250). Therefore their hypothesis 
of HIF induced neovascularization in radiation cystitis could not be confirmed (5).

Some limitations of the study were highlighted by the authors, the small number of patients and the 
quality of RNA extracted, certainly affected the results.

Radiation therapy aims to deliver high doses of radiation to target organ sparing the health tissues. 
Advances in radiation therapy (high-energy linear accelerators, conformal radiation therapy and intensity-
-modulated radiation therapy), has allowed to increase the dose, decreasing side effects (6). Radiation 
Cystitis is a result of many factors (7), clearly the type of radiation, the technique, and the total dose and 
fractions are important for planning treatment and can impact toxicity. The authors reported differences 
on radiotherapy equipment (cobalt, linear accelerator); technique (2D, 3D) and dose, furthermore eleven 
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Anatomic study of verumontanum during endoscopic 
surgeries in patients with benign prostatic hyperplasia
______________________________________________________________________________________________
Henrique Barbosa de Menezes 1, 2, Francisco José Barcellos Sampaio 1, José Anacleto Dutra de Resende 
Júnior 2, Rodrigo Ribeiro Vieiralves 1, Fernando Salles da Silva Filho 2, Edilaine Alves 1, Luciano Alves 
Favorito 1

1 Unidade de Pesquisa Urogenital, Universidade Estadual do Rio de Janeiro - UERJ, Rio de Janeiro, RJ, 
Brasil; 2 Setor de Urologia, Hospital Federal de Lagoa, Rio de Janeiro, RJ, Brasil

ABSTRACT

Introduction and objective: To evaluate changes in verumontanum anatomy in patients 
with benign prostatic hyperplasia (BPH) who used 5-alpha reductase inhibitors (5-ARIs) and 
to propose an anatomical classifi cation of the verumontanum.
Materials and Methods: We studied 86 patients with BPH and 7 patients without the disease 
(age under 40 years-old who underwent kidney or ureteral lithotripsy). Of the patients with 
BPH, 34 (mean age=67.26) had 5-ARIs use and 52 (mean age=62.69) did not use the drug. 
During surgeries, photographs of the seminal colliculus were taken and later, with the aid 
of software (Image J), the length (longitudinal diameter) and width (transverse diameter) of 
the verumontanum were measured in all patients. During the procedure, we evaluated the 
different types of verumontanum. For statistical analysis, the R-Project software was used.
Results: In the group of patients with BPH who were taking medication (group 1), the mean 
measures of length and width of the verumontanum were 4.69mm and 2.94mm respectively. 
In the group of patients with BPH who did not use the drug (group 2), the mean diameters 
were 4.54mm and 3.20mm respectively. In the control group (group 3), the average length 
and width were 5.63mm and 4.11mm respectively. There was an increase in longitudinal 
and transverse measurements of the control group with an increase in body mass index 
(BMI) (p=0.0001 and p=0.035 respectively). In addition, there was a reduction in transverse 
diameter in the group of BPH using 5-ARI with increased prostate volume (p=0.010). We 
found fi ve different verumontanum types: “volcano” (51.61%), “lighthouse” (24.73%), 
“whale tail” (12.90%), “hood” (5.38%) and “castle door” (5.38%), which we propose as an 
anatomical classifi cation.
Conclusion: Veromontanum has smaller measurements in patients with BPH regardless of 
treatment. In the control group, there was an increase in verumontanum diameters with an 
increase in BMI. The volcano type of verumontanum was the most frequent regardless of 
groups and BMI.
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INTRODUCTION

The verumontanum (seminal colliculus) is 
a bulge distal to the urethral crest that presents the 

prostatic utricle (remnant of the Muller ducts) and the 
two ejaculatory ducts (1). The verumontanum origi-
nates from the endoderm of the bladder part of the 
urogenital sinus and has great anatomical and func-
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tional importance due to the presence of ejaculatory 
ducts, fundamental structures for semen elimination. 
Thus, this structure plays an important role in re-
production (2). It can be affected by problems such 
as cysts or polyps, which lead to symptoms of emp-
tying, dysuria, hematuria, infertility, hemospermia, 
prostatitis and urinary tract infection (3).

 Although there are anatomical classifica-
tions of the prostate (McNeal and Randall) (4, 5) and 
classification of the prostate utricle (6), so far no clas-
sification of the seminal colliculus has been created.

 Benign prostatic hyperplasia (BPH) is one of 
the most common diseases in men, with progressi-
ve incidence according to age. BPH leads to lower 
urinary tract symptoms (LUTS) due to intra-bladder 
obstruction (7). Among the medications used to treat 
BPH, 5-alpha-reductase inhibitors (5-ARIs) are promi-
nent because they are able to alter the natural history 
of the disease by decreasing prostate volume (8). The-
re are two FDA-authorized 5-ARIs drugs: finasteride 
and dutasteride. Finasteride acts by inhibiting type 2 
enzyme, while dutasteride inhibits types 1 and 2. Ho-
wever, this class of drugs has side effects such as eja-
culatory disorders and reduced semen volume (8-10).

 Previous studies analyzing the anatomy of 
the verumontanum in BPH and in patients with nor-
mal prostates are scarce in the literature. We hypo-
thesized that the verumontanum anatomy could be 
altered in patients with BPH due to the use of 5-al-
pha-reductase inhibitors, which could justify side 
effects such as ejaculatory disorders. Although, that 
is not the purpose of our work.

 The aim of this paper is to create an ana-
tomical endoscopic classification for verumontanum 
and to assess changes in verumontanum anatomy 
in patients with benign prostatic hyperplasia (BPH) 
using 5-alpha-reductase inhibitors, such as: assess 
whether the 5-ARIs alter the size or anatomy of the 
verumontanum, assess whether BPH increase the 
size or change the anatomy of the verumontanum, 
compare the size of the verumontanum with age, the 
body mass index (BMI) and the prostate weight.

MATERIALS AND METHODS

 The experimental protocol described here 
was approved by the committee for ethical human 
experimentation of our university. This study was 

carried out in accordance with the ethical standards 
of the hospital’s institutional committee on human 
experimentation (opinion number 3.233.220).

 This is an anatomical, observational, analyti-
cal, prospective and non-randomized study, carried 
out at the Federal Hospital of Lagoa, started in March 
2018 and completed in October 2019. We studied 86 
patients with BPH (age 41 to 85 years, mean=64.5 
years) and 7 patients without BPH, who formed the 
control group (age 29 to 38 years, mean=32.71 years). 
Of the patients with BPH, 34 used 5-ARIs (16 used 
finasteride and 18 used dutasteride, wich composed 
the Group 1) and 52 did not use this class of drugs 
(Group 2). The average age of group 1 was 67 years 
and the average age of group 2 was 62 years. All the 
patients in the study were evaluated by the same pro-
fessional, who applied the same questionnaire. Data 
were collected such as age, height, weight, body mass 
index, prostate weight, alpha-blocker use, 5-alpha-
-reductase inhibitor use, presence of systemic arterial 
hypertension and diabetes mellitus, and delayed bla-
dder catheter (DBC) use.

 Inclusion criteria: Patients with BPH who 
underwent transurethral resection (TUR) of the 
prostate or bladder and patients younger than 40 
years without BPH who underwent an endosco-
pic procedure to treat urolithiasis composed the 
control group (because the literature shows that at 
this age occurs a significant increase in the pre-
valence of BPH, as well as in lower urinary tract 
symptoms associated with BPH) (7).

 Exclusion criteria: All patients with any 
other prostate pathology (prostate cancer, prostatitis, 
prostatic cyst, etc.), patients with BPH who used fi-
nasteride or dutasteride for less than 6 months (be-
cause the literature shows that at this moment the 
drugs start to have the best effect) (11), as well as 
patients undergoing any minimally invasive surgical 
treatment of the prostate. In our study, all patients 
who used 5-ARIs were also using alpha-blockers.

 In order to standardize the performance of 
TURs so that the technique used in the introduction 
of the resectoscope was always the same, all patients 
were operated by the same surgeon. The resectoscope 
used was Olympus® 26 French (Fr) - continuous flow. 
The electrodes used were “loop” type. The generator 
used was the Olympus® bipolar plasma. During tran-
surethral resection surgery, photographs of the veru-
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montanum were taken (40cm distance between the 
camera and the monitor screen) and the images were 
analyzed using Image J version 1.46r, with its plug-
-in (http://rsb.info.nih.gov/ij/). The longitudinal and 
transverse diameters of the seminal colliculus were 
measured using the distance between the two ends of 
the resectoscopic loop, which was determined prior to 
surgery individually as a measurement parameter. The 
distance of the resection loop and the optics was stan-
dardized (1cm). In the case of patients in the control 
group, the measurement was made using the diameter 
of a ureteral catheter (previously known measure) as a 
parameter for verumontanum diameter measurement 
(Figure-1). All verumontanums were initially pho-
tographed without the resection loop and without 
the ureteral catheter in the visual field so that they 
could be evaluated to standardize a classification of 
their anatomy.

 After completing the verumontanum measu-
rements, comparisons were made between the follo-
wing groups: patients with BPH who used 5-alpha-
-reductase inhibitors (group 1), patients with BPH 

who did not use 5-alpha-reductase inhibitors (group 
2), and patients under 40 years of age, without BPH, 
undergoing the endoscopic procedure to treat uroli-
thiasis (group 3, control). In addition, comparisons of 
verumontanum size with age, BMI and prostate wei-
ght were performed. After the analysis of all veru-
montanums, we proposed a new classification for the 
organ’s morphology.

 Statistical analysis was performed using 
the R-Project software, version 3.5.3. The Kruskal-
-Wallis test and Dunn’s post-test were used to 
verify if there was a statistically significant di-
fference between the means of the variables. The 
Mann-Whitney mean comparison test was used 
to evaluate the prostate size variables present in 
groups 1 and 2. Simple linear correlations were 
calculated to compare verumontanum measure-
ments with variables in the three groups. We con-
sidered p-values <0.05 as statistically significant.

RESULTS

Figure 1 - The figure shows the measurement of verumontanum diameters of groups 1, 2 and 3. A) Standardization of recurrent 
distance in groups 1 and 2 (distance between the two ends of the resection loop). B) Measurement of the longitudinal diameter 
of the verumontanum of groups 1 and 2. C) Standardization of the recognized distance of group 3 (ureteral catheter diameter). 
D) Verification of the longitudinal diameter of the verumontanum.
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Table 1 - All data and variables of all patients.

Data and variables of patients with BPH

Pt. Age LDV TDV
Verum. 

Type
Prostate Weight 5 ARI

OBES./BMI
(kg/m2)

SAH DM DBC

1 55 2.75mm 2.20mm WT 60g Yes Yes/31.37 No No No

2 66 3.19mm 3.3mm V 75g Yes No/24.91 No No Yes

3 52 2.81mm 3.39mm WT 54g Yes No/27.3 Yes Yes No

4 72 3.71mm 3.5mm CD 55g Yes No/24.0 No No Yes

5 68 7.11mm 2.2 mm H 46g Yes Yes/38.4 Yes Yes No

6 64 6.6mm 3.12mm WT 47g Yes No/23.8 Yes Yes Yes

7 66 2.91mm 2.26mm V 54g Yes No/29.72 No No Yes

8 68 5.18mm 3.23mm H 63g Yes Yes/34.15 Yes No Yes

9 63 2.88mm 2.04mm CD 65g Yes No/22.59 Yes Yes No

10 58 4.56mm 3.88mm CD 40g Yes No/26.81 Yes No No

11 79 6.31mm 4.2mm V 57g Yes No/29.29 Yes No No

12 68 3.92mm 4.0mm V 50g No No/22.94 No No No

13 77 4.92mm 3.0 mm V 140g No No/26.9 Yes No No

14 72 8.31mm 2.51mm L 40g No No/20.06 No No No

15 66 4.37mm 4.40mm WT 32g Yes No/23.99 No No No

16 68 6.91mm 3.24mm H 63g Yes No/25.0 Yes No Yes

17 56 6.17mm 3.95mm L 65g Yes No/29.4 Yes No No

18 78 5.36mm 2.11mm WT 66g Yes No/23.6 Yes No Yes

19 63 4.51mm 2.90mm V 40g No No/25.0 No No Yes

20 68 5.29mm 2.43mm V 51g No No/25.9 No No Yes

21 60 5.33mm 3.75mm V 41g No No/22.7 No No Yes

22 52 7.28mm 2.32mm L 70g Yes No/25.0 Yes No Yes

23 68 7.29mm 3.15mm WT 53g Yes No/17.5 Yes No Yes
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24 69 3.79mm 2.75mm V 40g No Yes/34.11 Yes Yes No

25 68 4.70mm 4.17mm V 66g No No/24.9 No No Yes

26 60 3.31mm 3.07mm V 31g No No/28.5 Yes No No

27 67 4.5mm 3.06mm V 69g No No/23.14 No No Yes

28 62 4.15mm 3.81mm V 67g Yes No/22.9 Yes Yes No

29 78 3.57mm 1.24mm H 100g Yes No/25.8 Yes No No

30 62 2.17mm 2.4mm V 84g Yes No/19.0 Yes Yes No

31 65 4.03mm 1.7mm L 67g Yes No/24.9 No No Yes

32 64 6.31mm 4.14mm L 20g No No/27.0 No No No

33 72 5.87mm 3.14mm L 52g No No/28.6 No Yes No

34 67 2.24mm 2.35mm V 33g No Yes/31.0 No No No

35 72 5.91mm 4.97mm CD 44g No Yes/45.6 Yes No No

36 74 2.6mm 2.4mm WT 30g No No/23.0 Yes Yes No

37 81 3.19mm 2.46mm WT 86g Yes No/23.0 Yes No No

38 71 4.59mm 1.96m L 59g Yes Yes/32.0 Yes No No

39 74 5.59mm 2.62mm L 48g No No/28.0 Yes No No

40 59 4.77m 3.19mm V 47g Yes No/22.8 No No No

41 70 10mm 6.61mm V 33g No No/24.4 Yes No No

42 68 4.74mm 3.75mm V 41g Yes No/26.0 No No No

43 71 4.81mm 2.99mm V 37g Yes No/26.0 No No Yes

44 79 5.34mm 2.77mm L 55g Yes No/24.0 No Yes No

45 60 5.65mm 3.92mm V 20g Yes Yes/34.6 Yes No No

46 70 2.57mm 2.51mm WT 42g Yes No/21.5 Yes No Yes

47 58 7.93mm 6.82mm V 20g No No/24.9 Yes No No

48 82 4.93mm 3.25mm L 40g No No/24.9 Yes No No

49 60 4.49mm 3.94mm V 63g No Yes/31.4 Yes Yes No
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50 77 3.59mm 2.16mm V 36g Yes No/28.0 Yes Yes Yes

51 44 3.1mm 2.85mm CD 25g No No/25.53 No No No

52 69 4.47 mm 2.48mm L 56g Yes No/27.68 Yes No Yes

53 70 4.92 mm 2.30mm L 25g No No/27.15 Yes No No

54 80 3.85mm 2.13mm V 158g Yes No/22.03 Yes No No

55 48 3.06mm 2.67mm V 27g No No/28.3 Yes No No

56 74 4.32 mm 3.29mm V 24g No No/26.98 Yes No No

57 57 4.58mm 3.15mm V 35g No No/26.49 No No No

58 56 4.42mm 1.59mm L 35g No Yes/32.11 Yes No No

59 70 4.22mm 2.37mm L 51g No Yes/32.0 Yes No No

60 46 2.22mm 2.35mm V 29g No No/23.87 Yes No No

61 49 4.92mm 4.53mm V 27g No No/27.76 No No No

62 41 4.49 mm 3.23mm V 30g No No/20.76 No No No

63 58 2.45mm 2.66mm V 19g No No/26.34 No No No

64 56 2.36mm 5.09mm V 35g No No/22.34 No No No

65 83 4.25mm 3.13mm V 75g No No/23.62 No No Yes

66 76 8.0mm 1.76mm H 30g No No/24.7 Yes No No

67 61 3.80mm 1.48mm L 30g No No/22.34 No No No

68 63 5.34mm 4.21mm V 31g No No/27.71 No No No

69 50 4.94mm 3.36mm V 28g No No/29.58 Yes Yes No

70 42 3.17mm 3.84mm V 30g No Yes/34.33 Yes Yes No

71 52 3.65 mm 2.56mm V 50g No No/25.30 Yes No No

72 68 3.03 mm 3.06mm V 65g No Yes/31.37 Yes No No

73 72 2.22mm 1.74mm V 42g No No/27.16 Yes Yes No

74 49 4.03 mm 2.54mm L 38g No No/29.41 No No No
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75 47 4.37 mm 4.42mm WT 39g No No/28.32 Yes No No

76 77 2.68mm 2.64mm V 24g No No/22.72 No No No

77 85 4.45mm 4.33mm V 40g Yes No/26.36 No No No

78 44 4.28 mm 2.25mm L 27g No No/27.68 No No No

79 61 2.42mm 2.08mm V 75g No No/24.77 Yes Yes No

80 51 8.08mm 3.73mm L 75g Yes No/24.38 No No No

81 76 3.75mm 2.65mm V 54g No Yes/31.57 Yes Yes No

82 68 4.38mm 3.31mm WT 38g No No/22.86 No No No

83 53 11.26mm 5.6mm L 30g No No/29.2 No No No

84 46 3.87mm 2.87mm L 30g No No/25.0 Yes No No

85 66 2.85mm 1.64mm L 35g No No/29.32 Yes Yes No

86 72 4.41mm 3.46mm V 40g No No/24.0 Yes Yes No

Data and variables of patients without BPH (control group)

Pt. Age LDV TDV
Verum. 

Type
OBES./BMI 

(kg/m2)
SAH DM DBC

1 29 16.6mm 10 mm L Yes/34.0 No No No

2 37 3.14mm 2.0mm V No/25.9 No No No

3 38 2.77mm 2.12mm V No/25.39 No No No

4 34 2.79mm 1.74mm V No/25.9 No No No

5 29 4.58mm 2.81mm WT No/25.6 No No No

6 30 5.28mm 7.65mm V No/26.06 No No No

7 32 4.26mm 2.46mm L No/26.77 No No No

Pt = Patient; LDV = Longitudinal diameter of the verumontanum; TDV = transverse diameter of the verumontanum; 5 ARI = 5-alpha-reductase inhibitor; OBES./BMI = Obesity/
Body Mass Index; SAH = systemic arterial hypertension; DM = Diabetes Mellitus; DBC = delayed bladder catheter; mm = millimeter; g = gram; V = volcano; WT = Whale Tail; 
L = Lighthouse; H = Hood; CD = Castle Door.

Note: Prostate volume was not included in the control group because in this age group there is no routine investigation of benign prostatic hyperplasia.
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 All variables studied are presented in Ta-
ble-1. The mean, standard deviation and median of 
BMI, prostate weight and verumontanum measure-
ments are shown in Table-2.

 In the control group, there was an incre-
ase in longitudinal (R2=0.9791; p=0.0013) and 
transverse (R2=0.9777; p=0.0014) measurements 
of the verumontanum with rising body mass in-
dex (BMI), with statistical significance. However, 
in the comparison according to age, verumonta-
num diameters decreased (longitudinal diameter 
(R2=0.3403; p=0.1692) and transverse diameter 
(R2=0.4221; p=0.1142) as age increased (Figure-2).

In BPH patients who used 5-alpha-reduc-
tase inhibitors (group 1), when comparison of the 
verumontanum measurements and BMI revealed 
na increase in longitudinal diameter (R2=0.0285; 
p=0.3397) and a slight increase in transverse dia-
meter (R2=0.0005; p=0.8986) with an increase in 
BMI. In this group there was a reduction in lon-
gitudinal (R2=0.0238; p=0.3833) and transverse 
(R2=0.0325; p=0.3080) diameters with increasing 
age. In the comparson with prostate weight, the-
re was a reduction in longitudinal (R2=0.0237; 
p=0.3852) and transverse (R2=0.1864; p=0.0108) 
diameters as the prostate weight increased, but 
only the transverse diameter was statistically sig-
nificant (Figure-3).

In the control group, there was an increase 
in longitudinal (R2=0.9791; p=0.0013) and transverse 
(R2=0.9777; p=0.0014) measurements of the veru-

montanum with rising body mass index (BMI), with 
statistical significance. However, in the comparison 
according to age, verumontanum diameters decre-
ased (longitudinal diameter (R2=0.3403; p=0.1692) 
and transverse diameter (R2=0.4221; p=0.1142) as age 
increased (Figure-2).

In BPH patients who used 5-alpha-reduc-
tase inhibitors (group 1), when comparison of the 
verumontanum measurements and BMI revealed 
na increase in longitudinal diameter (R2=0.0285; 
p=0.3397) and a slight increase in transverse diame-
ter (R2=0.0005; p=0.8986) with an increase in BMI. 
In this group there was a reduction in longitudinal 
(R2=0.0238; p=0.3833) and transverse (R2=0.0325; 
p=0.3080) diameters with increasing age. In the com-
parson with prostate weight, there was a reduction 
in longitudinal (R2=0.0237; p=0.3852) and transverse 
(R2=0.1864; p=0.0108) diameters as the prostate wei-
ght increased, but only the transverse diameter was 
statistically significant (Figure-3).

 The graphs show that the verumontanum 
did not increase with age in the three groups. It can 
also be noted that the verumontanum did not incre-
ase with increased prostate volume, suggesting that 
in patients with BPH there is no associated growth of 
the verumontanum along with the prostate.

 During the anatomical analysis of the veru-
montanum, we observed five different morphological 
types, whose nomenclature we created according to 
their appearance (Figure-4): “Volcano” colliculus is a 
short colliculus with the utricle at its upper extremity; 

Table 2 - Clinical characteristics of the studied groups.

Variables
Control (n=7)

µ±∂; m

BPH+without 5ARIs 
(n=52)
µ±∂; m

BPH+5ARIs
(n=34)
µ±∂; m

P value

Age (years) 32.71±3.73; 32.00 62.69±11.12; 65.00 67.26±8.94; 68.00 <0.0001 (1)

Body mass index (kg/m²) 27.36±3.72; 25.90 27.11±4.19; 26.90 26.11±4.38; 25.00 0.4203 (1)

Prostate weight (g) - 40.85±19.80; 35.00 59.85±23.94; 56.50 <0.0001 (2)

Longitudinal diameter of the 
verumontanum (mm)

5.63±4.93; 4.26 4.54±1.86; 4.38 4.69±1.56; 4.52 0.6990 (1)

Transversal diameter of the 
verumontanum (mm)

4.11±3.31; 2.46 3.20±1.15; 3.03 2.94±0.83; 3.06 0.6261 (1)

BPH = Benign prostatic hyperplasia; 5ARIs=5 alpha reductase inhibitors; Data were expressed as mean (µ)±standard deviation (∂); median (m).
(1) Nonparametric differences were tested by Kruskal-Wallis and Dunn’s posttest, p <0.05; (2) Nonparametric differences were tested by Mann-Whitney, p <0.05. 
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Figure 2 - The figure shows the linear regression graphs of the control group comparing the age (years) and BMI (kg/m2) 
variables with the verumontanum measurements. Linear regression demonstrates that the longitudinal (r2=0.3403; p=0.1692) 
and transverse (r2=0.4221; p=0.1142) diameters of verumontanum decreased with age. The longitudinal (r2=0,9791; 
p=0.0013) and transverse (r2=0.9777; p=0.0014) diameters of verumontanum increased significantly with increasing BMI.

“Lighthouse” colliculus is longer colliculus with the 
anterior utricle at its upper extremity; “Whale Tail” 
colliculus is a short, flattened organ with an elonga-
ted urethral crest; “Hood” colliculus is the most elon-
gated colliculus of all, tapered and continuous with 
the urethral crest; and “Castle Door” colliculus is a 
broad, short colliculus with enlarged prostate utricle. 
Group 1 presented frequency of verumontanum types 
as follows: 12 (35.29%) patients with “Volcano” colli-
culus; 8 (23.53%) with “Whale tail”; 7 (20.59%) with 
“Lighthouse”; 4 (11.76%) with “Hood”; and 3 (8.82%) 
with “Castle Door” type. In the analysis of group 
2, the frequency pattern was: 32 (61.54%) patients 
with “Volcano” type colliculus; 14 (26.92%) with “Li-
ghthouse”; 3 (5.77%) with “Whale Tail”; 2 (3.85%) 
with “Castle Door”; and 1 (1.92%) with “Hood” type.

 In the control group, the “Volcano” colliculus 
was present in 4 (57.14%) patients, “Lighthouse” in 
2 (28.57%) patients and “Whale Tail” in 1 (14.29%) 
patient.

 There was no statistical difference in the 
comparison between the three groups (p=0.0908).

 Of the patients who were using delayed bla-
dder catheters, 10 (50%) had “Volcano” colliculus, 4 
(20%) had “Whale Tail”, 3 (15%) had “Lighthouse”, 2 

(10%) had “Hood”, and 1 (5%) had “Castle Door”.
 Among obese (BMI ≥30kg/m2), overweight 

(BMI 25 - 29.9 kg/m2) and normal patients (BMI 
≤24.9kg/m2), the “Volcano” verumontanum was the 
most frequent in all of them, presenting frequencies 
of 7 (46.66%), 29 (52.72%) and 12 (52.17%) respecti-
vely, with statistical significance (p=0.022).

DISCUSSION

 The 5-alpha-reductase inhibitors are known 
to act by inducing apoptosis of prostate epithelial 
cells (12), leading to a reduction in prostate size of 
about 18-28% and a decrease in serum prostate-
-specific atigen (PSA) levels of about 50% after six 
to twelve months of treatment (8, 11). In addition, 
5-alpha-reductase inhibitors improve International 
Prostate Symptom Score (IPSS) by 15-30% and uri-
nary maximal flow by 1.5-2.0mL/s in patients with 
LUTS (9, 10). 5-alpha-reductase inhibitors reduce the 
long-term risk (> one year) of acute urinary retention 
(AUR) or the need for surgery (13). In addition, fi-
nasteride can decrease bleeding during transurethral 
prostate resection surgery, probably due to its effects 
on prostate vascularization (14).
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Figure 3 - The figure shows the linear regression graphs of group 1 and group 2 comparing the variables age (years), 
BMI (kg/m2) and prostatic weight (grams) with the verumontanum measurements. Linear regression of group 1: A) With 
increasing age, the longitudinal (r2=0.0238; p=0.3833) and transverse (r2=0.0325; p=0.3080) diameters of the verumontanum 
decreased; B) There was na increase in longitudinal (r2=0.0285; p=0.3397) and transverse (r2=0.0005; p=0.8986) diameters 
with increasing BMI; C) There is a reduction in longitudinal (r2=0.0237; p=0.3852) and transverse (r2=0.1864; p=0.0108) 
diameters with increasing prostate weight. Linear regression of group 2: D) There was na increase in longitudinal diameter 
(r2=0.0196; p=0.3223) and a reduction in transverse diameter (r2=0.0118; p=0.4440) with increasing age; E) There was a 
reduction in longitudinal diameter (r2=0.0006; p=0.8662) and an increase in transverse diameter (r2=0.0049; p=0.6235) 
with increasing BMI; F) There was a reduction in longitudinal (r2=0.0029; p=0.7063) and transverse (r2=0.0078; p=0.5323) 
diameter with increasing prostate weight.
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 However, there is no information in the li-
terature on whether this class of drugs alters the 
verumontanum size. In the present study, the mean 
verumontanum measurements were higher in the 
control group compared to the group without the 
drug, where the transverse diameter was larger than 
in the group that used the medicine. This suggests 
that 5-alpha-reductase inhibitors also decrease the 
verumontanum size.

 In addition to decreased libido and erectile 
dysfunction, it is now known that the use of 5-alpha-
-reductase inhibitors can cause ejaculatory disorders 
and reduced semen volume (8-10, 15). The cause of 
these ejaculatory disorders is not known, but we can 
speculate that changes in verumontanum size could 
be involved. Therefore, further studies are needed to 
assess whether the form of verumontanum, influen-
ced by the use of 5-ARIs in the population affected 
by BPH/LUTS, could modify the ejaculatory pattern 
of these individuals.

 In our sample, in patients of group 1 and 
group 2, we observed a decrease in verumontanum 
measurements along with an increase in prosta-
te weight, but only the decrease in verumontanum 
transversal measurement in the BPH group who used 
the drug was statistically significant.

 BMI and metabolic syndrome are important 
in the incidence and prognosis of prostate diseases 

(16). There are no reports in the literature of altera-
tion of verumontanum morphology in patients with 
BPH using 5-alpha-reductase inhibitors. In our study, 
we observed in patients who used 5-alpha-reductase 
inhibitors an increase in both diameters (mainly in 
the longitudinal diameter) with increase of BMI. In 
the group who did not use 5-alpha reductase inhibi-
tors, the longitudinal diameter of the verumontanum 
decreased and the transverse diameter increased as 
the BMI increased. And in the control group, veru-
montanum diameters increased as BMI increased, 
with statistical significance.

 During prostate TUR surgery, there is con-
cern about verumontanum injury. Thus, Malalasekera 
and collaborators (17) performed a 3D study of the 
pathway of the ejaculatory ducts through the pros-
tate to try to define a way to minimize the chance of 
ejaculatory duct injury during trans-urethral resec-
tion of the prostate, and he suggested preserving the 
prostate tissue located 7.5mm on either side of the 
verumontanum from the midline and 10mm proxi-
mal to the verumontanum. Thus, knowledge of the 
anatomy of the verumontanum is again important 
to define resection limits in the surgical treatment of 
BPH (17).

 Another condition to be discussed would be 
obstructive azoospermia. This disease leads to inferti-
lity due to obstruction of the male reproductive tract, 
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Figure 4 - The fi gure shows the 5 types of 
verumontanum found in the study. The left side 
shows the 5 types of verumontanum during the 
endoscopic surgery and the right has drawings of 
the 5 types. A) “Volcano”. B) “Lighthouse”. C) 
“Whale Tail”. D) “Castle Door”. E) “Hood”.

which can occur anywhere (rete testis, efferent ducts, 
epididymis, vas deferens and ejaculatory duct) (18). 
One of the tests used to diagnose this condition is se-
minal vasography/vesiculography, which consists of 
catheterization of the ejaculatory ducts through the 
verumontanum and contrast injection (19, 20). When 
the obstruction is located in the ejaculatory ducts, the 
ideal treatment is transurethral resection of the eja-
culatory duct, accessed through the verumontanum 
(20). Thus, better knowledge of the anatomy of the 
verumontanum, as well as its classifi cation, may help 
the endoscopic treatment of obstructive azoospermia. 
These facts reinforce the importance of knowledge of 
verumontanum anatomy.

 The average diameter of verumontanum 
in group 3 was higher than in group 2, which was 
higher than in group 1, suggesting that 5-alpha-
-reductase inhibitors shrink the prostate as well as 
the verumontanum. Patients using 5-alpha-reduc-
tase inhibitors showed increased longitudinal dia-
meter of the verumontanum with increasing BMI. 
In the group who did not use 5-alpha reductase 
inhibitors, there was a reduction in longitudinal 
diameter and an increase in transverse diameter 
of the verumontanum as the BMI increased. The 
verumontanum was smaller in patients with BPH 
who used and those who did not use 5-alpha-re-
ductase inhibitors as the prostate enlarged, sug-
gesting that BPH does not increase the size of the 
verumontanum. In the control group, verumon-
tanum diameters increased with increasing BMI, 
suggesting that obesity may be associated with 
increased verumontanum size. In all groups the 
measures of the verumontanum decreased with 
advancing age, except for group 2, which presen-
ted an increase in longitudinal diameter.

 A fi nding of great interest during this study 
is that all patients could be grouped into one of 
the fi ve categories of our verumontanum morpho-
logical classifi cation. From what has been shown, 
we believe this classifi cation represents anatomic 
reality and will be useful in future studies invol-
ving the verumontanum. We propose to classify the 
verumontanum into fi ve different anatomical types 
(“Volcano”, “Lighthouse”, “Whale Tail”, “Hood” 
and “Castle Door”). We observed that the “Volcano” 
colliculus was the most frequent (51.61% of all pa-
tients in the study), followed by the “Lighthouse To-
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wer” and “Whale Tail” types, with the “Castle Door” 
and “Hood” being less prevalent. However, we did 
not observe any difference between the groups, su-
ggesting that the type of colliculus is not altered by 
BPH, the use of 5-alpha-reductase inhibitors or the 
use of delayed bladder catheters.

 The main limitations of the present study 
are: presence of a small sample of patients; impos-
sibility of measuring the third diameter of the ve-
rumontanum and consequently calculating its vo-
lume, because the image analyzed by endoscopy is 
obtained in two dimensions; lack of standardiza-
tion of a single type of 5-ARIs; our measurement 
method did not use more reliable measurement to-
ols, such as a caliper, but this was the only way we 
found to carry out the measurements, considering 
that the study was with live patients.

CONCLUSION

 The veromontanum measurements were 
smaller in patients with BPH who used and those who 
did not use the medicine as the prostate enlarged. In 
the control group, there was an increase in verumon-
tanum diameters with an increase in BMI. We ob-
served the presence of five morphological types of 
verumontanum in our sample (“Volcano”, “Lighthou-
se”, “Whale Tail”, “Hood” and “Castle Door”), and 
the “Volcano” type was most frequent regardless of 
groups or BMI, suggesting that the use of 5-alpha-
-reductase inhibitors and obesity do not influence 
verumontanum morphology. Creating a new anato-
mical classification is always interesting. In addition, 
we believe this classification may help in endoscopic 
prostate surgery as well as future studies.

ABBREVIATIONS

BPH = Benign prostatic hyperplasia
LUTS = Lower urinary tract symptoms
5-ARIs = 5-alpha-reductase inhibitors 
BMI = Body mass index
DBC = Delayed bladder catheter
TUR = Transurethral resection
OR = Odds ratio
PSA = Prostate-specific antigen
IPSS = International prostate symptom score
AUR = Acute urinary retention
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ABSTRACT

Purpose: We assessed the effi cacy and safety of a single injection of three bulking agents 
over the short- and long-term follow-ups in rabbits. Dermal and preputial matrices were 
compared with Defl ux (DxHA) injection.
Material and methods: Twenty-four rabbits were divided into three groups. Group I (n=8) 
underwent the injection of a lyophilized dermal matrix (LDM) beneath the seromuscular 
layer of the bladder wall. Rabbits in group II (n=8) were injected with lyophilized preputial 
matrix (LPM). Rabbits of group III (n=8) were injected with DxHA as the control group. 
They were followed up for 1 and 6 months after the injection. Subcutaneous injection 
of all bulking agents was also performed in nude mice. Biopsies were stained with LCA 
(leukocyte common antibody), CD68, CD31, and CD34. Scanning electron microscopy 
(SEM) and MTT assay were also performed.
Results: Immunohistochemistry staining with CD68 and LCA revealed higher infl ammation 
grade in LDM as compared with LPM and DxHA. Fibrosis grade was also higher in LDM 
both in short- and long-term follow-ups. However, no signifi cant difference was detected 
in CD31 and CD34 staining between control and experimental groups. SEM analysis 
showed that the particle size of LPM was more similar to DxHA. MTT assay revealed that 
cell proliferation was similar in DxHA, LDM, and LPM. In-vivo assay in nude mice model 
showed more promising results in LPM as compared with LDM.
Conclusion: The long-term results demonstrated that LPM was more similar to Defl ux 
with the least local tissue reaction, infl ammation, and fi brosis grade.
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INTRODUCTION

Bulking agents are widely used in the treat-
ment of stress urinary incontinence and primary ve-
sicoureteral refl ux (VUR), as minimally invasive pro-
cedures. The management of patients with VUR has 
been revolutionized with the endoscopic injection of 
bulking agents which is a simple, less time-consu-
ming, and high-resolution rate technique. Therefore, 

a variety of materials have been applied as a bulking 
agent since 1938, when the injection of sodium mor-
rhuate around the urethra was fi rst reported (1). The 
application of polytetrafl uoroethylene was initialized 
in 1973 with signifi cant improvement in stress uri-
nary incontinence in short-terms (2). However, the 
injection of this material was widely abandoned be-
cause of particle migration, granuloma formation, 
and embolization. An ideal injectable bulking agent 
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would have several characteristics including safety, 
hypoallergenic, non-immunogenic, well tolerance, 
biocompatibility, effectiveness, durability, and easy to 
administer. Additionally, minimal fibrotic in-growth 
and inflammatory response, acceptable wound hea-
ling, and retention of the bulking effect for prolonged 
periods are among other important characteristics for 
an applicable bulking agent (3).

 Different materials including autologous fat, 
collagen, polytetrafluoroethylene (Teflon®), polydi-
methylsiloxane elastomer, dextranomer/hyaluronic 
acid copolymer (Deflux®), calcium hydroxylapatite, 
Macroplastique, polyacrylate polyalcohol copolymer 
(Vantris®), and zirconium carbon-coated beads have 
been long used as bulking agents for many years (4). 
Despite the overall high success rates reported in se-
veral studies, there are concerns about the short term 
follow-up of these bulking agents. Migration, reab-
sorption, and allergic reaction are amongst the posed 
problems of these early treatment options (4). A cure 
rate of 25-45% and an improvement rate of 25-70% 
were reported for long-term outcomes of most com-
mercially available bulking agents (5, 6). An inves-
tigation for a more ideal material has been promp-
ted because of the associated limitations of bulking 
agents.

 The side effects of previously applied bulking 
agents led us to investigate the short-term effect of 
other tissue augmenting substances including lyo-
philized preputial matrix (LPM) and lyophilized 
dermal matrix (LDM). This study represents the first 
investigation to evaluate the acute and chronic in-
flammatory response of the bladder wall compared to 
the commercially available bulking agents. We hypo-
thesized that LMP would be more similar to Deflux 
with the least local tissue reaction, inflammation, and 
fibrosis grade. To evaluate this hypothesis, this study 
was performed in a rabbit model.

MATERIALS AND METHODS

Preputial matrix preparation
 The preputial tissue was obtained from 8 cir-

cumcised infants after obtaining informed consent 
from their parents. The work has been carried out 
following The Code of Ethics of the World Medical 
Association (Declaration of Helsinki). In addition, all 
procedures were performed according to the local 

ethical committee of Tehran University of Medical 
Sciences. Institutional Review Board (IRB) of Tehran 
University of Medical Sciences approved the study 
(IRB number: 27940). To remove the mucosal sur-
face, Meezan’s modified method was applied after 
washing the prepuce tissue with normal saline (7). 
The prepuce was decellularized with the previously 
mentioned method in our recent article (8). In brief, 
the prepuce was incubated in 1M NaCl at 38°C for 48 
hours with its mucosal side downwards, to separate 
the epidermis from the dermis. Then, the epidermis 
was gently removed from the dermis with a forceps 
under the laminar hood. Hanks balanced salt solution 
(HBSS) was subsequently applied to the prepuce for 
10 minutes at room temperature. This procedure was 
repeated for two times after changing the solution. 
Then, the prepuce was placed in 1% sodium dodecyl 
sulfate (SDS) in HBSS on the rotator at 60 RPM for 90 
minutes at room temperature. The tissue was washed 
with HBSS for 20 minutes at room temperature.

 Preputial tissue was placed in 1% Triton 
X-100 for 20 minutes and rinsed with phosphate 
buffer saline (PBS) for 10 minutes. The solution was 
then replaced with 0.05% trypsin/0.02% EDTA and 
incubated at 38°C for 30 minutes for removing the 
remaining DNA and RNA. The decellularized scaffol-
ds were washed with PBS for 20 minutes. In the next 
step, the decellularized samples were freeze by storing 
at -80°C. We lyophilized the samples until completely 
dry (for about 24 hours). Then, a Wiley Mini-Mill was 
used to grind the dry ECM into a fine powder. We re-
moved the collection jar with the milled ECM powder 
after most of the sample has come through the filter.

Dermal matrix preparation
 The skin tissue was obtained from 8 patients 

undergoing abdominoplasty after obtaining infor-
med consent. The skin was decellularized with the 
previously mentioned method (9). In a preferred em-
bodiment of the decellularization method, a dermis 
portion obtained by separation from the epidermis 
is immersed in a mixed solution containing 0.125wt 
% trypsin, 1mM EDTA, and 0.25wt % Triton X-100 
and shaken at 37°C for 3 to 4 hours. This treatment 
removes substantially all cellular components (inclu-
ding cells of cutaneous appendages, vascular cells, 
fibroblast cells, and nervous system cells) within the 
dermis, and the dermis thus obtained is composed 
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only of a dermal matrix containing collagen as the 
main constituent. Then, the decellularized scaffolds 
were washed with PBS for 20 minutes, lyophilized, 
and milled.

DNA assay
 Both decellularized dermal and preputial 

matrices were collected on dry ice and weighed. A 
Nanodrop 2000 (MaestroNano, USA) was applied for 
the measurement of DNA concentration (ng DNA/
mg tissue) after DNA extraction according to the 
manufacturer’s protocol of the DNeasy Blood & Tis-
sue kit (QIAGEN, Netherlands). Since the matrix was 
lyophilized, the appropriate control was for lyophili-
zed native tissues.

Scanning electron microscopy
 For evaluation of particle size in both LDM 

and LPM and comparison of those with Deflux 
(DxHA), several images with different magnifications 
were taken before injection. For this purpose, all 
bulking agents were coated with sputter gold (2nm 
thick approximately) by the application of a Gatan 
ion beam coater.

Surgical technique

 Twenty-four healthy male New Zealand 
rabbits weighing 2 to 2.5kg at 8-9 months of age 
and four nude mice were selected for surgical pro-

cedure. This study was conducted according to the 
local ethical committee of Tehran University of 
Medical Sciences. It has been carried out following 
the National Institutes of Health guide for the care 
and use of laboratory animals (NIH Publications 
No. 8023, revised 1978).

Rabbit model: Intramuscular injection of Ke-
tamine (120mg/kg) and Xylazine (15mg/kg) was ap-
plied to perform bulking agent injection under gene-
ral anesthesia after suprapubic incision and exposure 
of the bladder. These rabbits were randomly divided 
into 3 groups. In group I (n=8), DxHA injection was 
performed beneath the seromuscular layer of the 
bladder as the control group. Prolene stitches were 
applied for marking the borders outside the bladder. 
The bladder was then covered with vascularized loose 
perivesical fat. In group II (N=8), LPM was injected 
with the same method. Rabbits of group III (N=8) un-
derwent LDM injection. Injections were performed in 
two different sites of the bladder to be applied in di-
fferent follow-ups. The mean total volume of bulking 
agent injected was 0.5mL per site for each animal 
(Figure-1). Another surgery was performed on these 
rabbits after 1 and 6 months for taking biopsies from 
the marked sections with complete bladder thickness 
for further histological evaluations.

Nude mice model: To evaluate the in vivo 
application of LDM and LPM and compare it with 
DxHA, intramuscular injection of Ketamine (100mg/
kg) and Xylazine (10mg/kg) was performed in four 

Figure 1 - LPM and LDM supplied in the syringe at the time of injection (A) Injection method of Deflux, LPM, and LDM 
beneath the mucosa layer of the bladder wall (B).
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nude mice. After placing the animals in a prone po-
sition, the subcutaneous injection of each bulking 
agent was performed in three sites in aseptic con-
ditions. The nude mice were kept in separate ca-
ges until 6 months after marking the injection site 
with non-absorbable sutures for further evalua-
tions. Biopsies were evaluated for inflammation or 
any other clinical signs in the injection site.

Histopathological evaluations
 Hematoxyline-eosin (H&E) and immuno-

histochemical (IHC) staining with anti-LCA, anti-
-CD31, anti-CD34, and anti-CD68 antibodies were 
performed to evaluate the formation of fibrosis, 
inflammation, and angiogenesis in biopsies taken 
from both rabbits and nude mice. All antibodies 
were purchased from Dako (Trappes, France). For 
the fixation process, 4% paraformaldehyde was 
applied for 24 hours. 4µm thick slides were pre-
pared after the blocking process. For IHC stai-
ning, the samples were immersed in Triton X-100 
in 1:100 for ameliorating antibody penetration. 
Sections were blocked with 1% bovine serum al-
bumin/phosphate-buffered saline (BSA/PBS) and 
incubated with the above-mentioned antibodies. 
Fibrosis and inflammation reaction was graded as 
follows: grade 0=no reaction, grade 1=mild reac-
tion, grade 2=moderate reaction, and grade 3=se-
vere reaction (10).

In vitro evaluation
 The MTT assay was performed for asses-

sing cell metabolic activity. For MTT assay, MTT 
solution (3-[4.5-dimethylthiazol-2-yl]-2.5- di-
phenyltetrazolium bromide; thiazolyl blue) was 
dissolved in PBS to 5mg/mL. To filter-sterilize 
the MTT solution, a 0.2µM filter was applied and 
the solution was stored at -20°C. Subsequently, 
40% (vol/vol) dimethylformamide (DMF) was 
prepared in 2% (vol/vol) glacial acetic acid for 
preparing solubilization solution. To avoid preci-
pitation of SDS, 16% (wt/vol) SDS was dissolved 
in the solution and adjusted to pH=4.7. Then 10µl 
MTT solution per well was added to reach a final 
concentration of 0.45mg/mL. Afterward, it was 
incubated for 4 hours at 37°C and 100µl solubili-
zation solution was added. Finally, the absorban-
ce was recorded at 570nm.

Statistical Analysis

 Statistical Package for Social Science sof-
tware, version 15 (SPSS, Chicago, IL) was applied for 
statistical analysis. T-test and Bonferroni tests were 
applied to compare categorical and continuous va-
riables, respectively. P <0.05 was deemed to be statis-
tically significant.

RESULTS

 Investigation of DNA content after de-
cellularization treatment revealed a statistically 
significant reduction in DNA versus the natural 
dermal and preputial tissues (p <0.001). Accordin-
gly, the DNA content was significantly decreased 
in the decellularized dermal matrix (0.38±0.14ng 
DNA/mg tissue) compared to native tissue 
(85.76±21.12ng/mg wet dermal tissue). Similar re-
sults were obtained for decellularized and native 
preputial tissues (0.21±0.13ng DNA/mg tissue and 
78.96±11.36ng DNA/mg tissues, respectively).

 The results of scanning electron microscopy 
(SEM) revealed differences in particle size, shape, and 
surface characteristics in LDM, LPM, and DxHA. Lar-
ger particles with heterogeneous shapes were detec-
ted in LDM (median size of 110µm) as compared with 
DxHA as the gold standard bulking agent (median 
size of 60µm). However, the particle size of LPM (me-
dian size of 80µm) was more similar to DxHA with 
more homogeneity in particle shapes (Figure-2). The 
histological appearance of the decellularized matrices 
has been also depicted in Figure-3, the results of whi-
ch confirmed well-preserved ECM in both matrices, 
suitable for achieving efficient LDM and LPM.

 No intraoperative or postoperative com-
plications such as infection, bleeding, and perfo-
ration was observed in none of the experimental 
models. No mortality was reported neither in ra-
bbits nor in nude mice. No macroscopic sign of 
infection, necrosis, reactive changes, or allergic 
reaction (erythema or swelling) was noted at the 
time of biopsy at different time points in none of 
the experimental models. No distant migration 
was detected and all the bulking agents were pla-
ced at the same injection site in all groups.

 According to microscopic evaluations in 
short-term follow-up, inflammatory infiltrate with 
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lymphocyte prevalence was observed in grades 3 
in LDM and reached to grade 1 in biopsies taken 6 
months postoperatively. Short- term inflammation 
grade was 2 in LPM and reached to 0 in long-term 
follow-up. However, the inflammation grade was 1 
in DxHA group in short-term follow-up and decrea-
sed to grade 0 in long-terms.

 Regarding the fibrosis grade, histopatholo-
gical evaluations revealed moderate fibrosis in LDM 
(grade 2) in short-terms that reached mild fibrosis af-
ter 6 months of injection. However, in LPM, grade 1 
of fibrosis was changed to grade 0 of fibrosis in long-
-terms. According to histopathological assessments, 
no noticeable fibrosis was detected in DxHA group in 
long-and short-term follow-ups.

 No significant difference was observed in the 
number of CD34+ progenitor cells in LDM and LPM 
in short-term follow-up as compared to DxHA group 

(42±0.75 and 48±0.5 vs. 52±0.25, p ˃0.05). Similar 
results were obtained for CD31+ microvessels (42±0. 
5 and 46±0.25 vs. 50±0.75, p ˃0.05). The results of 
long-term follow-ups showed no significant diffe-
rence in the above-mentioned markers either.

 CD68 and LCA expressions were significan-
tly higher in LDM as compared to DxHA in short-
-term follow-up (18.25±0.75 vs. 10.75±0.25, P=0.02) 
and (14±0.5 vs. 8.25±0.5, P=0.01). However, no sig-
nificant difference was detected in LPA in compari-
son with DxHA in the above-mentioned IHC markers 
(12.5±0. 5 vs. 10.75±0.25, p ˃0.05) and (9±0. 75 vs. 
8.25±0.5, p ˃0.05).

 Even though the grade of inflammation 
(CD68 and LCA markers) decreased in LDM in long-
-term follow-up, the statistical analysis was still signi-
ficantly different (10.25±0.75 vs. 5.25±0.25, P=0.02) 
and (7±0. 5 vs. 3.75±0. 5, P=0.01). The statistical 

Figure 2 - H&E staining: Decellularized preputial (A) and skin tissues (B).

Figure 3 - SEM analysis of LDM (A), LPM (B), and Deflux particles (C) before injection.
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analysis showed no difference in long-term follow-
-ups between LPM and DxHA (6±0.25 vs. 5.25±0.25, 
P=0.02) and (5.25±0.25 vs. 3.75±0. 5, P=0.01). The 
IHC staining for different markers is demonstrated in 
Table-1 and Figure-4.

 Although the result of DxHA, LDM, and 
LPM injection revealed no significant inflammation 
in nude mice, moderate fibrosis was observed in the 
LDM group, while no sign of fibrosis was detected in 
DxHA and LPM after 6 months of injection.

 The result of MTT showed that the means±SD 
of optical density (OD) in DxHA was 0.036±0.012. 
However, the average of OD for the LDM group was 
0.054±0.018 with no significant difference as compa-
red to DxHA. Similar results were obtained for LPM 

with no significant difference as compared to DxHA 
(0.043±0.017). The result of MTT showed that despite 
differences between LDM and LPM in in vivo studies, 
cell proliferation may be similar in the presence of 
LDM, LPM, and DxHA (Table-1).

DISCUSSION

 The determination of the best tissue aug-
menting substance is still under discussion. The 
outcomes of this study are remarkable in light 
of other published reports of synthetic bulking 

agents. Accordingly, both LDM and LPM had si-
milar histopathological results as compared with 
Deflux as the gold standard bulking agent ap-
plied in clinical cases. However, least local tissue 
reaction, inflammation and fibrosis grade were 
obtained when LPM was applied that might be 
related to smaller particle size or other histologi-
cal characteristics.

 Deflux, as a tissue augmenting substance, 
has been considered as the implant of choice in 
the correction of VUR. The success rate after the 
injection of Deflux has been reported to be be-
tween 60% and 93% (11). In one study in 2012, 
endoscopic injection of Deflux was performed in 
126 patients with VUR. Complete resolution was 

reported in 68% of renal refluxing units with the 
failure rate of 21% (12). The 6-months results of 
the current study also demonstrated that injec-
tion of Deflux is associated with the least local 
tissue reaction, inflammation and fibrosis grade.

 The United States Food and Drug Adminis-
tration has currently approved bovine glutaraldehyde 
cross-linked collagen (Contigen), autologous fat, and 
carbon beads/carrier gel technology (13). Numerous 
pilot studies have been performed in which its safety 
and ease of application have been underscored (14-
17). Cure rates vary from 7% to 83% and if improve-

Table 1 - Immunohistochemical comparison of different bulking agents after 1 and 6 months of injection, and the results of 
MTT assay for in-vitro evaluation of cell viability in three different bulking agents. 

 

1 month 6 months MTT assay

CD34
means ± 

SD

CD31
means ± 

SD

CD68
means ± 

SD

LCA
means ± 

SD

CD34
means ± 

SD

CD31
means ± 

SD

CD68
means ± 

SD

LCA
means ± 

SD

means 
± SD of 
optical 
density 
(OD)

Viability 
(% in 

relation 
to the 

Deflux)

Deflux
52 ± 
0.25

50 ± 0.75
10.75 ± 
0.25*

8.25 ± 
0.5**

85.25 ± 0.5 88 ± 0.75
5.25 ± 
0.25†

3.75 ± 
0.5††

0.036 ± 
0.012

100

LPM 48 ± 0.5 46 ± 0.25
12.5 ± 

0.5
9 ± 0.75 79± 0.5 83.25 ± 0.5 6 ± 0.25

5.25 ± 
0.25

0.043 ± 
0.017

99

LDM
42 ± 
0.75

42 ± 0.5
18.25 ± 
0.75*

14 ± 0.5**
74.75 ± 

0.25
78.25 ± 

0.75
10.25 ± 
0.75†

7 ± 
0.5††

0.054 ± 
0.018

80

* P=0.02, ** P=0.01, †P=0.02, †† P=0.01
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Figure 4 -  IHC staining after 1 month of follow-up: CD31staining in Deflux (A), LDM (B), and LMP (C), CD34 staining in Deflux 
(D), LDM (E), and LMP (F), CD68 staining in Deflux (G), LDM (H), and LMP (I), and LCA staining in Deflux (J), LDM (K), 
and LMP (L). IHC staining after 6 months of follow-up: CD31staining in Deflux (M), LDM (N), and LMP (O), CD34 staining in 
Deflux (P), LDM (Q), and LMP (R), CD68 staining in Deflux (S), LDM (T), and LMP (U), and LCA staining in Deflux (V), LDM 
(W), and LMP (X).
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ment rates are included in success rates, then 68% to 
90% are improved or cured after collagen injection 
(5, 18). Even though early cure rate for a collagen 
injection is acceptable, the risk of allergic phenome-
na (4%) necessitates pre-injection collagen dermal 
testing which is considered as one of the limitations 
of its application. Minor postoperative complications 
have been reported and include de novo urgency that 
occurs in approximately 13% of patients (19), and 
short-lived retention in approximately 2% of pa-
tients. Although transient complete urinary retention 
has been reported in some studies (14, 15, 17), none 
of the patients encountered such a problem in the 
study of Corcos et al. (18). The etiology of de novo 
urgency is being questionable, and decreased sensa-
tion in the urinary tract may be associated with this 
complication (19). Occasional urinary tract infection 
was also reported in a previously published study (16) 
which can be prevented with the application of perio-
perative antibiotics. While few reports were published 
on the long-term outcome of this material, the safety 
and long-term outcomes (50 months) of periurethral 
collagen injection was reported in the study of Corcos 
et al. (18). However, the results of another study re-
vealed that bovine collagen is as effective as calcium 
hydroxylapatite with a significant higher injection 
volume and repeated injections (20). One of the con-
cerns for the application of this bulking agent is its 
cost-effectiveness because of the need for repeat in-
jections. Similarly, the use of autologous fat is limited 
due to its re-absorption and fibrous tissue formation. 
According to the obtained results of a recent study 
(21), there is a range of complications associated with 
intraurethral injection of bulking agents, the most 
common being urinary tract infection. Therefore, in 
our study, we injected the related bulking agents be-
neath the seromuscular layer of the bladder wall with 
satisfactory results.

 Intact human cadaveric dermal skin speci-
mens are applied for the extraction of intact colla-
gen fibers. After separation of the harvested dermis 
from the epidermis, it is mechanically powdered and 
disperses in solution. A buffered phosphate solution 
at neutral pH is used for suspension of the intact fi-
bers. The collagen concentration ranges from 25mg/
mL (2.5%) to 100mg/mL (10%) (22). Numerous ad-
vantages are offered by this bulking agent including 
non-allergenicity, improved durability which is cau-

sed by natural cross-linking, and lack of tissue reac-
tion. However, the limitation of donor supply is one 
of the restrictions of this material. Additionally, the 
injection of higher concentrations of collagen with 
high viscosity through smaller needles is difficult (3). 
Clinical studies have been conducted in ophthalmo-
logy, otorhinolaryngology, and dermatology with the 
application of autologous human collagen, using a 
similar extraction process. It has been also applied as 
a bulking agent for the management of VUR in ani-
mal models, the results of which revealed stability of 
injected volume, fibroblastic and vascular in-growth, 
and minimal inflammatory response (23). Our results 
suggested that large particles in LDM may cause more 
inflammation and phagocytosis after being injected, 
as compared with LPM. So, this aspect must be taken 
into consideration when manufacturing new and ap-
plicable bulking agents for clinical use.

 We have previously demonstrated that pre-
putial matrix may have potential advantages compa-
red to other reported acellular matrix as it is easy to 
obtain without any need for cadaveric post mortem 
dissection. We also showed that the preputial matrix 
can be considered as a reliable source for repairing 
segmental urethral defects with minimal adverse re-
action and excellent recapitulation of host tissue (24). 
Due to promising results obtained from the use of 
prepuce for other purposes, we tried to evaluate the 
characteristics of the preputial matrix as a possible 
material for endoscopic vesicoureteral reflux treat-
ment.

 Bioactive fibrin micro-beads embedded in 
cross-linked collagen has been also used as an injec-
table bulking agent for the regeneration of urethral 
sphincter muscle and treatment of urinary inconti-
nence, with promising outcomes (25). In one study in 
2017, the histopathological characteristics of polya-
crylate polyalcohol copolymer (PPC) were compared 
with dextranomer/hyaluronic acid (Dx/HA) after in-
jection beneath the bladder mucosa layer of rabbits. 
The results demonstrated severe inflammation and 
fibrosis in PPC due to foreign body reaction, pre-
sence of alcohol polymers, and larger particle sizes 
(26). Autologous chondrocytes were recently used for 
the endoscopic treatment of VUR in animal studies. 
However, the reliable application of this substance 
raised a serious question due to a significant high-re-
currence rate after one year and the need for two di-
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fferent procedures under anesthesia. The patient will 
need to undergo the first anesthesia for harvesting 
the autologous cartilage cells, and the second one for 
injecting the endoscopic implantation (27). Therefo-
re, the application of this substance was abandoned 
especially in the pediatric population.

 In one study in 2019, patients underwent 
endoscopic correction of primary VUR by sub-ure-
teric injection of PPC or Dx/HA, the result of which 
confirmed PPC as a more effective material (28). 
The results of another study showed that calcium 
hydroxyapatite may be also applied as an effective 
bulking agent in the treatment of urinary inconti-
nence in patients with bladder exstrophy-epispa-
dias complex after injection into the bladder neck, 
with no significant difference in terms of bladder 
capacity as compared with Deflux (29).

 Nude mice were applied in this study to 
evaluate the efficacy of using LDM and LPM in 
immunosuppressed patients and to compare the 
results with injecting Deflux as the gold standard 
bulking agent. Accordingly, our results revealed 
that the usage of LPM was more similar to the De-
flux injection in terms of fibrosis formation. No 
signs of tumor formation were detected in the in-
jection of LDM and LPM, confirming the useful-
ness of these two materials to be applied as a 
cost-effective substitute for Deflux. Also, nude 
mice were used to evaluate the cytotoxicity of 
different bulking agents. The long-term durabi-
lity of injected bulking agents is still questio-
nable and a subject of interest. However, the re-
sults of the current study addressed the issue of 
a 6-month follow-up of LPM for further clinical 
application. In the current study, no sign of to-
xicity or immunoreactivity of the biomaterials 
such as fat and collagen, or lack of durability 
of the bulking agents was observed in any of 
the groups. Since unforeseen long-term adver-
se side effects are always possible, more long-
-term follow-ups in bigger animals are required 
to investigate the efficacy of bulking agents 
and assess the probable migration for treatment 
of patients with urinary incontinence.

 It should be also mentioned that this 
study has some limitations. The characteristic 
appearance of the bulking agents was not eva-
luated on a CT scan. Additionally, more long-

-term follow-ups with a larger number of ani-
mals are required to further confirm the results 
and evaluate the efficacy of the bulking agents 
for further clinical application.

CONCLUSION

 The results of the current study showed 
the least local tissue reaction, inflammation, 
and fibrosis grade by the application of LMP 
in rabbits. The short-term and long-term ou-
tcomes of this study are comparable to those of 
other established bulking agents. However, fur-
ther studies are required before the widespread 
use of this agent.

ABBREVIATIONS

LCA = leukocyte common antibody
VUR = Vesicoureteral reflux 
LDM = Lyophilized dermal matrix 
LPM = Lyophilized preputial matrix 
DxHA = Dextranomer/Hyaluronic Acid
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ABSTRACT
 

Purpose: Increased attention has been focused on the survival of renal cell carcinoma 
(RCC) patients with bone metastasis. This study proposed to establish and evaluate a 
nomogram for predicting the overall survival (OS) and cancer-specific survival (CSS) of 
RCC patients with bone metastasis.
Materials and Methods: RCC patients with bone metastasis between 2010 and 2015 were 
captured from the surveillance, epidemiology and end results (SEER) database. Univariate 
and multivariate cox regressions were performed to assess the effects of clinical variables 
on OS and CSS. The nomogram based on the Cox hazards regression model was developed. 
Concordance index (C-index) and calibration curve were performed to evaluate the 
accuracy of nomogram models, receiver operating characteristic (ROC) curves and 
decision curve analysis (DCA) were conducted to assess the predict performance.
Results: A total of 2.471 eligible patients were enrolled in this study. The patients were 
assigned to primary (n=1.672) and validation (n=799) cohorts randomly. The 1-, 2-, 
and 3-year OS and CSS nomogram models were constructed based on age at diagnosis, 
sex, marital status, pathological grade, T-stage, N-stage, brain/liver/lung metastasis, 
surgery, radiotherapy and chemotherapy. The c for OS and CSS prediction was 0.730 
(95% confidence interval [CI]: 0.719-0.741) and 0.714 (95%CI:0.702-0.726). The 
calibration curves showed significant agreement between nomogram models and actual 
observations. ROC and DCA indicated nomograms had better predict performance.
Conclusions: The nomograms for predicting prognosis provided an accurate prediction of 
OS and CSS in RCC patients with bone metastasis, and contributed clinicians to optimize 
individualized treatment plans.
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INTRODUCTION

Renal cell carcinoma (RCC) arises from ab-
normal differentiation of renal tubular epithelial cells 
(1). About 2-3% of malignant diseases in adults are 

RCC and clear cell RCC (ccRCC), that accounts for 
about 82-90% of RCC, is the most common type (2). 
Nearly 20-30% of RCC patients were metastatic RCC 
(mRCC) at the time of diagnosis and commonly spre-
ad to bones (1, 3). Approximately 85% of RCC pa-
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tients with bone metastasis presented skeletal-related 
events (SRE) such as pathological fractures (4).

 Approximately 209.000 new RCC patients 
were diagnosed every year worldwide (5) and the 
5-year survival rate is close to 45% for these patients 
(4). However, the survival time after metastasis is 
about 12 months for mRCC patients (6). There were 
studies found that the prognosis of RCC patients with 
bone metastasis is closely related to age, TNM stage, 
other organ metastasis, whether receive targeted tre-
atment (7, 8). However, these predictions have not 
been validated effectively due to the rarity of the di-
sease and there is still a lack of a predictive model 
that calculates different variables simultaneously. In 
recent years, nomogram has been regarded as a relia-
ble model for predicting tumor prognosis considering 
the unique calculation method (9, 10). This provides a 
new method for prognostic analysis of RCC patients 
with bone metastasis. Our work will establish the 
nomogram predicting the prognosis of RCC patients 
with bone metastasis to assist clinicians in develo-
ping individualized treatment plans.

 This study evaluated data from the sur-
veillance, epidemiology and end results (SEER) data-
base (11), further investigated the factors affecting the 
prognosis of RCC patients with bone metastasis, and 
then applied the obtained results to the construction 
of nomograms. The nomograms were established 
and verified by the Cox regression results from the 
patient’s information of SEER database. This helped 
determine the relationship between different clinic 
factors and patient’s overall survival (OS) and cancer-
-specific survival (CSS).

MATERIALS AND METHODS

Patients selection
 Clinical data of RCC patients with bone me-

tastasis from 2010 to 2016 obtained from the SEER 
database from National Cancer Institute through 
SEER*Stat software (version 8.3.5; SEER 18 Regs 
Custom Data (with additional treatment fields), Nov 
2018 Sub (1975-2016 varying) database). As one of 
the largest public cancer datasets, it covers 28% of 
the U.S. population (12). Additionally, the metas-
tasis information related to liver, lung, bone and 
brain was published since 2010. We identified 
100.813 patients with RCC based on the “Primary 

Site-labeled” variable, between January 1, 2010 
and December 31, 2016.

 The exclusion criteria for patients adopted in 
our study were: a) more than one primary tumor; b) 
unknown survival time; c) without or with unkno-
wn lung metastasis; d) diagnosed at 2016; e) age at 
diagnosis under 18 years; f) T0 or T-stage unknown; 
g) N-stage unknown; h) unknown brain/liver/lung 
metastasis. Cases diagnosed after January 1, 2016 
were excluded for the purpose of obtaining follow-
-up observations more than one year for all patients. 
In this study, the entire cohort included 2.471 eligible 
patients and the eligible patients were randomly as-
signed to the primary and validation cohorts. The de-
tailed study design was shown in Figure-1. This stu-
dy protocol was approved by the Biomedical Ethics 
Committee of the Tenth Hospital in Shanghai (IRB 
number: SHSY-IEC-KY-4.0/18-68/01).

Study variables

 The following clinical information for each 
patient were obtained from the SEER database: the 
year of diagnosis, age at diagnosis, sex, marital sta-
tus, pathological grade, T-stage (AJCC, 7th ed.), N-
-stage (AJCC, 7th ed.), brain/liver/lung metastasis, 
surgery, radiotherapy and chemotherapy. The age at 
diagnosis was classified into the following groups: 
<40, 40-59, 60-79 and ≥80. Unmarried group of 
marital status included divorced/separated, wido-
wed and single patients. The pathological grade was 
detailed divided into well differentiated, moderately 
differentiated, poorly differentiated, undifferentiated 
and unknown. OS time means the patient’s survival 
time from diagnosis to any cause leading to death or 
the date on which data were censored. The study only 
analyzed cancer-specific survival times and excluded 
deaths associated with other causes when CSS was 
the endpoint. The cut-off point of our study was set 
on December 31, 2016.

Statistical Analysis

 Kaplan-Meier curve and log-rank test were 
performed to investigate the OS and CSS of bone 
metastatic RCC and the difference analysis. Univa-
riate and multivariate regression analysis was used to 
evaluate the prognostic factors in RCC patients with 
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bone metastasis. Receiver operating characteristic 
(ROC) curves and decision curve analysis (DCA) 
were conducted to assess the predict performance 
of nanograms and TNM-stage (13). The statistical 
software package for social science software (ver-
sion 20.0; SPSS, Chicago, USA) was applied for 
all statistical analyses.

 The Cox proportional hazards results in the 
entire cohort were the basis for the construction and 
verification of nomograms. R software version 3.5.1 
(http://www.R-project.org) was performed for esta-
blishing nomograms. The package of R applied in this 
study were “rms” and “rmda” (13). Concordance in-
dex (C-index) and calibration curve were performed 
to evaluate the performance and accuracy of nomo-
grams. The C-index value ranges from 0.50 to 1.00 
and shows a positive correlation with the predicted 

performance of the model. It indicates the models ac-
companied with perfect discrimination ability when 
the value is 1.00. And when the calibration curve is 
applied to a perfectly calibrated model, the prediction 
will fall on the diagonal 45° in the figure. The results 
were considered statistically significant as P-value 
<0.05 (two-sided).

RESULTS

Patients baseline characteristics
 There were 2.471 eligible RCC patients with 

bone metastasis enrolled in the statistical analysis. 
All eligible patients were divided into the primary 
cohort (n=1.672) and the validation cohort (n=799) 
randomly. For age at diagnosis, there were 1.234 
(49.9%) patient’s age ranged from 60 to 79. In the 

Figure 1 - Study design flowchart of specific patient screening process.
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sex groups, there were 1.707 (68.8%) male patients. 
The marital status grouping result of patients showed 
1.387 (56.1%) patients were married. As for N-stage, 
the N0-group accounted for 64.3% (1.589) of all pa-
tients. Most patients had no brain (2.199; 89.0%) and 
liver (2.001; 81.0%) metastasis. However, there were 
1.244 (50.3%) patients with lung metastasis. The tre-
atment protocol of patients included surgery (912; 
36.9%), radiotherapy (1.327; 53.7%) and chemothe-
rapy (1.376; 55.7%). The clinical characteristics of the 
patients are detailed shown in Table-1.

Cox regression analyses for prognostic factors of 
OS and CSS

 Univariate and multivariate regression 
analysis were performed to investigate the indepen-
dent prognostic factors for OS and CSS of RCC pa-
tients with bone metastasis. The clinical variables 
under statistical analysis were as follows: age at 
diagnosis, sex, marital status, pathological gra-
de, T-stage, N-stage, brain/liver/lung metastasis, 
surgery, radiotherapy and chemotherapy. Table-2 
shows the detailed results.

 In our study, there were several variables im-
pacted the prognosis of patients. From the results of 
univariate analysis, we found that age at diagnosis, 
marital status, pathological grade, T-stage, N-stage, 
brain/liver/lung metastasis, surgery, radiothera-
py and chemotherapy were associated with OS and 
CSS. Unmarried patients had the poor OS (Hazard 
Ratio [HR]=1.25; 95% CI:1.15-1.37; P <0.001) and 
CSS (HR=1.22; 95% CI:1.11-1.34; P <0.001). For OS, 
the RCC patients with brain (HR=1.56; 95% CI:1.37-
1.78; P <0.001), liver (HR=1.99; 95% CI:1.79-2.22; 
P <0.001) and lung (HR=1.71; 95% CI:1.57-1.87; P 
<0.001) metastasis were accompanied by worse sur-
vival compared with the reference. Simultaneously, 
these patients had worse CSS (P <0.001). For patients 
accepted different treatment, surgery (HR=0.38; 95% 
CI:0.35-0.42; P <0.001), radiotherapy (HR=0.80; 95% 
CI:0.73-0.87; P <0.001) and chemotherapy (HR=0.68; 
95% CI:0.63-0.74; P <0.001) were benefic for the OS. 
Statistical results also indicate that treatment was be-
neficial to the patient’s CSS.

 Results from multivariate analysis indicated 
the conclusions consisted with the univariate analy-
sis. These clinic variables included age at diagnosis, 
marital status, T-stage, N-stage, brain/liver/lung me-

tastasis, surgery and chemotherapy had impacted 
the OS and CSS of patients. The poor OS (HR=1.23; 
95% CI:1.12-1.34; P <0.001) and CSS (HR=1.20; 95% 
CI:1.10-1.32; P <0.001) occurred in the unmarried 
patients. The worse OS was found in patients with 
brain (HR=1.38; 95% CI:1.21-1.58; P <0.001), liver 
(HR=1.60; 95% CI:1.43-1.79; P <0.001) and lung 
(HR=1.42; 95% CI:1.29-1.55; P <0.001) metastasis. 
Patients with surgery (HR=0.36; 95% CI:0.31-0.41; 
P <0.001) and chemotherapy (HR=0.53 95% CI:0.49-
0.59; P <0.001) treatments gained a better OS. And 
the CSS was worse than reference in those patients 
from the statistic results.

Construction and verification of Nomograms
 The variables based on regression analysis 

for the entire cohort were included in the construc-
tion of nomograms. The included clinic factors were 
age at diagnosis, sex, marital status, pathological 
grade, T-stage, N-stage, brain/liver/lung metastasis, 
surgery and chemotherapy. According to the multi-
variate cox regression results, the 1-, 2-, and 3-year 
OS and CSS nomogram models were established. Fi-
gure-2 showed the 1-, 2-, and 3-year OS nomogram 
developed by the Cox proportional hazards results. 
And the 1-, 2-, and 3-year CSS can be founded in 
Figure-3. The length of the line corresponding to 
each variable in nomograms represents the effect of 
clinical variables on patient’s survival outcomes 
and each subtype of the variable corresponds to a 
point on the “point” scale. The corresponding “to-
tal points” can be obtained by adding the scores 
associated with each variable and the projection 
of “total points” can be used to estimate the pro-
bability of 1-, 2-, and 3-year OS and CSS.

 In addition, the C-index was conducted to 
further assess the predictive performance of the mo-
dels. For the entire cohort, the C-index values were 
0.730 (95% CI: 0.719-0.741) of OS and 0.714 (95% 
CI:0.702-0.726) of CSS. Simultaneously, calibration 
curve as a calibration tool was developed to evaluate 
the accuracy of nomogram models based on the pri-
mary and validation cohort’s results. The evaluations 
were performed using a bootstrap with 1000 resam-
ples. The validation of OS nomogram is showed in 
Figure-4. The calibration of the 1-, 2-, and 3-year 
CSS nomogram are depicted in Figure-5. The results 
showed that there was a good agreement between 
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the predictions of the nomograms and the actual 
observations in the primary cohort and the veri-
fication cohort.

 The ROC analysis was conducted based on 
nanograms and TNM-stage and results showed na-
nograms hold a better predict performance than 
TNM-stage. The area under curve (AUC) of nano-
grams were 0.756 (OS) and 0.618 (CSS) respectively, 
which can be found in Figure-6. DCA curve was used 
to assess whether nanograms would help with cli-
nical treatment strategies in Figure-7. In our study, 
when the threshold probability varied from 0 to 1, 
nanograms achieved the most net benefit compared 
with TNM-stage according to the DCA. It was found 
that nanograms can better predict the OS and CSS in 
RCC patients with bone metastasis than TNM-stage.

DISCUSSION

 In this study, we firstly established prog-
nostic nomograms for OS and CSS of RCC patients 
with bone metastasis. According to the results of Cox 
regression, we could predict the 1-, 2-, and 3-year 
OS and CSS by the construction of nomograms. The 
nomograms we developed in this study contained the 
following clinical variables: age at diagnosis, marital 
status, T-stage, N-stage, brain/liver/lung metastasis, 
surgery and chemotherapy. Frontline clinicians can 
optimize personalized treatment plans based on the 
detailed situation of the related clinical characteris-
tics for patients. This will assist the RCC patients with 
bone metastasis to obtain better survival benefits and 
prolong the survival time.

 There had been many studies found that age, 
sex and marital status were independent prognostic 
factors for patients of various cancer (14). We further 
explored the mechanism of their effect on patient’s 
survival. For patients of different cancer types, the 
immune system will weaken with the increase of age 
and this will help tumor deterioration further reduce 
patient’s survival (15). In practice, there was eviden-
ce proved that C-reactive protein (CRP) could predict 
the prognosis of mRCC patients (16). The prognosis 
of various cancer patients of different genders may 
be related to inconsistent hormone levels in the body 
(17), for example the testosterone, estrogen and pro-
gesterone level’s change will cause specific cancer 
(18). This confirmed that sex as a prognostic factor 

for OS and CSS. As for marital status, the impact on 
survival was related with the personal emotional su-
pport, high quality of care and financial support (19). 
And the widowed patients had worse OS and CSS 
compared with the married patients. Those would be 
the reasons for our conclusion consistent with pre-
vious studies (20).

 Tumor-related pathological characteristics 
have also been found to be correlated with the prog-
nosis of cancer patients, such as pathological grade, 
T-stage, N-stage and multi-organ metastasis (21). 
Cancer stem cells were one of the focuses of current 
studies (22). The pathological grade of the tumor was 
positively correlated with the stemness of the can-
cer cells (22). High-grade tumors were often accom-
panied by a high degree of malignancy and strong 
invasiveness, which has an adverse impact on the 
prognosis of patients (23). Simultaneously, increased 
expression of CD133 and nestin in high-grade tumor 
tissues lead to an increase of cell atypia and reduced 
effectiveness of medical treatment (23). In our study, 
the pathological grade of tumors as an independent 
prognostic factor influenced the survival of RCC pa-
tients with bone metastasis. This was consistent with 
conclusions from previous studies, such as bladder 
cancer, prostate cancer and others (24, 25).

 TNM-stage is currently the most universal 
tumor staging system in the world. Tumor’s TNM-
-stage is defined based on the results of laboratory 
tests and postoperative pathological examination 
(26). It as an independent prognostic factor for can-
cer patients and has been confirmed by many studies 
(21). Clinicians would determine the TNM stage based 
on individualized situation of tumor (T), node (N) and 
metastasis (M) in cancer patients. And the T-stage re-
presents the condition of the primary tumor, which is 
determined based on the tumor volume and the sur-
rounding tissue involvement. The N-stage illustrates 
the involvement of regional lymph nodes. As for the 
M-stage, it means whether the tumor tissue metasta-
sized. For cancer patients with different TNM stages, 
higher stage means complicated medical treatment 
and short survival time (27). Those explained the rea-
sons for that T-stage, N-stage, brain metastasis, liver 
metastasis and lung metastasis were independent in-
fluencing factors for patient’s prognosis in our study.

 Medical treatment for patients with bone 
metastasis included surgery, radiotherapy and che-
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Table 1 - Baseline demographic and clinical characteristics with bone metastatic kidney cancer patients in our study.

Characteristic Total No. (%)
The primary cohort The validation cohort

No. (%) No. (%)

Total 2471 1672 799

Year of diagnosis

2010 357 (14.4) 257 (15.4) 100 (12.5)

2011 394 (15.9) 267 (16.0) 127 (15.9)

2012 398 (16.1) 293 (17.5) 105 (13.1)

2013 417 (16.9) 265 (15.8) 152 (19.0)

2014 438 (17.7) 288 (17.2) 150 (18.8)

2015 467 (18.9) 302 (18.1) 165 (20.7)

Age at diagnosis

< 40 132 (5.3) 81 (4.8) 51 (6.4)

40-59 823 (33.3) 543 (32.5) 280 (35.0)

60-79 1234 (49.9) 860 (51.4) 374 (46.8)

≥ 80 282 (11.4) 188 (11.2) 94 (11.8)

Sex

Male 1707 (69.1) 1151 (68.8) 556 (69.6)

Female 764 (30.9) 521 (31.2) 243 (30.4)

Marital status

Married 1387 (56.1) 951 (56.9) 436 (54.6)

Unmarried 1084 (43.9) 721 (43.1) 363 (45.4)

Grade

Grade I 31 (1.3) 19 (1.1) 12 (1.5)

Grade II 198 (8.0) 137 (8.2) 61 (7.6)

Grade III 485 (19.6) 330 (19.7) 155 (19.4)

Grade IV 309 (12.5) 216 (12.9) 93 (11.6)

Unknown 1448 (58.6) 970 (58.0) 478 (59.8)
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T stage

T1 759 (30.7) 500 (29.9) 259 (32.4)

T2 548 (22.2) 357 (21.4) 191 (23.9)

T3 913 (36.9) 636 (38.0) 277 (34.7)

T4 251 (10.2) 179 (10.7) 72 (9.0)

N stage

N0 1589 (64.3) 1072 (64.1) 517 (64.7)

N1 498 (20.2) 343 (20.5) 155 (19.4)

N2 384 (15.5) 257 (15.4) 127 (15.9)

With brain metastases

No 2199 (89.0) 1487 (88.9) 712 (89.1)

Yes 272 (11.0) 185 (11.1) 87 (10.9)

With liver metastases

No 2001 (81.0) 1373 (82.1) 628 (78.6)

Yes 470 (19.0) 299 (17.9) 171 (21.4)

With lung metastases

No 1227 (49.7) 840 (50.2) 387 (48.4)

Yes 1244 (50.3) 832 (49.8) 412 (51.6)

Surgery

No 1559 (63.1) 1034 (61.8) 525 (65.7)

Yes 912 (36.9) 638 (38.2) 274 (34.2)

Radiotherapy

No 1144 (46.3) 768 (45.9) 376 (47.1)

Yes 1327 (53.7) 904 (54.1) 423 (52.9)

Chemotherapy

No 1095 (44.3) 743 (44.4) 352 (44.1)

Yes 1376 (55.7) 929 (55.6) 447 (55.9)

Grade I = Well differentiated; Grade II = Moderately differentiated; Grade III = Poorly differentiated; Grade IV = Undifferentiated.

Percentages may not total 100 because of rounding.
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Table 2 - Univariate and multivariate analysis of overall survival (OS) and cancer-specific survival (CSS) rates.

Characteristic
OS CSS

Univariate analysis Multivariate analysisa Univariate analysis Multivariate analysisb

Hazard Ratio 
(95% CI)

P value Hazard Ratio 
(95% CI)

P value Hazard Ratio 
(95% CI)

P value Hazard Ratio 
(95% CI)

P value

Age at 
diagnosis

< 40 Reference Reference Reference Reference

40-59 0.89 (0.73-1.09) 0.259 0.84 (0.69-1.03) 0.098 0.87 (0.71-1.08) 0.202 0.83 (0.67-1.03) 0.084

60-79 1.07 (0.88-1.31) 0.470 1.01 (0.83-1.23) 0.932 1.02 (0.83-1.25) 0.856 0.97 (0.79-1.19) 0.736

≥ 80 1.71 (1.37-2.14) <0.001 1.25 (1.00-1.58) 0.051 1.48 (1.16-1.87) 0.001 1.13 (0.89-1.45) 0.314

Sex

Male Reference Reference

Female 1.08 (0.99-1.19) 0.089 1.08 (0.97-1.19) 0.159

Marital status

Married Reference Reference Reference Reference

Unmarried 1.25 (1.15-1.37) <0.001 1.12 (1.02-1.22) 0.014 1.22 (1.11-1.34) <0.001 1.11 (1.01-1.22) 0.039

Grade

Grade I Reference Reference Reference Reference

Grade II 0.81 (0.51-1.28) 0.357 0.83 (0.52-1.32) 0.438 0.82 (0.51-1.33) 0.423 0.85 (0.53-1.39) 0.525

Grade III 1.15 (0.74-1.78) 0.534 1.30 (0.83-2.02) 0.250 1.12 (0.71-1.78) 0.630 1.25 (0.78-2.00) 0.347

Grade IV 1.40 (0.90-2.19) 0.136 1.65 (1.05-2.60) 0.030 1.41 (0.89-2.26) 0.147 1.61 (1.00-2.60) 0.049

Unknown 2.00 (1.30-3.07) 0.002 1.11 (0.72-1.71) 0.645 1.88 (1.19-2.96) 0.006 1.06 (0.67-1.67) 0.819

T stage

T1 Reference Reference Reference Reference

T2 1.09 (0.97-1.23) 0.153 1.00 (0.88-1.13) 0.981 1.18 (1.03-1.34) 0.014 1.06 (0.93-1.21) 0.394

T3 0.97 (0.87-1.07) 0.510 1.16 (1.03-1.31) 0.013 1.07 (0.95-1.20) 0.265 1.27 (1.11-1.44) <0.001

T4 1.61 (1.39-1.87) <0.001 1.21 (1.04-1.42) 0.017 1.76 (1.50-2.07) <0.001 1.31 (1.11-1.56) 0.002
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N stage

N0 Reference Reference Reference Reference

N1 1.60 (1.44-1.79) <0.001 1.35 (1.20-1.50) <0.001 1.58 ()1.40-1.77 <0.001 1.31 (1.16-1.47) <0.001

N2 1.71 ()1.52-1.93 <0.001 1.52 (1.34-1.72) <0.001 1.75 (1.54-1.99) <0.001 1.50 (1.31-1.71) <0.001

With brain 
metastases

No Reference Reference Reference Reference

Yes 1.56 (1.37-1.78) <0.001 1.30 (1.14-1.72) <0.001 1.64 (1.42-1.88) <0.001 1.34 (1.16-1.55) <0.001

With liver 
metastases

No Reference Reference Reference Reference

Yes 1.99 (1.79-2.22) <0.001 1.52 (1.36-1.70) <0.001 1.95 (1.74-2.19) <0.001 1.45 (1.29-1.64) <0.001

With lung 
metastases

No Reference Reference Reference Reference

Yes 1.71 (1.57-1.87) <0.001 1.43 (1.30-1.58) <0.001 1.76 (1.60-1.93) <0.001 1.43 (1.29-1.59) <0.001

Surgery

No Reference Reference Reference Reference

Yes 0.38 (0.35-0.42) <.001 0.36 (0.31-0.41) <0.001 0.40 (0.36-0.44) <0.001 0.36 (0.31-0.41) <0.001

Radiotherapy

No Reference Reference Reference Reference

Yes 0.80 (0.73-0.87) <0.001 - 0.195 0.85 (0.77-0.93) 0.001 - 0.566

Chemotherapy

No Reference Reference Reference Reference

Yes 0.68 (0.63-0.74) <0.001 0.53 (0.49-0.59) <0.001 0.75 (0.68-0.83) <0.001 0.58 (0.52-0.64) <0.001

OS = Overall survival; CSS = Cancer-specific survival; Grade I = Well differentiated; Grade II = Moderately differentiated; Grade III = Poorly differentiated; Grade IV, 
Undifferentiated.
a Model was adjusted by age at diagnosis, marital status, Grade, T stage, N stage, and metastases pattern.
b Model was adjusted by age at diagnosis, marital status, Grade, T stage, N stage, and metastases pattern.

Table 2 - Univariate and multivariate analysis of overall survival (OS) and cancer-specific survival (CSS) rates.

Characteristic
OS CSS

Univariate analysis Multivariate analysisa Univariate analysis Multivariate analysisb

Hazard Ratio 
(95% CI)

P value Hazard Ratio 
(95% CI)

P value Hazard Ratio 
(95% CI)

P value Hazard Ratio 
(95% CI)

P value

Age at 
diagnosis

< 40 Reference Reference Reference Reference

40-59 0.89 (0.73-1.09) 0.259 0.84 (0.69-1.03) 0.098 0.87 (0.71-1.08) 0.202 0.83 (0.67-1.03) 0.084

60-79 1.07 (0.88-1.31) 0.470 1.01 (0.83-1.23) 0.932 1.02 (0.83-1.25) 0.856 0.97 (0.79-1.19) 0.736

≥ 80 1.71 (1.37-2.14) <0.001 1.25 (1.00-1.58) 0.051 1.48 (1.16-1.87) 0.001 1.13 (0.89-1.45) 0.314

Sex

Male Reference Reference

Female 1.08 (0.99-1.19) 0.089 1.08 (0.97-1.19) 0.159

Marital status

Married Reference Reference Reference Reference

Unmarried 1.25 (1.15-1.37) <0.001 1.12 (1.02-1.22) 0.014 1.22 (1.11-1.34) <0.001 1.11 (1.01-1.22) 0.039

Grade

Grade I Reference Reference Reference Reference

Grade II 0.81 (0.51-1.28) 0.357 0.83 (0.52-1.32) 0.438 0.82 (0.51-1.33) 0.423 0.85 (0.53-1.39) 0.525

Grade III 1.15 (0.74-1.78) 0.534 1.30 (0.83-2.02) 0.250 1.12 (0.71-1.78) 0.630 1.25 (0.78-2.00) 0.347

Grade IV 1.40 (0.90-2.19) 0.136 1.65 (1.05-2.60) 0.030 1.41 (0.89-2.26) 0.147 1.61 (1.00-2.60) 0.049

Unknown 2.00 (1.30-3.07) 0.002 1.11 (0.72-1.71) 0.645 1.88 (1.19-2.96) 0.006 1.06 (0.67-1.67) 0.819

T stage

T1 Reference Reference Reference Reference

T2 1.09 (0.97-1.23) 0.153 1.00 (0.88-1.13) 0.981 1.18 (1.03-1.34) 0.014 1.06 (0.93-1.21) 0.394

T3 0.97 (0.87-1.07) 0.510 1.16 (1.03-1.31) 0.013 1.07 (0.95-1.20) 0.265 1.27 (1.11-1.44) <0.001

T4 1.61 (1.39-1.87) <0.001 1.21 (1.04-1.42) 0.017 1.76 (1.50-2.07) <0.001 1.31 (1.11-1.56) 0.002



IBJU | SURVIVAL NOMOGRAM FOR PATIENTS

342

Figure 2 - The 1-, 2-, and 3-year nomogram model for overall survival (OS) for patients with bone metastatic renal cell 
carcinoma (RCC).
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Figure 3 - The 1-, 2-, and 3-year nomogram model for cancer-specific survival (CSS) for patients with bone metastatic RCC.
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Figure 4 - Calibration plot of the 1-, 2-, and 3-year OS nomogram. The calibration curves of the 1-year (A), 2-yaer (B), and 
3-year (C) nomogram model for OS in the primary cohort respectively; The calibration curves of the 1-year (D), 2-year (E), 
and 3-year (F) nomogram model for OS in the validation cohort respectively.
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Figure 5 - Calibration plot of the 1-, 2-, and 3-year CSS nomogram. The calibration curves of the 1-year (A), 2-year (B), and 
3-year (C) nomogram model for CSS in the primary cohort respectively; The calibration curves of the 1-year (D), 2-year (E), 
and 3-year (F) nomogram model for CSS in the validation cohort respectively.
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Figure 6 - Receiver operating characteristic (ROC) analysis based on nomograms and TNM-stage. (A) The ROC analysis of 
OS; (B) The ROC analysis of CSS.

Figure 7 - Decision curve analysis (DCA) based on nomograms and TNM-stage. (A) DCA of OS for patients with bone 
metastatic RCC; (B) DCA of CSS for patients with bone metastatic RCC.
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motherapy in this study. Reducing tumor burden 
through various medical methods can benefit the 
survival of patients. Studies have found that surgery 
can prolong the survival time of RCC patients with 
bone metastasis and even the patients with advanced 
metastasis could still obtain better survival benefits 
from surgery (28). Radiotherapy and chemotherapy 
are also the main medical treatments for various can-
cer. However, radiotherapy is mainly used for pallia-
tive treatment of RCC patients due to the insensitivi-
ty, which is also consistent with our research results 
(29). Recently, tyrosine kinase inhibitors such as su-
nitinib and sorafenib have been used in the clinical 
treatment of advanced RCC and achieved surprising 
results (29). Chemotherapy has benefited from the in-
vention of these biological agents and achieved cer-
tainly clinical effects on a variety of cancers.

 Although the impact of these independent 
prognostic factors has been reported, there is a lack 
of a predictive model that can incorporate these fac-
tors into the analysis simultaneously. In recent years, 
nomograms had been applied to types of cancer as 
an extremely effective prediction model for predic-
ting patient’s survival (30). In this study, the ROC and 
DCA results indicated nomogram have better predic-
tive performance compared to TNM-stage. Nomogra-
ms combined mathematical models and biological 
results and considered the different clinical charac-
teristics and pathological variables of the cancer pa-
tients comprehensively, then graphically showed the 
possibility of clinical results. As our results showed 
nanograms perform better than individual indicators. 
The nomograms had higher accuracy in predicting 
the patient’s prognosis than existing prediction mo-
dels (31). Clinicians could make intuitive quantitative 
predictions of patient’s survival based on the nomo-
grams, and this would further guide the formulation 
of treatment plans.

 In this study, we established the nomograms 
for OS and CSS of RCC patients with bone metastasis 
in order to assist to the medical care. Additionally, 
the results of the C-index and calibration curves both 
indicated that nomograms had excellent predictive 
performance. Nevertheless, there were some limita-
tions in this study. Firstly, the SEER database was a 
retrospective data set and the data may be biased due 
to manual recording reasons. Secondly, the clinical 

data we obtained from the SEER database were in-
complete, for example the information about comor-
bidities was not acquired. Thirdly, the analyzed data 
only included patient’s information in the United 
States between 2010 and 2016, that could not repre-
sent other regions. Therefore, it is necessary to con-
duct multicenter prospective clinical trials to verify 
the accuracy of the nomograms.

CONCLUSIONS

 In this study, we first established prognostic 
nomograms for RCC patients with bone metastasis 
based on the SEER database. Simultaneously, the 1-, 
2-, and 3-year OS and CSS nomogram model’s accu-
racy were evaluated by C-index and calibration cur-
ves. Nomograms constructed in our study will con-
tribute to the treatment of RCC patients with bone 
metastasis.
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ABSTRACT

Purpose: High intra-renal pressures during fl exible ureteroscopy have been associated 
with adverse renal tissue changes as well as pyelovenous backfl ow. Our objective was 
to investigate the effect of various intra-renal pressures on histologic changes and fl uid 
extravasation during simulated ureteroscopy.
Materials and Methods: Twenty-four juvenile pig kidneys with intact ureters were 
cannulated with an Olympus fl exible ureteroscope with and without a ureteral access 
sheath and subjected to India ink-infused saline irrigation for 30 minutes at constant 
pressures ranging from sphygmomanometer settings of 50mm, 100mm and 200mmHg. 
Renal tissue samples were collected, processed and stained, and were evaluated by a 
blinded pathologist for depth of ink penetration into renal parenchyma as a percentage 
of total parenchymal thickness from urothelium to renal capsule.
Results: The mean percentage of tissue penetration for kidneys with ink present in the 
cortical tubules at sphygmomanometer pressure settings of 50, 100, and 200mm Hg 
without a ureteral access sheath was 33.1, 31.0 and 99.3%, respectively and with ureteral 
access sheath was 0, 0 and 18.8%, respectively. Overall, kidneys with an access sheath 
demonstrated a smaller mean tissue penetration among all pressure compared to kidneys 
without a sheath (6.3% vs. 54.5%, p=0.0354). Of kidneys with sheath placement, 11% 
demonstrated any ink compared to 56% of kidneys without sheath placement.
Conclusions: Pressurized endoscopic irrigation leads to signifi cant extravasation of fl uid 
into the renal parenchyma. Higher intra-renal pressures were associated with increased 
penetration of irrigant during ureteroscopy in an ex-vivo porcine model.
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INTRODUCTION

High intra-renal pressures may occur du-
ring ureteroscopy, percutaneous nephrolithotomy, 
and from hydronephrosis in an obstructed system 
and may result in the phenomenon of pyelovenous 
backfl ow by which there is communication of urine 
between renal fornices and renal veins (1-3). Intra-
-renal pressures that exceed 20-40mm Hg have been 

shown to result in pyelovenous backfl ow (4, 5). Du-
ring endoscopic procedures in which heavy manual 
irrigation is used, intra-renal pressures can be qui-
te high and even exceed 400mm Hg (6). In percu-
taneous nephrolithotomy it has been demonstrated 
that pyelovenous backfl ow due to high intra-renal 
pressure is associated with post-operative fever (5, 7). 
One study showed that after ureteroscopy, the rate 
of systemic infl ammatory response syndrome (SIRS) 
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may be around 8% and that when a ureteral access 
sheath (UAS) is used, larger diameters may be asso-
ciated with lower rates of SIRS (8). Auge et al. studied 
intra-renal pressures during flexible ureteroscopy 
with a pressure transducer through a percutaneous 
nephrostomy tube and found that mean intra-renal 
pressure with a ureteroscope in the renal pelvis de-
creased by more than half when a UAS was in place 
(94 vs. 41mm Hg) (9). Furthermore, a larger diameter 
UAS has been shown to decrease intra-renal pressu-
res and improve irrigation (10).

 The goal of this study was to evaluate how ir-
rigation pressures during ex-vivo ureteroscopy affect 
the depth of tissue penetration of collecting system 
irrigant on histology using an ink marker in a porci-
ne renal system. We hypothesized that higher intra-
-renal pressures would be associated with increased 
depth of ink penetration and that use of UAS would 
decrease both intra-renal pressure and the degree of 
tissue penetration. The purpose of these experiments 
was to provide foundational framework and proof of 
concept for future studies which may choose to use 
these methods for investigating pyelovenous back-
flow and extravasation of fluid from the renal pelvis.

MATERIALS AND METHODS

 Kidneys with intact ureters were taken from 
same-day sacrificed FDA grade pigs. The pigs were 
between the ages of 5 and 6 months old with a me-
dian weight of 73kg and were male gender. All male 
pigs had been castrated within the first 5 days of life. 
Renal systems were obtained freshly from a nearby 
slaughterhouse. Experiments were conducted within 
6 hours post-mortem. Use of ex-vivo porcine renal 
systems has been shown in other experiments of si-
mulate ureteroscopy (11).

 To evaluate the effect of intra-renal pressure 
on fluid extravasation into kidney tissue, we set up 
experiments in which a ureteroscope was advanced 
retrograde into the ureter-kidney model and irrigated 
fluid to create pressure. Kidneys were divided into 
four pressure groups at which the external pressu-
re of irrigant would be held constant: 50mm Hg, 
100mm Hg, 200mm Hg, and no additional pressu-
re. For each pressure setting, three experiments were 
performed on kidneys using a sheath and three expe-
riments were performed on kidneys without a sheath. 

A separate kidney was used for each experiment. In 
total 24 kidney were used- three for each sheath or 
no-sheath group within each pressure group.

 To begin, an 8.4F flexible ureteroscope 
(Olympus URF Type P5, Olympus, Center Valley, 
PA) was inserted into ureters either with or without 
a ureteral access sheath. For experiments with shea-
ths, Flexor (Cook Medical, Bloomington, IN) access 
sheaths 35cm in length with 12/14F inner and outer 
lumen diameters were used. In such experiments, the 
sheath was advanced to the uretero-pelvic junction 
(UPJ) and secured in place with a loose circumferen-
tial 1-0 silk tie around the distal ureter to prevent 
the sheaths from slipping down to the distal ureter 
and to maintain their location. In the experiments 
when a sheath was not used, the ureter was simi-
larly secured to the ureteroscope with the tip within 
the renal pelvis. For these experiments, the intention 
was not to simulate ureteroscopy (no manipulation 
of the ureteroscope was performed), but rather to re-
liably generate consistent intra-renal pressures. Nor-
mal saline was mixed with black India ink to create 
a 1.0% solution. The irrigant was attached directly to 
the ureteroscope 3.6F working channel. The pressure 
was generated using a sphygmomanometer wrapped 
around a new 3L bag of normal saline-ink solution. 
The sphygmomanometer was continually adjusted to 
hold at constant pressures of 50, 100, and 200mm 
Hg. For control kidneys at no additional pressure, 3L 
irrigant bags were used with no pressure applied but 
had flow due to the wall tension of the saline bag laid 
horizontal and level with the scope channel. Once the 
flow was opened inside the kidney, pressures were 
maintained for 30 minutes in each experiment. Intra-
-renal pelvic pressure was continuously monitored 
using General Electric CardioLab® using a 5Fr cathe-
ter positioned at the ureteropelvic junction, placed 
retrograde alongside the ureteroscope.

 After 30 minutes of irrigant flow, the kid-
neys were bivalved and a full thickness tissue sample 
was taken from the upper pole and the lower pole 
extending from the urothelium to the renal capsule. 
Samples were carefully taken so that they were uni-
form across experiments. Samples were fixed in 10% 
formalin solution for 7 days. After processing, sam-
ples were paraffin embedded, sectioned in 8 micro-
meter slices and stained with hematoxylin and eosin. 
The samples were then randomly assigned a study 
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identifi cation code and sent to blinded uropatholo-
gist who assessed for the presence and location of 
ink. The depth of penetration was determined as the 
maximum distance from the urothelium toward the 
renal capsule and the results were expressed at per-
centage of travel from urothelium to renal capsule. 
The depths were represented as a percentage of the 
total thickness of the parenchyma. Tubules were as-
sessed for the presence of damage. Statistical analysis 
was performed using Fisher exact test for proportions 
and Wilcoxon signed-rank test for means.

RESULTS

 In total, 24 kidneys were used with a mean 
individual renal weight of 160.3g (SD 21.5g). The 
observed intra-renal pressures were higher when a 
sheath was not used compared to when a sheath was 
employed at all irrigant sphygmomanometer pressure 
settings (p <0.001 for comparisons at each pressure 
setting) (Table-1). The control kidneys which did not 
receive pressurized irrigation demonstrated no tissue 
penetration of the ink. The mean percentage depth of 
tissue penetration of the ink into the cortical tubules 
from the urothelium to the renal capsule at sphyg-
momanometer pressures of 50, 100 and 200mm Hg 
without a UAS was 33.1, 31.0 and 99.3%, respective-
ly and with a UAS was 14.0, 0 and 18.8%, respecti-
vely (Figure-1). At a sphygmomanometer pressure of 
200mm Hg, sheath placement had signifi cantly less 
penetration than without sheath placement p=0.046.

 Overall, kidneys with an access sheath de-
monstrated a smaller mean tissue penetration among 
all pressures compared to kidneys without a sheath 
(6.3% vs. 54.5%, p=0.035). The proportion of kidneys 
with the presence of any ink into the cortical tubu-
les, at pressures of 50, 100 and 200 mmHg without a 

UAS was 0.33, 0.33 and 1.00, respectively and with a 
UAS was 0, 0 and 0.33, respectively. Examples of tis-
sue perfusion are shown in Figure-2. Four of the fi ve 
kidneys demonstrating signifi cant tubular damage 
involving the medulla with detachment or dislodge-
ment of tubular epithelium did not have sheaths.

DISCUSSION

 In this study, we described methods in whi-
ch fl uid extravasation into renal parenchyma can be 
measured using an ink mixture. We demonstrate that 
higher intra-renal pressures are associated with an 
increased distanced traveled of ink into renal paren-
chyma. This methodology may provide the founda-
tion for future experiments aiming to measure the 
effects of endourologic procedures and their associa-
ted pressures on irrigant extravasation and pyelove-
nous backfl ow. This studied was designed not to re-
plicate true ureteroscopic procedures in humans, but 
to provide a framework for future studies to employ 
such methods.

 The importance of intra-renal pressures du-
ring endoscopic procedures has been highlighted by 
studies indicating that the degree of pyelovenous ba-
ckfl ow of irrigation fl uid and renal tissue damage is 
likely dependent with intra-renal pressure. A study 
by Schwalb et al. found that in mini-pig kidneys, 
intra-renal pressures could reach a maximum height 
of 439mm Hg during ureteropyeloscopy (12). In that 
study there were more histologic changes in kidneys 
exposed to high pressures compared to low pressures: 
acutely, high pressure kidneys demonstrated vacuoli-
zation and degeneration of tubules while subacutely 
high pressure kidneys had evidence of tubule scarring. 
However, it is unclear what the long-term clinical 
signifi cance of these tissue changes may be. Studies 

Table 1 - Observed intra-renal pressures during various irrigant pressures with and without a sheath.

No Sheath With Sheath p-value

50mm Hg 30.3 (SD 19.5) 1.2 (SD 1.6) <0.001*

100mmg Hg 77.6 (SD 8.7) 4.7 (SD 0.63) <0.001*

200mm Hg 123.8 (SD 18.9) 7.5 (SD 1.3) <0.001*

Pressures expressed as mean pressure with standard deviations (SD). Comparisons were made between groups with and without sheaths, 
*p-value <0.05 was considered signifi cant.
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Figure 1 - Measurements of depth of ink penetration for different pressure settings on sphygmomanometer. Data are shown 
as the percentage of penetration calculated as maximum distance of ink perfusion into tubules from urothelium divided by 
total distance from urothelium to renal capsule. No ink had measurable tissue penetration at irrigant pressure 0mm Hg and 
was not present when sheath was used at irrigant pressure of 50 and 100mg Hg.

Figure 2 - Renal parenchyma section with hematoxylin and eosin stain demonstrating ink perfusion into renal tubules. This 
kidney was in the group with sphygmomanometer setting at 200mm Hg without a sheath. 2A: Low power examination (100x) 
of renal parenchyma section, the arrow points to a longitudinally cut medullary tubules. 2B: High magnifi cation (200x) of 
renal parenchyma section showing tubules with damage, sloughing of tubular epithelium within lumen, and ink spilling 
outside tubules.
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have assessed the outcomes of patients with mild to 
moderate renal impairment undergoing ureteroscopy 
and found that the procedure does not appear to be 
associated with long-term renal function impairment 
(13, 14). High intrarenal pressures have also been 
associated with infectious complications. In a study 
comparing mini-PCNL to regular PCNL, mini-PCNL 
procedures demonstrated higher intra-renal pressures 
and had higher rates of end-organ seeding with bac-
teria which originated in the kidney (15). Furthermo-
re, sustained time at high intra-renal pressures have 
been associated with post-operative fever (8). These 
data suggest that high intra-renal pressures may lead 
to adverse outcomes in some cases.

 Our study did not specifically measure bacte-
rial movement during high intra-renal pressures and 
instead used ink as a marker. We believe that this 
technique of monitoring for ink perfusion could be 
used in experiments whose goal is to evaluate tissue 
intravasation of infected fluid or even tumor. Studies 
have speculated whether endoscopic procedures for 
diagnosis and management of upper-tract urothelial 
carcinoma may “seed” the upper tracts with addi-
tional cancer and cause tumor cells to implant into 
renal parenchyma, however endoscopic surveillance 
has not shown significant change in clinical outco-
mes (16, 17). Using the methods we demonstrate in 
our study, this topic could potentially be further stu-
died in ex-vivo or in-vivo animal models using tu-
mor cells and ink to visualize tissue penetration.

 We conducted this study to demonstrate 
the impact of intra-renal pressure on degree of ex-
travasation of irrigant fluid during endoscopic pro-
cedures. Our study demonstrated that in simulated 
ureteroscopy using a porcine model, high perfusion 
pressures are associated with a significant increase 
of India ink infiltration into renal tissue. We found a 
pressure dependent relationship for the ability of ink 
to penetrate both into and outside of tubules which 
was abolished with sheath placement. By allowing an 
outlet for irrigant fluid with the sheath, intra-renal 
pressures were lower at the same infusion pressures. 
These results lend further evidence to the growing li-
terature that ureteral access sheaths may help protect 
renal tissue from damage and systemic infection. The 
experiments without a sheath included a tie around 
the ureter to prevent the ureteroscope from slipping 
distally and this almost certainly hindered fluid from 

traveling around the ureteroscope to escape. These 
methods were performed because our goal was to 
keep intra-renal pressures relatively constant. We 
did not intend to simulate true ureteroscopy. Other 
studies have demonstrated that antegrade leakage of 
fluid is important during ureteroscopy to help reduce 
pressures and promote irrigation (18). In our study, 
there may have been variable intra-renal pressures 
due to our attempt to maintain a constant pressure of 
the sphygmomanometer. We used experiments with 
and without an access sheath because prior studies 
have shown that using a sheath may decrease the 
intra-renal pressure during endoscopic procedures 
(19). It is interesting that some of the experiments 
at 100mm Hg pressure setting and even the lower 
pressure settings did not display extravasation of 
ink. This may be due to the washout process during 
tissue preparation for parafinization and may be a 
limitation of using ink as a marker. For subsequent 
experiments which may emerge with these methods, 
one could investigate the effect that pressure regula-
tion has one fluid penetration. A study which retros-
pectively compared ureteroscopy with manual hand 
irrigation vs. gravity pressure bags showed that the 
manual irrigation cohort had higher rates of post-
-operative fever, SIRS and emergency department 
presentation (20). It could be that quick, transient 
changes in pressure are more likely to drive backflow 
of irrigant.

 The histologic effects of ureteroscopy in hu-
man kidneys is not known. Our study used porcine 
kidneys which have been validated as suitable mo-
dels of human kidneys (21, 22). This study has several 
limitations. We did not perform true simulated ure-
teroscopy as the scope was not manipulated during 
the procedures, there was no active lasering of stones, 
and the scope was secured to the ureter to allow for 
consistent intra-renal pressures. We also ran each ex-
periment for only 30 minutes. Thus, the procedures 
in this study do not mirror real-life ureteroscopy in 
humans. However, damage of urothelium with laser 
or stone movement could potentially provide a me-
chanism for collecting system irrigant to extravasate 
into the renal parenchyma which we were not able to 
study. Additionally, due to difficulties with the urete-
roscope slipping out of the floppy, acontractile ureter, 
we were required to place a silk tie gently around 
the distal ureter which likely increased intra renal 
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pressures for all experimental pressures and decrea-
sed antegrade flow. It was not our goal to simulate a 
true human ureteroscopy, but rather demonstrate the 
effect that intra-renal pressures have on tissue pene-
tration of irrigant and evaluate whether these effects 
were mitigated by access sheath placement. Further-
more, we attempted to collect uniform samples from 
the upper and lower poles of each kidney after com-
pletion of the experiment. The blinded uropathologist 
measured the distance from the urothelium to the tu-
bule with ink penetration which was nearest the renal 
capsule. However, slight changes in how the samples 
were cut in sectioning could potentially change this 
maximal distance so percentages were used instead 
of raw distances. Future studies may evaluate tissue 
penetration in a more clinical scenario with true, in 
vivo flexible ureteroscopy in the porcine model. Al-
ternative routes of backflow may also be assessed in 
future investigations. Here, black India ink was a sur-
rogate to monitor extravasation of fluid but because 
the ink molecules can clump and get stuck in tubules, 
total migration of ink may underestimate the degree 
of intrarenal fluid penetration.

 This study demonstrated that in ureterosco-
py, a procedure known to have a large variance in 
intra-renal pressure (9), increasing irrigation pressure 
resulted in deeper tissue penetration of ink. Additio-
nally, tissue penetration of ink was higher when a 
UAS was not used. With sheath use, there was no 
significant increase in tissue penetration. We conclu-
de that the technique of using ink in settings of high 
intra-renal pressures is a reliable way to measure ex-
travasation of fluid into renal tissue.

CONCLUSIONS

 The histological effects of ureteroscopy in 
human kidneys it not known. This study demons-
trated that in a porcine model, higher pressures of 
saline irrigation in simulated ureteroscopy result in 
an increase in degree of tissue penetration by the 
intra-renal fluid. Future studies may use ink has 
a marker to monitor for extravasation of fluid in 
other clinical contexts.
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UAS = ureteral access sheath
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Editorial comment: High pressure endoscopic irrigation: impact on renal 
histology
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COMMENT 

Flexible ureteroscopy for the management of proximal ureteral stones or kidney stones is a first line 
treatment modality according to European Association of Urology and American Urological Association 
guidelines (1, 2). Due to improvements in the surgical disposable devices, better quality and image resolu-
tion of analogical and digital flexible ureteroscopes, and high stone-free rates, RIRS indications are rapidly 
increasing (3). However, it is a procedure not free of complications and there is robust evidence that high 
intra-renal pressure used to improve surgical view is related to postoperative complications, such as peri-
-renal hematomas and infections (4, 5). Tokas et al. in a systematic review found that pyelovenous backflow 
may occur at pressure ranging from 13.6 ro 27.2 cmH2O and complications such as pyelorenal backflow, 
sepsis, and renal damage are directly related to increased intra-renal pressure (6). In the current paper, Loftus 
et al. (7) in an experimental study showed that higher intra-renal pressure is related to a deeper tissue pene-
tration of ink, which could represent a greater renal parenchyma damage. Also, in this study, authors have 
demonstrated the ureteral access sheath (UAS) may prevent a significant increase in the intra-renal pressure, 
protecting the kidney of an eventual deleterious effects.  

  In a recent study comparing the intrapelvic pressures during flexible ureteroscopy, mini-percu-
taneous nephrolithotomy, standard percutaneous nephrolithotomy, and endoscopic combined intrarenal 
surgery in a kidney model, authors have demonstrated that intrapelvic pressure never exceed 50 cmH2O 
irrespectively of the technique. During flexible ureteroscopy intrapelvic pressure values ranged from 1.4 to 
46.2 cmH2O, and irrigation pressure at 40 cmH2O, an occupied working channel, and the use of a UAS were 
factors that reduced intrapelvic pressure (8).  

 UAS placement as a regular step of flexible ureteroscopy is still a controversial issue. Breda et al in 
a systematic review and meta-analysis have concluded that UAS has several potential advantages such as 
to facilitate retrograde intra-renal access, lower intra-renal pressure, protect the ureter, protect the scope, 
and expedite stone extraction. However, UAS use may also be associated with acute ureteral injury and 
long-term complications, including ureteral stenosis and hydronephrosis (9). Maybe UAS placement should 
be individualized according to each case (kidney stone burden and kidney collecting system anatomy) and 
surgeon experience. Undoubtedly, intra-renal pressure is a major issue that should be kept on mind of all 
endourologists.
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ABSTRACT

Background: Non-metastatic castration resistant prostate cancer (M0 CRPC) has seen 
important developments in drugs and diagnostic tools in the last two years. New hormonal 
agents have demonstrated improvement in metastasis free survival in M0 CRPC patients 
and have been approved by regulatory agencies in Brazil. Additionally, newer and more 
sensitive imaging tools are able to detect metastasis earlier than before, which will impact 
the percentage of patients staged as M0 CRPC. Based on the available international 
guidelines, a group of Brazilian urology and medical oncology experts developed and 
completed a survey on the diagnosis and treatment of M0 CRPC in Brazil. These results are 
reviewed and summarized and associated recommendations are provided.
Objective: To present survey results on management of M0 CRPC in Brazil.
Design, setting, and participants: A panel of six Brazilian prostate cancer experts determined 
64 questions concerning the main areas of interest: 1) staging tools, 2) treatments, 3) side 
effects of systemic treatment/s, and 4) osteoclast-targeted therapy. A larger panel of 28 
Brazilian prostate cancer experts answered these questions in order to create country-
specifi c recommendations discussed in this manuscript.
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Outcome measurements and statistical analysis: The panel voted publicly but 
anonymously on the predefined questions. These answers are the panelists’ opinions, not 
a literature review or meta-analysis. Therapies not yet approved in Brazil were excluded 
from answer options. Each question had five to seven relevant answers including two 
non-answers. Results were tabulated in real time.
Conclusions: The results and recommendations presented can be used by Brazilian 
physicians to support the management of M0 CRPC patients. Individual clinical 
decision making should be supported by available data, however, for Brazil, guidelines 
for diagnosis and management of M0 CRPC patients have not been developed. This 
document will serve as a point of reference when confronting this disease stage.

INTRODUCTION

Non-metastatic castration resistant prostate 
cancer (M0 CRPC) affects between 2-8% of prostate 
cancer (PCa) patients. M0 CRPC is defined when: 1) 
androgen deprivation therapy (ADT) leads to castra-
tion resistance, and 2) there are no metastases de-
tectable according to conventional imaging (bone 
scan and negative computer tomography of chest, 
abdomen and pelvis). Additionally, according to the 
Prostate Cancer Working Group 2, patients must pre-
sent with prostate-specific antigen (PSA) progression 
at an increase of 25% from nadir at a minimum rise 
of 2ng/mL and confirmed with a second value (1, 2). 
Therefore, M0 CRPC is a very specific diagnosis limi-
ted by a sensitive period of time.

 Despite no detectable metastases through 
conventional imaging, nearly 60% of these patients 
develop metastatic disease during the first 5 years (3). 
Skeletal related events (SREs) associated with bone 
metastases, such as severe pain, pathological frac-
tures, nerve and spinal cord compression, skull base 
involvement, need for radiation and/or surgery, lead 
to a significant reduction in health-related quality of 
life (QOL) and are associated with worse outcome. Of 
note, SREs have a negative impact on the health care 
system due to increased costs (4, 5).

 M0 CRPC is a heterogeneous disease, for 
example, a prospective study included 331 patients 
reported that PSA level greater than 13.1ng/mL was 
associated with worse overall survival (OS) (relative 
risk, 2.34, 95% CI, 1.71 to 3.21, p <0.001) and bone 
metastasis-free survival (MFS) (relative risk, 1.98, 
95% CI, 1.45 to 2.70, p <0.001). Additionally, PSA 
velocity was associated with worse outcomes (6). Un-

til recently, there are limited number of diagnostic 
and staging tools and scarce treatment options with 
no clinical meaningful benefit for patients according 
to randomized trials (7-9).

 In the last few years, new hormonal agents 
(NHAs) have been introduced in several PCa disease 
stages, including metastatic castration sensitive di-
sease (M0 CSPC) and M0 CRPC. These NHAs have 
demonstrated improvement in MFS for M0 CRPC 
and have been approved by the U. S. Food and Drug 
Administration (FDA) and the Brazilian Health Regu-
latory Agency (ANVISA). Additionally, newer ima-
ging tools have been introduced and are significantly 
increasing the detection of lymph-node and distant 
metastasis in PCa patients, mainly in patients with 
biochemical recurrence. However, these new ima-
ging tools have not been included as part of the most 
recent M0 CRPC clinical trials (e.g., SPARTAN and 
PROSPER) (10, 11).

 Currently, there are no treatment guidelines 
for M0 CRPC in Brazil. Given that new scientific de-
velopments are continuously happening, staying up 
to date with best practices can be challenging. As a 
result, a group of Brazilian experts reviewed the cur-
rent management of M0 CRPC in the country throu-
gh a consensus conference on staging, diagnosis, and 
treatment with a focus on efficacy and safety.

METHODOLOGY

 A small panel of six PCa physicians who 
specialize in genitourinary malignancies determined 
the five most relevant issues concerning the diagno-
sis and treatment of patients with M0 CRPC. These 
five topics included 1) staging tools, 2) treatments, 3) 
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drug selection, 4) side effects of systemic treatment, 
and 5) use of osteoclast targeted therapy for SREs and 
symptomatic skeletal events (SSE) prevention. A to-
tal of sixty-four survey questions were developed on 
these five topics. Each question had five to seven rele-
vant answers including two non-answers (“Abstain” 
and “Unqualified to Answer”). The two non-answers 
were provided for quality control, as a self-randomly 
selected answer could potentially skew results. The 
full panel for this consensus consisted of 28 multi-
disciplinary cancer physicians from varying regions 
of Brazil with different realities regarding diagnos-
tic and therapeutic resources. For all the questions, 
unless stated otherwise, it was assumed that for that 
specific recommendation, therapies (i.e. type of sur-
gery, type of radiation therapy, drug) were approved 
and available. Therapies not yet approved in Brazil 
were excluded from the answer options. Each ques-
tion was deemed “consensus” if 75% or more of the 
full panel had selected a particular answer. A review 
of the supporting literature as well as majority state-
ments are included in each of the sections of this do-
cument and practical recommendations are provided.

STAGING TOOLS FOR M0 CRPC PATIENTS

 PSA levels and PSA doubling time (PSAdt) 
are important tools to classify prostate cancer risk. 
Conventional imaging technologies such as bone 
scan, abdomen and pelvic magnetic resonance ima-
ging (MRI), positron emission tomography (PET) and 
computed tomography (CT) scans are important tools 
in staging PCa patients. Emerging imaging technolo-
gies for PCa have proved to be powerful adjuncts to 
conventional imaging for patients suspected of M0 
CRPC and have a variety of approaches. The emer-
ging imaging methods, such as 11C-choline PET/CT 
scans, 68Ga-labelled prostate-specific membrane an-
tigen (PSMA), Sodium Flouride (NaF) PET scan, and 
whole-body MRI, are more sensitive to staging PCa 
as these methods detect metastasis earlier than con-
ventional methods (12, 13). A recent retrospective 
study included 200 M0 CRPC patients diagnosed by 
conventional imaging at high risk of developing me-
tastasis and assessed them with PSMA PET/CT. PCa 
lesions were detected in 196 (98%) of the patients, 
and 54% had metastatic disease demonstrating the 
improved sensitivity of PSMA PET/CT to conventio-

nal methods (13). Of note, all patients in this analy-
sis had an absolute PSA level 3 2ng/mL and PSAdt 
<10 months, therefore, we can speculate if the results 
would be in the same for patients with lower absolute 
PSA levels or those with PSAdt ³ 10 months.

 While PSA levels are clearly defined throu-
gh testing, PSAdt can be more problematic to cal-
culate, as there have been many methods suggested. 
However, PSAdt remains a vital tool for assessing 
a patient’s prognosis especially for biochemical re-
currence patients, both M0 CSPC and M0 CRPC. 
Alarmingly, PSAdt measures can vary significantly 
depending on the calculation method used. Many 
experts have called for the standardization of this 
formula in the clinical setting and in literature, as it 
can be the only parameter for treatment in settings 
that lack radiographic evidence (14). Regarding the 
preferred methodology for calculating PSAdt, two 
thirds of the panel (66%) stated they use a calcula-
tor and the last three PSA values in serum. The PCa 
Radiographic Assessments for Detection of Advanced 
Recurrence (RADAR III) Group’s 2018 recommenda-
tions suggest follow-up images every 6-12 months, 
or more frequently based on a PSAdt of less than 
6 months and/or symptoms in patients undergoing 
therapy for M0 CRPC (15).

 The panel did not reach consensus in any 
of the questions related with staging tools and spe-
cifically the ones listing imaging methods. As a re-
sult, the panel was divided between the PET-CT with 
PSMA (or PET-MRI with PSMA) ± pelvic MRI (50% 
of the votes) and the CT of the Thorax or Chest X-
-Ray, CT of the abdomen and pelvis (or pelvic MRI) 
and Bone Scan (42% of the votes). These options are 
consistent with individual clinical practice choices 
and could be related with available technology that 
may vary significantly among different regions in 
the country and may create a bias according to whe-
re the voting physicians work. Of note, PET-CT with 
PSMA (or PET-MRI with PSMA) are not available in 
mostly public health and in some private practice 
centers. In this setting, the National Comprehensive 
Cancer Network (NCCN) guidelines version 1 2020 
(17) supports the use of conventional image. Fur-
thermore, the RADAR III group recommends a bone 
scan and a CT scan when the PSA reached 2ng/mL, 
and, if this is negative, the tests should be repeated 
when the PSA reaches 5ng/mL, and again after every 
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doubling of the PSA every three months for asymp-
tomatic men (15). It is currently unknown whether 
the improvement in the sensitivity and specificity of 
the next generation imaging studies will change the 
management of and outcome in M0 CRPC patients 
(13). Aside from systemic treatment, it is still unkno-
wn whether focal therapy for this patient population 
will have an impact on the outcome, however, other 
treatment alternatives can be used to try to slow pro-
gression if disease progression is detected early.

TREATMENT FOR M0 CRPC PATIENTS

 Until recently, treatment strategies for 
M0 CRPC patients included 1) observation and 
maintenance with ADT with serial imaging un-
til metastatic findings or 2) other hormonal op-
tion supported by low evidence level trials (18). 
Three clinical trials (SPARTAN (10), PROSPER 
(11) and ARAMIS (18)) using MFS as the pri-
mary end point, showed that adding an NHA 
to ADT reduced the risk of developing metas-
tatic CRPC or death compared to placebo. The 
SPARTAN trial examined apalutamide, which 
increased MFS time by 20.3 months when com-
pared to placebo (median 40.5 vs. 16.2 months; 
HR=0.28, p <0.0001). The PROSPER trial, which 
examined enzalutamide, demonstrated superio-
rity compared to placebo and included time to 
PSA progression, time to the first use of a sub-
sequent antineoplastic therapy, and PSA res-
ponse rate as secondary end points. However, 
median OS was not reached in either the SPAR-
TAN or PROSPER clinical trials. Lastly, QOL as-
sessments indicated substantial changes were 
the same for both groups (11). In the SPARTAN 
trial, other secondary end points included time 
to metastasis, progression-free survival, and 
time to symptomatic progression, which were 
all longer with apalutamide compared to place-
bo (10). Just before this consensus survey, the 
interim results from the ARAMIS trial had been 
posted. In this trial, darolutamide also reached 
the primary endpoint and significantly incre-
ased the MFS by 22 months (hazard ratio for 
metastasis or death in the darolutamide group, 
0.41, 95% confidence interval, 0.34 to 0.50, p 
<0.001). However, since darolutamide had not 

approved by the FDA or ANVISA by the time of 
this consensus, darolutamide was not included 
as a treatment option for the survey.

 To answer the questions on treatment of 
M0 CRPC in Brazil, the panel agreed to assume 
ideal scenario based on the best clinical eviden-
ce available. Each question proposed scenarios of 
men with various 1) life expectancies, 2) PSAdt 
quantities, and 3) PSA levels.

 The votes of the panel showed consensus 
on the initial treatment for M0 CRPC patients 
with life expectancy greater than 10 years and 
PSAdt less than 10 months, regardless PSA le-
vels. The panel reached consensus and would 
start the patient on apalutamide or enzalutamide 
in both cases (for PSA levels >2ng/mL 96% of 
the votes; for PSA levels <2ng/mL 84% of the 
votes). For patients with life expectancy lower 
than 10 years and a PSAdt less than 10 months, 
the panel was also in consensus (92%) to start 
apalutamide or enzalutamide when PSA was 
greater than 2ng/mL. These results are in accor-
dance with the NCCN guidelines version 1.2020 
(16), which support apalutamide or enzalutami-
de (both categories 1) regardless of the PSA le-
vel in patients with PSAdt less than 10 months 
mostly because this is the most robust factor for 
bone metastases in this setting (6).

 Additionally, there was strong consensus 
for treatment of patients with life expectancy gre-
ater than 10 years and PSA greater than 2ng/mL 
but with a PSAdt of more than 10 months. In this 
case, 96.2% of the panel voted they would not start 
any specific systemic therapy and would consider 
observation as the best option. Absolute consensus 
(100%) was reached in the scenario of life expec-
tancy greater than 10 years, PSAdt is longer than 
10 months, and PSA is lower than 2ng/mL. In this 
case, the entire panel chose to not start any specific 
systemic therapy and considered observation was 
the best approach. Again, these results are in ac-
cordance with the NCCN guidelines version 1.2020 
(16), which do not support the use of apalutamide 
or enzalutamide (both categories 1) in this setting. 
This guideline is due to the fact that longer PSAdt 
is a strong prognostic factor for delayed bone me-
tastases and that there are patients who are metas-
tasis free for a long period of time (6).
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DRUG SELECTION AND COMORBIDITIES

 Standard of care treatment for M0 CRPC pa-
tients has been lacking. Variations range from obser-
vation using PSADT with serial imaging until metas-
tasis being documented to hormonal agents despite 
lack of definite survival evidence for patients who 
showed shorter PSADT (17). New drug approvals of 
apalutamide, enzalutamide, and darolutamide are 
changing the landscape of the disease and increasing 
the treatment options for M0 CRPC patients.

 Both apalutamide and enzalutamide have 
received approval from the FDA and ANVISA, ho-
wever, darolutamide is currently only approved by 
the FDA. While most trials use OS as the primary 
endpoint observed, the efficacy and safety of these 
drugs were determined by MFS. Both the NCCN and 
the American Urological Association (AUA) suggest 
apalutamide, enzalutamide, or darolutamide as first 
line treatment options when PSAdt is equal to or less 
than 10 months (16, 19).

 While PROSPER included QOL as a secondary 
outcome measure, SPARTAN and ARAMIS included 
QOL as an exploratory outcome measure. All trials 
used the Functional Assessment of Cancer Therapy-
-Prostate (FACT-P) Global Score and the European 
Quality of Life-5 Dimensions (EQ-5D-3L) question-
naires. PROSPER results showed that the median time 
to degradation was the same in both the enzalutami-
de and placebo groups. Both SPARTAN and ARAMIS 
results showed that the QOL of both groups (apalu-
tamide/darotulamide and placebo) were generally the 
same over time.

 The panel responded questions related to 
drug of choice for M0 CRPC patients with specific co-
morbidities and clinical scenarios with apalutamide, 
enzalutamide, or either. This exemplifies that phy-
sicians in the clinical setting are treating M0 CRPC 
patients with the most up to date evidence supported 
information. These results are unique due to the fact 
that no guidelines have fully explored this issue by 
selecting the agents in accordance to the toxicities 
(16, 19). For patients with a reasonable life expec-
tancy and diabetes or mild/moderate hypertension, 
the panel reached consensus selecting “apalutamide 
or enzalutamide” as their choice of treatment (96% 
for diabetes, 88% for mild hypertension and 84% for 

moderate hypertension). Patients with severe hyper-
tension and cardiovascular disease, either coronary 
disease or cardiac insufficiency greater than grade 2, 
would be treated with either “apalutamide or enza-
lutamide” by the majority of the panel, however, no 
consensus was reached that the panel would use one 
of these two drugs for the remaining clinical scena-
rios (71% for severe hypertension, 67% for cardiac 
insufficiency greater than grade 2 and 52% for coro-
nary disease).

 For M0 CRPC patients with a reasonable life 
expectancy and renal insufficiency or chronic obs-
tructive pulmonary disease (COPD), the panel reached 
consensus that “apalutamide or enzalutamide” are 
their drugs of choice with 84% for renal insufficiency 
and 100% for COPD. The panel was divided when 
selecting the drug of choice for M0 CRPC for patients 
with past history of falls and a reasonable life expec-
tancy between apalutamide (37%) and enzalutamide 
(33%) or either (30%).

 The only questions where apalutamide was 
chosen over enzalutamide were regarding comorbidi-
ties related to the central nervous system. As a result, 
the majority of the panel would choose apalutamide 
over any other drug if the M0 CRPC patient also had 
past history of seizure (78%), used medication that 
increased the risk of seizure (78%), had a mental im-
pairment (81%), or psychiatric disorders (72%). Ho-
wever, theoretically, darolutamide which was not one 
of the listed treatment options, may have an even lo-
wer risk of seizure given it does not cross the blood-
-brain barrier.

 Finally, the panel would check drug-drug in-
teractions (75%) before making clinical decisions for 
M0 CRPC patients with multiple medications and a 
reasonable life expectancy. However, they did not re-
ach consensus given some of the treating physicians 
would treat the patient with “apalutamide or enzalu-
tamide” (14%) or only with apalutamide (11%).

SIDE EFFECTS AND IMPLICATIONS OF MEDICATION 
SELECTION IN M0 CRPC

 Based on the indications described, enza-
lutamide and apalutamide have had major quanti-
tative impact in the management of M0 CRPC pa-
tients. However, if PSAdt is greater than 10 months, 
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Table 1 - Survey Questions and Answer Percentages from the Consensus on Diagnosis and Management of Non-Metastatic 
Castration Resistant Prostate Cancer in Brazil

BIOCHEMICAL RECURRENT CASTRATION-RESISTANT PROSTATE CANCER (M0 CRPC)

1. STAGING TOOLS

Which imaging 
method is indicated 
for a castration-
resistant patient 
with biochemical 
recurrence after…

a) PET-CT 
with PSMA 
(or PET-
MRI with 
PSMA) +/- 
pelvic MRI

b) Whole 
body MRI

c) Bone 
Scan

d) Pelvic 
MRI

e) Pelvic 
MRI and 
Bone Scan

f) CT of the 
Thorax or 
Chest-X-Ray, 
CT of the 
abdomen 
and pelvis 
(or pelvic 
MRI) and 
Bone Scan

g) None

1 Radical 
prostatectomy?

14 (50%) -- -- -- 2 (8.3%) 12 (41.7%) --

2 Curatively 
intended 

radiotherapy?

15 (52%) -- -- -- -- 13 (48%) --

3 What is your preferred methodology for calculating PSA doubling time (dT)?

a) I do not 
calculate PSA dT

b) Last two 
values (>0.1) 

using a 
manual tool

c) Last 
two values 

(>0.1) using 
an electronic 

calculator

d) Last three 
values (>0.1) 

using a 
manual tool

e) Last three 
values (>0.1) 

using an 
electronic 
calculator

f) At least 
four values 

(>0.1) using a 
manual tool

g) At least four values (>0.1) using 
an electronic calculator

-- -- 1 (4.2%) 4 (12.5%) 18 (66.7%) 1 (4.2%) 4 (12.5%)

2. TREATMENT

What is your 
management of M0 
CRPC in the majority 
of men with a life 
expectancy > 10-15 
years and with…

a) 
Apalutamide 

or 
Enzalutamide

b) 
Apalutamide

c) 
Enzalutamide

d) 
Bicalutamide 
or Flutamide

e) Docetaxel f) I would not start any specific 
systemic therapy until the 

development of clinical metastases

4 PSADT ≤ 10 
months and PSA 

≥ 2ng/mL?

27 (96.2%) 1 (3.9%) -- -- -- --

5 PSADT ≤ 10 
months and PSA 

< 2ng/mL?

24 (84%) 2 (8%) -- 1 (4%) -- 1 (4%)
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6 PSADT > 10 
months and PSA 

≥ 2ng/mL?

-- -- -- 1 (3.9%) -- 27 (96.2%)

7 PSADT > 10 
months and PSA 

< 2ng/mL?

-- -- -- -- -- 28 (100%)

What is your 
management of M0 
CRPC in the majority 
of men with a life 
expectancy < 10-15 
years and with…

a) 
Apalutamide 

or 
Enzalutamide

b) 
Apalutamide

c) 
Enzalutamide

d) 
Bicalutamide 
or Flutamide

e) Docetaxel f) I would not start any specific 
systemic therapy until the 

development of clinical metastases

8 PSADT ≤ 10 
months and PSA 

≥ 2ng/mL?

26 (92.3%) -- -- -- -- 2 (7.7%)

9 PSADT ≤ 10 
months and PSA 

< 2ng/mL?

18 (65.4%) 1 (3.9%) -- -- -- 9 (30.8%)

10 PSADT > 10 
months and PSA 

≥ 2ng/mL?

1 (3.9%) -- -- 1 (3.9%) -- 26 (92.3%)

11 PSADT > 10 
months and PSA 

< 2ng/mL?

-- -- -- -- -- 28 (100%)

12 In a patient with M0CRPC and pelvic lymph nodes with less than 2.0 cm in minor axis do you recommend a different approach?

a) Apalutamide b) 
Enzalutamide

c) 
Apalutamide 

or 
Enzalutamide

d) 
Bicalutamide

e) Docetaxel f) Pelvic 
radiotherapy

g) Stereotactic 
body radiotherapy 

(SBRT) for 
oligometastatic 

lymph node

h) 
Lymphadenectomy

1 (3.9%) -- 15 (54%) 1 (3.9%) -- 3 (11.5%) 6 (19.2%) 2 (7.7%)

13 When you recommend an antiandrogen to treat M0 CRPC, which one do you prefer?

a) Apalutamide b) 
Enzalutamide

c) 
Apalutamide 

or 
Enzalutamide

d) 
Bicalutamide

e) Flutamide

6 (19.2%) -- 22 (80.8%) -- --
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14 In a patient with no sign of metastatic disease based on regular exams (CT scan plus bone scan) and a positive PSMA-PET CT/MRI do you 
recommend a different approach?

a) Yes b) No

13 (48%) 15 (52%)

15 In a patient with no sign of metastatic disease based on regular exams (CT scan plus bone scan) and a positive PSMA-PET CT/MRI do you 
recommend?

a) Apalutamide b) 
Enzalutamide

c) 
Apalutamide 

or 
Enzalutamide

d) Abiraterone e) 
Bicalutamide

f) Docetaxel 
(based on 
volume of 
disease)

g) Local 
therapy if 

oligometastatic 
disease (SBRT, 

cryo, etc.)

h) It depends on 
PSA dT

1 (3.9%) 1 (3.9%) 10 (38.5%) 2 (7.7%) -- 1 (3.9%) 7 (23.1%) 6 (19.2%)

16 Physicians: The drug preference is due to?

a) Toxicity 
profile

b) Experience c) Cost d) Access

22 (76%) 2 (8%) -- 4 (16%)

17 When do you recommend stop treatment and start a new one?

a) PSA 
progression only

b) Clinical 
progression 

only

c) 
Radiological 
progression 

only

d) At least two 
of the three 

criteria (PSA, 
clinical and 
radiological)

e) 
Unequivocal 

clinical 
progression 

only

f) 
Unequivocal 
radiological 
progression 

only

g) Answers d, 
e, and f

h) All of the 
above

-- -- -- 15 (53.8%) -- 1 (3.8%) 12 (42.3%) --

What is your 
drug of choice 
for M0 CRPC 
in the majority 
of men with 
a reasonable 

life expectancy 
and…

a) 
Apalutamide 

or 
Enzalutamide

b) 
Apalutamide

c) 
Enzalutamide

d) 
Bicalutamide 
or Flutamide

e) Docetaxel f) Abstain

18 Diabetes? 27 (96.2%) 1 (3.8%) -- -- -- --

19 Mild 
hypertension?

26 (88.5%) -- 2 (7.7%) -- -- --

20 Moderate 
hypertension?

24 (84%) 4 (8.0%) 4 (8.0%) -- -- --
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21 Severe 
hypertension?

20 (70.8%) 3 (12.5%) 5 (16.7%) -- -- --

22 Cardiovascular 
disease (cardiac 
insufficiency > 

grade 2)?

19 (66.7%) 7 (25.0%) 2 (8.3%) -- -- --

23 Cardiovascular 
disease (artery 

coronary 
disease)?

15 (51.9%) 9 (33.3%) 4 (14.8%) -- -- --

24 Past history of 
seizure and/
or drugs that 

increase risk of 
seizure?

4 (14.8%) 22 (77.8%) -- 2 (7.4%) -- --

25 Mental 
impairment 
disorder?

5 (19.2%) 23 (80.8%) -- -- -- --

26 Psychiatry 
disorders?

8 (28.0%) 20 (72.0%) -- -- -- --

27 Renal 
insufficiency?

24 (84.6%) 3 (11.5%) 1 (3.9%) -- -- --

28 COPD? 28 (100.0%) -- -- -- -- --

29 Past history of 
falls?

8 (29.6%) 11 (37.0%) 9 (33.3%) -- -- --

30 Multiple 
medications?

4 (14.3%) 3 (10.7%) -- -- -- 21 (75.0%)

What is your level 
of concern with 
enzalutamide in the 
treatment of M0 
CRPC regarding 
incidence of…

a) Low b) Moderate c) High d) Abstain

31 Fatigue? 2 (7.7%) 17 (61.5%) 9 (30.7%) --

32 Fracture? 16 (57.1%) 7 (25.0%) 5 (17.9%) --

33 Falls? 5 (18.5%) 18 (63.0%) 5 (18.5%) --

34 Hot flashes? 25 (82.1%) 2 (14.3%) 1 (3.6%) --

35 Nausea? 22 (78.6%) 6 (21.4%) -- --

36 Decreased 
appetite?

23 (82.1%) 5 (17.9%_ -- --

37 Hypertension? 13 (42.9%) 15 (53.6%) 1 (3.6%) --
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38 Cardiovascular 
complications?

14 (50.0%) 14 (50.0%) -- --

39 Mental 
impairment 
disorder?

7 (25.0%) 18 (64.3%) 3 (10.7%) --

40 Diarrhea? 26 (92.9%) 2 (7.1%) -- --

41 Rash? 26 (92.9%) 2 (7.1%) -- --

42 Arthralgia? 25 (89.3%) 3 (10.7%) -- --

43 Dizziness? 17 (60.7%) 11 (39.3%) -- --

44 Seizure? 14 (50.0%) 12 (42.9%) 2 (7.1%) --

45 Hepatic 
impairment?

28 (100.0%) -- -- --

What is your level 
of concern with 
apalutamide in the 
treatment of M0 
CRPC regarding the 
incidence of…

a) Low b) Moderate c) High d) Abstain

46 Fatigue? 9 (30.8%) 16 (57.7%) 3 (11.5%) --

47 Fracture? 11 (39.3%) 13 (46.4%) 4 (14.3%) --

48 Falls? 10 (35.7%) 15 (53.6%) 3 (10.7%) --

49 Hot flashes? 13 (82.1%) 4 (14.3%) 1 (3.6%) --

50 Nausea? 22 (78.6%) 6 (21.4%) -- --

51 Decreased 
appetite?

24 (85.7%) 4 (14.3%) -- --

52 Hypertension? 10 (37.0%) 11 (40.7%) 7 (22.2%) --

53 Cardiovascular 
complications?

18 (64.3%) 10 (35.7%) -- --

54 Mental 
impairment 
disorder?

23 (82.1%) 5 (17.9%) -- --

55 Diarrhea? 23 (82.1%) 5 (17.9%) -- --

56 Rash? 8 (28.6%) 15 (53.6%) 5 (17.9%) --

57 Arthralgia? 24 (85.7%) 4 (14.3%) -- --

58 Dizziness? 24 (85.7%) 4 (14.3%) -- --

59 Seizure? 25 (89.3%) 3 (10.7%) -- --

60 Hepatic 
impairment?

27 (96.4%) 1 (3.6%) -- --
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3. USE OF OSTEOCLAST-TARGETED THERAPY FOR SRE/SSE PREVENTION FOR ADVANCED PROSTATE CANCER (NOT FOR 
OSTEOPOROSIS/BONE LOSS)

61 Which osteoclast-targeted therapy do you recommend for men with M0 CRPC for SRE/SSE prevention?

a) Zoledronic 
acid

b) 
Denosumab

c) Either 
zoledronic 

acid or 
denosumab

d) Another 
osteoclast-

targeted 
therapy

e) I do 
not use 

osteoclast-
targeted 

therapy in 
this setting, 

but may 
supplement 
calcium and 
vitamin D

1 (3.6%) -- 4 (14.3%) -- 23 (82.1%)

When used for men 
with M0 CRPC, what 
treatment frequency 
do you recommend 
regarding…

a) Every 12 
months

b) Every 6 
months

c) Every 3 
months

d) Every 
month

e) I do 
not use 
osteoclast-
targeted 
therapy in 
this setting

62 Zoledronic acid? 2 (8%) 2 (8%) 3 (12.0%) -- 21 (72.0%)

63 Denosumab? -- 5 (19.3%) 1 (3.9%) 1 (3.9%) 21 (73.0%)

74 For how long do you recommend osteoclast-targeted therapy for men with M0 CRPC for SRE/SSE prevention?

a) 1 year b) 2 years c) Until first 
SRE/SSE

d) Until 
second SRE/
SSE

e) Indefinitely f) Until 
disease 
progression

g) I do not 
use osteoclast 
targeted 
therapy in this 
setting

-- 2 (7.4%) 1 (3.7%) 1 ()3.7% -- -- 24 (85.2%)

observation is still an option, given there are clini-
cal drawbacks for both of these treatments. Of note, 
PSAdt greater than 10 months was not a part of the 
inclusion criteria in any of the clinical trials, inclu-
ding PROSPER, SPARTAN, and ARAMIS. Drawbacks 
for these alternatives include treatment toxicity and 
decreased QOL, which may be unnecessary burdens 
for a patient with a long-life expectancy. Poten-

tial adverse events (AEs) that decrease QOL for ei-
ther of these drugs include fatigue, fractures, falls, 
hypertension, cardiovascular complications, hot 
flashes, nausea, loss of appetite mental-impair-
ment disorders, seizures, rashes, among others.

 The SPARTAN trial showed rash as the 
most frequent AE in 23.8% of the patients recei-
ving apalutamide and only 5.5% for the placebo 
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arm. Of patients in the apatulamide arm, a grade 
3 or 4 rash was present in 5.2% of them. Other 
frequent AEs in the apatulamide group versus the 
placebo group were fatigue (30.4% vs. 21.1%), 
hypertension (24.8% vs. 19.8%) and diarrhea 
(20.3% vs. 15.1%). Fractures occurred in 11.7% vs. 
6.5% and hypothyroidism was found in 8.1% vs. 
2%. Serious AEs were seen in 24.8% (199) of the 
apatulamide arm and 23.1% (92) of the patients in 
the placebo arm. Discontinuation due to AE was 
10.6% (85 patients) in the apatulamide arm and 
7% (28 patients) in the placebo group.

 The PROSPER trial had 10% of patients 
discontinue enzalutamide due to AEs compared to 
8% of placebo patients. The only AE that occurred 
in more than 20% of the enzalutamide patients 
was fatigue with 33% vs. 14% in the placebo arm. 
Falls and non-pathologic fractures occurred in 
17% of the enzalutamide group vs. 8% for place-
bo. Hypertension was reported in 12% vs. 5%, ma-
jor cardiovascular events in 5% vs. 3%, and men-
tal impairment disorders in 5% vs. 2%. These data 
show that it is crucial to weigh advantages against 
potential harms.

 Bicalutamide was included as a survey 
answer for treatment alternatives. This particular 
drug has two common AEs (breast pain and gyne-
comastia), which can reduce QOL. Throughout trials, 
several patients dropped out of the study due to the-
se AEs (20). Another treatment alternative option for 
this survey was flutamide. This treatment has two 
common AEs (gynecomastia and gastrointestinal up-
set) as well as some other AEs, such as severe liver 
toxicity and hot flashes (21).

 Docetaxel was also provided as a survey op-
tion for treatment. AEs of this drug are usually due 
to dosing and include neutropenia, hypersensitivity, 
fluid retention, nail toxicities, neuropathy and asthe-
nia. Of note, toxicities are the main concern of this 
medication, given that there is insufficient guidance 
on how to manage this side effect. Myelosuppression 
is the most frequent toxicity associated with doce-
taxel dosing (22). Currently, there is no randomized 
trial evaluating docetaxel in M0 CRPC.

 Additionally, abiraterone acetate was inclu-
ded as an alternative survey answer. The most com-
mon AEs of abiraterone are grade 1 and 2. These AEs 

include toxicities, fatigue, hypertension, headache, 
nausea, and diarrhea. Grade 3 AEs of abiraterone 
are hypertension, hypokalemia, constipation, diar-
rhea, muscular weakness, and arthralgia (23). Finally, 
radium-223 is generally used when PCa has metas-
tasized to bone. AEs of radium-223 include nausea, 
fatigue, vomiting, diarrhea, constipation, bone pain, 
urinary tract infection and peripheral edema. Hema-
tological AEs of radium-223 are generally mild (24). 
There are no randomized controlled trials completed 
for abiraterone or radium-223 in M0 CRPC.

 The panel did not reach consensus regar-
ding their level of concern with either apalutami-
de or enzalutamide regarding fatigue, fractures, or 
falls. For apatulamide, the majority of the panel has 
a moderate concern related to fatigue (58%), frac-
tures (46%) and falls (53%). For enzalutamide, the 
majority of the panel has low concern regarding 
fractures (57%) but kept moderate concern for fati-
gue (62%) and falls (63%). The highest percentage 
of concern was a moderate level of concern regar-
ding the incidence of falls when treating M0 CRPC 
patients with enzalutamide (63%). The second hi-
ghest percentage was 62%, which correlated with 
a moderate level of concern for fatigue as an AE 
when using enzalutamide in the treatment of M0 
CRPC patients. All other answers had various votes 
and percentages ranging from low, moderate, and 
high levels of concern for those specific AEs.

 Contrastingly, all answers reached consensus 
stating physicians have a low level of concern for 
AEs such as hot flashes (82% and 82%), nausea (78% 
and 78%) and decreased appetite (85% and 82%) 
with either apalutamide or enzalutamide respectively. 
All answers related to these AEs had less than 5% of 
voters stating a high level of concern with either of 
these side effects when treating their M0 CRPC pa-
tients with these new hormonal agents. Additionally, 
for other AEs, such as hepatic impairment (96% and 
100%), diarrhea (82% and 93%) and arthralgia (86% 
and 89%), the panel reached consensus on a low level 
of concern when treating patients with either apalu-
tamide or enzalutamide respectively.

 Cardiovascular AEs, such as hypertension or 
other cardiovascular complications, are not a major 
concern for the panel when treating patients with 
apalutamide or enzalutamide. The majority of the 
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panel members voted low or moderate level of 
concern for these side effects. For apalutamide 
and hypertension, 41% have moderate concern, 
37% have low concern, and 22% voted high level 
of concern. For enzalutamide and hypertension, 
54% voted for moderate concern, 43% low con-
cern, and 4% chose high level of concern. Regar-
ding the panel’s concern for “other cardiovascu-
lar complications”, all votes were within the low 
and moderate range. For apalutamide, 64% voted 
for low level and 36% for moderate concern. For 
enzalutamide, the panel was divided in half be-
tween low and moderate level of concern with 
50% each.

 Mental disorders as an AE were also of low 
and moderate concern for the treating physicians 
in the panel. However, consensus was only reached 
about apalutamide, given the majority of the atten-
dees have a low level of concern regarding mental 
disorders (82%). For enzalutamide, 63% of the pa-
nel voted for moderate level of concern and 25% for 
low level of concern. Other central nervous system 
AEs, such as dizziness and seizures, are a low level of 
concern to the panel when using apalutamide (85% 
for dizziness and 90% for seizures). However, when 
using enzalutamide, the panel did not reach consen-
sus and a higher percentage of voters expressed a 
moderate level of concern for both dizziness and sei-
zures in their patients (39% and 43%).

 Rash has been seen as an AE in the interna-
tional trials for apalutamide. The majority (53%) of 
the panel have moderate concern when treating M0 
CRPC with apalutamide, 29% have low concern, and 
18% have high concern. Contrastingly, for enzaluta-
mide, 93% of the panel voted for low concern and 
7% for moderate concern.

 Overall, when asked about levels of con-
cern regarding the incidence of AEs with apalu-
tamide and enzalutamide for M0 CRPC patients, 
treating physicians showed low or moderate le-
vels of concern for most AE. These data indicate 
a support for the wide use of these drugs. There 
were only two instances where more than 20% of 
the panel voted with high level of concern: fati-
gue with enzalutamide (33%) and hypertension 
with apalutamide (22%). Again, these results are 
unique due to the fact that no guidelines have 

fully explored the toxicity profile of the active 
agents and how this may influence a physician’s 
drug choice (16, 19).

USE OF OSTEOCLAST-TARGETED THERAPY FOR 
THE PREVENTION OF SKELETAL-RELATED EVENTS 
AND SYMPTOMATIC SKELETAL EVENTS IN M0CRPC 
(NOT FOR OSTEOPOROSIS/BONE LOSS)

 Bone is the most common metastatic site 
and a major cause of morbidity for patients with 
PCa, however, the use of bone-targeted therapies 
such as zoledronic acid and denosumab (RANK-L 
monoclonal antibody) have reduced time to first 
SREs/SSEs (25-27).

 Denosumab has been evaluated in a ran-
domized trial that included 1432 patients with 
M0 CRPC. In this trial, denosumab significantly 
increased bone-MFS by a median of 4.2 months 
compared with placebo (hazard ratio [HR] 0.85, 
95% CI 0.73-0.98, p=0.028). Despite these results, 
denosumab has not been approved for this pa-
tient population, as this was not considered cli-
nically significant (7).

 Per the consensus, 82% of the panel does 
not recommend the use of any osteoclast targeted 
therapy for SRE/SSE prevention in M0 CRPC pa-
tients, giving indication for the response strati-
fication in the questions related to the treatment 
frequency and length. Regarding zoledronic acid 
or denosumab treatment frequency, the majority 
of the voters selected they do not use osteoclast-
-targeted therapy in these patients (~70% for 
both). Consensus was emphasized when asked 
about the length of these treatments for M0 CRPC 
patients, where 85% of the panel responded that 
osteoclast-targeted therapy is not used in this 
setting. These results are in accordance with the 
NCCN guidelines version 1 2020 (17), which does 
not support the use of osteoclast-targeted thera-
py in these patients.

CONCLUSIONS

 M0 CRPC affects a significant proportion of 
PCa patients who failed local therapy (either surgery, 
radiation, or both). M0 CRPC is associated with an 
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elevated probability of bone metastases develop-
ment as well as SREs, decreased QOL and survival, 
particularly in those with accelerated PSAdt. Until 
recently, there were no systemic agents that signi-
ficantly changed the natural history of this disease. 
Three randomized trials, PROSPER (enzalutamide), 
SPARTAN (apalutamide) and ARAMIS (darulotami-
de), have shown benefit in MFS and other secondary 
clinically relevant endpoints in a well-defined patient 
population. Although these drugs were tested in large 
phase III trials compared to placebo, none of them 
were compared to each other in a M0 CRPC setting. 
In addition, these drugs have not yet been tested in 
other subgroups of patients (e.g., PSAtd ³10 months) 
and are associated with different toxicity profiles.

 This survey has potential limitations. The 
expert’s opinions may not reflect the reality regarding 
access to newer diagnostic tools or treatment modali-
ties, especially in the public health system. Economic 
disparities among different regions in Brazil may be 
a potential bias in the choice of treatments. Moreo-
ver, the absence of consensus on some topics might 
reflect lack of high quality evidence at this point. No-
tably, this consensus recognized the different toxicity 
profiles of apalutamide and enzalutamide that may 
have clinical implications on the choice of treatment 
according to specific patient’s comorbidities. Finally, 
some expert’s insights have been provided on the use 
of apalutamide and enzalutamide in patients with M0 
CRPC who were not eligible for PROSPER or SPAR-
TAN due to clinical and laboratory factors, such as 
shorter life expectancy and longer PSAtd, with the 
goal to facilitate clinical decision making..
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COMMENT 

The landscape of castration-resistant prostate cancer (CRPC) has dramatically improved in the 
last few years. Still, it remains a very heterogeneous clinical setting. It ranges from patients with good 
performance status having an asymptomatic PSA elevation after hormone blockage failure with previous 
hormone-sensitive prostate cancer to those with a rapidly progressing disease and a dismal prognosis. 

Non-metastatic castration-resistant prostate cancer (nmCRPC - M0) is a transient stage that 
affects almost 10% of prostate cancer patients, with up to 60% progressing to the metastatic disease 
within 5 years (1). 

Recently 3 new androgen receptor blockers have been approved in Brazil by ANVISA for nmCRPC 
based on their level 1 pivotal studies – Spartan (apalutamide); Prosper (enzalutamide) and Aramis (daro-
lutamide). These studies showed a remarkably similar result albeit targeting patients with slightly diffe-
rent characteristics (Table-1). Overall, the pooled analysis of the data revealed a significantly increased 
overall survival and improved progression-free survival due to these new agents compared with placebo.

In the current edition of the IBJU, Maluf et al. describe a national consensus of experts on 
nmCRPC, aiming to provide data on diverse topics such as diagnosis, patient selection, management 
of comorbidities, treatment efficacy, side effects due to the “inexistence of a national guideline for this 
clinical scenario” (2). It was not stated on the paper which criteria was used for selecting the Specialists 
nor which Medical Societies (if any) promoted the consensus; and, there was no disclaimer of how the 
consensus was supported. 

The article brings a good review of the literature to hold up the expert’s opinions. While every 
effort is expected from groups of experts to provide the best knowledge to diagnostic and treatments 
according to the most up-to-date data and international recommendations, one must not lose sight of 
the significant gaps and controversies that might coexist regarding clinically meaningful endpoints, fi-
nancial toxicity, overtreatment, pharmacoeconomic and polypharmacy for this type of cancer patients, 
especially in a country as large and heterogeneous as Brazil, which may provide all available resources 
in one area but may lack significant basic means in several others.

Thus, several important points deserve consideration. 
The consensus is somehow outdated; although the authors do mention data from the Aramis stu-

dy, darolutamide was not included in the experts’ questions and responses because it was only approved 
in Brazil by December 2019.

The panel agreed to answer questions on the assumption of the existence of an ideal clinical sce-
nario based on the best evidence available. Yet it was unable to reach consensus in any of the questions 
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related to staging tools, giving no guideline to the 
average urologist. This is of utmost importance 
considering that PET-PSMA is currently available 
in some major cities throughout the country and 
that the patients included in the pivotal studies 
had greater than a 95% chance of having nodal 
or bone metastasis had they been subjected to a 
staging PET-PSMA. New data suggests that these 
patients are all under-staged and should be con-
sidered to have low-volume metastatic disease ra-
ther than nmCRPC (1). 

In this regard, one could question the res-
ponses regarding whether a drug that has been 
approved for both nmCRPC and M1-CRPC such 
as enzalutamide would not be the most obvious 
choice in a perfect scenario. On the other hand, 
in an indirect comparison made by 2 indepen-
dent groups (3, 4), apalutamide and enzalutamide 
were significantly more effective than daroluta-
mide concerning metastasis-free survival and PSA 

progression-free survival; darolutamide, however, 
showed potential for a better-tolerated drug. 

These data are in line with preclinical stu-
dies in which apalutamide shows a higher thera-
peutic index and a greater opportunity for dose es-
calation. Additionally, apalutamide is molecularly 
and mechanistically similar to enzalutamide, both 
CYP-inhibitors with potential CYP mediated drug-
-drug interactions, while darolutamide, though not 
free from interactions and adverse effects, has a 
distinct molecular structure with low blood-brain 
barrier penetration and no CYP-inhibition (5).

Another important point relates to PSA 
doubling time (PSADT); the actual median PSADT 
in the pivotal studies was less than 5 months so 
the consideration for introducing these new drugs 
demands the evidence of rapid disease progres-
sion, in which a positive PSMA PET-PSMA ima-
ging might be the rule, not supporting treatment 
for all nmCRPC patients. 

Table 1 - PROSPER vs. SPARTAN vs. ARAMIS.

Trial PROSPER SPARTAN ARAMIS

Drug Enzalutamide Apalutamide Darolutamide

Number of patients 1401 1207 1509

Drug (D) X Placebo (P) 933(D) vs.  468(P) 806(D) vs.  401(P) 955(D) vs.  554(P)

Median MFS in months (HR for metastasis 
or death; 95% CI, p-value)

36.6 vs. 14.7 (0.29; 0.24 - 
0.35; p<0.001)

40.5 vs. 16.2 (0.28; 0.23 to 
0.35; p<0.001)

40.4 vs. 18.4 (0.41; 
0.34 - 0.50; p<0.001)

Median time to PSA progression in months 
(HR of PSA progression or death; 95% CI, 
p-value)

37.2 vs. 3.9 (0.07; 0.05–
0.08, p<0.001)

NR vs. 3.7 (0.06; 0.05–
0.08; p-value NR)

33.2 vs. 7.3 (0.13; 
0.11 to 0.16; p<0.001)

Median overall survival in months (HR, 95% 
CI; p-value)

67 vs. 56.3 (0.73, 0.61 
– 0.89; p = 0.0011) 

with median 48 months 
follow-up

73.9 vs. 59.9 (0.784, N/R, 
p = 0.0161) with median 52 

months follow-up

NR vs. NR (0.69, 0.53 
– 0.88; p = 0.003)

Median PSADT (D vs. P, months) 3.8 vs. 3.6 4.4 vs. 4.5 4.4 vs. 4.7

Any grade AE rate (D vs. P) 87% vs. 77% 96.5% vs. 93.2% 83.2% vs. 76.9%

Grade 3 or 4 AE rate (D vs. P) 31% vs. 23% 24.8% vs. 23.1% 24.7% vs. 19.5%

Grade 5 AE rate (D vs. P) 3% vs. 1% 1.2% vs. 0.3% 3.9% vs. 3.2%

Discontinuation rate (D vs. P) 9% vs. 6% 10.6% vs. 7.0% 8.9% vs. 8.7%
MFS = Metastasis-free survival; NR = Not reported; HR = Hazards ratio; CI = Confidence Interval; PSADT = PSA doubling time; AE = adverse effect.
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However, like the US Food and Drug Ad-
ministration (FDA), the ANVISA labels for enza-
lutamide, apalutamide, and darolutamide do not 
specify PSADT as a clinical criterion, which could 
favor extrapolation of data and unscrupulous use 
of these drugs. On the other hand, the European 
Medicines Agency (EMA) labels do specify the less 
than < 10 months PSADT used in the trials for 
selecting patients (3).

Physicians treating nmCRPC face challen-
ges in treatment decisions. Consensus such as this 
may provide a useful mechanism to synthesize 
available evidence together with expert opinion. 
However, the data may only reflect a snapshot in a 
rapid moving area; besides, the agreement among 
experts does not mean surety, because experts can 
be influenced by data, individual experiences, mo-
mentum, practice setting, the peers’ sentiments, fi-
nancial conflicts of interest, trials they conducted, 
among other scenarios (6). 

As such, care must be taken when analyzing 
responses so as not to harm patients which may 
suffer both from disease progression because they 
were not exposed to new and better treatments 
in a timely fashion but also by inadequate use of 
drugs. The pivotal studies demonstrate that as a 
class effect, there are higher rates of fatigue, falls, 
fractures and cardiovascular events, even death, 
with the use of the new generation of antiandro-
gens when compared to placebo (7).

Given the lack of a head-to-head study 
among these new drugs so far, a network meta-
nalysis would offer a methodologically stronger 
strategy to facilitate individualized treatment se-
lection, indirectly comparing the safety and effi-
cacy of these therapies. However, even such meta-
nalysis should be considered with caution because 
patients’ characteristics may be significantly di-
fferent between the trials. 

For example, there was no minimum se-
rum PSA and intriguingly higher adverse effect 
on the placebo group in the SPARTAN trial com-
pared to ARAMIS and PROSPER that used 2 ng/ml 

minimum PSA. The PROSPER trial included only 
patients without lymph node enlargement (N0) by 
CT/MRI while the SPARTAN and ARAMIS trials 
included patients with lymph nodes up to 2 cm 
(N1) below aortic bifurcation. The importance of 
these details for drug selection remains to be as-
sessed. 

Most responses in the consensus were alig-
ned to international guidelines such as the exten-
sively cited NCCN guidelines version 1.2020 or the 
APCCC 2019 consensus (8). Taking into considera-
tion that we live in a globalized world and consi-
dering the existence of several guidelines and re-
views from recognized international societies and 
experts summarizing the best evidence available, 
one might question if a national consensus where 
experts evaluate only “an ideal scenario based on 
the best clinical evidence” is in fact, ideal, and 
if other landscapes should also have been explo-
red. One could wish for a more real-life analysis, 
which might have included other acceptable alter-
natives if any still exists for such a clinical sce-
nario, under our pharmacoeconomic perspective 
and considering our highly variable socioecono-
mic structure. While darolutamide, apalutamide, 
and enzalutamide are already ANVISA approved, 
it does not mean they are available to the majority 
of the Brazilian population. 

While a national consensus might help 
non-specialists in when and how to choose among 
the new antiandrogens, experts usually consult 
major international guidelines, and most aspects 
explored in this consensus were somehow wide-
ly tackled in the APCCC 2019 (8), and also are 
available at the NCC guidelines, which might drive 
readers to consume these more comprehensive do-
cuments in detriment of this one (2).

We all share responsibility for ensuring that 
medical practice is driven by up-to-date, strong, 
unbiased evidence, and the relatively long overall 
survival period of nmCRPC now clearly apparent, 
warrants attention regarding the future care of the-
se patients, puzzling where to set the bar.
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ABSTRACT

Introduction: The rapid spread of coronavirus disease 2019 (COVID-19) has dramatic 
effects on individuals and health care systems. In our institute, a tertiary oncologic 
public hospital with high surgical volume, we prioritize maintaining cancer treatment 
as well as possible. The aim of this study is to evaluate if uro-oncological surgeries at 
pandemic are safe.
Materials and Methods: We evaluated patients who underwent uro-oncological 
procedures. Epidemiological data, information on COVID-19 infection related to 
surgery and clinical characteristics of non-survival operative patients with COVID-19 
infections were analyzed.
Results: From 213 patients analyzed, Covid-19 symptoms were noticed in 8 patients at 
preoperative process or at hospital admission postponing operation; 161 patients were 
submitted to elective surgery and 44 to emergency surgery. From patients submitted to 
elective surgeries, we had 1 patient with laboratory confi rmation of COVID-19 (0,6%), 
with mild symptoms and quick discharge. From the urgencies group, we had 6(13%)
patients tested positive; 5 were taken to ICU with 4 deaths.
Conclusion: Elective uro-oncological procedures at the COVID-19 epidemic period in a 
COVID-19-free Institute are safe, and patients who need urgent procedures, with a long 
period of hospitalization, need special care to avoid COVID-19 infection and its outcomes.
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INTRODUCTION

The rapid spread of coronavirus disease 2019 
(COVID-19), caused by a novel betacoronavirus kno-
wn as severe acute respiratory syndrome coronavi-
rus-2 (SARS-CoV-2), throughout the World, has dra-
matic effects on individuals and health care systems 
far beyond those infected with SARS-CoV-2 (1). The 

heavy demand for resources, exacerbated by limited 
health system capacity, means that health care sys-
tems have become quickly overwhelmed and hospi-
tals have become sources for virus transmission. In 
response, professional bodies have recommended re-
prioritizing surgical cases (2, 3).

  Cancer patients are considered immunocom-
promised due to the nature of their disease and to the 
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treatment they are submitted (chemotherapy, radio-
therapy, or surgery). Owing to more advanced age, 
the impossibility of receiving adequate medical care, 
and the fact that cancer patients have 3.5 folds risk 
of developing COVID-19 related serious events, all 
elective surgeries, chemotherapy, and radiotherapy 
procedures in stable patients should be deferred (4-6). 
The decision of postponing cancer surgeries or not 
will also depend on patient condition/decision and 
hospital capacity in providing intensive care units, 
ventilators and transfusion support among other re-
sources needed for major cancer surgeries (7).

 In this context, virtually all urology centers 
have been forced to prioritize surgical interventions 
for cancer patients by applying a series of restric-
tions on elective approaches to optimize health care 
resources and minimize the risk of hospital-acquired 
infection (2, 7-10).

 According to the updated Brazilian statistics 
released on May 27th, 2020, 411.821 people had been 
with COVID-19, with 25.598 deaths. Our country is 
the new epidemic epicenter in the World. The State of 
São Paulo is the epicenter in our country, with 89.483 
cases and 6.712 deaths, with numbers rising expo-
nentially. The dramatic spread of this healthy crisis 
is leading to major changes in the management of 
patients with cancer, including those affected by ge-
nitourinary malignancies (10, 11).

 In the middle of March our hospital, the lar-
gest in Latin America, initiated a war operation to re-
ceive patients with COVID-19 from all over the state 
(12). The Central Institute of Hospital das Clinicas at 
the University of São Paulo Medical School, a 900-
bed institute, was evacuated to provide care specifi-
cally for COVID-19 patients.

 In our complex’s oncology center, a public 
tertiary hospital with high surgical volume, we prio-
ritize maintaining access to cancer treatment as much 
as possible. Every patient with suspected coronavirus 
infection is transferred to our exclusive COVID care 
institute, in order to protect other patients from ac-
quiring the infection in our institute, while maintai-
ning access to life-saving interventions.

Planning for Uro-oncological care
 Since the index case in Brazil on February 

26th up to 18th May we performed 205 uro-oncolo-
gical procedures, including elective and urgency 

surgeries. On March 20th we started contingency 
planning, reducing the number of elective surgeries 
drastically. Every patient with scheduled surgery was 
previously screened for COVID symptoms. This was 
done remotely, via telephone call. Symptomatic pa-
tients had their procedure delayed, received orienta-
tion on when to seek medical attention for COVID 
disease and were reevaluated, by telephone call, after 
14 days. Patients remotely cleared for surgery were 
also screened in person upon hospital admission. If 
symptomatic, they were evaluated by the hospital’s 
infection control team, which then decided on autho-
rizing the procedure or not.

 Most of follow-up consultations were made 
by telephone. Requests for in person reevaluation 
were made at the physician’s discretion. For every 
high-risk situation, placement and removal of PPE 
should be done according to the control of infectious 
diseases CDC and other guidelines (13). All patients 
with suspected COVID-19 or positive in any area of 
the institute (ER, ICU, Infirmary, Consultations) are 
transferred to the COVID-19 Care Institute as soon as 
possible.

 Our team decided to recommend surgeries 
in patients with high oncologic risk. We prioritized 
patients with bladder cancer ≥T2 or untreated tu-
mors. Re-TURBs were primarily postponed. For re-
nal neoplasms, all patients with T2+were referred to 
the procedure, due to their high risk of oncological 
progression, in addition to radical orchiectomies for 
testicular neoplasia and prostatectomy for high-risk 
prostatic cancer. We kept performing urgent procedu-
res, that in the oncologic institute are mainly draina-
ge of the urinary tract due to malignant obstruction 
and treatment of severe hematuria.

 In this study, we aim to present the experien-
ce of a tertiary oncologic institute with uro-oncologic 
procedures during the pandemic, demonstrating if it 
is safe to perform oncological surgeries during this 
period at a COVID- free center.

MATERIAL AND METHODS

Study design and participants
 This is a retrospective study which was done 

at Instituto do Cancer do Estado de São Paulo, in São 
Paulo city, the most serious area of COVID-19 epi-
demic in Brazil until this moment, the new World 
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epicenter. We retrospectively reviewed patients who 
had undergone urologic procedures due to neoplasm 
since the index case of COVID-19 in Brazil (26th Fe-
bruary 2020) until 18th May 2020.

 Patients developed symptoms after opera-
tion and were diagnosed with COVID-19 according 
to WHO interim guidance (4, 14). Laboratory con-
firmation of SAR-CoV-2 was done by quantitative 
RT-PCR on samples from the respiratory tract (4, 15, 
16) which was performed by the hospital infection 
control team.

 This study was reviewed and approved by 
the Medical Ethical Committee of our institute. The 
clinical outcomes of these operative patients were 
monitored up to May 27th, 2020, the final date of 
follow-up.

 A descriptive statistical analysis was done. 
The selection criteria were patients with oncologic 
diagnostic, older than 18 years with urologic proce-
dure during the COVID-19 pandemic.

Data collection
 We reviewed clinical records, nursing re-

cords, laboratory findings, and chest computed to-
mographic (CT) scans for all operative patients. The 
admission date of these patients was from February 
to May 17th. Epidemiological, clinical, laboratory 
and radiological characteristics and treatment and 
outcomes data were obtained with data collection 
forms from electronic medical records. Information 
included demographic, exposure history, underlying 
comorbidities, chest CT image, surgical type, surgical 
time, signs and symptoms, time from surgery to first 
symptoms, COVID-19 onset and ICU admission were 
also recorded.

Statistical Analysis

 Continuous variables were presented as me-
dian. Categorical variables were expressed as fre-
quencies and percentages.

RESULTS

 One hundred sixty-nine patients were se-
lected for surgery. Of these, 8 patients showed signs 
or symptoms of COVID-19 in the preoperative eva-
luation or at hospital admission. This screening was 

done through directed clinical evaluation. The symp-
tomatic patients were oriented to isolation for 14 
days and were reevaluated after, or if they presented 
any symptom of severity, they were referred to the 
specific service for handling COVID. All remaining 
161 underwent a surgical procedure.

 In addition to these, 44 patients who came to 
the emergency room with an urologic urgent medi-
cal condition underwent surgery during this period. 
None of them showed suggestive signs or symptoms 
of coronavirus disease at the entrance. Of the 205 
operated,17 patients presented signs or symptoms 
suggestive of COVID-19 infection at some point af-
ter the procedure, 7 of which had the diagnosis con-
firmed by quantitative RT-PCR on samples from the 
respiratory tract.

Patients that did not perform procedure due to 
signs or symptoms of COVID-19

 We had 8 patients with suspicions barred be-
fore surgery: 3 admitted to hospital with symptoms 
(2 fever+headache, 1 with dyspnea); 1 asymptomatic 
patient with altered CT image, despite having been 
previously cleared for surgery by the hospital infec-
tion control team; 2 COVID-like symptoms in the 
preoperative evaluation with an anesthesiologist. All 
subjects were oriented to return after 3 weeks for re-
evaluation; 2 2 of which informed COVID-19 confir-
mation by telephone call.

Elective surgery
 We had 161 patients submitted to oncologic 

urological surgery since the beginning of COVID-19 
in Brazil. The age range was 18 to 88 years, and the 
median age was 66 years. 33 (20%) patients were 
women. There were 92 (57%) with hypertension, 34 
(21%) diabetes, 21 (13 %) cardiovascular disease and 
17 (10%) with chronic obstructive pulmonary disease. 
The ECOG was 0 for 53 patients, 1 for 75 patients. 27, 
5 and 1 patients were ECOG 2, 3 and 4, respectively. 
113 patients (70%) undergoing surgery had localized 
cancer and 48 patients with metastatic disease or a 
locally advanced disease with no curative treatment 
proposal. The median hospital stay was 3 days, ran-
ging from 1 to 60 (Table-1).

 We performed 16 laparoscopic radical pros-
tatectomies, 12 open radical prostatectomies, 7 open 
cystectomies,1 laparoscopic partial cystectomy, 5 pe-
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nectomies, 1 retroperitoneal lymphadenectomy, 
1 inguinal video-assisted lymphadenectomy,1 
open pelvic lymphadenectomy, 7 open radical ne-
phrectomy, 18 laparoscopic radical nephrectomy, 
3 laparoscopic partial nephrectomy, 8 orchiecto-
mies,1 laparoscopic nephroureterectomy, 1 open 
nephroureterectomy, 1 open adrenalectomy,1 la-
paroscopic distal urethrectomy, 48 transurethral 
resection of the bladder, 27 drainage of the uri-
nary tract due to malignant obstruction (double 
j catheter implantation, transurethral resection of 
the prostate, nephrostomy).

 Seven patients presented with some CO-
VID-19 sign or symptom days after the procedure. 
Just one patient had laboratorial confirmation of 
COVID-19 (0.6% from all elective procedures). All 

the others were excluded for coronavirus infec-
tion, as described: 3 with cough and coryza were 
tested negative and 1 tested positive for H1N1; 
1 pulmonary thromboembolism; 1 with previous 
dialytic renal failure admitted at ER with respi-
ratory failure was diagnosed with hypervolemia, 
with improvement after hemodialysis; 1 with high 
clinical-radiologic suspicious without laboratory 
confirmation, despite repeated testing.

 The positive case was a 58-year-old woman 
submitted to a Laparoscopic Radical Nephrectomy 
due to T3 kidney cancer. She developed dyspnea and 
desaturation a few hours after surgery, and received a 
diagnosis of COVID-19 infection after hospital infec-
tion control team evaluation and a confirmatory test. 
After six days she was discharged, with no need for 

Table 1 - Baseline characteristics of operative patients at the COVID-19 pandemic period.

No. (%)

Total (N=205) Elective surgery(N= 161) Urgency(N= 44)

Median Age, yr, range 66 (18 - 88) 66 (18-88) 65( 25-86)

Male /Female, % 155(76% ) / 50(24% ) 128 (80%)/ 33(20%) 27 (62%)/ 17(38%)

Comorbidities n, %

CVD 32 (15%) 21 (13%) 11 (25%)

Hypertension 115 (56%) 92 (57%) 23 (52%)

Diabetes 45 (22%) 34 (21%) 11 (25%)

COPD 22 (11%) 17 (10%) 5 (11%)

ECOG n, %

0 59(%) 53(%) 6(%)

1 87(%) 75(%) 12(%)

2 45(%) 27(%) 18(%)

3 12(%) 5(%) 7(%)

4 2(%) 1(%) 1(%)

Average days of hospitalization, 
days

8 3 17

COVID – 19 positive cases n, % 7 (3.4%) 1 (0.6%) 6(13.6%)

Deaths due to COVID-19 n, 4 0 4

CVD = cardiovascular disease; COPD = chronic obstructive pulmonary disease; ECOG = Eastern Cooperative Oncology Group Performance Status; COVID-19 = 2019 
novel coronavirus disease.
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intensive care unit support. The patient started with 
symptoms 24 hours after hospital admission. We be-
lieve that contamination was community-acquired, 
not associated with hospital exposure.

Urgent procedures
 Regarding urgencies, we performed 44 pro-

cedures. 32 (72%) due to urinary malignant obstruc-
tion, 2 (5%) reoperations, 10 (23%) for hematuria 
treatment (transurethral resection of the bladder and 
prostate, clot evacuation).

 The age range was 25 to 86 years, and the 
median age was 65 years. 17 (38%) patients were wo-
men. Hypertension was present in 23 (52%) patients, 
diabetes in 11 (25%), 5 (11%) and 11 (25%) had chro-
nic obstructive pulmonary disease and cardiovascular 
disease retrospectively (Table-1). Ten patients submit-
ted to surgery had localized cancer and 34 patients 
had metastatic disease or locally advanced disease 
without a curative proposal. The ECOG was 0 for 6 
patients, 1 for 12 patients. 18, 7 and 1 patients were 
ECOG 2, 3 and 4, respectively. The average hospital 
stay was 17 days, ranging from 1 to 65 (Table-1).

 We observed 10 patients with postoperative 
signs or symptoms of COVID-19 infection, as listed: 6 
patients COVID-19 positive (13% from all urgencies), 
1 with ARDS with negative laboratory findings for 
COVID-19; 2 pulmonary thromboembolism; 1 respi-
ratory distress due to urinary septic shock.

 Among those infected, 5 were taken to ICU, 
with 4 deaths. One had epidemiological history for 
COVID-19. The others did not have an epidemiolo-
gical factor. The average time between the date of 
arrival at the hospital and the onset of symptoms was 
14 days (9 to19 days) (Table-2).

Characteristics of non-survival operative pa-
tients

 The age range was 73 to 86 years, and the 
median age was 78 years; 1 (25%) patient was a 
woman. All patients had at least 2 comorbidi-
ties. There were 4 (100%) with hypertension, 2 
(50%) diabetes, 4 (100%) cardiovascular disease 
and 2 (50%) with chronic obstructive pulmona-
ry disease The ECOG was 1 for 2 patients, 2 and 
3 for each other (Table-2).

 In the present study, patients who had 
an unfavorable outcome were submitted to ur-

gent procedures. All of them were admitted by 
the ER, with an average of 22 days of surgical 
hospitalization (Table-2).

DISCUSSION

 Surgery cannot be considered ‘elective’ for 
many patients with cancer (17). Disruption of the full 
spectrum of medical cancer care services will undou-
btedly have a large effect on cancer-related mortality. 
A 5-10% decrease in survival in high-income coun-
tries has been predicted, which will account for hun-
dreds of thousands of excess deaths, dwarfing tho-
se caused by COVID-19 -but we are missing precise 
data on mortality that can be used to anticipate futu-
re cancer care needs (18). It appears from the results 
of this study that delivering elective uro-oncological 
surgery during the COVID-19 pandemic is safe with 
minimal postoperative complications related to the 
virus.

 Our elective surgical volume was about 120 
surgeries per month. After the contingency plan, ini-
tiated on 21st March, we started to perform about 50 
procedures monthly. Due to the lack of diagnostic 
tests for COVID-19 in the Brazilian public health sys-
tem since the beginning of the pandemic, we need 
to ration this resource as much as possible. All pa-
tients had standard pre-COVID-19 pre-operative as-
sessments with no COVID-19 swabs taken preceding 
surgery (19). Screening for COVID-19 symptoms was 
applied at the hospital admission, and patients were 
excluded if any symptoms were present. During the 
postoperative period, all patients recovered on desig-
nated “COVID-19 negative” infirmaries or Intensive 
care units. From all the 161 elective cases operated 
until now, just 1 person presented with COVID-19 
infection, initiating on the same day of the surgery, 
suggesting that the person was an asymptomatic in-
fected person previously to admission, with no com-
plication due to the infection and quick discharge.

 We observed in our data survey that patients 
with need for urgent surgery at our institution had 
a higher risk of infection, with a higher rate of an 
unexpected outcome. This probably happened becau-
se these patients stayed in the hospital for a longer 
period, having visited several sectors of the hospital 
(ER, wards, surgical center, and many of them ICUs), 
thus significantly increasing exposure and risk of in-
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fection by the virus. Based on the above, we must pay 
attention to low-risk cancer patients who are postpo-
ning surgeries. Depending on how long the quaranti-
ne lasts and the contingency plan for hospitals, these 
patients may need urgent surgery, increasing their 
risk of infection and death by COVID-19 in addition 
to the possibility of tumor upstaging and changing 
the oncological prognosis.

 Our study supports the continued delivery of 
appropriately triaged uro-oncological surgery during 
the COVID-19 pandemic. From now, with more CO-
VID-19 tests available, we started to admit the pa-
tients 2 days before the surgery, performing RT-PCR 
and computed tomography of the chest. A thorough 
assessment accounting for the risks and benefits for 
each case is necessary (19), and as the duration of 
the pandemic progresses, the ability to continue de-
livering oncological care will greatly help mitigate 

the longer-term impact on delaying cancer treatment 
of non-COVID-19 patients. However, we need to en-
force precaution to patients who need urgent inter-
vention, to avoid the increased risk of contagion, as 
assessed here.

 The disease is changing medical practi-
ce and the way of life throughout the World (8, 
20). In the time of crisis, uro-oncological surge-
ries should be centralized in tertiary urological 
centers that should ideally remain COVID-19- 
free sanctuaries, to guarantee high-quality, ti-
mely, and safe treatments to oncological pa-
tients. The health care fallout of the COVID-19 
pandemic will surely be measured by the direct 
morbidity/mortality of the virus as well as the 
secondary effect that will include significant 
harm from the delay of oncological therapies, 
including surgeries (21).

Table 2 - Clinical characteristics of non-survival operative patients with COVID-19 infections.

Patient 1 Patient 2 Patient 3 Patient 4

Date of admission Mar 17 Apr 15 Apr 10 Apr 24

Age, years 86 80 73 77

Sex, Female- male Male Male Female Male

Epidemiological history yes no no no

Comorbidities 

CVD yes yes yes Yes

Hypertension yes yes yes Yes

Diabetes no yes yes No

COPD yes yes no no

ECOG n, % 2 3 1 1

Date of surgery Mar 24 Apr 16 Apr 17 Apr 30

Surgical type(elective/ urgency) urgency urgency urgency Urgency

Days of Surgical Hospitalization 21 12 35 19

Onset of symptoms Apr 03 Apr 23 Apr 19 May 06

Date of death Apr 09 Apr 27 Apr 27 May 13

CVD = cardiovascular disease; COPD = chronic obstructive pulmonary disease; ECOG = Eastern Cooperative Oncology Group Performance Status; COVID-19 =  2019 
novel coronavirus disease.
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CONCLUSIONS

 Patients who underwent elective uro-oncolo-
gical surgeries at our institution during the pandemic 
period, in the epicenter of COVID-19 in Brazil, whi-
le new cases and deaths are in dizzying ascension, 
presented low, and therefore safe hospital exposure 
to COVID-19 infection. Patients submitted to urgent 
procedures, with a higher length of hospitalization 
presented more incidence by COVID-19 infection and 
mortality among those infected. We conclude that 
elective uro-oncological procedures at this epidemic 
period in a COVID-19-free institute are safe, and pa-
tients who need urgent procedures, with a long pe-
riod of hospitalization need special care to avoid CO-
VID-19 infection and its outcomes.
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COMMENT 

SARS-CoV-2 pandemic has a great impact in all medical fields and the paper of Anjos Silva 
and Collegues from Brazil (1) shows interesting data about surgery in patients with urological tumors. 
Previous studies shows that SARS-CoV-2 changes the urologic practice in several fields (2-5), but the 
treatment of urological tumors during the outbreak has specially importance (6-8).

In this interesting paper the authors studied if uro-oncological surgeries at pandemic are safe 
in a cohort of 213 patients (161 patients were submitted to elective surgery and 44 to emergency 
surgery) in a reference hospital in Brazil and concluded that Elective uro-oncological procedures at 
the COVID-19 epidemic period in a COVID-19-free Institute are safe, and patients who need urgent 
procedures, with a long period of hospitalization, need special care to avoid COVID-19 infection and 
its outcomes.

We would like to congratulate the authors by the interesting and important report in this paper.
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Findings regarding non-sexual penile fracture in a referral 
emergency hospital
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ABSTRACT

Purpose: To describe penile fracture (PF) fi ndings with non-sexual etiology in a referral 
emergency hospital, with emphasis on demographic data, clinical and intraoperative 
fi ndings and long-term outcomes.
Materials and Methods: Patients with PF of non-sexual cause operated at our institution 
from January 2014 to January 2019 were submitted to surgical treatment and monitored 
for at least three months after surgery. Etiology of trauma, epidemiological and 
clinical presentation data, time to intervention and operative fi ndings were reviewed 
retrospectively. The evaluation of postoperative erectile function was carried out by 
fi lling out the International Index of Erection Function - 5 (IIEF-5). The tool used to assess 
urinary function was the International Prostate Symptom Score (IPSS) questionnaire.
Results: Of a total of 149 patients submitted to surgical treatment for PF, 18 (12%) 
reported non-sexual etiology. Twelve (66.6%) cases were due to penile manipulation 
through the act of bending the penis during morning erection, three (16.6%) 
when rolling over in bed with erect penis, one (5.5%) when embracing the wife 
during erection, one (5.5%) to laying on the partner with erect penis and the other 
(5.5%) when sitting on the toilet with an erection. Operative fi ndings were unilateral 
corpus cavernosum injury in all cases. Only one (5.5%) patient had a partial 
urethral lesion. Follow-up time varied from 3 to 18 months (mean, 10.1 months). 
Three (16.6%) patients developed erectile dysfunction six months after surgery. However, 
all of them responded to treatment with IPDE-5 and reported improvement of erection, 
with no need for medication, on reevaluation after 18 months. One (5.5%) patient 
developed penile curvature < 30 degrees. Thirteen (72.2%) patients developed penile 
nodules. No patient presented voiding complaints during follow-up.
Conclusions: PF is a rare urologic emergency, especially with the non-sexual etiology. 
However, PF should always be considered when the clinical presentation is suggestive, 
regardless of the etiology. Penile manipulation and roll over in bed were the most 
common non-sexual causes. These cases are related to low-energy traumas, usually 
leading to unilateral rupture of corpus cavernosum. Urethral involvement is uncommon 
but may be present. Early treatment has good long-term clinical outcome, especially 
when performed in specialized centers with extensive experience in FP.
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INTRODUCTION

Penile fracture (PF) is a relatively uncom-
mon injury and generally under-reported or hi-
dden due fear and embarrassment of the patient 
(1). Various authors have suggested the existence 
of geographical variation in the etiology of PF. 
This may be related to the religious, cultural and 
behavioral habits of each region. Sexual etiology, 
such as vigorous intercourse and masturbation, 
are the main causes of PF in Western countries 
(2). In some Middle Eastern countries, non-sexual 
etiology is the most common cause of PF. As me-
chanisms of non-sexual injury we can include the 
rolling over in bed with nocturnal erection and 
taqaandan (3, 4). Taqaandan is a self-inflicted in-
jury, common in Iran, consisting of intentional 
forceful acute bending of part of the shaft of the 
erect penis in a downward, upward, or lateral di-
rection while holding the other part stationary, to 
cause detumescence of the penis, often to release 
tension (4). Other more rare causes reported inclu-
de trauma to the penis while on the toilet or on a 
bed column (5).

 Usually, patients report a snapping sound, 
followed by immediate pain, penile detumescence 
and hematoma. The classic presentation of PF is 
enough for exploration (1). Surgical exploration 
can demonstrate unilateral or bilateral lesion of 
corpus cavernosum. The presence of urethral in-
jury is usually associated with high-energy trau-
ma resulting in bilateral corpora cavernosa invol-
vement (2).

 The aim of this study is to describe PF fin-
dings with non-sexual cause in a referral emer-
gency urological institution, with emphasis on 
demographic data, clinical and intraoperative fin-
dings and long-term outcomes.

MATERIALS AND METHODS

 Patients diagnosed with PF of non-sexual 
cause operated at our institution from January 
2014 to January 2019 were included in this study. 
Etiology of trauma, epidemiological and clinical 
presentation data, time to intervention and opera-
tive findings were reviewed retrospectively using 

the PF database of the andrology outpatient sector 
of our hospital. Our institution is the biggest public 
urologic emergency unit in Rio de Janeiro, Brazil.

 All patients were submitted to surgical 
treatment after diagnosis, independent of the time 
between trauma and hospital admission. Surgery 
was always performed by one of the experien-
ced urologists of our emergency team, accompa-
nied by one of our residents. The technique used 
is standardized in our institution and consists of 
making a circular sub-coronal incision and deglo-
ving the penis, with wide exposure of the corpus 
cavernosum and urethra. The hematoma was eva-
cuated, corpus cavernosum injury was identified, 
surgical debridement was performed and the tuni-
ca albuginea was sutured using simple interrupted 
3-0 polyglactin sutures. Partial urethral lesions 
were treated with simple interrupted 5-0 polyglac-
tin sutures over a Foley catheter. In cases of total 
urethral lesion, the urethral edges were dissected 
at both sides, spatulated and closed with inter-
rupted sutures using 5-0 polyglactin. The urethral 
catheter was left in place for 10-14 days in cases 
of partial injury and for 14-21 days in cases of 
complete urethral lesions (6).

 Patients were monitored for at least three 
months after surgery. They were examined and in-
terviewed about any sexual dysfunction. The eva-
luation of postoperative erectile function was car-
ried out by filling out the International Index of 
Erection Function - 5 (IIEF-5) 6, 12 and 18 months 
after surgery. The tool used to assess urinary func-
tion was the International Prostate Symptom Sco-
re (IPSS) questionnaire three months after surgery.

 The study protocol was approved by the 
ethics and human research committee of the insti-
tution.

RESULTS

 Of a total of 149 patients submitted to 
surgical treatment for PF between January 2014 
and January 2019, 18 (12%) reported non-sexual 
cause. Twelve (66.6%) cases were due to penile 
manipulation through the act of bending the pe-
nis during morning erection, three (16.6%) when 
rolling over in bed with erect penis, one (5.5%) 
when embracing the wife during erection, one 
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(5.5%) to laying on the partner with erect penis 
and the other (5.5%) when sitting on the toilet 
with an erection (Table-1).

 Age ranged from 24 to 69 years 
(mean=41.6). Ten (55.5%) patients were single 
and eight (44.5%) were married. Regarding clini-
cal presentation, the main finding was hematoma 
(Figure-1), observed in all patients, followed by 

cracking sound in 17 (94.4%) cases, immediate 
penile detumescence in 15 (83.3%) and pain in 14 
(77.7%). Urethral bleeding, hematuria and urinary 
retention were not observed in any case. Diagno-
sis was mainly based on history and physical exa-
mination, using ultrasound (US) in three (16.6%) 
doubtful cases for confirmation.

 Operative findings were unilateral corpus 
cavernosum injury in all cases. Only one (5.5%) 
patient had a partial urethral lesion (Figure-2). 
Time between trauma and surgery varied from 3 
to 168 hours (mean, 36.7 hours).

 Follow-up time varied from 3 to 18 mon-
ths (mean 10.1 months). Regarding sexual compli-
cations, three (16.6%) patients developed erectile 
dysfunction (ED) after six months, mild in two 
cases and mild to moderate in one according to 
IIEF-5. All patients reported having normal erecti-
le function without any type of drug treatment at 
the time of the trauma. Two of them were under 
50 years old, without comorbidities, and the other 

Table 1- Non-sexual etiology of penile fracture.

Mechanisms of trauma Cases (%)

Penile manipulation 12 (66.6)

Roll over in bed 03 (16.6)

Sitting on the toilet with erect penis 01 (5.5)

Embracing the partner with the erect 
penis

01 (5.5)

Lying on the partner with the erect 
penis

01 (5.5)

Figure 1 – Penile hematoma in patient presenting penile 
fracture after rolling over in bed.

Figure 2 – Unilateral rupture of right corpus cavernosum, 
with partial urethral lesion in the only patient with 
urethral involvement.
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was 66 years old and was an ex-smoker. All pa-
tients responded to treatment with phosphodies-
terase type 5 inhibitor (IPDE-5) and were moni-
tored for the evolution of erectile function. Two 
patients reported improvement of erection, with 
no need for medication, on reevaluation after 12 
months and one after 18 months. One (5.5%) pa-

tient developed penile curvature <30 degrees, with 
no need for surgical correction. Thirteen (72.2%) 
patients developed penile nodules, all at the same 
site of the surgical repair on the tunica. Table-2 
shows the demographics, clinical findings and se-
xual complications. Based on the IPSS questions, 
no patient presented voiding complaints during 

Table 2 - Demographics, clinical findings and sexual complications.

Case Age 
(years)

Marital 
status

Time of 
presentation 

(hours)

Etiology Hematoma Cracking 
sound

Detumescence Pain Urethra 
lbleeding

Sexual
Complications

1 55 Married 10 Sitting on the 
toilet

Yes Yes Yes Yes No Nodule

2 39 Married 8 Embracing the 
partner

Yes Yes Yes Yes No Nodule

3 30 Single 3 Penile 
manipulation

Yes Yes Yes No No No

4 32 Single 7 Penile 
manipulation

Yes Yes Yes Yes No Nodule

5 52 Single 26 Penile 
manipulation

Yes Yes Yes Yes No Nodule and Penile 
Curvature

6 29 Married 24 Penile 
manipulation

Yes Yes Yes Yes No Erectile 
Dysfunction

7 66 Married 84 Lying on the 
partner

Yes Yes Yes No No Nodule and 
ErectileDysfunction

8 46 Silgle 6 Penile 
manipulation

Yes Yes Yes Yes No Erectile 
Dysfunction

9 30 Single 13 Penile 
manipulation

Yes Yes No No No Nodule

10 32 Single 12 Penile 
manipulation

Yes Yes Yes Yes No Nodule

11 36 Married 48 Roll in bed Yes No No Yes No Nodule

12 30 Single 3 Penile 
manipulation

Yes Yes Yes No No No

13 39 Single 12 Roll in bed Yes Yes No Yes No Nodule

14 24 Single 144 Penile 
manipulation

Yes Yes Yes Yes No Nodule

15 69 Married 168 Penile 
manipulation

Yes Yes Yes Yes No Nodule

16 43 Single 48 Penile 
manipulation

Yes Yes Yes Yes No Nodule

17 34 Married 10 Roll in bed Yes Yes Yes Yes No Nodule

18 64 Married 36 Penile 
manipulation

Yes Yes Yes Yes No Nodule
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follow-up. Although it is difficult to adequately 
administer the IPSS questionnaire in emergency 
situations, no patient reported urinary complaints 
before the trauma.

 Finally, we separated the last 18 cases of 
PF with sexual etiology from our database in or-
der to compare the operative findings and sexu-
al complications with our sample of non-sexual 
etiology. Unilateral injuries of the corpus caverno-
sum were found in 12 patients (66.7%) and bilate-
ral injuries were identified in six (33.3%) patients. 
Urethral injuries were observed in seven cases 
(38.8%), including five (27.7%) partial lesions and 
two (11.1%) complete lesions. Fourteen (77.7%) 
patients developed penile nodule, three (16.6%) 
patients had penile curvature <30 degrees and two 
(11.1%) patients developed ED. However, both re-
ported improvement of erection, with no need for 
medication, on reevaluation after 18 months.

DISCUSSION

 Etiology can vary due to many factors, 
such as geographic region, sociocultural charac-
teristics, marital status and masturbation habits. 
Heterosexual vaginal intercourse is reported as the 
main cause of PF in the World, and there have 
been reports of occurrence during homossexual 
anal coitus (7). In Mediterranean and Middle Eas-
tern countries, the majority of cases result from 
self-inflicted penile manipulation during erection 
to achieve detumescence (8). In Japan, many cases 
are reported resulting from masturbation and rolling 
over in bed on to an erect penis (9). Other mechanis-
ms of trauma occasionally reported in the literature 
are placing an erect penis into tight pants, striking a 
toilet seat and hitting a bedpost (10, 11).

 Yapanoglu et al. (2009) reported results 
of 42 men with PF and the mechanisms des-
cribed were due to straightening or bending by 
hand in 15 (35.7%), during sexual intercourse in 
13 (30.9%), due to turning over or falling out of 
bed in nine (21.4%), due to slamming in a door in 
four cases (9.5%) and due to a horse kick in one 
(2.3%) (12). According to a series from Iran, the 
most common mechanisms of PF was taghaandan 
in 269 cases (76.4%), coital injury in 28 (7.9%), 
rolling over with erect penis in 16 (4.5%), falling 

on erect penis in 10 (2.8%), manipulation during 
sleep in 7 (1.9%), and miscellaneous causes in 21 
(5.9%). Taghaandan is acute bending of the erect 
penis in an attempt to achieve detumescence. It 
is more common in unemployed and uneducated 
patients who do not know the properties of penile 
tissue and think that the penis has cartilage or do 
not believe that PF can result from that manipu-
lation. The most common motives for this practice 
are for pleasure, to provide the penis with relaxa-
tion and relief, and to produce detumescence (13). 
In our study, 12% the reported cases were of non-
-sexual cause, with the main mechanism being 
penile manipulation through the act of bending 
the penis during morning erection in 12 (66.6%) 
patients, without a specific motivation. Most of 
them reported they were in the habit of pushing 
the penis down, as if it were an act of stretching, 
and were unaware that this could cause trauma to 
the penis, just as they had never heard of PF. In 
addition, eight (50%) patients were referred by a 
general practitioner, without diagnostic hypothe-
sis of PF, perhaps due to associating PF exclusive-
ly with sexual intercourse. This demonstrates how 
lay people, as well as doctors who are not uro-
logists, are unaware of the etiology, history and 
clinical presentation of PF.

 US is a readily available and non-invasive 
technology that can confirm PF as a defect in the 
tunica albuginea with adjacent hematoma. Mo-
reover, US can demonstrate hematoma with in-
tact tunica albuginea in cases with rupture of a 
dorsal vein of the penis (14). Therefore, US can 
be particularly used in cases that are doubtful ca-
ses or with low suspicion of corpora cavernosum 
injury (2). We needed to use US in three (16.6%) 
doubtful cases, with less pronounced clinical 
presentation, probably due to low-energy trau-
mas. Magnetic resonance imaging (MRI) is more 
reliable than US. MRI has high sensitivity and 
negative predictive value for tunical rupture or 
concomitant urethral lesion, so it can be applica-
ble in doubtful cases to exclude the diagnosis of 
PF and avoid unnecessary surgery (6). However, 
we do not use MRI in any cases because we do not 
have this technology at our institution.

 The most common intraoperative finding 
in PF is the unilateral lesion of the corpora ca-
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vernosa, but bilateral corporal injury was reported 
in 4-10% of cases (15, 16). Urethral lesions are 
usually associated with bilateral fractures of the 
corpus cavernosum due to high-energy trauma 
such as vigorous intercourse in the ‘man-on-top’ 
and ‘doggy style’ positions (17). The incidence of 
urethral lesion is significantly higher in the United 
States and Europe, ranging from 20-38%, than in 
Asia and the Middle East, which have a prevalen-
ce of less than 3% (13, 18). This probably occurs 
because the etiology varies in different geographic 
regions, where in the United States the majority of 
cases result from sexual activity and in the Medi-
terranean and Middle Eastern countries the main 
cause is penile manipulation (19). Urethral injury 
is more frequently associated with coital fracture, 
when more vigorous force is expended, than with 
manipulation or masturbation injury, in which 
lesser force is involved (4). Rahman et al. (2016) 
reported their experience with penile manipula-
tion during masturbation in six of seven patients 
of PF and no patient had any associated urethral 
injury (20). In our study, we found unilateral cor-
pus cavernosum injury in all cases, with only one 
patient having partial urethral tears, in which the 
patient reported having excessive force during pe-
nile manipulation. Compared to our sample of PF 
with sexual etiology, bilateral lesions of the cor-
pus cavernosum and urethral lesions were more 
common in this type of etiology, probably because 
it is associated with a high-energy trauma.

 Long-term complications following PF 
surgical treatment include painful erection, skin 
necrosis, penile nodules, penile curvature, erecti-
le dysfunction (ED), urethrocutaneous fistula and 
urethral stricture (21).

 In the study of Zargooshi (2009), penile 
fibrotic nodules were found at follow-up in 330 
patients (93.7%) and of the 217 patients who had 
partners, only three (1.3%) were impotent (13). 
In our series, we found penile nodules in thirte-
en (72.2%) cases. Three (16.6%) patients develo-
ped ED six months after surgery. However, all of 
them responded to treatment with IPDE-5 and re-
ported improvement of erection, with no need for 
medication, on reevaluation after 18 months. We 
believe these patients are affected psychologically 
after surgery, but usually improve with time. Pe-

nile curvature is reported to occur in about 5-14% 
of patients and is generally mild, not needing cor-
rective surgery (22). In corroboration, we found 
only one (5.5%) case of curvature <30 degrees, 
where the treatment was conservative. These fin-
dings were similar to those found in our sample of 
sexual etiology.

 Several studies have demonstrated good 
results of urethral reconstruction after PF (23). 
El-Assmy (2010) found one case of urethral nar-
rowing in fourteen cases, which required regular 
dilatation for one month (24). Raheem et al. (2014) 
described their experience with 11 cases PF asso-
ciated with complete urethral injury after imme-
diate surgical reconstruction and only one patient 
developed a ring stricture at the anterior urethra, 
which was treated successfully by regular urethral 
dilatation (25). In our study, we had only one case 
of partial urethral injury, with restoration of nor-
mal urinary function after reconstruction.

 Our results demonstrate the importance 
of early repair in PF, in agreement with several 
studies that emphasize immediate surgery in PF 
in order to minimize physical and psychologi-
cal morbidity as well as reduce the length of 
inpatient stay (26).

 The present study has some limitations. It 
is based on a small sample and part of the data 
were obtained retrospectively. However, to our 
knowledge this is the first study to specifically and 
exclusively address the findings and outcomes of 
PF with non-sexual etiology in a referral emer-
gency hospital.

CONCLUSIONS

 PF is a rare urologic emergency, especially 
with the non-sexual etiology. However, PF should 
always be considered when the clinical presenta-
tion is suggestive, regardless of the etiology. Pe-
nile manipulation and roll over in bed were the 
most common non-sexual causes. These cases are 
related to low-energy traumas, usually leading to 
unilateral rupture of corpus cavernosum. Urethral 
involvement is uncommon but may be present. 
Early treatment has good long-term clinical ou-
tcome, especially when performed in specialized 
centers with extensive experience in FP.
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COMMENT 

When dealing with a rare condition, it is important to learn from the experience of reference cen-
ters. That is the case in this nice paper coming from the biggest public urologic emergency unit in Rio de 
Janeiro, Brazil (1).

Penile fracture (PF) is one of the less frequent urological traumas and generally has sexual inter-
course associated with its mechanism. PF of non-sexual etiology is even rarer, at least in Western countries, 
and this report adds significant information (2, 3).

First, as a teaching for less experienced emergency physicians, to the possibility of PF in single men 
in order to properly conduct the situation since the type of therapy is relevant to the outcomes. This is even 
more significant when considering that mostly of the affected men were in the fourth decade (3).

Secondly, to confirm also in this specific subgroup of PF that its diagnosis is eminently clinical. The 
typical presentation - the triad of hematoma, detumescence, and snapping sound – is enough to indicate 
immediate surgical exploration in most cases. Surgical repair of penile fractures was popularized in the 
1980s after several studies had demonstrated that long-term complications were reduced from 30% to 4% 
in surgically treated patients (4, 5). Only in doubtful cases a complementary exam such as an ultrasound or 
an urethrocystogram (suspicion of urethral injury) shall be performed and justify postpone surgery (6, 7).

But would the time interval between trauma and surgery be a significant variable in relation to ou-
tcomes? The answer is surprisingly no, accordingly with authors, that stated in another manuscript: “Even 
with treatment delay of 21 days, we did not identify a statistical difference between the time of PF repair 
and complications such as erectile dysfunction or penile curvature rates” (3).

Third, to highlight the value of knowing the level of energy involved in the trauma, since it is rela-
ted to the surgical findings. In comparison with sexual PF, authors found that in their sample of non-inter-
course nor masturbation etiology, bilateral tunica albuginea tears and urethral lesions were less common. 
And here, another surprising data emerges: complications were similar among those found in their sample 
of sexual etiology, possible meaning that lower level of energy and less damage did not decrease odds of 
fibrosis nor erectile dysfunction.

And finally, it is very useful as an alert to properly address the psychological aspect involved in 
this delicate situation. Most men don’t even imagine that their penis can break, especially during sleep. So, 
it is essential to talk properly before surgery, clarify all doubts and highlight the importance of immediate 
surgical repair as the best way to minimize sequelae (8).

But as this article and others have shown, even with the ideal treatment, problems can arrive. Late 
complications of around 10% have been reported in large series of immediately surgically treated penile 
fractures from reference centers (9).  So, this should also be taken into consideration when counseling men 
with penile fractures regardless of etiology.

EDITORIAL COMMENT Vol. 47 (2): 395-396, March - April, 2021

doi: 10.1590/S1677-5538.IBJU.2020.0420.1



IBJU | EDITORIAL COMMENT

396

CONFLICT OF INTEREST

None declared.

_____________________
Submitted for publication:

October 22, 2020

_____________________
Accepted:

October 25, 2020

Valter Javaroni, MD

Departamento de Andrologia, Hospital Federal do Andaraí 
Rio de Janeiro, 
Rio de Janeiro, RJ, Brasil 
E-mail: drjavaroni2000@yahoo.com.br

ARTICLE INFO 

Valter Javaroni
https://orcid.org/0000-0003-3877-0601

Int Braz J Urol. 2021; 47: 395-6

REFERENCES 

1. Barros R, Schul A, Cavalcanti AG, Favorito LA, Koifman L. 
Findings regarding non-sexual penile fracture in a referral 
emergency hospital. Int Braz J Urol. 2021;47:388-94.

2. Koifman L, Cavalcanti AG, Manes CH, Filho DR, Favorito 
LA. Penile fracture - experience in 56 cases. Int Braz J 
Urol. 2003;29:35-9.

3. Barros R, Hampl D, Cavalcanti AG, Favorito LA, Koifman 
L. Lessons learned after 20 years’ experience with penile 
fracture. Int Braz J Urol. 2020;46:409-16.

4. Punekar SV, Kinne JS. Penile refracture. BJU Int. 
1999;84:183-4.

5. Wespes E, Libert M, Simon J, Schulman CC. Fracture of 
the penis: conservative versus surgical treatment. Eur 
Urol. 1987;13:166-8.

6. Nicolaisen GS, Melamud A, Williams RD, McAninch JW. 
Rupture of the corpus cavernosum: surgical management. 
J Urol. 1983;130:917-9. 

7. Eke N. Fracture of the penis. Br J Surg. 2002;89:555-65.
8. El Atat R, Sfaxi M, Benslama MR, Amine D, Ayed M, 

Mouelli SB, et al. Fracture of the penis: management and 
long-term results of surgical treatment. Experience in 
300 cases. J Trauma. 2008;64:121-5.

9. El-Bahnasawy MS, Gomha MA. Penile fractures: the 
successful outcome of immediate surgical intervention. 
Int J Impot Res. 2000;12:273-7.



397

Editorial comment: Findings regarding non-sexual penile fracture in a 
referral emergency hospital
______________________________________________________________________________________________
Eduardo B. Bertero 1

1 Departamento de Urologia, Seção de Medicina Sexual, Hospital do Servidor Público Estadual, São Paulo, 
SP, Brasil

_______________________________________________________________________________________

COMMENT 

This paper called my attention as the number of patients studied on this very uncommon 
pathology is incredibly significant. The authors gathered, retrospectively, 149 men with a history of 
penile fracture (PF) who sought the emergency room of a very high-volume public hospital in Bra-
zil, between January 2014 and January 2019 (1).  I did not find any paper with such a considerable 
population published, at least recently on the literature. All cases were operated on immediately by a 
Urologist and his Resident on duty. The penis was degloved after a circumcision and the hematoma 
was evacuated and the tear on the tunica albuginea identified and repaired. If a urethral lesion was 
found, it was treated with a simple interrupted closure under a Foley catheter.  

Of a total of 149 patients submitted to surgical treatment for PF, 18 (12%) reported non-sexual 
cause. Twelve (66.6%) cases were due to penile manipulation through the act of bending the penis 
during morning erection, three (16.6%) when rolling over in bed with erect penis, one (5.5%) when 
embracing the wife during erection, one (5.5%) to laying on the partner with erect penis and the other 
(5.5%) when sitting on the toilet with an erection.

A recent metanalyses identified a new subpopulation associated with non-sexual activity pe-
nile fracture: injection of collagenase Clostridium histolyticum used in the treatment of Peyronie’s 
disease (2). We do not have this treatment option available in Brazil. 

The authors report using ultrasound imaging only on a few cases who the diagnosis was di-
fficult. They did not have available, magnetic resonance imaging, although it should be the first tool 
used on this condition (3). I understand that the authors were indeed very lucky relying on just this 
tool, and did not find any “false” penile fracture, such as dorsal vein rupture, although this should be 
considered a surgical emergency as well (4).    

It would be interesting to know the relationship between the hours of evolution of the penile 
fracture until the surgery was performed, and the progression with erectile dysfunction and formation 
of nodules and plaques. The literature reports it is particularly important to operate as soon as pos-
sible any case of penile fracture. Delay more than 24 hours was found to be associated with wound 
infection and ED (5, 6). The authors report that they operated on every case, regardless of the timing 
of the occurrence. Sharma and cols reported on a study of 68 men who fractured their penis during 
sexual activity, and found that age (>50 years) and bilateral corporal involvement were risk factors for 
development of ED post-operatively (7). 

Finally, the authors found that in the Brazilian population there is not the attitude of bending 
their own penis to achieve detumescence. In their series, only one case of sitting on the toilet with 
erect penis. This is a quite common habit in the middle east countries called Taghaandan (8). 
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The present study has some limitations as 
part of the data was obtained retrospectively. Ho-
wever, to my knowledge this is the fi rst study to 
address the fi ndings and outcomes of PF speci-
fi cally and exclusively with non-sexual etiology 
in a latin american country. Congratulation to 
the authors.
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Urorectal fi stula repair using different approaches: operative 
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ABSTRACT

Purpose: To evaluate effi cacy of urorectal fi stula (URF) repair using different approaches and 
the clinical factor determinant of success, and also the morbidity associated to the procedure 
and health-related quality of life (HRQoL) in male survivors of pelvic malignancies.
Material and Methods: Retrospective evaluation of 39 patients with URF primarily intervened 
in three institutions using different surgical approaches. Success was defi ned as effective 
fi stula closure. Variables evaluated included demographics, previous treatments, surgical 
approach, ancillary surgeries, complications and HRQoL by using a standardized non-
validated specifi c questionnaire. Median follow-up from surgery to interview was 55 months 
(interquartile range 49, range 4-112).  Factors determinant of success were investigated 
using logistic regression. Safety of the procedure was evaluated by Clavien-Dindo scale. 
Deterioration of continence and erectile function and other HRQoL issues were evaluated.
Results: Prostate cancer treatment was the predominant etiology. The success rate for 
fi stula repair was 89.5%.  The surgical approach was not related to failed repair (p=0.35) 
or complications (p=0.29). Factors associated with failure were complications (p=0.025), 
 radiotherapy (p=0.03), fi stula location (p=0.04) and fi stula size (p=0.007). Multivariate 
analysis revealed fi stula size was the only independent determinant of failure (OR 6.904, 
1.01-47.75). Complications occurred in 46.2% and severe complications in 12.8%. The 
mortality related to the procedure was 2.6%. Urinary incontinence was present before 
repair in 26.3% and erectile dysfunction in 89.5%. Fistula repair caused de novo urinary 
incontinence in 7.9% and deterioration of erectile status in 44.7%. Globally 79% were 
satisfi ed after repair and only 7.9% rated HRQoL as unhappy.  Trans-sphincteric approach 
was related to less deterioration of erectile function (p=0.003), and higher perceived 
satisfaction in QoL (p=0.04).
Conclusions:  The surgical approach elected to correct URF is not determinant of success 
nor of complications. Fistula size appears as independent determinant for failure. Trans-
sphincteric approach could be advantageous over other procedures regarding HRQoL issues.

ARTICLE INFO 

Javier C. Angulo
https://orcid.org/0000-0002-1735-8792

Keywords:
complications [Subheading]; 
Quality of Life; Fistula

Int Braz J Urol. 2020; 47: 399-12

_____________________
Submitted for publication:
May 31, 2020
_____________________
Accepted after revision:
September 07, 2020
_____________________
Published as Ahead of Print:
October 20, 2020

INTRODUCTION

Urorectal fi stula (URF) is an uncommon com-
plication of male pelvic cancer treatment, including 

not only prostate, but also rectal and bladder neo-
plasia. It may be secondary to pelvic trauma and in-
fl ammatory bowel disease as well. However, by far 
the most frequent cause is radical prostatectomy, es-
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pecially since laparoscopic approach has gained po-
pularity in the last two decades. Most initial series of 
laparoscopic radical prostatectomy included several 
cases with URF, but this complication decreased to 
less than 2% after the learning curve of the procedu-
re was passed (1-3). Other prostate cancer treatments 
can also result in this unpleasant complication (4). 
Possibly the most hazardous one is the combination 
of external radiotherapy and brachytherapy, with an 
incidence of 2.9% (3, 5). Cryotherapy or high-inten-
sity focalized ultrasound (HIFU) may also cause URF, 
especially in a salvage therapy scenario (6).

 Small URF can spontaneously heal with 
urinary diversion (7). However, most frequently this 
complication of male pelvic cancer treatment will 
require decisions such as whether to perform selec-
tive fecal diversion, the timing of intervention and 
the selection of the surgical approach based on both 
patient and fistula-related factors. Often these deci-
sions are determined by the severity of presenting 
symptoms, the possibility of active pelvic sepsis at 
diagnosis, extent of tissue destruction from radia-
tion or ablative energy, the status of the urethra and 
bladder neck, the distance of the fistula to the anal 
verge and fistula size (3). Magnetic resonance ima-
ging or computerized tomography scan can be useful 
in identifying severe cavitation or post-radiotherapy 
osteomyelitis of the symphysis pubis (6, 8, 9). These 
findings may obviate an attempt to repair and serve 
as a guide for a permanent diversion strategy (10). It 
is well recognized that the success rate in repairing a 
complex fistula with radiation and/or ablative ener-
gy source is much lower than a fistula after surgery 
alone (4, 11, 12).

 When rectal damage at the time of laparos-
copic or robotic radical prostatectomy is not detected, 
URF may manifest as pelvic sepsis 10-14 days later, 
leading to colostomy (13). These fistulae are typically 
small and located in bladder neck or trigone and can 
be treated once sepsis or active infection have been 
cured. On the other hand, radiation or ablation indu-
ced fistulae are larger, fibrotic, and often involve the 
prostatic urethra. Along with effective closure they 
require interposing gracillis muscle flaps which can 
be performed through a perineal approach; but may 
also need other measures like salvage prostatectomy 
or omental flap through an abdominal route. Blad-
der neck contracture or rectal stenosis are compli-

cating conditions also related to radiotherapy (3). 
This variable spectrum of disease correlates to the 
multiplicity of techniques used. The relative rarity 
of the disease has polarized reconstructive surge-
ons regarding choice of one particular approach 
over another (14-16).

MATERIAL AND METHODS

Subjects
 After institutional review board approval 

(A02/19 Hospital Universitario de Getafe) we retros-
pectively evaluated the medical records of 39 conse-
cutive patients with URF due to male pelvic neopla-
sia intervened between January 2010 and December 
2018 in three academic institutions by two surgical 
teams in Madrid and Lisbon. The main objective of 
the study was to evaluate efficacy of fistula repair 
and the clinical factors determinant of success. The 
secondary objective was to evaluate complications 
associated with fistula repair and health-related qua-
lity of life (HRQoL) regarding continence and potency 
in male survivors of pelvic malignancies.

 Inclusion criteria were male patients with 
former pelvic cancer history, confirmation of fistula 
by a diagnostic imaging modality and willingness to 
receive surgical repair and acceptance of the com-
plications of treatment through informed consent. 
Exclusion criteria were active pelvic malignancy that 
precluded reconstruction and fistula resulting from 
inflammatory disease. Data collected included demo-
graphics, former surgeries, etiology, diagnostic pro-
cedures, use of fecal and urinary diversion, definitive 
management, operative details, outcome, morbidity, 
mortality and follow-up. Complications were graded 
according to Clavien-Dindo classification system. 
The number of patients suffering urinary incontinen-
ce after URF repair and pad-count was also extracted 
from the clinical record. Some patients with modera-
te or severe bothersome stress urinary incontinence 
were treated with anti-incontinence devices. Type of 
device and outcomes were also investigated.

 During 2019 subjects were contacted and 
answered a questionnaire through medical interview 
translated to Spanish and Portuguese from the ori-
ginal source (15). Questions were related to urinary 
symptoms, erectile function and HRQoL, and how 
surgery affected those issues (Appendix A). Urinary 
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incontinence was defined as any involuntary loss of 
urine before and after URF repair, graded according 
to 24h pad-count. Urge incontinence and the need 
for medication was also investigated.

Surgical techniques

 Surgical technique was based on several fac-
tors: previous treatment, presence of radiation and 
or ablative procedures, the presence of local condi-
tions such as prostate, distance from fistula to anal 
verge, fibrosis on digital exam and concomitant ure-
thral stricture. Other circumstances such as conco-
mitant morbidities were also considered. In no case 
was there evidence of active neoplasia. Approaches 
used were: abdominal (10.5%), abdominal-perineal 
(15.8%), perineal (29%), posterior trans-sphincteric 
(34.2%), anterior trans-sphincteric sagittal (5.3%), 
trans-coccygeal (2.6%) and trans-anal endoscopic 
microsurgery (2.6%).

 Abdominal repair was performed through an 
abdominal midline incision with mobilization of the 
bladder neck and reconstruction, if necessary, in ca-
ses with contracture, trans-vesical excision of URF, 
closure with double layer technique and tissue in-
terposition with omental flap through omentectomy 
along the right gastroepiploic arcade and preserva-
tion of the left gastroepiploic pedicle. Perineal ap-
proach in exaggerated lithotomy position using an 
inverse “Y”-shaped incision allows wide exposure of 
the urethra and rectum and enables posterior urethral 
reconstruction and use of various flap interpositions 
including gracillis muscle, gluteus maximum muscle, 
dartos and omentum if a combined abdominal-peri-
neal approach is used. For trans-sphincteric approach 
the patient is placed in prone jackknife position with 
buttocks spread wide by adhesive tape. A midline 
incision is made at 11-hour lateral to the coccyx to 
the anal verge for a posterior trans-sphincteric ap-
proach that transects the rectal sphincter and allows 
endorectal open exposure. Interposition cannot be 
accomplished using this approach, but its anterior 
trans-sphincteric sagittal modification allows simul-
taneous reparation of the posterior urethral stricture 
and to use gracillis muscle flap. Careful tagging of 
the sphincteric muscle components and closure of the 
trans-sphincteric incision allows reconstruction of 
the anal sphincter. Trans-coccygeal approach, used 

for a lateral access to the rectum and bladder in URF 
distal to the anal verge, avoids abdominal access and 
allows sphincter preservation. Trans-anal endoscopic 
microsurgery with a specific platform is used to dis-
sect rectal mucosa, expose proper muscle layer for 
suturing and create a rectal flap to cover the fistula. 
This technique does not address the urological part 
of the problem and can be used in cases with small, 
ncomplicated URF.

 A transurethral catheter was left in situ for 
3 weeks until a voiding cystourethrogram was per-
formed to confirm anastomotic healing; the cathe-
ter was removed in the absence of extravasation. 
When extravasation was present, a suprapubic 
catheter was placed and cystogram repeated one 
month later. Before stoma closure another radio-
logical investigation with barium enema was per-
formed. In cases with colonic cancer a complete 
colonoscopy was also obtained before closure for 
better evaluation of proximal colon.

Statistical Analysis

 Median values and interquartile range (IQR) 
were calculated for quantitative variables and quali-
tative ones were described using absolute and relative 
frequencies. Paired t-test was used to compare con-
tinuous variables. Chi-square and Fisher exact test 
were performed to compare differences between data 
to achieve success in URF closure and to evaluate 
the questionnaire. Multivariate analysis of outcomes 
was effected with logistic regression using 95% Wald 
confidence intervals for the variables investigated. 
Statistical analysis was developed using Statistical 
Analysis System 9.4 (SAS Institute Inc, Cary, NY).

RESULTS

 One patient was excluded from analysis, as 
he died of complications, apparently with the fistula 
closed, but without confirmation. Median follow-up 
was 55 (IQR 49, range 4-112) months and patient 
age 62 (IQR 12.5, range 54-75) years. Nine patients 
(23.7%) had previous failed surgery for URF in other 
institutions (mean number of surgeries 1.2±0.8; ran-
ge 1-3). Table-1 shows main characteristics of URF 
(etiology, distance to the anal verge and size), ad-
junct measures taken and surgical approach chosen. 
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Table 1 - Main characteristics of patients (n=38) #. 

Mean age, years, median ± IQR 62 ± 12.5

Previous intervention, n (%) 8 (21.1)

Etiological factors, n (%)

Laparoscopic radical prostatectomy 19 (50)

Open radical prostatectomy 5 (13.2)

Laparoscopic radical cystectomy with neobladder 2 (5.3)

Anterior rectal resection 3 (7.9)

Radiotherapy 15 (39.5)

Brachytherapy 6 (15.8)

Other ablative sources 2 (5.3)

Distance of fistula to anal verge, n (%)

< 2 cm 8 (21.1)

2-4 cm 14 (36.8)

4-6 cm 10 (26.3)

> 6 cm 6 (15.8)

Fistula size, n (%)

< 1 cm 22 (57.9)

1-2 cm 12 (31.6)

>2 cm 4 (10.5)

Adjunct measures taken, n (%)

Fecal diversion 31 (81.6)

Tissue interposition 14 (36.8)

Simultaneous posterior urethroplasty 4 (10.5)

Vesicourethral re-anastomosis 3 (7.9)

Urinary upper tract stenting 24 (63.2)

Surgical approach elected, n (%)

Abdominal 4 (10.5)

Abdominal-perineal 6 (15.8)

Perineal 11 (29)

Posterior transphincteric 13 (34.2)

Anterior transphincteric sagittal 2 (5.3)

Transcoccygeal 1 (2.6)

Transanal endoscopic microsurgery 1 (2.6)

# One patient deceased during admission was excluded; IQR: interquartile range 
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Table-2 shows operative data, postoperative compli-
cations and long-term outcomes. The success rate for 
fistula repair was 89.5%. Complications occurred in 
46.2% and severe complications in 12.8%. Mortality 
related to the procedure was 2.6%. Surgery failed in 
4 patients (1 abdominal approach, 2 perineal and 1 
trans-coccygeal). The surgical approach used was not 
associated with failure (p=0.35), nor was the number 
of postoperative complications (p=0.29). Measures 
taken after failed URF repair were pelvic exentera-
tion (1 case), cystectomy (2 cases) and permanent ne-

phrostomy (1 case). A complete list of complications 
is presented as supplementary material (Appendix B).

 Factors associated with failed repair were fis-
tula size (p=0.007), presence of postoperative compli-
cations (p=0.025), radiotherapy (p=0.03) and distance 
to anal verge (p=0.04). Factors not associated to fai-
lure were: center in which the patient was intervened 
(p=1.0), severity of complications (p=0.49), previous 
failed URF surgery (p=1.0), previous fecal diversion 
(p=0.8), type of fecal diversion (p=1.0), use of tissue 
interposition (p=0.6) or type of flap (gracillis or epi-

Table 2 - Operative data, complications and outcomes (n=39) #.

Hospital admission, days, median ± IQR 9.8 ± 5

Operative complications, n (%)# 18 (46.2)

Clavien-Dindo scale, n (%) #

0 21 (53.8)

I 2 (5.1)

II 11 (28.2)

III 1 (2.6)

IV 3 (7.7)

V 1 (2.6)

Perioperative mortality rate, n (%) 1 (2.6)

Fistula outcome, n (%)

Resolution without operation 0 (0)

Resolution with operation 34 (89.5)

Non-healed fistula 4 (10.5)

Fistula recurrence after healing 0 (0)

Fecal diversion status, n (%)

Stoma closure 31 (81.6)

Permanent stoma 7 (18.4)

Long-term urologic outcome, n (%)

Urinary incontinence after fistula repair 13 (34.2)

Erectyle dysfunction after fistula repair 34 (89.5)

Permanent urinary diversion 4 (10.5)

Anti-incontinence surgical devices used 9 (23.7)

Follow-up, months, median ± IQR 55 ± 49

# One patient with underlying cirrhosis deceased during admission was included for complications and mortality, but was excluded for hospital admission and long-term 
urologic outcomes; IQR: Interquartile range
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plon) (p=5). Due to excessive correlation between va-
riables and limited sample size, multivariate analysis 
revealed fistula size as the only independent determi-
nant for failure (OR 6.9, 1.01-47.75) (Figure-1).

 According to the patient questionnaire eva-
luated, urinary incontinence was present before fis-
tula repair in 26.3% (10 cases) and fistula repair cau-
sed de novo urinary incontinence in 7.9% (3 cases). 
Urge incontinence was present in 39.5% (15 cases) 

and medication for urge was taken by 21% (8 cases). 
During follow-up, 23.7% (9 cases) were treated with 
anti-incontinence devices (all with pad-count >3 
pads/day): 5 with artificial urinary sphincter and 4 
with adjustable transobturator male system. Deterio-
ration of erectile status after URF repair took place in 
44.7% (17 cases). Some degree of erectile dysfunction 
was present in 89.5% (34 cases): 10.5% rated their 
erection as enough for intercourse (4 cases), 34.2% 
severely deteriorated (13 cases), 15.8% almost absent 
(6 cases) and 39.5% totally absent (15 cases). Regar-
ding urinary continence, some degree of urinary in-
continence was present in 34.2% (13 cases). Mean 
pad-count was 3±2.5 (range 1-6).

 Twenty-one percent (8 cases) rated their QoL 
as excellent, 47.4% (18 cases) as satisfied, 23.7% (9 

cases) as mainly satisfied and only 7.9% (3 cases) as 
unhappy. Globally 26.3% (10 cases) consider their 
capacity to practice exercise limited and 79% would 
elect to repeat their surgery again. Once asked how 
URF surgery changed their QoL 32.9% (11 cases) 
registered great improvement, 47.4% (18 cases) im-
provement, 7.9% (3 cases) no change, 7.9% (3 cases) 
reduced and 7.9% (3 cases) severely reduced. HRQoL 
issues were analyzed for surgical approaches used. 

The approaches with 1 case were omitted, abdomi-
nal-perineal and abdominal were pooled together 
and so were posterior and anterior trans-sphincteric 
(Table-3). Noticeably, trans-sphincteric approach 
gave less deterioration of erectile function than the 
rest (p=0.003) and higher satisfaction (p=0.04). A ten-
dency for higher QoL improvement was observed on 
the limit of statistical significance (p=0.05).

DISCUSSION

 Walk the tightrope of avoiding failed recons-
truction and not overtreating is a difficult task. Some 
patients undergo several URF closure attempts before 
success. Also, success may be so variable as to de-
pend on a single surgery or a multi-stage scenario. 

Figure 1 - Predicted probabilities for failure to repair urorectal fistula, according to fistula size expressed in cms.
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Therefore, HRQoL studies of this condition are nee-
ded. Additionally, there is not a standardized single 
approach to manage URF, nor is there consensus as 
to whether fecal diversion and other adjunct mea-
sures are always necessary. Some studies have done 
their best to describe an algorithm for URF manage-
ment (3, 17, 18) but a classification or staging of URF 
in terms of complexity is still lacking.

 There is a common assumption that radio-
therapy and ablative procedures cause extensive 
tissue damage and that interposition in those cases 
after fistula resection and suturing of both the uri-
nary tract and rectum is absolutely mandatory (6, 
11, 16, 19). However, a “simple” approach like pos-
terior transphincteric or even by trans-anal endosco-
pic microsurgery can be similarly effective without 

Table 3 - Association between the surgical approaches and specific answers to questions related to HRQoL issues.

Question Grouped surgical approaches

p-valueDid the erectile function 
change in comparison to 
before the fistula repair?

Abdominal (*) Perineal Transphincteric (#) TOTAL (n=36)

Yes 8 (80) 6 (54.6) 2 (13.3) 16 (44.4)
0.0003

No 2 (20) 5 (45.4) 13 (86.7) 20 (45.6)

How would you describe 
your quality of life, if 
it was never going to 
change again? 

Excellent 1 (9.1) 0 7 (46.7) 8 (22.2)

0.039

Satisfied 6 (54.5) 6 (60) 5 (33.3) 17 (47.2)

Mainly satisfied 4 (36.4) 2 (20) 3 (20) 9 (25)

Dissatisfied 0 2 (20) 0 2 (5.6)

Very dissatisfied 0 0 0 0

Would you have the same 
surgery performed again, 
if required? 

Yes 6 (54.5) 9 (90) 14 (93.3) 29 (80.6)
0.05

No 5 (45.5) 1 (10) 1 (6.7) 7 (19.4)

How did the fistula repair 
change your quality of 
life?

Severely improved 1 (9.1) 1 (10) 8 (53.3) 10 (27.8)

0.05

Improved 6 (54.5) 6 (60) 6 (40) 18 (50)

Unchanged 1 (9.1) 1 (10) 1 (6.7) 3 (8.3)

Reduced 1 (9.1) 2 (20) 0 3 (8.3)

Severely reduced 2 (18.2) 0 0 2 (5.6)

(*) Abdominal combines abdominal and abdomino-perineal approaches; (#) transphincteric combines posterior and anterior transphincteric approaches
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damaging fecal continence (17, 20-24). Also, the 
York-Mason repair may succeed even in repeated 
scenario (22, 24, 25), but not in all series (26, 27). 
A trans-anal endoscopic approach is less invasive 
and can be used in simple cases (e.g. very small 
fistula after primary laparoscopic prostatectomy 
without radiation), but this procedure is most of-
ten performed by experienced proctologists and is 
beyond the armamentarium of reconstructive uro-
logists (28, 29). The use of rectal flap after fistula 
closure is the main characteristic of a trans-anal 
approach, either trans-sphincteric open or sphinc-
ter-sparing endoscopic, and in the absence of hy-
poxia or fibrosis may be sufficient for an effective 
closure in selected cases (17). We confirm that the 
modification to York-Mason using an anterior sa-
gittal approach (anterior trans-anal trans-sphinc-
teric sagittal, ASTRA) used by Castillo et al. allows 
simultaneous posterior urethroplasty and gracillis 
muscle flap in a prone position (2). This is a very 
interesting possibility that merits further explora-
tion by experienced reconstructive urologists and 
permits the treatment of more complicated cases 
than posterior or classic York-Mason.

 Our primary intention was gathering the 
10-years expertise of our surgical teams and iden-
tify factors predictive of treatment failure. We sou-
ght to prove whether one surgical approach was 
more effective than another, but we could not ac-
complish this objective mainly due to the relati-
vely low failure rate and the limited number of 
patients. Additionally, elevated correlation betwe-
en the variables (radiotherapy, fistula size, com-
plications, distance to anal verge) included in the 
regression model was confounding. We could only 
identify fistula size as a marker of increased failu-
re. Of course, this could be a surrogate of fistula 
complexity determined by the use of previous ra-
diotherapy and ablative energy sources. Repair of 
URF in our hands using different surgical approa-
ches achieved a global success rate is 89.5%. Use 
of therapeutic algorithms like the one we followed 
(Figure-2) can help choose the most appropriate 
technique in each different case. This and referral 
to high-volume institutions facilitate optimal re-
sults (3, 16, 30). Complications could also be redu-
ced by referral. However, the rate of complications 
has been rarely reported (31). In our hands the risk 

Figure 2 - Therapeutic algorithm followed for repair of urorectal fistula.
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of postoperative complications is high, with 46.2% 
total and 12.8% major complications.

 Our second goal was the evaluation of HR-
QoL in these patients. Even if the fistula is success-
fully repaired, patients may have persistent urinary 
dysfunction resulting in decreased QoL (32). A very 
interesting study evaluated fecal outcome measures 
in a small population of patients homogeneously tre-
ated with trans-perineal repair and gracillis muscle 
interposition and revealed bowel outcomes were bet-
ter than urinary ones (33). The questionnaire we used 
allowed investigation of erectile dysfunction and uri-
nary incontinence in another series (15). Again, the 
specific surgical approach did not seem important as 
there were good results in that cohort with different 
approaches and different types of tissue interposition. 
Contrary to our results these authors did not prove a 
worsening of erectile dysfunction due to URF repair. 
However, although the proportion of patients with 
fistula repair and urinary incontinence could be very 
variable, they reported incontinence in 83% of the 
patients specifically questioned and it was moderate-
-to-severe in 41.6% (15).

 Using the same questionnaire, we described 
urinary incontinence in 34.2% and continence dete-
rioration after URF repair in 7.9%. Erectile dysfunc-
tion occurred in 89.5% and some degree of deterio-
ration that could be attributed to fistula repair was 
registered in 44.7%. Comparing surgical approaches, 
trans-sphincteric access caused less deterioration of 
erectile status than perineal and abdominal approa-
ches. Also, a higher patient reported satisfaction was 
registered with this approach, which could be explai-
ned by the fact that avoiding the lateral pelvic and 
pararectal space dissection consistently preserves the 
posterolateral rectal innervations, possibly benefiting 
urinary continence and potency (30).

 The main limitations of this study are the 
relative small number of patients included, the long 
period for patient recruiting, the retrospective nature 
of a part of the study and the use of a non-validated 
questionnaire to evaluate QoL issues prospectively 
during follow-up. However, this tool we use has been 
previously evaluated in patients with urorectal fistula 
with interesting results and is useful for patient eva-
luation. We could not ascertain how much radiation 
use or complexity of surgery - and not the approach 

itself - affect the results obtained in the questionnai-
re, and this is an added limitation. It would be desira-
ble that future studies with larger numbers compare 
this tool with others already validated to evaluate 
erectile dysfunction, urinary continence and patient’s 
perception of their quality of life.

CONCLUSIONS

 Our success rate of urorectal fistula repair 
was high. However, treatment morbidity is also 
high and QoL issues are still important in these 
patients. The surgical approach elected to correct 
URF does not appear to determine neither suc-
cess nor complications. Several factors appear to 
be related to failure, including radiotherapy, pre-
sence of complications, longer distance to anal 
verge and larger fistula size. According to our 
casuistry, fistula size appears the only indepen-
dent determinant for failure. Trans-sphincteric 
approach could be advantageous over perineal 
and abdominal routes regarding HRQoL issues. 
Of course, these findings should be confirmed 
in more robust prospective studies but, in the 
meantime, we should not consider York-Mason 
or ASTRA procedures neglectable nor obsolete. 
We also confirm that, in our experience, these 
procedures do not cause stool incontinence.
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Appendix A - Patient Questionnaire used.

Page 1 / 2

1 - Do you have erections?

(   ) Yes, normal rigidity

(   ) Yes, slightly reduced rigidity

(   ) Yes, severely reduced rigidity

(   ) No, no erections

2 - Did the erectile function change in comparison to before the fistula repair?

(   ) Yes 

(   ) No

3 - Do you involuntarily lose urine (incontinence)?

(   ) Yes 

(   ) No

4 - How many incontinence pads do you need per day?

(   ) None

(   ) No more than one

(   ) No more than two

(   ) No more than three

(   ) More than three

(   ) Security pad (no more than one)

5 - If more than three: how many?

_____________________________________________________________________

_____________________________________________________________________

6 - Do you need to void as soon as possible, once you feel the need to empty your bladder (urgency)?

(   ) Never

(   ) Rarely

(   ) Sometimes

(   ) Often

(   ) Always

7 - Do you take any medication for urinary urgency?

(   ) Yes 

(   ) No

8 - As how bothersome would you describe your urinary situation to affect your life?

(   ) Not at all

(   ) A little

(   ) Bothering

(   ) Very bothering

9 - How would you describe your quality of life, if it was never going to change again?

(   ) Excellent

(   ) Satisfied

(   ) Mainly satisfied

(   ) Dissatisfied

(   ) Very dissatisfied
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Appendix A - Patient Questionnaire.

Page 2 / 2

10 - How much does the fistula repair limit your ability to perform sports?

(   ) Not at all

(   ) A little

(   ) Limited

(   ) Very limited

11. Would you have the same surgery performed again, if required? 

(   ) Yes 

(   ) No

12 - How did the fistula repair change your quality of life?

(   ) Severely improved

(   ) Improved

(   ) Unchanged

(   ) Reduced

(   ) Severely reduced

13 - How satisfied are you with the surgery?

(   ) Very satisfied

(   ) Satisfied

(   ) Undecided

(   ) Dissatisfied

(   ) Very dissatisfied

14 - If you are dissatisfied or very dissatisfied with the surgery – why?

(   ) Fistula recurrence

(   ) No fistula recurrence but different problem

(   ) Fistula recurrence and different problem

15. Which different problems did occur?

_____________________________________________________________________

_____________________________________________________________________
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Appendix B - Postoperative complications within 90 days (n=39).

Patient # Grade* Description

1 II Urinary infection treated with antibiotics

4 II Postoperative transfusion

5 III a Wound dehiscence and infection intervened 
under local anesthesia

6 II Postoperative ileum and transfusion

7 II Pneumonia needing antibiotics

9 IV a Pulmonary thromboembolism needing ICU 
admission

13 IV a Renal insufficiency needing ICU admission 
and dialysis

15 II Metabolic acidosis and use of total 
parenteral nutrition

18 II Surgical wound infection needing antibiotics

20 II Cardiac insufficiency treated with diuretics 
and cardiotropic agents

22 II Postoperative transfusion

24 I Postoperative ileus treated with nasogastric 
tube

29 II Venous thrombosis needing anticoagulation

31 IV a Cardiac insufficiency needing ICU admission

34 V Death due to liver insufficiency in chronic 
cirrhosis

35 II Intraoperative and postoperative transfusion

36 II Postoperative transfusion

38 I Scrotal hematoma treated conservatively

# numbered as registered in the CRF; * According to Clavien-Dindo classification; ICU intensive care unit
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Editorial comment: Urorectal fistula repair using different approaches: 
operative results and quality of life issues
______________________________________________________________________________________________
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_______________________________________________________________________________________

COMMENT 

The urethral-rectal fistula (URF) is a devastating condition for the patient, especially when as-
sociated with the treatment of prostate cancer, where we often observe a healthy patient and with the 
expectation of a curative treatment. As discussed in this study, the treatment of urethral-rectal fistulas 
involves a series of decisions: use conservative treatments, necessity of a colostomy, timing for a de-
finitive surgical treatment and choice of the best  surgical approach.

The authors observed the results of the URF surgical treatment in a retrospective review of 39 
patients operated at 3 institutions, and  was possible a late evaluation for the uniform measurement 
of the results, through specific questionnaires (1). Patients were treated using a variety of techniques: 
abdominal (10.5%), abdominal-perineal (15.8%), perineal (29%), posterior trans-sphincteric (34.2%), 
anterior trans-sphincteric sagittal (5.3%), trans-coccygeal (2.6%) and trans-anal endoscopic microsur-
gery (2.6%). Another important observation is the fact that 9 (23%) of the patients received treatment 
after surgical failure, with no description as to whether this specific group was treated using one of 
the predominantly surgical techniques. This diversity can somehow hinder the comparative analysis 
of the results.

The authors presented a high success rate for surgical treatment, 89.5% and show no associa-
tion between failures and the surgical technique, which confirms the observation of high success rates 
can be achieved regardless of the surgical technique if it is performed by a team with experience in 
the management of this type of pathology. As discussed in the study, multivariate analysis of factors 
related to failure due to the limited sample of patients is practically impossible.

 The analysis of erectile dysfunction (ED) and urinary incontinence (UI) and their relationship 
with the treatment of URF is difficult in a retrospective study without adequate application of symp-
tom questionnaires before the procedures. In addition, the causal effect of cancer treatment and URF 
treatment is difficult to measure. Especially for urinary incontinence, its evaluation in a patient with 
URF is extremely difficult. Despite this, it is clear in the analysis of the results that a significant num-
ber of patients will require further treatment to manage UI and ED, and this should be considered in 
the technical planning of the initial treatment.

 The authors analyzed the cases of perineal and abdominal-perineal approaches in the same 
group and compare them with trans-sphincter approaches with more satisfactory results on the preser-
vation of erectile function and satisfaction (statistically limited) for this second group. From my point 
of view, the perineal approach is completely different in terms of aggressiveness and potential damage 
when compared to abdomino-penrineal approaches and therefore should not be compared together as 
proposed by the authors. Final conclusions about the ED result scan only be obtained in prospective 
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comparative studies, but we know that are diffi -
cult to be realized for a relatively unusual type of 
pathology.

 Despite the observations, it is a very use-
ful study to provide a broad view of the pos-
sibilities of treatment of URF, showing that in 
experienced hands, suitable results can be ex-

pected regardless of the surgical technique.The 
present study has some limitations as part of the 
data was obtained retrospectively. However, to 
my knowledge this is the fi rst study to address 
the fi ndings and outcomes of PF specifi cally and 
exclusively with non-sexual etiology in a latin 
american country. Congratulation to the authors.
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Standing cough test stratifi cation of moderate male stress 
urinary incontinence
______________________________________________________________________________________________
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ABSTRACT

Purpose: Patient-reported history of pads per day (PPD) is widely recognized as 
a fundamental element of decision-making for anti-incontinence procedures. We 
hypothesize that SUI severity is often underestimated among men with moderate SUI. 
We sought to compare patient history of incontinence severity versus objective in-offi ce 
physical examination fi ndings.
Materials and Methods: We retrospectively reviewed our single-surgeon male SUI 
surgical database from 2007-2019. We excluded patients with incomplete preoperative 
or postoperative data and those who reported either mild or severe SUI, thus having 
more straightforward surgical counseling. For men reported to have moderate SUI, 
we determined the frequency of upgrading SUI severity by recording the results of an 
in-offi ce standing cough test (SCT) using the Male Stress Incontinence Grading Scale 
(MSIGS). The correlation of MSIGS with sling success rate was calculated. Failure was 
defi ned as >1 PPD usage or need for additional incontinence procedure.
Results: Among 233 patients with reported moderate SUI (2-3 PPD), 89 (38%) had 
MSIGS 3-4 on SCT, indicating severe SUI. Among patients with 2-3 PPD preoperatively, 
sling success rates were signifi cantly higher for patients with MSIGS 0-2 (76/116, 64%) 
compared to MSIGS 3-4 (6/18, 33%) (p <0.01).
Conclusions: Many men with self-reported history of moderate SUI actually present 
severe SUI observed on SCT. The SCT is a useful tool to stratify moderate SUI patients to 
more accurately predict sling success.
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INTRODUCTION

Stress urinary incontinence (SUI) persists 
long-term in approximately 20% of patients af-
ter radical prostatectomy and 10% of patients 
after prostate radiation (1-4). Men with mild SUI 
are ideal candidates for transobturator slings (5-
8), while men with severe SUI are better suited 
for artifi cial urinary sphincters (AUS) (9-11). Men 
with moderate SUI, however, are often considered 

to be candidates for either sling or AUS (6, 7, 12, 
13). Counseling patients with moderate SUI poses 
a challenge because of the lack of a validated me-
thod of prognostication (12, 14).

 Although pad per day (PPD) measurements 
allow for an estimation of incontinence severity, va-
riation in activity, type of pad used, and degree of 
soiling before switching pads create uncertainty. Gi-
ven the emphasis on the physical exam in the 2019 
AUA guidelines on surgical management of both 
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male and female SUI (6, 15), we incorporated the 
standing cough test (SCT) into our standard evalu-
ation of male SUI. The SCT has been validated as a 
reproducible and reliable test for grading male SUI 
(16), and it has been shown to correlate strongly 
with 24-hour pad-weight (17).

 Many patients reported as having mode-
rate SUI are referred to our practice specifically 
for sling placement due to its perceived simplici-
ty versus AUS. We hypothesize that a substantial 
proportion of men reported to have moderate SUI 
will have severe leakage on SCT and thus would 
be better served with AUS. We sought to determi-
ne the percentage of men with a history of mode-
rate SUI who were actually found to have severe 
leakage on SCT, and we analyzed the utility of 
SCT in stratifying these men in terms of success 
after sling surgery. To our knowledge, this is the 
first study to compare patient reported SUI severi-
ty to observed SUI severity on SCT.

MATERIALS AND METHODS

 We retrospectively reviewed our single-
-surgeon male SUI surgical database from 2007-
2019 and identified patients who underwent AUS 
or AdVance sling placement (IRB: STU-102012-
019). Early in our experience, we did not consis-
tently obtain preoperative Male Stress Inconti-
nence Grading System (MSIGS) data according to 
our current protocol. We excluded patients with 
incomplete preoperative MSIGS or post-operati-
ve follow-up data. SUI severity was defined by 
the preoperative pads per day (PPD) usage: 0-1 
PPD=mild; 2-3 PPD=moderate; ≥4 PPD=severe; 
these definitions are based on our prior study on 
risk factors for sling failure (18). For this sub-
-analysis, we excluded patients with mild and se-
vere SUI and focused solely on the patients with 
moderate SUI. There were no other exclusion cri-
teria. All other patients in our database of adult 
men undergoing AUS or sling for SUI were inclu-
ded in the analysis.

 All patients underwent SCT to physically 
demonstrate the degree of SUI during clinic eva-
luation. Patients verbally confirmed that they had 
not voided for at least one hour prior to the SCT 
to ensure presence of urine in the bladder. The 

examiner evaluated the urethral meatus while the 
patient performed a series of four forceful cou-
ghs. The degree of leakage was scored using the 
Male Stress Incontinence Grading Scale (MSIGS, 
Appendix-1).

 Among the patients with reported mo-
derate SUI, we used their preoperative MSIGS to 
stratify them into favorable (MSIGS 0-2) and un-
favorable (MSIGS 3-4). MSIGS scores of 3-4 were 
considered unfavorable, as it suggests a high de-
gree of sphincteric incompetence. The patients 
with favorable moderate SUI who underwent sling 
placement (Group-A) were compared to the pa-
tients with unfavorable moderate SUI who un-
derwent sling placement (Group-B). Sling failure 
was defined as >1 PPD usage or need for additio-
nal incontinence procedure. Preoperative and pos-
toperative data were compared between Groups A 
and B with two-tailed, unpaired t-tests for conti-
nuous variables and chi-square tests for categori-
cal variables. Statistical analyses were performed 
using Python 3.0 with p <0.05 considered statisti-
cally significant.

RESULTS

 Among 978 SUI cases, we excluded 369 
who had incomplete preoperative or postoperati-
ve data. Another 376 men were excluded because 
they reported either mild or severe SUI, thus ha-
ving a more straightforward surgical counseling 
(towards sling or AUS, respectively). Among the 
233 selected remaining patients presenting with 
moderate SUI who comprised the study cohort, 
144 (62%) were deemed favorable by SCT (MSIGS 
0-2, Figure-1), while more than one-third (89/233, 
38%) were observed to have an unfavorable, seve-
re degree of stress-induced urinary leakage during 
in-office examination (MSIGS 3-4).

 Group-A was comprised of the 116 men 
with favorable moderate SUI who underwent sling 
placement. Of the 89 men (38%) with unfavorable 
moderate SUI, 18 underwent sling placement (Group-
-B). At a mean follow-up of 31.3 months, Group-A 
had a significantly higher success rate (76/116, 64%) 
than Group-B (6/18, 33%) (p <0.01) (Table-1). There 
was no difference in the complication rate between 
Group-A (20/116, 17%) and Group-B (4/18, 22%) 
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(p=0.61). Of the 99 AUS patients with moderate 
SUI, over 70% were upgraded based on demons-
trated severe levels of stress-induced leakage 
and unfavorable MSIGS grade (Figure-2).

DISCUSSION

 Current guidelines state that men with 
moderate SUI are candidates for either an AUS 
or a transobturator sling, but there are no es-
tablished protocols for further stratifying these 
patients (6, 12, 13, 19). In this study, we found 
that almost 40% of men who reported mode-
rate SUI demonstrated severe leakage on SCT, 
suggesting that subjective assessment of SUI 
is inadequate to fully characterize SUI severi-
ty. Furthermore, stratifying men who reported 
moderate SUI into favorable or unfavorable ca-
tegories based on MSIGS values allowed for ac-
curate prediction of sling success.

 It is important to note that many of the 
men in this study were referred to our practice 
specifically for urethral sling placement for mo-
derate SUI-in this cohort, a clear discordance was 
often noted between reported history and physical 
exam findings. MSIGS allowed us to easily and 

more precisely assess SUI severity and counsel pa-
tients on surgical options accordingly.

Male SUI Assessment
 Prior studies have demonstrated that pre-

-operative 24-hour pad weight, PPD usage, and 
MSIGS scores are all predictors of sling success (5, 
16-21). PPD usage is a simple way to estimate SUI 
severity. However, PPD usage is difficult to accu-
rately quantify because of variations in the type of 
pad used, patient activity level, and the degree of 
wetting before switching pads. The 24-hour pad 
weight is a reproducible method to quantify SUI 
and correlates well with surgical outcomes (12, 22). 
However, many patients find the 24-hour pad wei-
ght tedious and cumbersome, and many forget to 
collect all of their pads for a full 24-hour period 
or to bring the pads in for their clinic visits. These 
challenges have limited the widespread adoption 
of 24-hour pad weights (23). While more invasive 
tests, such as cystoscopy and urodynamics, may 
provide more detailed information on the anatomy 
and function of the lower urinary tract, they have 
much higher cost and time requirements than SCT. 
Moreover, their utility in predicting sling success 
has not been established (2, 20, 24, 25).

Figure 1 - Flow chart. Patients with moderate SUI were stratified into favorable and unfavorable, depending on Male Stress 
Incontinence Grading System (MSIGS) score.
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Table 1 - Preoperative demographics and clinical history and postoperative outcomes among men with reported moderate 
SUI (2-3 PPD), stratified by favorable (MSIGS 0-2) and unfavorable (MSIGS 3-4).

MSIGS 0-2 (Group A) MSIGS 3-4 (Group B) p Value

No. total patients 116 18

Mean Baseline PPD (SD) 2.23 (0.65) 2.53 (0.81) 0.15

Mean MSIGS (SD) 1.34 (0.79) 3.29 (0.57) <0.01

Mean age at sling (SD) 67.6 (7.9) 64.3 (8.4) 0.07

Mean BMI (SD) 27.7 (3.9) 26.6 (4.0) 0.53

No. comorbidities (%)

Hypertension 63 (54.3%) 10 (55.6%) 0.92

Diabetes mellitus 15 (12.9%) 5 (27.8%) 0.10

Tobacco history 62 (53.4%) 8 (44.4%) 0.48

No. urological history (%)

Prostate surgery 113 (97.4%) 16 (88.9%) 0.08

Prostate radiation 15 (12.9%) 2 (11.1%) 0.83

Androgen deprivation 3 (2.6%) 1 (5.6%) 0.49

Neurogenic bladder 0 0 1.00

Prior sling 3 (2.6%) 1 (5.6%) 0.49

ED 78 (67.2%) 11 (61.1%) 0.61

Prior IPP 6 (5.2%) 1 (5.6%) 0.95

Concurrent IPP placement 28 (24.1%) 2 (11.1%) 0.22

No. complications (%) 20 (17.2%) 4 (22.2%) 0.61

No. sling success (%) 76 (63.9%) 6 (33.3%) <0.01

SUI = stress urinary incontinence; MSIGS = male stress incontinence grading scale; PPD = pads per day; SD = standard deviation; BMI = body mass index; ED = erectile 
dysfunction; IPP = inflatable penile prosthesis

Figure 2 - Relationship between preoperative PPD usage and Male Stress Incontinence Grading System (MSIGS) grade 
among AUS patients with reported moderate SUI.
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 In 1996, Kowalcyzk and colleagues first 
described the SCT as a method to stratify male 
SUI severity to determine if one or two AUS cuffs 
should be used (26). We no longer perform tan-
dem cuff AUS procedures, but we have incorpo-
rated the SCT as a method to stratify SUI severity 
for many years (16, 17). The SCT is an easy and 
reproducible in-office assessment of SUI severity 
that provides prognostic value in the evaluation of 
men with moderate SUI who are considering in-
continence surgery. It also correlates strongly with 
24-hour pad weights (17). Patients found to have 
unfavorable moderate SUI could then be informed 
of the low success rate of sling and encouraged 
to consider an AUS. We have previously demons-
trated that the SCT adds predictive value for sling 
success for patients who already have PPD and 
24-hour pad weight measurements (18).

 Also, we have previously demonstrated 
that each point increase in MSIGS from 0-4 has 
an approximately equal effect on the probability 
of sling success (18). In practice, authors should 
not overemphasize the difference between MSI-
GS2 and MSIGS3, but rather, consider MSIGS as a 
continuous variable in the context of all the other 
available data when discussing management op-
tions with patients. The distinction between MSI-
GS2 and MSIGS3 is the most clinically relevant, 
however, because MSIGS1 and MSIGS4 are more 
straightforward to manage.

 The value of MSIGS lies in its practicality; it 
is a non-invasive test that incurs no additional costs. 
Other variables with no invasiveness or cost, such 
as demographics and general clinical data have not 
been shown to predict SUI severity or sling success. 
More invasive and expensive tests, such as sphinc-
ter pressure under contraction (SPUC) have demons-
trated clinical utility (28); however, more studies on 
SPUC are needed to show that its benefits outweigh 
the costs and invasiveness. This study supports our 
recent findings that MSIGS is a highly practical and 
important variable when predicting surgical outco-
mes of an AUS or sling (27).

Limitations

 This study has several limitations. The 
single-surgeon design might limit generalizabili-

ty. However, the surgical techniques and clinical 
strategies used in this study closely follow stan-
dard practice guidelines and are likely similar 
to those at other institutions. The retrospective 
study design could allow for confounding; ho-
wever, there were no significant differences in 
preoperative variables between groups A and B. 
Also, while there is no established definition of 
moderate SUI in terms of PPD, we used a conser-
vative definition of 2-3 PPD. If we had defined 
moderate SUI as 3-5 PPD, we would have found a 
much higher rate of upstaging with MSIGS. This 
highlights the need to objectively grade SUI se-
verity with MSIGS.

 Our study is also limited by the absen-
ce of adjustable devices for mild to moderate 
SUI. The adjustable transobturator male sling 
(ATOMS), Remeex, ProACT, and ARGUS slings 
have all demonstrated safety and efficacy (29, 
30). These adjustable slings may prove to have a 
greater role in the moderate SUI population; ho-
wever, additional studies will be needed compa-
ring these devices to AUS and retropubic slings 
for men with varying degrees of SUI.

 Pre-operative SUI severity and post-ope-
rative treatment success could have been more 
comprehensively assessed with 24-hour pad wei-
ght data. However, our patients find the 24-hour 
urine collection tedious and cumbersome. Often 
times, many forget to collect pads for a full 24-
hour period, or they forget to bring the pads in for 
their clinic visits. Since the SCT correlates strongly 
with 24-hour pad weights (17) and has significant 
workflow limitations, we do not typically include 
24-hour pad weights in our assessment. Finally, 
while formal urodynamic studies would add addi-
tional objective assessment of preoperative SUI 
severity and treatment outcomes, this study aimed 
to assess the utility of the more practical SCT to 
facilitate risk stratification and surgical decision 
making for moderate male SUI.

CONCLUSIONS

 Many men who report moderate SUI are 
found to actually have severe SUI observed du-
ring in-office physical examination. Our findings 
suggest that sling success can be predicted by 
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stratifying men into favorable or unfavorable 
MSIGS groups using the Standing Cough Test.

ABBREVIATIONS

SUI = stress urinary incontinence
AUS = artificial urinary sphincter
PPD = Pads per day
MSIGS = Male Stress Incontinence Grading Scale
SCT = Standing cough test
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Appendix 1 - Male Stress Incontinence Grading Scale (MSIGS).

Grade Definition

0 No leakage

1 Delayed drops only

2 Early drops, no stream

3 Early drops, delayed stream

4 Early and persistent stream

APPENDIX
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Selecting the best candidate for a male incontinence device or another: 
dream or nightmare?
______________________________________________________________________________________________
Javier C. Angulo 1
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COMMENT 

After initial encouraging results, the published outcomes of retrobulbar slings to treat post-
prostatectomy incontinence can be considered suboptimal for moderate-to-severe incontinence, 
especially in patients with high body mass index and previous radiotherapy (1). However, the artificial 
urinary sphincter (AUS) is not the single alternative for these patients as different options of adjustable 
systems remain. The adjustable transobturator male system (ATOMS) has shown interesting results and 
can be an option even in radiated patients (2, 3). Other adjustable systems, such as male readjustment 
mechanical external system (male-REEMEX), adjustable sling Argus and adjustable continence therapy 
(ProACT) have different modes of action, variable results and also different security profile. Systematic 
reviews and meta-analysis allow indirect comparison of these systems, and the definition of their risk of 
failure, surgical revision and device explant (4-6). However, in the absence of randomized comparative 
studies the definition of the best patient profile for each device is not easy.

The aforementioned devices can be used to treat moderate-to-severe-incontinence in patients re-
taining certain sphincteric function. Then, the AUS is not the only resource to consider in a patient with 
stress incontinence other than mild. Besides, when natural history of the aging male, prone to manual 
dexterity and cognitive deterioration, is taken into account and the patient beyond the sphincter is fully 
considered (7) these options are very attractive, especially from the patients’ point of view (8).

The standing cough test was proposed as a rapid and office-based surrogate for the evaluation 
of male postprostatectomy incontinence (9, 10). The male stress incontinence grading system (MSIGS) 
is a modified standardized application of the standing cough test was proposed to stratify patients ac-
cording to leakage severity and to guide surgical planification. It quantifies standing cough test using 
a 0 to 4 scale based on the observed leakage pattern noted during four strong coughs in the standing 
position (11). It is true that the MSIGS correlates well to patient reported pad count (number of pads per 
day used) (11, 12), but a correlation with 24-h pad test has never been proved. Also, several limitations 
need being addressed. First of all, it is admitted that the patient has not voided at least 1 hour before 
the examination, but neither bladder filling needed for the assessment nor the intraabdominal pressure 
are standardized. Also, interobserver consistency of the test has never been evaluated and the MSIGS 
should be evaluated prospectively and not according to what is taken in clinical records. 

Anyway, it is beyond discussion that the MSIGS can be of value to predict a negative result 
after male transobturator sling success and thus can be incorporated to refine predicted nomogram 
based on several independent variables that include (in order of decreasing weight) history of radia-
tion, pad-count and MSIGS (12). 
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SURGICAL TECHNIQUE

Functional results of hautmann neobladder with chimney 
modifi cation and wallace ureteroileal anastomosis: initial 
experience with 22 patients
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ABSTRACT

Objective: To assess the functional outcomes and complications of modifi ed Hautmann 
neobladder with Wallace ureteroileal anastomosis on a 6-8 cm long isoperistaltic 
chimney, following radical cystectomy.
Materials and Methods: Between January 2015 and October 2019, 22 patients (18 men and 
4 women) underwent radical cystectomy and Hautmann neobladder reconstruction with 
chimney modifi cation and Wallace I ureteroileal anastomosis. The mean age of patients 
was 61 years (45–74 years). All procedures were performed by the same surgeon and 
the mean follow-up was 29.4 months. Complications were registered as early (occurring 
within 3 months) or late (occurring after 3 months), with particular attention addressed 
to the ureteroileal anastomotic stricture and anastomotic leakage rate. Patient evaluation 
also included symptom analysis for daytime continence and voiding frequency.
Results: Ureteroileal anastomotic stricture was not detected as a cause of hydronephrosis. 
Hovewer, the anastomotic leakage occurred in one patient during the early postoperative 
period. Early complications occurred in 9 patients and the most common was bilateral 
hydronephrosis, detected in 5 examinees. Late complications occurred in 4 patients. 
Complete daytime and nighttime continence achieved in 18 and 16 patients respectively, 
with two patients (9%) still required intermittent catheterization three months after surgery.
Conclusions: The functional results with modifi ed Hautmann neobladder, incorporating 
short afferent limb in Wallace I uretero-enteric anastomosis, were effi cient. This technique 
is an effective way to minimize potential uretero-enteric stricture, anastomotic leakage 
and incidence of vesicoureteral refl ux.
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INTRODUCTION

Orthotopic ileal neobladder is one of the most 
common techniques currently employed for bladder 
replacement. The modifi cation of the Hautmann ile-
al neobladder has already been described (1, 2), and 
compares favorably to other forms of urinary diver-

sion with regards to ureteral stenosis, urinary incon-
tinence and simplifi cation of the uretero-intestinal 
anastomosis. Under cases of recurrent disease, it 
seems to provide greater versatility for short ureters 
and easy post-operative access for uretero-intestinal 
anastomotic revision or resection. The standard te-
chnique for uretero-enteric anastomosis is Bricker 
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ureteral implantation in an end-to-side fashion using 
running sutures (3), where benign uretero-ileal anas-
tomotic stricture (UIS) was reported with an inciden-
ce ranging from 2.7% to 10%. Additionally, there is a 
significant risk of vesicoureteral reflux (VUR) occur-
rence and subsequent upper urinary tract infection. 
These drawbacks could be partially corrected by mo-
dified technique of the Hautmann neobladder using 
a single, short chimney, in order to allow the use of 
longer segments of the lower ureters which partici-
pate in reflux prevention. Moreover, some authors 
emphasize the advantage of Wallace anastomosis 
over the Bricker technique. It seems that conjoined 
ureteral plate and larger diameter for uretero-ileal 
anastomosis may be associated with less tension on 
the ureteral walls, which ultimately results in absence 
of UIS (3, 4).

 The objective of this study was to describe 
our technique of Hautmann neobladder with chim-
ney modification and Wallace I uretero-ileal anasto-
mosis and to compare our results with present litera-
ture in relation to peri-operative functional outcomes 
and complications.

MATERIALS AND METHODS

Patients and study design
 Between January 2015 and February 2019, 

an orthotopic neobladder reconstruction was perfor-
med in 22 patients who had organ confined bladder 
cancer and who were scheduled for radical cystec-
tomy (RC). All surgical procedures were performed 
by a single expert and high-volume surgeon (D. Dj), 
who has ample experience (>10 years) in radical cys-
tectomy with Hautmann ileal neobladder prior to 
this study. Eligible patients were aged ≥40 years (yr) 
and had bladder cancer clinical stage T2-T3/N0-3/
M0. Patients were excluded if they had previous pel-
vic radiation, history of inflammatory bowel disease 
or small bowel surgery, clinical stage T4 or M1, or 
prior extensive abdominal surgery. Males with pros-
tatic urethral involvement were also excluded from 
the study as well as females with tumor extension 
to the bladder neck region or anterior vaginal wall. 
Since only a small bowel was used, no specific bo-
wel preparation was necessary. An oral fluid diet was 
given one day before surgery, which was stopped six 
hours before anesthetic induction. Post-surgery, each 

patient was re-evaluated on a 3-month basis for one 
year, 6-monthly for the second year and annually 
thereafter. Complications were reported according to 
the modified Clavien-Dindo classification system (5). 
Reservoir-related complications included obstructive 
or non-obstructive hydronephrosis, UIS, pyelone-
phritis, anastomotic leakage, metabolic acidosis and 
VUR. The surgical protocol had been approved by the 
University of Belgrade institutional review board and 
registered, in view of the retrospective nature of the 
study, with the Ethical Committee of Clinical Centre 
of Serbia and conducted in accordance with the prin-
ciples of the Declaration of Helsinki of World Medical 
Association. All patients provided informed consent 
for surgery.

Surgical technique

 The surgery comprised RC with standard pel-
vic lymph node dissection, which was followed by 
reconstruction of Hautmann ileal neobladder with 
chimney modification as follows. For constructing 
the reservoir, an ileal segment of approximately 55-
60cm was isolated, 25cm proximal to the ileo-cecal 
valve, and bowel continuity restored with a 4-0 PDS 
single-layer seromuscular running suture. The most 
proximal part of the isolated ileal segment (6-8cm) 
was not detubularized. The remaining distal end of 
the ileal segment was opened along its antimesente-
ric border and four folds of the ileum were arranged 
in the shape of a ‘W’ using four traction points, with 
a 6-8cm long isoperistaltic chimney on the left side 
of the ‘W’ (Figure-1a). An ileal plate is formed by 
sewing together the cut edges of the antimesente-
ric borders using 3-0 absorbable suture (Figure-1b), 
meanwhile, ureters were spatulated over 3-4cm and 
cannulated with 6Ch ureteral catheters (Figure-1c), 
the maximum length of a healthy ureter was pre-
served on both sides while the left ureter was mobi-
lized retroperitoneally to the right side of the pelvis, 
through a tunnel prepared at the base of the sigmoid 
mesentery. Next, ureters were anastomosed together 
in a running fashion, starting at the lowest point of 
spatulations (Figure-1d). Furthermore, free edges of 
the newly constructed ureteral plate were anastomo-
sed to the open end of the chimney in an end-to-end 
fashion (Wallace I technique), using two running 4-0 
polydioxanone sutures, starting at the lowest point 
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Figure 1 - Construction of the reservoir: a) four folds of ileum were arranged in the shape of a ‘W’ using four traction points, 
with a 6-8cm long chimney situated on the left side of the ‘W’. Base of the "W" is oriented cranially; b) Folding of the 
posterior plate: an ileal plate is formed from the ‘W’ by sewing together the cut edges of the antimesenteric borders using 
absorbable running suture on a straight needle. Chimney is positioned on the left side of the plate; c) Ureters were spatulated 
for an average of 3-4cm, with maximum length of a healthy ureter and periureteral fatty tissue preserved on both sides; d) 
conjoined ureters sec. Wallace I.

of the ureteral plate and finishing at the oppo-
site end of the newly constructed uretero-ileal 
anastomosis. All layers in the ureter were su-
tured to all layers in the ileum (6). After ap-
propriate ureteral stents were placed, they were 
brought through the anterior neobladder suture 
line and the remaining anterior neobladder wall 
was closed by sewing the outer walls together 
using running a 3-0 synthetic absorbable sutu-

re, starting at the most caudal portion where a 
button-hole of all layers is excised from the ile-
al plate, 1-2cm from the tip of the U-shaped flap 
(Figure-2a). Preparation of the urethra (Figure-2b) 
and ileo-urethral anastomosis were performed 
using the same principles described in the original 
Hautmann technique, with a 20-22F catheter pla-
ced through the button-hole of the ileal plate (3). 
No cystostomy tube was placed (Figure-2c).
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 As clearly outlined above, the main diffe-
rences in our technique from the original depiction 
of modified chimney technique (1, 2) were the chi-
mney size, length of the ureteral spatulation and 
the end-to-end running suture uretero-ileal anas-
tomosis (Figure-2d).

Outcome measures and follow-up
 After surgery, the transurethral catheter was 

required to be flushed using sterile saline every 4-6 

hours (hr). Patients were told to empty neoblad-
der initially every 2 hr in a seated position, with 
voiding intervals extended to 4-6 hr, which would 
gradually extend neobladder capacity and provide 
socially acceptable voiding interval. The acido-
sis was monitored using the base excess that was 
estimated by venous blood gas analysis, initially 
every three days, followed by weekly, depending 
on the blood gas values. Oral sodium bicarbona-
te substitution was administered for two months 

Figure 2 - a) After closing the lower half of the anterior wall, the outlet was created as a buttonhole at the most dependent 
part of the pouch. After appropriate ureteral stents were placed and brought through the anterior neobladder wall, the 
remaining pouch wall was closed, leaving the reservoir outlet open; b) The urethral remnant has been approached and 
prepared exactly as is done in nerve sparing radical prostatectomy. For the ileo-urethral anastomosis, six double-armed 
sutures were placed, beginning with the most ventral sutures at the 1 and 11 o'clock position, followed by the sutures at the 
3 and 9 o'clock position, and finally the two most dorsal sutures at the 5 and 7 o'clock position. c) final reservoir shape with 
ureteral stents placed through the anterior neobladder wall. No cystostomy tube was placed; d) illustration depicts main 
aspects of our technique and differences in comparison with the original approach.
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postoperatively to decrease the incidence of meta-
bolic acidosis (7).

 Routine follow-up examinations inclu-
ded laboratory studies, urinary cytology, abdo-
minal ultrasound and intravenous urography. 
Abdominal/pelvic computer tomography and 
chest radiography were performed annually or 
in suspected cases of local or distal tumor pro-
gression. Patient evaluation included symptom 
analysis for daytime continence, enuresis and 
voiding frequency. They were all examined for 
UIS, VUR, hydronephrosis and other peri-ope-
rative outcomes during the follow-up period. 
Non-obstructive hydronephrosis was defined as 
a dilated intrarenal collecting system on ima-
ging without evidence of UIS or other mechani-
cal obstruction and was confirmed by intrave-
nous urography or computer tomography. The 
European Organization for the Research and 
Treatment of Cancer Quality-of-Life Core Ques-
tionnaire version three was used to measure he-
alth-related quality of life (HRQoL). Questionnaires 
were completed independently by the patients before 
surgery and after one year postoperatively (8).

 The global health status was calculated 
following established guideline, where higher sco-
res were associated with an increased HRQoL (9, 
10). Voiding patterns and continence statuses were 
evaluated using the same questionnaire. Conti-
nence rates and time intervals between clear in-
termittent catheterizations (CICs) at last follow-up 
were recorded. Urinary continence was defined as 
absence of urine leakage between self-catheteriza-
tions (11). The neobladder capacity and post-void 
residual urine volume were also evaluated. CICs 
was recommended for patients with a post-void 
residual of >100mL. Each complication that occur-
red was classified as early (<3 months) or late (>3 
months after surgery).

Statistical Analysis

 Data were expressed as mean±standard de-
viations (SD) or percentage (%). The Student T test 
and Mann Whitney U test were used to determine 
statistical significance. In all the analyses, a p va-
lue of statistical analysis was performed with SPPS 
v16.0 (SPPS, Chicago, IL, USA).

RESULTS

 Our study enrolled 22 patients, who un-
derwent RC with standard pelvic lymph node dis-
section. Clinicopathological features and periope-
rative outcomes are summarized in Table-1.

 All patients had transition cellular carci-
noma and the tumor stage ranged from T2 to T3 
N0-3/M0. The pathological stage was pT3 in 5 and 
pT2 in 17 patients, where 15 patients had high 
grade (G3) disease. Neoadjuvant chemotherapy 
was performed in 8 patients (36.3%). The average 
age of the patients was 61.2±8.1 years (45 to 74 
years). The total operative duration was 240±33.6 
min and the estimated blood loss 400±210mL. 
Patients follow-ups were 13 to 48 months (mean 
29.4±10.3) and distribution of reservoir-related 
complications and their management categorized 
by the time of occurrence. Within the first three 
months post surgery, hydronephrosis was obser-
ved in five patients (18%), while VUR occurred in 
three patients (13.6%) respectively. No UIS was de-
tected as a cause of hydronephrosis within the first 
three months or afterwards. However, the anasto-
motic leakage rate was 4.5% during the early pos-
toperative period. Four patients (18.1%) developed 
metabolic acidosis, three months post-operatively 
and management consisted of immediate intra-
venous sodium bicarbonate administration with 
oral solution maintenance for four weeks (grade II 
Clavien Classification of Surgical complications). 
During the follow-up, two patients with persistent 
VUR had improved after CICs (grade I Clavien). 
In addition, all patients with hydronephrosis had 
improved with or without treatment (grade I-II 
Clavien). Moreover, one patient with anastomo-
tic leakage was treated with retrograde bilateral 
JJ stent insertion, antibiotics and CICs (grade IIIa 
Clavien) (Table-2). No local tumor recurrence took 
place. Serum creatinine was less than 1.4mg/dL 
pre-operatively in the majority of patients and 
remained within normal ranges. There was no 
statistically significant difference in change in esti-
mated glomerular filtration rate until last follow-up 
(74.2 vs. 66.7mL/min/1.73m2, p=0.32). During the 
last follow-up visit, complete daytime continence 
was reported in 18 patients (81.8%), whereas com-
plete nighttime continence was achieved in 16 pa-
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tients (72.7%). Incontinent patients had to catheterize 
themselves every 4-8hrs. With regards to quality of 
life, patient-reported HRQoL decreased significantly 
post-operatively, while symptoms score aspects were 
maintained (Figure-3).

DISCUSSION

 The first modification of the original Haut-
mann technique was published by Lippert & Theo-
dorescu in the late nineties (1). Several years later, 
Hollowell et al. (2) claimed that the technique of 

Hautmann neobladder with chimney modification is 
safe and feasible and has favorable surgical outcomes 
compared to other techniques. The common issue for 
these reports is the type of uretero-ileal anastomosis 
performed in a direct, end-to-side manner (Bricker). 
This approach may be associated with a relatively 
high rate of UIS, ranging from 6-20% (12, 13). The 
findings we reported here support this statement, sin-
ce the main reason for developing the new technique 
in our institution was a high incidence of UIS after 
neobladder construction with Bricker uretero-ileal 
anastomosis. Nevertheless, our recent study (6) re-

Table 1 - Clinicopathological features and perioperative outcomes with diversion-related complications within first three 
months and during follow-up after surgery with their management.

Mean (SD) / Percentage (%)

Demographic & pathological characteristics Patients (n=22)

Age (years) 61.2 ± 8.1

BMI, kg/m², mean 27.2 ± 2.6

Male/Female, n (%) 18 ± 82 / 4 ± 18

Hospital stay (days) 19 ± 3.4

Maximum neobladder capacity (mL) 453 ± 61.4

Postvoid urinary volume (PVR), (mL) 83.8 ± 35.5

Reservoir related complications, n (%) ≤ 3 months >3 months

VUR, n (%) 3 (13.6) 2 (9)

Gr I –II 3 2

Gr III –IV 0 0

Hydronephrosis, n (%) 5 (22.7) 3 (13.6)

Unilateral 0 1

Bilateral 5 2

Pyelonephritis, n (%) 2 (9) 2 (9)

i.v antibiotics only 1 0

oral antibiotics only 1 2

Anastomotic leakage rate, n (%) 1 (4.5) 0

Anastomotic stricture rate, n (%) 0 0

Metabolic acidosis, n (%) 4 (18.1)* 1 (4.5)

Complications treatment, n (%) 11 (50)* 5 (22.7)

Intermitent catheterization (CICs) 4 2

Sodium bicarbonate (i.v/oral) 3/1 0/1

Antibiotics (i.v/oral) 1/1 0/2

JJ stent placement 1 0

*statistically significant difference (p<0.05)
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Table 2 - Clavien - Dindo classifi cation of diversion - related complications and its incidence during early (≤ 3 months) and 
late (>3 months) postoperative follow-up period.

Mean / Percentage (%)

Postoperative complications
(Clavien - Dindo classifi cation)

Patients (n=22)

Early Late

Grade I 7 (31.8) 5 (22.7)

Grade II 7 (31.8)* 3 (13.6)

Grade III  (IIIa/IIIb) 1 (4.5) 0

Grade IV  (IVa/IVb) 0 0

*statistically signifi cant difference (p<0.05)

Figure 3 - EORTC QLQ-C30 scores preoperatively and at the end of the 12-month follow-up period. Asterisk (*) denotes 
statistically signifi cant difference between samples (p <0.05).

ported signifi cantly lower anastomotic stricture and 
anastomotic leakage rates using modifi ed Wallace 
technique in uretero-ileal anastomosis, which could 
be important issues in minimizing both short- and 
long-term postoperative complications. Moreover, 
Hautmann et al. (14) claimed that freely refl uxing 
Wallace anastomosis to the afferent limb of the or-
thotopic reservoir has the lowest non-tumor related 

anastomotic stricture rate (5.4% comparing to 16.3% 
using Bricker technique). Furthermore, the same au-
thor emphasized the importance of the anastomotic 
technique instead of chimney length in preventing 
strictures and refl ux.

 It can be deduced that Wallace anastomo-
sis on modifi ed chimney has paramount importan-
ce in reducing UIS rate. Indeed, in our study group, 
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none of the patients developed UIS, after a median 
29 months follow-up, with anastomotic leakage rate 
of only 4.5%. Overall, the incidence of early and late 
postoperative, reservoir-related complications, were 
68.1% and 36.3%, respectively, but neither UIS nor 
anastomotic leakage were detected three months pos-
toperatively. This is an important issue and supports 
our technique on stricture formation and leakage 
occurrence. This is possibly due to Wallace uretero-
-ileal anastomosis, short chimney and long ureteral 
spatulation, with sparing as much ureteral length as 
possible. Indeed, Shigemura et al. (15) claims that the 
advantages of Wallace anastomosis over the Bricker 
technique are depicted in conjoined ureteral plate and 
larger diameter for uretero-ileal anastomosis, with 
less tension on the ureteral walls that ultimately re-
sulted in the absence of UIS and anastomotic leakage. 
Moreover, technical simplicity, shorter operative time 
and easiness in performing retrograde pyelography 
during the follow-up period, were all advantages of 
the anastomotic technique in our study group. Bian-
chi G et al. (16) claimed that Wallace anastomosis in 
modifi ed Studer neobladder reduces the risk of VUR 
probably due to straight, long conductive ureters 
with no ureteral kinking. Nevertheless, a shorter 
chimney may also play a role in refl ux prevention, 
due to the fact that a shorter afferent limb allows 
the use of longer segments of the lower ureters that 
participate in refl ux prevention (17). All these fi n-
dings together bolster the assertion that meticulous 
ureteral handling, along with fi ne suturing techni-
que of Wallace uretero-ileal anastomosis and shor-
ter intestinal chimney, are essential to minimize 
the risk of postoperative strictures, urinary leakage 
and VUR. However, studies presenting different te-
chniques of uretero-ileal anastomosis and ortho-
topic reservoir construction, showed comparable 
results in regard to early and late postoperative 
complications rate (18, 19).

 The ideal form of urinary diversion would ap-
proximate normal bladder function and provide con-
tinent, non-refl uxing, low-pressure storage of sterile 
urine, and allow complete and convenient emptying. 
We presented here the technique relatively easy to 
perform, which creates a reliable uretero-intestinal 
anastomosis without tension. In addition, 49-52cm 
of detubularized ileum used to create pouch reservoir 
guarantees proper reservoir capacity of 400-500mL 

at 3-6 months, provided that no signifi cant refl ux 
to the upper tract occurred. Incidence of VUR in our 
study was 13.6% after the fi rst three months and 9% 
during follow-up time, with grade I-II presented in 
4 out of 5 cases, which defi nitely accelerated proper 
capacity formation.

 Nevertheless, this volume reduces the inci-
dence of metabolic disorders, e.g. acid-base and elec-
trolyte imbalances, since 60cm of ileal segment usu-
ally leads to a large absorbing area of the neobladder 
mucosa and hyperchloremic metabolic acidosis (8, 
9). The rate of metabolic acidosis was 18.1% during 
fi rst three months and 4.5% afterwards, with mild 
symptoms and oral alkalizing therapy. Our results 
are encouraging compared to several studies where 
even shorter ileal segments for pouch construction 
(40cm) were associated with a higher incidence of 
metabolic acidosis of up to 58% (20, 21). Therefo-
re, high volume, low-pressure orthotopic bladder 
substitute, together with short chimney and long, 
conductive ureters is essential point in upper tract 
preservation and prevention of metabolic acido-
sis. Additionally, it doesn’t seem that the site of 
the orthotopic neobladder outlet (non-hole vs. 
button-hole technique) is associated with a signi-
fi cant increase in the complication rate (22).

 Patients with neobladder reservoir who 
should depend on CIC immediately after RC can ex-
perience similar negative impacts on their quality of 
life. In our study, two patients (9%) still required CICs 
three months after surgery, with complete daytime 
and nighttime continence achieved in 81.6% and 
72.7% respectively. These results were comparable to 
those reported in other studies (23, 24).

 The limitations of our study are small sample 
size and a short follow-up period. Additionally, we 
compared our results mostly with a small cohort of 
studies, describing Hautmann neobladder with modi-
fi ed chimney technique, thus additional studies may 
be necessary to strengthen our results. Despite that, 
we found acceptable rate of uretero-enteric strictures, 
VUR and anastomotic leakage, lower than those in 
the conventional technique.

CONCLUSIONS

 Wallace direct uretero-ileal anastomosis 
when combined with short, afferent isoperistaltic chi-
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mney is an effective way to minimize potential UIS, 
anastomotic leakage and incidence of VUR. This is a 
simple surgical technique in Hautmann neobladder 
with chimney modification.

LIST OF ABBREVIATIONS

UIS = uretero-ileal anastomotic stricture
VUR = vesicoureteral reflux
HRQoL = Health related quality of life
CIC = Clean intermittent catheterization
RC = radical cystectomy
Hr = hours
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INTRODUCTION

Kidney stone prevalence has raised up in past 
few years (1-3). Several factors contributed to this 
growth rate including professional journey, dietetics 
habits and metabolic syndrome including obesity 
and Diabetes Mellitus (4, 5). Moreover, urolithiasis is 
a chronic disease with a recurrence rate close to 50% 
in 5 years (6, 7).

 Frequently, urolithiasis treatment requires 
surgical intervention. Endoscopic approach is the 
gold standard and retrograde intra-renal surgery 
(RIRS) and semi-rigid ureteroscopy are the most 
common procedures performed for kidney and 
ureteral stones removal (8, 9). New technology 
including digital and disposable flexible urete-
roscopes, well designed guidewires, baskets, ac-
cess sheaths and high-power laser systems with 
small fibers are particularly interesting devices to 
guarantee safety and attractivity for retrograde 
approach. Ureteroscopy’s complications are rare 
(10), but urothelial lesions, peri-renal collections, 
infection with or without sepsis can be related to 
surgical technique.

 Ureteroscopy is normally performed with 
fluid irrigation and intra-renal temperature and 
pressure must be taken in consideration due the 
fact it may correlate to complications, especially 
sepsis risk.

 Our paper aims to review ureteroscopy sur-
gical aspects regarding intra-renal pressure/tempe-
rature and the relationship between this parameters 

and potential complication involved.
Intra-renal pressure

 Physiological intra-renal pressure ranges 
from 5 to 10cm H2O and it is increased during en-
doscopic surgery. Some studies reported 40cm H2O 
as the safe upper cut off for intra-operative pressu-
re (11). Complication rate increases in higher intra-
-renal pressure scenarios. Saline irrigation influx
control and ureteral access sheath use are the main
determinants to avoid the increasing in intra-renal
pressure during ureteroscopy.

 Saline irrigation plays a major role during 
ureteroscopy, leading to ureteral lumen expansion 
and permitting renal pelvis and calices visualiza-
tion and ureteroscope free navigation through the 
entire collecting system. Historically, ureteroscopes 
first generations were not equipped with a robust 
working channel and no irrigation was possible. 
Intra-operative diuretics were commonly used to 
minimize the effects of irrigation deficit (12). Up-
grade in ureteroscopes technology added irrigation 
devices for working channels and improved surgeon 
visualization. However, saline flow can potentially 
increase intra-renal pressure (11, 13). As previously 
mentioned, pressure of 40cm of H2O or higher can 
increase post-operative complication risks, including 
bleeding, perirenal collection, and sepsis (14). Sepsis 
is probably explained by pyelo-venous reflux me-
chanism, translocating bacteria from urinary colle-
ting system into the blood stream.

 There are several ways to use saline to ir-
rigate during ureteroscopy and gravity irrigation is 
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the simplest one. As another way is to use manual 
pumps; recently, modern advanced irrigation sys-
tem (Thermedx® FluidSmartTM) has been produced 
and utilized to better control flow and intraluminal 
pressure controls during endoscopic procedures, es-
pecially percutaneous nephrolithotomy. Noureldin 
et al. showed that when gravity flow irrigation was 
used, ureteral and intra-pelvic pressures were low 
and within a safe range. When manual pump was 
utilized, intra-pelvic pressures reached peaks of 
84 and 105mmH2O, increasing complication risks 
during the procedure (15).

 Flexible ureteroscopes typically have only 
one working channel, used simultaneously for ir-
rigation and endoscopic tools use, such as baskets, 
guidewires, and laser fibers. It is well-known that 
when the working channel has an endoscopic tool 
inside, saline flow decreases considerably, and 
stone visualization is compromised (16). Williams 
et al. also studied flexible ureteroscope geome-
trical aspects and its influence in irrigation flow 
rates. They found that scope deflection does not 
reduce irrigation flow significantly: totally deflec-
ted ureteroscope showed only 5% of flow decre-
ase. Moreover, oval shaped working channel see-
ms to delivery better irrigation flow compared to 
circular ones. These findings might be helpful for 
future ureteroscopes generation to improve irriga-
tion performance (17). As irrigation is essential for 
a clean surgical field view during ureteroscopy, 
temporary intra-operative visualization impair-
ment due to bleeding, stone fragments and even 
poor scopes quality can lead surgeons to increa-
se irrigation flow rates to enhance visualization, 
increasing intra-renal pressure and rising poten-
tial complications events. Auge et al. showed that 
intra-renal pressure was increased when ureteros-
cope is inside the renal pelvis (18).

 Schawalb et al., in a porcine model, eva-
luated intra-renal pressure dynamics and kid-
ney morphological changes during ureteroscopy. 
Significant saline backflow through the renal 
parenchyma was observed in intra-renal pressu-
res higher than 30cmH2O. It also caused caliceal 
urothelium flattening and erosion associated with 
vacuolization, degeneration, and glomerular he-
morrhage. Renal cortex histological analysis after 
4-6 weeks demonstrated focal scarring in tested

kidneys, whereas no scarring was encountered in 
low pressures operated kidneys. Tubular histology 
effects were significantly more traumatic in the 
group submitted to higher intra-renal pressures 
(combined to an increased incidence of tubular 
and collecting ducts dilation, as well as interstitial 
inflammation). In the same study, authors showed 
that intra-renal pressure was reduced by keeping 
bladder empty. Renal pressure increases by 20 to 
25mmHg when bladder is fulfilled, supporting 
the use of a urethral catheter during ureteroscopy 
(14).

 There are other ways to decrease intra-
-renal pressure during ureteroscopy. Jung et al.
studied the effects of intraluminal β-agonist to
reduce intra-renal pressure (19). In this trial, use
of saline irrigation containing isoproterenol, a
non-selective β-agonist, decreased endoluminal
pressure (20). Despite these results, use of intra-
-operative β-agonist has never been incorporated
in the best clinical practice for endoscopic uro-
logical procedure. On the other hand, use of ure-
teral access sheaths became popular. Several stu-
dies showed that the use of ureteral access sheath
dramatically reduces intra-renal pressure during
retrograde intra-renal surgery. Access sheath use
associated to smaller ureteroscope diameters are
paramount to keep intra-renal pressure below the
40cmH2O safety threshold (11). During ureteros-
copy, intra-renal pressure is lower closer to pro-
ximal ureteral access sheath than in ureteroscope
distal extremity (21).

 Ureteral access sheaths (UAS) were deve-
loped by Takayasu et al. to made easier both ure-
teral and renal access, serving as a guide tube (22). 
Recent improvements in UAS were incorporated 
as different diameters, lengths, and materials. Use 
of access sheath is not mandatory; however, many 
studies have demonstrated its benefits such as ea-
sier navigation and decreased intra-renal pressure 
during surgery, explained by better saline outflow 
(23, 24). Kourambas et al. proposed that opera-
tive time and costs could be reduced using UAS 
(25). On the other hand, Traxer et al. demonstra-
ted no benefits in operative time when ureteral 
access sheath was employed. However, this study 
lacked randomization and the UAS group had a 
larger stone burden (26). UAS use is a good alter-
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native to optimize fluid irrigation and promotes 
reduced intra-renal pressures. Irrigation levels can 
be increased by 35 to 80% when a ureteral access 
sheath is utilized, keeping the same intra-renal 
pressure (21). Auge et al. showed that regardless 
ureteroscope style or ureteral access sheath posi-
tion (located in the ureter or renal pelvis), intra-
-renal pressure reduction can reach up to 75%
previous pressure levels (18). Larger ureteral ac-
cess sheath promotes lower intra-renal pressure.
UAS (12/14Fr and 14/16Fr) reduced intra-renal
pressure to safe levels while smaller access shea-
ths (9.5/11.5Fr) provided insufficient drainage due
reduced diameter and therefore maintained eleva-
ted intra-renal pressures during ureteroscopy (15).
Among medium size UAS (10/12Fr), data is not
clear. Yoshida et al. tested four different brands of
10/12Fr UAS and only two of them were able to
keep pressure under 40cmH2O (27).

 In a retrospective case-control study to 
evaluated complications, patients who had un-
derwent flexible ureteroscopy from 2008 to 2017 
were compared in terms of use of UAS and pos-
toperative infection. Fever rates were significantly 
lower in the 14/16Fr access sheath group when 
compared to those in 12/14Fr group (1.6% vs. 
6.4%, p <0.001). Complications related to access 
sheath employment, such as ureteral wall lesion, 
were similar in both groups, probably due to pre-
operative stenting in this patient cohort (28). It 
seems conclusive that the use of a larger ureteral 
access sheath protects the renal colleting system 
from high pressures harms during ureteroscopy 
and consequently reduce infectious complica-
tions. However, a study developed by Traxer et 
al. described results from 359 procedures using a 
12/14Fr UAS, showing an incidence of 13.3% of 
ureteral damage specially among men and elderly. 
Pre-stenting reduced this event by 7 times in this 
cohort (29). The American Urological Association 
(AUA) guidelines recommend the UAS use during 
flexible ureteroscopy for large stone treatment, to 
lower operative time and complications rates (30).

Intra-renal Temperature
 Holmium:yttrium-aluminum-garnet 

(Ho:YAG) laser is a worldwide spread technology 
for lithotripsy during flexible ureteroscopy. This 

is a highly efficient platform available to frag-
ment all kidney and ureteral stone compositions 
(31, 32). Recently, there has been an interesting 
debate concerning ideal laser settings to apply for 
different scenarios during surgery and decision 
taking of whether to perform basketing or dusting 
techniques based on pulse width, frequency, and 
energy (33). Ho:YAG laser has a thermomechani-
cal activity and the major concern about its use 
is about possible thermal effects on surrounding 
urothelium and renal tissue (34-36). Temperatu-
res can reach 60ºC after only 10 seconds of laser 
activation at 40W (36). Increments in intra-renal 
temperature can possibly lead to irreversible cellu-
lar damage by protein denaturation, in addition 
to cell’s genetic expression and composition da-
mages, evolving to urothelial cellular death (37). 
Experimental study using a porcine model, using 
laser at 40W showed that short exposure of tem-
perature above 40-60ºC could promote tissue da-
mage and cellular death (38). Studies showed tem-
peratures above 43ºC represent an increased risk 
for tissue damage and therefore should be avoi-
ded. Room temperature saline irrigation flow and 
suitable laser settings are paramount to maintain 
temperature in safe limit ranges (39). In an ex vivo 
experimental study, Molina et al. demonstrated 
the benefits of constant saline irrigation during 
ureteroscopy by reducing the temperature signi-
ficantly during laser activation while using 10W 
total power (39). Wolin at al. developed another 
experimental model evaluating irrigation flow 
and laser settings. Without constant saline irriga-
tion, all settings between 1.6 and 20W total power 
presented a temperature upper thermal damage 
threshold, and up to 100ºC when a total power of 
20W was applied. Safe temperature profile was ob-
served when 100mL/min irrigation flow rate was 
applied. When reduced to 50mL/min, 40ºC tem-
perature measurement was detected only at 20W 
total power set (40). According to this study, we 
can conclude that constant irrigation flow is es-
sential to thermal damage prevention during ure-
teroscopy. Aldoukhi et al. recently published data 
regarding irrigation flow, laser power setting and 
temperature. Authors concluded that higher irri-
gation flow rates are needed to use higher power 
settings to keep temperature in safety range (41). 
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Different scenarios were created by Maxwell et al. 
to evaluate saline flow influence on temperature 
and once again results confirmed that, without ir-
rigation, laser activation leads to potentially har-
mful temperature. When using an irrigation flow 
of 15mL/min and 40mL/min, temperatures remai-
ned at safe levels, except 15mL/min and 40W set, 
when a temperature of 60ºC was observed. Tempe-
rature measurements at different locations in the 
collecting system yielded higher values at the ure-
ter and renal pelvis. Caliceal temperature ranged 
from 36.5ºC to 99ºC when a constant saline irriga-
tion flow of 5mL/min was applied (42). Butticè and 
cols. demonstrated that interrupted irrigation lead 
to rise temperatures up to thermal damage threshold 
regardless laser settings. Considering two distinct 
laser fiber diameters, no difference in results were 
observed. However, time needed to reach thermal 
damage temperature threshold was reduced in small 
diameters fibers and it was inversely proportional 
to energy pulse (35). As previously mentioned, ins-
truments usage through working channel such as 
the laser fiber and baskets impair saline flow rate 
and can possibly contribute to a crucial reduction in 
irrigation rates increasing thermal cell injury. The-
refore, close attention should be paid in high po-
wer settings, especially in impaired irrigation flow 
situation. Finally, Winship et al. studied pulse width 
effects of pulse and intra-renal temperatures in an 
in vitro model, utilizing flexible ureteroscope throu-
gh a 11/13Fr ureteral access sheath with a 365-mi-
cron laser fiber. Long, short and modulated (Moses 
distance and contact) pulses were analyzed. Longer 
pulse promotes higher temperature, however within 
the safe range for cellular damage (43).

 To date, there is no evidence that supports 
UAS use for reducing intra-renal temperature. Ho-
wever, it is an expert’s consensus that UAS use 
can improve saline inflow and outflow, preventing 
further intra-renal pressure elevation and thus ke-
eping temperature at safety level.

 An outbreaking technology for lithotripsy 
recently developed is promising to improve results 
compared to the Ho:YAG laser. Thulium fiber la-
ser (TFL) presents unique characteristics, allowing 
urologists to use energy pulses as low as 0.025J, 
extremely high frequencies (up to 2000Hz), while 
using a thin silica fiber as small as 50µm (44). 

These properties enabled faster lithotripsy compa-
red to the Ho:YAG systems with less stone retro-
pulsion (45). Hardy et al. hypothesized a reduction 
in fiber diameter associated with better saline ir-
rigation would contribute to reduce temperature 
patterns during laser activation. However, in an in 
vitro study, authors demonstrated a higher tem-
perature increase with the TFL compared to the 
Ho:YAG platform and showed an even greater rise 
when using higher frequencies (45). In another in 
vitro study published by Peng et al., researchers 
demonstrated that total power and irrigation flow 
are the most important variables to affect tem-
perature rise during TFL lithotripsy, establishing 
a safe threshold of 15mL/min and 20mL/min for 
20w and 20-30W total power, respectively (46).

CONCLUSION

 Ureteroscopy is the most performed endou-
rological procedure by urologists for ureteral and 
kidney stones treatment. Understand procedure 
details and particularities is cornerstone to obtain 
better results and decrease related complications. 
In this review we aimed to inform urologists about 
intra-renal pressure and temperature importance 
when performing flexible ureteroscopy based on 
the most up-to-dated available data.

 Constant saline irrigation is critical to not 
exceed 40cmH2O threshold aiming to minimizing 
postoperative infections and perinephric fluid col-
lections risks and other complications. Ureteral 
access sheath use seems to have a positive impact 
decreasing intra-renal pressure by promoting better 
kidney drainage.

 Intraoperative temperatures can be incre-
ased by laser activation and irrigation plays an 
important role mitigating cellular thermal damage. 
Special attention should be paid using high power 
settings during lithotripsy once upon it can incre-
ase temperatures inside collecting system. Consi-
dering this review, the authors suggest some take 
home messages about this issue (Table-1).

 In conclusion, saline irrigation is pivotal 
for visualization and reduction of intra-renal tem-
peratures. It should be carefully used to avoid high 
intra-renal pressure related to increased postopera-
tive complications risk.
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COMMENT

BC number and treatment advances
 Bladder Cancer (BC) is not a very com-

mon malignancy. In Brazil, there are 10.640 
new cases estimated for 2020, representing 
1.6% of all malignancies (1, 2). In Brazil, aging 
population has been associated with a signifi-
cant increment in the number of patients with 
BC during the last decade (3). During this pe-
riod, an increment of 44% in the number of 
hospital admissions due to BC have occurred 
(3). Apart from that, unfortunately, treatment 
of the initial phases of BC is complex and un-
derperformed in the public health system (SUS) 
(4). The main reasons are the limited access to 
the initial evaluation, diagnosis, initiation of 
treatment, and treatment availability, resulting 
in a significant number of patients with more 
advanced disease (3). BCG shortage is another 
worldwide problem associated with more disea-
se progression to advanced disease.

 Fortunately, during the last years, we 
have witnessed significant advances in new 
treatments for this disease. Immunotherapies, 
targeted therapies, diagnostic and staging tests, 
and several local technologies have been as-
sociated with lifespan and quality of life im-
provements for these patients (5). In the last 
three years, five immunotherapies (avelumab, 
atezolizumab durvalumab, pembrolizumab, and 

nivolumab) and one targeted therapy (erdafi-
tinib) have been approved for the treatment of 
patients with BC (5). These medications can now 
be used in a variety of scenarios, from non-muscle 
invasive to first-line metastatic, maintenance or 
second-line metastatic treatments. Furthermore, 
there are also new medications being approved (5, 
6). There is no doubt that we can now treat these 
BC patients better and better.

Costs with BC treatment
 However, these scientific advances come 

at high costs (Table-1). Despite its relatively 
low frequency, BC treatment is associated with 
elevated expenses. It is one of the malignan-
cies with the highest lifetime treatment costs 
per patient (7). In the USA, it is estimated that 
US$ 4 billion are spent each year to treat BC (8). 
And these exceedingly high expenses were cal-
culated when most BC treatments were signifi-
cantly cheaper than they are today (Figure-1). 
Not only are the medications associated with a 
remarkably higher monthly cost, but they are 
also used for significantly longer periods. This 
costs to the SUS can exponentially increase, 
and here are some of the reasons.

Judicialization in the SUS
 Fortunately, in Brazil, health is a citizen’s 

fundamental right guaranteed by the Constitu-
tion of 1988. The Universal Health System (Sis-
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tema Único de Saúde - SUS) was created to tre-
at every single Brazilian that need healthcare. 
Despite advances brought by this Constitutional ri-
ght, many treatments are not promptly incorporated 
into the routine care in the public system. In such a 

context, some citizens search for federal courts to 
obtain new and costly medications. The so-called ju-
dicialization of health involves court decisions that 
require the government to provide health products 
and services based on the Constitutional right to he-

Table 1 - Predicted cost increments on bladder cancer treatment.

Reason to increase costs Cost increment

Number of BC cases
yearly increment of 23% during the last decade in Brazil; 

(3)
23%

Cost of treatment/patient

increased 2.367% (from R$ 40.177.00 to R$ 951.071.20) 
if we follow the recent advances in life expectancies 

observed in recent studies with immunotherapeutics in 
metastatic disease (13)

2.367%

Judicialization in SUS Increased at a 30% / year in the last years (14) 30%

Costs of buying individually
Costs of medication bought individually and not in large 

scale are four times higher.
400%

TOTAL increment
Potential increment in costs with BC treatment during 

the next years
15.141%

Figure 1 - FDA (USA Food and Drug Administration) approved medications to treat BC currently available in Brazil and their 
estimated costs in R$ in 2020. In gray medications available before 2016. In red, medications available since 2016.

Font: Site https://consultaremedios.com.br. Estimated values for a 70Kg adult.
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alth. And these lawsuits are considered a significant 
challenge for the SUS (9).

 Even though healthcare judicialization in 
the SUS has its social and positive role, it also brings 
significant financial consequences to the Union and 
to society. In 2019 there were 2.228.531 health-rela-
ted lawsuits in Brazil. Of those, 980.975 (44%) were 
motivated by granting access to medications or 
treatments in the public health system (SUS) (9). 
During the last eight years, the number of health-
-related lawsuits has increased astonishing 925% 
(Figure-2). The public expenditures with health-
-care judicialization have increased 4.600% from 
2007 to 2018 (9). In 2018, the Health Ministry was 
forced to spent R$ 1.3 billion through judiciali-
zation to treat only 1.300 patients. This number 
represents more than 1% of the SUS annual bud-
get. Among the 20 drugs that represent the higher 
expenditures for the SUS through judicialization, 
seven are associated with cancer treatment, and 
the National Commission incorporated none of 
them for the Incorporation of Technologies to 
the SUS (CONITEC) (9).

 There is no doubt that requests for new 
innovative products offered by the pharmaceu-
tical industry pose a significant challenge for 
the public health system. Nevertheless, there are 
means that patients can have access to these 
effective medications. It is fundamental to ba-
lance individual rights with society’s necessities 
and, more importantly perform a cost-effective 

analysis. Moreover, there are several possible 
solutions to these problems.

Possible solutions
 Centralization programs have been pro-

ven to reduce costs and improve outcomes when 
treating BC (10). Creating reference centers is be-
neficial not only for the treatment of an indivi-
dual patient but also for bringing these patients 
to centers where more strict protocols can be 
followed (11). New medications can be prescribed 
when they are beneficial, but judicialization ten-
ds to be lower in this setting (9).

 Additionally, creating and following strict 
protocols can help to predict costs. The dynamic in-
clusion of new drugs to the SUS is essential in 
the development and approval of new therapies. 
SUS does not have established protocols for the 
treatment of most diseases. This flaw favors judi-
cialization. With judicialization, public managers 
cannot predict the health budgets and might need 
to relocate provisioned resources. On the other 
hand, costs for acquiring medications in a large 
scale are about four times lower than buying indi-
vidual medications. With provision and scale, ne-
gotiations with the pharmaceutical industry could 
lower even more these costs. Also, there are many 
mathematical models to lower drug costs, such as 
payment only when the medication has provided 
clinical benefit such as the example implemented 
with spinal muscle atrophy. Also, the government 

Figure 2 - Health-related lawsuits in Brazil from 2011 to 2019 (15).
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can buy generic drugs when they are availa-
ble, and in the event they are not, negotiate 
with the pharmaceutical companies to buy that 
specific drug according to the lower price rate 
worldwide.

 Clinical Trials are also always an attrac-
tive solution for patients with advanced cancer. 
Fomenting and international trials to come to 
Brazil can lower the burden of BC’s treatment. 
They help to reduce costs to the system and 
contribute to the progress of science. In this 
regard, cooperative groups such as the Latin 
American Oncology Cooperative Group has 
been launched many protocols in solid tumors 
such as bladder cancer (12).

 Even though BC is relatively uncommon, 
it is expensive. Furthermore, there is a paucity 
of public health policies aiming at these pa-
tients. The Union and the medical society must 
sum efforts to assess this situation. Otherwise, 
the combination of increments in BC cases, tre-
atment costs, and judicialization can lead to a 
collapse in the SUS shortly.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) 
pandemic emerged in China and has rapidly spre-
ad worldwide taking advantage of growing com-
merce, financial, and social connectivity to the 
epicenter of the outbreak (1, 2). The novel SARS-
-CoV-2, an enveloped RNA virus from the coro-
naviruses family, was identified as the cause of 
COVID-19 (3). The disease is a viral respiratory 
infection with a variable systemic compromise. 
To date, no specific treatment or vaccine exists, 
imposing a policy of limiting exposure to reduce 
virus spread (4). Although the majority of ill pa-
tients do not need hospital care, as much as 5% 
require intensive care for days until weeks (5). The 
huge numbers of patients seeking medical atten-
tion at the same time and monopolizing hospital 
facilities caused a shift in the healthcare system’s 
focus towards critically ill patients (6-8).

 The COVID-19 pandemic has imposed a 
new reality to urology residency worldwide (9, 
10). Surgical procedures were reduced to urgent 
care causing an abrupt decrease in surgical vo-
lume. Visits to the medical office and physical 
examination were also reduced to a minimum to 
ensure patients’ and staff safety. Academic cur-
riculum previously based on classroom lessons, 
group discussion and departmental meetings were 
no longer possible due to commitment to social 
distancing. Specialized staff members were con-

verted to COVID-19 care physicians (11, 12). Dis-
ruption of previous urology residency programs 
occurred at all levels.

 Professional formation of urology resi-
dents who face this new reality had to be adapted 
to mitigate the loss of surgical skills and know-
ledge. Our hypothesis is the shift in focus from 
the hospital to care for critically ill patients with 
COVID-19 may have reduced the surgical volume 
of residents. This study aimed to critically analyze 
the impact of COVID-19 on surgical volume and 
academic activities of a urology residency pro-
gram in an Academic Center.

MATERIAL AND METHODS

 This study was approved by the Research 
Ethics Committee of the University of Sao Pau-
lo School of Medicine (project number CAPPESQ 
15398/2020). The Urology Department of our Ins-
titution has eighteen residents. Six residents are 
admitted per year for a three-year course after a 
two-year training in general surgery. Electronic 
records of surgeries performed by all urology resi-
dents from the third, fourth and fifth years of re-
sidency assisted by staff members from February 
27th to May 30th, 2017, 2018, 2019, and 2020 were 
analyzed. All surgeries performed in hospitalized 
patients were included. Outpatient, office-based 
and ambulatory, procedures such as cystoscopy 
and biopsy were excluded from this study.

Impact of COVID-19 on a urology residency program
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 Surgeries were categorized according to 
complexity in minor (e.g. surgery on the external 
genitalia, stent placement), medium (e.g. transu-
rethral resections of the bladder/prostate or ure-
teroscopy), and major surgeries (e.g. oncological 
open or laparoscopic/robotic surgery on the pros-
tate, bladder, or kidney) (13). Duration of each 
type of surgery was categorized to compare es-
timated hours spent in the operation room (OR) 
in less than 2 hours (e.g. transurethral resection 
of the bladder/prostate, ureteral stent placement, 
retrograde intrarenal surgery and urethroplasty), 2 
to 4 hours (e.g. pyeloplasty, percutaneous nephro-
lithotomy, radical prostatectomy, nephrectomy, 
kidney transplantation) and more than 4 (e.g. 
radical cystectomy). The overall number of sur-
geries, complexity of surgeries, estimate OR time 
and surgeries per residency year were compared 
between years. Academic curriculum composed of 
classroom lessons, group discussion, departmental 
meeting and online learning was compared be-
tween years according to cumulative hours spent 
on academic activities.

 Categorical data were described in fre-
quencies and percentages and compared using the 
Chi-square test. Continuous data were described as 
mean and standard deviation and compared using 
the Student T-test. All statistical analysis was perfor-
med using SPSS version 20.0 (SPSS Inc. Chicago, IL, 
USA). The significance level was set at p <0.05.

RESULTS

 Overall surgical volume significantly de-
creased in 2020 when compared to the previous 
three years from February 27th to May 30th (p 
<0.001). The surgical volume in 2020 was redu-
ced by 50.8% when compared to the mean of the 
last three years. The volume of minor, medium 
and major complexity surgeries decreased in 2020 
when compared to the past three years (p <0.001, 
p=0.094 and p=0.018, respectively). Surgical vo-
lume categorized by estimated time spent in OR 
decreased in 2020 when compared to the pre-
vious three years for surgeries lasting less than 
two hours, from two to four hours and more than 
four hours (p <0.001, p <0.001 and p=0.002, res-
pectively). Surgical volume decreased in the third, 
fourth and fifth year of the residency program (p 
<0.001, p <0.001and p=0.004). The proportion of 
surgeries performed by complexity estimated OR 
time and year of residency remained stable throu-
ghout the studied period.

 Reduction of surgical volume in 2020 in 
comparison to the mean of the three previous 
three years was 57.0% in minor surgeries, 49.8% 
in medium surgeries and 48.6% in major surge-
ries (Figure-1), 48.2% in surgeries with less than 
2 hours of OR time, 59.9% in surgeries with two 
to four hour of OR time and 52.2% in surgeries 
with more than four hours of OR time (Figu-

Figure 1 - Comparison of surgical volume categorized by complexity from February 27th to May 30th.
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re-2), 43.5% for the third-year resident, 57.1% 
for the fourth year resident and 56.2% for the 
fifth year resident (Figure-3).

 Overall hours spent on academic activities 
remained stable in 2020 when compared to the 
previous three years during the same period (122h 
vs. 121h, p=1).

DISCUSSION

 The COVID-19 pandemic had negatively 
impacted the volume of surgeries of our urolo-

gy residency program. Surgical volume decreased 
in minor, medium and major complex surgeries, 
in surgeries with less than 2 hours, two to four 
hours and more than four hours of OR time, and 
to all residency years, keeping the proportion of 
previous years. The overall reduction of the sur-
gical volume was 50.8%. The COVID-19 pandemic 
impacted in similar way surgery from all comple-
xity and all residency years. The number of hours 
spent on academic activities remained stable.

 This study was conducted in a university 
complex of ten hospitals distributed in 600.000m2 

Figure 2 - Comparison of surgical volume categorized by OR time from February 27th to May 30th.

Figure 3 - Comparison of surgical volume categorized by year of urology residency from February 27th to May 30th.
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in the urban area of the largest city of the Ameri-
can continent with a total of 2.400 hospital beds. 
The urology residency is composed of two years 
rotation in the general surgery department plus 
three years of specific rotation in the urology de-
partment. The specific urology residency program 
has six residents per year. Surgical training, aca-
demic activities and laboratory skills are develo-
ped in andrology, bladder outlet disorders, recons-
tructive surgery, urological cancer, urolithiasis and 
endourology, kidney transplantation and pediatric 
urology. The first case of COVID-19 in our country 
was reported on February 27 (14). Since then, one 
of the hospitals from the complex was converted 
to an exclusive COVID-19 care center with 300 
critical care beds and 300 infirmary beds. Also, 
the entire complex shifted to prioritize urgent and 
critical care and postpone elective surgeries and 
routine consults.

 Other urology residency programs from 
countries affected by the COVID-19 pandemic 
also reported a severe negative impact on clini-
cal and surgical activities. A survey conducted in 
Italy reported that up to 81% and 62% of uro-
logy residents experienced a severe reduction in 
clinical training exposure and surgical activities, 
respectively. Urology residents reported 81.2% re-
duction of ambulatory visits, 74.2% of diagnostic 
procedures, 62.1% of endoscopic surgeries, 57.8% 
of open surgeries and 44.2% of minimally invasi-
ve surgeries (15). Sixty percent of urology progra-
ms from the United States reported concern that 
residents will not achieve case minimums due to 
COVID-19 (16). Medical residents from other spe-
cialties also felt that the reduction in surgical vo-
lume during this pandemic will negatively impact 
on their surgical training (17, 18).

 The increase of online learning using te-
lemedicine and collaboration with other centers 
and laboratory skills development are valid to-
ols to reduce loss in academic activities and the 
volume of surgeries (15). Our residents have 
access to a simulation laboratory for surgical 
skills development, where they can train lapa-
roscopic and microscopic procedures in a dry 
lab and a wet lab with porcine surgeries (19-21). 
These activities may help to maintain technical 

skills. Another recommended action is to wa-
tch high-quality surgical videos from the online 
education library of specialty associations (22). 
Due to the absence of uniformity in the urology 
training program, it is not possible to propose 
a standard protocol to mitigate the impact of 
COVID-19. Rather, urology residency programs 
should evaluate the local impact of COVID-19, 
considering the particularities of each program, 
to fill the specific gap as soon as possible (15, 
22). Attempts to mitigate the loss of surgical 
skills and knowledge of our residents are being 
made, however, it is not possible at this moment 
to state if the pandemic effects on urology lear-
ning will last and compromise the professional 
formation. While medical residency programs 
are struggling to mitigate cognitive medical 
education, this crisis provides a unique opportu-
nity for non-cognitive development not only for 
residents but also for staff, including resilience 
and community awareness (23). Non-cognitive 
skills may help increase overall satisfaction 
among medical professionals (24).

 The COVID-19 pandemic possibly caused a 
permanent change in our mindset. A strong public 
healthcare system is fundamental to assist vulne-
rable populations with standard medical care to 
face a health crisis (25). Also, more collaboration 
among academic hospitals, online teaching and 
providing care for distant patients are some of the 
possibilities of telemedicine that came to stay in 
our daily life as healthcare providers (22).

 This study has limitations. It was con-
ducted in a single Institution and may not reflect 
the same impact of COVID-19 on other urology 
residencies. Nevertheless, the overall impact of 
COVID-19 on a University Centre could be eva-
luated by this study. Also, due to the retrospec-
tive method of this study, the hours spent in the 
operating room were estimated and are not the 
actual hours spent. However, this is an accepta-
ble flaw because the same method was applied 
throughout the study, not compromising inter-
pretations. Evaluation of the long-term impact 
of the COVID-19 pandemic is not possible now. 
However, urology residency programs have alre-
ady perceived losses in surgical volume.
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CONCLUSION

 The COVID-19 pandemic reduced the sur-
gery volume of our urology residency program in 
around 50% for all complexity levels of surgery 
and all years of residency.
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COMMENT

First-line treatment of neurogenic detrusor overactivity (NDO) has been traditionally based on 
oral antimuscarinics. Conservative treatment failure, either due to antimuscarinic adverse events or to 
a lack of efficacy, usually leads to intravesical injection of botulinum toxin type A or more complex 
procedures such as bladder augmentation. Intradetrusor injection of OnabotulinumtoxinA (Botox®) is 
licensed worldwide and recommended as a second line therapy for the treatment of urinary inconti-
nence due to NDO after failure of antimuscarinics. However, only very few studies assessed the long-
-term efficacy of Botox® in patients with refractory NDO. Joussain et al. performed a retrospective 
analysis of consecutive neurological patients using intermittent catheterization (IC) who had received 
Botox® injections between January 2001 and September 2013. A total of 292 patients (170 males, 122 
females) were included, of whom 85% fell into the category of traumatic spinal cord injury, 11% had 
multiple sclerosis (MS) and 5% had other conditions. Average age at baseline was 40 years. Mean 
follow-up was 4.2 ± 1.8 years. At last follow-up, mean number of Botox® injections was 9.7 ± 4.7 
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per patient. The mean delay between two Botox® 
injections was 6.5 ± 1 months with 300U and 5.1 
± 1.4 months with 200U. After an initial 200U 
dose, a switch into a 300U dose had to be used in 
93 patients (49.2%) due to premature recurrence 
of UI. Overall, 81% were still being treated after 
3 years, 71% after 5 years and 61% after 7 years. 
Failure rate was 13% after 3 years, 22% after 5 
years and 29% after 7 years of follow-up. Risks 
of failure were cited as severe detrusor overacti-
vity at baseline, high maximum detrusor pressu-
re, presence of urinary incontinence before the 
fi rst injection, number of febrile urinary tract in-
fections, low bladder compliance and renal ultra-
sound abnormalities. An interesting fi nding was 
the withdrawal rate after 7 years of follow-up 
(11.3%), primarily due to IC-related diffi culties, 
which prevailed among MS patients, accounting 
for 54.4% of all IC-related withdrawals. This ob-

servation reinforces the need for a better educa-
tion on IC among neuro-urological patients, in 
particular for MS patients. 

quality of life assessments, detailed des-
cription of inclusion and exclusion criteria, sur-
gical technique and post-operative complica-
tions. Perhaps an international registry/working 
group may overcome these inherent limitations 
and increase the level of evidence in the near 
future.
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COMMENT

In this study the authors assessed the effects of four monthly intravesical injections of 10 mL of 
autologous platelet-rich plasma (PRP) in forty patients (37 women and 3 men, aged 55.5 ± 11.1 years) 
with interstitial cystits / bladder pain syndrome (IC / BPS) who had previously failed to conventional 
treatments, including lifestyle modifications, cystoscopic hydrodistention, non-steroid anti-inflamma-
tory drugs, oral Pentosan Polysulfate, tricyclic antidepressants, intravesical instillation of hyaluronic 
acid, or botulinum toxin A injection. Diagnosis of IC / BPS was based on symptoms and cystoscopic 
findings. Patients with Hunner’s injury were not included. The Global Response Assessment (primary 
end-point) was 70% and 67.5%, after the 4th and 3 months after the 4th PRP injection, respectively. 
The O’Leary-Sant symptom score and visual analog scale score significantly decreased, while urinary 
frequency and episodes of nocturia decreased after PRP injections.

PRP is considered a relatively cheap and easy to prepare bio-compound. Platelets play a funda-
mental role in tissue regeneration, actively participating in the processes of mitosis, chemotaxis, diffe-
rentiation and growth of pluripotent mesenchymal cells, in addition to inducing extracellular matrix 
production. The proteins contained in the alpha granules of the platelets have a strong influence on 
the reparative phenomena of wounds. These proteins include: platelet-derived growth factor (PDGF); 
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transforming growth factor beta (“transforming growth factor” or TGF-ß); the platelet factor 4 (FP4); 
interleukin 1 (IL-1); platelet derived angiogenic factor (PDAF); vascular endothelial growth factor 
(“vascular endothelial growth factor” or VEGF); epidermal growth factor (“epidermal growth factor” or 
EGF); platelet-derived endothelial growth factor (“platelet derived endothelial growth factor” or PDE-
GF); epithelial cell growth factor (“epithelial cell growth factor” or ECGF); insulin-like growth factor 
(IGF) among others (1, 2).

Recent evidence confi rms the great potential of using PRP in Plastic, Vascular surgery, Or-
thopedics, Trauma, Ophthalmology, Dermatology, Gynecology and Sports Medicine (3, 4). In Female 
Urology, PRP was previously proposed as a polypropylene mesh coating. If we assume that one of 
the most relevant pathophysiological mechanisms of interstitial cystitis is the increase in urothelial 
permeability related to proteoglycan defi ciency, the use of PRP has a consistent rationale and may be 
clinically useful, mainly if other researchers are able to reproduce such results.
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COMMENT

In this study, the authors concluded that the risk of de novo incontinence after surgery to treat 
pelvic organ prolapse (POP) was 15%. This data was collected from the Danish National Registry, which 
included 1.198 patients operated between 2013 and 2016. Elevated body mass indexes (BMI) strongly 
correlated with the risk de novo incontinence (12% for women with BMI <25; 16% for women with BMI 
25 - <30; and 23% for those with BMI ≥ 30). Meanwhile, no correlations was found between the risk 
of de novo incontinene and age at surgery, vaginal compartment involvement or POP staging. To defi-
ne continence, the authors used the International Consultation on Incontinence Questionnaire-Urinary 
Incontinence-short form (ICIQ-UI-SF) according to which a woman was urinary continent if her total 
score was zero and she answered ‘never’ to ‘When does urine leak?’

The rationale regarding de novo urinary incontinence after POP surgical treatment is that the 
procedure could lead to an imbalance of pelvic floor dynamics, preventing the force vectors produced 
by the pelvic floor muscles and fascia to keep the urethral closure in response to changes in abdominal 
pressure. De novo incontinence represents a condition with a strong psychological impact on patients, 
and differs from occult urinary incontinence, which can be demonstrated preoperatively through POP 
reduction maneuvers. In this sense, in a recent study from the Spanish Pelvic Floor Dysfunction in Wo-
men Investigation Group, occult incontinence was detected after POP reduction in 59% of patients who 
underwent urodynamics (1). Previous studies have tried to determine the predictors of de novo incon-
tinence, such as patient age and comorbidities such as diabetes mellitus (2, 3). The conclusion from the 
present study mainly highlights the relevance of BMI for the pre-operative counseling of POP patients.
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COMMENT

The ureteral access sheath (UAS) is a commonly used disposable device in flexible ureteroscopy (fURS) 
(1). Use of UAS in fURS is reported to improve visibility, reduce intrapelvic pressure and increase efficiency of 
the procedure. On the other hand, the use of this device may cause ureteral injury during its placement or while 
it is already placed due to ureteral ischemia (2, 3).

 This retrospective study investigated the association of UAS use during 1332 ureteroscopic procedures 
with abnormal post-URS imaging. UAS (12/14F in 95.7%) was used in 78% of the cases. Upper tract imaging 
with KUB, ultrasound or CT scan was obtained at eight-week follow-up visit after URS. No significant associa-
tion was seem between use of UAS and abnormal post-URS imaging. Incidence of hydronephrosis was 12% 
and the ureteral stricture rate was only 0.66%.

Besides the main finding of no significant association between the use of UAS and development of 
abnormal post-URS imaging, this study brings light on the value of routine follow-up imaging following URS. 
There is no specific recommendation coming from guidelines about modality or timing of imaging after fURS. 
Follow-up imaging after ureteroscopy is essential due to irreversible renal function impairment caused by silent 
ureteral stones and to check for complications (4, 5). Non-contrast CT scan is the gold standard imaging after 
fURS for both stone free rate and complications but ultrasound is very efficient for looking for complications 
and residual stone fragments > 2 mm (6).
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COMMENT

Flexible ureterorenoscopy (fURS) is a frequent procedure in urology practice (1). Graduating 
residents are expected to be competent in the skills necessary to perform fURS.

This study aim was to assess the basic fURS skills of graduating residents using a procedure-
-specific ureteroscopic global rating scale. Forty urology residents in their final year of residency 
from eleven programs in Canada were evaluated while performing a standardized task using a fURS 
model. More than 79% of then reported experience in more than 50 fURS. The task was to inspect 
the entire collecting system and to relocate two lower caliceal stones to an upper calyx using a 
tipless basket. Expert surgeons and anonymous people from a web platform (crowd-workers) rated 
the performances. Before the task, all residents felt they would be competent in fURS. However, only 
56.9% of the residents were competent enough to perform fURS based on expert ratings and 61.4% 
based on crowd-workers ratings. Poor outcomes of surgical procedures may be caused by several 
reasons but surgeon inability must not be one of them (2). 

The COVID-19 pandemic caused an abrupt decrease in surgical volume jeopardizing urology 
training (3, 4). Simulators and training models already exist to improve proficiency in most common 
endoscopic procedures and should be more used now (5, 6). While every effort should be made to 
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ABSTRACT         _______________________________________________________________________________________

Purpose: To report a case of successful removal of right staghorn renal calculi in a 3-year-old girl with Arnold-Chiari 
malformation and multiple urogenital anomalies.
Case report: A 3-year-old female child with the diagnosis of Arnold-Chiari type 2 malformation was referred to our clinic 
due to presence of 9 kidney stones with a total volume of 10743mm3. The total of the longest diameters of all stones 
was calculated as 11.4cm. The patient had a urogenital septum, bifid bladder, and duplicated collecting system on the 
right side. An 18F Amplatz sheath was placed and mini-percutaneous nephrolithotomy was performed successfully by 
laser and pneumatic lithotripter. Any residual urinary tract stones or urinary tract infection were not detected during the 
6th-month follow-up.
Conclusion: Urolithiasis requires a thorough understanding of the underlying causes, as well as an effective and minimally 
invasive treatment. It is important for urologists to understand the complexity of the optimal stone management in 
pediatric patients in order to maximize treatment efficacy and minimize morbidity. We conclude that it is essential to 
treat urolithiasis in a single session in children with urogenital anomalies and accompanying congenital anomalies who 
have past surgical history.

Vol. 47 (2): 464-467, March - April, 2021

doi: 10.1590/S1677-5538.IBJU.2019.0545

INTRODUCTION

 Urolithiasis in the pediatric population 
represents a significant challenge due to difficul-
ties in diagnosis and treatment. The incidence of 
urolithiasis has increased over the last two deca-
des. There are many theories regarding the rising 
incidence of pediatric urolithiasis including the 
increased detection of stones, changing dietary 
patterns, and higher rates of childhood obesity (1-
6). The mean age of pediatric patients that have 
urolithiasis with a high risk of recurrence is about 
7-8 years (7). Urogenital abnormalities and me-
tabolic disorders have been reported as causative 
factors for pediatric urolithiasis (6, 7).

 The presence of anatomical anomalies ac-
companied by some abdominal pathologies such 

as Arnold-Chiari malformation may affect the 
success of surgeries. The Chiari malformation is 
a congenital anomaly of the craniovertebral junc-
tion and hindbrain (8). Herein, we report a case of 
a 3-year-old girl with Arnold-Chiari malformation 
whose right staghorn renal calculi were success-
fully removed in a single session.

Case Presentation
 A 3-year-old female child with the diag-

nosis of Arnold-Chiari type 2 malformation was 
referred to our clinic due to recurrent urinary tract 
infections and voiding dysfunction.

 The patient’s past surgical history inclu-
ded surgical treatment of meningomyelocele and 
anal atresia during the neonatal period and cys-
tolithotripsy procedure by laser lithotripter for 
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two bladder stones of 15 and 20mm six months 
ago. The ultrasound examination of the urinary 
system revealed multiple stones in the right kid-
ney with the largest one being 24mm in diame-
ter and left-sided renal atrophy. In addition, there 
was grade 2 hydronephrosis of right pelvicalyceal 
system. An 8F percutaneous nephrostomy cathe-
ter was placed into the collecting system of the 
right kidney. Non-contrast low dose computed 
tomography showed right renal staghorn calcu-
li with the largest one measuring 24x18mm and 
1003 Hounsfield units. In total, 9 kidney stones 
with a total volume of 10743mm3 were detected. 
The sum of the longest diameters of all stones was 
calculated as 11.4cm. The 24-hour urine exami-
nations showed no hypercalciuria, hyperoxaluria, 
hypocitraturia or cystinuria. Serum laboratory 
examinations showed no electrolyte imbalance 
or hyperparathyroidism and arterial gas analysis 
did not reveal acidemia or alkalemia. Renal scinti-
graphy with dimercaptosuccinic acid showed 98% 
split function for right kidney and 2% function for 
left kidney. Voiding cystourethrogram showed no 
reflux.

 Mini-percutaneous nephrolithotomy was 
planned for right kidney stones following a ste-
rile urine culture. A cystoscopy was performed 
under general anesthesia. Urogenital septum di-
viding the bladder and vagina was detected 1cm 
proximal to the urogenital opening. There was a 
bifid bladder with two ureteral orifices on the ri-
ght side and one with a close ending ureter on 
the left side. A ureteroscopy was performed before 
positioning the patient for percutaneous nephroli-
thotomy. We observed that two separate collection 
systems drained independently to the right side of 
the bladder. There were no stones in the collecting 
system that opened to the bladder via the lower 
pole ureter. However, in the collecting system that 
opened to the bladder by the upper pole ureter, 
stones extending from the kidney to the ureter 
were observed. Afterwards, 5F ureteral catheter 
was placed up to the renal pelvis and the patient 
was placed in prone position. Before starting the 
procedure, the nephrostomy catheter which was 
inserted 3 weeks ago was removed. Percutaneous 
access was achieved under fluoroscopy guidance 
using an 18-gauge needle and guidewire and the 

nephrostomy tract was dilated up with polyure-
thane serial Amplatz dilators. An 18F Amplatz 
sheath was then placed over the dilators and the 
stones were fragmented by laser and pneumatic li-
thotripter. We started the fragmentation with laser 
lithotripsy and switched to pneumatic lithotripsy 
due to high stone burden and hardness. Although 
a residual stone of 5mm in size was seen on flu-
oroscopy, it could not be reached and a 3cm 8F 
Malecot nephrostomy tube was introduced to the 
right kidney. The procedure was terminated after 
Foley urethral catheter was inserted. The total sur-
gical time was 105 minutes.

 Nephrostomy tube was clamped on posto-
perative 2nd day and remained clamped on pos-
toperative 3rd day, however urinary extravasation 
was detected around the nephrostomy. A diagnos-
tic ureteroscopy was performed for the residual 
ureteral stone. Stone fragments visualized in the 
ureter were extracted by foreign body forceps and 
nephrostomy tube was detected at the level of ure-
teropelvic junction. A 12cm 4F double-J ureteral 
stent was placed and the procedure was comple-
ted. Double-J stent was removed cystoscopically 
and the nephrostomy tube was removed during 
the same procedure on postoperative second day 
under sedation. Subsequently, the patient was dis-
charged. Within one week, the patient recovered 
and resumed normal life. At the 6th month follow-
-up, there were no residual or recurrent renal sto-
nes. Informed written consent was obtained from 
the patient’s family regarding the publication of 
the case study.

DISCUSSION
 The prevalence of pediatric urolithiasis is 

approximately 2% and has been increasing worl-
dwide over the last two decades (9). This incre-
ase has been related to various causes including 
genetic, anatomical, metabolic, dietary, and envi-
ronmental factors. The success of the treatment is 
dependent on multiple factors, including factors 
that affect stone formation.

 Although the exact cause of Arnold-Chiari 
malformation is unknown, it has been linked to 
abnormal brain formation during fetal develop-
ment. This malformation may occur as a result of 
exposure to teratogenic substances during fetal 
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development or may be related to genetic proble-
ms and syndromes with familial transmission.

 Indications for percutaneous nephrolitho-
tomy in pediatric population include large stone 
burden (>2cm), lower pole calculi greater than 
1cm, anatomic abnormality impairing urinary 
drainage, and cystine or struvite stones (10). Des-
pite initial concerns regarding the impact of this 
surgery on renal function, prolonged fluoroscopy 
time and the risk of bleeding, studies have sho-
wn no risk of renal function deterioration or re-

nal scarring in pediatric population (11). Studies 
have reported stone-free rates ranging from 87% 
to 98.5% in children that underwent percutaneous 
nephrolithotomy (11-13).

CONCLUSION

 Urolithiasis is a common condition and 
its incidence is increasing among all demographic 
groups worldwide. It requires a thorough unders-
tanding of underlying causes and it is important 

for the urologist to understand the complexities of 
the optimal management in pediatric patients, in 
order to maximize treatment efficacy with mini-
mal morbidity.
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ABSTRACT         _______________________________________________________________________________________

Introduction and Objective: Annually, more than one hundred thousand new stomas are created in the United States and 
near 30-50% of those will develop parastomal hernia (1). Occasionally parastomal hernias may result in life threatening 
complications such as bowel obstruction or strangulation requiring urgent surgical intervention (2). The minimally 
invasive surgery for these hernias are preferred, specially when the primary case was either laparoscopic or robot-
assisted. Our objective is to demonstrate a step-by-step robotic approach with and without mesh placement and their 
outcomes in two different scenarios: elective and emergency.
Materials and Methods: We present two cases, a 56-year-old male with three years prior robot-assisted radical cystectomy 
with ileal conduit and a 82-year-old male with five year post operation of laparoscopic radical cystectomy with bilateral 
ureterostomies. Both of them had parastomal hernia, the first case was an urgency due to bowel obstruction while the 
second case was an elective procedure. Using three portals, we choose the primary repair for the first case and placement 
of a biological mesh within the keyhole technique (3) for the second one.
Results: In the first case we had an operative time of 110min, total blood loss of 40cc and for the second case an operative 
time of 140min with total blood loss of 20cc. Both patients were discharged within 24h and had a follow-up of 2 years 
with no recurrence.
Conclusions: The capability for complex sutures and dissection of intracorporeal structures makes the robotic platform a 
powerful ally (4) and we believe in its superiority over conventional laparoscopy. Although further studies are required, 
our initial series suggests that the robotic parastomal hernia repair is feasible and reproducible, with or without mesh 
placement and could be demonstrated its use for either elective or emergency situations.
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ABSTRACT         _______________________________________________________________________________________

Introduction: Vesicostomy should be considered in children with neuropathic bladder in case first-line therapies fail. This 
simple and reversible procedure can reduce febrile urinary tract infections and protect the upper urinary tract (1) until 
more definitive alternatives can be proposed.
We describe in this video how we approach patients that underwent vesicostomy and want it to be converted into a 
continent catheterizable reservoir.
Material and methods: We perform an infra-umbilical longitudinal incision with a semicircular flap where the stoma will 
be placed (outside vesicostomy). After releasing the bladder, we proceed with usual steps of the Macedo-Pouch technique 
(2). We perform the reservoir from 35cm of ileum that constructs a catheterizable channel from the same bowel segment 
from a 3cm width flap from anterior and posterior wall of ileum in the mid part of it. The continence mechanism of the 
efferent tube is based on angulation and a serous lined tunnel created with 3-4 3.0 prolene sutures. The stoma is placed 
in the midline (3).
Results: Patient had an uneventful evolution and is continent performing CIC every 4 hours with 9 months of follow-up. 
We have in the last 3 years a consecutive series of 12 patients operated according to this principle.
Discussion: Vesicostomy should be regarded as an alternative for patients with neurogenic bladder refractory to clinical 
treatment at a younger age in order to postpone definitive treatment such as any an enterocystoplasty.
This option must be considered as transient, since definitive reconstructive surgery can provide preservation of renal 
function and continence achievement. In this context, our video demonstrates that performing a bladder augmentation 
on a patient with a vesicostomy is safe and feasible. We reinforce that our method precludes the need of appendix or 
creation of a Monti tube as the outlet channel and the whole procedure is performed from a single piece of bowel.
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To the editor,

Although there are no known risk factors for uretero-inguinal hernias we note that BMI could 
attribute and this patient had a BMI of 45, classified as morbid obesity (1, 2). There are other cases of 
this rare hernia that were also observed in males with extremely high BMI (3). Management of any 
obstruction can be a challenge in this individual with anatomic complexity and other options may 
need to be considered including longer stent lengths and even antegrade ureteral access via nephros-
tomy tube. This patient was successfully managed with retrograde ureteroscopy with holmium laser 
lithotripsy of his stone and placement of a 6 French x 30 cm double-J ureteral stent. This was the 
longest stent size available and it was unable to completely reach the renal pelvis but was left for 3 
days post-operatively to prevent distal ureteral obstruction after procedure. Although it is a rare oc-
currence, the availability of extra-long stents in hospitals may be necessary. To date, there has been 
no recurrence of urolithiasis for the patient but continued monitoring with intermittent imaging will 
be a necessity.
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gating multiple images are encouraged) each ex-
ceeding table or fi gure will decrease 250 words of 
the full text;

▪ Number of references: 10-15.

Radiology Page: Will be published upon 
the Section Editor decision.

Video Section: The material must be submit-
ted in the appropriate local, in the Journal’s site, whe-
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re all instructions may be found (Video Section link)
Letters to the Editor: The letter should be related 
to articles previously published in the Journal, 
should be useful for urological practice and must 
not exceed 500 words. They will be published ac-
cording to the Editorial Board evaluation.

ILLUSTRATIONS:

The illustrations should not be sent merged in 
the text. They should be sent separately, in the 
fi nal of the manuscript.

1) The number of illustrations should not exceed 
10 per manuscript.
2) Check that each fi gure is cited in the text.
3) The legends must be sent in a separate page.
4) The legends of histological illustrations should 
contain the histological technique and the fi nal 
magnifi cation.
5) The International Braz J Urol encourages color 
reproduction of illustrations wherever appropriate.
6) All histological illustrations should be sup-
plied in color. 

ELECTRONIC SUBMISSION:

1) Do not embed the fi gures in the text, but su-
pply them as separate fi les.
2) For Submitting Photographs Electronically, 
please:
Supply photographs as TIFF (preferable) or JPG 
fi les. The TIFF of JPG should be saved at a re-
solution of 300 dpi (dots per inch) at fi nal size.
If scanned, the photographs should be scanned at 
300 dpi, with 125mm width, saved as TIFF fi le and 
in grayscale, not embed in Word or PowerPoint.
3) For Submitting Line Artwork Electronically 
please note that:
Line drawings must be supplied as EPS fi -
les (give an EPS extension, e.g. Fig01.eps).
Use black text over light to mid grey and 
white text over dark grey or black shades.
Use lower case for all labeling, except for initial 
capitals for proper nouns and necessary mathe-
matical notation. Centre each fi le on the page and 

save it at fi nal size with the correct orientation. 
We recommend a minimum fi nal width of 65 mm, 
but note that artwork may need to be resized and 
relabeled to fi t the format of the Journal.
4) IMPORTANT - Avoid - Do Not

a) DO NOT embed the images in the text; save 
them as a separate fi le 
b) DO NOT supply artwork as a native fi le. Most 
illustration packages now give the option to “save 
as” or export as EPS, TIFF or JPG.
c) DO NOT supply photographs in PowerPoint or 
Word. In general, the fi les supplied in these for-
mats are at low resolution (less than 300 dpi) and 
unsuitable for publication. 
d) DO NOT use line weights of less than 0.25 point 
to create line drawings, because they will nor 
appear when printed.

TABLES: The tables should be numbered with Ara-
bic numerals. Each table should be typed on a sin-
gle page, and a legend should be provided for each 
table. Number tables consecutively and cites each 
table in text in consecutive order.
REFERENCES: The References should be numbered 
following the sequence that they are mentioned in 
the text. The references should not be alphabeti-
zed. They must be identifi ed in the text with Ara-
bic numerals in parenthesis. Do not include unpu-
blished material and personal communications in 
the reference list. If necessary, mention these in 
the body of the text. For abbreviations of jour-
nal names refer to the “List of Journals Indexed 
in Index Medicus” (http://www.nlm.nih.gov). The 
authors must present the references according to 
the following examples; the names of all authors
must be included; when exist more than six au-
thors, list the fi rst six authors followed by et al.
The initial and the fi nal pages of the reference 
should be provided:

Papers published in periodicals: 

▪ Paterson RF, Lifshitz DA, Kuo RL, Siqueira Jr TM, 
Lingeman JE: Shock wave lithotripsy monotherapy 
for renal calculi. Int Braz J Urol. 2002; 28:291-301.
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▪ Holm NR, Horn T, Smedts F, Nordling J, de la 
Rossete J: Does ultrastructural morphology of 
human detrusor smooth muscle cell characterize 
acute urinary retention? J Urol. 2002; 167:1705-9.
Books:
▪ Sabiston DC: Textbook of Surgery. Philadelphia, 
WB Saunders. 1986; vol. 1, p. 25.

Chapters in Books:
▪ Penn I: Neoplasias in the Allograft Recipient. In: 
Milford EL (ed.), Renal Transplantation. New York, 
Churchill Livingstone. 1989; pp. 181-95.

The Int Braz J Urol has the right of reject 
inappropriate manuscripts (presentation, number 
of copies, subjects, etc.) as well as proposes mo-
difi cations in the original text, according to the 
Referees’ and Editorial Board opinion.

THE EDITORS SUGGEST THE AUTHORS 
TO OBSERVE THE FOLLOWING GUIDELINES 
WHEN SUBMITTING A MANUSCRIPT:

The Ideal Manuscript may not exceed 
2500 words.

The Title must be motivating, trying to 
focus on the objectives and content of the ma-
nuscript.

Introduction must exclude unnecessary 
information. It should briefl y describe the reasons 
and objective of the paper.

Materials and Methods should describe 
how the work has been done. It must contain su-
ffi cient information to make the study reproduci-
ble. The statistical methods have to be specifi ed.

The Results should be presented using 
Tables and Figures whenever possible. Excessive 
Tables and Figures must be avoided. The tables 
should not be repeated on the text.

The Discussion must comment only the re-
sults of the study, considering the recent literature. 

Conclusions must be strictly based on the 
study fi ndings.

References should contain no more than 
30 citations, including the most important articles 
on the subject. Articles not related to the subject 
must be excluded.

The Abstract must contain up to 250 words 
and must conform to the following style: Purpose, 
Materials and Methods, Results and Conclusions. 
Each section of the manuscript must be synthe-
sized in short sentences, focusing on the most 
important aspects of the manuscript. The authors 
must remember that the public fi rstly read only 
the Abstract, reading the article only when they 
fi nd it interesting. 

NOTE:
Recent issues of the International Braz J Urol must 
be observed concerning the presentation form of 
the manuscript.
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The authors should observe the following checklist before submitting a manuscript 
to the International Braz J UrolInternational Braz J Urol

� The sequence of manuscript arrangement is according to the Information for Authors.

� The Article is restricted to about 2,500 words and 6 authors.

� Abbreviations were avoided and are defi ned when fi rst used and are consistent throughout the text.

� Generic names are used for all drugs. Trade names are avoided.

� Normal laboratory values are provided in parenthesis when fi rst used.

� The references were presented according to the examples provided in the Information for Authors. The references were 
numbered consecutively, following the sequence that they are mentioned in the text. They were identifi ed in the text using 
Arabic numeral in parenthesis. The names of all authors were provided. When exist more than six authors, list the fi rst 
sixauthors followed by et al. The initial and the fi nal pages of the reference should be provided. The number of references 
must be accordingly to the informed in the Instructions for Authors, depending on the type of manuscript.

� The staining technique and the fi nal magnifi cation were provided for all histological illustrations. The histological illustra-
tions are supplied in color.

� Legends were provided for all illustrations, tables, and charts. All tables and charts were in separate pages and referred to in 
the text. All illustrations and tables are cited in the text.

� An Abstract was provided for all type of articles. The length of the Abstract is about 250 words.

� A corresponding author with complete address, telephone, Fax, and E-mail are provided.

� A submission letter and a disclosure form, signed by all authors, are included.

� The authors should included written permission from publishers to reproduce or adapt a previously published illustrations 
or tables.

� Confl ict of Interest – Any confl ict of interest, mainly fi nancial agreement with companies whose products are alluded to in 
the paper, is clearly disclosed in the manuscript.

� Check that each fi gure is cited in the text. The illustrations are not merged in the text.

� The photographs are supplied as TIFF or JPG fi les and saved at a resolution of 300 dpi (dots per inch) at fi nal size.

� The photographs should be scanned at 300 dpi, with 125mm width, saved as TIFF fi le and in grayscale, not embed in Word 
or PowerPoint.

� A list of abbreviations is provided.
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