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Figure 1 - A) Preoperative images with additional processing for discrimination of 
tumor. B) The fi nal 3D rendered images before printing.

Figure 2 - The produced 3D renal models for entire subjects. (Page 952)
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EDITORIAL
In ThIs IssuE

The September-October 2018 issue of the International Braz J Urol presents original contributions 
with a lot of interesting papers in different fields: Renal stones, Prostate Cancer, Renal Cell Carcinoma, 
Laparoscopy, Vaginal Prolapse, BPH, Varicocele, Testicular Torsion, Renal Cystis, Basic Research, HPV, 
Bladder Cancer, Bladder augmentation and Overactive bladder. The papers come from many different 
countries such as Brazil, USA, China, Turkey, Korea, Spain, Mexico, Iran and Israel, and as usual the edi-
tor ́s comment highlights some papers. We decided to comment the paper about a very interesting topic: 
Clinical applications of personalized 3D kidney model.

 Doctor Lee and collegues from Korea performed on page 950 an interesting study about three 
dimensional (3D) Kidney model applied to partial nephrectomy. The authors evaluated the clinical use-
fulness of 3D-printed renal model in performing partial nephrectomy (PN) and also in the education of 
medical students. They prospectively produced personalized renal models using 3D-printing methods 
from preoperative computed tomography (CT) images in a total of 10 patients. Two different groups 
(urologist and student group) appraised the clinical usefulness of 3D-renal models by answering ques-
tionnaires. After application of 3D renal models, the urologist group gave highly positive responses in 
asking clinical usefulness of 3D-model among PN (understanding personal anatomy: 8.9 / 10, preope-
rative surgical planning: 8.2 / 10, intraoperative tumor localization: 8.4 / 10, plan for further utilization 
in future: 8.3 / 10, clinical usefulness in complete endophytic mass: 9.5 / 10. The student group located 
each renal tumor correctly in 47.3% when they solely interpreted the CT images. After the introduction 
of 3D-models, the rate of correct answers was significantly elevated to 70.0% (p <0.001). The subjective 
difficulty level in localizing renal tumor was also significantly low (52% versus 27%, p < 0.001) when 
they utilized 3D-models. The authors concluded that the personalized 3D renal model was revealed to 
significantly enhance the understanding of correct renal anatomy in patients with renal tumors in both 
urologist and student groups. These models can be useful for establishing the perioperative planning and 
also education program for medical students.

 The 3D printed technology is a new technology and had a lot of applications in kidney surgery 
(flexible ureteroscopy, endourologic procedures and partial nephrectomy). To perform a partial nephrec-
tomy, via conventional route, laparoscopically or robotic, the most relevant issue is the understanding 
of intra-renal anatomy (1). In the present paper the authors shows the importance of 3D technology to 
understand the renal anatomy before the surgery.

Vol. 44 (5): 857-858, September - October, 2018

doi: 10.1590/S1677-5538.IBJU.2018.05.01

Partial nephrectomy: three dimensional (3D) models from 
preoperative computed tomography is the future to identify 
the exact loction of the tumor
_______________________________________________
Luciano A. Favorito 1, 2, 3

1 Professor Titular, Unidade Urogenital da Univ. Est. do Rio de Janeiro – UERJ, RJ, Brasil; 2 Urologista 
do Hospital da Lagoa Federal, Rio de Janeiro , RJ, Brasil; 3 Editor Associado do International Braz J Urol
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 Perfect knowledge and identification of 
intra-renal arterial anatomy may allow comple-
te removal of the zone affected by the tumor, 
with maximal preservation of functioning renal 
parenchyma. The understanding of intravascu-
lar renal anatomy is one of the most important 
factors for performing the zero-ischemia robotic 
and laparoscopic partial nephrectomy (2).

 A technique of anatomic vascular mi-
crodissection of renal artery branches is per-
formed to selectively devascularize only the 
tumor, maintaining normal perfusion of the re-
maining kidney (3, 4). The anatomy of the renal 
artery is very important to understand and pro-
ceed these surgical tecnhiques. The main renal 
artery divides into segmental arteries near the 
renal hilum in five branches: Posterior; apical, 
upper, middle, and lower anterior segmental ar-
teries. The apical and lower anterior segmental 
arteries supply the anterior and posterior surfa-

ces of the upper and lower renal poles, respec-
tively; the upper and middle segmental arteries 
supply the remainder of the anterior surface. 
The segmental arteries then course through the 
renal sinus and branch into the lobar arteries. 
Further divisions include the interlobar, arcua-
te, and interlobular arteries (5, 6).

 The importance of proportional analyses 
of the kidney arterial segments (7) and the upper 
and lower pole nephrectomy in experimental 
models using human kidneys was studied with 
an accurate analysis of the vascular damage 
applied to partial nephrectomy (8, 9). Informa-
tion about local anatomy and the probable place 
where injuries are more significant are crucial to 
the surgeon. The three dimensional models from 
preoperative computed tomography is the future 
to identify the exact location of the tumor and to 
perform the best surgical strategy to remove the 
tumor with renal parenchymal preservation.
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Penile cancer is a rare tumor in developed countries; since its diagnosis is made usually 
in a late stage, it presents high morbidity and mortality. It is more prevalent in developing coun-
tries in Asia, Africa and South America, particularly in non-circumcised males (1).

More common histology type is penile squamous cell carcinoma - PSCC (95%) related 
to the infection by the Human Papillomavirus (HPV) (2). HPV-DNA is found in more than 20% 
of patients with penile tumor and in 90% of anal cancers (3). The number of new patients with 
PSCC is increasing worldwide, including developed European countries (Denmark, Netherlands, 
England), and has been worried many health care professionals around the World (4).

Treatment of PSCC is mainly surgical, with local resection of lesion, partial or total pe-
nectomy and occasionally inguinal and eventually pelvic lymphadenectomy. Dissemination is 
mainly by lymph nodes (inguinal, pelvic) and by bloodstream.

PSCC etiology is multifactorial, including phimosis, poor hygiene, smoking, chronic in-
flammation (balanitis xerotica obliterans). Other important risk factors include: high number of 
sexual partners, genital wart disease of sexually transmitted diseases (STD) (5).

HPV infection is the most common sexually transmitted disease in the World, and 50% 
to 80% of sexually active persons have already been infected by that virus at any moment in 
their life (6). It was the first identified virus related to malign transformation of cells at the 
uterine cervix at the 70’s and, ever since, some serotypes have been correlated to superficial 
epithelial tumors at the vulva, vagina, anus, penis and oropharynx.

Cervical uterine cancer is also a disease caused by the persistent oncogenic HPV infec-
tion. At the uterine canal, the transformation zone, characterized by areas of immature meta-
plastic squamous cells, is particularly vulnerable to HPV infection. Apparently, virions infect 
only human cells, in special stratified squamous epithelium. Usually, HPV infection occurs in 
microcracks at the surface of epithelium, invading basal membrane cells, where the viral geno-
me is introduced in the cell nucleus (7).

HPV infection leads to displasic transformation of basal cells, that may heal sponta-
neously or evolve to neoplastic precursor cells and developing high grade lesions, resulting 
in tumors. During carcinogenesis, infection may alter oncotic cytology, also known as uterine 
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cervix Papanicolau exam, that is used as scre-
ening method in women. Persistent high risk 
HPV infection is the key to lesion progression.

HPVs are members of the Papilloma-
viridae family, small non-enveloped virus 
with double chain of DNA. More than 200 
types of HPV have already been identified 
and 140 have been submitted to DNA se-
quencing (6). Thirteen are carcinogenic: with 
high risk to develop displasia and neoplasia 
(8). HPB subtypes 16 and 18 are responsible 
for 70% of all malign uterine cervix tumors 
(4, 9). Serotypes 6 and 11 are less associated 
to vaginal and penile oncogenesis, but are 
more associated to vulva, anus and oropha-
rynx carcinogenesis (10). They are also res-
ponsible for condylomatosis.

Prevalence of HPV infection in wo-
men is around 12% and in men 20% (1.3% - 
72.9%). Most patients are uncircumcised. HPV 
infection is usually asymptomatic and may 
cause two types of lesions: acuminate con-
dyloma (ano-genital warts), low grade lesions, 
and tumors, high grade lesions.

Infected patients by serotypes 16 and 
18 present high levels of specific antibodies, 
reducing the risk of subsequent infections by 
the same serotype. This evidence allowed the 
development of vaccines with viral parts of 
each subtype.

The first HPV vaccine approved by the 
American Federal Drug Administration (FDA) 
was marketed in 2006. At present, there are 
three different vaccines: bivalent (2014), that 
targeted the infection of serotypes 16 and 18; 
quadrivalent (targeting serotypes 6, 11, 16 
and 18); and nonavalent (last version), that 
protects against infection of subtypes 6, 11, 
16, 18, 31, 33, 45, 52 and 58 (6, 11).

Dosage of antibodies in vaccinated 
patients with bivalent or quadrivalent vacci-
nes, compared to patients infected by HPV is 
higher. In that group of vaccinated patients, 
93% to 100% showed seroconversion. It was 
showed also that monovalent vaccine, when 
administered in two doses, has the same effi-
cacy than when three-times administered. In 
a random trial, patients with high risk lesions 
that were vaccinated, compared to a control 

group, showed less risk of malign transforma-
tion. Also, it was demonstrated that vaccine 
efficacy is higher when administered before 
the beginning of sexual life of patients (6).

In patients with more that 15 years 
old, the vaccination program is performed in 
three stages: initial dose, followed by a second 
dose after 1-2 months and final dose after 6 
months. Before 15 years old or the beginning 
of sexual life, vaccination must be administe-
red in two doses, with interval of 6-12 months 
(12). Men with more than 26 years of life that 
have sex with other men or that are immuno-
suppressed must also be vaccinated (13). 

The proposal and dissemination of 
HPV vaccine and studies that showed correla-
tion of HPV infection and several tumors have 
increased the use of vaccine in several coun-
tries (2). For example, in the US, recent data 
show that in 2015, 28% of men completed the 
three-dose vaccine plan and also 41.9% of 
women and 34.9% of adolescents (14).

HPV vaccination showed good results 
in women, and is safe and efficient to prevent 
uterine cervical cancer. In men, vaccine effi-
cacy was high in studies that included non-
-treated men against HPV (15).

World Health Organization strongly 
recommends vaccination of children with 
both sexes. After the beginning of vaccina-
tion, rate of infection reduced. In the US, it 
is recommended vaccination of children, and 
men and women from 9 to 26 years old (16). 
It is also recommended screening of cervical 
uterine cancer using Papanicolau exam to 
evaluate oncotic cytology.

HPV vaccination became an excellent 
tool to prevent virus infection, and therefore, 
prevention of neoplastic diseases in men (pre-
venting penile cancer and also transmission 
of virus to women, consequently preventing 
uterine cervix, ano-genital and oropharynx 
tumors related to HPV infection).

The number of women, adolescents 
and young adults vaccinated against HPV is 
increasing worldwide, due to the increase of 
patients infected by HPV (including developed 
countries), the correlation of HPV and tumor 
in both sexes showed in recent studies, and 



861

the availability and easy of access to vacci-
nation of young adults and adolescents, with 
direct impact in the prevention of neoplastic 
diseases of oropharynx, anus and genitals, 
such as uterine cervix and penis.

 Therefore, it is recommended vaccina-
tion of adolescents (boys and girls) with 11-12 
years old, or before the beginning of sexual 
life (preferably) to prevent direct infection of 
HPV in both sexes, and to prevent cross-in-
fection, actively preventing neoplastic disea-
ses beyond penile tumors, such as ano-genital 
(vulva, uterine cervix and anus) and oropha-
rynx cancers.
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Human papillomavirus (HPV) is a DNA virus that presents tropism for epithelial cells, 
causing infections of the skin and mucous membranes. It is transmitted by direct contact of a 
healthy skin or mucosa with an affected skin or mucosa. Until now, more than 200 types of HPVs 
have been discovered (1). Approximately 30 types infect the anal and genital mucosa. Types that 
can also be detected in the oral mucosa are classified according to risk of causing lesions or their 
potential for malignancy. Such as “low risk” are included types 6 and 11 (more incidents) and as 
“high risk” the types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 66 (2). Human papillomavirus 
(HPV), a sexually transmitted infection, is responsible for 99.7% of cases of cervical cancer (3) and 
530,000 new cases of cervical cancer globally every year (4). In addition, HPV is also responsible 
for some head and neck cancers, penile cancers and the majority of anal cancers (5). The incidence 
of these cancers is on the rise. Globally, HPV types 16 and 18 are responsible for 38,000 (85%) new 
cases of head and neck cancers and 35,000 (87%) cases of anal cancers (4).

 The main focus of global vaccine programs has been prevention of cervical cancer, 
through prevention of oncogenic HPV infection, the necessary cause of squamous and glandu-
lar cervical carcinomas (6, 7). The most robust available data regarding HPV vaccines regards 
cervical intraepithelial neoplasia and cervical cancer. A recent 10-year review and meta-analy-
sis of several randomized controlled trials (RCT) cited efficacy from 89.8-100% in a follow-up 
of 34.9 months to 9.4 years (8). The most common adverse event was pain at the injection site 
and any serious adverse events were not determined to be vaccine-related (8). Another 10-year 
review found similar efficacy, specifically of the bivalent and 9-valent vaccines, again, in CIN2+ 
lesions (9). However, regarding male HPV cases, a significant concern is the low rate of sero-
conversion after natural infection (10). In addition, it has been suggested that HPV antibody 
seropositivity does not provide significant immunity to future infections like it does in women 
(11). Fortunately, the quadrivalent HPV vaccine has been shown to be highly immunogenic in 
men age 16 to 26, with seroconversion by month 7, remaining elevated even at 36 months, 
with titers comparable to those in women (12). In Sweden, the current HPV Immunization Pro-
gram includes only young females, and coverages above 50% in such programs are suggested 
to give herd immunity (13, 14). Since the introduction of the HPV vaccine in Sweden, the in-
cidence of anogenital warts has decreased among both the vaccinated female population and 
the unvaccinated male population, suggesting that herd immunity has been achieved (15, 16). 
However, among males having sex with males, herd immunity has not yet been proven, which is 
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why a recent modeling study recommended 
targeted prevention strategies to reach this 
population (17).

 Penile cancer is a heterogeneous dise-
ase with respect to HPV infection, with the as-
sociation with penile infection dependent on 
the histology (18, 19). It is uncertain whether 
cancers involving HPV infection have better 
survival profiles than cancers without HPV 
infection. In a study with 82 penile cancer pa-
tients, 30.5% of tumors had HPV DNA, with 
HPV 16 being the most prevalent. This study 
demonstrated no association between HPV 
negative and positive patients when conside-
ring lymph node metastasis (P=0.386) and 10-
year survival rate (68.4% vs. 69.1%; P=0.83) 
(20). In another study with 29 patients with 
invasive squamous cell carcinoma of penis 
(SCCP), 31% of tumors had either HPV-16 or 
HPV-18 DNA. This study found no difference 
between HPV negative and positive patients 
in terms of nodal metastasis or survival even 
after adjustment control for tumor stage (21). 
However, these results differ from another 
which examined HPV status as a prognos-
tic indicator in 171 penile cancer patients. In 
this study, high-risk HPV DNA was found in 
29% of tumors, with 76% containing HPV-16. 
High-risk HPV was associated with improved 
5-year disease-specific survival (78% vs. 93%; 
P=0.03). Additionally, high-risk HPV was an 
independent predictor of disease specific mor-
tality in multivariate analysis [hazard ratio 
(HR), 0.14; 95% CI, 0.03–0.63; P=0.01] (22). 
Regarding all these studies, we can notice that 
the presence HPV DNA in SCCP is not much 
higher than 30 %. It means that approxima-

tely 70% of patients with SCCP will still have 
the disease even if all males received the vac-
cine. SCCP have a low association with HPV, 
whereas warty/basaloid cancers are strongly 
associated with HPV (23). In addition, preli-
minary data indicate a prevalence of 54.6% 
of HPV cases among the Brazilian population 
aged 16 to 25 years, 38.4% of which are of 
high risk for the development of cancer (24). 
he infection can manifest itself in two ways: 
clinical and subclinical and it is estimated 
that only about 5% of people infected with 
HPV will develop some form of manifestation 
(25). As penile cancer accounts for only 2.7% 
of male malignancies in Brazil (26), we can 
roughly estimate that few patients with HPV 
will develop penile cancer. Among HPV posi-
tive patients, those with high-risk HPV would 
be more likely to develop penile cancer.

 Therefore, the male public HPV vacci-
nation is a good measure to prevent not just 
cervical cancer but some head and neck can-
cers, some penile warts and the majority of 
anal cancers. However, it is not clear if it will 
be enough to eradicate or reduce the preva-
lence of penile cancer. Increased patient edu-
cation along with prevention strategies such 
us condom use, hygienic measures, smoking 
cessation, and avoidance of chronic inflam-
matory states can have considerable impact 
on pathogenesis of pre-cancerous lesions of 
the penis. Although, the adoption of HPV 
vaccination has led to some success in female 
HPV-related cancers, the results are yet to be 
elucidated in the male population. It is neces-
sary further long-term studies to declare that 
HPV vaccination is effective against SCCP.
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ABSTRAcT         ARTIcLE INfO______________________________________________________________     ______________________
Objective: To assess the relationship between 5α-reductase inhibitors (5ARIs) and the 
risk of male breast cancer (MBC).
Material and Methods: We systematically searched Medline via PubMed, Embase and 
the Cochrane Library Central Register up to May 2017 to identify published articles 
related to 5ARIs and the risk of MBC.
Results: Summary effect estimates were calculated by a random-effect model, and 
tests for multivariable-unadjusted pooled risk ratios (RR) and heterogeneity, as well 
as the sensitivity analyses were conducted to assess publication bias. All four studies 
were conducted in a quality assessment according to the Newcastle Ottawa Scale 
system. The strength of association between 5ARIs and the prevalence of MBC was 
evaluated by using summarized unadjusted pooled RR with a 95% confidence interval 
[CI]. Four studies involving 595.776 participants, mean age range from 60 to 73.2 
years old, were included in a meta-analysis, which produced a summary unadjusted 
RR of the risk of MBC for the treatment of 5ARIs of 1.16 (95% CI 0.85-1.58, P=0.36) 
and the multivariable-adjusted RR is 1.03, (95% CI 0.75-1.41, p=0.86). There was no 
heterogeneity among included studies (I2=0%, P=0.49). Estimates of total effects were 
generally consistent with the sensitivity.
Conclusion: We did not observe a positive association between the use of 5ARIs and 
MBC. The small number of breast cancer cases exposed to 5ARIs and the lack of an 
association in our study suggest that the development of breast cancer should not in-
fluence the prescribing of 5ARIs therapy.

INTRODUcTION

Five-alpha Reductase Inhibitors (5ARIs) 
finasteride and dutasteride are the competitive 
and specific inhibitors of 5α-reductase, an enzy-
me involved in the conversion of testosterone to 
5α-dihydrotestosterone (DHT), which is the main 
androgen involved in the pathogenesis of benign 
prostatic hyperplasia (BPH) and androgenetic alo-

pecia (AGA; male-pattern hair loss). These drugs 
act to prevent the transformation process of DHT 
to slow enlargement of the prostate, and to reduce 
the potentiation of AGA (1-4). Finasteride selecti-
vely inhibits the type 2 5AR enzyme, while Dutas-
teride is a new generation of 5ARIs that inhibits 
both type 1 and type 2 5AR enzymes (5). The type 
1 isoform is found predominantly in extra-prosta-
tic tissues, such as the skin and liver, whereas type 
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2 is the isoform found predominantly in normal 
and hyperplastic prostate tissue (6).

 Five-alpha Reductase Inhibitors have 
been investigated predominantly for their effects 
on BPH associated lower urinary tract symptoms 
(LUTS) and for the treatment of AGA on account 
of abundant 5ARI activities in the prostate and 
skin. These drugs have been widely used in cli-
nical practice. There have been 50 worldwide 
case reports of male breast cancer (MBC) in BPH 
patients aged from 54 to 88 years (mean age 71 
years old), who received 5 mg finasteride until 
2009, including twenty-seven cases that occur-
red after finasteride treatment for a minimum of 
1 year. There has been an increase in the number 
of case reports as pointed out in a recent report 
of Medicines and Health care products Regulatory 
Agency (MHRA). Patient information issued by 
the US Food and Drug Administration (FDA) for 
finasteride includes the following statements: “In 
rare cases, male breast cancer has been reported” 
and “The relationship between long-term use of 
finasteride and male breast neoplasia is currently 
unknown” (7-9). There has been increasing con-
cern about the possibility of MBC on 5ARIs use in 
recent years.

 MBC is a rare condition, comprising only 
approximately 1% of all breast malignancies (10). 
Owing to the rarity of the disease, obtaining a cle-
ar picture of risk factors is tremendously challen-
ging, and its etiology remains elusive. Genetic risk 
factors, including relations with familial history 
and BRCA gene mutations (11), are well establi-
shed. Investigations have also reported high risks 
among patients with Klinefelter syndrome (con-
dition characterized by 46-XXY karyotype and 
relative excesses of estrogens in relation to an-
drogens) (12, 13). Several studies indicated that 
MBC was highly related to obesity (14-20), physi-
cal inactivity (14, 19, 20), exogenous hormone use 
(21-24), and diabetes (17-25). Collectively, these 
findings emphasize the need for assessing the ro-
les of endogenous hormones in relation to MBC. 
High levels of both estrogens and androgens have 
been implicated in female breast cancer (26). The-
refore, we conducted this study to summarize the 
available evidences with the purpose of assessing 
the relationship between 5ARIs and the prevalen-

ce of MBC. To the best of our knowledge, this is 
the first meta-analysis about this topic.

MATERIALS AND METHODS

Literature Search Strategy and Selection Criteria
 Literature regarding meta-analysis stu-

dies was searched without language restriction 
up to May 2017, in databases including Embase, 
Cochrane library and Medline via PubMed. Addi-
tionally, we restricted the search to human parti-
cipants. We used subject headings and keywords 
for each electronic databases. The following sear-
ch terms were used: 5-alpha-reductase inhibitors, 
finasteride, dutasteride, 5ARI, Breast Neoplasms, 
Breast Tumors, Breast Cancer, Mammary Cancer 
and Malignant Tumor of Breast. We searched for 
additional relevant studies by examining the refe-
rence lists of the articles and published reviews.

 On the basis of patient, intervention, com-
parison, outcome and study design (PICOS) (27), 
studies were included if it assessed men with AGA 
and BPH (P); the use of ARIs (I); comparing the 
drug with an attention placebo control group (C); 
and patient outcomes of MBC (O). Eligible trials 
were RCTs or prospective trials that compared 
5ARIs with placebo for AGA or BPH. In addition, 
the included studies provided the incidence of 
MBC or the number of men with it or sufficient 
data (e. g, estimates, standard error, and P value) 
to calculate them. Studies of combination thera-
py of ARIs plus alpha-blockers for BPH were not 
included. Review articles, meeting abstracts, edi-
torials, case reports, and commentaries were also 
excluded if they have been useful for background 
information. For each potential included study, 
two investigators independently carried out the 
selection evaluation, data abstraction, and qua-
lity assessment. Disagreements were resolved by 
discussion or in consultation with a third author 
when two investigates independently selected stu-
dies for inclusion in this study.

 All these information were recorded in a 
standardized form and the following data were 
sought from each study: year of publication, first 
author’s name, ethnicity, diagnostic method, type 
of investigation, exact number of participants 
both in case and control groups, and relative risks 
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as well. We assessed the quality of selected cohort 
studies and case-control studies according to the 
Newcastle-Ottawa quality assessment scale (NOS) 
(28); the instrument consists of three domains in-
dicating the study quality as: selection (4 points), 
comparability (2 points) and outcome (3 points) 
for a total score of 9 points (with 9 representing 
the highest quality). Studies scoring 7-9 points, 
3-6 points and 0-3 points were identified as high, 
moderate and low quality, respectively.

 Data were analyzed using the Review Ma-
nager 5.1.2 statistical package (Cochrane Collabora-
tion Software) (29), and the clinical outcomes were 
reported as risk ratio (RR). The corresponding 95% 
confidence interval (95% CI) was calculated, consi-
dering P values less than 5% (P <0.05). A statistic 
for measuring heterogeneity was calculated throu-
gh I2 method (25-50% was considered low-level he-
terogeneity, 50-75% moderate-level heterogeneity 
and >75% high-level heterogeneity). We carried 
out an additional analysis using the random-effects 
model described by DerSimonian et al. (30), to ob-
serve if there was statistical heterogeneity found in 
the meta-analysis. We executed the funnel plot test 
described by Egger et al. (31) to determine the possi-
bility of any publication bias. For all analyses, a forest 
plot was generated to display results. After that, sub-
group analysis was further carried out by different ra-
ces, to appraise sources of heterogeneity. In addition, 
sensitivity analysis was performed with the method of 
calculating the unadjusted pooled RR by repeating the 
overall analysis after omitting each study in turn.

RESULTS

 The diagram represents the flow of iden-
tification and inclusion of trials, as recommended 
by the Preferred Reporting Items for Systematic re-
views and Meta-Analyses (PRISMA) statement (32) 
(Figure-1). In the first search, 72 references were 
identified and screened. 61 studies were excluded 
as unmatched titles and abstracts. By reviewed full 
text, 4 cases reports and 3 repeated studies were 
further removed, the lasted 4 studies were what we 
needed (33-36).

 The baseline characteristics of the included 
studies are shown in Table-1. Included studies (2 
case-control and 2 cohort studies) were published 

between the years of 2013 to 2017, accounting for 
more 558.281 individuals and 37.495 MBC cases 
were examined. Information on exposure and ou-
tcome was completely gained from cancer registry 
and official clinical practice research. All these stu-
dies were carried out in the following races: Euro-
pean (n=3), and American (n=1).

 Two of the four studies which were evaluated 
by the Newcastle-Ottawa Scale (NOS) all are of the 
high level quality, ranging from 7 to 9. The results of 
quality assessment are summarized in Table-2.

The analysis showed a non-significant increase 
risk of MBC for exposure to 5ARIs compared to a non-
exposure (RR=1.16, 95% CI 0.85-1.58, P=0.36), and 
the multivariable-adjusted RR is 1.03, (95% CI 0.75-
1.41, P=0.86). There was no evidence of heterogeneity 
(I2=0%, P=0.49), which made us calculated with 
random effects model (Figures 2 and 3).

 Sensitivity analysis was utilized to detect 
the influence of each study on the pooled RR by 
repeating the meta-analysis, while omitting 1 sin-
gle study each time. The sensitivity analysis for 
the risk of MBC on use of 5ARIs ranged from 1.04 
(95% CI: 0.75-1.44, P=0.83) to 1.21 (95% CI: 0.86-
1.71, P=0.27), shown in Table-3, demonstrating 
that no individual study significantly affected the 
pooled RR. Thus, sensitivity analysis showed that 
our results were reliable and no single study domina-

figure 1 - flow chart of study selection.

72 articles identified from PubMed Embase 
and Cochrane Library

Duplicated article that were excluded
(n=3)

Articles after the removal of duplicated 
(n=69)

Articles excluded based on title and 
abstracts (n=61)

Cases reports were excluded
(n=4)

Studies include in this meta-analysis
(n=4)

Full text articles reviewed for more detailed
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ted the combined RR. We performed stratified analy-
ses by race (Figure-3), which showed the studies from 
European (RR 1.20, 95% CI 0.82-1.77, P=0.35) com-
pared with studies from American (RR 1.08, 95% CI 
0.64-1.84, P=0.77).

In our assessment of publication bias, fun-
nel plots showed balance, with points distributing 
around the verticals, indicating no obvious publi-
cation bias (Figure-4).

Table 1 - characteristics of the included studies.

Study Year Country Race Study design Study group 
case/total

Control 
group case/

total

Mean age (years)
International
Classification 
of Diseases

Unadjusted 
RR, 95% CI

Adjusted RR, 
95% CIStudy 

group
Control 
group 

Robinson 
et al. (33) 2015 Sweden European cohort study 4/36620 75/545293 72 70 ICD-50 0.79(0.29–

2.17)
0.65 (0.32–

1.31)

Hagberg et 
al. (34) 2017 UK European case-control 10/48 58/478 73.2±9.9 73.1±9.9

protocol 
numbers 

15_086 and 
15_124

1.91 (0.90–
4.03)

1.52 (0.61–
3.80)

Duijnhoven 
et al. (35) 2014 UK European case-control 17/398 150/3930 71±11.0 70.9 ±10.8 NA 1.12 (0.67–

1.88)
1.08 (0.62–

1.87)

Bird et
al. (36) 2013 USA USA cohort study 15/429 278/8580 60 (51-

68) 60 (51-68) ICD-9-CM 
175.x

1.08 (0.64-
1.84)

1.12 (0.65-
1.93)

NA = not available

DIScUSSION

 To the best of our knowledge, this is the 
first meta-analysis which considers the effect of 
treatment of 5ARIs on the risk of MBC. From the 
selected articles, we clearly founded that MBC 
appears to be unrelated to the treatment of 5ARIs. 
This result was consistent with the study of Hag-
berg et al. (34) that collected the entire male po-

Table 2 - New castle-Ottawa Scale (NOS) assessment of the quality of the cohort and case-control studies.

Study
Selection Comparability Exposure/Outcome

Total scores
1 2 3 4 5A 5B 6 7 8

Robinson et al. (33) – ☆ – ☆ ☆ – ☆ ☆ ☆ 6

Hagberg et al. (34) ☆ ☆ – ☆ ☆ ☆ ☆ – ☆ 7

Duijnhoven et al. (35) ☆ – ☆ ☆ ☆ ☆ – ☆ ☆ 7

Bird et al. (36) – ☆ ☆ – ☆ ☆ – ☆ ☆ 6

For cohort studies: 1 representativeness of the exposed cohort; 2 selection of the non-exposed cohort; 3 ascertainment of exposure; 4 demonstration that outcome of interest 
was not present at start of study; 5 comparability of cohorts on the basis of the design or analysis; 6 assessment of outcome; 7 was follow up long enough for outcomes to 
occur; 8 adequacy of follow-up of cohorts.
For cases-control study: 1 case definition adequate; 2 representativeness of the cases; 3 selection of controls; 4 definition of control; 5 comparability based on design or 
analysis; 6 ascertainment of exposure; 7 same method of ascertainment for cases and controls; 8 non-response rate.
A Studies that controlled for age received one score
B Studies that controlled for other important confounders received an additional score
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figure 3 - The result of multivariable unadjusted RR and subgroup analysis of meta-analysis.

figure 2 - The multivariable adjusted RR of meta-analysis

cI=confidence interval; RR=relative risk.

Table 3 - Sensitivity analysis after each study was excluded by turns.

Study omitted RR (95% CI) for remainders
Heterogeneity

I2 (%) P

Robinson et al. (33) 1.16 [0.81,1.65] 0 0.81

Hagberg et al. (34) 0.98 [0.69, 1.37] 0 0.44

Duijnhoven et al. (35) 1.00 [0.65, 1.55] 16 0.30

Bird et al. (36) 0.99 [0.64, 1.51] 13 0.32

cI=confidence interval; RR=relative risk.
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pulation of Sweden who have used 5ARIs in all 
registers; the conclusion was similar to ours, but 
there was an increased risk of MBC on men who 
had undergone a transurethral resection of the 
prostate (TUR-P). The small number of cases with 
male breast cancer and the lack of information on 
some known risk factors for male breast cancer 
such as family history, obesity, and exposure to 
radiation are the biggest limitation of this study. 
Neither short-term nor long-term treatment was 
associated with a significantly increased risk of 
MBC (33). Though the author did not use data 
from cancer registries for case ascertainment whe-
re are often perceived as the gold standard, CPRD 
however also has a proven high reliability in ge-
neral as well as for cancer diagnoses. Bird et al. 
(36) and Duijnhoven et al. (35) declared a similar 
conclusion with us, they did not observe a positive 
association between 5ARIs and MBC, even in 1 to 
3-year time frames. The lower incidence of MBC 
makes it a limitation, that is, it is a difficult cancer 
to study. They need to obtain cases from an under-
lying population of more than 68 million.

 As the disease incidence is less than 1% of 
female breast cancer, male breast cancer has not 
been studied well, and limited information is avai-
lable regarding the epidemiology, pathogenesis, 

and treatment (37). We still need to pay sufficient 
attention to the risk of MBC on use of 5ARIs cons-
tantly, though our results suggest that there is no 
increased risk of breast cancer among men using 
5ARIs compared to unexposed men. McConnell et 
al. (13) reported that four cases of breast cancer 
were diagnosed in patients who received finaste-
ride alone or in combination with doxazosin. The 
rate of breast cancer in this trial for men taking 
Finasteride either alone or with doxazosin was 
therefore 4 in 1554. It’s nearly 200 times of the 
morbidity of breast cancer. In addition, the results 
of both case reports and clinical trial results have 
suggested that treatment with 5ARIs may be asso-
ciated with MBC (38, 39). An evidence review by 
the United Kingdom’s (UK) national drug agency 
(12) made a finasteride drug warning label for bre-
ast cancer in the UK.

MBC is extremely rare, with an inciden-
ce in the general US population of <1%. It tends 
to be diagnosed at later stages than breast can-
cer in females, likely because of low awareness on 
the part of the patient and low suspicion by the 
physician. Clinical manifestations of MBC include 
breast mass (seen in 75% of patients), nipple re-
traction (9%), nipple discharge (6%), skin/nipple 
ulceration (6%) and Paget’s disease of the nipple 

figure 4 - funnel plot.
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(1%) (40). Risk factors for male breast carcinoma 
include BRCA1 andBRCA2 mutations, Klinefelter’s 
syndrome, altered testosterone and estrogen ba-
lance, testicular disorders, obesity, carcinoma of 
prostate and its treatment. Contradictory evidence 
has been reported in literature about gynecomas-
tia as a risk factor for breast cancer in males with 
evidence both for and against it (41, 42).

Multifactorial effects are contributory to 
male breast tumorigenesis. We have no evidence 
to show that 5ARIs increased the risk of MBC ac-
cording to our meta-analysis. We suggested that is 
because BRCA1 andBRCA2 mutations play a ma-
jor role in the development of MBC.

The BRCA1 and BRCA2 protein products 
are the key-point in DNA repair and cell cycle 
check point control (43, 44). They are classified as 
tumor-suppressor genes as well as maintain geno-
mic stability and control of cell proliferation (43). 
Mutations in the BRCA1 OR BRCA2 genes result 
in the cells inability to repair DNA damage, allo-
wing for the accumulation of genetic instabilities 
that can alter cell-cycle checkpoint control. Dys-
functional checkpoint control enables cells to pro-
liferate and become tumoral. Accordingly, BRCA 
mutation carriers show higher risk for breast (in 
both females and males) cancers (45).

The strongest risk factor for MBC is the 
presence of an inherited BRCA2 mutation. The 
lifetime risk for breast cancer in a male BRCA2 
mutation carrier is 7%, 80-100 times higher than 
for the general population (45-47). It is estima-
ted that 4-40% of MBC patients carry a mutation 
in BRCA2 (48-50). However, a precise estimate is 
limited because few studies have included popu-
lations of males who were not already diagno-
sed with breast cancer. The association betwe-
en BRCA1 mutations and MBC is not as strong 
as that seen for BRCA2 mutations. The lifetime 
risk for breast cancer in a male BRCA1 muta-
tion carrier is just over 1%, and it is estimated 
that a BRCA1 mutation is present in up to 4% 
of MBC cases (43, 51, 52). Our study suggested 
that the development of breast cancer should not 
influence the prescribing of 5ARIs therapy.

 The low incidence of MBC provides limi-
ted information on epidemiology, pathogenesis, 
and treatment to study. What is more, although 

we did not find any evidence of publication bias 
by testing funnel plots for obvious asymmetry, 
there still might be some unpublished studies that 
would nullify our results.

cONcLUSIONS

 The inadequate information and the rela-
tively short times to onset in these cases make the 
causal association between MBC and finasteride 
unlikely. In the future, more epidemiological and 
clinical studies are required to further explore the 
association between 5ARIs and risk of MBC.
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ABSTRAcT         ARTIcLE INfO______________________________________________________________     ______________________
Purpose: To provide data of the incidence and management of common urological 
malignancies in renal transplant recipients.
Materials and Methods: We conducted a retrospective analysis of a prospective da-
tabase from August 1967 to August 2015. A descriptive analysis of the sample was 
performed. 
Results: Among 1256 consecutive RTR a total of 88 patients developed malignancies 
(7%). There were 18 genitourinary tumors in the 16 patients (20.45 % of all malignant 
neoplasms), incidence of 1.27%. The most common neoplasm encounter was renal 
cancer (38.8%), followed by urothelial carcinoma (33.3%). Median follow-up of trans-
plantation was 197 months (R, 36-336). Mean time from RT to cancer diagnosis 89±70 
months (R, 12-276). CsA and AZA was the most common immunosuppression regimen 
in 68.75%. Mean follow-up after diagnosis was 103±72 months (R 10-215). Recurrence 
free survival rate of 100%. Overall survival of 89.5% of the sample; there were two 
non-related cancer deaths during follow-up.
Conclusions: The incidence of neoplasms in RTR was lower than in other series, with 
favorable functional and oncologic results after treatment. This suggests that actions 
to reduce the risk of these malignancies as well as a strict follow-up are mandatory for 
an early detection and treatment.

INTRODUcTION

Renal transplantation (RT) is a superior form 
of renal replacement therapy compared to dialy-
sis, with significantly decreased mortality risk and 
improved quality of life in patients with end stage 
renal disease (ESRD) (1). In the current era of im-
proved immunosuppression, patients have had sig-
nificant improvement in graft and overall survival 
(2). Due to this rise in graft survival, a significant 
increase in the number of genitourinary post-trans-

plant malignancies can be expected in the future. 
It is contemplated that within twenty years, death 
caused by tumor development will be the principal 
cause of mortality in this patient category (3).

 Renal transplant recipients (RTR) have a risk 
three to five times higher than the general popula-
tion of developing cancer, with lymphoma and skin 
cancer being the most predominant malignancies, 
followed by genitourinary tumors (4). This increment 
in incidence has been attributed to the decreased im-
mune surveillance, activation of oncogenic viruses, 
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chronic stimulation of immune system, immunosup-
pression, tobacco, and uremia (5).

 In contrast to general population, cancer 
in RTR has a higher growth rate, is more aggressi-
ve, and tends to be multiple and disseminate early, 
both locally and systemically (6). Among urogeni-
tal tumors in RTR, a highly elevated incidence rate 
of RCC (15-fold) and bladder cancer (three-fold) has 
been estimated compared with non-transplanted 
population (7). Concerning testicular and prostate 
cancer, there is mix evidence, while some studies 
report an increased incidence for testicular (three-
-fold) and prostate cancer (PCa) (two-fold) (7), 
others show similar or lower incidences when com-
pared to general population (7, 8).

 The development of malignancies markedly 
decreases the survival rate of affected patients (4). 
Therefore, the aim of this study is to provide data 
of the incidence and management of common uro-
logical malignancies in RTR at our Institution.

MATERIALS AND METHODS

 We conducted a retrospective analysis of 
RTR at the Instituto Nacional de Ciencias Médicas 

y Nutrición “Salvador Zubirán from August 1967 
to August 2015. A total of 1256 kidney transplants 
(717 male and 539 female) were analyzed. Of the-
se, 939 were obtained from living donors and 317 
from deceased donors. The median follow-up was 
118±76 months.

 Data collected included age, sex, time and 
type of dialysis, interval from renal transplant to 
cancer diagnosis, immunosuppression, smoking, 
location and type of tumor, treatment and outco-
mes.

 A descriptive analysis of the sample was 
performed.

RESULTS

 Among 1256 consecutive RTR at our cen-
ter, a total of 88 (7%) patients developed malignant 
neoplasms, of whom 16 (1.27%) had genitourinary 
tumors; 3 females and 13 males. There were 18 ge-
nitourinary tumors in the 16 patients (20.45% of all 
malignant neoplasm) (Table-1). Risk factors for the 
development of genitourinary tumors are shown 
in Table-2. The mean age at diagnosis was 35±15 
(range, 17 to 70) years. The mean time from RT to 

Table 1 - Distribution of genitourinary tumors.

Organ Histopathology n (%) Treatment

Renal

Renal cell carcinoma 7 (38.8) Nephrectomy (2)

- Clear cell in native kidney 5 (27.7) Sunitinib (1)

T1aN0MO, T4N1M1 2 (11.1) Bilateral RN (1)

- Bilateral papillary type 1 in native kidney 2 (11.1)

T1aN0MO 3 (16.6) PN (2)

- Clear cell in kidney graft RN (1)

T1aN0M0 (3)

Bladder Urothelial carcinoma: 6 (33.3) TURB (5)

LG-NIMBC (5), Adenocarcinoma (1) 5 (27.7) Nephrouretectomy (1)

Upper tract urothelial carcinoma 1 (5.5) Chemotherapy (1)

Prostate Adenocarcinoma: 7(3+4), 7 (4+3) 2 (11.1) RP (1) ADT (1)

Penis Squamous cell carcinoma: In situ (2) 2 (11.1) Circumcision (2)

GCT Non-seminomatous germ cell tumor 1 (5.5) Chemotherapy
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cancer diagnosis was 89±70 (R, 12-276) months. 
For immunosuppression (Table-3), CsA (cyclospo-
rine) was given in 11/16 (68.75%) patients, AZA 
(azathioprine) in 11/16 (68.75%), MMF (mycophe-
nolate) 8/16 (50%), Tac (tacrolimus) 6/16 (37.57%), 
and PDN (prednisone) in 16/16 (100%) of the pa-
tients. Afterwards, immunosuppression doses were 
reduced in most cases. In 9 patients (56.25%), the 
Calcineurin inhibitor was interchanged for RAP (si-
rolimus) after cancer diagnosis.

 In 42.10% of the cases, there was prior 
history of significant tobacco use. Mean follow-

-up after diagnosis was 103±72 (R 10-215) mon-
ths. The recurrence free survival rate was 100%; 
none of the patients with localized tumors had 
recurrence during follow-up. There is one patient 
with metastatic RCC with no signs of clinical or 
radiological progression. The overall survival was 
89.5%; there were two non-related cancer deaths 
during follow-up.

Renal cancer
 In 6 RTR, we found 7 kidney malignancies 

(38.8%) of all urological neoplasms detected). Of 

Table 2 - Risk factors for genitourinary tumors.

Risk Factors Renal Bladder Penis Prostate Testes Total

Age 36±17
(R 17-61)

29±8
(R 19-42)

38±10
(R 30-45)

64±8
(R 58-70)

25 36±15
(R 17-70)

Time of dialysis 31±33
(R 3-84)

26±15
(R 13-48)

19±12
(R 10-28)

38±19
(R 24-52)

35 29±22
(R 3-84)

Smoking 4/7
(57.14%)

2/6
(33.33%)

0/2
(0%)

1/2
(50%)

0 8/16
(50%)

Time of RT to 
caner

126±88
(R, 38-276)

37±23
(R,12-72)

156±68
(R 108-204)

41±2
(39-42)

48 86±74
(R 12-276)

Follow-up 42±37
(R 10-111)

167±72
(R 40-215)

121±43
(R 96-145)

76±6
(R 71-86)

176 103±72
(R 10-215)

Table 3 - Immunosuppression.

Renal Bladder Penis Prostate Testes Total n (%)

CsA 3/6
(50%)

5/5
(100%)

2/2
(100%)

0/2
(0%)

1/1
(100%)

11/16
(68.75%)

AZA 3/6
(50%)

5/5
(100%)

2/2
(100%)

0/2
(0%)

1/1
(100%)

11/16
(73.68%)

MMF 3/6
(50%)

1/5
(20%)

1/2
(0%)

2/2
(100%)

0/1
(0%)

7/16
(43.75%)

Tac 3/6
(50%)

0/5
(0%)

0/2
(0%)

2/2
(100%)

0/1
(0%)

5/16
(31.25%)

RAP 4/6
(66.66%)

2/5
(40%)

2/2
(100%)

0/2
(0%)

1/1
(100%)

9/16
(56.25%)

PDN 6/6
(100%)

5/5
(100%)

2/2
(100%)

2/2
(100%)

1/1
(100%)

16/16
(100%)
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these, 5 were RCC (renal cell carcinoma) (27.7%); 
2 patients developed clear cell carcinoma in nati-
ve kidney (11.1%), one individual was found with 
synchronous bilateral papillary type 1 cancer in 
native kidney (11.1%), and 3 tumors were located 
in the renal graft (16.6%). The immunosuppres-
sion regimens of MMF/Tac/PDN with Daclizumab 
as induction were used in patients diagnosed with 
RCC of the renal graft. For individuals with RCC 
in native kidneys, the therapeutic agents used 
were CsA/AZA/PDN. Four patients were switched 
to RAP/PDN regimen. Radical nephrectomy was 
performed as definitive treatment in native kid-
ney tumors, and in one non-functional renal graft 
with RCC.

 Partial nephrectomy was conducted in two 
cases of kidney graft malignancies; histopatholo-
gy revealed, clear-cell, stage pT1a, Fuhrman 2, 
R0-resection in both individuals. There were no 
significant changes in serum creatinine levels pre-
-op (0.8 mg/dL and 1.3 mg/dL) and post-op (1.0 
mg/dL and 1.4 mg/dL), respectively.

 All RCC were classified as low-grade T1a 
disease except for one case found at diagnosis as 
T4N1MI; a cytoreductive nephrectomy was per-
formed followed by Sunitinib.

 Clinically, 5 patients (83.3%) are in com-
plete remission, and one (16.6%) in is partial res-
ponse to Sunitinib after 10 months of follow-up, 
with no signs of clinical or radiological progres-
sion.

Urothelial carcinoma
 Urothelial carcinoma was the second most 

common urological malignancy. Six de novo ne-
oplasms of the bladder occurred in 5 individuals 
(33.3% of the urological neoplasm detected). Five 
affected the bladder and one the graft’s upper uri-
nary tract.

 Regarding bladder tumors, all were low-
-grade, non-muscle invasive, and treated with 
transurethral resection of bladder tumor (TURBT).

 Concerning the patient with the graft 
upper tract urothelial carcinoma, an uncommon 
presentation of tumor in RTR, a nephroureterec-
tomy of the renal allograft was performed. His-
tological analysis revealed a low grade urothe-
lial carcinoma confined to the pelvis allograft, 

with lamina propria invasion and free surgical 
margins (T1G1).

 No patient has had recurrence in a mean 
follow-up period of 167 months (R, 40-215). One 
patient died during TURBT due to bronchial as-
piration; the histologic result in this case was a 
synchronous urothelial carcinoma and adenocar-
cinoma.

 In all cases, the immunosuppressive treat-
ment consisted of CsA/AZA/PDN; this combina-
tion was further changed after cancer diagnosis 
in two patients. Smoking was found in 2 of 5 pa-
tients (40%).

Prostate cancer
 Two patients received this diagnosis 

(12.5%), prostate specific antigen (PSA) screening 
was used as a screening tool. Histologically, both 
tumors were intermediate risk adenocarcinomas 
{Gleason 7 (4+3) and Gleason 7 (3+4)}, both cli-
nical stages IIB (T2cN0M0, an T2bN0M0, respec-
tively). The first patient underwent radical prosta-
tectomy (RP). The second patient refused curative 
treatment (radical prostatectomy or radiotherapy). 
He decided to receive androgen deprivation the-
rapy (ADT), despite informed metabolic and func-
tional complications of this treatment. The mean 
follow-up was 76±6.36 months. The patient trea-
ted with ADT died 80 months after treatment of 
acute myocardial infarction owing to causes un-
related to cancer. The patient who underwent RP 
is disease free, with favorable biochemical control. 
The immunosuppression scheme was MMF/Tac/
PDN with Daclizumab as induction in both cases.

Penis cancer
 This malignancy was found in two patients 

(12.5%). Both were squamous cell carcinoma in 
situ of the prepuce skin treated with circumcision, 
with a mean follow-up period of 121±34.64 mon-
ths and no recurrence during this period of time. 
The immunosuppression regimen was CsA/AZA/
PDN, both changed to Sirolimus after cancer diag-
nosis.

Germ cell tumors (GCT)
 One patient (6.25%) developed an extra-

-gonadal non-seminomatous GCT. The immuno-
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suppression therapy was CsA/AZA/PDN, and shif-
ted to Sirolimus after diagnosis. The patient was 
treated with four cycles of Bleomycin, Etoposide, 
Cisplatin, with a progression free survival of 176 
months.

 Regarding histocompatibility, we found 
that of those sharing 0-haplotypes, 47.3% deve-
loped malignancies, while of those with 1 and 2 
haplotypes, the frequency of tumors was 36.8% 
and 15.7%, respectively.

 Donor and recipient gender was analyzed, 
finding an overall donor-recipient gender misma-
tch of 68.4%. Interestingly, of those developing 
renal neoplasms, 100% had gender mismatch.

DIScUSSION

 This retrospective study comprises all de 
novo urological malignancies in RTR diagnosed 
over a period of 48 years. In our study, there were 
16 patients with 18-de novo urological neoplasms 
(20.45% of all malignant neoplasms). We reported 
an incidence of urological malignancies after RT 
of 1.27%, which is lower than in other series. On 
average, it is estimated that the incidence of cancer 
in patients who have sustained kidney transplant 
is 3 to 5 times higher than that for the general 
population, and increasing with time. According 
to data published in other countries, the accumu-
lated incidence of neoplasms can reach 7.5% at 3 
years from RT (4), 20% at 10 years (3), and nearly 
30% after 20 years (8). In our study, we observed 
a mean time from RT to cancer diagnosis of 89±70 
months (R, 12-276), with shorter intervals for bla-
dder, prostate and testis cancer (37±23, 41±2 and 
48 months, respectively), and longer intervals for 
renal and penis cancer (118±79 and 156±68, res-
pectively). This contrasts with published data that 
reported RCC is an early event occurring between 
2 and 5 years after transplantation (9, 10), and 
others favoring a much later appearance (around 
89 months) (11). This suggests that the risk begins 
from the early post-RT and remains present even 
after many years of RT.

 In our study RCC was the most frequent 
tumor, representing 38.8% of all urological ma-
lignancies, similar to other series (11). The 3-year 
cumulative incidence in transplant recipients is re-

ported by the USRDS to be 2.2%. More commonly, 
RCC arises from the native kidneys of transplant 
recipients, although conflicting data is found in li-
terature (11, 12). These discrepancies are probably 
due to small sample sizes.

 Since there is a clear growing incidence 
of neoplasms in RTR, the European Urological 
Association Guidelines on Renal Transplantation 
recommends that screening should be carried out 
annually for skin, lymphatic system and native 
kidneys, and for all other organs, the screening 
should follow the same rules as in the general po-
pulation (13). In our Institution we performed a 
biannual screening for disease prevention, which 
has allowed us to detect 90% of renal tumors in 
early and localized stages.

 If the RCC affects a non-functioning kid-
ney (native or graft), treatment of choice should 
be radical nephrectomy; there is no clear consen-
sus for treatment when RCC affects the graft. At 
our institution, RCC in the graft was detected in 
3 patients; 2 of them with functional graft un-
derwent partial nephrectomy, performed with 
good functional and oncological outcomes. No 
tumor recurrence or allograft failure was observed 
after a median follow-up of 32 months in these 
patients. Partial nephrectomy has been shown to 
be as effective as radical nephrectomy for cancer 
control and would be preferred in transplant re-
cipients if technically feasible (14, 15), although 
other therapeutic techniques such as cryotherapy 
and radiofrequency ablation have been reported 
in T1a tumors with comorbidities with adequate 
short-term outcomes (16, 17).

 Urothelial carcinoma is an uncommon tu-
mor in RTR. USRDS reported a 3-year cumulative 
incidence of 0.66%, which accounts for 0.87% of 
all tumors in transplant recipients (4). However, 
the risk of developing urothelial carcinoma after 
RT is superior to in general population, and has 
been estimated at around 3 times higher. Further-
more, they tend to be more aggressive, poorly 
differentiated, rapidly progressive, and causing 
higher mortality in comparison to the general po-
pulation (18). It is likely that the usual risk factors 
for urothelial carcinoma, e.g., smoking, adding to 
immunosuppression are the cause for this higher 
rate. We found 5 tumors in the bladder, and 1 in 
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the pelvis of the graft (all low grade NMIBC). The-
re are few reports in the literature about upper 
tract urothelial carcinoma affecting the renal allo-
graft; conservative and radical treatments have 
been reported with good outcomes, arguing that 
proper treatments should be tailored according 
to each case in a multidisciplinary approach (19). 
Additionally, there was 1 case of adenocarcinoma 
of the bladder. The latter is an exceptional way of 
presentation of bladder carcinoma, with no cases 
reported in the literature in post RT patients. Also, 
contrary to the usual way of presentation of blad-
der tumors in RT recipients, in our series we obser-
ved all to be low grade, non-progressive or recur-
rent with an average follow-up of 167 months and 
with non-cancer associated mortality. All received 
immunosuppression regimen consisting of CsA 
and AZA; tobacco use was seen in 40%. The typi-
cal clinical presentation of bladder cancer in RTR 
has been previously reviewed, with painless he-
maturia being the most common trait, followed by 
dysuria, flank pain, and urinary obstruction (20). 
We performed in all RTR a strict biannual scree-
ning protocol including urinalysis, which helped 
us detect these malignancies in early stages.

 The optimal treatment for patients with 
bladder carcinoma is not well defined. TURBT 
follows the same principles as in non-transplanted 
patients. Intravesical chemotherapy and immuno-
therapy has been used without added morbidity to 
RTR (21, 22); however, these need to be taken cau-
tiously since the reported numbers are too small 
to draw solid conclusions. If technically feasible, 
surgical procedures, including cystectomy, are 
considered the treatment of choice.

 We found 2 cases with intermediate risk 
prostate cancer (Gleason 7 (4+3) and Gleason 7 
(3+4)). Some series of tumors in RTR reported hi-
gher incidences of prostate cancer than in general 
population (10, 23); in ours, there was a smaller 
incidence, perhaps owing to the younger age of 
our transplanted population (35±15 R, 17-70); this 
is similar to other series, that reported comparable 
or even smaller incidence, so there is no clear con-
sensus on this issue (11, 24). Although screening 
for prostate cancer in RTR follows similar precepts 
than for the general population, we must consider 
prostate specific levels in patients with ESRD may 

be higher with an increased cancer detection rate 
than in non-transplanted individuals (25). Becau-
se transplant recipients have a reduced life expec-
tancy, comorbid conditions should be assessed, 
including the current function of the transplanted 
organ, before considering screening. Surgical tre-
atment for prostate cancer after kidney transplan-
tation is technically challenging. However, there 
are series reporting open, laparoscopic, and robot 
assisted laparoscopic prostatectomy with adequate 
functional and oncological outcomes (26, 27). Li-
terature regarding the use of radiation therapy is 
limited (26).

 Penile cancer is an uncommon tumor in 
RTR. Nevertheless, this population has an excess 
risk of developing this type of neoplasms. There 
is a 2.41-fold increase in any human papilloma-
virus (HPV)-related cancer compared with popu-
lation controls (25). We reported cases of in situ 
squamous cell carcinoma treated effectively with 
circumcision. There are no screening programs 
currently available for non-cervical HPV-related 
cancer. Therefore, early detection relies on clini-
cians and patient’s awareness on early signs and 
symptoms of cancer.

 In our series, a non-seminomatous GCT 
was reported. Standard chemotherapy was suc-
cessfully applied without deleterious effects to the 
graft. Some studies show favorable outcomes with 
Cisplatin (28), but others have reported otherwise, 
mentioning nephrotoxicity if combined with CsA. 
This could be prevented by shifting the immuno-
suppressive regimen to RAP, or by replacing Cis-
platin for Carboplatin (29).

 The data in this study comprises a vast pe-
riod of time in the era of renal transplantation; 
because of this, different immunosuppression 
schemes ranging from older to more novel, are 
included. Continuous improvements in the effi-
cacy of anti-rejection drugs have greatly contri-
buted toward prolonging the long-term survival 
of transplant recipients (30); however, life-long 
use of immunosuppressive drugs increases the 
risk of opportunistic diseases and malignancies. 
The frequency of cancer increases during immu-
nosuppression. Around 10 years after continuous 
immunosuppressive therapy, approximately 20% 
of transplanted patients have been diagnosed with 
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cancer, a risk 2- to 5-fold higher than in the ge-
neral population (30). The duration of immunosu-
ppressive therapy, the intensity of such, and the 
type of immunosuppressive agent, all have an im-
pact on the development of post-transplant malig-
nancy, rendering the immunosuppressive regimen 
an important risk factor requiring consideration. 
The role of particular immunosuppressive agents 
on the outcome of post-transplant neoplasms is 
controversial (31). The use of immunosuppressive 
schemes that combine a variety of agents makes it 
difficult to isolate the effects of individual agents 
on post-transplant malignancies, thereby limiting 
the data available. In our Institute, we found a 
more prevalent incidence of tumors with CsA/
AZA (68.75%) than with MMF or Tac (50% and 
37.5%, respectively). In 9 patients (56.25%). the 
Calcineurin Inhibitor was exchanged for RAP after 
cancer diagnosis. Modification of the immunosu-
ppressive regimen for RTR who developed tumors, 
is a matter of debate. Many studies have shown 
the beneficial immunosuppressive effect of RAP, 
as it has demonstrated an antitumor property with 
adequate outcomes (32-33). Thus, it should be 
considered for RTR presenting with malignancies.

 Post-transplant mortality associated with 
de novo cancers is elevated-ten-year survival rate 
of 57%, as opposed to 93% in those without it. Ac-
cording to the USRDS, 7.5% of post-renal trans-
plantation deaths are attributed to malignancy (4). 
Interestingly, in our study, we found an overall 
survival of 89.5%. There were two non-related 
cancer deaths documented during follow-up with 
a recurrence-free survival of 100% in a mean 
follow-up period of 103 months.

cONcLUSIONS

 The rising incidence of post-transplant 
malignancies poses a unique problem to this po-
pulation. Because of the suitability for conventio-
nal and curative treatments, measures to reduce 
the risk of these malignancies and a strict follow-
-up are mandatory for an early detection and tre-
atment of these. Management should be multidis-
ciplinary in order to preserve graft function and 
obtain favorable oncological outcomes.
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INTRODUcTION

Magnetic resonance imaging (MRI) of the 
prostate is an important tool to detect cancer (1-
3), stage the disease (4), estimate cancer aggres-
siveness (5, 6) and follow-up men with previous 
negative biopsies or on active surveillance (7, 8).

However, prostate MRI is a challenging 
exam, with limitations, so its description is usu-
ally performed in probability grades of having a 
clinically significant (CS) cancer. A Likert scale is 
a subjective scale firstly described by a neurosci-
entist and is used to grade something in levels of 
certainty (9). In prostate MRI the Likert scale is 
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ABSTRAcT 

Purpose: To identify objective and subjective criteria on multiparametric prostate MRI 
that can be helpful for prostate cancer detection.
Materials and Methods: Retrospective study, IRB approved, including 122 patients 
who had suspicious lesion on MRI and who underwent prostate biopsy with ultraso-
nography (US)/MRI imaging fusion. There were 60 patients with positive biopsies and 
62 with negative biopsies. MRI of these patients were randomized and evaluated inde-
pendently by two blinded radiologists. The following variables were analyzed in each 
lesion: morphology, contours, T2 signal, diffusion restriction (subjective impression 
and objective values), hyper-enhancement, contact with transition zone or prostatic 
contour, prostatic contour retraction, Likert and PIRADS classification.
Results: Apparent diffusion coefficient (ADC) value was the best predictor of positivity 
for prostate cancer, with mean value of 1.08 (SD 0.20) and 1.09 mm2/sec (SD 0.24) on 
negative biopsies and 0.81 (SD 0.22) and 0.84 mm2/sec (SD 0.22) on positive biopsies 
for readers 1 and 2, respectively (p < 0.001 in both analysis). For the others categori-
cal variables evaluated the best AUC for reader 1 was subjective intensity of diffusion 
restriction (AUC of 0.74) and for reader 2 was hyper-enhancement (AUC of 0.65), all 
inferior comparing to the value of ADC map. Interobserver agreement ranged from 
0.13 to 0.75, poor in most measurements, and good or excellent (kappa > 0.6) only in 
lesion size and ADC values.
Conclusions: Diffusion restriction with lower ADC-values is the best parameter to pre-
dict cancer on MRI prior to biopsy. Efforts to establish an ADC cutoff value would 
improve cancer detection, especially for less experience reader.
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used to describe the probability of having prostate 
cancer, usually in a 5-point scale (10, 11). More 
recently, in an attempt to standardize the meth-
odology and make it more objective, a multidis-
ciplinary group published the PI-RADS (Prostate 
Imaging Reporting and Data System) in 2012 (12), 
and an updated version in 2015 (13). PI-RADS ver-
sion 2 also classifies prostate lesions in a 5-point 
scale of probability of having a significant cancer. 
PI-RADS is based on subjective features of pros-
tatic lesions, and the version 2 uses the diffusion-
weighted image sequence as the dominant to cat-
egorize a lesion in the peripheral zone, and the 
T2-weighted imaging morphology (including het-
erogeneity) as the dominant sequence for lesion in 
transition zone. If a lesion is indeterminate, posi-
tive enhancement is used to differentiate from high 
probability of CS cancer in the peripheral zone and 
the grade of diffusion restriction is used similarly 
on the transition zone (12).

Nowadays, PI-RADS version 2 is widely 
used to standardize the communication between 
radiologists and urologists and also to make MRI 
evaluation and reports more uniform and repro-
ducible among radiologists. It is able to improve 
detection, localization, characterization, and 
risk stratification (13). Nevertheless, some stud-
ies show low to moderate rates of interobserver 
agreement, even for experienced reader (14, 15).

The purpose of this study is to identify 
objective and subjective criteria on multipara-
metric prostate MRI that can help in the detec-
tion of prostate cancer and, therefore, improve 
MRI results.

MATERIALS AND METHODS

Study design
Retrospective study, institutional review 

board approved. We searched in our database for 
patients who had suspicious lesions on MRI, with 
prostate MRI report of high or very high prob-
ability for CS prostate cancer (PI-RADS 4 and 5) 
and who also underwent prostate biopsy with ul-
trasonography (US) / MRI imaging fusion in our 
institution.

Between March, 2015 and January, 2016 
we found 60 patients who had PI-RADS 4 or 5 

findings on MRI, including peripheral zone and 
transition zone lesions, with positive biopsy re-
sults for prostate cancer. Then, to eliminate a se-
lection bias, we also included 62 patients with 
suspicious lesions on MRI (PI-RADS 4 and 5), but 
with negative biopsy results. The maximal inter-
val between MRI and biopsies was 6 months for 
all patients.

If a patient had more than one suspicion 
lesion, the highest PI-RADS scoring lesion was 
counted for each patient. Images of these 122 pa-
tients were anonymized, randomized and evalu-
ated independently by two radiologists, blinded 
to the clinical and histopathological results (read-
er 1, a board-certified radiologist with 10 years 
of experience in general radiology and 5 years of 
experience in prostate MRI, and reader 2, a board-
certified radiologist with 15 years of experience 
in general radiology and 2 years of experience 
in prostate MRI). To be sure that both radiolo-
gists were reading the same lesion, a third radi-
ologist reviewed the MRI and biopsy reports, and 
gave them the lesion localization (prostate lobe, 
prostate zone and image number on T2-weighted 
(T2W) imaging, matched to diffusion-weighted 
imaging [DWI] and dynamic contrast enhanced 
sequences [DCE]). The slide presentation with the 
imaging localization was used just to show the 
lesion that should be considered, however the 
entire exam was evaluated in a PACS (Picture 
Archiving and Communication System) station 
(KODAK / Carestream; Carestream Health, Roch-
ester, New York, USA) independently by both ra-
diologists. The following variables were analyzed 
for each lesion: morphology (wedge-shape, oval 
or round), contours (circumscribed, partially de-
fined or ill-defined), T2W signal intensity (hy-
pointense or marked hypointense), T2W signal 
homogeneity (homogeneous or heterogeneous), 
subjective diffusion restriction (mild, moderate 
or marked), objective value measured on appar-
ent diffusion coefficient (ADC) map, hyper-en-
hancement (absent, mild, moderate or marked), 
contact with transition zone (absent or present) 
or prostatic contour (absent or present), and 
prostatic contour retraction (absent or present). 
Each lesion was also classified based on Likert 
and PI-RADS version 2 scales.
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MRI protocol
All patients underwent MRI on a 3-Tesla 

scanner: Magnetom Prisma (Siemens Medical 
Solutions, Erlangen, Germany) or Discovery MR 
750W (GE Healthcare, Little Chalfont, United 
Kingdom with a phased array coil and without 
an endorectal coil. A routine protocol includ-
ing triplanar T2W imaging using the parame-
ters: repetition time (msec) / echo time (msec), 
4700-5200 / 140-160; section thickness, 3 mm; 
field of view, 180 x 180; matrix 256 x 256; ac-
celeration factor of two; and six averages. DWI 
were acquired with b-values of 50, 400, 800 
and 1500 sec / mm2; and the ADC map was 
constructed based in a mono-exponential ap-
proach. DCE imaging were performed using the 
parameters: repetition time (msec) / echo time 
(msec), 3.4-3.5 / 1.4; section thickness, 3 mm; 
field of view, 250; matrix 224 x 224; acquiring 
14 sequences with 10 seconds of temporal reso-
lution. Extracellular gadolinium-based contrast 
media (Magnevist, Bayer, Leverkusen, Germany) 
was injected at a dose of 0.2 cc / Kg and a rate 
of 2 cc / sec.

Biopsy protocol
As reference standard, the transrectal 

prostate biopsy with MRI / US fusion and addi-
tional samples of suspicious areas was adopted. 
US-guided biopsies were performed using either 
an Aplio 500 with Smart Fusion (Toshiba Medi-
cal System Corporation, Minato, Tokyo, Japan) 
or a LOGIC E9 with imaging fusion software (GE 
Healthcare, Little Chalfont, United Kingdom). 
One out of ten radiologists with at least 4 years 
of experience in prostate biopsy with imaging 
fusion MRI / US performed the biopsy. A cancer 
was defined as CS if Gleason score ≥ 3+4.

Imaging evaluation
Radiologists evaluated the images us-

ing a workstation (Carestream, Rochester, New 
York). All sequences of the exam were interpret-
ed in a single session and the selected param-
eters of that study were evaluated. ADC values 
were measured on the ADC map with a round 
ROI in the lesion in the transverse plane.

Statistical analysis

 We performed a histogram analysis and 
Shapiro-Wilk test to verify the distribution. Nu-
meric variables with normal distribution were 
described as mean and standard deviation (SD), 
and numeric variables with no normal distribution 
were described as median and interquartile inter-
vals (IQR). Categorical variables were described by 
absolute and relative frequencies.

The interobserver agreement was cal-
culated using Cohen’s Kappa statistics (linear 
weights for categorical variables and quadratic 
weights for ordinal variable). It was defined as: 
excellent (k ≥ 0.81), good (k = 0.61 - 0.80), mod-
erate (k = 0.41 - 0.60), fair (k = 0.21 - 0.40) and 
poor (k ≤ 20).

To study the association between the ex-
plicative measurements and the biopsy results 
we used binominal logistic models and the dis-
crimination was verified with area under the curve 
(AUC) receiver operating characteristic (ROC). 
Multiple model was acquired using stepwise pro-
cess in both direction starting with a null model to 
a saturated model.

Analyses were performed using the soft-
ware R 3.1.3 (R Core Team, 2015). The level for 
statistical significance was set at 5%.

RESULTS

A total of 122 patients were enrolled in our 
study. Of the 60 positive biopsy results, 9 (15%) 
had Gleason score 3 + 3 and 51 (85%) had Gleason 
score ≥ 3 + 4. Median time between MRI and biop-
sy was 21 days. A median of 3 additional samples 
was obtained in each suspicious lesion on MRI.

Among all variables independently ana-
lyzed, ADC value was the best predictor of posi-
tivity for CS-prostate cancer on biopsy, with mean 
value of 1.08 mm2 / sec (SD 0.20) on negative bi-
opsies and 0.81 mm2 / sec (SD 0.22) on positive 
biopsies for reader 1, and 1.09 mm2 / sec (SD 0.24) 
on negative biopsies and 0.84 mm2 / sec (SD 0.22) 
on positive biopsies for reader 2 (p < 0.001 in both 
analysis). AUC was 0.82 and 0.80 for reader 1 and 
2, respectively (Table-1).

For categorical variables (morphology, 
contours, signal in T2W, subjective intensity of 
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diffusion restriction, hyper-enhancement, con-
tact with surgical and prostatic capsule, and 
retraction of prostatic contour), the best AUC 
for reader 1 (Table-2) was subjective intensity of 
diffusion restriction (AUC of 0.74) and for read-
er 2 (Table-3) was hyper-enhancement (AUC 
of 0.65), all inferior comparing to the value of 
ADC map. Table-4 shows sensitivities, specifici-
ties, accuracies, positive and negative predictive 

values of both readers in the features that had 
clinically significant differences on independent 
analysis.

Interobserver agreement ranged from 
0.13 to 0.75, poor in most measurements, and 
good or excellent (kappa > 0.6) only in lesion 
size and ADC values (both numeric variables).

Multiple models
Multiple models analyses were obtained 

independently for readers 1 and 2. For reader 1, 
variables that remained significantly associated 
with tumor on biopsy, in presence of ADC value, 
were: contact with prostatic contour, subjective 
restriction diffusion on ADC map (moderate and 
marked), and lesion contours partially defined 
or ill defined. For reader 2, none of the variables 
were significant associated with positive biopsy 

for tumor, in presence of objective measurement 
of ADC value, being the most important variable 
that correlates with biopsy (Table-5) (Figure-1).

Boxplots graphics shows that subjective 
impression to categorize the intensity of restric-
tion (mild, moderate and marked) had direct 
strong negative correlation with ADC values, 
with coefficients of -0.83 (confidence interval 
of 95%: -0.90 to -0.74) for reader 1, and -0.64 

(confidence interval of 95%: -0.75 to -0.51 for 
reader 2). However, this association was stronger 
for reader 1 than for reader 2, who had high overlap 
on ADC values measurements for subjective catego-
rization of moderate and marked diffusion restric-
tion (Figure-2).

DIScUSSION

Our study showed that objective value of le-
sion’s diffusion restriction, measured on ADC map, 
is the best predictive variable for prostate cancer. 
For the more experienced reader, the subjective val-
ue of ADC (moderate and marked) also had signifi-
cant correlation with positive biopsies. However, 
for less experienced reader, the subjective variable 
had high overlap and showed no correlation with 
positive biopsies on multivariate analysis.

VARIABLES NEGATIVE POSITIVE AUC (95%CI) P VALUE

Reader 1 Size (mm) 7.00 [5.00; 11.00] 9.50 [7.75; 12.00] 0.64 (0.54-0.74) 0.048

ADC-Value 1.08 (0.20) 0.81 (0.22) 0.82 (0.73-0.91) <0.001

Likert score 3.00 [2.00; 3.00] 4.00 [3.00; 5.00] 0.78 (0.70-0.85) <0.001

PIRADS score 3.00 [2.00; 3.00] 4.00 [3.00; 4.00] 0.77 (0.70-0.85) <0.001

Reader 2 Size (mm) 10.00 [6.00; 14.00] 14.00 [9.75; 16.00] 0.65 (0.55-0.75) 0.010

ADC-Value 1.09 (0.24) 0.84 (0.22) 0.80 (0.70-0.89) <0.001

Likert score 4.00 [4.00; 5.00] 5.00 [4.00; 5.00] 0.59 (0.50-0.68) 0.054

PIRADS score 4.00 [4.00; 4.00] 4.00 [4.00; 5.00] 0.62 (0.54-0.71) 0.010

AUc = Area under the ROC Curve; 95%cI = 95% confidence intervals; OR = estimated odds ratio

Table 1 - Numeric variables included in the study.
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Prostate MRI is a method routinely per-
formed to detect prostate cancer prior to fi rst biop-
sy or after a negative biopsy (1, 2, 7). A structured 
prostate report is a major contribution for prostate 
MRI examination, and represents the initial steps 
to do a widely available method to detect prostate 
cancer. However, it is a challenging method with 
low to moderate rates of interobserver agreement 
even with standardized methodology (14, 15).

It is already known that there is a corre-
lation between the grade of diffusion restriction 
in the prostate and the presence of cancer (16-
20). Our study shows that the subjective gradua-
tion of restricted diffusion can be misclassifi ed for 
less experience readers, what could imply the fi nal 
categorization of a prostatic lesion on MRI.

The variability in the subjective analysis 
probably explains the low rates of interobserver 
agreement. Median ADC values in category mod-
erate and marked was 0.89 mm2 / sec (IQR 0.88 
- 0.96) and 0.62 mm2 / sec (IQR 0.54 - 0.72), re-
spectively, for reader 1, and 1.02 mm2 / sec (IQR 
0.86 - 1.15) and 0.76 mm2 / sec (IQR 0.63 - 0.96), 

figure 1 - A nodule in the posterior right midgland of the 
peripheral zone (A). Reader 1 described as mild restriction 
diffusion on ADc map and diffusion (B and c) and no hyper-
enhancement (D), and fi nal Likert and pIRADS score 3. 
Reader 2 described as moderate diffusion and hyper-
enhancement, and fi nal Likert and pIRADS scores 5. Biopsy 
was negative for neoplasia.

figure 2 - Graphics presented in boxplot showing the correlation of subjective ADc map grade and the objective ADc 
map value.

A
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respectively, for reader 2. Note that for reader 2 
there is an interpolation for moderate and marked 
restriction diffusion ranging from value from 0.86 
mm2 / sec to 0.96 mm2 / sec (Figure-2). We believe 
that an objective cutoff for ADC map value, includ-
ed in routine practice, would increase interobserver 
agreement to categorize lesions with mild, moder-
ate and marked restriction diffusion, contributing 
to the standardize methodology become more re-
producible. To the best of our knowledge, there is 
no data suggesting using objective ADC map val-
ues to categorize the grade of restriction diffusion.

There are some factors described that can 
affect the ADC measurements, such as b values, 

respiration conditions, field strength, vendor 
and other technical parameters (21). On the oth-
er hand, Sadinski et al. demonstrated, compar-
ing ADC maps between two consecutive scans 
of same patient, that the reproducibility of ADC 
measurements in prostate is reasonable, suggest-
ing that quantitative values obtained in DWI-MRI 
of prostate cancer are reproducible (22). Our study 
found similar values on ADC map for positive and 
negative prostate cancer biopsies (0.81 mm2 / sec 
and 1.08 mm2 / sec for reader 1, and 0.84 mm2 / 
sec and 1.09 mm2 / sec for reader 2, respectively), 
compared to literature, that ranges from 0.74 mm2 
/ sec (SD 0.15) to 0.80 mm2 / sec (SD 0.25) for 

VARIABLES CLASS NEGATIVE (n=62) POSITIVE (n=60) AUC (95%CI) P VALUE

Morphology 1-linear / v-shaped 11 (17.7) 3 (5.0) 0.62 (0.54-0.71)

2-oval 13 (21.0) 23 (38.3) 0.011

3-nodular 38 (61.3) 34 (56.7) 0.086

Contours 1-well defined 28 (45.2) 17 (28.3) 0.59 (0.50-0.68)

2-partially defined 26 (41.9) 32 (53.3) 0.081

3-undefined 8 (12.9) 11 (18.3) 0.142

Signal in T2 1-hypo 43 (69.4) 26 (43.3) 0.63 (0.54-0.72)

2-marked hypo 19 (30.6) 34 (56.7) 0.004

Signal in T2 1-homogeneous 18 (29.0) 36 (60.0) 0.65 (0.57-0.74)

2-heterogeneous 44 (71.0) 24 (40.0) 0.001

ADC– intensity of 
diffusion restriction

1-mild 39 (62.9) 12 (20.0) 0.74 (0.66-0.83)

2-moderate 17 (27.4) 26 (43.3) <0.001

3-marked 6 (9.7) 22 (36.7) <0.001

Hyper-enhancement 0-absent 8 (15.1) 7 (12.7) 0.55 (0.44-0.65)

1-mild 19 (35.8) 17 (30.9) 0.971

2-moderate 15 (28.3) 15 (27.3) 0.833

3-marked 11 (20.8) 16 (29.1) 0.434

Contact with surgical 
capsule

0-no 21 (33.9) 18 (30.0) 0.52 (0.44-0.60)

1-yes 41 (66.1) 42 (70.0) 0.647

Contact with prostatic 
contours

0-no 23 (37.1) 10 (16.7) 0.60 (0.53-0.68)

1-yes 39 (62.9) 50 (83.3) 0.013

Retraction of prostatic 
contours

0-no 58 (96.7) 52 (94.5) 0.51 (0.47-0.55)

1-yes 2 (3.3) 3 (5.5) 0.581

AUc = Area under the ROC Curve; 95%cI = 95% confidence intervals; OR = estimated odds ratio

Table 2 - categoric variable for reader 1 in absolute number (%). 
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positive prostate cancer biopsies and 1.35 mm2 / 
sec (SD 0.31) to 1.48 mm2 / sec (SD 0.29) for nega-
tive biopsies (18, 19), corroborating that ADC map 
value can be reproducible. Also, it has been al-
ready shown that using a parameter to normalize 
the ADC measurement (as the normal parenchyma 
or muscle), the ADC value can be reproducible 
among different scanners (21).

All others variables included in this study 
(size, Likert and PI-RADS classifications, morphol-
ogy, contours, signal in T2W, contact with surgical 
capsule and prostatic contours, prostatic contours 
retraction and hyper-enhancement) were less or 
no important comparing to the intensity of diffu-
sion restriction on ADC map.

VARIABLES CLASS NEGATIVE (n=62) POSITIVE (n=60) AUC (95%CI) P VALUE

Morphology 1-linear / v-shaped 10 (16.1) 9 (15.0) 0.54 (0.45-0.63)

2-oval 19 (30.6) 23 (38.3) 0.593

3-nodular 33 (53.2) 28 (46.7) 0.911

Contours 1-well defined 30 (48.4) 16 (26.7) 0.62 (0.52-0.71)

2-partially defined 25 (40.3) 36 (60.0) 0.014

3-undefined 7 (11.3) 8 (13.3) 0.206

Signal in T2 1-hypo 43 (69.4) 35 (58.3) 0.56 (0.47-0.64)

2-marked hypo 19 (30.6) 25 (41.7) 0.206

Signal in T2 1-homogeneous 42 (67.7) 39 (65.0) 0.51 (0.43-0.60)

2-heterogeneous 20 (32.3) 21 (35.0) 0.749

ADC– intensity of 
diffusion restriction

1-mild 18 (29.0) 6 (10.0) 0.64 (0.55-0.73)

2-moderate 23 (37.1) 20 (33.3) 0.088

3-marked 21 (33.9) 34 (56.7) 0.004

Hyper-enhancement 0-absent 9 (17.0) 3 (5.4) 0.65 (0.55-0.75)

1-mild 7 (13.2) 10 (17.9) 0.079

2-moderate 12 (22.6) 24 (42.9) 0.018

3-marked 25 (47.2) 19 (33.9) 0.261

Contact with surgical 
capsule

0-no 20 (32.3) 20 (33.3) 0.51 (0.42-0.59)

1-yes 42 (67.7) 40 (66.7) 0.899

Contact with prostatic 
contours

0-no 21 (33.9) 7 (11.7) 0.61 (0.54-0.68)

1-yes 41 (66.1) 53 (88.3) 0.005

Retraction of prostatic 
contours

0-no 51 (92.7) 52 (94.5) 0.51 (0.46-0.56)

1-yes 4 (7.3) 3 (5.5) 0.697

AUc = Area under the ROC Curve; 95%cI = 95% confidence intervals; OR = estimated odds ratio

Table 3 - categoric variable for reader 2 in absolute number (%).

Rosenkrantz et al. (23) recently proposed 
adjustments in PI-RADS version 2: in transition 
zone upgrade score 3 to 4 based on diffusion re-
striction score of 4 or modified dynamic contrast 
enhanced positive when incorporating new crite-
ria, and in transition or peripheral zones upgrade 
score 4 to 5 based on size of 10-14 mm. Our study 
also showed that intensity of diffusion restriction 
is the most important variable that correlates with 
cancer, even in transition zone, and indeed our 
present observation provides a solid background 
to upgrade the PI-RADS score 3 to 4 when there is 
moderate diffusion restriction instead of consider-
ing only marked diffusion restriction. Also, size 
of the lesions had a median value of 9.5 mm and 
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Table 4 - Diagnostic measurements.

VARIABLE POSITIVE SENSITIVITY SPECIFICITY ACCURACY PPV NPV

Reader 1

Size (mm) ≥ 7.5 0.75 0.53 0.64 0.61 0.69

Morphology oval or nodular 0.95 0.18 0.56 0.53 0.79

Contour
Partially ill-defined or ill-

defined
0.72 0.45 0.58 0.56 0.62

Signal in T2 marked hypo 0.57 0.69 0.63 0.64 0.62

Signal in T2 heterogeneous 0.40 0.29 0.34 0.35 0.33

ADC - subjective moderate or marked 0.80 0.63 0.71 0.68 0.76

ADC - value ≥ 1010.5 0.16 0.29 0.23 0.17 0.27

Early enhancement marked 0.29 0.79 0.54 0.59 0.52

Contact with prostatic contour yes 0.83 0.37 0.60 0.56 0.70

Likert 4 or 5 0.55 0.85 0.70 0.79 0.66

PI-RADS 4 or 5 0.55 0.85 0.70 0.79 0.66

Reader 2

Size (mm) ≥ 7.5 0.90 0.35 0.62 0.57 0.79

Morphology Nodular 0.47 0.47 0.47 0.46 0.48

Contour
Partially ill-defined or ill-

defined
0.73 0.48 0.61 0.58 0.65

Signal in T2 marked hypo 0.42 0.69 0.56 0.57 0.55

Signal in T2 heterogeneous 0.35 0.68 0.52 0.51 0.52

ADC - subjective marked 0.57 0.66 0.61 0.62 0.61

ADC - value ≥ 910 0.30 0.12 0.20 0.22 0.17

Early enhancement mild, moderate or marked 0.95 0.17 0.57 0.55 0.75

Contact with prostatic contour yes 0.88 0.34 0.61 0.56 0.75

Likert 5 0.60 0.58 0.59 0.58 0.60

PI-RADS 5 0.35 0.89 0.62 0.75 0.59

ppv = positive predictive value; Npv = negative predictive value

Table 5 - Multiple models to identify positive biopsy.

COEFFICIENTS ESTIMATE OR (95%CI) P VALUE

Reader 1 Intercept -4.09 <0.001

AUC Contact with prostatic contour (present) 1.42 4.14 (1.50-11.43) 0.006

0.82 (0.74-0.89) ADC – Intensity moderate or marked 2.19 8.93 (3.43-23.29) <0.001

Contours (partially defined or ill-defined) 1.09 2.98 (1.17-7.58) 0.022

Morphology (oval or round) 1.14 3.13 (0.65-14.96) 0.153

Reader 2 Intercept 4.77 0.001

AUC ADC - value -0.01 0.995 (0.993-0.997) <0.001

0.82 (0.74-0.91) Contact with surgical capsule (present) -0.95 0.38 (0.13-1.13) 0.083

Contours (partially defined or ill-defined) 0.89 2.42 (0.88-6.65) 0.086
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14 mm in positive biopsies for readers 1 and 2, 
respectively, and did not correlated with positive 
biopsy in multiple models analyses. So, we agree 
that a 10 mm threshold would be a better cutoff to 
differentiate scores 4 and 5.

Our study has some limitations: first, we 
had only two readers with different levels of expe-
rience. Second, the readers evaluated only the pre-
viously specified lesions and not the whole gland; 
we chose this methodology because the reference 
standard used was the fusion biopsy (using US 
and RM images) and we wanted to be sure that 
the analyzed lesion was the biopsied one. Also, 
we aimed to compare the interobserver agreement 
and assess the variables for the same abnormality. 
Third, we did not analyze lesions in the peripheral 
and transition zones in subgroups. Finally, we did 
not measure the relative ADC map value.

cONcLUSIONS

Diffusion restriction with lower ADC-
values is the best parameter to predict cancer on 
multiparametric MRI prior to biopsy. Efforts to es-
tablish an ADC cutoff value would improve cancer 
detection, especially for less experience readers. 
Also, developing ADC as a quantitative imaging 
marker would allow better detection of prostate 
cancer by reducing inter-radiologist subjectiv-
ity, improving MRI results and therefore avoiding 
unnecessary biopsy, reducing overdiagnosis and 
overtreatment of prostate cancer.

clinical Relevance
Prostate MRI is evolving for the diagnosis 

of cancer. There is still debate in literature to prove 
the best method for diagnosis, but none of them 
include ADC objective values to make the differen-
tiation between benign and malignant lesions.
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impact of 68GA-PSMA PET / CT on treatment of patients 
with recurrent / metastatic high risk prostate cancer – a 
multicenter study
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INTRODUcTION

Prostate cancer (PC) has the second hi-
ghest incidence among Brazilian men (non-me-
lanoma cancer has the highest incidence) and in 
2018 there will be an estimated 68.220 new ca-
ses of prostate cancer (1).

 After the initial therapy of patients with 
high-risk PC (which consists basically of radical 
prostatectomy (RP) and / or radiotherapy), more 
than 50% of these patients develop biochemi-

cal recurrence, which suggests that conventional 
diagnostic methods used for initial staging are 
not able to identify the actual extent of the me-
tastatic involvement (2).

 Anatomical imaging such as CT and MRI 
and metabolic PET / CT imaging with 11C-choline 
or 18F-FDG have somewhat low sensitivities to 
detect the sites of recurrence.

 Multi-parametric MRI with dynamic 
contrast-enhanced sequences in combination 
with T2-weighted images is able to detect local 
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ABSTRAcT 

Purpose: The purpose of our study was to evaluate the clinical impact of 68Ga-PSMA 
PET / CT in the setting of biochemical recurrence of prostate cancer.
Materials and Methods: We retrospectively evaluated 125 prostate cancer patients sub-
mitted to the 68Ga-PSMA PET / CT due to biochemical recurrence. The parameters 
age, Gleason score, PSA levels, and the highest SUVmax were correlated to potential 
treatment changes. The highest SUVmax values were correlated with age and Gleason 
score. The median follow-up time was 24 months.
Results: 68Ga-PSMA PET / CT led to a treatment change in 66 / 104 (63.4%) patients 
(twenty-one patients were lost to follow-up). There was a significant change of treat-
ment plan in patients with a higher Gleason score (P = 0.0233), higher SUVmax (p = 
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recurrence with reported sensitivities as high as 
88% (3). Sensitivity varies according to the site 
of recurrence: 52% in the vesico-ureteral transi-
tion; 20% in the retro-vesical space; and 12% to 
16% in the bladder (3). WB-MRI has also been 
shown to assess properly bone metastases with 
similar performance as bone scintigraphy (4, 5).

 11C-choline PET / CT presents higher ra-
tes of recurrence identification but only when 
PSA levels are above 2.0 ng / mL (6).

 On the other hand, gallium-labeled pros-
tate membrane-specific antigen (68Ga-PSMA) 
PET / CT imaging has been shown to be highly 
accurate in the setting of biochemical recur-
rence (including patients with PSA levels below 
0.5 ng / mL) (6-10).

 The purpose of our study was to eva-
luate the clinical impact of 68Ga-PSMA PET / 
CT in the work-up of high-risk prostate cancer 
patients with biochemical recurrence.

pATIENTS AND METHODS

 The Ethics and Research Committee (SLH 
# 1509238) approved this retrospective multi-
center study. The patients were recruited, ima-
ged and followed-up from five different insti-
tutions by their respective physicians. Only the 
68Ga-PSMA PET / CT images were performed in 
one institution (SLH), in multiple scanners.

 Patients with a diagnosis of adenocarci-
noma of the prostate underwent 68Ga-PSMA PET 
/ CT due to confirmed biochemical recurrence 
between November 2015 and July 2016. All pa-
tients underwent all potential imaging techni-
ques prior to 68Ga-PSMA.

 Biochemical recurrence was defined ac-
cording to current guidelines (9, 10). The prosta-
te specific antigen (PSA) levels had to be above 
0.2 ng / mL in, at least, two consecutive measu-
rements after radical prostatectomy (RP); a rise 
≥ 2 ng / mL above the nadir PSA after radiation 
therapy (RT) with or without concurrent hormo-
nal therapy.

 The intended treatment (pre-68Ga-PSMA 
PET / CT analysis) was defined by each patient´s 
uro-oncologist and/or a tumor board in selec-
ted cases. Treatments consisted of one or more 

of the following: 85.7% radical prostatectomy 
with lymph node dissection (RP), 49.2% RT, 
0.1% chemotherapy, and 34% secondary hor-
mone therapy.

Conventional and metabolic images prior to 
68Ga-PSMA PET / CT

 All patients with biochemical recurrence 
and negative conventional images were recrui-
ted. Conventional images consisted of pelvic ul-
trasound, bone scintigraphy (all of them with 
SPECT / CT using 99mTc-MDP), pelvic MR and 
CT of the abdomen. Some patients were also 
submitted to metabolic images, which consis-
ted of PET / CT scans performed with 18F-FDG, 
11C-coline and / or 18F-Fluoride PET / CT. The 
median time interval between performing 68Ga-
-PSMA PET / CT imaging after all negative con-
ventional imaging was 7.1 days (1 - 180 days). 
There was only one patient that performed a CT 
scan 6 months prior to the 68Ga-PSMA PET / CT 
although all of his other conventional images 
(bone scan and pelvic MR) were acquired less 
than 10 days prior to the 68Ga-PSMA PET / CT 
scan.

68Ga-PSMA PET / CT imaging
 All patients underwent a true whole-

-body PET / CT acquisition (Siemens Biograph, 
Siemens ® Healthcare, USA) 60 minutes after in-
travenous injection of 185 MBq of 68Ga-PSMA 
(grupoRPH ®, Brazil). PET scans were acquired in 
three-dimensional mode with 4 minutes per bed 
position. To increase lesion detection, delayed 
images 3 hours after injection were acquired. CT 
parameters included 5 mm axial reconstruction 
and 120 kV or dose care kV tube voltage (11).

Interpretation and Quantification
 Two Nuclear Medicine physicians with 

over 12 years of experience with PET / CT blin-
dly interpreted all 68Ga-PSMA PET / CT images. 
Images were evaluated for detection of local re-
currence, locoregional and extra-pelvic lymph 
node metastases, bone metastases and visceral 
metastases. Furthermore, quantitative interpre-
tation was performed on all 68Ga-PSMA PET / 
CT images evaluating the highest SUVmax.
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Evaluation of Change in Patient Management
Classification of change in patient mana-

gement after the 68Ga-PSMA PET / CT study was 
based on the actual clinical outcome of the patient.

Changes were classified as: positive, nega-
tive or unknown. Positive changes occurred when 
the intention to treat was altered by adding or 
suspending a previously defined treatment strate-
gy. On the other hand, a change in treatment was 
considered negative when the 68Ga-PSMA PET / 
CT did not add relevant information capable of 
changing the previously established intention to 
treat.

68Ga-PSMA PET / CT positive findings 
were only confirmed with biopsy in selected cases. 
The majority of the patients had confirmed 68Ga-
-PSMA PET / CT positive findings with follow-up; 
after proper therapy implementation there was a 
drop in PSA levels.

Statistical analyses

 We evaluated the impact of 68Ga-PSMA 
PET / CT on patient management in terms of 
change in treatment strategy, considering chan-
ges in treatment modality (for example, when 
surgery was switched to RT), intention to treat 
(curative versus palliative) and within the same 
modality (ex.: changes in RT target volume). 
When 68Ga-PSMA PET / CT findings did not 
change the therapeutic approach, the impact was 
considered null.

 Exploratory data analysis was performed 
through summary measures (mean, standard de-
viation, minimum, median, maximum, frequency 
and percentage). The correlation between the nu-
merical variables was performed using the Spear-
man coefficient.

 The parameters age, Gleason score, PSA le-
vels immediately prior to PSMA, and highest SUV 
(SUVmax) were correlated to potential treatment 
change and the types of treatment. The highest 
SUVmax values were correlated with age, Glea-
son score, duration of cancer, initial PSA levels 
and PSA levels immediately prior to PSMA. The 
groups were compared by multivariable analysis 
through the Mann-Whitney test. The level of sig-
nificance was 5%.

The SAS System for Windows (Statistical 
Analysis System), version 9.4. (SAS Institute Inc, 
Cary, NC, USA) was used for analysis.

RESULTS

We evaluated 125 male patients, mean age 
= 69.0 years (Table-1). The mean follow-up pe-
riod was 24 months and three patients died during 
follow-up. While biochemical recurrence is defi-
ned as PSA rise in 2 consecutive measurements, 
the PSA values described in Table-1 are only the 
last values obtained immediately prior to the 68Ga-
-PSMA PET acquisition.

Among these 125 patients, 80 (64%) had 
a positive 68Ga-PSMA PET / CT. Local recurren-
ce was detected in 30.9%, loco-regional lymph 
node metastases in 44.4%, extra-pelvic abdominal 
lymph node metastases in 12.5%, thoracic lymph 
nodes in 17.5%, visceral metastases in 13.6% and 
bone lesions 29.6% of patients. (Figure-1).

We were able to evaluate change of ma-
nagement in 104 patients (21 patients were lost to 
follow-up). Among these 104 patients, 66 (63.4%) 
patients underwent a change of management after 
the result of the 68Ga-PSMA PET / CT.

68Ga-PSMA PET / CT results were positive 
in 69 patients and a change of management oc-
curred in 85.5% of them (n = 59). Among these 59 
patients in which the 68Ga-PSMA PET / CT results 
were positive results were due solely to local re-
currence in 11 patients, loco-regional lymph node 
metastases in 20 patients, visceral metastases in 11 
patients and bone metastases in 17 patients.

Treatment was switched to one or more 
of the following: surgery in 17 patients, chemo-
therapy in 2 patients, radiotherapy in 23 patients, 
secondary hormonal therapy in 45 patients and 
other treatments in 3 patients. In patients with lo-
cal recurrence, management was altered to one or 
more of the following: surgical treatment (n = 7), 
radiotherapy (n = 5) and hormone therapy (n = 5). 
In patients diagnosed with loco-regional lymph 
node metastases management was changed to one 
or more of the following: surgery (n = 7), radiothe-
rapy (n = 8), hormone therapy (n = 9) and chemo-
therapy (n = 1). Patients diagnosed with visceral 
metastases were submitted to one or more of the 
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following (considering that the patient also had 
lymph node metastases as well): hormone therapy 
(n = 10), radiotherapy (n = 3) and chemotherapy (n 
= 1). All patients only with bone metastases were 
submitted to hormone therapy.

On the other hand, 68Ga-PSMA PET / CT 
studies were negative in 35 / 104 patients and the-

re was no change of management in 80% of them 
(28 / 35 patients).

There was a significant change of treat-
ment plan in older patients (P = 0.0326; median = 
69.0 years), patients with a higher Gleason score 
(P = 0.0233; Gleason = 8.0), higher SUVmax (p = 
0.0306; median SUVmax = 8.9) and higher PSA 

Table 1 - characteristics of patients submitted to 68Ga-pSMA pET/cT.

Mean Median SD Min Max

Biochemical Recurrence (n = 126)

Age (years) 68.7 68 8.9 43 89

Gleason score 7.7 8 1.3 6 10

Duration of cancer (months) 91.4 76 65.3 14 309

Initial PSA levels (ng/mL) 12.5 7.0 13.4 0.81 69

Time between PSMA and RP (months) 76.3 61.2 65.6 2.3 273

PSA levels (ng/mL) 26.2 1.8 164.7 0.003 395

Time between PSMA and  cancer diagnosis (months) 78.5 63.5 65.1 3.1 298

Highest SUVmax 13 8.2 14.1 1.4 79.4

pSMA = 68Ga-PSMA PET/CT; Rp = radical prostatectomy; pSA = prostate specific antigen; Rp = radical prostatectomy;

figure 1 - Example of patient submitted to 68Ga-pSMA pET/cT due to biochemical recurrence. The prior cT images and MRI 
performed were negative for metastases. The 68Ga-pSMA pET/cT images demonstrate normal size lymph nodes that are avid 
for 68Ga-pSMA.
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levels (immediately prior to 68Ga-PSMA PET / CT) 
(P < 0.0001; median PSA = 2.55 ng / mL).

Surgery was significantly more likely to 
occur in younger patients (P = 0.0429) and patients 
with lower SUVmax values (P = 0.0071).

Higher SUVmax values were associated 
with higher PSA levels immediately prior to 68Ga-
PSMA PET / CT (ρ = 0.38260; P = 0.0005) and 
older age (ρ = 0.28423; P = 0.0106) (Table-2).

Furthermore, higher PSA levels (obtained 
immediately prior to 68Ga-PSMA PET / CT) were 
significantly (P = 0.0084) associated with the use 
of chemotherapy (Table-3).

A median PSA level of 3.0 ng / mL was 
associated with a positive 68Ga-PSMA PET / CT 
study while negative 68Ga-PSMA PET / CT stu-
dies were noted with a median PSA level of 0.6 
ng / mL. (Tables 4 and 5).

DIScUSSION

To our knowledge, this is the first Brazilian 
study to address the clinical impact of 68Ga-PSMA 
PET / CT in prostate cancer patients. Impressively, 

change in management occurred in 67% of the 
patients that underwent the study in the setting 
of biochemical recurrence. Considering only the 
number of patients in whom 68Ga-PSMA PET / CT 
results were positive, the potential change of ma-
nagement occurred in 85.5%. Similarly, a recent 
study found a change in patient management in 
53% of patients with biochemical recurrence (12).

We found slightly lower detection rates of 
recurrence and metastases with 68Ga-PSMA PET 
/ CT (64%) when compared to other authors. The 
sensitivity to detect lesions with 68Ga-PSMA PET 
/ CT directly correlates with the PSA levels. Our 
patient population in which the 68Ga-PSMA PET 
/ CT results were negative had median PSA levels 
of 0.6 ng / mL. For example, Eiber et al. detected 
lesions in 89.5% of the patients; however, unlike 
our patient population, 50% of their patients had 
PSA ≥ 2 ng / mL (8). In another study, 68Ga-PSMA 
PET / CT was positive in 71% when PSA levels 
were 0.5 - 2.0 ng / mL and in 88% with PSA levels 
above 2.0 ng / mL (6).

We believe that it is important to under-
stand which variables might interfere with the 

Table 2 - correlation of the highest SUvmax values in patients that underwent 68Ga-pSMA pET/cT with the variables age, 
Gleason score, Duration of cancer, Initial pSA levels and pSA levels immediately prior to pSMA.

ρ P

Age 0.284 0.0106

Gleason score -0.035 0.7766

Duration of cancer 0.184 0.1006

Initial PSA levels -0.089 0.5471

PSA levels prior to PSMA 0.382 0.0005

Table 3 - patient and 68Ga-pSMA pET/cT characteristics in comparison to treatment types (surgery, radiotherapy, etc) and its 
impact in patient management.

Variables Surgery Chemo RT HT
Change in 

management
(P-values)

Age 0.0429 0.1279 0.5983 0.0897 0.0326

Gleason score 0.8254 0.2540 0.8884 0.4363 0.0233

PSA levels * (ng/mL) 0.6039 0.0084 0.2623 0.8808 <0.0001

Highest SUVmax 0.0071 0.8255 0.1578 0.3569 0.0306

* Immediately prior to 68Ga-PSMA PET/CT; NA = data not available; chemo = chemotherapy; RT = radiotherapy; HT = secondary hormone therapy
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68Ga-PSMA PET / CT findings. There was a direct 
and significant correlation between SUVmax and 
patient age. This could be explained by the fact 
that higher PSMA expression in prostate cancer 
tumor cells occur in patients submitted to anti-
hormonal treatment (8, 13, 14) who are usually 
older, with a higher comorbidity burden and hence 
for whom surgery is not indicated (15). It seems 
that higher SUVmax values are associated with 
higher tumor burden. Consequently, patients with 
higher SUVmax values are less likely to undergo 
surgery, as higher SUVmax values are associated 
with extensive disease and should be switched to 
systemic therapy.

68Ga-PSMA PET / CT results led to conside-
rable treatment changes in older patients, or those 
with higher Gleason scores, higher PSA levels or 
higher SUVmax values. Patients with lower SUV-
max values were notably younger and prone to 
undergo salvage surgery, while patients with high 
SUVmax values underwent chemotherapy, RT or 
secondary hormonal therapy. We did not find cor-
relation between SUVmax values and the Gleason 
score, as has been demonstrated, for example, by 
Verburg et al. (16).

The limitations of our investigation were 
its retrospective nature, the small number of pa-

tients studied and the impossibility to analyze the 
PSA doubling time. Furthermore, we did not corre-
late change in patient management with long-term 
survival. Despite these limitations, our findings are 
in accordance with the literature and show the po-
tential of 68Ga-PSMA PET / CT in altering manage-
ment, especially for allowing changes in radiation 
field or indication or not of local therapies. Pros-
pective randomized studies are urgently needed to 
evaluate its impact on survival and allowing the 
routine use of this promising imaging agent.

68Ga-PSMA PET / CT was able to identify 
metastases and local recurrence in 64% of patients 
with negative conventional imaging studies. Re-
markably, 68Ga-PSMA PET / CT detected a local 
recurrence with an SUVmax = 3.8 even with rising 
consecutive PSA levels at a minimum of 0.003 ng 
/ mL. Although there is no justification to encou-
rage performing 68Ga-PSMA PET / CT at such low 
levels of PSA, 68Ga-PSMA PET / CT may have a 
tremendous impact in reducing costs of the public 
health care system in our country by avoiding un-
necessary and futile conventional imaging at low 
PSA levels. A recent publication has demonstrated 
that 68Ga-PSMA PET / CT is more beneficial as an 
initial imaging study when work-up is necessary 
compared to bone scan (17).

Table 4 - Serum pSA levels obtained immediately prior to 68Ga-pSMA pET/cT results. 

PSA levels (ng/mL)

Median Mean SD Min Max

Positive 3.0 17.7 56.1 0.003 395.0

Negative 0.6 1.3 1.6 0.1 5.2

Table 5 - 68Ga-pSMA pET/cT results according to serum pSA levels (ng/mL) immediately prior to scan.

PSA levels (ng/dL) Positive Negative

<0.5 9 (30%) 21 (70%)

0.5 – 1.0 8 (50%) 8 (50%)

≥ 1.1 63 (82%) 14 (18%)
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cONcLUSIONS

68Ga-PSMA PET / CT has a tremendous im-
pact in the management of prostate cancer with 
biochemical recurrence. This is a first step towards 
widespread implementation and applicability of 
this radiotracer in our country due to its potential 
cost reduction in our health care system by avoi-
ding unnecessary and futile conventional imaging 
at low PSA levels.

ABBREvIATIONS

PC = prostate cancer
RP = radical prostatectomy
PET / CT = positron emission computed tomogra-
phy 
TRU = transrectal ultrasound
MRI = magnetic resonance imaging
RT = radiotherapy
PSA = prostate specific antigen
G = Gleason score
SUVmax = highest Standardized Uptake Value

Ethical approval
The local Institutional Review Board ap-

proved this retrospective study (# 1509238). All 
procedures performed in studies involving hu-
man participants were in accordance with the 
ethical standards of the institutional and / or 
national research committee and with the 1964 
Helsinki declaration and its later amendments or 
comparable ethical standards. This article does 
not contain any studies with animals performed 
by any of the authors.

AckNOwLEDGEMENTS

We would like to thank Mrs. Juliana Arge-
ton and Mrs. Cleide Silva from Research and Sta-
tistical Department of the University of Campinas 
(UNICAMP) for their statistical analyses.

cONfLIcT Of INTEREST

None declared.

REfERENcES

1. Próstata. Instituto Nacional do Câncer. Disponível em: 
<http://www2.inca.gov.br/wps/wcm/connect/tiposdecancer/
site/home/prostata>. Access in: mar 2, 2017.

2. Sociedade Brasileira de Urologia, Associação Médica 
Brasileira Diretrizes Urologia. 5a ed. São Paulo: Câmara 
Brasileira do Livro, 2014.

3. Casciani E, Polettini E, Carmenini E, Floriani I, Masselli 
G, Bertini L, et al. Endorectal and dynamic contrast-
enhanced MRI for detection of local recurrence after radical 
prostatectomy. AJR Am J Roentgenol. 2008;190:1187-92.

4. Gutzeit A, Doert A, Froehlich JM, Eckhardt BP, Meili A, 
Scherr P, et al. Comparison of diffusion-weighted whole 
body MRI and skeletal scintigraphy for the detection of bone 
metastases in patients with prostate or breast carcinoma. 
Skeletal Radiol. 2010;39:333-43.

5. Barchetti F, Stagnitti A, Megna V, Al Ansari N, Marini A, 
Musio D, et al. Unenhanced whole-body MRI versus PET-CT 
for the detection of prostate cancer metastases after primary 
treatment. Eur Rev Med Pharmacol Sci. 2016;20:3770-6.

6. Morigi JJ, Stricker PD, van Leeuwen PJ, Tang R, Ho B, Nguyen 
Q, et al. Prospective Comparison of 18F-Fluoromethylcholine 
Versus 68Ga-PSMA PET/CT in Prostate Cancer Patients Who 
Have Rising PSA After Curative Treatment and Are Being 
Considered for Targeted Therapy. J Nucl Med. 2015;56:1185-90.

7. Afshar-Oromieh A, Avtzi E, Giesel FL, Holland-Letz T, Linhart 
HG, Eder M, et al. The diagnostic value of PET/CT imaging 
with the (68)Ga-labelled PSMA ligand HBED-CC in the 
diagnosis of recurrent prostate cancer. Eur J Nucl Med Mol 
Imaging. 2015;42:197-209.

8. Eiber M, Maurer T, Souvatzoglou M, Beer AJ, Ruffani A, 
Haller B, et al. Evaluation of Hybrid ⁶⁸Ga-PSMA Ligand PET/
CT in 248 Patients with Biochemical Recurrence After Radical 
Prostatectomy. J Nucl Med. 2015;56:668-74. Erratum in: J 
Nucl Med. 2016;57:1325.

9. Kabasakal L, Demirci E, Ocak M, Akyel R, Nematyazar J, Aygun 
A, et al. Evaluation of PSMA PET/CT imaging using a 68Ga-
HBED-CC ligand in patients with prostate cancer and the value 
of early pelvic imaging. Nucl Med Commun. 2015;36:582-7.

10. Ceci F, Uprimny C, Nilica B, Geraldo L, Kendler D, Kroiss A, 
et al. (68)Ga-PSMA PET/CT for restaging recurrent prostate 
cancer: which factors are associated with PET/CT detection 
rate? Eur J Nucl Med Mol Imaging. 2015;42:1284-94.

11. Fendler WP, Eiber M, Beheshti M, Bomanji J, Ceci F, Cho 
S, et al. (68)Ga-PSMA PET/CT: Joint EANM and SNMMI 
procedure guideline for prostate cancer imaging: version 
1.0. Eur J Nucl Med Mol Imaging. 2017;44:1014-24.

12. Hope TA, Aggarwal R, Chee B, Tao D, Greene KL, Cooperberg 
MR, et al. Impact of (68)Ga-PSMA-11 PET on Management 
in Patients with Biochemically Recurrent Prostate Cancer. J 
Nucl Med. 2017;58:1956-61.



ibju | Impact of 68Ga-pSma pEt / ct In proStatE cancEr

899

13. Mostaghel EA, Page ST, Lin DW, Fazli L, Coleman IM, True 
LD, et al. Intraprostatic androgens and androgen-regulated 
gene expression persist after testosterone suppression: 
therapeutic implications for castration-resistant prostate 
cancer. Cancer Res. 2007;67:5033-41.

14. Noss KR, Wolfe SA, Grimes SR. Upregulation of prostate 
specific membrane antigen/folate hydrolase transcription by 
an enhancer. Gene. 2002;285:247-56.

15. Barocas DA, Alvarez J, Resnick MJ, Koyama T, Hoffman KE, 
Tyson MD, et al. Association Between Radiation Therapy, 
Surgery, or Observation for Localized Prostate Cancer 
and Patient-Reported Outcomes After 3 Years. JAMA. 
2017;317:1126-40. Erratum in: JAMA. 2017;317:2134.

16. Verburg FA, Pfister D, Heidenreich A, Vogg A, Drude NI, 
Vöö S, et al. Extent of disease in recurrent prostate cancer 
determined by [(68)Ga]PSMA-HBED-CC PET/CT in relation 
to PSA levels, PSA doubling time and Gleason score. Eur J 
Nucl Med Mol Imaging. 2016;43:397-403.

17. Pyka T, Okamoto S, Dahlbender M, Tauber R, Retz M, Heck 
M, et al. Comparison of bone scintigraphy and (68)Ga-PSMA 
PET for skeletal staging in prostate cancer. Eur J Nucl Med 
Mol Imaging. 2016;43:2114-21.

   

_______________________
Correspondence address:

Elba Etchebehere, MD, PhD
Divisão de Medicina Nuclear do

Departamento de Radiologia
Rua Vital Brasil Nº 251,

Universidade Estadual de Campinas, 
Campinas, SP, 13083-888, Brasil 

Telephone: + 55 19 3521-7807
E-mail: elba.etchebehere@gmail.com



ORIGINAL ARTICLE

900

Dynamic 11C-Choline PET / CT for the primary diagnosis of 
prostate cancer
_______________________________________________
Shay Golan 1, Meital Nidam 2, Hanna Bernstine 2, Jack Baniel 1, David Groshar 2

1 Institute of Urology, Rabin Medical Center – Beilinson Hospital, Petach Tikva, Sackler Faculty of 
Medicine, Israel; 2 Department of Nuclear Medicine, Rabin Medical Center – Beilinson Hospital, Petach 
Tikva, Sackler Faculty of Medicine, Israel

INTRODUcTION

Prostate cancer is the second most common 
cancer in men worldwide. An estimated 1.1 million 
new cases were recorded in 2012 (1). The diagnosis 
is based on direct systematic sampling of the pros-
tate guided by transrectal ultrasound. This invasive 
method is necessary because gray-scale ultrasound 
itself is unreliable in detecting cancerous lesions 

(2). Nevertheless, the standard 12-core biopsy can 
miss up to one-third of cancers, resulting in repea-
ted and more extensive biopsies (3).

 Efforts have been made to develop new 
imaging modalities for the diagnosis and cha-
racterization of prostate cancer. This has become 
of paramount importance, given the emergen-
ce of new therapeutic approaches for localized 
prostate cancer (4).
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ABSTRAcT 

Objectives: To test the ability of dynamic 11C-PET / CT to discriminate cancerous tissue 
from background tissue in patients with localized prostate cancer.
Materials and Methods: Twenty-four consecutive patients with prostate cancer were 
prospectively evaluated with dynamic 11C-choline PET / CT prior to radical prostatec-
tomy. The PET / CT scan was divided into 18 sequences of 5 seconds each, followed by 
9 sequences of 60 seconds each. Whole-mount sections of harvested prostates served 
as reference standards. Volumes of interest were positioned on the dynamic PET / CT 
images and the following quantitative variables were calculated: perfusion coefficient 
(K1), washout constant (K2), area under the curve (AUC) at 175 and 630 seconds, and 
average and maximum standardized uptake values (SUVavg, and SUVmax). Wilcoxon 
signed-ranks test was used to compare benign and cancerous areas of the prostate.
Results: Areas of cancerous tissue were characterized by higher SUVavg and SUVmax 
than areas of benign tissue (3.67 ± 2.7 vs. 2.08 ± 1.3 and 5.91 ± 4.4 vs. 3.71 ± 3.7, re-
spectively, P < 0.001), in addition to a higher K1 (0.95 ± 0.58 vs. 0.43 ± 0.24, P < 0.001) 
and greater cumulative tracer uptake, represented by the AUC at 175 and 630 seconds 
(P <0.001). No associations were found between dynamic parameters and preoperative 
prostate specific antigen level or Gleason score.
Conclusions: In this pilot study, 11C-choline PET / CT demonstrated increased tracer 
uptake with higher values of static and dynamic parameters in areas of prostate can-
cer compared to areas of benign tissue. Larger studies are warranted to validate these 
results and examine the potential applicability of 11C-choline dynamic PET / CT for the 
diagnosis of prostate cancer.
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Active surveillance and focal therapy are 
being applied more often in patients with low-risk 
localized prostate cancer, requiring improved tu-
mor identification and classification. Better deli-
neation of tumor extent would also assist surgical 
planning in patients with high-risk disease under-
going radical prostatectomy.

 At present, patients with a suspicion of 
prostate cancer and negative biopsy findings are 
referred for multiparametric magnetic resonance 
imaging which has shown good sensitivity for hi-
gh-grade tumors and an ability to detect anterior 
tumors, sometimes missed by systematic biopsy 
(5). However, its accuracy is often poor for low-
-volume or low-grade tumors (6), and despite the 
introduction of a scoring system (PIRADS), inter-
-reader variability remains a concern (7).

 In addition, positron emission tomography 
(PET) has been examined as a potential means of 
visualizing primary prostate cancer and evalua-
ting nodal extensions. By using a radiotracer for 
cancer diagnosis, clinicians can obtain informa-
tion not only on the morphological appearance 
of the tumor but also on its biological behavior. 
Attention has recently been directed at 11C-cho-
line PET / computed tomography (CT). Choline is 
a precursor of phosphatidylcholine, an essential 
element of cell membrane phospholipids. It has 
therefore been postulated that the ability of 11C-
-choline PET to demonstrate cancerous lesions is 
related to the increased activity of choline kina-
se in tumor cells (8). Studies of the accuracy of 
11C-choline PET / CT for the primary diagnosis 
of prostate cancer reported a sensitivity of 72% 
to 87% and a specificity of 62% to 84% (9-12). 
However, the vast majority evaluated radiotra-
cer uptake semi-quantitatively, based on the 
standardized uptake value (SUV) at a single time 
point following injection. We speculated that tis-
sue delineation could be improved by adding a 
dynamic (blood perfusion) phase to the PET / CT 
scan, which would allow for the assessment of 
multiple reactions involving choline uptake.

 The aim of the present feasibility stu-
dy was to examine the value of dynamic 11C-
-choline PET / CT for the primary diagnosis of 
prostate cancer in patients undergoing radical 
prostatectomy.

MATERIALS AND METHODS

Patients
 A prospective case-series design was used. 

The study group consisted of consecutive patients 
with localized biopsy-proven adenocarcinoma of 
the prostate who underwent robot-assisted radical 
prostatectomy performed by a single surgeon (J.B.) 
at a tertiary medical center in 2012-2014. The local 
institutional review board approved the study. All 
patients provided written informed consent to parti-
cipate in the study.

 Data were collected on demographics, pros-
tate-specific antigen (PSA) values, and preoperative 
biopsy results. Standard 11C-choline PET / CT was 
performed 2 months or less before surgery and at le-
ast 3 months after prostate biopsy.

PET / CT protocol
 Images were obtained using an integrated 

8-slice PET-CT scanner (Discovery ST, GE Medical 
Systems, and Milwaukee, WI). The protocol included 
a dynamic PET acquisition limited to a single bed po-
sition and centered on the prostate, starting with the 
injection of 10-20mCi (370-740 MBq) of 11C-choline 
with a low-dose CT scan. After a scout view of the 
pelvis was obtained, the study centered on the pros-
tate, with PET coverage of 15.3 cm. A non-diagnostic 
low-dose (30 mA) CT scan was acquired. 11C-choline 
was injected as a rapid bolus flushed with 50 cc sa-
line 0.9% at a rate of 5.0 mL / sec using an automa-
tic power injector (Dual-shot, Nemoto, Japan). The 
dynamic study was acquired as a 3D scan (matrix 
size 64 x 64, 3.27-slice thickness) consisting of 18 
sequential frames of 5 seconds each followed by 9 
frames of 60 seconds each. PET emission data after 
attenuation correction was reconstructed with a 3D 
OSEM algorithm (2 iterations, 20 subsets).

Data processing and kinetic analysis
 Dynamic PET data analysis was performed 

using the PMOD software package (PMOD Techno-
logies Ltd., Zurich, Switzerland). Imaging analysis 
was performed in a blinded fashion with respect to 
the histologic reference results. Oval volumes of inte-
rest (VOIs) were drawn manually over the suspected 
prostate tumor and the contralateral normal prostate 
tissue with a large artery (external iliac or femoral) 
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within the frame (Figure-1). Time activity curves 
were generated for the mean activities of each 
VOI and fitted by linear regression function (Fi-
gure-2). A one-compartment model was used to 
assess tracer kinetics.

 In pharmacokinetic modeling, tracer kine-
tics are separated into compartments and their in-
teractions are represented by rate constants. The 
one-compartment pharmacokinetic model is used to 
simplify drug disposition in plasma and highly per-
fused tissue, under the assumption that there is an 
instantaneous mixing (drug behaves uniformly in a 
single unit) when the drug reaches the bloodstream. 
Changes in plasma concentration are equivalent to 
changes in tissue concentrations; dosing, sampling, 
and elimination occur from the central compartment. 
Total drug distribution is calculated as the ratio be-
tween the rate constant from the peripheral to the 
central compartment (K1) and the rate constant from 
the central to the peripheral compartment (K2).

 The following parameters were used to eva-
luate suspected prostate tumor against background 
prostate tissue: transport constant (perfusion) K1 (mL 
/ cm / min), rate constant K2 (l / min), total distribu-
tion volume (VT = K1 / K2, mL / ccm), area under the 
curve for tracer uptake during 175 seconds (AUC175) 
and 630 seconds (AUC630), SUVavg ,and SUVmax.

Standard of reference
 The surgical specimens served as the stan-

dard of reference. The harvested prostates were 
submitted for whole-mount histology. Axial sec-
tions of 3-5 mm were obtained in a plane per-
pendicular to a theoretical line between the base 
and the apex. Orientation was preserved by inking 
right and left margins with different colors (right-
-black, left-red) and by anatomical landmarks (i.e., 
seminal vesicle and urethra). Whole-mount sections 
of 4 µm each were stained with hematoxylin and 
eosin according to standard procedure. A Board-

figure 1 - 11c-choline pET / cT dynamic blood flow. Axial fused pET / cT sequential blood flow images (left: 30-40 seconds after 
injection; right: 40-50 seconds after injection) showing preferential arterial supply to the prostate tumor relative to background 
prostate tissue (arrowhead = iliac artery; large arrow = prostate cancer; small arrow = background prostate tissue).

figure 2 - Linear fitted time-activity curves for prostate cancer (lighter line) and background prostate tissue (darker line).

Prostate cancer

Background 
prostate

minutes

-26 [10,5, 24,8] kBq/cc
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-certified uropathologist (S.Z.) reviewed the slides 
and identified cancer foci by laterality and prostatic 
areas (base, mid-gland, and apex) and with respect 
to anatomic landmarks, as previously described.

Matching PET / CT and histopathology
 A single investigator (H.B), specialized in 

nuclear medicine, assessed the correspondence 
between the PET / CT images and histopathology 
findings. The most evident locations of the prosta-
te tumor and normal prostate tissue segment were 
visually identified on the PET / CT images. The lo-
cation of the prostate tumor was then confirmed 
from the pathological report with respect to anato-
mic landmarks. Thereafter, an oval region of interest 
(mean size 15 mm) was placed on the most evident 
tumor and in an area free of tumor.

Statistical analysis

 Continuous parameters are given as mean ± 
SD Static (SUVmax, SUVavg) and dynamic (K1, K2, AUC 
and Vt) parameters of 11C choline PET / CT were com-
pared between cancerous and non-cancerous regions 
using the Wilcoxon signed-rank test. A p value of < 
0.05 was considered statistically significant.

RESULTS

 The study cohort included 24 patients of 
mean age 64 ± 5.4 years. The average interval from 
PET / CT scanning to surgery was 14 days (range, 3 
to 61 days). Mean PSA level was 7.5 ± 5.3 ng / mL. 
On final surgical pathology, 16 patients (66%) had 
tumor confined to the prostate (AJCC stage II). Glea-
son score was 6 in 6 patients (25%), 7 in 16 patients 
(66%), and 9 in 2 patients (9%). A summary of the 
clinical and pathologic characteristics is presented 
in Table-1.

Dynamic PET / CT parameters
 Tracer uptake was observed in all 24 pa-

tients. SUVavg and SUVmax were significantly higher 
in areas of cancerous tissue than areas of benign 
tissue (3.67 ± 2.7 vs. 2.08 ± 1.3 and 5.91 ± 4.4 vs. 
3.71 ± 3.7, respectively, P < 0.001). There was a 
statistically significant difference in mean dyna-
mic parameters of AUC175, AUC630, and K1 between 

tumor and non-tumor zones (P < 0.001). Findings 
for constant of tracer washout from the tissue (K2) 
achieved borderline significance (P = 0.076). Table-2 
shows the dynamic PET / CT parameters in benign 
and malignant tissue, and Figure-2 shows the linear 
fitted time-activity curves for prostate cancer and 
background prostate tissue. No associations were 
found between either Gleason scores or PSA levels 
and PET / CT parameters (P = 0.18 and P = 0.47, 
respectively).

DIScUSSION

 The present pilot study demonstrates the 
robust ability of dynamic 11C-choline PET / CT to 
differentiate cancerous from benign prostatic tissue. 
Statistically significant differences were found in 
both static and dynamic PET / CT parameters.

 The moderate-range accuracy previous-
ly reported for diagnostic 11C-choline PET / CT in 
prostate cancer (9-12) was largely based on static 
parameters. However, while static parameters repre-
sent the sum of multiple reactions that occur during 
tracer uptake in a tissue, dynamic descriptors add 
sequential information that may assist in charac-

Table 1. clinical and pathologic characteristics of 24 
patients with prostate cancer

Characteristic Value

Age (yr), mean (SD) 64.1 (5.4)

PSA ( ng/ml), mean (SD) 7.5 (5.3)

Prostate volume (cm3), mean (SD) 52.7 (28.3) 

final pathologic grade, n (%) 
Gleason (3+3)=6
Gleason (3+4)=7
Gleason (4+3)=7
Gleason (4+5)=9
Gleason (5+4)=9

6 (25)
13 (55)
3 (12)
1 (4)
1 (4)

final pathologic stage, n (%)
pT2a
pT2b
pT2c
pT3a
pT3b

5 (21)
1 (4)

10 (42)
6 (25)
2 (8)

PSA-prostate-specific antigen
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terizing the examined tissue. Two recent publica-
tions examined the diagnostic value of dynamic 
18F-choline PET / CT for prostate cancer. In a study 
of 64 patients with prostate cancer, 19 with a pri-
mary diagnosis and 45 after biochemical recurrence, 
Takesh (13) reported a significant increase in mean 
dynamic constants (transport and rate) as well as 
in  maximal SUV in cancerous areas compared to 
benign tissue. Similarly, Mathieu et al. (14) evalu-
ated 39 patients with prostate cancer (18 with an 
initial diagnosis before any therapy) and found that 
tracer uptake was more rapid and intense in areas of 
cancerous lesions than in benign tissue. Although 
these studies provided encouraging results for the 
diagnostic ability of dynamic PET / CT, they were 
limited by a retrospective design, heterogenic pa-
tient sample (primary and post-treatment disease), 
and non-uniform standard reference.

 The present study is distinctive in that it 
prospectively evaluated a cohort of consecutive pa-
tients, all with a diagnosis of localized prostate can-
cer who were primarily treated with radical pros-
tatectomy. Whole-mount sections of the surgical 
specimen served as the reference standard for each 
patient. Furthermore, we used 11C choline as the ra-
diotracer. 11C choline is harder to handle than 18F-
-choline but it has a shorter half-life. We believe this 
is an important advantage because the rapid clea-
rance in blood of 11C choline and its rapid uptake 
by prostate cells make it possible for clinicians to 
obtain early PET images without significant excre-

tion of the tracer into the urine. The higher urinary 
excretion of 18F choline is a potential confounder as 
it may mask background activity (15).

 We observed fast and intense uptake of 11C 
choline in cancerous tissue, with higher values of 
K1 in malignant regions in the prostate and a higher 
cumulative amount of tracer in the cancerous tissue, 
as demonstrated by the AUC. Contractor et al. (8) 
showed a relationship between increased 11C-choli-
ne uptake and overexpression of choline kinase. In 
their study, malignant lesions overexpressed choline 
kinase in both the cytoplasm and nucleus, and both 
SUVavg and SUVmax were strongly associated with 
choline kinase staining.

 Despite the rapid 11C-choline uptake and 
malignant nature of the tissue, we found no as-
sociation of tracer uptake with the preoperative 
PSA level or Gleason score. This finding might be 
explained by the small size of the cohort and the 
small number of patients (n = 2) who had a high 
Gleason score on final pathologic analysis. Pre-
vious studies, using static 11C-choline PET / CT, 
showed limited ability to discriminate cancerous 
areas from areas of prostatitis (16). Dynamic 11C-
-choline PET / CT appears to better differentiate 
prostatitis from cancer, however the small number 
of patients with prostatitis in our study (n = 3) 
mandates further evaluation of this aspect.

 Indeed, the small number of patients is the 
main limitation of our study. Another limitation is 
the fact that a single radiologist analyzed and in-

Table 2 - comparison of 11c choline pET/cT parameters between prostate cancer and benign prostatic tissue.

Parameter (mean±SD) Benign prostatic tissue Prostate cancer 95% CI P value

SUVavg 2.08±1.3 3.67±2.7 0.90-2.25 <0.001

SUVmax 3.66±3.7 5.91±4.4 1.65-2.83 <0.001

AUC175 (mL/ccm/min) 187.2±134 386.4±332 108.02-290.32 <0.001

AUC630 (mL/ccm/min) 964.8±644 1954.5±1734 488.44-1490-89 <0.001

Perfusion coefficient (K1) (l/ccm/min) 0.43±0.24 0.95±0.58 0.31-0.71 <0.001

Washout constant (K2) (1/min) 0.18±0.09 0.22±0.13 (-0.00-0.08) 0.076

Vt (K1/K2) (mL/ccm) 2.50±1.11 4.44±1.38 1.37-2.49 <0.001

SUvavg = standardized uptake value, average; SUvmax = standardized uptake value, maximum; AUc175 = area under the curve at 175 
seconds; AUc630 = area under the curve at 630 seconds, Vt-total distribution volume
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terpreted the PET / CT images. Importantly, while 
novel imaging modalities using radiolabeled tracers 
with PSMA have shown promising results, the exact 
role of 68Ga-PSMA-PET / CT in primary prostate 
cancer is not yet entirely clear (17). Our preliminary 
results could potentially lead to a change in the way 
choline is being used as a tracer and improve the 
focal delineation of primary prostate cancer.

 In conclusion, Dynamic 11C-choline PET / 
CT successfully distinguishes areas of prostate can-
cer from benign tissue based on values of static and 
dynamic parameters. Larger studies are warranted 
to validate our results and to examine the applicabi-
lity of 11C-choline dynamic PET / CT in the primary 
diagnosis of prostate cancer.
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INTRODUcTION

Bladder cancer is the second most common 
neoplasm of the human urinary system, the ninth 
most common malignant neoplasm in the world, 
and the ninth most expensive neoplasm per pa-
tient from diagnosis to death in the United States 
(1-3). Along with lung neoplasm, bladder carci-
noma was one of the first to be investigated for 
its epidemiology, and since 1954 studies have se-

arched for carcinogenic substances (4). In appro-
ximately 50% of cases of bladder carcinoma, an 
associated predisposing factor can be established. 
The main factors are exposure to tobacco, As ore, 
aromatic compounds, hydrocarbons and chronic 
infections such as due to Schistosoma haemato-
bium (3).

 Arsenic is a metalloid with a low average 
concentration in the earth’s crust (1.8 mm). It was 
classified by the agency for toxic substances and 
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disease registry (ATSDR, 2007) (5) along with su-
pplemental environmental projects of the United 
States (USEPA, 1998) as one of the most dange-
rous substances to human health. Its concentra-
tion in drinking water should not exceed 10-50 
mcg / L and if surpass 50-100 mcg / L, there is 
evidence of adverse effects, making possible to 
detect its effects in epidemiological studies (6). 
According to the World Health Organization, 
human exposure to the ore occurs through the 
use of contaminated water, ingestion or inhala-
tion of dust and inhalation of gases from various 
sources such as: pesticides, fertilizers, metal tre-
atment (copper, lead and bronze), paint, glass, 
ammunition and galvanizing (7, 8).

 Soil contamination by ores related to hu-
man activity has become the focus of many stu-
dies. Serious cases of As poisoning occurred in 
West Bengal, Bangladesh and, in Latin America, 
Mexico, Chile, and Argentina. These cases were 
generally caused by the consumption of conta-
minated groundwater extracted from aquifers in 
large arseniferous geological formations (9, 10). 
In the published inventories of environmental and 
human exposure to As, references to Brazil are 
scarce mainly due to the lack of research on the 
subject in the country.

 In Brazil, there are three areas considered 
critical for the risks of exposure to As: (1) ‘Qua-
drilátero Ferrífero’, in Minas Gerais, where a large 
amount of As was released as a result of secular 
gold mining; (2) Ribeira Valley, in Paraná and São 
Paulo, due to mining activity; (3) Santana, Ama-
pá, where As was associated with manganese ore 
mining over the last 50 years. Specifically, in the 
states of Minas Gerais and São Paulo, there are 
studies evaluating the concentration of As in soil 
and water (11). The present study aims to evalu-
ate the incidence of hospitalization and mortality 
from bladder neoplasia and its possible associa-
tion with as concentration in water and soil in two 
of the most critical regions of Brazil: the states of 
São Paulo and Minas Gerais.

MATERIALS AND METHODS

 Between 2010 and 2014, all cases of bla-
dder cancer have been evaluated through the re-

gistration of surgical procedures and mortality 
rates due to bladder carcinoma, in the states of 
São Paulo and Minas Gerais - Brazil. Data were 
obtained through the Department of Informatics 
of the Brazilian Unified Health System. In the state 
of São Paulo, water samples were analyzed and as 
concentrations were established through data pro-
vided by Companhia Ambiental do Estado de São 
Paulo (CETESB). Data on soil analysis from the 
state of Minas Gerais were collected and analyzed 
by the State Environmental Foundation (FEAM) 
under the Solos de Minas Program, in partnership 
with the Federal Universities of Viçosa, Lavras and 
Ouro Preto and the Fundação Centro Tecnológi-
co de Minas Gerais (CETEC), through previously 
described methodology (12, 13). The municipali-
ties with the highest concentration of As in the 
soil were compared to areas with low concentra-
tion. In the state of São Paulo, water was collected 
and analyzed by CETESB - São Paulo, from seven 
aquifers and 19 water management units. The mu-
nicipalities with the highest As rates in its samples 
were compared to those with normal ranges.

Analysis of soil and water samples
 A total of 499 soil samples from 299 muni-

cipalities in the state of Minas Gerais were collected 
and analyzed. The municipalities with the highest 
concentrations of As in the soil were Mariana, Ouro 
Preto, Rio Acima, Caeté, Nova Lima, Santa Bárbara, 
Sabará and Itabirito, all above 8.6 mg kg -1. These 
values are much higher than the acceptable upper 
limit of 1.0 mg kg-1 in soils not contaminated by 
anthropogenic sources (9, 10, 12).

 In the state of São Paulo, the municipality 
of Piedade presented the highest As rates in its 
samples (0.045 mg / L, maximum allowed value: 
0.01 mg / L - Potability Standard of Ordinance 
2914 / 11 of the Ministry of Health), having the 
municipalities of Biritiba Mirim, Cajati and Mira-
catu presented isolated abnormal samples (13).

We have than evaluated the association 
between bladder cancer and As contamination 
using the Spearman correlation test. The con-
fidence level adopted in the analysis was 95%. 
Statistical analysis was performed using sta-
tistical software Stata version 11.0 - StataCorp 
1996-2017.
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RESULTS

Bladder cancer’s hospitalization and mortality rates
 In the state of Minas Gerais, hospitaliza-

tion rate for bladder neoplasia was 5.9 per 100.000 
inhabitants and ranged from 4.2 to 7.7 hospitali-
zations per 100.000 inhabitants between 2008 and 
2015. There were 2.5 men for each woman. Seven-
ty percent of patients had 60 - 79 years.

 In the state of São Paulo, hospitalization 
rate for bladder neoplasia was 9.0 per 100.000 
inhabitants and ranged from 6.0 to 11.0 hospita-
lizations per 100.000 inhabitants between 2008 
and 2015. There were 2.6 men for each woman, 
and 68.8% of patients had 60 - 79 years.

 The hospitalization rate for bladder can-
cer in São Paulo is above the national average 
(8.0 per 100.000), and in Minas Gerais is below.

 When bladder cancer cases were evalu-
ated according to As concentrations in soil or 
water in the distinctive municipalities, we could 
not establish a direct association. Areas with 
a high environmental As concentration had a 
low bladder cancer rate, while areas with nor-
mal As levels had similar cancer rates (Figures 
1-4). The quantitative variables did not present 
a normal distribution, using the Shapiro-Wilk 
test p < 0.05. We have also plotted a map with 
areas with high rates of hospitalization by blad-
der cancer (Figure-5) and As concentration (Fi-
gure-6) in São Paulo.

DIScUSSION

 Serious cases of As poisoning have been 
reported in distinctive countries (9, 10). These 
cases were generally caused by the consump-
tion of contaminated groundwater extracted 
from aquifers in large arseniferous geological 
formations (9, 10). This greater exposure can 
translate into a higher concentration of As in 
the body. These high levels of As are associated 
with an increased risk of neoplasm. Argos et 
al. have demonstrated in a prospective cohort 
study in Bangladesh that there is an increase in 
the overall mortality rate in patients exposed to 
As in ingested water (14).

 A Taiwanese study have compared blad-
der cancer mortality in general population and 
inhabitants of an area exposed to high con-
centrations of As, and established a direct and 
proportional relationship between the different 
urinary profiles of the ore and deaths by this 
type of neoplasia during 20 years of follow-up. 
Even after the source of exposure had been dis-
continued, overall mortality remained higher 
than in the general population (15). These risks 
can be potentialized by other carcinogens, such 
as those found in tobacco, the main epidemio-
logical factor for bladder cancer. Pu ys et al. 
compared 313 cases with 177 controls and con-
cluded that smoking interacts with the urinary 
As profile in the body, modifying the risk of 

figure 1 - Association between arsenic contamination and hospitalization (a) and mortality (b) for bladder cancer in the state 
of São paulo.
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figure 2 - Association between arsenic contamination and hospitalization (a) and mortality (b) for bladder cancer in the state 
of Minas Gerais.

figure 3 - Mortality due to bladder neoplasia in Brazil, in the 
states of Minas Gerais and São paulo, and their respective 
areas with the highest concentrations of arsenic.

figure 4 - Mortality due to bladder neoplasia in regions with 
lower and higher concentration of arsenic in the states of 
São paulo and Minas Gerais.
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figure 5 - Map with the areas with high hospitalization rates (Sp).

figure 6 - Map with the areas with high arsenic concentration (Sp).
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urothelial carcinoma. The carcinogenic effect, 
however, was shown to be more prominent in 
non-smokers (16). Wu et al. also compared the 
risk of developing urothelial carcinoma accor-
ding to smoking load and urinary as levels. Ob-
jects with high urinary levels of As (≥ 15.40 
mcg / g creatinine) had a risk ratio of 3.2 when 
smoked less than 100 cigarettes during lifetime 
and 6.45 times greater when smoked more than 
this load, when compared to non-smokers and 
low urine levels (17). Interestingly, Mario Fer-
nandez et al. reported that even 20 years after 
the normalization of the concentration of As 
in Chile’s soil, the incidence of bladder cancer 
remained high (18).

 In the published inventories of environ-
mental and human exposure to As, references 
to Brazil are scarce mainly due to the lack of 
research on the subject in the country. In Brazil, 
there are three areas considered critical for the 
risks of As exposure: (1) Quadrilátero Ferrífero, 
in Minas Gerais, where a large amount of As 
was released as a result of secular gold mining; 
(2) Ribeira Valley, in Paraná and São Paulo, due 
to mining activity; (3) and Santana, Amapá, 
where as was associated with manganese ore 
mining over the last 50 years. Specifically, in 
the states of Minas Gerais and São Paulo, there 
are studies evaluating the concentration of as 
in soil and water (11). In critical areas, such as 
in the Ribeira Valley and Iron Quadrangle, less 
favored populations become more susceptible 
to exposure to these toxic substances. In the 
evaluated areas in this study, there is a com-
bination of high natural rates of As associated 
with industrial and mining activity. Fortuna-
tely, low levels of human exposure of this to-
xic element are observed. Despite geochemical 
composition and risk activities, contaminated 
aquifers have not been described in Brazil until 
now, as in other regions of the world (10, 19). 
In a US National Cancer Institute survey, based 
on SEER (Surveillance, Epidemiology and End 
Results), mortality from bladder neoplasia was 
influenced by smoking, unemployment, days of 
altered physical health, days of air pollution, 
percentage of houses with well water, work in 
the ore industry and urban dwellings (p < 0.05) 

(20). In the present study, we did not find a di-
rect relationship between higher concentrations 
of As ore in soil or water and higher rates of 
hospitalization or mortality from bladder ne-
oplasia in the states of São Paulo and Minas 
Gerais, even when comparing the group with 
higher concentrations with the cities with lower 
concentration in each state (Figure-4). These 
findings may be justified by some factors.

The presence of As in deep water does 
not necessarily change the concentration of As 
in surface water and even in food. Even thou-
gh some food contain As in their composition 
and the urinary profile is influenced by the ore 
methylation capacity of each individual, the 
consumption of fish, seafood or seaweed did 
not necessarily correlate with a change in the 
urinary As profile in residents of risk areas (21). 
Besides, the tropical climate favors the predo-
minance of chemical weathering processes of 
the rocks, forming geochemical barriers that 
prevent the release of As to the water even in 
regions with high levels of this mineral. These 
processes justify the low concentrations of As 
in surface water, even when there are high con-
centrations of As in soils and sediments (11).

 Our study has some limitations. Similar 
to other neoplasms, bladder cancer is possibly 
underreported as a cause of hospitalization or 
death, especially in poorer areas in developing 
countries, such as Brazil (22). Furthermore, the 
presence of incomplete demographic data and 
poor medical records may contribute to limit 
the understanding of the factors related to in-
cidence, prevalence and mortality. It might also 
reflect the lack of access to health services in 
the region (22). Other important limitation is 
that, in order to be carcinogenic, a long term 
exposure to As high concentration is necessary. 
Along with these facts, there is a frequent in-
terstate migration in Brazil. For these reasons, 
correlation between risk factors with bladder 
cancer is difficult to be established. How long 
must one person be exposed to As to suffer 
the effects of carcinogenicity is a question not 
yet answered. In mice experiments, urothelial 
changes happen within 12 weeks of exposure, 
but the same cannot be inferred to humans (23). 
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It seems however that bladder cancer related 
to as exposure is more aggressive and appe-
ars earlier in life (24). In the present study, we 
could not adjust the incidence for sex and age, 
and therefore could not evaluate any correla-
tion. Although the present report has some li-
mitations, to the best of our knowledge it is the 
only study that has evaluated the epidemiolo-
gical correlation between as and bladder cancer 
in Brazil.

 In conclusion, we did not observe a cor-
relation between as concentration in water or 
soil and hospitalization and mortality rates due 
to bladder cancer in the states of São Paulo and 
Minas Gerais.
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Gastric neobladders: surgical outcomes of 91 cases using 
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ABSTRAcT         ARTIcLE INfO______________________________________________________________     ______________________

Introduction: We report on the surgical results of a series of 91 patients who received 
gastric neobladders as urinary diversion after radical cystectomies performed for the 
treatment of muscle-invasive bladder cancers.
Materials and Methods: We report on a retrospective case series of 91 patients who recei-
ved gastric neobladders as urinary diversion after radical cystectomies performed for the 
treatment of muscle-invasive bladder cancers. Different techniques of gastric neoblad-
ders were employed from 1988 to 2013 at a university hospital in the South of Brazil.
Results: Initial outcomes utilizing Leong (Antral) and Nguyen-Mitchell (Wedge) tech-
nique were unsatisfactory, yielding high pressure, low capacity reservoirs. Further devel-
opments of these techniques, with the detubularized gastric neobladder and the “spheri-
cal” gastric neobladders resulted in low pressure, high capacity reservoirs, with better 
surgical and urodynamic outcomes. Complication and perioperative mortality rates of 
our series of gastric neobladders were significantly higher than historical results of tech-
niques using ileum or colon.
Conclusions: Stomach is an exceptional option for the creation of neobladders after 
radical cystectomies, but due to the increased complication rates it should be reserved 
for specific situations (e.g., renal insufficiency, previous pelvic/abdominal radiotherapy, 
short bowel syndromes).

INTRODUcTION

Neobladders are considered the gold stan-
dard among the many techniques of urinary di-
version employed after radical cystectomy. Usu-
ally, ileum, right colon or sigmoid colon constitute 
the preferred intestinal segments utilized in these 
instances, but are associated with a series of com-
plications such as malabsorption, metabolic distur-
bances, reservoir stones and neoplasia. Stomach has 
been used clinically in the construction of neobla-
dders since the pioneering works of Sinaiko (1) in 

1956 and of Leong (2), who in 1978 published their 
series of neobladders using the antral segment of 
the stomach. Later, in 1991 Nguyen and Mitchell (3)  
described a gastric neobladder using the gastric fun-
dus with better results (4-6).  Lockhart et al. (7) des-
cribed a gastric neobladder using the gastric fundus 
reported in 1993 a similar technique with the addi-
tion of a segment of ileum for the creation of a com-
posite reservoir. In 1994, Hauri et al. (8, 9) described 
a technique utilizing the omental bursa and the tra-
pezoidal segment. More recently, in 2009, Wang et 
al. (10) reported having obtained satisfactory results 
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with a technique of laparoscopic gastric neobladder.
 Since 1988, our center has acquired an 

experience of 91 cases of gastric neobladders 
using different techniques, from a modification of 
Leong´s technique (Antral) to Nguyen-Mitchell’s 
technique (Wedge) and finally to what we later 
called the detubularized and the spherical gastric 
neobladders. All of the gastric neobladders were 
performed in patients with muscle-invasive blad-
der cancer. Our results show that stomach can be 
used in the confection of neobladders in specific 
situations, although in our series it was associated 
with a high index of surgical complications and 
considerable postoperative mortality (11-17). The 
purpose of our manuscript is to report and discuss 
a large series of gastric neobladders performed by 
a single surgeon with different techniques.

MATERIALS AND METHODS

 We report on a retrospective case series of 
91 patients who received gastric neobladders as 
urinary diversion after radical cystectomies per-
formed for the treatment of muscle-invasive bla-
dder cancers from 1988 to 2013 at a university 
hospital in the South of Brazil. Of the 91 patients, 
89 were males and 2 were females. Mean age was 
72±years (33 to 81 years). All cases were perfor-
med consecutively by the same surgeon, through 
a variety of surgical techniques (Table-1). Surgical 
outcomes were accessed prospectively and throu-
gh chart reviews, and entered into a computerized 
database.

RESULTS

Antral Neobladders
 The first four gastric neobladders at our 

center were performed in 1988 according to the 
technique of Leong (2). Results, however, were 
unsatisfactory. All four surgeries resulted in high-
-pressure reservoirs (>50 cm H2O), with both noc-
turnal and diurnal enuresis. One of the patients 
died in the third postoperative week of sepsis, ant 
the other three were converted to ileal conduits.

Wedge Neobladders
 After the frustrating results with Leong te-

chnique, our group performed four cases utilizing 
Nguyen-Mitchell (5) technique (Wedge). Of these, 
only one case achieved a reservoir with an ade-
quate capacity (close to 300 cc), while the other 
three had to be augmented with an ileal segment 
according to Lockhart’s technique.

Detubularized Gastric Neobladders
 Having obtained bad results with the pre-

viously described techniques, in 1989 we deve-
loped a modification of Leong´s (2) technique by 
performing a 50% gastrectomy, detubularizing the 
gastric flap by incising the lesser curvature and 
reconfiguring the reservoir. Gastric reconstruction 
was performed in a Billroth I fashion. We perfor-
med 33 neobladders with this technique, with bet-
ter reservoirs (500 - 800 cc), with improved uro-
dynamic results and with no case of postoperative 
hydronephrosis. Of the 33 cases, we had five pos-
toperative deaths, two due to myocardial infarc-
tion, two due to pulmonary embolism, and one 
due to abdominal sepsis secondary to dehiscence 
of the gastro-gastric anastomosis. We observed 
five cases of hematuria-dysuria syndrome which 
were managed with proton pump inhibitors. Addi-
tionally, transient bradygastria was present in 11 
patients, and treated with IV metoclopramide.

“Spherical” Gastric Neobladders
 Since 1994, we have performed 50 cases 

with our own technique of “spherical” gastric ne-
obladders. In this technique, we use a more central 
portion of the stomach, and employ 75 mm GIA 
staplers to create an almost spherical neobladder, 
without the need to detubularize it (Figure-1). 
Such technique requires less operative time not 
only due to the use of staplers but also due to the 
fact that we perform it with two surgical teams 

Table 1 - consecutive Series of Gastric Neobladders.

Surgical technique Cases (n)

Antral 4

Wedge 4

Detubularized 33

Spherical 50
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figure 1 - Schematic diagram of a 50% gastrectomy in 
the technique of the “spherical” gastric neobladder, using 
two 75 mm GIA staplers, with preservation of the right 
gastroepiploic artery.

figure 2 - A) Evaluation of the stomach; B) Gastric reservoir with the right gastroepiploic pedicle; c) Mobilization of the 
gastric reservoir; D) Gastric neobladder anastomosed to the urethra, before the ureteral anastomoses, with a tension-free 
vascular pedicle.

A

c

B

D

working simultaneously; while one team  prepa-
res the gastric flap and reconstructs the stomach 
(Billroth I), the other team performs the radical 
cystectomy with pelvic lymphadenectomy. This 

has allowed for less hypothermia and metabolic 
acidosis, with mean surgical times of roughly 4.5 
hours. The main steps of the confection of the 
“spherical” neobladder are depicted in Figure-2. 
Initially, the stomach is inflated with air through a 
nasogastric tube in order to evaluate the viability 
of the confection of the gastric reservoir (Figure-
-2A). Figure-2B shows the stapled reservoir with 
its vascular pedicle, produced by skeletonizing the 
right gastroepiploic artery up to the gastroduode-
nal artery. The pedicle is usually long enough to 
reach the pelvis (Figure-2C), and is anastomosed 
to the urethra after being mobilized through the 
transverse mesocolon and the mesentery. The ure-
ters can be easily implanted in the anterior por-
tion of the reservoir, through Gregoir’s technique 
(Figure-2D).

 Urodinamically, these “spherical” neobla-
dders result in profiles similar to those obtained 
with the detubularized technique, with reservoirs 
with capacities ranging from roughly 550 cc to 
800 cc (mean 675 cc). Of the 50 cases with this 
technique, we had eight deaths (four due to sepsis, 
two due to myocardial infarction, and two due to 
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pulmonary embolism). We have treated hematu-
ria-dysuria syndrome in nine cases, transient bra-
dygastria in seven cases, ureteral stenosis in two, 
and ureteral fistula in one. Furthermore, two of 
our cases had to be converted into an ileal conduit 
due to necrosis of the neobladder. Table-2 depicts 
the complications observed in our 50 cases of 
“spherical” neobladders according to the Clavien-
-Dindo classification of surgical complications.

DIScUSSION

 The stomach is considered an exceptional 
option for the construction of neobladders after 
radical cystectomy. Traditionally, it is employed 
in very specific circumstances such as renal insu-
fficiency, previous abdominal/pelvic radiotherapy 
and short bowel syndrome. Currently, the most 
utilized segment for the construction of neobla-
dders is ileum, although some authors still prefer 
colon or sigmoid We report on a retrospective se-
ries of different techniques of gastric neobladders 
performed over a large time width, starting at a 
time when it was not clear which intestinal seg-
ment was best for bladder reconstruction. Stomach 
was being largely used for bladder augmentation 
in pediatric urology at the time when our series 
was initiated, and the indication was mainly based 
on the main surgeon’s preference and experience.  
Our group has accumulated an experience of more 

than 25 years with different techniques of gastric 
neobladders as urinary diversion after radical cys-
tectomy (11-17). After experiencing the techniques 
of Leong (Antral), Nguyen-Mitchell (Wedge) neo-
bladders and detubularized gastric neobladders we 
developed a modification of the Leong´s original 
technique which we named “spherical” gastric ne-
obladder (15). This last technique, due to the ease 
of confection with the use of GIA staplers, and 
to advantages concerning capacity, urodynamic 
profile, and bilateral ureteral reimplantation is our 
preferred technique when considering stomach for 
a neobladder (17).

 The analyses of our results deserve se-
veral considerations. Our initial experience with 
gastric neobladders using Antral and Wedge te-
chniques was catastrophic.. In all cases, we ended 
with small reservoirs, and had to either augment 
or convert them to ureteroileostomies five out of 
eight neobladders, which led us to abandon these 
techniques. The technique of detubularized gastric 
neobladder yielded better results in terms of vo-
lume and urodynamic profile of the reservoir, but 
involved an increase number of suture lines and 
was time consuming (17). The “spherical” techni-
que was a natural evolution of the previous at-
tempts, and we believe is a better overall surgery, 
reducing the number of suture lines and decrea-
sing surgical time (15-17).

 Even with the “spherical” technique, our 

Table 2 - complications observed in our 50 cases of “spherical” neobladders according to the clavien-Dindo classification 
of surgical complications.

Grade I II IIIa IIIb IVa IVb V Total

n 16 5 8 29

% 32 10 16 58

Bradygastria 7

Sepsis 4

Hematuria-dysuria 9

Fistula/ureteral stenosis 3

Necrosis 2

Cardiopulmonary 4
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morbidity and mortality rates were unacceptably 
high and much greater than the reported mortali-
ty rates with the use of other intestinal segments, 
such as ileum or colon. Other groups which utili-
zed gastric segments for bladder reconstructions 
after radical cystectomy did not report on periope-
rative mortality, although their complication rates 
were fairly similar to ours (2-4, 6-10, 19-22). An 
additional concern with surgical techniques using 
gastric resections is the possibility of disturban-
ces in vitamin D and calcium metabolism, with 
an increased risk of vertebral fracture reported in 
the literature (23). We could not access this in our 
series since most patients did not have long-term 
follow-up. Likewise, we could not observe major 
effects associated with hypergastrinemia, such as 
an increased incidence of peptic disease.

 Our average discharge time was between 
two and three weeks for most patients. This series 
was performed before the generalization of the 
enhanced recovery after surgery (ERAS) protocols, 
which are currently adopted at our institution. If 
we would perform these techniques of gastric ne-
obladders nowadays, ERAS protocols would cer-
tainly reduce discharge time. Current ERAS proto-
cols recommend instituting early enteral nutrition 
in gastric surgery patients though nasoenteral 
tubes or jejunostomies, which would probably re-
duce substantially the incidence of complications 
and the length of hospital stay of these patients.

 We believe that our increased complica-
tion and mortality rates in the series of gastric 
neobladders are due to several reasons. First, the 
patients in our series were mostly derived from 
the Brazilian public health system, which often 
resulted in the late referral of more advanced ca-
ses, in patients with poor nutritional status and 
preoperative clinical conditions far from optimal. 
Second, we acknowledge that a limitation of these 
techniques with stomach is the greater distance 
between the gastric flap and the pelvis, creating a 
vascular pedicle that crosses the transverse meso-
colon and the mesentery, which may lead to ische-
mia and necrosis, as was observed in two out of 
50 cases of our “spherical” neobladders. Third, the 
syndrome of dysuria-hematuria is due to the con-
tact of the acid gastric secretions and the acidic 
urine with the remaining urothelium in the ure-

thra, and peculiar to the use of gastric segments in 
urinary diversions; although easily managed with 
H-2 blockers and proton pump inhibitors, we ob-
served this phenomenon in nine out of 50 cases 
with the “spherical” gastric neobladders (18%) and 
in five out of 33 cases with the detubularized gas-
tric neobladders (15%). Finally, we have difficulty 
in accessing the follow-up of many of our patients 
who live in distant locations from our university 
center, and cannot ascertain long-term result in 
survival and complications in the present series.

cONcLUSIONS

 We believe that stomach is an exceptional 
option for the creation of neobladders after radical 
cystectomies, but due to the increased complica-
tion rates it should be reserved for specific situ-
ations (e.g., renal insufficiency, previous pelvic/
abdominal radiotherapy, short bowel syndromes).
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Editorial Comment: Gastric Neobladders: surgical outcomes of 91 cases 
using different techniques
_______________________________________________
1 Richard Hautmann

1 Department of Urology, University of Ulm, Germany

Many groups have addressed the issue of which gut segment is best suited for ONB reconstruc-
tion. All parts of the small and large intestine as well as the stomach have been intensively evaluatd. 
Ileum, which has been acknowleged as the optimum substitution material, has been mostly used and the 
ileal ONB has achieved statisfactory function.

The strength of the Brazilian paper from Porto Alegre (1) is its honesty of repording by the au-
thors and reporting a significant eyperience of diffrerent gastric techniques, performed over a large time 
span, starting at a time point, when it was not clear, which intestinal segment would be best suited for 
bladder reconstruction. Furthermore it should be kept in mind that stomach has been largely endorsed for 
bladder augmentation in pediatric patients and stomach was highly recommended for ONB by renowned 
authors from leading institutions (2). From an operative standpoint, the gastric neobladder has several 
advantages. The gastric segment is easy to work with. Its lack of an intestinal anastomosis minimizes 
bowel manipulation. If desired, the thick muscular wall facilitates a tunneld ureteral anastomosis. The 
gastric segment easily reaches the urethra. The metabolic disturbanses from gastric bladder reconstruc-
tion are less severe and do not result in hyperchloremic metabolic acidosis and rarely result in clinically 
significant hyponatriemic, hypochloremic, alkalosis, which have been reported in patients with renal 
insufficency (3).

Most investigators have reported on a single type of continent urinary resorvoir. However, of 
particular interest is experience reported by others, non pioneering investigators and even more so, when 
they report on and compare different techniques. Unfortunately, this is rarely the case. Santucci et al. 
(4) reported the long term continence rates of ONBs and compared the urodynamik results in a series 
in which experienced surgeons performed a variety of different continent urinary reconstructions. They 
performed six different type of continent urinary reservoirs; the overtall numbers in each group were 
relatively small. However, their continence rates and urodynamic data were so remarkably different in 
the gastric and sigmoid neobladder groups that Santucci et al. are correct in believing their conclusions 
are justified despite the small patient numbers.

From a functional standpoint most authors report unsatisfactory urodynamic parameters for gas-
tric neobladders. Compared with ileal neobladders, the gastric neobladders had a small capacity, lower 
compliance, and more frequent and stronger spontaneous contractions. Thus, the continence rates were 
appreciably lower than  in ileal neobladders (33 % vs. 88 %) (4).

Many factors influence urinary continence including preservation of the autonomic innervation 
of the membraous urethra, avoidance of sphincter damage, a spheroidal reservoir with at least 4 seg-
ments ith opposing wall contractions, reservoir capacity between 400 and 500 ml with end fill pressure 
lower than urethral closing pressure at rest, absence of infected urine (causing reservoir wall contractions 
esulting in occasional sudden urine loss and increased mucus production), diabetes and patient age.

However, gastric neobladders result in inferior outcomes primarily related to the muscular nature 
oft he stomach.

EDITORIAL cOMMENT Vol. 44 (5): 920-921, September - October, 2018

doi: 10.1590/S1677-5538.IBJU.2017.0563.1
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Localized chromophobe renal cell carcinoma: preoperative 
imaging judgment and laparoscopic simple enucleation for 
treatment
_______________________________________________
Wenbiao Ren 1, Bichen Xue 1, Jiandong Qu 1, Longfei Liu 1, Chao Li 1, Xiongbing Zu 1

1 Department of Urology, Xiangya Hospital, Central South University, Changsha, China

ABSTRAcT         ARTIcLE INfO______________________________________________________________     ______________________

Objective: To evaluate the preoperative imaging manifestation and therapeutic effect of 
laparoscopic simple enucleation (SE) for localized chromophobe renal cell carcinoma 
(chRCC).
Materials and Methods: Clinical data of 36 patients who underwent laparoscopic SE of 
localized chRCC at our institute were retrospectively analyzed. All patients underwent 
preoperative renal protocol CT (unenhanced, arterial, venous, and delayed images). CT 
scan characteristics were evaluated. After intraoperative occlusion of the renal artery, 
the tumor was free bluntly along the pseudocapsule and enucleated totally. The pa-
tients were followed up regularly after the operation.
Results: Mean tumor diameter was 3.9±1.0 cm, 80% of tumors were homogeneous and 
all the tumors had complete pseudocapsule. The attenuation values were slightly lower 
than normal renal cortex and degree of enhancement of the tumors were significantly 
lower than normal renal cortex. Mean operation time was 104.3±18.2 min. Mean warm 
ischemia time (WIT) was 21.3±3.5 min. Mean blood loss was 78.6±25.4 mL. No positive 
surgical margin was identified. Mean postoperative hospital stay was 5.3±1.5 d. Hema-
turia occurred in 3 patients and all disappeared within 3 days. After a mean follow-up 
of 32.1±20.6 months, no patient had local recurrence or metastatic progression.
Conclusion: Localized chRCCs have a great propensity for homogeneity and complete 
pseudocapsule. The attenuation values were slightly lower than normal renal cortex 
and small degree of enhancement. Laparoscopic SE is a safe and effective treatment for 
localized chRCC. The oncological results were satisfactory.

INTRODUcTION

Renal cell carcinoma is a common malig-
nant tumor in the urinary system. Among the di-
fferent sub-types of renal cell carcinoma, chromo-
phobe renal cell carcinoma (chRCC) accounts for 
approximately 3% to 5% of all RCCs (1). ChRCC is 
considered to be derived from the collecting duct, 
harbors mitochondria alterations, and can be ob-

served in Birt-Hogg-Dubé syndrome (2). In gene-
ral, chRCCs have been considered to be homoge-
neous and indolent tumors. It has been evidenced 
that the degree of early enhancement during the 
corticomedullary phase was largest for clear cell 
RCC followed by oncocytoma, chRCC, and pa-
pillary RCC (3). However, as far as it is known, 
few studies are specialized in the imaging mani-
festations of chRCCs. Among all the different RCC 
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subtypes, chRCCs reportedly have the best prog-
nosis, with a 5-year survival rate of over 90%, as 
opposed to clear cell and papillary RCCs, which 
have rates of survival of 55% - 60% and 80% - 
90%, respectively (4, 5).

 The treatments of localized chRCC include 
active surveillance, radiofrequency ablation, ra-
dical nephrectomy and nephron-sparing surgery. 
Simple enucleation (SE) is a nephron sparing 
surgery, which dissects the tumor bluntly along 
the natural cleavage plane between the tumor 
pseudocapsule and healthy kidney parenchyma 
(6). SE was first used in benign renal tumors. 
Nowadays, SE is routinely performed for fami-
lial RCC and sporadic RCC, which can retain the 
maximum normal parenchyma in order to reduce 
the risk of chronic kidney disease development 
(7, 8). Recently, it has been reported that tumor 
SE had revealed comparable oncologic outcomes 
compared with standard margin partial nephrec-
tomy for RCC (9-12). However, it is understood 
that, most of the previous articles were about SE 
in the treatment of clear cell RCCs. No previous 
studies have evaluated safety and feasibility of 
this technique in chRCCs exclusively. Ficarra V, 
et al. (13) analyzed a lot of previous data and 
conclude that simple enucleation was a surgical 
technique responding to the EAU guidelines cri-
teria for oncologic safety. First laparoscopic SE 
for chRCC was performed in November 2010 at 
our institute.

 Therefore, the purpose of this study is to 
evaluate the CT manifestations, enhancement fe-
atures and the safety, feasibility and oncological 
outcomes treatment with laparoscopic SE in a se-
ries of pathologically proven localized chRCCs at 
our institute.

MATERIALS AND METHODS

Patients
This was a single center, institutional re-

view board approved, retrospective study. Conse-
cutive patients were selected fulfilling the follo-
wing criteria:

1. Preoperative protocol CT (unenhan-
ced, arterial, venous, and delayed 
images) of the urinary system was 

performed in the hospital within 1 
month from the day of surgery.

2. Postoperative pathology were chRCCs 
reconfirmed by uropathologists ac-
cording to the 2016 WHO classifica-
tion of renal tumors (14).

3. Treatment was laparoscopic SE sur-
gery performed by experienced urolo-
gical doctors.

Patients with doubtful tumor histology, 
distant metastasis or irregular follow-up were 
excluded. Patients treated with normal margin of 
partial nephrectomy were also excluded.

Preoperative evaluation
 Preoperative evaluation was conducted 

routinely and consisted of the following: chief 
complaint, physical examination, routine blood 
test, chest radiograph, electrocardiogram and 
protocol CT (unenhanced, arterial, venous, and 
delayed images) of the urinary system. The com-
plexity of tumors was measured by PADUA score 
system (15).

 The maximum diameter, texture and cap-
sule of the tumor were observed. The presence 
of distant metastatic disease, suspicious lympha-
denopathy, or tumor thrombus was noted. The 
average attenuation values of tumor and normal 
renal cortex at 4 various stages were recorded.

Surgical technique

 Generally anesthetized patients were 
placed in lateral decubitus position. Three tro-
cars were placed on the affected flank through 
retroperitoneal laparoscopic approach. The renal 
artery was fully dissected and blocked with an 
artery clamp. The renal parenchyma was incised 
sharply through a 5 mm length, adjacent to the 
tumor fringe. When the proper surgical plane is 
entered and the capsule is reached, the tumor can 
be easily isolated bluntly from the normal acro-
teric parenchyma and simply enucleated from 
the kidney without any visible rim of normal pa-
renchyma. A single-layer suture with Hem-lock 
placed on the renal capsule at the beginning and 
end of the suture process was applied. Then, the 
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artery clamp was taken off from the renal pe-
dicle. The operation time, warm ischemia time 
(WIT) and blood loss were recorded.

Postoperative management
 Surgical specimens were processed ac-

cording to standard procedures by two expert 
uropathologists. Pathological tumor size, patho-
logical tumor capsule, positive surgical margin 
(PSM), TNM stage and the Furman nuclear gra-
de were checked (2, 16). Postoperative compli-
cations including hematuria, bleeding, blood 
transfusion, urine leakage and intestinal obs-
truction were observed. The postoperative hos-
pital stay was recorded.

Follow-up
 Follow-up was scheduled 4 times annu-

ally for the first and second year, 2 times annu-
ally for the 3rd to 5th year, and annually thereafter. 
Follow-up contents included history collection, 
physical examination, chest X ray, abdominal 
color Doppler ultrasound or CT alternately and 
eGFR based on the blood test of kidney function 
(17). The eGFR of each patient 6 months after 
surgery was compared with that before surgery.

Statistical analysis

 Independent-sample two-sided t-tests 
were used for the comparisons of mean attenua-
tion values of tumor and normal renal cortex at 
4 various stages. Wilcoxon signed-rank test was 
used to compare eGFR data variables between 
preoperative and postoperative. Statistical signi-
ficance was set at p<0.05. The data were analyzed 
with the SPSS software, version 23.0.

RESULTS

Patient’s characteristics
 The descriptive characteristics of all the 

patients are shown in Table-1, 36 patients who 
underwent laparoscopic SE of localized chRCC 
between November 2010 and December 2016 at 
our institute were consecutively selected. There 
were 18 males and 18 females with a mean age of 
50.1±13.0 years. 17 renal masses were on the left 

side and 19 renal masses were on the right side. 
Mean tumor diameter was 3.9±1.0 cm. Mean PA-
DUA score was 8.0±0.9. The mean preoperative 
eGFR was 78.5±22.4 mL/min.

CT imaging analysis
 All the tumors were solid masses with 

complete and inerratic pseudocapsule (Figures 1 
A-D), 80% of tumors were homogeneous. Calci-
fications were not seen in any of these masses. 
None of the patients had evidence of lymph node 
or distant metastatic disease, either on initial 
staging CT or color Doppler ultrasound. Table-2 
summarizes the attenuation values for the 36 
patient’s tumors over the unenhanced, arterial, 
venous, and delayed phases. The mean attenua-
tion values of chRCC over the unenhanced, arte-
rial, venous, and delayed phases were 39.2±4.3 
HU, 75.7±8.1 HU, 97.1±10.2 HU, 74.3±7.5 HU 
respectively. The mean attenuation values of 
normal renal cortex over the unenhanced, arte-
rial, venous, and delayed phases were 40.7±4.8 
HU, 169.7±8.6 HU, 203.3±10.6 HU, 124.7±9.4 HU 
respectively. The attenuation values of chRCC 
were slightly lower than normal renal cortex at 
the unenhanced phase (P˃0.05). The attenuation 
values of chRCC were significantly lower than 
normal renal cortex over the arterial, venous, 
and delayed phases (P˂0.05).

Table 1 - Demographic characteristics.

Characteristics Value

N 36

Age (years) mean±SD 50.1±13.0

Gender

Male (no.) 18

Female (no.) 18

BMI (kg/m2) mean±SD 23.8±3.6

Location

Left (no.) 17

Right (no.) 19

Tumor diameter (cm) mean±SD 3.9±1.0

PADUA score mean±SD 8.0±0.9

Preoperative eGFR (mL/min) mean±SD 78.5±22.4
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Operative and oncological data
 The operative and oncological data are 

described in Table-3. Mean operative time and 
warm ischemia time were 104.3±18.2 min and 
21.3±3.5 min, respectively, with a mean blood 
loss of 78.6±25.4 mL during the surgery. No pa-
tient revealed positive surgical margin patho-

logically. All tumors had a complete pathology 
pseudocapsule, 15 of the pseudocapsules had 
cancer cell infiltration, but none of the pseudo-
capsules had cancer cell penetration (Figure-2 A 
and Figure-2 B). The arrows indicated the tumor 
complete pseudocapsule in Figure-2 A. In Figu-
re-2 B, the arrows indicate the inner and outer 

figure 1 (A-D) Lesion is well-circumscribed and homogeneous on unenhanced (A), arterial (B), venous (c), and delayed (D) 
images, respectively.

A

c

B

D

Table 2 - Mean attenuation values (HU) of tumor and normal renal cortex at 4 various stages.

Stage Unenhanced Arterial Venous Delayed

ChRCC 39.2±4.3 75.7±8.1 97.1±10.2 74.3±7.5

Renal cortex 40.7±4.8 169.7±8.6 203.3±10.6 124.7±9.4

t 1.40 47.74 43.32 25.15

P 0.17 <0.05 <0.05 <0.05
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DIScUSSION

 ChRCCs are the third most common sub-
type of RCC and account for 3% - 5% of RCCs (1). 
Lipworth L, et al. (18) reported that the incidence 
of chRCC was significantly higher in the fema-
le population. In the series, the mean age of the 
patients was 50.1±13.0 and 50% of the patient 
population were women. Compared with one of 
the largest cohort recently (19), which included 
166 chRCC patients, where the mean age was 
48.5±12.9 and the female population was 51.4%, 

parts of the tumor pseudocapsule with cancer 
cell invasion but without cancer cell penetra-
tion. The postoperative data are described in Ta-
ble-4. The mean postoperative hospital stay was 
5.3±1.5 days. Hematuria occurred in 3 patients 
and all disappeared within 3 days. No bleeding, 
blood transfusion, urine leakage or intestinal 
obstruction occurred. After a mean follow-up of 
32.1±20.6 months, no patient had a local recur-
rence or metastatic progression. Postoperative 
eGFR of each patient was shown in Table-1. Mean 
eGFR was 70.5±19.2 mL/min. Postoperative eGFR 
was slightly lower compared to preoperative va-
lue with Wilcoxon signed-rank test. There was 
no significant difference between the two sets of 
data (P˃0.05).

Table 3 - Operative and Oncological Data.

Characteristics Value

N 36

Operation time (min) mean±SD 104.3±18.2

Warm ischemia time (min) mean±SD 21.3±3.5

Blood loss (mL) mean±SD 78.6±25.4

Positive surgical margin (no.) 0

Complete pseudocapsule (no.) 36

Pseudocapsules with cancer cell infiltration (no.) 15

figure 2 A - Microscopic investigation reveals chRcc with 
intact pseudocapsule (HE*40).

figure 2 B - Microscopic investigation reveals the 
pseudocapsule of chRcc had cancer cell infiltration, but 
without penetration (HE*40).

A B

Table 4 - postoperative Data.

Characteristics Value

Postoperative hospital stays (days) 
mean±SD

5.3±1.5

Complication (no.) (%) 3(8.3%)

Hematuria (no.) 3

Bleeding (no.) 0

Blood transfusion (no.) 0

Urine leakage (no.) 0

Intestinal obstruction (no.) 0

Follow-up (months) mean±SD 32.1±20.6

Patients with recurrence (no.) 0

Postoperative eGFR (mL/min) mean±SD 70.5±19.2
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the results were similar. However, no previous 
study has demonstrated the etiology of age and 
gender difference of chRCC.

 It has been evidenced that multiphasic 
CT is useful for distinguishing the benign vs. 
malignant renal masses and discriminating the 
pathological subtypes of RCC (20, 21). In the stu-
dy, chRCC tends to be homogenous, solid, well 
circumcised and without calcification. Braunagel 
M, et al. (21) compared the CT imaging which fe-
atures different subtypes of renal cell carcinoma 
(RCC), it was concluded that chRCCs were the 
most homogeneous tumors with fibrous strands 
and microbleeding without detection of hyalini-
zation or necrosis. According to Zhang J’s stu-
dy (22), heterogeneous renal lesions were more 
likely to behaving aggressively. Thus, based on 
the relatively nonaggressive biologic behavior 
of chRCCs (4), it is no wonder that chRCCs are 
more likely to have homogenous appearance. 
The differentiation of the histology of renal tu-
mors using multiphasic CT is based on the tu-
mor blood supply. Previous study revealed that 
clear cell RCCs and oncocytomas tended to be 
hypervascular, chromophobe lesions and angio-
myolipomas tended to enhance moderately, and 
papillary lesions were mostly hypovascular (22). 
In the study, chRCC appeared to be significan-
tly hypoenhancing compared with normal renal 
cortex. The mean attenuation values of the chRCC 
was 75.7±8.1 HU, 97.1±10.2 HU, and 74.3±7.5 HU 
in the arterial, venous, and delayed phases, res-
pectively. These values were comparable to tho-
se from a study by Wu J, et al. (23) who reported 
attenuation values of 63.2±5.2 HU, 89.8±11.1 and 
64.8±7.2 HU in the corticomedullary, nephrogra-
phic, and excretory phases, respectively.

 The treatments of localized chRCC in-
clude active surveillance (AS), radiofrequency 
ablation (RAF), radical nephrectomy (RN) and 
nephron-sparing surgery (NSS). Richard PO, et 
al. (24) conducted a study which included 81 
oncocytoma and 14 chRCC diagnosed on biop-
sy and concluded that AS for renal neoplasms 
with oncocytic features is safe. However, as far 
as the authors are concerned, chRCC has a ma-
lignant biological behavior, AS may give pa-
tients great psychological burden. Hence, it is 

submitted that, AS may be a good treatment 
method for oncocytoma but not for chRCC. For 
the sake of minimally invasive therapy and ma-
ximally preserved renal function, several doc-
tors will choose radiofrequency ablation (RFA) 
for treating RCC. Previous study showed that 
patients with T1b non-clear RCC (papillary RCC 
and chRCC) treated with percutaneous radio-
frequency ablation provided comparable on-
cologic outcomes to partial nephrectomy (25). 
However, the accuracy of biopsy was not 100% 
and hybrid tumors have been classically descri-
bed (26). In addition, as far as we are concer-
ned, tumor size and location may be risk fac-
tors of oncological results in the patients who 
underwent radiofrequency ablation.

 Surgical excision still remains the gold 
standard for the treatment of patients with renal 
masses including localized chRCC. Radical ne-
phrectomy was once widely used to treat renal 
neoplasms because of its relatively simple perfor-
mance, few complications and satisfactory on-
cological results. However, more and more stu-
dies showed that NSS had equivalent oncological 
outcomes to RN in treating T1a and T1b renal 
tumors (27, 28). Compare to RN, NSS preserves 
more normal renal parenchyma, which can re-
duce the potential risk of progressing chronic 
kidney disease. Bigot P, et al. (29) conducted a 
multicenter study including 234 patients with lo-
calized chRCC treated by NSS and concluded that 
oncological results of NSS for localized chRCC 
were excellent. NSS includes sharp excision, na-
mely partial nephrectomy (PN) and blunt dissec-
tion, namely simple enucleation (SE). Given the 
advantages that SE had comparable oncological 
outcomes with PN and less complications than 
PN, SE was recommended to treat localized re-
nal tumors (9-12). Even for some highly complex 
renal tumors, Serni S, et al. (8) reported that SE 
was an effective treatment with a potential key 
role to widen the NSS indications according to 
guidelines. In the current study, hematuria oc-
curred in 3 patients and all disappeared within 
3 days. No bleeding, blood transfusion, urine le-
akage or intestinal obstruction occurred. After a 
mean follow-up of (32.1±20.6) months, no pa-
tient had local recurrence or metastatic progres-
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sion. SE appears to have controlled postoperative 
complications and excellent oncological results 
in treating localized chRCCs.

 The key point of laparoscopic NSS is how 
to minimize WIT and maximize preservation of 
normal parenchymal. Compared to PN, SE has 
some advantages to minimize WIT. Mukkamala A, 
et al. (11) compared the WIT between SE and PN 
and found that the mean ischemia and operative 
times were 4 and 32 minutes shorter in the enu-
cleation group, respectively. Perhaps because the 
renal sinus was less frequently entered and tumor 
bed suturing was less frequently needed, WIT was 
saved in SE group. Furthermore, SE can be con-
ducted without hilar clamping more often than PN 
(12). In the study, mean operative time and warm 
ischemia time were 104.3±18.2 min and 21.3±3.5 
min, respectively. The results are comparable to 
previous studies (11, 12). SE is possible because 
most localized renal masses are enveloped by a 
peritumoral pseudocapsule containing muscle, re-
ticulin and collagens (6). According to Wang L’s 
study (6), chRCC had the highest rate of extra-
-pseudocapsular extension and the highest per-
centage of tumors with larger (≥0.2 mm) intra-
-pseudocapsular arteries. In the current study, all 
the tumors were well enveloped by pseudocapsu-
lar. While SE can maximize preservation of nor-
mal parenchymal, PSM is a problem that cannot 
be ignored. The previous Lu Wang’s study repor-
ted that the PSM rate was significantly higher in 
SE group than PN group and the local recurrence 
of SE group was comparable to PN group (30). 
However, even though PSM never evolves into a 
clinically significantly recurrence, rigorous posto-
perative surveillance may lead to emotional and 
financial burdens on the patients. Therefore, as far 
as the authors are concerned, SE should be per-
formed for the selective patients with well circu-
mcised renal masses. As a result, no PSM or local 
recurrence occurred in the study.

 There are some limitations to this study. 
First, the study is limited by a relatively small 
sample because of the rarity of chRCCs. Second, 
the mean follow-up of 32.1±20.6 months mi-
ght not be long enough to detect the long-term 
oncologic outcomes. This is partly because the 
concept of SE has been accepted by the urolo-

gists and SE has been performed for chRCCs at 
our institute since 2010. Third, there are some bias 
in the use of retrospective analysis, although data 
were carefully collected in a prospectively main-
tained database. Despite these limitations, the au-
thors understand, that the current study is the first 
study to evaluate the preoperative imaging ma-
nifestation and therapeutic effect of laparoscopic 
simple enucleation (SE) for localized chRCC.

cONcLUSIONS

 Localized chRCCs have a great propen-
sity for homogeneity and complete pseudocap-
sule. The attenuation values were slightly lower 
than normal renal cortex and small degree of 
enhancement. Based on the homogenous appe-
arance and well circumcised image manifes-
tation, laparoscopic SE is a safe and effective 
treatment for localized chRCC with little effect 
on renal function. The follow-up oncological 
results were satisfactory.
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Supplemental table. characteristics of the patient population.

Patient
Age

(years)
Gender
(M/F)

Location Size(cm)
PADUA
score

Preoperative 
eGFR(mL/

min)

Postoperative 
eGFR(mL/

min)

1 21 M Left 2.5*2.0*2.0 9 139.0 129.0

2 57 M Left 3.0*2.5*2.0 8 97.6 86.6

3 38 M Right 4.0*3.2*2.5 9 91.3 76.2

4 24 F Right 2.5*2.3*1.5 8 118.5 90.9

5 44 M Right 5.0*4.8*3.0 8 100.7 89.2

6 55 M Left 4.8*3.5*1.5 9 96.4 87.9

7 57 F Left 2.0*2.0*1.5 7 82.2 73.3

8 51 F Left 3.8*3.5*2.5 6 65.0 53.3

9 68 F Right 6.0*4.5*3.0 7 62.9 74.3

10 51 F Right 5.0*4.3*4.0 8 77.5 67.8

11 46 F Left 3.0*3.0*2.5 7 77.9 80.4

12 57 F Left 4.2*3.8*3.2 8 26.7 37.9

13 67 F Right 4.0*3.4*3.0 7 66.9 52.2

14 49 M Left 5.1*4.9*4.3 9 70.8 56.6

15 40 F Right 3.0*2.5*2.0 8 74.3 104.1

16 42 M Right 3.0*2.0*2.0 7 70.6 60.1

17 71 M Left 4.8*4.5*4.0 8 70.3 64.9

18 41 F Right 3.5*2.5*2.0 7 120.9 99.1

19 36 F Left 4.7*4.4*4.0 9 84.5 70.7

20 54 F Right 4.3*3.8*3.5 8 96 84.6

21 59 F Right 4.5*3.5*3.5 7 64 61.4

22 58 M Right 4.5*4.3*4.0 8 76.1 64.7

23 27 M Right 5.0*4.0*3.5 9 89.9 76.4

24 56 M Right 4.8*5.1*5.0 10 70.4 57.7

25 48 M Left 4.5*4.2*3.5 9 71.1 57.4

26 72 M Left 4.1*4.2*2.5 9 67.7 62.0

27 52 F Left 3.1*2.5*2.1 7 91.5 74.8
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28 58 M Right 2.5*2.2*2.2 8 78.9 84.2

29 34 F Left 5.0*5.0*4.5 8 103.5 71.8

30 64 M Right 2.8*2.6*2.5 9 64.8 69

31 34 M Right 2.0*1.6*0.8 6 25.4 23.7

32 51 M Left 3.6*3.0*2.5 7 59.4 66.5

33 48 M Right 4.5*4.0*4.4 8 108.2 117.3

34 44 F Left 3.8*3.3*3.5 8 77.4 65.2

35 56 F Right 5.0*5.0*4.5 9 62.9 53.7

36 72 F Left 3.5*4.0*3.0 8 66.0 48.6
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ABSTRAcT         ARTIcLE INfO______________________________________________________________     ______________________

Purpose: To investigate the prognostic role of preoperative albumin/globulin ratio 
(AGR) in predicting disease-free survival (DFS) and overall survival (OS) in localized 
and locally advanced clear cell renal cell carcinoma (RCC) patients.
Patients and Methods: 162 patients who met the criteria specified were included in 
the study. The DFS and OS ratios were determined using the Kaplan-Meier method. 
Univariate and multivariate Cox regression analyses were performed to determine the 
prognostic factors affecting DFS and OS.
Results: Median follow-up period was 27.5 (6-89) months. There was a statistically 
significant relationship between low AGR and high pathological tumor (pT) stage, 
presence of collecting system invasion, presence of tumor necrosis, and a high platelet 
count (p = 0.012, p = 0.01, p = 0.001, and p = 0.004, respectively). According to the 
Kaplan-Meier survival analysis, both OS and DFS were found to be significantly lower 
in the low AGR group (p = 0.006 and p = 0.012). In the multivariate Cox regression 
analysis, collecting system invasion and tumor necrosis were found to be independent 
prognostic factors in predicting OS and pT stage was found to be an independent 
prognostic factor in predicting DFS (HR: 4.08, p = 0.043; HR: 8.64, p = 0.003 and HR: 
7.78, p = 0.041, respectively).
Conclusion: In our study, low AGR was found to be associated with increased mortality 
and disease recurrence in localized and locally advanced RCC.

INTRODUcTION

Renal cell carcinoma (RCC), the most com-
mon and lethal malignant type of kidney tumor, 
accounts for about 2-3% of all malignant disea-
ses in adults. Clear cell RCC is the most common 
subtype of RCC, accounting for approximately 70-
80% of the cases (1).

 Neutrophil/lymphocyte ratio (NLR), plate-
let/lymphocyte ratio (PLR), and lymphocyte/mo-

nocyte ratio (LMR) are used as markers of systemic 
inflammatory response. Large number of studies 
have reported the independent prognostic role of 
these markers in predicting clinical outcomes and 
survival of cancer patients (2-4). Albumin and 
globulins are major proteins that make up most 
all of the serum proteins. Hypoalbuminemia is not 
only a reflection of nutritional status in cancer pa-
tients, but is also related to systemic inflammatory 
response. Hyperglobulinemia is also an important 
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marker of systemic inflammatory response and is 
the result of the cumulative effect of many proin-
flammatory cytokines involved in this pathway. 
Therefore, it is thought that albumin/globulin ra-
tio (AGR), which is reflecting both the systemic in-
flammatory response and the systemic nutritional 
status, may be important prognostic factor in pre-
dicting clinical outcomes and survival of the cancer 
patients. In support of this knowledge, many studies 
in different types of cancer have demonstrated that 
the AGR has an independent prognostic role in pre-
dicting clinical outcomes and survival (5-9).

 Our aim in this study is to investigate 
the prognostic role of preoperative AGR in pre-
dicting disease-free survival (DFS) and overall 
survival (OS) in localized and locally advanced 
clear cell RCC patients.

pATIENTS AND METHODS

Study Design
 The kidney tumor database of the Gazi Uni-

versity School of Medicine, Department of Urology 
was retrospectively screened. A total of 550 patients 

submitted to radical and partial nephrectomy due 
to renal tumor from 2010 to 2016 were identified. 
Patient information was collected from patient fi-
les and the hospital automation system. Of the 550 
patients, 162 who met the criteria specified were in-
cluded in the study (Figure-1).

Recording Clinicopathological and Hematological 
Data

 Clinical data, including age, sex, side, type 
of operation, and follow-up and pathological pa-
rameters, including pathological tumor (pT) stage, 
Fuhrman grade, tumor necrosis (TN), collecting sys-
tem invasion (CSI), microvascular invasion (MVI), 
and surgical margin status, were all recorded. Pa-
tients were grouped as low grade (pT1-T2) or high 
grade (pT3-T4) according to Tumor-Node-Metasta-
sis (TNM) staging (10) and grouped as low grade 
(grade 1-2) or as high grade (grade 3-4) according 
to the Fuhrman grading system (11). Since the age 
limit for elderly person was accepted as 65 years of 
age by the World Health Organization (WHO), pa-
tients were grouped as over 65 years of age and 
under 65 years of age.

figure 1 - flow chart of patients who met study inclusion / exclusion criteria.
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Serum albumin and total protein levels 
and neutrophil, lymphocyte, platelet, and mo-
nocyte counts in the complete blood count were 
recorded in the hematological parameters of the 
patients within 15 days of operation. AGR was 
obtained by dividing the serum albumin value 
to the globulin value found by subtracting the 
serum albumin value from the serum total pro-
tein value. NLR was found by determining the 
ratio of neutrophil count to lymphocyte count, 
LMR was found by determining the ratio of the 
lymphocyte count to monocyte count and PLR 
was found by determining the ratio of plate-
let count to lymphocyte count. Patients were 
grouped as low or high for each parameter ac-
cording to the predicted values for AGR, NLR, 
PLR, and LMR.

Follow-up
Postoperative follow-up of patients was 

done according to tumor pathologies and sta-
ges, using chest X-ray, ultrasonography (USG), 
and CT at 3, 6, and 12 month intervals, depen-
ding on surgeons choice. Local recurrence or 
distant metastasis during follow-up was defined 
as disease recurrence. DFS was defined as the 
time from the date of operation to the date of 
recurrence. In patients without recurrence, DFS 
was defined as the time from the date of ope-
ration to the date of last follow-up visit. OS is 
defined as the time from the date of operation to 
the date of death.

Statistical analysis

Normal distribution of continuous va-
riables was evaluated by visual (histogram and 
probability plots) and analytical (Kolmogorov-
-Smirnov and Shapiro-Wilk tests) methods. In 
the descriptive findings, categorical variables 
are given as numbers (percent), and continuous 
variables are presented with mean ± standard 
deviation (SD) for normal scattering data and 
median (minimum-maximum) for normal non-
-scattering data. Cut-off values for hematolo-
gical data were determined using receiver ope-
rating characteristic (ROC) curve analyzes. For 
the categorical variables, statistical difference 

among groups was determined by using chi-
-square tests. The DFS and OS ratios were deter-
mined using the Kaplan-Meier method, and the 
log rank test was used to determine the statisti-
cal difference. Univariate and multivariate Cox 
regression analyses were performed to determi-
ne the prognostic factors affecting DFS and OS. 
Statistical significance was accepted as p < 0.05. 
IBM SPSS Statistics 15.0 was used for statistical 
analysis of research data.

RESULTS

Clinicopathological characteristics
Clinicopathological characteristics of 60 

(37%) female and 102 (63%) male patients who 
underwent radical or partial nephrectomy follo-
wed by a localized or locally advanced clear 
cell RCC diagnosis are detailed in Table-1. Mean 
age of patients was 56.5 ± 11.8 years, and the 
follow-up period was median 27.5 (6-89) mon-
ths. A total of 15 (9.2%) patients died during the 
follow-up period.

Optimal cut-off values for AGR, NLR, PLR, and 
LMR

Cut-off values of AGR, NLR, PLR, and 
LMR were determined at points with optimal 
specificity and sensitivity by ROC curves gene-
rated using DFS and OS data (Figures 2 and 3). 
Optimal cut-off values were determined as 1.40 
(< 1.40, n = 69 and ≥ 1.40, n=93) for AGR, 2.45 
(≤ 2.45, n = 77 and > 2.45, n = 85) for NLR, 148 
(≤ 148, n = 101 and > 148, n = 61) for PLR, and 
4 (< 4, n = 97 and ≥ 4, n = 65) for LMR. Patients 
were separated into two groups according to 
the values of these parameters as the low value 
group and the high value group. 

Relationships between AGR and 
clinicopathological characteristics

Relationships between AGR and clinico-
pathological characteristics are detailed in Ta-
ble-2. There was a statistically significant rela-
tionship between low AGR and high pT stage, 
presence of CSI, presence of TN, and a high pla-
telet count (p = 0.012, p = 0.01, p = 0.001, and p 
= 0.004, respectively).
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Table 1 - clinicopathological characteristics.

Patients (n) 162

Follow-up period (months) [median (range)] 27.5 (6-89)

Age (years) (mean ± SD) 56.5 ± 11.8

Gender [n (%)]

Female 60 (37)

Male 102 (63)

Side [n (%)]

Right 92 (56.8)

Left 70 (43.2)

Type of operation [n (%)]

Partial nephrectomy 60 (37.1)

Radical nephrectomy 102 (62.9)

Diameter of tumor (cm) [median (range)] 4 (1.3-15)

pT stage [n (%)]

pT1-T2 127 (78.4)

pT3-T4 35 (21.6)

fuhrman grade [n (%)]

1-2 101 (62.3)

3-4 61 (37.7)

Surgical margin [n (%)]

Positive 13 (8)

Negative 149 (92)

collecting system invasion [n (%)]

Yes 18 (11.1)

No 144 (88.9)

Microvascular invasion [n (%)]

Yes 11 (93.2)

No 151 (93.2)

Tumor necrosis [n (%)]

Yes 31 (19.1)

No 131 (80.9)

Albumin (mean ± SD) (g / dL) 4.31 ± 0.39

Total protein (mean ± SD) (g / dL) 7.35 ± 0.49

Neutrophil [median (range)] / µL 4685 (2180-13600)

Lymphocyte [median (range)] / µL 1835 (300-4500)

Monocyte [median (range)] / µL 518 (100-1331)

Platelet (mean ± SD) / µL 257321 ± 75533

Albumin / globulin ratio (mean ± SD) 1.45 ± 0.26

Neutrophil / Lymphocyte ratio [median (range)] 2.51 (0.69-36.3)

Platelet / Lymphocyte ratio [median (range)] 132.8 (45.5-449.5)

Lymphocyte / monocyte ratio [median (range)] 3.5 (0.3-11)

SD = Standard deviation
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Relationships between DFS and AGR, NLR, 
PLR, and LMR

 Median follow-up period was 27.5 (6-89) 
months. In 11 (6.7%) patients, disease recurren-
ce was observed. Local recurrence was observed 
in two patients, and distant metastasis was seen 
in nine patients. According to the Kaplan-Meier 
survival analysis, DFS was found to be signi-
ficantly lower in the low AGR group, the high 
NLR group, and the low LMR group (p = 0.012, 
p = 0.02, and p = 0.006, respectively) (Figure-4).

Table-3 shows the univariate and multi-
variate Cox regression analyses in terms of DFS. 
Thus, in univariate analyses, high pT stage, low 

AGR, presence of CSI, presence of MVI, and pre-
sence of TN were associated with an increased 
risk of disease recurrence (p = 0.026, p < 0.001, 
p < 0.001; p < 0.001, and p = 0.001, respective-
ly). In the multivariate Cox regression analyses, 
pT stage was found to be an independent prog-
nostic factor in predicting DFS (HR: 7.78, p = 
0.041).

Relationships between OS and AGR, NLR, PLR, 
and LMR

 Median follow-up was 27.5 (6-89) mon-
ths and 15 (9.2%) patients died during the 
follow-up period. According to Kaplan-Meier 

figure 2 - Optimal cut-off levels for (A) albumin / globulin ratio (AGR), (B) neutrophil / lymphocyte ratio, (c) platelet / 
lymphocyte ratio (pLR), and (D) lymphocyte /monocyte ratio(LMR) were applied with receiver operating characteristic (ROc) 
curves for overall survival.

A

c

B
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figure 3 - Optimal cut-off levels for (A) albumin / globulin ratio (AGR), (B) neutrophil / lymphocyte ratio, (c) platelet / 
lymphocyte ratio (pLR), and (D) lymphocyte / monocyte ratio(LMR) were applied with receiver operating characteristic (ROc) 
curves for disease-free survival.

survival analysis, OS was found to be significan-
tly lower in patients in the low AGR group, high 
NLR group, and high PLR group (p = 0.006, p = 
0.036, and p = 0.016, respectively) (Figure-5).

Table-4 details the univariate and mul-
tivariate Cox regression analyses in terms of 
OS. Thus, in univariate analyzes, low AGR, high 
NLR, high PLR, high pT stage, presence of CSI, 
presence of MVI, and presence of TN were asso-
ciated with an increased risk of death (p = 0.014, 
p = 0.049, p = 0.024, p = 0.005, p = 0.003, and 
p < 0.001, respectively). In the multivariate Cox 
regression analysis, CSI and TN were found to 
be independent prognostic factors in predicting 

OS (HR: 4.08, p = 0.043 and HR: 8.64, p = 0.003, 
respectively).

DIScUSSION

 A better understanding of cancer biolo-
gy has shown that increased systemic inflam-
matory response and impaired systemic nutri-
tional status are associated with poor prognosis 
(12).

 AGR, obtained by dividing the serum al-
bumin level by the globulin level, is a valuable 
indicator that reflects both systemic nutritional 
and systemic inflammatory status in cancer pa-
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Table 2 - Associations between AGR and clinicopathological characteristics.

Low AGR High AGR p value

Age

≤ 65 48 (69.6) 76 (81.7)
0.091

> 65 21 (30.4) 17 (18.3)

Gender

Female 28 (40.6) 32 (34.4)
0.051

Male 41 (59.4) 61 (65.6)

pT stage

pT1-T2 51 (73.9) 83 (89.2)
0.012

pT3-T4 18 (26.1) 10 (10.8)

fuhrman grade

1-2 37 (53.6) 64 (68.8)
0.052

3-4 32 (46.4) 29 (31.2)

collecting system invasion 

Yes 13 (18.8) 5 (5.4)
0.01

No 56 (81.2) 88 (94.6)

Microvascular invasion

Yes 6 (8.7) 5 (5.4)
0.531

No 63 (91.3) 88 (94.6)

Tumor necrosis

Yes 22 (31.9) 9 (9.7)
0.001

No 47 (68.1) 84 (90.3)

Albumin (mean ± SD) (g / dL) 4.09 ± 0.38 4.48 ± 0.30 < 0.001

Total protein (mean ± SD) (g / dL) 7.49 ± 0.54 7.25 ± 0.43 0.002

Neutrophil [median (range)] / µL 4880 (2180-13600) 4430 (2560-10900) 0.145

Lymphocyte [median (range)] / µL 1720 (770-3300) 1890 (300-4500) 0.432

Monocyte [median (range)] / µL 520 (100-1331) 517 (220-1260) 0.836

Platelet (mean ± SD) / µL 277037 ± 84525 242693 ± 64773 0.004

AGR = Albumin / globulin ratio; SD = Standard deviation
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tients with a single measurement. In our stu-
dy, we determined the optimal cut-off value for 
AGR as 1.45 in the ROC curve analysis, and we 
create two groups as low AGR and high AGR. In 
our study, we found that preoperative low AGR 
was statistically associated with the pT3-T4 sta-
ge, presence of CSI, and presence of TN (p < 
0.05). The Kaplan-Meier survival analysis for 
DFS and OS assessments revealed that recurren-
ce and mortality rates were higher in patients 
in the low AGR group (p = 0.012 and p = 0.006, 
respectively). In the multivariate Cox regression 
analysis, we found that low AGR was associated 
with increased risk of recurrence by 2.34 times 
and increased risk of mortality by 1.38 times, but 
we could not statistically assess the independent 
prognostic role of AGR in predicting disease re-
currence and risk of death (p > 0.05). There are 
a limited number of studies in RCC that explore 
the prognostic role of AGR in terms of survival. 
He et al. (5), in their retrospective evaluation of 
895 cases of RCC from all stages, determined the 
cut-off value of AGR as 1.47. As a result of the 
multiple variable Cox regression analysis they 
performed, they found that low AGR was as-
sociated with increased mortality and AGR was 
an independent prognostic factor in predicting 
OS (HR: 0.63, 95% CI [0.43-0.93], p = 0.022). 
In a study by Chen et al. (6), they determined a 
cut-off value of AGR as 1.22 in their retrospec-
tive evaluation of localized and locally advan-
ced 416 clear cell RCC cases, and they showed 
that AGR has an independent prognostic role 
in predicting both OS (HR: 6.79, 95% CI [3.21-
14.37], p < 0.001) and DFS (HR: 8.80, 95% CI 
[3.89-19.92], p < 0.001). In this study, NLR and 
LMR were also found as independent prognostic 
factors in predicting DFS and OS, and PLR was 
shown to have no independent prognostic role 
in predicting DFS and OS.

 In a large number of studies, it has been 
shown that preoperative high NLR, low PLR, 
and low LMR are associated with a poor prog-
nosis in many types of cancers, including uri-
nary tract cancers (2, 3, 13). In our study, the 
cut-off values for NLR, PLR, and LMR were 2.45, 
148 and 4, respectively. Kaplan-Meier survival 
analysis showed significantly higher recurrence 

and mortality rates in patients in the high NLR 
group (p = 0.02 and p = 0.036, respectively). We 
found that the mortality rates in patients in the 
high PLR group and recurrence rates in patients 
in the low LMR group were significantly higher 
(p = 0.016 and 0.006, respectively). In the mul-
tivariate Cox regression analysis, we found that 
NLR, PLR, and LMR had no independent prog-
nostic role in predicting DFS and OS. In a meta-
-analysis by Boissier et al. (14) that evaluated 
the prognostic role of NLR in RCC, it was shown 
that NLR > 3 was associated with recurrence of 
disease in localized RCC and that NLR has an 
independent prognostic role in predicting DFS 
(HR: 1.63, 95% CI [1.15-2.29]), but not in pre-
dicting OS. In locally advanced and metastatic 
RCC, it was shown that NLR has an independent 
prognostic role in predicting both progression 
(HR: 3.19, 95% CI [2.23-4.57]) and mortality 
(HR: 1.55 [1.36-1.76]). Estimates ranging from 
2.5 to 5 for NLR were used in the studies that 
were evaluated in this meta-analysis. Hutterer 
et al. (15) showed the independent prognostic 
role of LMR (cut-off value 3) in predicting lo-
cal and locally advanced clear cell RCC in their 
study (HR: 1.55, CI 95% [1.10-4.94]). Lucca et 
al. (16). used MLR instead of LMR and demons-
trated that high MLR was associated with higher 
risk of disease recurrence and MLR has an inde-
pendent prognostic role in predicting DFS (HR: 
5.78, 95% CI [1.78-18.73]). Results have been 
published showing that PLR may have an inde-
pendent prognostic role in predicting survival 
and treatment response in metastatic disease. 
No results supporting the independent prognos-
tic role in predicting survival in local and lo-
cally advanced RCC have been reported (17, 18).

 In renal cell carcinoma, pT stage is one 
of the most important prognostic factors (19). 
According to the multivariate Cox regression 
analysis in our study, we found the pT stage 
is an independent prognostic factor in predic-
ting DFS. The presence of TN has been shown 
to be associated with a poor prognosis in many 
studies and has been considered as a poor prog-
nostic factor by the WHO / International So-
ciety of Urological Pathology (WHO/ISUP) (20). 
As a result of the multivariate Cox regression 
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analysis in this study, we found that TN was 
as an independent prognostic factor in predic-
ting OS in accordance with the literature. In the 
TNM grading system for renal tumors updated 
by AJCC, the CSI was not included in the pre-
vious grading system, but now it is evaluated as 
T3a in the updated version. In support of this 
update in our study, we have found CSI to be an 
independent prognostic factor in predicting OS. 
The Fuhrman grading system, which has been 

shown to be an important prognostic factor in 
RCC, now, however, requires modification due 
to its inadequacy in evaluation, and, curren-
tly, the use of the WHO / ISUP rating system 
is recommended (21). In our study, we did not 
find the association of the Fuhrman degree with 
DFS and OS as a result of the univariate and 
multivariate Cox regression analyses (p > 0.05). 
Although we showed that MVI, which is contro-
versial as to its prognostic role of RCC (20), has 

figure 4 - kaplan–Meier curves predicting disease-free survival, and 2 and 5-year disease-free survival probability, groups 
categorized by the pretreatment (A) albumin / globulin ratio (AGR), (B) neutrophil / lymphocyte ratio (NLR), (c) platelet / 
lymphocyte ratio (pLR), and (D) lymphocyte / monocyte ratio (LMR)..
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Table 3 - Univariate and multivariate cox regression analyses of prognostic factors for disease-free survival.

Univariate analysis Multivariate analysis

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

Age

≤ 65
0.30-4.28

1.13
0.852

> 65 1.00 (ref.)

Gender

Female
0.56-8.33

2.17
0.259

Male 1.00 (ref.)

pT stage

pT1-T2
4.81-69.76

18.3
< 0.001 1.08-55.7

7.78
0.041

pT3-T4 1.00 (ref.) 1.00 (ref.)

fuhrman grade

1-2
0.73-7.98

2.42
0.144

3-4 1.00 (ref.)

Surgical margin

Positive
0.13-8.58

1.09
0.933

Negative 1.00 (ref.)

collecting system invasion

Yes
2.64-28.52

8.68
< 0.001 0.72-17.82

3.6
0.116

No 1.00 (ref.) 1.00 (ref.)

Microvascular invasion

Yes
3.48-67.51

15.32
< 0.001 0.72-48.48

5.92
0.097

No 1.00 (ref.) 1.00 (ref.)

Tumor necrosis

Yes
2.19-23.92

7.24
0.001 0.84-25.13

4.6
0.078

No 1.00 (ref.) 1.00 (ref.)

Albumin / globulin ratio

≤ 1.40
1.23-26.55

5.72
0.026 0.36-15.10

2.34
0.372

> 1.40 1.00 (ref.) 1.00 (ref.)

Neutrophil / Lymphocyte ratio

≤ 2.45
0.01-1.00

7.79
0.051

> 2.45 1.00 (ref.)

platelet / Lymphocyte ratio

≤ 148
0.55-6.03

1.82
0.323

> 148 1.00 (ref.)

Lymphocyte / monocyte ratio

< 4
0.24-7080

4.18
0.154

≥ 4 1.00 (ref.)

cI = Confidence interval; HR = Hazard ratio; Ref = Reference
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an association with OS and DFS in univariate 
analysis, we determined that it is not an inde-
pendent prognostic factor as a result of the mul-
tivariate Cox regression analysis. We also could 
not show the relationship of age, gender, and 
surgical marginal status that we had considered 
as possible prognostic factors with DFS and OS 
(p > 0.05).

cONcLUSIONS

 In this study, we found that DFS and OS 
were significantly lower in patients within the 
low AGR group. We also found TN and CSI in 
predicting OS, and pT stage in predicting DFS, 
as independent prognostic factors. The retros-
pective nature of the study, the limited number 

figure 5 - kaplan–Meier curves predicting overall survival, and 2 and 5-year overall survival probability, groups categorized 
by the pretreatment (A) albumin / globulin ratio (AGR), (B) neutrophil / lymphocyte ratio (NLR), (c) platelet / lymphocyte ratio 
(pLR), and (D) lymphocyte / monocyte ratio (LMR).

A

c

B

D
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Table 4 - Univariate and multivariate cox regression analyses of prognostic factors for overall survival.

Univariate analysis Multivariate analysis

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

Age

≤ 65
0.74-5.88

1.00 (ref.)
0.162

>65 2.09

Gender

Female
0.67-6.74

2.12
0.199

Male 1.00 (ref.)

pT stage

pT1-T2
1.57-12.7

4.48
0.005 0.22-5.40

0.56
0.452

pT3-T4 1.00 (ref.) 1.00 (ref.)

fuhrman grade

1-2
0.80-6.14

2.21
0.126

3-4 1.00 (ref.)

Surgical margin

Positive
0-116

0.043
0.436

Negative 1.00 (ref.)

collecting system invasion

Yes
1.70-13.54

4.81
0.003 1.03-8.63

4.08
0.043

No 1.00 (ref.) 1.00 (ref.)

Microvascular invasion

Yes
1.87-27.42

7.17
0.004 0.63-14.4

2.14
0.143

No 1.00 (ref.) 1.00 (ref.)

Tumor necrosis

Yes
2.21-17.07

6.15
< 0.001 1.68-13.42

8.64
0.003

No 1.00 (ref.) 1.00 (ref.)

Albumin / globulin ratio

≤ 1.40
0.57-0.72

4.92
0.014 0.10-1.61

1.38
0.239

> 1.40 1.00 (ref.) 1.00 (ref.)

Neutrophil / Lymphocyte ratio

≤ 2.45
1.00-12.6

1.00 (ref.)
0.049 0.31-6.26

1.00 (ref.)
0.443

> 2.45 3.56 0.58

platelet / Lymphocyte ratio

≤ 148
1.17-10.08

1.00 (ref.)
0.024 0.87-7.74

1.00 (ref.)
0.084

> 148 3.44 2.97

Lymphocyte / monocyte ratio

< 4
0.58-5.76

1.83
0.298

≥ 4 1.00 (ref.)
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of patients, and the short follow-up period of 
patients are the most significant limiting fac-
tors. Since markers, such as AGR, NLR, PLR, and 
LMR, are not disease-specific markers, prospec-
tive studies should be carried out with multi-
-center by creating nomograms specific to RCC 
in order to increase the prognostic value of the-
se markers.

ABBREvIATIONS

RCC = Renal cell carcinoma
NLR = Neutrophil / lymphocyte ratio
PLR = Platelet / lymphocyte ratio
LMR = Lymphocyte / monocyte ratio
AGR = Albumin / globulin ratio
DFS = Disease-free survival
OS = Overall survival
TN = Tumor necrosis
pT = Pathological tumor
CSI = Collecting system invasion
MVI = Microvascular invasion
TNM = Tumor-Node-Metastasis
WHO = World Health Organization
SD = Standard deviation
ROC = Receiver operating characteristic
HR = Hazard ratio
CI = Confidence interval
MLR = Monocyte / lymphocyte ratio
ISUP = International Society of Urological Patho-
logy
AJCC = American Joint Committee on Cancer
Ref = Reference
AUC = Area under curve
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Seasonal variations in urinary calcium, volume, and vitamin 
D in kidney stone formers
_______________________________________________
Kyrollis Attalla 1, Shubha De 1, Carl Sarkissian 1, Manoj Monga 1
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INTRODUcTION

Kidney stone disease is largely attributa-
ble to several metabolic risk factors, including 
urinary calcium excretion and hydration status. 
The pathophysiologic role of vitamin D status in 
stone disease remains controversial (1-3). The se-
asonal variation in stone risk factors is a salient 
issue, as these variations have implications for 
preventive therapy. Several studies assert that vi-
tamin D levels are influenced by season (4), but 

seasonal variations in vitamin D status have not 
been studied specifically as it relates to kidney 
stone disease.

 Approximately 80% of stones are predo-
minantly calcium based: calcium oxalate (70%) 
or calcium phosphate (10%) (5). High urine cal-
cium is the most common abnormality seen in 
recurrent stone formers after low urine volume, 
and since factors like vitamin D potentially vary 
by season, so may urinary calcium excretion. The 
objective of this study was thus to assess whether 
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ABSTRAcT 

Objectives: To investigate the seasonal variations in urinary calcium, serum vitamin D, 
and urinary volume in patients with a history of nephrolithiasis.
Materials and Methods: Patients included were those who completed a 24-hour urine 
metabolic evaluation on two occasions; one in summer (June-Aug) and one in winter 
(Nov-Jan), and who had not started any medications or been instructed on dietary 
modifications in the interval between the two tests that may have impacted the results. 
Patients were excluded if they were on thiazide diuretics or were taking calcium and 
/ or Vitamin D supplementation. Welch’s t-test was used to compare the difference 
in average summer and winter values. Unpaired Student t-test was used to compare 
baseline parameters (age, BMI), and Paired Student t-test was used to compare average 
seasonal measurements in men vs. women.
Results: 136 patients were identified who were not taking calcium or vitamin D supple-
ments or thiazide diuretics, and who were not instructed on dietary modifications in 
the interval between the two measured parameters. No significant differences were 
observed when comparing male to female baseline parameters of age or BMI (Table-1). 
Average 24-hour urine calcium was higher (226.60) in the winter than in summer 
(194.18) and was significant in males (p = 0.014) and females (p < 0.001). No signifi-
cant seasonal difference was seen in 24-hour urine volume or serum vitamin D levels.
Conclusions: Urinary calcium is higher in winter months compared to summer months. 
As such, tailoring medical preventative strategies to the time of year may be helpful.
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vitamin D levels and urinary parameters, namely 
calcium and volume, vary between summer and 
winter months in stone formers.

MATERIALS AND METHODS

 A retrospective search of our patient re-
gistry for patients with 24-hour urine calcium 
levels in both summer and winter spanning 10 
years (2003-2013) was conducted. Data was col-
lected in an Institutional Board Review (IRB) ap-
proved protocol. Patient characteristics regarding 
age and body mass index (BMI) were obtained. 
Summer months were considered to be June, 
July, and August, and the winter months were 
November, December, and January. Patients were 
included if the time between summer and winter 
24-hour urine calcium was 6-18 months. Sum-
mer and winter 24-hour urine volume was also 
recorded. Patients were included only if they were 
not taking supplements (calcium or vitamin D) or 
thiazide diuretics. All patients included were seen 
in a stone clinic and have a documented history 
of nephrolithiasis.

 Summer and winter vitamin D (measured 
by chemiluminescence immunoassay; ng / dL) le-
vels were also recorded for each patient if they 
were performed within 3 months of each 24-hour 
urine composition. Unpaired Student t-test was 
used to compare baseline parameters between 
men and women, including age and BMI. Paired 
Student t-test was used to compare the means of 
summer and winter measurements in men, wo-
men, and for the total group, and Welch’s t-test 
was used to compare the delta in men versus wo-
men, defined as the difference in mean summer 
values minus mean winter values in both groups. 
A p-value < 0.05 was considered to be statisti-
cally significant.

RESULTS

 A total of 136 patients with a history of 
nephrolithiasis were identified, 85 males and 51 
females, who were not taking calcium or vita-
min D supplements or thiazide diuretics, and who 
were not instructed on dietary modifications in 
the interval between the two measured parame-
ters. No significant differences were observed 
when comparing male to female baseline para-
meters of age or BMI (Table-1). It is notewor-
thy to mention that both males and females are 
classified as “overweight,” or “pre-obese” as per 
the World Health Organization (WHO) according 
to their BMI. Our cohort of patients showed hi-
gher urinary calcium levels in the winter (226.60 
mg / day winter vs. 194.18 mg/day summer, p < 
0.001) (Table-2). Serum vitamin D and 24-hour 
urine volumes failed to show significant seasonal 
variations, and gender did not appear to impact 
the differences in in seasonal urinary calcium, 
serum vitamin D, or 24-hour urine volume.

DIScUSSION

 Patients with nephrolithiasis have a pro-
pensity for increased intestinal calcium absorp-
tion, urinary calcium excretion, and bone mine-
ral loss, and vitamin D has been implicated in 
all of these processes (6). Although the role of 
vitamin D in nephrolithiasis remains controver-
sial, serum vitamin D levels have been shown to 
generally decrease in winter months compared to 
summer months due to reduced exposure to sun-
light (7). The relationship between serum vitamin 
D and urinary calcium excretion is ill-defined; in 
our study we demonstrated that despite non-sig-
nificant differences in serum vitamin D, urinary 
calcium excretion was found to be significantly 

Table 1 - patient characteristics.

Males Females p-value Total

Patients 85 51 - 136

Mean age (years) 50.94 ± 15.24 47.57 ± 17.11 p = 0.89 50.79 ± 15.89

Mean BMI 29.59 ± 8.46 29.04 ± 6.38 p = 0.70 29.38 ± 7.71
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greater in winter months compared to summer 
months, a finding supported by prior studies (8).

 Several investigations report no difference 
in serum vitamin D levels between hypercalciuric 
and normocalciuric stone formers (1, 2, 9). Thou-
gh other studies suggest a positive correlation be-
tween vitamin D and calcium excretion, this was 
not identified in our patient population (3, 10). A 
study of healthy postmenopausal women found 
that vitamin D supplementation did not increase 
urinary calcium excretion (11). Similarly, Leaf et 
al. found vitamin D levels to increase significantly 
after repletion, however no effect was seen on 24-
hour urinary calcium (12).

 The majority of our patients were either 
classified as overweight or obese according to 
their body mass index. BMI has been found to be 
associated with increasing urinary calcium (13-
15), urinary uric acid supersaturation (16), and 
calcium oxalate stone formation (17). Similarly, 
increasing BMI has been demonstrated to inverse-
ly correlate with serum vitamin D levels (18, 19). 
As such, trends in serum levels seen in non-obese 
populations may have been muted in our analysis.

 Seasonal physiologic and behavioral 
changes may help explain some of the effects 
on urinary indices, vitamin D levels, and resul-

tant stone risk. Environmental factors related se-
asonal variations may impact people with kidney 
stones. UV exposure, humidity, and activity pat-
terns have all been hypothesized to play a role in 
stone formation (20). Previously, studies assessing 
seasonal urine volumes and stone risk have re-
ported heterogeneous findings. It has been shown 
that warmer temperatures in the summer months 
reduce urine volume, thereby increasing the risk 
of nephrolithiasis (21). Other studies support our 
findings that urine volume does not differ across 
seasons (22, 23).

 Dietary patterns may also change based 
on the availability of fresh produce, and a reliance 
on packaged / processed foods in colder seasons. 
Though this would suggest an increase in urinary 
sodium, and subsequently calcium, the latter was 
seen in our study. As UV exposure is reduced in 
winter months, dietary vitamin D (i.e. cod liver oil, 
fish, fortified cereals, etc.) becomes a significant 
contributor, with significant variations based on 
ethnicity (24). We did not evaluate seasonal varia-
tions in dietary intake.

 Seasonal weight fluctuations may again 
add to the complexity of the relationships. Activity 
levels are known to be reduced in winter months 
(25), and coinciding North American holidays (i.e. 

Table 2 - Seasonal variations (mean).

Males p-value Females p-value Males vs. 
Females

p-value Males
and

Females

p-value

24-HOUR URINE CALCIUM

Urine calcium

Summer 205.72 0.014 176.65 <0.001 -- 0.216 194.18 <0.001

Winter 233.03 216.84 -- 226.60

SERUM VITAMIN D

vitamin D

Summer 27.14 0.182 37.29 0.312 -- 0.386 33.11 0.169

Winter 32.64 40.35 -- 37.18

24-HOUR URINE VOLUME

Mean volume

Summer 2134.26 0.266 2171.75 0.202 -- 0.359 2148.77 0.231

Winter 2039.06 2059.99 -- 2069.48
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Thanksgiving, Christmas, New Year) are associated 
with indulgent consumption. If these factors lead 
to relative weight gain in colder months, changes 
in urinary calcium may follow. Lower baseline vi-
tamin D levels have also been associated with in-
creased weight gains in a prospective longitudinal 
study of 4660 women > 65 years old (26).

 Winter has also been associated with pe-
aks in myocardial infarction, sudden cardiac death, 
stroke / TIA, pulmonary embolisms and congestive 
heart failure (27). A cohort study of over 3 million 
health claims from Canada has identified a strong 
association between kidney stones and cardiovascu-
lar events, suggesting a common pathophysiology 
affecting both processes (28). Elevated CRP levels are 
a well-known risk factor for cardiovascular events, 
and have also been associated with kidney stones 
(29). These levels show a seasonal variation with pe-
aks noted in winter months (30), suggesting a com-
mon inflammatory mechanism in certain patients.

 Several limitations exist in our retrospec-
tive study. As diet and hydration status may vary 
between seasons and play critical roles in stone 
disease, we were unable to account for these fac-
tors. Although all patients included in the study 
are from the same institution, high-volume cen-
ters may receive patients who do not reside in the 
same city or state. No demographic data regarding 
geographic location of patients, climate, sunlight 
exposure, and time spent outdoors, were availa-
ble for these patients. Though the majority of our 
patients are from mid-western United States, we 
cannot comment specifically on their location at 
the time of lab / urine investigations. Specifically, 
it would be interesting to evaluate seasonal chan-
ges in urinary calcium levels in those who work 
indoors at a set ambient temperature with little 
sunlight exposure to those who work outdoors. Fi-
nally, given our limited numbers, trends may exist 
which we were unable to capture. The clinical 
implications of our study suggest that preventive 
strategies for patients with hypercalciuria could be 
tailored to the time of year.

cONcLUSIONS

 Urinary calcium excretion was demons-
trated to be significantly higher in winter mon-

ths compared to summer months in both ma-
les and females. No seasonal differences with 
respect to serum vitamin D and 24-hour urine 
volume were observed. These findings provide a 
better understanding of the propensities in sto-
ne risk factors, and may stimulate more targeted 
stone prevention strategies that could be varied 
based on the season.
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INTRODUcTION

Rapid prototyping or additive manufac-
turing is a novel technology which can produce 
three dimensional (3D) objects from the computer-
-aided design data. This technology has been wi-
dely utilized by various industrial fields because it 
can easily and exquisitely produce 3D objects with 

very complex shapes from various raw materials 
such as silicon, plastic, and metal compared with 
the conventional methods (1). 3D printing also 
can manufacture various size of product from the 
smallest nano-particles to large buildings (2). In 
medical fields, 3D printing method drew attention 
several years ago. Until now, the most of medical 
application can be summarized into three fields: 
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ABSTRAcT 

Background: Three-dimensional (3D) printing has been introduced as a novel tech-
nique to produce 3D objects. We tried to evaluate the clinical usefulness of 3D-printed 
renal model in performing partial nephrectomy (PN) and also in the education of medi-
cal students.
Materials and Methods: We prospectively produced personalized renal models using 
3D-printing methods from preoperative computed tomography (CT) images in a total 
of 10 patients. Two different groups (urologist and student group) appraised the clinical 
usefulness of 3D-renal models by answering questionnaires.
Results: After application of 3D renal models, the urologist group gave highly positive 
responses in asking clinical usefulness of 3D-model among PN (understanding per-
sonal anatomy: 8.9 / 10, preoperative surgical planning: 8.2 / 10, intraoperative tumor 
localization: 8.4 / 10, plan for further utilization in future: 8.3 / 10, clinical usefulness 
in complete endophytic mass: 9.5 / 10). The student group located each renal tumor 
correctly in 47.3% when they solely interpreted the CT images. After the introduction 
of 3D-models, the rate of correct answers was significantly elevated to 70.0% (p < 
0.001). The subjective difficulty level in localizing renal tumor was also significantly 
low (52% versus 27%, p < 0.001) when they utilized 3D-models.
Conclusion: The personalized 3D renal model was revealed to significantly enhance the 
understanding of correct renal anatomy in patients with renal tumors in both urolo-
gist and student groups. These models can be useful for establishing the perioperative 
planning and also education program for medical students.
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surgical planning, implant or tissue designing, 
and training models (3). For preoperative plan-
ning, the physicians produced the bony or vascu-
lar structures to understand the detailed anatomy 
and simulated the complicated surgical steps in 
advance by using the product (4).

 Most of the contemporary medical ima-
ging is based upon combinations of two-dimen-
sional images. For performing a partial nephrec-
tomy, it is utmost important to identify the exact 
location of tumor to minimize unnecessary dissec-
tion and bleeding (5). However, even in the expe-
rienced hands, the surgeons sometimes encounter 
problems in identifying the renal tumor particu-
larly in small endophytic tumors. Furthermore, 
patient’s position is another deteriorating factor. 
As the most of the renal surgery is performed in 
the flank position, the location of kidney tends to 
be rotated compared with the orientation of preo-
perative imaging studies.

 We hypothesized that the stereoscopic 
three-dimensional personalized renal model can 
provide more detailed information during partial 
nephrectomy and also in training medical stu-
dents. Therefore, we produced the personalized 
renal anatomy model by using 3D printing te-
chnique. We evaluated the clinical usefulness of 
renal model and also further implemented it in 
education for medical students. As the clinical 
usefulness can be subjective matter according to 
the clinician’s ability to interpret the preoperative 
images, we tried to compare the outcomes sepa-
rately in two independent groups with different 
experiences.

MATERIALS AND METHODS

 After approval of our institutional ethical 
review boards, we prospectively enrolled 10 pa-
tients who were planned to receive robot-assisted 
partial nephrectomy for clinical T1 renal tumors 
by a single surgeon. The patient’s clinical and 
pathologic information were retrieved from our 
institutional electronic medical recording system. 
The pathologic staging, cancer subtyping, and 
histologic grading were performed as previously 
described (6). Preoperative evaluation included 
multi-dimensional abdominal CT and chest radio-

graphy (or CT). After the patients were scheduled 
for surgery, personalized 3D kidney models were 
produced using the patient’s preoperative CT ima-
ges. The patient’s DICOM data was extracted and 
our uro-radiologist processed the DICOM images 
by adding the outlines of tumors and renal pa-
renchyma (Figure-1). Subsequently, the DICOM 
data was converted into STL files. Those processes 
were performed by using two softwares (Compact 
View III Ver. 1.03. Optimum Solution, Korea, Blen-
der v2.76. Blender foundation, Amsterdam, NL). 
From these STL files, 3D models were created by 
using the Object 260 Connex 3 (Stratasys, Eden 
Prairie, MN, USA) with assistance of 3D manufac-
turing company (Optimum solution, Korea). The 
3D model was built by using photopolymer of 
two colours (transparent: renal parenchyma, red: 
tumor) (Figure-2). Two different questionnaires 
were developed to evaluate the clinical useful-
ness of 3D renal model and each questionnaire 
was asked to be completed by two independent 
groups (urologist group, student group). The uro-
logist group included the surgical team who par-
ticipated in each patient’s surgery (one attending 
surgeon, one board-certified urologist as first as-
sistant, and one resident). And the student group 
included a group of twenty medical students who 
had poor prior experiences on interpreting CT 
scan. The student group was questioned to locate 
the tumor solely using CT images and questioned 
again with help with 3D renal model to answer 
the correct tumor location. They also were asked 
to appraise the clinical usefulness of each moda-
lity (CT only, CT + 3D renal model) in terms of tu-
mor localization and anatomic understanding for 
each case. The questionnaire for urologist group 
consisted of five questions for clinical usefulness 
of 3D models in understanding for anatomy and 
preparing the preoperative surgical planning and 
localizing the tumor during surgery and about 
willingness to utilize the 3D model in future. The 
independent t-test and chi-square test were per-
formed to compare the perioperative characte-
ristics between groups. SPSS software package 
(SPSS 19.0, Chicago, IL, USA) was utilized for 
statistical analyses. All p-values presented were 
two-sided and p < 0.05 was considered statisti-
cally significant.
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RESULTS

 The overall clinical and pathologic cha-
racteristics were summarized in Table-1. Median 
age was 58.0 [interquartile range (IQR) 39.0 - 59.0] 
years and median tumor diameter was 18.5 (IQR 
12.0 - 52.5) millimeters. The production cost for 
each renal model was $650 each. The urologist 
group gave highly positive answers for all end-
-points regarding the clinical usefulness of 3D 
renal model (understanding personal anatomy: 

8.9 / 10, preoperative surgical planning: 8.2 / 10, 
intraoperative tumor localization: 8.4 / 10, plan 
for further utilization in future: 8.3 / 10, clinical 
usefulness in complete endophytic mass: 9.5 / 10). 
When the student group tried to evaluate the exact 
location of renal tumor only by using preoperative 
CT scan, they answered correctly only in 47.3%. 
However, with assistance of 3D-models, the rate 
of correct answers was signifi cantly elevated up to 
70.0% (p < 0.001). On asking the subjective diffi -
culty level in evaluating the location and shape of 

figure 1 - A) preoperative images with additional processing for discrimination of tumor. B) The fi nal 3D rendered images 
before printing.

figure 2 - The produced 3D renal models for entire subjects.

A B
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the renal tumor, they reported difficulty to be sig-
nificantly low (52% versus 27%, p < 0.001) with 
the use of 3D renal models. The urologist group 
also appraised the clinical usefulness of 3D renal 
model very highly in terms of locating the tumor 
(8.8 of 10) and understand the associated anatomy 
(8.9 of 10).

DIScUSSION

 In the present study, we tried to evaluate 
the clinical impact of 3D personalized renal ana-
tomic model. As the urologist group has high abi-
lity to interpret and understand the renal anatomy 
from CT scan, we tried to evaluate how much the 
3D model could enhance the perceptive function 
in the student group. From our results, we found 
that student group could locate the renal tumor 
more correctly with the help of 3D renal model. 
Moreover, the urologist and student group both 
appraised the clinical value of 3D anatomic model 
very highly in our study. Initially, medical applica-
tions of the 3D printing technology were focused 
on producing patient-tailored implant materials 
and / or helping preoperative surgical planning (7-
9). As the cranio-facial or maxilla-facial surgery 
have high needs in understanding the complex 
bony anatomy, 3D printing was reported to be be-
neficial in those surgeries. D’Urso et al. utilized 3D 
printing method to produce patients-customized 

implants for defects of cranial bone and reported 
that the 3D printing was easier and cheaper and 
better for making patient-tailored implants which 
can provide more cosmetic effects (7). Faber et al. 
tested the 3D printed dental models to establish 
the preoperative surgical plan and also made tar-
get teeth-specific customized implant materials 
(8). They concluded that the anatomic models 
and implant materials produced from 3D printing 
were very useful compared with the conventional 
way of making implant materials. Another study 
by Guarino et al. produced the 3D pediatric spine 
and pelvic models to evaluate the clinical useful-
ness (9). They suggested that the application of 3D 
models can be beneficial for preoperative plan-
ning, intra-surgical navigation and also in patient 
counseling. However, most of early studies about 
medical applications of 3D printing were focused 
in the bony structure, because bones are quite 
easy to differentiate from other soft tissue during 
the process of images in producing 3D model. But 
the 3D printing technique can be also benefit not 
only 3D reproduction of bony anatomy but also 
for soft tissue anatomy, since various materials 
such as plastic, silicon and even chocolate, can be 
utilized for 3D printing (10). Several study groups 
tried to make individualized auricular prostheses 
by using 3D printing methods (11, 12). They uti-
lized the images of contralateral auricle to crea-
te the 3D shape of target prosthesis. Oshiro et al. 

Table 1 - Baseline characteristics of all patients.

Case 
number

#1 #2 #3 #4 #5 #6 #7 #8 #9 #10

Age 59 55 60 40 58 36 39 59 61 58

Sex F F F F M M M F M F

Laterality Right Left Left Left Left Right Left Left Left Left

Tumor 
size

40 mm 55mm
14 / 11 

mm
14 mm

86 / 
11mm

22mm 50mm 8 mm
60 / 32 

mm
15mm

Location Low pole Mid pole
Upper / Mid 

pole
Low pole

Mid / Upper 
pole

Upper pole Mid pole Low pole
Low / Upper 

pole
Mid pole

Shape Exophytic Exophytic Mesophytic Endophytic Mesophytic Mesophytic Exophytic Endophytic Endophytic Endophytic
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utilized the 3D printed liver model to determine 
optimal resection line before surgery and simulate 
hepatectomy (13). Apart from the reconstruction 
of the individual anatomy, several groups tried to 
utilize the 3D printing technique to develop trai-
ning models for medical training (14-17). White 
et al. created 3D urinary tract model for ureteros-
copic training (14). They utilized the post-contrast 
images to identify the urinary tract and repro-
duced it as artificial urinary tract by 3D printing 
method. They concluded that their urinary tract 
model appeared to be very useful for the endou-
rological training. Bruyere et al. also developed 
a percutaneous nephrolithotomy trainer using 3D 
printing technique (15). They put a stone inside 
the trainer and let the trainee perform percuta-
neous nephrolithotomy in a more realistic way. 
Although their training models were quite pionee-
ring, there have been no further publications after 
the initial reports of primitive training models. In 
our present study, the student group which con-
sisted of medical students, showed significantly 
better understanding of the renal anatomy when 
using the 3D renal model. We believe that our 3D 
renal model can have extra value in educating the 
medical student.

 Prior to our study, other groups also tried 
to create 3D kidney model with renal tumor for pa-
tients who were going to be treated by partial ne-
phrectomy. Silberstein created five 3D renal units 
with tumors by 3D printing method (18). They re-
ported that the patients and their family verbally 
expressed improved understandings about their 
disease status and treatment modalities. Bernhard 
et al. performed a prospective study and created 
3D-renal model in seven patients before partial 
nephrectomy (19). They focused on whether the 
3D renal model can enhance the patient’s unders-
tandings about the renal anatomy and upcoming 
surgery. From the response of patients upon their 
questionnaires, they concluded that the 3D renal 
model facilitated patient’s understandings about 
the surgery significantly with high level of satis-
faction. On the other hand, the present study sou-
ght to evaluate the clinical usefulness of 3D renal 
model both in the experienced and unexperienced 
medical personnel. Not only the unexperienced 
group but also experienced group highly apprai-

sed the 3D renal model in understanding the cor-
rect anatomy and also establishing preoperative 
surgical plan.

 The present study is not free from certain 
limitations. First of all, our study is limited from 
its small sample size. Due to the relatively high 
production cost, it was difficult to produce 3D re-
nal models in many patients. However, as the pro-
duction cost is getting cheaper and cheaper, the 
accessibility for the 3D printing will increase in 
future. Second, there is a possibility of selection 
bias toward to include patients with complex sha-
pe of tumor in the present study. Nonetheless, we 
believe that our endeavors for image processing 
and 3D producing are clinically valuable in deve-
loping virtual or augmented reality-based surgical 
platform in the future.

cONcLUSIONS

Personalized 3D renal model revealed to be 
clinically useful in understanding renal anatomy 
better in both urologist and student groups. These 
3D renal models can help surgeons to establish 
the surgical plan and also can be good education 
materials for medical students.
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INTRODUcTION

The prevalence of renal cysts in the general 
population is about 5%, and their incidence incre-
ases with age (1). Most simple renal cysts form pe-
ripherally and, despite their frequency, only 8% of 
patients become symptomatic. Parapelvic cysts are 
less common but are more likely to be symptoma-
tic. As these expand, the cystic pressure gradually 

exceeds the pressure of intrapelvic urine, leading to 
progressive obstruction (2, 3). Compression of the re-
nal collecting system or the renal pedicular vessels 
may occur.

 Symptomatic parapelvic cysts may present 
with flank pain, infection or hematuria, as well as 
renin-mediated hypertension caused by vascular 
compression (4). Stone formation is probably secon-
dary to obstruction and infection.
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ABSTRAcT 

Objective: To assess the safety, feasibility, and efficacy of simultaneous treatment of 
parapelvic renal cysts and stones by flexible ureterorenoscopy with a novel four-step 
cyst localization strategy in selected patients.
Patients and Methods: We retrospectively reviewed 11 consecutive cases of parapelvic 
renal cysts with concomitant calculi treated by flexible ureterorenoscopy and laser 
lithotripsy (FURSL). Marsupialization was performed subsequently with holmium: YAG 
laser in our institution. Fragmentation was used to manage renal stones and a novel 
four-step cyst localization strategy was applied in each case for marsupialization.
Results: There were no intraoperative complications. Two cases of cystitis were report-
ed postoperatively. The mean operative times of FURSL and marsupialization were 23.6 
± 3.9 minutes and 29.1 ± 9.7 minutes, respectively. During marsupialization, seven pa-
tients underwent the first two steps of the new strategy, two patients underwent three 
steps and two patients underwent all four steps. The mean reduction in hemoglobin 
level was 4.7 ± 1.7 g / L (range 3-8 g / L). The mean length of hospital stay was 1.2 ± 
0.4 days. During a mean follow-up duration of 18 months, all cases remained stone-
free and there was no stone recurrence. Parapelvic cysts became undetectable in eight 
cases and decreased in size by at least half in three cases.
Conclusion: With appropriate patient selection, FURSL and marsupialization with a 
four-step cyst localization strategy is feasible, safe, and effective in treating parapelvic 
renal cysts with concomitant calculi.
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 Currently available endoscopic manage-
ment options for parapelvic cysts include antegra-
de percutaneous nephroscopic ablation, retrograde 
flexible ureterorenoscopy and laparoscopic mar-
supialization by transperitoneal or retroperitoneal 
access (5). The retrograde approach is particularly 
effective and has a low complication rate. Other 
benefits include its minimally invasive nature and 
a short hospital stay after surgery (6).

 Published research on endoscopic surgery 
for parapelvic cysts alone is plentiful, but few stu-
dies have investigated the management of para-
pelvic cysts with concomitant renal calculi. As far 
as we know, there are also no standard guidelines 
concerning the localization of parapelvic cysts 
during endoscopic surgery. We summarize four 
steps for localizing parapelvic cysts and describe 
our initial clinical experience in dealing with re-
nal parapelvic cysts with concomitant calculi.

MATERIALS AND METHODS

Patients
 We retrospectively reviewed 11 consecuti-

ve patients with parapelvic renal cysts with con-
comitant calculi treated by flexible ureterorenos-
copy and laser lithotripsy (FURSL) and subsequent 
marsupialization with holmium: YAG laser in our 
institution between October 2013 and August 
2016.

Inclusion criteria were as follows:
1) presence of a parapelvic cyst compres-

sing the renal pelvis or renal calyx;
2) presence of secondary renal calculi lar-

ger than 0.5 cm in size caused by obstruction and 
failure of conservative therapy and extracorporeal 
shock wave lithotripsy (ESWL);

3) absence of a history of ureteral stricture 
and 4) symptoms such as flank pain or hematuria 
that progress despite 6 months or more of con-
servative therapy. Patients whose cysts were sus-
picious for malignancy on imaging or who exhi-
bited severe hydronephrosis were excluded from 
the study.

 All patients were preoperatively evaluated 
based on a complete blood count, routine bioche-
mistry, coagulation parameters and radiographic 
imaging. Those with a positive urine culture were 

treated accordingly. Imaging evaluations inclu-
ded plain films of the kidneys, ureters and bla-
dder (KUB), renal ultrasonography, intravenous 
urography (IVU) and / or contrast-enhanced spi-
ral computed tomography (CT) to define the col-
lecting system anatomy, the renal hilum and the 
location of the parapelvic cysts. The cyst sizes 
were measured using their longest axes. Informed 
consent was obtained, including for the conduct 
of alternative surgical procedures if necessary. A 
color Doppler ultrasound machine with a 3.5-MHz 
transducer (Hitachi Aloka, Tokyo, Japan) was em-
ployed in this study.

Procedures
 Under general anesthesia, patients were 

placed in the Galdakao-modified supine Valdivia 
(GMSV) position, which allowed both antegrade 
and retrograde renal access. Intravenous antibio-
tics were given preoperatively. The ureteral orifi-
ce was cannulated with a hydrophilic guidewire 
(0.035 / 0.038-inch, Cook® Medical, Bloomington, 
IN, USA).

 After confirming guidewire placement in 
the renal pelvis by ultrasound, the rigid ureteros-
cope (Richard Wolf GmbH, Germany) was used 
to evaluate the relevant ureter. The ureteral ac-
cess sheath (12 / 14-Fr, 13 / 15-Fr, Cook® Medical, 
Bloomington, IN, USA) was inserted into the ure-
teropelvic junction. Following preoperative ima-
ging, the operator surveyed the entire renal pelvis 
and individual calyces sequentially using a fle-
xible ureterorenoscope (YC-LF-A Youkang Com-
pany, China) to locate the parapelvic cysts and the 
renal calculi. Once the renal calculi were found, 
the operator tried to relocate the stone from the 
affected calyx to the renal pelvis using a 2.2-Fr 
zero-tip nitinol stone retrieval basket (Cook® Me-
dical, Bloomington, IN, USA). Afterwards, stone 
fragmentation was achieved with a holmium: YAG 
laser set at an energy level of 1-2 J and at a rate 
of 5-10 Hz. Stones were effectively broken down 
into fragments that were easy to pick up using the 
same basket.

 The flexible ureterorenoscope was used 
to determine the exact position of the parapel-
vic cysts, and marsupialization was accomplished 
using a holmium laser with a 276-µm fiber. We 
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routinely performed four steps to locate the cysts, 
as described below.

Step 1: Since the typical renal cyst appears 
transparent with black and blue areas, we initially 
tried to find the cyst wall by direct visualization.

Step 2: The flexible ureterorenoscope was 
guided close to the cyst wall in real time using 
ultrasound, noting that the sonographic charac-
teristic of a cyst is an anechoic area with pos-
terior acoustic enhancement. After confirmation 
by the operator that the flexible ureterorenoscope 
was pushing against the cyst wall (Figure-1a), the 
laser was triggered for incision and drainage. The 
typical smoking sign was observed (Figure-1b).

Step 3: If the initial two steps were un-
successful, the second surgeon performed percu-
taneous renal cyst puncture. Ultrasound imaging 
was employed to find an appropriate puncture site 

to avoid injuries to the bowel and other organs 
surrounding the kidney. Under ultrasound guidan-
ce, 10 mL of cystic fluid was extracted and the 
same volume of methylene blue solution (0.9% 
sodium chloride 1000 mL mixed with methylene 
blue 20-40 mg) was injected into the cyst cavi-
ty in each case to help the surgeon identify the 
cyst wall more accurately, using color changes de-
tected through the flexible ureterorenoscope as a 
guide (Figure-1c).

Step 4: If the surgeon still could not find 
the cyst wall accurately after step 3, a fiber en-
doscope was used, which consisted mainly of a 
16-gauge (4.8-Fr) outer puncture shaft (Bard® 
Magnum®; Tempe, AZ, USA; see Figure-2a), a 0.7-
mm fiber endoscope (YC-LF-A, Youkang Com-
pany, China; see Figure-2b) and a Y-shaped three-
-way connector (Gateway™ Advantage Y-Adapter, 

figure 1a) The flexible ureterorenoscope pushing against the cyst wall the arrow shows the tip of the flexible ureterorenoscope; 
1b) Laser-assisted incision and internal drainage, with typical “smoking sign”; 1c) Under the flexible ureterorenoscope, 
some areas of the renal pelvis appear blue; 1d) visualization of the light from the antegrade fiber-endoscope in the darkened 
renal pelvis.
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Boston Scientific Corporation, USA). The adapter 
was attached to the tip of the outer shaft (Figure-
-2a), allowing the insertion of the fiber endoscope 
as well as syringe irrigation.

Once the outer puncture shaft was advan-
ced into the cyst under ultrasound guidance, the 
fiber endoscope was inserted into the parapelvic 
cavity through the outer puncture shaft. The cyst’s 
interior aspect was then completely examined. The 
assistant reduced the brightness of the retrograde 
flexible ureterorenoscope, permitting the retrogra-
de intrarenal surgery (RIRS) operator to see the 
light from the antegrade fiber endoscope clearly 
in the darkened renal pelvis. This illuminated the 
cyst wall for internal drainage (Figure-1d). We set 
the energy level to 1.0 J and the frequency to 30 
Hz to marsupialize the cyst wall.

A cruciform incision was made in an avas-

cular area for adequate drainage. The full-thick-
ness incision was extended to about 2-4 cm to 
enable communication with the collecting system. 
To minimize the risk of parenchymal injury es-
pecially with thick-walled cysts, a distance of 5 
mm or more was maintained between the incision 
margin and the normal renal parenchyma. The 
6-Fr double-J stent was inserted, with its proximal 
end inside the cyst. Two double-J stents were pla-
ced if the cyst wall was thick. The antegrade outer 
puncture shaft was removed immediately.

Indwelling Foley catheters were removed 
on postoperative day 1, and all patients were sub-
sequently discharged from the hospital. Double-J 
stents were scheduled for removal 3 months after 
the first follow-up.

Perioperative data

figure 2a) One adapter attached to the tip of the outer shaft; 2b) The 0.7-mm fiber-endoscope of the flexible ureterorenoscope; 
2c) preoperative cT showing the right parapelvic cyst and renal stone; 2d) postoperative cT showing the absence of cysts 
and stones.
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On postoperative day 1, each patient un-
derwent renal imaging evaluation. Operative times, 
rates of intraoperative and postoperative complica-
tions (according to the Clavien-Dindo classification 
system), changes in hemoglobin, lengths of posto-
perative hospital stay and stone-free rates (SFRs) 
were also obtained for this study. All patients were 
followed-up 6, 12 and 24 months later for evalua-
tion of their stone-free status and parapelvic cysts. 
Stone free was defined as the absence of residual 
stones on imaging, using enhanced CT and / or renal 
ultrasonography.

RESULTS

 A total of 11 patients, composed of six males 
and five females, underwent FURSL and marsupia-
lization by RIRS. The mean patient age was 47.5 ± 
11.9 years. The mean body mass index was 26.7 ± 
3.5 kg/m2 (range 21.9-33.2 kg / m2). The mean cyst 
size on the preoperative CT scan was 53.6 ± 7.8 mm 
(range 40-65 mm). The mean stone size was 10.1 ± 
1.3 mm (range 8-12 mm).

 All operations were conducted successfully, 
with none of the cases requiring conversion to open 
surgery or standard percutaneous nephrolithotomy 
(PCNL). The mean operative times of FURSL and 
marsupialization were 23.6 ± 3.9 minutes and 29.1 
± 9.7 minutes, respectively. During marsupialization, 
seven patients underwent the initial two steps of cyst 
localization, two patients underwent three steps and 
two patients underwent all four steps. The mean re-
duction in hemoglobin level was 4.7 ± 1.7 g / L (ran-
ge 3-8 g / L). The mean length of hospital stay was 
1.2 ± 0.4 days.

 There were no serious intraoperative com-
plications such as massive hemorrhage or damage 
to the renal parenchyma noted. None of the patients 
required blood transfusion. Cystitis occurred in two 
patients in the postoperative period. Both were trea-
ted with oral antibiotics, and neither required read-
mission.

 Patients were followed up for a mean of 18 
months (range 15-24 months). During follow-up, 
eight cysts became undetectable, while three cysts 
decreased in size by at least half and communicated 
with the renal collecting system. The SFRs obtained 
6 and 12 months postoperatively were both 100% 

(preoperative CT Figures-2c and postoperative CT 
Figures-2d). There was no radiographic evidence of 
obstruction in any of the patients, and they were all 
asymptomatic.

DIScUSSION

 Although parapelvic renal cysts are a rela-
tively rare form of renal cysts, they are adjacent to 
the vessels of the renal hilum and collecting system 
and are more frequently associated with obstruction, 
pain, infection and stone formation (3, 7). Therefore, 
parapelvic cysts more commonly require interven-
tion.

 The parapelvic cyst may expand and com-
press the collecting system, promote stone formation 
and hinder spontaneous stone passage. The initial 
stone sizes of five patients in our study were less 
than 0.5 cm; however, after long-term conservative 
treatment (7-12 months), the renal stones in all 11 
cases enlarged rather than diminished in size. This 
suggests that indications for minimally invasive 
strategies such as endosurgery should be relaxed in 
cases of parapelvic cysts with concomitant calculi.

 To date, there are only a few published stu-
dies describing treatments for parapelvic cysts with 
concomitant calculi. Chen et al. (8) reported the 
effectiveness of percutaneous intrarenal cyst marsu-
pialization and simultaneous nephrolithotomy in the 
management of renal cysts with ipsilateral calculi in 
16 patients, of which only two cases involved pa-
rapelvic cysts. In their study, the optimal puncture 
route was selected to marsupialize the cyst and ap-
proach the target calyx. The cyst was marsupialized 
into the collecting system at the dilation process. 
Percutaneous nephrolithotomy was performed sub-
sequently with the 18-Fr work access. A nephros-
tomy tube was placed in all cases and removed 20 to 
30 days later.

 During the past decades, RIRS gained popu-
larity due to significant advances in endoscope and 
laser technologies. The procedure often took the pla-
ce of open surgery and PCNL in some complicated 
cases. In our study, all 11 parapelvic cysts were sur-
rounded by thick renal parenchyma. The wide work 
access sites associated with PCN inevitably cause se-
vere damage to the kidney. Intuitively, the retrograde 
approach may be less invasive in these patients.
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 To prevent stone debris from depositing in 
the opening of parapelvic cysts, we performed FUR-
SL prior to marsupialization. We first attempted to 
extract the stone through the basket, but if the stone 
was too large to relocate to the renal pelvis, we di-
vided it into smaller fragments using the fragmen-
ting technique of laser lithotripsy, which uses high 
energy and low frequency. Rather than producing 
dust, which requires low laser energy and high fre-
quency, we created relatively large stone fragments 
to facilitate easier removal by the basket, thus allo-
wing more complete stone extraction. Consequently, 
it is more effective in preventing stone recurrence or 
deposition in the opening of the cyst cavity. Renal 
ultrasonography was performed to ensure the absen-
ce of residual stones in the collecting system.

 Compared with simple renal parenchymal 
cysts, percutaneous aspiration and sclerotherapy for 
parapelvic cysts are associated with a high recurrence 
rate. Moreover, serious complications such as extra-
vasation of sclerosing agents from the renal cyst into 
the retroperitoneum may lead to local inflammation 
and consequent ureteropelvic junction obstruction, 
fever, abscess formation and other issues (9-11).

 With the rapid development of endoscopic 
instruments and the improvements in surgical tech-
niques, the treatment of parapelvic renal cysts has 
evolved from open surgery to minimally invasive 
endoscopic modalities. Currently available modali-
ties including antegrade percutaneous marsupiali-
zation (4), retrograde ureteroscopic marsupialization 
(12-14), and laparoscopic marsupialization by trans-
peritoneal or retroperitoneal access (5, 15). When de-
aling with parapelvic cysts with concomitant calcu-
li, laparoscopy has some disadvantages such as the 
need for multiple port sites, extensive dissection and 
a high risk of injury to the renal pedicle.

 Several studies have clearly demonstrated 
that PCN produces higher complication and morbi-
dity rates than RIRS. The complications often emerge 
during access creation, with rates from dilation and 
puncture ranging from 29% to 83% (16-18).

 On the other hand, improvements in techno-
logy have leveraged on growing clinical experience 
to expand the indications of flexible ureterorenos-
copy. In 1991, Kavoussi et al. (12) reported a single 
case of a large peripelvic cyst treated by ureterosco-
pic marsupialization, however, there were no further 

reports because of the technical difficulty of the pro-
cedure. In 2010, Basiri et al. reported the successful 
ureteroscopic treatment of parapelvic renal cysts in 
two cases (19).

 The crucial step of marsupialization is iden-
tification of the renal cyst wall while avoiding injury 
to the renal parenchyma or renal vessels. To date, 
there are no established guidelines for the localiza-
tion of parapelvic cysts in RIRS, so we summarized 
our experience and standard protocol for addressing 
this problem. We routinely follow four steps to loca-
lize parapelvic cysts in RIRS. In our center, most ca-
ses could be treated easily using the initial two steps, 
as we demonstrated successfully in seven patients in 
this study. In cases where the cyst wall is relatively 
thick and has the same color as other parts of the 
renal pelvis, it is challenging for the operator to ac-
curately locate the parapelvic cysts and to choose the 
best area for incision and inner drainage. Hence, the 
latter two steps need to be employed.

 Steps 3 and 4 are more invasive but are also 
more useful in extensive procedures especially for 
complicated renal cystic disease. It is important to 
rule out the presence of malignancy for complicated 
renal cystic diseases even though preoperative radio-
logical imaging appears negative. The fiber endosco-
pe was introduced into the cyst to completely inspect 
its interior and avoid a misdiagnosis of malignancy. 
This technique provides more reliable information 
than traditional imaging modalities such as enhan-
ced CT or MRI as a result of direct visualization. Fur-
thermore, our percutaneous work access was only 4.8 
Fr, thereby reducing the risk of complications that are 
associated with standard PCN.

 In our study, no massive hemorrhage or 
serious damage to the renal parenchyma occurred 
perioperatively. None of the patients required blood 
transfusion or conversion to open surgery. These in-
dicate that our four-step strategy is a viable alterna-
tive approach for managing parapelvic cysts.

 In two of our cases, the percutaneous punc-
ture shaft was removed immediately without ne-
phrostomy tube placement. The mean hospital stay 
was only 1.2 days, which is significantly shorter than 
the 4 days with PCN (8) or the 3.2 days with laparos-
copy (20) reported in previous studies. This shorter 
convalescence can be attributed to the reduced inva-
siveness of our procedure.
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 During a mean follow-up period of 18 
months (range 15-24 months), all cases remained 
stone-free with no renal stone recurrence. Fur-
thermore, eight parapelvic cysts became unde-
tectable and three cases decreased in size by at 
least half. All of these findings indicate that our 
techniques promote complete drainage of cystic 
fluid and prevent further compression on the kid-
ney and collecting system. We offer an alternative 
method that can be used for select patients with 
parapelvic cysts and concomitant calculi.

 Our study has significant limitations. 
While parapelvic cysts are relatively common, 
their presence in combination with renal stones is 
not. In this study, the number of patients who re-
quired simultaneous treatment of both lesions was 
also quite small. Therefore, given the difficulties 
of designing and conducting a randomized con-
trolled trial in this situation, we opted to perform a 
retrospective study instead, which would explain 
the lack of a control group.
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ABSTRAcT 

Purpose: To evaluate the impact of the patient position on the outcomes of PCNL 
among patients with complex renal stones.
Material and Methods: From July 2011 to July 2014, we collected prospective data 
of consecutive patients who underwent PCNL. We included all patients with complex 
stones (Guy’s Stone Score 3 or 4 (GSS) based on a CT scan) and divided them based on 
the position used during PCNL (prone or supine). The variables analyzed were gender, 
age, body mass index, ASA score, stone diameter, GSS, number of punctures, calyx 
puncture site, intercostal access and patient positioning. Complications were graded 
according to the modified-Clavien Classification. Success was considered if fragments 
≤ 4mm were observed on the first postoperative day CT scan. 
Results: We analyzed 240 (46.4%) of 517 PCNL performed during the study period that 
were classified as GGS 3-4. Regarding patient positions, 21.2% were prone and 79.8% 
were supine. Both groups were comparable, although intercostal access was more com-
mon in prone cases (25.5% vs 10.5%; p=0.01). The success rates, complications, blood 
transfusions and surgical times were similar for both groups; however, there were sig-
nificantly more visceral injuries (10.3% vs 2.6%; p=0.046) and sepsis (7.8% vs 2.1%; 
p=0.042) in prone cases.
Conclusion: Supine or prone position were equally suitable for PCNL with complex 
stones and did not impact the success rates. However, supine position was associated 
with fewer sepsis cases and visceral injuries.
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impact of patient position on the outcomes of percutaneous 
neprolithotomy for complex kidney stones
_______________________________________________
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INTRODUcTION

Percutaneous nephrolithotomy (PCNL) is 
the gold standard treatment for large kidney sto-
nes (1, 2), taking the place of morbid and inva-
sive open surgery. Much discussion has emerged 
in the recent literature about patient positioning. 
Since Valdivia-Uria study in 1987 (3), the use of 
a supine position was recognized as feasible, and 
approximately 10 years later, good outcomes were 
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reported by the same group (4), making this ap-
proach more accessible and even more popular 
with recent variations (5). The possibility of trea-
ting the patient without changing the position to 
prone is most widely accepted as its best virtue (6).

 Prone PCNL with upper pole access has 
been accepted as the standard for treating com-
plex stones, and the applicability of supine PCNL 
for these cases is still controversial (7). There are 
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only a few randomized studies that compared both 
positions, and they showed few differences in ou-
tcomes and complications (8, 9). Considering the 
low number of staghorn calculi included in these 
studies, this question cannot be answered by the 
current literature.

 The aim of this study was to evaluate the 
impact of the patient position on the outcomes, 
including complications and success ratios, of 
PCNL with complex stones, using Guy’s stone sco-
re classification (10).

MATERIALS AND METHODS

 We reviewed retrospectively our prospec-
tive data collected for all patients who underwent 
PCNL in our institution from July 2011 to July 
2014. Informed consent was obtained from pa-
tients before the surgery, and the study protocol 
was approved by the institutional review board.

 For this study, we included all patients 
with complex stones, defined as grade 3 or 4 of 
the Guy’s Stone Score (GSS) (10, 11), based on the 
preoperative CT scan analysis. Guy’s 3 (GSS3) was 
defined as multiple stones in a patient with ab-
normal collector system anatomy, or a stone in a 
calyceal diverticulum, or partial staghorn calculus 
(stone evolving the renal pelvis plus at least two 
but not all calices). Guy’s 4 (GSS4) was defined 
as a complete staghorn calculus (all calices and 
the pelvis occupied by stones) or any stone in a 
patient with spina bifida or a spinal injury lea-
ding to a neurogenic bladder. The determination 
of the GSS grade was made by two urologists du-
ring the preoperative consultation and again just 
before surgery by a senior urologist and a resi-
dent, according to the preoperative CT findings. 
In the case of disagreement, the senior urologist’s 
opinion was the final one. GSS 3 and 4 were con-
sidered complex stones based on previous results 
showing that these groups have more complica-
tions and inferior outcomes than GSS 1 and 2 (11).

 Positioning was chosen according to the 
surgeon’s preference. Our institution is a large vo-
lume center with 7 dedicated endourologists and 
3 urology residents per year. All surgeons are trai-
ned and experienced with PCNL in both decubitus. 
The positions that were used for PCNL were the 

classic prone position (12), the complete supine 
(csPCNL) position (13), and the classic Valdivia (3) 
or the Galdakao modified-Valdivia (4). The last 
three positions were distinguished as the supine 
group.

 The variables analyzed were gender, age, 
body mass index (BMI), ASA score, stone diame-
ter, Guy’s Stone Score (GSS), number of punctures, 
calyx puncture site, supracostal access, operative 
time and patient positioning.

Preparation and Operative Technique
 All patients had urine cultures collected 

at least 30 days before the procedure. All of the 
non-colonized began prophylactic oral antibiotics 
(nitrofurantoin 100 mg bid) 7 days before surgery 
and preoperatively received third-generation ce-
phalosporin during the induction of anesthesia, 
and the patients with positive cultures received 
therapeutic antibiotics, according to the results, 7 
days before and in the induction.

 Despite the position, the surgical techni-
que was similar for all cases. Procedures were car-
ried out under general anesthesia, beginning with 
a cystoscopy and placement of a 6 Fr ureteral ca-
theter in the ipsilateral ureter, then a retrograde 
pyelography and subsequent renal puncture under 
fluoroscopy guidance. Briefly, for the prone posi-
tion, the patient was initially in a lithotomy posi-
tion for cystoscopy and ipsilateral ureteral cathe-
ter placement. Then, a Foley catheter was inserted 
and the patient was turned prone with bolsters 
under the arms and the pelvis. For complete supi-
ne positioning, patients were positioned in supine 
position with the posterior axillary line located 
just outside the border of the surgical table, and 
the flank was extended to increase the space be-
tween the last rib and the iliac crest. The csPCNL 
procedures were performed without a rolled towel 
under the flank, and the patients remained in the 
same position during the entire procedure without 
a lithotomy position, even for cystoscopy. For 
classic Valdivia positioning, a bolster was used 
under the ipsilateral flank, without using litho-
tomy positioning, while for the Galdakao modified 
Valdivia, patients were in a lithotomy position.

 Calyx choice was done after retrograde 
pyelography and CT scan analysis. A puncture was 
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performed with an 18 gauge needle and a 0.038ʺ 
hydrophilic straight guidewire was used. Ultra-
sound was used to evaluate the puncture window 
when any abdominal organ was in a more lateral 
position. Tract dilation was performed with fascial 
dilators (double shot technique, numbers 10, 20 
and 30 Fr, sequentially), and a 30 Fr Amplatz® 
sheath was placed. Nephroscopy was performed 
with a 26 Fr rigid nephroscope (Olympus, Japan), 
and stone fragmentation and suction were perfor-
med with an ultrasonic lithotripter (CyberWand 
Dual Ultrasonic Lithotriptor®, Gyrus, Olympus, 
Japan). An intraoperative stone-free status was 
verified with fluoroscopy. A 16 Fr nephrostomy 
tube was placed at the end of the procedure only 
in cases of bleeding, residual stones, solitary kid-
ney, suspected pelvic injury, or multiple tracts. A 
6 Fr ureteral catheter was routinely left in place; 
in cases of ureteropelvic junction with significant 
edema, extensive pelvic injury, or ureteral mani-
pulation, a 4.8 Fr x 26 cm ureteral stent was used 
instead. Ropivacaine 1% 20 mL was injected on 
the tract for pain control.

Outcome Evaluation
 Operative time was considered as the be-

ginning of the cystoscopy for ureteral catheter 
insertion to the end of the nephrostomy place-
ment or sheath removal in the case of a tubeless 
procedure. Blood transfusion was considered for 
patients with signs of hypovolemia, refractory 
to crystalloid reposition, peri or postoperatively. 
Fever was defined as an axillary temperature > 
37.8°C. Complications were graded according to 
the modified Clavien Classification, and Clavien 
scores ≥ 3 were considered as major complications 
(14). A non-contrast CT scan and routine serum 
exams were performed during the first postopera-
tive day (POD1) in all cases. The success rate was 
defined as the absence of residual symptomatic 
fragments > 4 mm in the CT of the first postopera-
tive day (POD1). Stone-free status was defined as 
no residual fragment at the CT scan.

Statistical analysis
 Statistical analysis was performed using 

SPSS® version 20 (SPSS, Inc., Chicago, IL, USA). 
The tests used in the univariate analyzes were a 

chi-squared test and Fisher’s Exact test for cate-
gorical measures and Student’s t-test for indepen-
dent sample continuous parameters. The level of 
statistical significance was 0.05.

RESULTS

 Of the 517 PCNL performed in the study 
period, 241 (46.6%) with GGS 3 or 4 were included 
in the study. Regarding patient positions, 21.2% 
(51) PCNL were performed in a prone position and 
79.8% (190) in a supine position ((80% (152) in 
complete supine position, 6.8% (13) in a classic 
Valdivia and 13.1% (25) in a Galdakao position)).

 Both groups were similar according the 
mean age, BMI, gender, ASA Score, stone diameter 
and number of punctures. Patient’s demographic 
characteristics are listed in Table-1. There was a 
higher rate of supra 12th costal access in the prone 
group compared with the supine position (25.5% 
vs. 10.5% respectively, p = 0.01). The surgical 
time, success rates, major Clavien complications 
and blood transfusions were similar between the 
groups (Table-2). There were no colon injuries in 
both groups, and there were two deaths (Clavien 
5) due to septic complications, one in each group. 
The total rate of complications was 23.7%, and all 
complications are listed in Table-3.

 Considering visceral injuries, there were 
no hollow visceral injuries, the same number of 
thoracic events and only one abdominal event 
(trans-hepatic puncture). Comparing the supine 
and prone groups we found a significant differen-
ce, favoring supine interventions, with lower risk 
of any abdominal or thoracic injuries (p = 0.046) 
(Table-3). When considering infectious complica-
tions, sepsis had a significantly lower relative risk 
in supine PCNL when compared to prone cases (p 
= 0.042).

DIScUSSION

 In our study, we aimed to answer the 
question whether the supine PCNL is as good of an 
option as prone PCNL for complex kidney stones. 
Supine PCNL has proven to be suitable for simple 
renal stones, offering similar outcomes but in a 
faster manner, as reported by a few prospective 
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studies (8, 9). Conversely, there has been contro-
versial data regarding the outcomes for complex 
stones when the prone or supine approaches were 
compared (15-17).

 Herein, we verified that supine PCNL se-
ems to be suitable for complex stones as well as 
prone PCNL, since the immediate success, com-

plications, transfusion rates and operative times 
were similar between the groups. However, sepsis 
and visceral injuries rates were significantly hi-
gher in the prone group, showing a possible safer 
profile for the supine position. Our hypothesis is 
that during supine position, there is lower chan-
ce of pyelovenous urinary backflow due to lower 

Table 1 - Demographic and clinical characteristics of patients. Distribution according to a prone or supine position.

Supine Prone P

Number of patients 190 51

Age (years ± SD) 48.04±12.2 46.7±12.5 0.51

BMI 28.2±15.8 27.8±6.1 0.87

Male 35.1% 23.5% 0.124

Female 64.9% 76.5%

ASA

ASA I 32.6% 31.4% 0.34

ASA II 60% 66.6%

ASA III 7.4% 2.0%

Stone Diameter (cm) 32.9±11.4 36.5±11.6 0.08

Guy’s Stone Score 3 76% (144) 61% (31) 0.33

Guy’s Stone Score 4 24% (46) 39% (20)

Number of punctures

1 69.8% 76.4% 0.34

2 23.3% 21.6%

3 6.9% 2%

Supra 12th puncture* 10.5% 25.5% 0.01

* Statistically significant

Table 2 - Outcomes of the pcNL for complex stones (Guy’s Stone Score 3 or 4) according to a prone or supine position.

Supine Prone P

Immediate Success Rate

(fragments ≤ 4 mm on the CT scan on POD1) 38.5% 27.7% 0.1689

Clavien ≥ 3 9.6% 9.8% 0.9545

Surgical time (mean ± SD (min)) 134.1 (53.4) 138.2 (42.7) 0.5770



ibju | Nephrolithotomy for complex kidNey stoNes

969

intrarenal pressure compared to the prone cases, 
since the irrigation flow through the Amplatz® 
sheath is intuitive. It could explain the lower sep-
sis rate observed in supine cases, but the lack of 
postoperative culture data may have limited this 
conclusion. More visceral injuries observed in 
prone cases possibly are a consequence of a higher 
rate of intercostal punctures, which is expected 
since kidneys are more cranially arranged in the 
abdomen in prone decubitus (18). Sofer et al. also 
showed that there is great approachability to the 
upper calyx through the inferior calyx, reducing 
the need for intercostal punctures when using su-
pine decubitus (19). Our outcomes reflect the rea-
lity of our institution, which may be different in 
other places; however, our findings are important 
for supporting not only our surgical options but 
also those of many groups worldwide, that are 
starting a supine PCNL program. Our findings im-
prove the evidence for supine position use during 
PCNL for complex kidney stones.

 To date, there have been only a few stu-
dies on the impact of positioning during regu-
lar PCNL of complex stones and the subsequent 
outcomes (15-17). Using the same CROES global 
study in the PCNL database, Astroza et al. (15) re-
trospectively analyzed the influence of the posi-
tion in the outcomes of PCNL for complex stones. 
In this large series, surgical times were shorter (P 
< 001) and the stone-free rate was higher (P < 
001) for patients in the prone position. There were 
no differences in complication rates. Gokce et al. 
(16), in a non-randomized prospective trial com-
paring prone versus supine position for staghorn 
stone, concluded that outcomes regarding success 
and complications were similar, but surgical times 
were significantly shorter and hemoglobin drops 
were significantly lower in the supine group. Inte-
restingly, in this series, endoscopic combined in-
tra-renal surgery (ECIRS) was used in almost 70% 
of the cases. The authors propose that a supine po-
sition should be considered as a primary treatment 

Table 3 - complications in pcNL.

Complications Supine Prone Total p

Minor complications (Pain, isolated fever, perinephric 
bruise, bleeding after tube removal, bronchial spasm)

8.4% (16) 3.9% (2) 7.4% (18) 0.28

Blood transfusion 9.0% (16) 15.2% (7) 9.1% (23) 0.219

Pulmonary thromboembolism 0 1.9% (1) 0.4% (1) 0.53

Parenchymal visceral injury (Liver)* 0 1.9% (1) 0.4% (1) 0.53

Hollow visceral injury* 0 0 0 0.153

Pleural injury* 3.5% (5) 9.8% (5) 4.1% (10) 0.023

Hydrothorax 2.1% (4) 5.8% (3) 1.5% (7)

Pneumothorax 0.5% (1) 3.9% (2) 0.8% (3)

Chest tube drain 0.5% (1) 5.8% (3) 1.6% (4)

Expectant treatment 2.1% (4) 3.9% (2) 2.4% (6)

Any injury (thoracic/abdominal) 2.6% (5) 10.3% (6) 4.5% (11) 0.046

Ureteral stone migration 2.6% (5) 1.9% (1) 2.4% (6) 0.786

Sepsis 2.1% (4) 7.8% (4) 3.3% (8) 0.042

Severe sepsis and death (Clavien 5) 0.5% (1) 1.9% (1) 0.8% (2) 0.318

*Mann-Whitney U test for any visceral injury supine vs. prone: p=0.046
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option in staghorn stone cases for PCNL since 
outcomes are similar but supine cases are faster 
and have less bleeding. Our findings are more 
in accordance with this last study, suggesting 
that supine PCNL has a safer profile than pro-
ne PCNL, similar to other institutions (20-22). 
However, our cases were pure complete supine, 
without inclusion of any case where ECIRS had 
been used.

 Our findings are also in accordance with 
the most recent meta-analysis that evaluated 
prone or supine decubitus during PCNL. Falaha-
tkar et al. evaluated 7733 patients in 22 studies 
(12 RCT) and verified that both positions had 
similar success rates, operation times, compli-
cation rates, urinary leaking and hospital stays 
(20). However, patients received fewer blood 
transfusions (OR: 0.72; 95% CI: 0.55 - 0.94; P = 
01) and had lower fever rates (OR: 0.65; 95% CI: 
0.52 - 0.80; p < = 0.001) in supine PCNL.

 Our immediate success rate for PCNL 
in complex stones was relatively low for both 
groups. One possible explanation is that we 
controlled the CT scan on the POD 1, rigorous 
criteria for the evaluation of success, that cer-
tainly impact the real stone free rate. In our in-
stitution, it is cost effective to consider 4 mm as 
the limit for defining success, so we adopted this 
as the criteria for success versus stricter criteria 
of 2 mm. The CROES PCNL Global Study (23) 
showed a final success rate of 75.7%, however, 
in the CROES study the success rates were com-
monly determined by conventional radiography 
and after auxiliary procedures, with only 14% 
of stone-free patients confirmed by CT. Plain ra-
diography has low sensitivity and many RF are 
missed. One of the strengths of our study is the 
performed CT on POD1 in 100% of the patients 
which more precisely reflects the real results of 
PCNL and allows us to effectively compare what 
occurred after PCNL.

 As for limitations, our study was not 
randomized, and the groups had different num-
bers of patients. The lack of a significant di-
fference in the outcomes may be the result of 
low statistical power (e.g., small sample size) 
rather than the absence of a difference. The use 
of effective flexible nephroscope was limited to 

cases with no significant bleeding, which affec-
ted the success rate. Cases where ECIRS had 
been used were not included. The position choi-
ce was made just before surgery by the senior 
urologist. The criteria for choosing prone was 
not clear but may eventually have been reser-
ved for the most complex cases since supracos-
tal upper pole access in a prone position has 
been the recommended access for these kinds of 
stones. The other indication for a prone position 
was for resident teaching, since the majority of 
cases were in the supine position. The lack of 
criteria for positioning may be a limitation. Ho-
wever, the strengths may compensate the limi-
tations. Our study included a large number of 
patients, the demographic data were similar in 
both groups, and we used a complete prospecti-
ve database that reduced the chances of bias on 
the similarity of the outcomes regarding posi-
tioning. Surgeries were performed by experien-
ced endourologists, not only by one surgeon. 
Another positive aspect of our study was all pa-
tients had a pre and postoperative non-contrast 
CT scan, making the outcome evaluations more 
reliable.

 Supine PCNL can be performed in any 
patient with complex kidney stones. Currently 
literature shows no limits, similar results and 
complications compared to prone position. It se-
ems to have anesthetic advantages and should 
be considered in obese, children, high-risk pa-
tients with compromised cardiopulmonary sta-
tus, and those with skeletal deformities.

 Until a multicentric randomized study 
including both positions with standardized pre 
and postoperative evaluations is available, with 
the current literature, and the aid of our present 
study, there is good evidence that the use of su-
pine position may be a good option for PCNL for 
complex kidney stones.

cONcLUSIONS

 The supine position does not negatively 
impact the outcomes of PCNL for complex kid-
ney stones. Moreover, it may be associated with 
a safer profile due to fewer sepsis and organ 
injury cases.
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INTRODUcTION

Overactive bladder (OAB) is a common 
condition affecting quality of life. OAB is often 
defined by lower urinary tract symptoms (LUTS), 
such as frequency, nocturia and urgency with or 
without incontinence (1). Irwin et al. reported that 
in 2006 the general prevalence of OAB in Euro-
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ABSTRAcT 

Purpose: To evaluate the impact of overactive bladder disorder on patients diagnosed 
with retrograde ejaculation.
Materials and Methods: Retrospective analysis of prospective collected database made. 
Questionnaires conducted in urology polyclinics in five different centers. Main Out-
come Measure(s): International Index of Erectile Function - 5 (IIEF - 5), Overactive 
Bladder 8 - Question Awareness Tool (OAB - V8), urodynamics, semen analysis. The 
participants of the study were n = 120 patients. There was retrograde ejaculation (RE) 
in only n = 47 patients (non / minimal symptomatic patients), n = 73 patients had RE 
and overactive (OAB) complaints (symptomatic patients) and received anticholinergic 
treatment (trospium), n = 37 control group patients who only had OAB and received 
an anticholinergic.
Results: While no difference was observed in overactive bladder examination and 
urodynamic values between the non / minimal symptomatic group and the symptom-
atic group (p > 0.05), sperm was detected and identified as fructose positive in post 
- ejaculation urine in the symptomatic group. Thus, it was possible to demonstrate 
the differences between symptomatic patients and non - symptomatic patients. Con-
sequently, following three - month daily treatment with trospium 30 mg 2 x 1 in the 
control group and the symptomatic group, it was observed that an evident increase was 
observed in the sperm count and ejaculate volume in the symptomatic group and that 
no change was observed in the control group (p < 0.05).
Conclusion: This clinical study is the first of its kind in terms of revealing the coex-
istence of RE with OAB upon performing urodynamics and showing that treatment is 
possible in selected patients.
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pe and Canada was 10.8%, but the frequency of 
LUTS symptoms in men was much higher (62.5%) 
(2). Stewart et al. found the OAB prevalence in 
men to be 16.0% (3). In another study based on 
the results of a large epidemiological population 
- representative survey conducted in the United 
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States, United Kingdom and Sweden to investiga-
te the epidemiology of LUTS (EpiLUTS), the pre-
valence of urinary frequency and urgency in the 
female and male adults aged over 40 in the United 
States was reported to range from 15.8% to 27.2% 
(4). Furthermore, it was reported in various studies 
that LUTS are associated with erectile dysfunction 
(ED) (5, 6) as well as reduced sexuality (7, 8), pre-
mature ejaculation (PE) (8) and partial or complete 
ejaculatory loss (6, 8). In another paper reporting 
the results from EpiLUTS, in addition to ED and 
PE, ejaculatory difficulty or loss was detected in 
22.3% of the patients diagnosed with OAB (9).

 Ejaculation is a complex process control-
led by the interaction between peripheral, cerebral, 
spinal sensory and motor neural pathways (10). 
Neurons in the cortex, thalamus, hypothalamus, 
midbrain and pons play a role in the ejaculation 
process, but their functions are not yet clear (11, 
12). During ejaculation, the bladder neck closes and 
the external urethral sphincter opens. This mecha-
nism, coordinated by sympathetic fibers, prevents 
retrograde ejaculation into the bladder (13, 14). In 
retrograde ejaculation, all components of ejacula-
tory reflex continue to function normally with the 
exception of the closure of the bladder neck. Due to 
anatomic or physiologic factors, the bladder neck 
may not close, resulting in retrograde ejaculation. 
This may be caused by congenital abnormality, 
spinal trauma, retroperitoneal lymph node dissec-
tion, diabetes and bladder neck surgery, many me-
dications or idiopathic conditions (15, 16). When 
the contraction of the internal sphincter is not su-
fficient, the resulting low pressure causes semen 
to flow backwards into the bladder.

 In this study, patients presenting with the 
complaint of retrograde ejaculation were evaluated 
in terms of the presence of OAB and the relationship 
between these two conditions was investigated.

MATERIAL AND METHODS

 The participants of the study were 120 pa-
tients who presented with retrograde ejaculation 
(RE) between January 2013 and October 2017 in 
five different centers. There was retrograde ejacu-
lation without overactive bladder symptoms (RE) 
in only 47 patients who received no therapy (non 

/ minimal symptomatic patients) while 73 patients 
had RE and overactive (OAB) complaints (sympto-
matic patients) and received anticholinergic treat-
ment (trospium). The patients in the control group 
were 37 patients who only had OAB and no RE. 
The control group patients were selected randomly 
among patients who were admitted to the polycli-
nic due to OAB complaint and used an anticholi-
nergic for at least 3 months or a longer period.

 Our primary objective was to evaluate the 
urodynamics and ejaculation outcomes of patients 
who had both RE and OAB symptoms (symptoma-
tic patients) and patients who only had RE (non / 
minimal symptomatic patients) and thus to show 
the differences between symptomatic and non - 
symptomatic patients.

 Our secondary objective was to compa-
re the semen analyses and urodynamic values of 
symptomatic patients treated with an anticholi-
nergic and the control group patients who only 
had OAB, had no RE and received an anticholi-
nergic, to evaluate the changes in semen volu-
mes and numbers before / after treatment betwe-
en the symptomatic group and the control group 
and ultimately to check whether there were any 
significant differences in the symptomatic group 
patients compared to the control group in order 
to verify whether the treatment was significant 
(Tables 1 and 2). The ethical approval for the stu-
dy was obtained from the local ethics committee 
of the institution (Decision No. 1 / 02 adopted in 
Session 1 on 08 / 01/2015 by the Ethics Committee 
of the School of Medicine of Erzincan University). 
Furthermore, all authors of the paper received a per-
mit from their relevant healthcare institution.

 RE diagnosis was made based on the pre-
sence of fructose and spermatozoa in the centri-
fuged post - ejaculation urine samples. Semen 
analyses were conducted following a sexual absti-
nence of a minimum of 3 days. Fructose and sperm 
levels were checked again in the post - ejaculation 
urinalysis after three months and the efficiency 
of the treatment was examined. Is post - ejacula-
tion semen in the urethral residue? Or the semen 
entering the bladder? In order to fully distinguish 
this, we have included into the study patients who 
had no sperm detected in their semen analysis. 
Yet, there have been patients identified with pel-
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Table 1 - Semen parameters and urodynamic results before and after anticholinergic treatment in patients proven to have 
coexisting RE and OAB (n=73 symptomatic patients).

w wilcoxon test

Normal first urge to void value: 150-200/mL; Normal bladder capacity value: 300-600 /mL; Normal ejaculate volume (wHO 2010): >1.5 mL; Number of 
sperms (x106)/mL (wHO 2010): >15x106/mL; Overactive Bladder 8-Question Awareness Tool 

lette sperms between the microscope slides or after 
centrifuging (cryptozoospermia). We had no cuto-
ff evaluation for this. Furthermore, we made sure 
that there was no sperm in the ejaculate in order 
to discuss the neurological mechanisms and the 
efficacy of treatment and to present RE which is 
really associated with OAB.

 Patients with a psychiatric, psychological 
or neurologic disorder or history of alcoholism or 
other substance abuse, which was clearly the cau-
se of anejaculation, as well as patients that were 
taking any medication which could affect their 
sexual functions or who were on drugs (alpha-
-blockers, antidopaminergics, yohimbine, ergot 
alkaloids, finasteride, etc.) were excluded from the 
study. The medical and sexual history of the pa-
tients was obtained.

 In addition, all patients were evaluated in 
terms of the results of their physical examination, 
urinary, transrectal ultrasonography (TRUS), tests 
on total blood count and biochemical parameters, 
uroflowmetry (UFM) and Overactive Bladder 8 - 
Question Awareness Tool (OAB - V8).

 The patients were asked to complete the 
International Index of Erectile Function - 5 (IIEF 
- 5) form to assess their current and past sexual 
dysfunction. IIEF - 5 scoring: The IIEF - 5 score 
is the sum of the ordinal responses to 5 items. 
22 - 25: No erectile dysfunction, 17 - 21: Mild 
erectile dysfunction, 12 - 16: Mild to modera-
te erectile dysfunction, 8 - 11: Moderate erectile 

dysfunction, 5-7: Severe erectile dysfunctqion.
 A further pressure flow study was per-

formed on patients who had OAB symptoms. 
OAB - V8 is a self - administered questionnaire 
containing eight questions designed to determi-
ne how bothered the patients are with their OAB 
symptoms, such as frequency, nocturia, urgency 
and urge incontinence (17). Patients responses 
were graded on a 6 - point Likert scale ranging 
from 0 (not at all) to 5 (a very great deal), with 
the maximum possible score being 40. The blad-
der values were checked via urodynamic testing 
in patients considered to have OAB in the OAB 
- V8 questionnaire. Thus, OAB diagnosis was 
confirmed with urodynamics and the flow of the 
treatment could be monitored.

 All patients having OAB + RE symp-
toms were started on trospium chloride in doses 
of 30 mg twice daily and asked to return for a 
follow-up after three months. In the follow-up, 
the patient’s ejaculatory functions and LUTS 
symptoms were evaluated again through sperm 
analysis, OAB - V8 questionnaire, urodynamics 
and UFM (Tables 1-3).

Statistical analysis

 Mean and standard deviations, median, 
minimum and maximum value frequencies and 
percentages were used for descriptive statistics. 
The distribution of variables was checked with 

Pre-treatment Post-treatment
Mean ± s.d. Median Mean±s.d. Median p

OAB-V8 Score 24 ± 2.7 24 6.6±1.6 6.0 0.000W
First urge to void 78.6 ± 9.9 78 130.1±16.3 133 0.000W
Qmax(mL/s) 22.1 ± 4.6 21 21.7±2.2 21.0 0.912W
Maximal bladder pressure (cm 
H20) 

75.4 ± 12.2 76 47.2±8.2 48.0 0.000W

Bladder capacity (mL) 330.0 ± 19.9 326 378.6±21.1 379 0.000W
Number of sperm  (x10³) 0 ± 0 0 11400±5480 10400 0.000W
Ejeculat Volume 0.4 ± 0.4 0.3 2.6±1.3 2.3 0.000W
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Table 2 - patients with retrograde ejaculation and overactive bladder symptoms and receiving anticholinergic treatment (n = 
73 symptomatic patients) and patients with only overactive bladder.

mMann-whitney U test

Normal first urge to void value: 150-200/mL; Normal bladder capacity value: 300-600 /mL; Normal ejaculate volume (wHO 2010): >1.5 mL; Number of 
sperms (x106)/mL (wHO 2010): >15x106/mL; Overactive Bladder 8-Question Awareness Tool (OAB-v8), Maximum urine flow rate (Qmax) (campbell 
Urology, 2016).

Kolmogorov - Smirnov test. Mann - Whitney U 
test was used for the comparison of quantitative 
data. Wilcoxon test was used for the repeated me-
asurement analysis. SPSS 22.0 was used for statis-
tical analyses.

RESULTS

 The mean age was calculated as 36 years 
in symptomatic patients (n = 73; with RE + OAB 
and receiving treatment), 42 years in non/minimal 
symptomatic OAB patients (n = 47; with only RE 
and receiving no treatment; this is only the cohort 
group and not the placebo group) and 36 years 
in control patients (n = 37; with only OAB symp-
toms, no RE and receiving treatment).

 All the patients experienced RE complaints 
for more than one year (2 to 6 years). The prima-
ry complaints were reduction in ejaculate volume 
and frequency, nocturia. Furthermore, there were 

also some who recorded decrease in libido and 
frequency of intercourse. There were some who 
reported anejaculation. There were others who re-
corded that they had frequency and urinated with 
a sense of urgency and had no semen occasionally 
and experienced performance anxiety due to dry 
intercourse.

 The results of the routine biochemical 
and urinary microbiology tests were normal in all 
patients. There was no pathology detected in the 
TRUS and ultrasonography of the urinary system 
in all patients. The blood glucose, ejaculate vo-
lume, Q - max did not display a significant di-
fference in the symptomatic, non - symptomatic 
and control groups (p > 0.05). The IIEF - 5 score 
was lower in the non - symptomatic group. When 
this was questioned, it was reported that this was 
the reason for retrograde ejaculation in 9 patients 
while the other patients recorded that they expe-
rienced work and environmental stress or that the 

Symptomatıc Patientsw Control Grup

Mean±s.d. Median Mean±s.d. Median p

Age 36.7±7.7 36.0 34.9±6.1 35.0 0.325m

Fasting blood sugar 95.1±8.2 96.0 93.8±7.3 95.0 0.627m

OAB-v8 Score
Pre-treatment 24.01±2.7 24.0 24.8±2.8 25.0 0.154m

Post-treatment 6.6±1.6 6.0 6.5±1.6 6.0 0.801m

Qmax(mL/sn)
Pre-treatment 22.1±4.6 21.0 22.8±4.9 22.0 0.566m

Post-treatment 21.7±2.2 21.0 21.3±1.9 21.0 0.495m

first Urge to void
Pre-treatment 78.5±9.9 78.0 80.7±9.0 76.0 0.310m

Post-treatment 130.1±16.3 133.0 130.1±21.2 135.0 0.502m

Bladder capacity(mL)
Pre-treatment 330.0±19.9 326.0 323.5±17.3 319.0 0.118m

Post-treatment 378.6±21.1 379.0 375.2±21.6 370.0 0.516m

Max.bladder pressure(cm H2O)
Pre-treatment 75.4±12.2 76.0 76.2±10.3 77.0 0.776m

Post-treatment 47.7±8.2 48.0 47.5±7.0 48.0 0.902m
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spouse had psychological and additional familial 
problems. There were some who said that this was 
due to loss in hardness during intercourse or pre-
mature ejaculation. No treatment was applied to 
the group which only had RE. The OAB V8 score 
of the patients with symptomatic patients compa-
red to those without no/minimal OAB symptom 
was significantly higher (p < 0.05).
Semen parameters and urodynamic results befo-
re and after anticholinergic treatment in symp-
tomatic patients (n = 73; with RE + OAB and 
receiving treatment).

 Symptomatic (n = 73) patients were star-
ted on trospium chloride in doses of 30 mg twice 
daily for three months. In these n = 73 patients, 
a statistically significant difference was observed 
between the pre-treatment and post - treatment 
values of the first urge to urinate, ejaculate volu-
me and maximum bladder capacity. The OAB - V8 
score was significantly reduced compared to the 

score prior to treatment in the symptomatic group 
patients (p < 0.05). The initial mean volume of 
ejaculate was 0.7 ± 1.2 mL. At three months after 
treatment, the ejaculate volume of n = 73 sympto-
matic patients was calculated as 2.6 ± 1.3 mL and 
sperm was present in the ejaculate. This indicated 
a significant increase in the ejaculate volume of 
all n = 73 patients (p < 0.05) (Table-3). While the 
mean sperm count in the pre - treatment ejaculate 
was 0.0 ± 0.0 x106 / mL in n = 73 OAB patients, 
their mean post - treatment sperm count was mea-
sured as 11.4 ± 5.48 x106 / mL (p < 0.05) (Table-3). 
Cystometric examination showed that symptoma-
tic patients had a bladder volume of 330.0 ± 19.9 
mL and the first urge to urinate at a bladder filling 
of 78.5 ± 9.9 mL. In symptomatic patients, the first 
urge to void value was also reduced significantly 
after treatment compared to the pre - treatment 
value (p < 0.05). The post - treatment Q - max va-
lue displayed no significant change compared to 

Table 3 - Semen parameters and urodynamic results before and after anticholinergic treatment in patients proven to have 
coexisting RE and OAB (n = 73 symptomatic patients).

Normal first urge to void value: 150 - 200 / mL; Normal bladder capacity value: 300 - 600 / mL; Normal ejaculate volume (wHO 2010): > 1.5 mL.
Number of sperms (x106) / mL (wHO 2010): > 15 x 106 / mL; Overactive Bladder 8 - Question Awareness Tool (OAB - V8), Maximum urine flow rate (Qmax) (Campbell 
Urology, 2016)

Symptom Patients Control Group

Mean±s.d. Median Mean±s.d Median P
Ejeculate Volume

Pre-treatment 0.4±0.4 0.3 3.1±1.0 3.0 0.000mm

Post-treatment 2.6±1.3 2.3 3.2±1.0 3.0 0.001mm

Pre-Post Difference 2.3±1.4 2.2 0.1±1.7 0.2 0.000mm

Pre-Post Difference p value 0.000ww 0.694ww

IIEF-5

Pre-treatment 19.1±1.8 19.0 24.3±1.6 24.0 0.000mm

Post-treatment 16.5±1.7 16.0 24.3±1.5 24.0 0.000mm

Pre-Post Difference -2.6±2.5 -3.0 0.±0.2 0.0 0.000mm

Pre-Post Difference p value 0.000ww 0.924ww

Sperm Count (x106)
Pre-treatment 0.00±0.0 0.0 19.1±5.2 19.2 0.000mm

Post-treatment 11.1±5.5 10.4 18.9±4.8 18.9 0.000mm

Pre-Post Difference 11.1±5.5 10.4 -0.1±0.7 0.0 0.000mm

Pre-Post Difference p value 0.000ww 0.456ww

mMann-Whitney U/ wWicoxon test
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the pre - treatment value (p > 0.05). The maximum 
post - treatment bladder pressure was significantly 
decreased compared to the level prior to treatment 
(p < 0.05). The bladder capacity after treatment 
increased significantly compared to the period 
prior to treatment (p < 0.05). The post - treatment 
sperm count in the ejaculate increased significan-
tly compared to the level prior to treatment (p < 
0.05). The ejaculate volume value after treatment 
increased significantly compared to the pre - tre-
atment value (p < 0.05) (Table-3). No sperm was 
detected in the urine following semen analyses in 
the symptomatic group following treatment and 
fructose was detected as negative.

 Dryness of the mouth was identified in ei-
ght patients in relation with the medicine during 
treatment, while constipation was detected in six 
patients and nausea was observed in two patients. 
Nonspecific stomach ache occurred in one patient. 
The complaints were reduced with symptomatic 
treatment and no side effect strong enough to lead 
to discontinuation of treatment was observed.

Comparison of patients with symptomatic (n = 
73; with RE + OAB and receiving treatment) and 
control patients (n = 37; with only OAB symp-
toms, no RE and receiving treatment)

 No significant difference was obtained in 
the age of symptomatic patients and the control 
group and the fasting blood glucose level (p > 
0.05). No significant differences occurred in the 
OAB - V8 score, Q - Max, first urge to void, blad-
der capacity , maximal bladder pressure before and 
after treatment in the symptomatic patients and 
the control group (p > 0.05) (Table-1). No signifi-
cant change was displayed in the ejaculate volume 
after treatment in the control group compared to 
the level before treatment (p > 0.05). The increase 
in the ejaculate volume in symptomatic patients 
after treatment was higher than that of the control 
group (p < 0.05). IIEF - 5 in symptomatic patients 
before and after treatment was lower than that in 
the control group (p < 0.05). No significant change 
occurred in IIEF - 5 after treatment compared to 
the level prior to treatment in the control group 
(p > 0.05). The increase in IIEF - 5 after treatment 
in symptomatic patients was significantly higher 
than the level in the control group (p < 0.05). The 

number of sperms before and after treatment in 
symptomatic patients was significantly lower than 
that in the control group (p < 0.05). No significant 
change occurred in the number of sperms after 
treatment in the control group compared to the 
number before treatment (p > 0.05). The increase 
in the number of sperms in symptomatic patients 
prior to treatment was significantly higher than 
that in the control group (p < 0.05) (Table-2).

 In conclusion, a significant difference was 
observed before and after treatment between the 
symptomatic and control groups in terms of the 
increase in the ejaculate volume, number of sper-
ms and IIEF - 5 (p < 0.05) (Table-2).

DIScUSSION

 This clinical study is the first of its kind 
in terms of revealing the coexistence of RE with 
OAB upon performing urodynamics and sho-
wing that treatment is possible in selected pa-
tients. No clinical observation was identified re-
garding this topic except where OAB could lead 
to loss of ejaculation.

Overactive bladder & Emission
 These are mainly composed of the adre-

nergic, cholinergic, non - adrenergic and non - 
cholinergic receptors, interstitial cells and the ner-
ves enabling the afferent activity of the bladder 
(18). The main parasympathetic system responsi-
ble for bladder emptying is the main acetylcholine 
neurotransmitter. The receptors leading to relaxa-
tion of the bladder are released with acetylcholine 
upon neural stimulation of adenosine triphospha-
te (ATP), inducing contraction via purinergic re-
ceptors (19). The receptors leading to relaxation in 
the bladder are M2 and M4 with muscarinic and 
presynaptic localization, M2 and M3 receptors in 
the urothelium, alpha - 2 receptors in the choli-
nergic nerves, beta - 2 and beta - 3 receptors in 
the adrenergic detrusor and nitric oxide (NO) in 
the other sensorial afferent nerves. The receptors 
leading to contraction in the bladder are M1 and 
M3 receptors localized in the muscarinic presy-
naptic localization, P2X1 receptors in the puri-
nergic detrusor, P2X3 receptors in the sensorial 
afferent nerves and the receptors in the other de-
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trusor, namely histamine, serotonin, leukotriene, 
neurokinin and angiotensin (19).

 The emission in the ejaculation is com-
posed of expulsion and orgasm. The emission 
is controlled by the sympathetic T10 - L2. The 
sperm - carrying fluid emanating from vas de-
ferens is accumulated in the posterior urethra, 
the bladder neck is closed in order to prevent 
retrograde ejaculation, the external sphincter is 
relaxed, the pelvic floor muscles contract and 
relax and the ejaculation takes place under the 
control of S2 - 4. The emission in the ejacula-
tion is composed of the expulsion, the complex 
medial preoptic field in the brain controlling 
the orgasm, paragigantocellular reticular nu-
cleus, cerebellum, stria terminalis, amygdala 
and the thalamus. Serotonin, endothelin, oxyto-
cin, GABA are nitric oxide stimulant and inhibi-
ting regulators in the ejaculation complex. The 
spinal ejaculation generator also controls the 
sympathetic, parasympathetic and motor flow 
for controlling the emission and expulsion in 
the spinal cord. The spinal ejaculation genera-
tor is under the influence of the medial preoptic 
field and paragigantocellular reticular nucleus. 
Emission is controlled by the sympathetic sys-
tem while expulsion is mostly controlled by the 
parasympathetic system (11, 18).

Potential mechanisms in the presence of OAB 
and RE

 The claim that there is no increase in 
α-adrenoreceptor functions in OAB as accepted 
by some authors (19, 20) made us think that es-
pecially the closure in the bladder neck may be 
prevented. It was interpreted that especially due 
to the extreme increase in cholinergic activation 
and the failure of beta - 2 and beta - 2 recep-
tors in the adrenergic detrusor to compensate 
for this (insufficient compliance) and thus the 
occurrence of parasympathetic and sympathetic 
non - conformity was a provoking power in the 
prevention of the closure of the bladder neck 
which contributed to the disruption of emission 
and expulsion. It is believed that sympathetic 
and parasympathetic systems are effective via 
the detrusor and urothelium in all these compli-
cated interactions (11, 18).

Antimuscarinic choice and how we may have 
corrected RE in Patients

 Still, the clinical effects obtained with 
antimuscarinic drugs probably comprise a more 
complicated structure. Due to its low receptor 
selectivity and high receptor affinity, preceden-
ce has been given to trospium in our study. It 
avails of a non - selective hydrophilic quater-
nary ammonium structure. It dissolves in water 
and hardly crosses the blood - brain barrier. It 
provided an advantage in our study for proving 
RE concomitantly with OAB and demonstrating 
its efficacy in treatment (Figure-1). Improvement 
was achieved in OAB by stopping elevated spon-
taneous activity in the bladder and disrupted syn-
chronization as well as the intrinsic biochemical 
variations, correcting the increased sensitivity in 
membrane instability and achieving a more se-
lective concentration in the bladder. Thus, con-
centration was achieved only on the bladder neck 
and the sympathetic and parasympathetic balance 
in the bladder, reducing urgency attacks, enhan-
cing the bladder capacity, achieving an increase 
in the voiding volume and improvement in com-
pliance. We believe that due to the observation of 
at least a low central transition of trospium with 
the improvement in RE in the symptomatic group 
and objective improvements in all groups in uro-
dynamic parameters, trospium provides a major 
contribution in this direction.

We are aware that there are some limi-
tations and deficiencies in the study. Different 
groups could have been formed with different an-
timuscarinics in terms of drug use. The impact of 
overall impact of antimuscarinic drugs could have 
been observed and compared better. This was con-
sidered initially, but focus was placed mostly on 
the bladder neck. We still believe that the results 
with different antimuscarinics should be observed. 
Because, we believe that the co - existence of OAB 
and RE may have central connections as well as 
peripheral connections. Another deficiency in our 
study was the absence of urethral pressure pro-
file (UPP). Due to the fact that the study groups 
were located in different cities and that not every 
investigator had adequate experience and equip-
ment on UPP, it was not possible to perform UPP. 
Obviously, it would have been better to demons-
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trate the changes in two UPPs. The improvements 
achieved in RE in the patients via treatment sho-
wed us that UPP is not so necessary in practice. 
Certainly, we don’t think that the results obtained 
are limited with our estimated mechanisms. Be-
cause, OAB plays a role in the etiology of RE and 
it is necessary to investigate the etiology of RE 
with neurological and multichannel urodynamic 
exams. Due to the fact that efficiency was achie-
ved in a specific group with OAB + RE with the 
anticholinergic treatment, our study directed us 
towards both the bladder and the bladder neck and 
made us consider more the underlying complex 
neurological and biochemical mechanisms which 
supported this treatment. It is clear that there is 
need for more objective neurophysiological and 

neurobiochemical studies to unveil neural interac-
tions comprising the micturition center, medulla 
spinalis, peripheral nerves and the bladder.

 The importance of OAB was demonstrated 
in RE and treated with anticholinergic. It appe-
ars to be possible to treat these patients upon di-
fferentiating them from others via an adequately 
performed anamnesis.

Ethical approval
 All procedures performed in studies invol-

ving human participants were in accordance with 
the ethical standards of the institutional and / or 
national research committee and with the 1964 
Helsinki declaration and its later amendments or 
comparable ethical standards.

figure 1 - potential mechanisms and post-treatment potential effects in the co-existence only of RE and OAB.

Figure 1. Potential mechanisms and post-treatment potential effects in the co-existence only of RE 

and OAB
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 Informed consent: Informed consent was 
obtained from all individual participants included 
in the study.
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ABSTRAcT 

Introduction: We evaluated the relationship between total testicular volume (TTV) and 
testicular volume differential (TVD) in adolescent males with varicocele. Both low TTV 
and high TVD have been independently associated with higher incidences of infertility 
later in life, but a predictive relationship between TTV and TVD directly has yet to be 
described.
Materials and Methods: We retrospectively analyzed a database of Tanner 5 boys ages 
16-21 who presented with varicocele at a single institution between 2009 and 2017. 
All patients had a scrotal sonogram prior to surgical intervention. TTV and TVD were 
calculated for each individual and four non-exclusive groupings of patients were cre-
ated for statistical analysis. We chose 30 cc as a cut off value for low TTV based on 
prior studies.
Results: 209 patients met our inclusion criteria. Mean age was 18.3 years (16-21, SD 
1.7) with a mean total testicular volume of 36 cc (13.5-78.2, SD 11.1). Cut off points 
of TVD of 20% and TTV of 30 cc were used to separate patients. There were 65 boys 
(31%) with TTV < 30 cc and 58 boys (28%) with TVD ≥ 20%. Among males with TTV 
< 30 cc, 23 (35%) had a TVD ≥ 20%. Among males with TTV ≥ 30 cc, 35 (24%) had a 
TVD ≥ 20%. The relationship between TVD and TTV was found to be non-significant 
(p > 0.05).
Discussion: Adolescent varicoceles continue to pose a challenge to pediatric urologists. 
The dilemma of over-aggressive treatment has proven difficult to balance with the risk 
of infertility. We hoped that elucidating the relationship between TTV and TVD could 
be useful in identifying patients who are at greater risk for infertility while decreasing 
the need for more intrusive testing, such as semen analysis, in an adolescent popula-
tion. We looked at the direct relationship between low TTV and high TVD. In our popu-
lation, there was a non-significant relationship between TTV < 30 cc and TVD ≥ 20% 
(p > 0.05) indicating that in adolescents with varicocele, TTV and TVD are independent 
variables. Our study limitations include the inherent user dependent bias of ultrasound 
measurements and data collection at a single institution with high ethnic diversity, 
possibly not comparable to all patient populations.
Conclusions: Low TTV (< 30 cc) itself is not predictive of high TVD (≥ 20%) in ado-
lescent boys with varicocele, despite their reported independent associations with im-
paired fertility in other studies.
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parameters, hemodynamic studies with Doppler 
ultrasound, and total testicular volume (TTV) (7). 
Semen analysis is the most accurate and informa-
tive study that can be performed to contribute to a 
clinical diagnosis of infertility; however, this can 
only be assessed in sexually mature adolescents. 
Obtaining a semen analysis can be met with resis-
tance from the family, patient, or both.

Both a low TTV and testicular volume dif-
ference (TVD) ≥ 20% have been used to predict 
potential risk for future problems with fertility in 
adolescents presenting with varicocele (12, 13). 
The relationship with lower total motile sperm 
count (TMC), a commonly used measurement in 
the clinical assessment of fertility, has been de-
scribed with both low TTV and a TVD ≥ 20%, but 
the predictive relationship between TTV and TVD 
directly has not been described. Using 30 cc as a 
cut off value for low TTV, we hypothesized that a 
TTV < 30 cc in adolescents presenting with vari-
cocele will prove to be a statistically significant 
predictor of TVD ≥ 20%.

MATERIALS AND METHODS

All patients were identified and demograph-
ic information was collected using Clinical Looking 
Glass (CLG), a database query program developed at 
our institution. Males aged 16-21 years old and con-
sidered to be Tanner V, diagnosed with a varicocele 
between January 2009 and January 2017, and with 
completed scrotal sonograms, were included in this 
study. No patient in this study had a varicocelectomy 
prior to the sonogram. Left and right testicular vol-
umes were calculated using the Lambert equation: 
Testicular volume = (Length) x (Width) x (Height) x 
(0.71) (14). TTV was calculated by taking the sum of 
the left and right testicular volumes. Additionally, 
TVD was calculated using the following formula: 
(Volumeright - Volumeleft) / Volumeright x 100 (12).

Four non-exclusive groupings of patients 
were used in statistical analysis: 1) TTV ≥ 30 cc 
with TVD ≥ 20%, 2) TTV ≥ 30cc with TVD < 20%, 
3) TTV < 30 cc with TVD ≥ 20%, and 4) TTV < 
30 cc with TVD < 20%. Considering that ipsilat-
eral hypotrophy has been strongly associated with 
varicocele, we included boys with TVD ≥ 20% into 
the appropriate groups only if the asymmetry was 

INTRODUcTION

Varicoceles are defined as abnormal dila-
tion of the pampiniform venous plexus, and are 
present in 8-16% of adolescent boys (1). Varico-
celes are present on the left side more commonly 
than on the right, which is thought to be second-
ary to the increased resistance to drainage at the 
insertion of the left gonadal vein. This resistance 
to drainage drives the formation of a varicocele 
and contributes to the sequelae associated with 
them (2). Although commonly asymptomatic at 
diagnosis, pediatric varicocele poses a risk for fu-
ture infertility. Several theories exist to support 
the functional changes associated with the pre-
sentation of varicoceles. One theory suggests that 
retrograde venous blood flow is associated with 
increased heat production in the testes and subse-
quent damage to the developing sperm and Leydig 
cells (3). Newer theories suggest that the retrograde 
blood flow increases wall pressure in the veins and 
contributes to the release of reactive oxygen spe-
cies that induce damage through oxidative stress 
(4, 5). Measurement of seminal oxidative stress is 
possible and has been supported in men present-
ing with fertility concerns (6). Nevertheless, the 
exact pathophysiology capable of explaining the 
great clinical diversity associated with varicoceles 
remains to be elucidated.

Approximately 15-20% of adolescent boys 
with varicoceles will discover fertility problems 
upon entering adulthood (7, 8). Varicocelectomy 
has been associated in many studies with improved 
fertility among infertile men with varicocele, as well 
as with significant increase in volume of the hypot-
rophic testicle in about 83.8% of adolescent patients 
who underwent the procedure (9-11). Surgical in-
tervention is thus a reasonable option for pediatric 
varicoceles that might be at greater risk for causing 
future fertility issues. Prevention of non-recoverable 
fertility is the ultimate goal in adolescent varicocele 
treatment and the current understanding of whom 
this will be a problem for is unclear.

Differentiating patients for whom repair of 
a varicocele might improve fertility has been an 
active area of research and discussion. Numerous 
strategies have been proposed, including: a vari-
cocele grading scale, testicular asymmetry, semen 
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concordant with reported varicocele laterality (15). 
Patients with bilateral varicoceles were included and 
evaluated for left-sided hypotrophy in the setting of 
TTV as well. Chi-square tests were performed using 
IBM’s SPSS version 20.

RESULTS

Two hundred and nine patients met our 
inclusion criteria. Basic demographics and testicu-
lar volumes are shown in Table-1. The majority of 
patients had either a left-sided (66.0%) or bilateral 
(30.6%) varicoceles, with 3.4% having a right-sided 
varicocele. Patients were then divided by testicu-
lar volume differential and total testicular volume 
(Table-2).

Mean age ± SD at presentation was 18.3 ± 
1.7. Mean right testicular volume ± SD was 18.9 ± 
6.2 cc, while mean left testicular volume ± SD was 

17.1 ± 6.0 cc. Mean TTV ± SD was 36.0 ± 11.1 cc. 
65 boys (31%) presented with TTV < 30 cc while 144 
(69%) presented with TTV ≥ 30 cc. 58 boys (28%) 
presented with TVD ≥ 20% while 151 (72%) pre-
sented with TVD < 20%.

The number of adolescent males with and 
without TVD ≥ 20% for the groups with TTV < 30 cc 

and TTV > 30 cc respectively are presented in Fig-
ure-1. Among the males with TTV < 30 cc, 23 (35%) 
had a TVD ≥ 20% while 42 (65%) had a TVD < 20%. 
Among the males with TTV ≥ 30 cc, 35 (24%) had 
a TVD ≥ 20% while 109 (76%) had a TVD < 20%.

The relationship between testicular volume 
difference ≥ 20% and total testicular volume at a 
threshold of 30 cc was found to be non-significant 
(p = 0.0978). This analysis was repeated in our sub-
set of unilateral varicocele adolescents, excluding 
those with bilateral varicoceles. The result of this 
chi-square was also found to be non-significant (p 
= 0.3373).

DIScUSSION

 Adolescent varicoceles continue to pose a 
challenge to pediatric urologists. While there is a 
high prevalence in the general population, esti-

Characteristics Value

Total no. patients 209

Mean age ± SD at presentation (in years) 18.3 ± 1.7

Race (%)

White = 38 (18%)

Black = 55 (26%)

Other = 77 (37%)

Needs clarification = 6 (3%)

Decline = 32 (15%)

Multiple races = 1 (0.5%)

Left varicocele (%) 138 (66.0%)

Right varicocele (%) 7 (3.4%)

Bilateral varicoceles (%) 64 (30.6%)

Mean R testicular volume (cc) ± SD 18.9 ± 6.2

Mean L testicular volume (cc) ± SD 17.1 ± 6.0

Mean TTV (cc) ± SD 36.0 ± 11.1

Table 1 - Baseline demographic characteristics of patients who met the inclusion criteria.

TVD ≥ 20% TVD < 20%

TTV < 30 cc 23 (11%) 42 (20%)

TTV ≥ 30 cc 35 (17%) 109 (52%)

Table 2 - No. patients organized by TvD and TTv.



ibju | Adolescent vAricocele

984

mated at 8-16%, only about 1 / 5th of these cases 
will result in fertility problems later in life (11). We 
have limited methods to predict whether an ado-
lescent varicocele will ultimately impact fertility. 
Both TTV and TVD are useful parameters but they 
appear to be independent in their relationship to 
semen analysis (7, 12).

In a landmark study by Diamond et al., 
a strong relationship between total motile sperm 
count (TMC) and TVD was found in a group of 
Tanner 5 boys with left-sided varicoceles. Great-
er than 20% asymmetry was associated with the 
greatest reduction in TMC, with TMC findings 
approaching the normal range as TVD decreased 
(12). This study suggests that TVD of greater than 
10% could be considered a threshold for concern 
and supported the use of 20% TVD as an indica-
tion for surgery (7). This study also argues that 
total testicular volume is a potentially reliable 
marker to assess fertility potential, in the finding 
that TTV < 30 cc more than quadrupled the odds 
of having a clinically low TMC (12). In another 
study by Diamond et al., it was found that the as-
sociation of low TTV (36 cc as a cut off value) and 
low TMC was also proportional to TVD, so that a 
patient with a high asymmetry in testicular size 

was more likely to have a lower TMC if they also 
had a low TTV (13). Further analysis on how this 
patient population compared to ours is not avail-
able from this abstract.

In adults, semen analysis is the most ob-
jective tool to evaluate male fertility potential. In 
the adolescent population it has been less widely 
accepted, given the social and practical challenges 
to obtaining the specimen. In a study by Fine et al., 
it was found that 53% of pediatric urologists out 
of a sample of 168 providers felt uncomfortable 
asking patients for a semen analysis, with 90% of 
them claiming to never order such an analysis (16). 
Semen analysis in this population can be difficult 
to obtain and often controversial in its collection, 
as is evidenced by the lack of many studies using 
semen analysis in these young populations. For 
this reason, multiple surrogate markers of fertility 
potential have been investigated. Varicocele grade 
has demonstrated to be an unreliable determinant 
of future asymmetry, whereas hemodynamic stud-
ies using Doppler ultrasound have been found to 
be helpful determinants when used in conjunc-
tion with testicular asymmetry by measuring peak 
retrograde flow (PRF). Three distinct studies dis-
covered that a combination of 20% asymmetry or 

figure 1 - Number of males with TvD ≥ 20% and < 20% grouped by TTv.
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greater and a PRF greater than 38 cm / s to be 
strongly linked with worsening asymmetry over 
time (11, 17-19). Increased TVD and decreased TTV 
have been associated with abnormally low TMC 
values, suggesting their relationship to infertility 
later in life (12). Both of these measurements are 
easier to obtain relative to other surrogate markers 
of fertility potential with outpatient ultrasonog-
raphy, and, if shown to be repeatedly significant 
predictors of clinically-diagnosed infertility later 
in life, could potentially negate the need to obtain 
semen samples in adolescents.

In our study, we evaluated whether low 
TTV itself was predictive of high TVD. If low TTV 
and high TVD are independently related to low 
TMC, we hoped to find a more meaningful rela-
tionship between these two factors that could be 
used in absence of semen analysis. We believed 
that elucidating this relationship could be impor-
tant in preventing boys from needing to provide 
a semen sample which is somewhat controversial 
and often difficult to obtain in this younger pa-
tient population. In our population of 209 boys 
presenting with varicocele, there was a non-sig-
nificant relationship between TTV < 30 cc and 
TVD ≥ 20% (p > 0.05). Considering that inclusion 
of bilateral varicocele cases could have perhaps 
masked a potential effect of unilateral varicoceles 
on asymmetry, an additional chi-square analysis 
was performed on the subset of unilateral varico-
celes, excluding those with bilateral varicoceles. 
This analysis was also found to be non-significant 
(p > 0.05), supporting our study’s findings.

Even though the results were not statisti-
cally significant, among the patients with TTV < 
30 cc there was a higher percentage with TVD ≥ 
20% relative to the patients with TTV ≥ 30 cc. It is 
possible that TTV < 30 cc is indicative of a more 
global effect of the varicocele on the testes rather 
than only on one side. Specifically, a varicocele 
affecting the testicles significantly enough might 
cause both testes to suffer rather than just one. This 
mechanism would render the TTV lower and make 
the difference in volume between the two less of 
a factor, which would support our non-significant 
finding. It may also represent a patient popula-
tion whose testicular size may be diminished for 
other reasons, such as syndromes or drug use. We 

did not evaluate these other comorbid conditions 
in this study. We felt that boys with TTV < 30 cc 
would have a higher incidence of asymmetry since 
both were independently found to be indicative 
of lower TMC and were perhaps more connected 
than previously understood. While TVD and TTV 
independently impart a worse prognosis on semen 
analysis parameters, it is unknown which comes 
first and how the two relate to each other. Our 
findings indicate that TTV and TVD may not be 
directly related, and the question of whether or 
not one marker or the other is a better surrogate of 
fertility potential remains unanswered.

One study by Diamond et al. used a thresh-
old volume of 36 cc in their description of low TTV 
when compared with associated TMC values (13). 
We found non-significant results with that volume 
threshold as well, and chose to keep with our usage 
of 30 cc which is more commonly described in the 
literature.

Our study has limitations that should be 
known. One inherent limitation is the retrospective 
nature of this study. Additionally, ultrasound us-
age as a determinant of testicular volume measure-
ments is a user dependent tool. Even slight errors 
in one or more of the 3 testicular dimensions can 
result in significantly different testicular volumes, 
and therefore must be considered a possible source 
of error (20). Both Prader and Rochester orchidom-
eters have been shown to be insensitive relative 
to sonograms in terms of accurately measuring 
smaller testicular volumes and especially testicular 
volume differentials (21). For this reason, our tes-
ticular volumes and differentials were calculated 
using sonograms alone. Additionally, our popula-
tion was gathered at a single center in an area with 
high ethnic diversity and may not be comparable 
to all patient populations. Larger studies should be 
performed that include analyses of subgroups to 
see if diversity masks predictive value among cer-
tain ethnic subtypes. Lastly, our study focuses on 
TTV and TVD, and does not include semen analyses 
on our patients to further corroborate our results.

cONcLUSION

 Low TTV (< 30 cc) itself is not predic-
tive of high TVD (≥ 20%) in adolescent boys with 
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varicocele despite their reported independent as-
sociations with impaired fertility in other studies. 
Further research must be conducted to uncover 
more practical and valuable surrogate markers of 
fertility potential that will help physicians identify 
boys at greater risk of developing infertility for 
early intervention purposes.
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ABSTRAcT 

Objective: To compare standard urotherapy with a combination of urotherapy and 
biofeedback sessions and to determine the changes that these therapies promote in 
children with dysfunctional voiding.
Patients and Methods: The data of 45 patients who participated in the study from 
January 2010 to March 2013 were evaluated. All patients underwent urinary system 
ultrasonography to determine post-void residual urine volumes and urinary system 
anomalies. All patients were diagnosed using uroflowmetry - electromyography (EMG). 
The flow pattern, maximum flow rate, and urethral sphincter activity were evaluated in 
all patients using uroflowmetry - EMG. Each patient underwent standard urotherapy, 
and the results were recorded. Subsequently, biofeedback sessions were added for all 
patients, and the changes in the results were recorded and statistically compared.
Results: A total of forty - five patients were included, of which 34 were female and 
11 were male and the average age of the patients was 8.4 ± 2.44 years (range: 5 - 15 
years). After the standard urotherapy plus biofeedback sessions, the post-void residual 
urine volumes, incontinence rates and infection rates of patients were significantly 
lower than those with the standard urotherapy (p < 0.05). A statistically significant 
improvement in voiding symptoms was observed after the addition of biofeedback 
sessions to the standard urotherapy compared with the standard urotherapy alone (p 
< 0.05).
Conclusions: Our study showed that a combination of urotherapy and biofeedback 
was more effective in decreasing urinary incontinence rates, infection rates and post 
- void residual urine volumes in children with dysfunctional voiding than standard 
urotherapy alone, and it also showed that this combination therapy corrected voiding 
patterns significantly and objectively.
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INTRODUcTION

Dysfunctional voiding (DV) is a dysmotili-
ty disorder that is unrelated to any obvious neuro-
logical or structural disease and is associated with 
dyssnergic sphincter activity. The term DV cannot 
be used unless a staccato pattern is observed in 
uroflowmetry measurements. DV presents as voi-
ding difficulty in adults. However, it presents as 
nocturnal enuresis, urinary incontinence and / or 
recurrent urinary tract infections in children, and 
presumably, it may cause deformation of the upper 
urinary tract due to renal scarring (1). In children, 
there is a gradual increase in electromyography 
(EMG) activity due to increased pressure in the 
pelvic floor and urethral sphincters during the 
bladder filling phase, and the absence of EMG ac-
tivity during voiding is defined as a normal EMG 
pattern by the International Children’s Continence 
Society (ICCS). A normal voiding pattern is cha-
racterized by an uroflowmetry pattern in the form 
of a bell curve with a high peak flow, absence of 
a cut - off, no or minimal EMG activity during 
voiding, and a post - void residual (PVR) urine 
volume of less than 20 mL or 10% of bladder ca-
pacity in repeated measurements for children 4-6 
years of age or a PVR urine volume of less than 
10 mL or 6% of bladder capacity in repeated me-
asurements for children 7-12 years of age (1, 2). 
Despite the lack of definitive information on DV, 
its incidence is increasing and varies between 2% 
and 25% in children (3, 4).

 Treatment methods for DV include cog-
nitive, behavioral, physical, and pharmacological 
therapies. Standard urotherapy is a noninvasive 
and nonpharmacological treatment and includes 
informing the child about the lower urinary sys-
tem function and the child’s differences from the 
norms, normal voiding habits, and voiding postu-
re. It also provides lifestyle recommendations and 
training on retention maneuvers, fluid intake re-
gulation, incapacity avoidance, maintenance of a 
bladder diary and voiding frequency schedule, and 
the importance of support and encouragement by 
the family (1). Biofeedback is also a nonpharma-
cological and non - surgical treatment. Biofeedba-
ck is defined as bladder training and rehabilitation 
(2, 5, 6). Maizels et al. first described biofeedback 

in 1979, and McKenna et al. first described anima-
ted biofeedback in 1999 (7). The biofeedback tech-
nique aims to ensure that the pelvic floor muscles, 
which play an important role in voiding control, 
are used correctly and effectively (1).

 Our study aimed to compare the standard 
urotherapy and standard urotherapy combined 
with biofeedback regarding changes in symptoms 
in children with DV.

pATIENTS AND METHODS

 The study was approved by University of 
Health Sciences Adana City Teaching and Rese-
arch Hospital Local Ethical Committee and in-
formed consent was obtained from the parent’s / 
caretakers of all the patients. After receiving the 
approval of the ethics committee, the data of 45 
patients whose social - cultural level is low were 
retrospectively collected from two different cen-
ters in Turkey.  The data of patients who participa-
ted in the study from January 2010 to March 2013 
were evaluated. The average follow-up period of 
the patients was 24.6 ± 9.18 (range: 6 - 37) mon-
ths. The symptoms of the patients were recorded 
as a percentage and were based on information 
from their parents or caregivers. A neurological 
examination of all patients was performed by a 
pediatrician. The urine analysis, plasma urea and 
creatinine values and urine culture results were 
evaluated in all patients. All patients underwent 
urinary system ultrasonography (USG) to determi-
ne PVR urine volumes and urinary system ano-
malies. All patients were diagnosed using uroflo-
wmetry - EMG. The flow pattern, maximum flow 
rate and urethral sphincter activity were evaluated 
using uroflowmetry - EMG. To establish diagno-
sis, we performed two spontaneous flows. Urinary 
diaries were obtained from patients who had at 
least two days of attendance. Bladder diaries were 
obtained from patients before and after urothera-
py and following biofeedback sessions.

 Patients who were diagnosed with voiding 
dysfunction by uroflowmetry - EMG and older 
than five years of age were included in the stu-
dy. Patients with a neurogenic bladder, anatomical 
malformations associated with incontinence, or a 
vesicoureteral reflux (VUR) history and patients 
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who were less than 5 years old, were reluctant to 
participate in behavioral therapy, were uncoope-
rative, or had a previous urologic operation his-
tory were excluded from the study. In our clinic, 
children who are diagnosed with voiding dysfunc-
tion are first treated with urotherapy. Routinely, 
biofeedback is applied to those who are not bene-
fiting from urotherapy treatment. Forty - five pa-
tients were first treated with standard urotherapy. 
For standard urotherapy, cognitive and behavioral 
training was provided, which included training on 
appropriate toilet postures, timed voiding (every 
two hours), and fluid intake, namely, two cups of 
regular fluid intake per meal and a glass of fluid 
intake between meals. Additionally, a fiber - rich 
diet was recommended to the patients with consti-
pation. The patients with continuing constipation, 
despite recommendations, received lactulose.

 The changes in symptoms from before to 
after treatment were evaluated and recorded. The 
same patients who underwent urotherapy were 
additionally treated with biofeedback. The pa-
tients were treated with 6 to 10 sessions of biofe-
edback, and their symptoms were evaluated and 
recorded post - treatment. The biofeedback system 
is a video game that makes patients move objects 
on the screen and allows them to learn how to 
flex their pelvic floor muscles. This system was 
explained in detail to each patient and his or her 
close relative. Patients were told to come to the lab 
with a full bladder. EMG electrodes were placed on 
both sides of the perineum at the 3 and 9 o’clock 
positions, and other electrodes were placed on 
the rectus muscle to measure abdominal muscle 
activity. During the first session, the patient was 
told to contract and relax to move the objects and 
was asked to stay as relaxed as possible. When the 
children understood this concept, home exercises 
were given to help them relax during voiding as 
much as possible. The results of this study were 
classified according to the updated ICSS as follo-
ws: no response (0 - 49% reduction in symptoms), 
partial response (50 - 99% reduction in symp-
toms), and complete response (100% loss of symp-
toms). Objective improvement was defined as a 
decrease in EMG activity during voiding, a normal 
voiding curve on uroflowmetry, and a PVR urine 

volume of < 20 mL (8). All patients were evalua-
ted with uroflowmetry - EMG before treatment, 
after urotherapy and at the end of the biofeedba-
ck sessions. All biofeedback session consisted of a 
single successful flow. After a successful trial with 
biofeedback sessions, a single ‘normal’ flow made 
the final assessment. The responses of the patients 
were compared between these three time points.

Statistical analyses

 Statistical analyses were performed using 
the Statistical Package for Social Sciences version 
20.0 software (SPSS Inc, Chicago, Illinois, USA). 
All groups were compared using Paired Samples T 
test for continuous variables, and the Chi Square 
or Fisher exact test for categorical variables. Two 
- tailed p values < 0.05 was considered as statisti-
cally significant.

RESULTS

 A total of forty - five patients were inclu-
ded, of which 34 were female and 11 were male, 
and the average age of the patients was 8.4 ± 2.44 
(range: 5 - 15) years. The average initial PVR urine 
volume was 68.4 ± 17.76 (range: 40 - 130) mL. 
The average PVR urine volume after urotherapy 
was 55.29 ± 15.06 (range: 15 - 88) mL, and the 
average PVR urine volume after the urotherapy 
plus biofeedback combination was 28.42 ± 17.25 
(range: 5 - 88) mL. The PVR urine volumes were 
significantly decreased following the combined 
treatment compared with standard urotherapy 
alone (p = 0.000). Initially, 16 of the 45 (35.55%) 
patients had urinary system infections. Recurrent 
urinary tract infections were detected in 10 of the 
45 patients after standard urotherapy (22.2%) and 
in only 2 of the 45 patients (4.44%) after the uro-
therapy plus biofeedback combination. The rate of 
recurrent urinary infection was found to be signi-
ficantly lower in the combination therapy group 
(p = 0.002). Initially, 29 of the 45 patients had 
(64.44%) urinary incontinence. Following stan-
dard urotherapy, 18 (40%) patients had continuing 
incontinence, while only 4 (8.88%) patients had 
continuing urinary incontinence after the urothe-
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rapy plus biofeedback combination therapy, which 
was a statistically significant difference (p = 0.01). 
These results are shown in Table-1.

 All patients had abnormal voiding pat-
terns when they were admitted to the clinic. After 
standard urotherapy, 27 of the 45 patients (60%) 
had a voiding pattern that became bell curve - 

shaped, while 18 (40%) patients still had a stacca-
to pattern. Thirty - eight (84.4%) patients exhibi-
ted improvement in the voiding pattern following 
the urotherapy plus biofeedback combination tre-
atment, while 7 (15.5%) had no improvement. The 
changes in voiding patterns measured by uroflo-
wmetry of one patient are shown in Figures 1-3 

Table 1 - characteristics and statistical comparisons of the treatment protocols applied to the patients.

Initial
After Standard 

Urotherapy (n=45)

After the Urotherapy Plus 
Biofeedback Combination 

Therapy (n=45)
P Value

Urinary Tract Infection 
(Number/percent)

16
(35.55%)

10
(22.2 %)

2
(4.44%)

0.002

Urinary Incontinence 
(Number/percent)

29
(64.44%)

18
(40 %)

4
(8.88%)

0.01

Mean pvR Urine volume 
(Mean±SD)

68.4±17.76
(40-130)

55.29±15.06
(15-88)

28.42±17.25
(5-88)

* 0.000
** 0.000
*** 0.000

P< 0.05 was considered statistically significant.

PVR Urine Volume

*    Initial–After Standard Urotherapy  

**  Initial- After the urotherapy plus biofeedback combination therapy

*** After Standard Urotherapy  - After the urotherapy plus biofeedback combination therapy

figure 1 - Uroflowmetry-EMG image from a 7-year-old girl before therapy.
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figure 2 - The uroflowmetry - EMG image after standard urotherapy.

figure 3 - The uroflowmetry - EMG image after standard urotherapy plus biofeedback sessions.
(All images were obtained from the same patient.)

as EMG images. There was no response to stan-
dard urotherapy in 20 patients (44.4%), while the 
combination of urotherapy plus biofeedback left 
4 (8.8%) patients with consistent symptoms. All 
of those 4 patients had no response to standard 
urotherapy. A partial response was obtained in 25 
(55.5%) patients after standard urotherapy, and a 
partial response was obtained in 24 (53.3%) pa-
tients after the urotherapy plus biofeedback com-

bination. All 20 patients with no response to uro-
therapy showed partial recovery from urotherapy 
and biofeedback combination (20 / 24). Complete 
recovery was obtained in 17 (37.7%) patients af-
ter the urotherapy plus biofeedback combination, 
while no patients showed complete recovery (0%) 
after standard urotherapy. Patients with complete 
recovery were symptom free after 6.82 ± 0.88 
(6-9) sessions of biofeedback. Patients without 
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complete recovery received 10 biofeedback ses-
sions. A statistically significant improvement 
was seen in the symptoms of patients following 
the urotherapy plus biofeedback combination (p 
= 0.004, Table-2).

DIScUSSION

 DV is a health problem that shows an in-
creasing frequency among children. Daytime uri-
nary incontinence is encountered in 3.8% of boys 
and 6% of girls who are seven years of age. This 
condition has significant effects on the quality of 
life of the child and his or her family. The primary 
importance of DV is associated with the urinary 
tract infections and/or VUR. For this reason, recei-
ving a DV diagnosis and undergoing appropriate 
treatment are important (9, 10). In the diagnosis 
of DV, there is a preference for noninvasive tests 
rather than invasive urodynamic examinations. 
Cystometry is mostly used in selected cases, and 
advanced diagnostic tools such as videourodyna-
mics and magnetic resonance imaging are used 
in complicated and / or unresponsive patients. 
Uroflowmetry - EMG, a noninvasive test that can 
diagnose lower urinary tract dysfunction, provi-
des important information about the response to 
treatment.

 Irkilata and colleagues reported that in 
the study of children with dysfunctional voiding, 
uroflowmetry - EMG, as a noninvasive method, 
should be performed first for diagnosis and in 
the evaluation of treatment response. However, it 
has also been suggested that to minimize the in-
fluence of the outside environment on the patient 
and increase the reliability of the test, appropriate 
environmental conditions should be created (11). 
Additionally, in another study, the authors repor-

ted that the ratio of the bladder wall thickness to 
the empty bladder wall thickness obtained from 
ultrasound, which is used to assess lower urina-
ry tract symptoms in pediatric patients with dys-
functional voiding, could be used as a noninva-
sive, inexpensive, simple and rapid tool, but this 
still needs to be combined with other noninvasive 
diagnostic tests (9). The clinical symptoms rela-
ted to dysfunctional voiding are nonspecific, and 
utilization of uroflowmetry - EMG could improve 
diagnosis and treatment (12).

 In our study, we also used uroflowmetry - 
EMG. This is a convenient diagnostic tool, which 
can provide information on the diagnosis, treat-
ment and the follow-up of the patients at the same 
time.

 Standard urotherapy and / or biofeedback 
therapy have been used among the dysfunctional 
voiding treatment modalities (1, 2, 5, 6). Standard 
urotherapy increases pelvic floor muscle function 
and the awareness of relaxation in children with 
DV; it also promotes the relaxation of the lower 
abdominal muscles (transversus and obliquus in-
ternus abdominis) (13).

 Children with lower urinary dysfunction 
characterized by incontinence were treated with 
urotherapy by Mulders et al. They provided advice 
on situations such as toilet training, relaxation of 
the pelvic floor muscles, fluid intake, voiding sca-
le and defecation regulation. They reported that 
more than 78% of the children were successful in 
preventing urinary incontinence, correcting voi-
ding pattern, and decreasing voiding frequency 
and PVR urine volume (14). Additionally, studies 
have shown that urotherapy reduces the need for 
surgery in patients with VUR and decreases cons-
tipation and the number of urinary tract infections 
(15). In addition, several authors reported that in 

Table 2 - changes in symptoms after standard urotherapy and after the urotherapy plus biofeedback combination therapy.

Standard Urotherapy 
(n:45)

Urotherapy Plus Biofeedback Combination Therapy 
(n:45)

P Value

No Response 20 (44.4%) 4 (8.8%)

0.004*Partial Response 25 (55.5%) 24 (53.3%)

Complete Response 0 (0%) 17 (37.7%)
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many studies without biofeedback, successful re-
sults were obtained with standard urotherapy (14, 
16, 17).

 In our study, after standard urotherapy, we 
observed reduced urinary tract infection to a per-
centage of 37.5%, incontinence to a percentage 
of 37.9% and the PVR volumes to a percentage 
of 19.1%. We observed that the voiding pattern 
showed a bell - shaped curve in 60% percent of 
the patients, and 40% percent of the patients con-
tinued to have the staccato pattern after the stan-
dard urotherapy. We concluded that the reason for 
the failure of standard urotherapy may be due to 
the low socio - cultural status and low education 
level of the parents and caretakers of the patients. 
The parent’s belief that standard urotherapy is not 
an effective treatment method and the possibility 
of nonconformity to the treatment may have ne-
gative effects on our treatment results. Standard 
urotherapy is a behavioral treatment modality, 
and it is applied at home. Thus, this treatment is 
achieved in a joint operation by the doctors, pa-
tients and the parents, and it requires exact com-
pliance to the doctor’s recommendations. It is also 
very important that the parents and caretakers are 
educated about this subject. The other treatment 
modality is biofeedback therapy, and it is applied 
in hospital conditions. It is important to create an 
environment that has little external stimuli, that 
the patient can easily tolerate and that enables the 
patient to feel relaxed to obtain valuable informa-
tion to facilitate treatment progression. It has also 
been reported that biofeedback performed with an 
animated program that keeps the attention of chil-
dren and their parents improved treatment atten-
dance and enhanced treatment applicability, thus 
enhancing the success of the treatment, under the 
supervision of an expert in the clinic (18). The ani-
mated program used in the biofeedback session is 
a game. Therefore, it reduces the treatment an-
xiety of the children and provides continuity of 
treatment by rewarding the children with prizes. 
In some studies, the authors suggested that the 
therapy should be continued if EMG activity is ob-
served during the voiding phase period, without 
session limitations (2, 19, 20).

 In this study, we provided 6 to 10 biofe-
edback treatment sessions to the children. These 

sessions were ended after an improvement in the 
uroflowmetry - EMG traces. We believe the di-
fferences in number of sessions was due to the 
patient’s understanding of urotherapy as well as 
that of their parents and how well they have coo-
perated with their physician. We believe the num-
ber of sessions will be lower for the patients with 
improved cooperation.

 Peco - Antic et al. reported that the com-
bined standard urotherapy plus biofeedback in 
girls with lower urinary system dysfunction re-
duced urinary tract infections and constipation 
frequency and improved urinary incontinence (6). 
Similarly, another study by Kibar and colleagues 
reported a significant improvement in outcomes 
in children with DV using combined urotherapy 
plus biofeedback compared with standard urothe-
rapy (2). Another study reported that symptomatic 
healing was observed in 50% of children with uro-
therapy - resistant DV who were treated with bio-
feedback (21). In recent years, biofeedback therapy 
has been increasingly used in children with DV. 
With this method, urinary incontinence, urinary 
tract infection, PVR urine volumes, and constipa-
tion were improved (22). Treatment success rates 
are assessed based on symptoms of urinary tract 
infections, voiding patterns, PVR urine volumes, 
and incontinence changes in patients (14). Re-
current urinary tract infection is the most serious 
cause of morbidity in children with dysfunctional 
voiding (23). The causes of infections in DV in-
clude incomplete bladder emptying and increased 
residual urine volumes (24).

 In our study, we initially found infection 
in 16 (35.55%) of our patients; however, after uro-
therapy and the combination of urotherapy and 
biofeedback, the infection persisted in 10 (22.2%) 
and 2 (4.44%) patients, respectively, indicating 
that several patients exhibited improved bladder 
function after the combination therapy. This re-
sult suggests that bladder function is improved 
with combination therapy in a greater number of 
children with DV. However, we found that the de-
creases in PVR urine volume from baseline to the 
post - urotherapy time point, from baseline to the 
post - combination therapy time point, and from 
the post - urotherapy time point to the post - com-
bination therapy time point were significant.
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 Although this decrease was statistically 
significant, PVR urine volumes after urotherapy 
in many patients were not < 20 mL; therefore, 
they did not meet the ICCS criteria (8). In this 
case, the results indicate the possibility for uri-
nary tract infections and serious morbidity only 
after urotherapy, as the bladder of these patients 
did not show the appropriate outpouring accor-
ding to the ICCS criteria.

 We were unable to obtain a complete res-
ponse of symptoms using only urotherapy. Ho-
wever, we obtained a statistically significant res-
ponse level with the combination of urotherapy 
plus biofeedback sessions, and this combination 
therapy improved the voiding pattern that was 
shown by uroflowmetry - EMG. We compared 
our results according to the literature with res-
pect to symptomatic responses, incontinence, 
urinary tract infections, and voiding patterns.

 We did not obtain any complete responses 
from the standard urotherapy; we only obtained 
partial responses. However, when we added bio-
feedback sessions to urotherapy, 4 (8.8%) patients 
did not show any response, 24 (53.3%) patients 
showed a partial response, and 17 (37.7%) pa-
tients exhibited a complete response, and these 
results were statistically significant. We also no-
ted that the voiding patterns of 60% of the pa-
tients were bell curve - shaped when we exami-
ned the results of uroflowmetry - EMG. Thus, the 
addition of biofeedback to urotherapy resulted in 
a statistically significant improvement in DV in 
accordance with the objective improvement crite-
ria determined by the ICCS.

 The low number of patients, the fact that 
the data were collected from two centers, and 
the retrospective nature of the study were limi-
tations of the present study. Also, the therapy 
provided for the patients were supervised by not 
the physicians but either parents or caregivers 
of children. In this socioeconomic environment, 
this could be attributed as a limitation.

cONcLUSIONS

 We observed that the combination of uro-
therapy plus biofeedback in children with dysfunc-
tional voiding reduced urinary incontinence rates, 

infection rates and PVR urine volumes and correc-
ted voiding patterns at an objective level; the com-
bination was better than only standard urotherapy. 
Standard urotherapy is a training modality that 
requires patient compliance and exact compliance 
with recommendations of specialists. We hypothe-
sized that the low success rate of our standard uro-
therapy after adding biofeedback was due to the 
effect of low socio - cultural level of the region 
where the treatments were performed. However, 
prospective studies involving large numbers of pa-
tients are needed to verify this conclusion.
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abdominal sacrocolpopexy, laparoscopic sacrocolpopexy, 
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INTRODUcTION

Pelvic organ prolapse (POP) affects millions 
of women worldwide and is a health problem for 
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ABSTRAcT 

Objective: To investigate differences in perioperative complications and short-term outcomes 
of patients who underwent abdominal sacrocolpopexy / sacrohysteropexy, laparoscopic sa-
crocolpopexy / sacrohysteropexy, or laparoscopic pectopexy due to apical prolapse.
Materials and Methods: A retrospective cohort study was performed on 110 patients who 
underwent apical prolapse surgery between January 1, 2011, and July 31, 2017. Only symp-
tomatic uterine or vaginal vault prolapse patients with stage 2-4, according to the pelvic 
organ prolapse quantification system, were included. Baseline and intraoperative variables 
of groups; perioperative complications, including hemorrhage, urinary, and wound compli-
cations, blood transfusion, ileus, and short-term outcomes were compared.
Results: A total of 68 abdominal sacrocolpopexies (44 sacrocolpopexies and 24 sa-
crohysteropexies), 14 laparoscopic sacrocolpopexies (10 sacrocolpopexies and 4 sa-
crohysteropexies), and 28 laparoscopic pectopexies (16 pectopexies and 12 pectohys-
teropexies) were analyzed. Baseline characteristics and intraoperative variables were 
similar. However, the mean operating time was significantly shorter in the laparoscopic 
pectopexy group (74.9 min) when compared with that of the other groups (p < 0.01). 
During the six-month follow-up period, no prolapse recurrence and mesh erosion / ex-
posure were observed in any group. De-novo stress urinary incontinence, urgency, and 
defecation problems, as well as perioperative complication rates, were not statistically 
significantly different between the groups.
Conclusions: Although the complication rates and short-term outcomes were not sig-
nificantly different between the groups, minimally invasive approaches were associ-
ated with reduced procedural-related morbidity. Laparoscopic pectopexy is a promising 
endoscopic prolapse surgery and can be an alternative technique to sacrocolpopexy.

50% of parous women over 50 years old (1). POP 
surgery is one of the most common procedures 
of benign gynecological surgery. Many different 
surgical procedures have been described over time 
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for correcting this situation (2). Although there is 
no consensus as to the finest surgical approach, 
the most accepted options for apical compartment 
prolapse, meaning the downward displacement of 
the vaginal apex, uterus, or cervix, are vaginal sa-
crospinous ligament fixation and abdominal sa-
crocolpopexy / sacrohysteropexy.

 Abdominal sacrocolpopexy is a well-kno-
wn technique in POP treatment and is considered 
the gold standard for surgical treatment of apical 
compartment prolapse (3). According to the Co-
chrane collaboration review, abdominal sacrocol-
popexy is associated with high long-term success 
rates compared to vaginal sacrospinous ligament 
fixation (3). However, compared with vaginal sur-
gery, abdominal sacrocolpopexy is associated with 
longer operating times, longer recovery times and 
higher costs (3). In addition, the higher morbidity 
associated with abdominal sacrocolpopexy led to 
a search for less invasive abdominal approaches. 
Along with these investigations, improvements in 
minimally invasive surgery led to the introduction 
of the laparoscopic and, subsequently, the robot-
-assisted laparoscopic approaches to abdominal 
sacrocolpopexy (4). Today, laparoscopic sacrocol-
popexy, with the advantages of reduced morbidity 
and a short duration of hospital stay, offers outco-
mes as good as abdominal sacrocolpopexy in the 
correction of apical compartment prolapse (5, 6).

 Recently, a new laparoscopic technique 
for prolapse surgery specifically developed for 
obese patients, called pectopexy, was presented 
by Bannerjee and Noe (7). In this technique, the 
lateral parts of the iliopectineal ligament are used 
for bilateral mesh fixation of the descended struc-
tures, and the mesh follows round and broad li-
gaments without crossing the ureter or bowel (7). 
In the light of the latest literature; a laparoscopic 
pectopexy has been used as an alternative method 
in patients having difficult and complicated pro-
montorium dissection during surgery (7-10).

 The goal of the present study was to in-
vestigate the differences in perioperative compli-
cations and short-term outcomes of patients who 
underwent abdominal sacrocolpopexy / sacrohys-
teropexy, laparoscopic sacrocolpopexy / sacro-
hysteropexy, and laparoscopic pectopexy due to 
symptomatic apical prolapse.

MATERIALS AND METHODS

 Medical records were retrospectively re-
viewed on all women who underwent surgery for 
apical prolapse performed by the same surgeons at 
two teaching hospitals between January 1, 2011, 
and July 31, 2017. The present cohort study was 
conducted in accordance with the ethical standar-
ds of the Declaration of Helsinki and received ins-
titutional review board approval.

 The extent of the uterine or vaginal vault 
prolapse was determined by a gynecological exa-
mination and ultrasound, and we used the POP 
quantification system (POP-Q) for prolapse asses-
sment. In order to assess the influence of pressure, 
the patients were examined in both a lying and 
sitting position; this assessment was important to 
avoid an overcorrection or undercorrection. Only 
symptomatic uterine or vaginal vault prolapse 
patients with POP-Q stage 2 and above were in-
cluded. Symptoms include a sensation of pressure 
on the vagina and perineum, seeing and feeling 
a bulge / protrusion in the distal vagina, chronic 
lower back pain, dyspareunia and other sexually 
related problems, or associated lower urinary tract 
symptoms including urgency, frequency, urina-
ry retention, and incontinence. Patients having a 
contraindication for surgery, previous operations 
for vaginal prolapse correction, pelvic inflamma-
tory disease, or previously identified or strongly 
suspected massive adhesions between the sigmoid 
colon and the presacral peritoneal area were ex-
cluded from the study. Demographic data, inclu-
ding age at surgery, parity, menopausal status, 
body mass index (BMI), and comorbidities, as 
well as perioperative information such as the type 
of surgical procedure, total operating time, esti-
mated blood loss, and duration of hospital stay, 
were obtained from the patient’s electronic medi-
cal records. A preoperative evaluation for occult 
stress urinary incontinence (SUI) was performed 
through clinical cough urinary stress testing with 
and without reduction of prolapse to all continent 
women with apical prolapse. Urodynamic studies 
were performed in women with complicated SUI.

 The major factor for deciding the type of 
surgery was increasing surgical experience over 
the years in terms of laparoscopic surgery. The 
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other factors were BMI and comorbidities of the 
patients. We performed laparoscopic pectopexy on 
patients who had a BMI greater than 30. Moreo-
ver, pectopexy was chosen for patients who expe-
rienced difficulty during laparoscopic promonto-
rium dissection due to a fatty presacral area, the 
presence of unexpected vessel variations, or a less 
flexible and thick sigmoid colon. In addition, pa-
tients having comorbidities like chronic obstruc-
tive / restrictive lung disease and who were not 
suitable for general anesthesia underwent abdo-
minal sacrocolpopexy with regional anesthesia by 
the recommendation of the anesthesiology team.

 A perioperative complication was descri-
bed as any complication that happened during 
surgery or within 6 to 10 weeks postoperatively, 
including injury to the bladder, bowel, vagina, 
ureters, or vessels; wound complications; hema-
toma; abscess; urinary tract infection; bowel obs-
truction; ileus; blood transfusion; and mesh infec-
tion. Short-term outcome was used to describe the 
six-month period after surgery. Estimated blood 
loss was calculated by measuring the difference 
between pre- and postoperative hemoglobin le-
vels. The operating time calculated excluded time 
elapsed for simultaneous procedures such as an 
anterior colporrhaphy, posterior colporrhaphy, 
and culdoplasty, but did include time elapsed for 
a hysterectomy. The duration of hospital stay was 
measured from admission to discharge. The at-
-risk patients received antithrombotic prophyla-
xis with low molecular-weight heparin. Antibio-
tic prophylaxis was administrated in all patients. 
Women having vaginal erosion were prescribed a 
vaginal estrogen cream two to three weeks befo-
re surgery. The urethral catheter was removed on 
the first postoperative day. All patients returned 
for follow-up examinations at least two times du-
ring the six-month period after the surgery and 
evaluated for subjective and anatomical outcome. 
To document defecation disorders, the defecation 
section of the International Consultation on In-
continence Questionnaire was used.

OpERATIvE pROcEDURES

Abdominal or laparoscopic sacrocolpopexy / sa-
crohysteropexy

 The key steps of the abdominal and lapa-
roscopic sacrocolpopexy / sacrohysteropexy pro-
cedures were the same. If an SUI or multiple pelvic 
floor defects were present, both open and lapa-
roscopic sacrocolpopexy were typically combined 
with other surgical procedures such as anterior / 
posterior colporrhaphy, culdoplasty, or Burch col-
posuspension. In patients who had not already 
undergone a hysterectomy, a total hysterectomy 
was performed first.

 For abdominal sacrocolpopexy, the perito-
neal cavity was entered with a Pfannenstiel inci-
sion or a low midline laparotomy incision. After 
entering the peritoneal cavity, the hysterectomy 
was performed if necessary. If the uterus had been 
previously removed, after distinguishing the vagi-
nal vault, its covering peritoneum was dissected. 
To attach the mesh, a sufficiently broad area was 
exposed in the superior aspects of the pubocervi-
cal and rectovaginal fascia. Then, the peritoneal 
layer over the promontory was incised vertically. 
The loose areolar tissues were gently dissected to 
the posterior cul-de-sac, avoiding damage to the 
rectum and the ureter. A type 1 monofilament 
polypropylene mesh was attached to the anterior 
and posterior vagina distally and to the anterior 
longitudinal ligament proximally at the level of 
the promontory using non-absorbable sutures. 
The mesh was then reperitonealized. In patients 
with the uterus preserved, a transverse incision at 
the posterior surface of the uterus, where the sa-
crouterine ligaments are attached, was performed 
for a sacrohysteropexy.

 All laparoscopic operations were perfor-
med using standard endoscopic equipment. A 10 
mm trocar was inserted from the umbilicus for the 
scope, and three additional 5 mm ports were in-
serted. One of these was placed 5-6 cm left of the 
umbilicus, and the other two were placed 2 cm 
medial and superior to the anterior superior iliac 
crests. A RUMI© uterine manipulator (Cooper Sur-
gical, Trumbull, CT, US) was introduced vaginally 
at the beginning of the procedure, which was the 
same as the abdominal procedure.

Laparoscopic pectopexy
 The standard laparoscopic preparation was 

done as above. After a 10 mm trocar was inserted 
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from the umblicus for the scope, three additional 5 
mm ports were inserted under direct visualization 
of the lower intra-abdominal area, median, left, 
and right, from 2 cm medial and superior to the 
anterior superior iliac crests. In patients who were 
to undergo hysterectomy, a total hysterectomy 
was performed first. As in sacrocolpopexy, if mul-
tiple pelvic floor defects were present, we frequen-
tly combined this procedure with other surgical 
procedures (e.g., anterior / posterior colporrhaphy, 
paravaginal repair).

 We performed the pectopexy procedure 
as previously described by Banerjee and Noe (7 
First, we opened the peritoneal layer along the ri-
ght round ligament toward the pelvic side wall. 
An incision was made with the harmonic scalpel 
in the medial and caudal direction, and the right 
external iliac vein was visualized. Soft tissue in 
this area was dissected with blunt dissection so 
that an approximately 4-5 cm segment of the ri-
ght iliopectineal ligament (Cooper’s ligament) 
adjacent to the insertion of the iliopsoas muscle 
could be identified. The same procedure was then 
repeated on the left side of the patient. The perito-
neal layers on both sides were opened toward the 
vaginal apex, and the anterior and posterior areas 
of the vaginal apex were prepared for the mesh 
fixation. In patients with a preserved uterus, the 
anterior peritoneum of the uterus was dissected, 
and the lower anterior segment of the uterus was 
prepared for the mesh fixation. After completion 
of dissections, a type 1 monofilament polypropy-
lene mesh was inserted into the abdominal cavity. 
The ends of the mesh were sutured to both iliopec-
tineal ligaments using the intracorporeal suture 
technique with nonabsorbable sutures. The mesh, 
in the tension-free position, was fixed to the va-
ginal apex or uterus with polydioxanone sutures, 
and the vaginal apex or uterus was provided with 
a hammock-like fixation. Finally, the peritoneum 
above the mesh was sutured with an absorbable 
suture material.

Statistical analysis

 In the present study, descriptive statis-
tics were obtained for the variables in the three 
groups. The comparisons between the groups for 

quantitative variables (age, BMI, parity, operating 
time, preop Hb, postop Hb, and hospital stay) were 
tested using the Kruskal-Wallis test, which is a 
nonparametric test. For the qualitative variables 
(menopause status, comorbidities, prior surgery, 
prolapsus, complications), a chi-square analysis 
(which is also a nonparametric test) was used to 
determine whether there was a significant diffe-
rence between the three groups. When the as-
sumption of normality is not met and sample sizes 
are not large enough, nonparametric tests are an 
alternative to parametric tests. For this study, the 
significance level was 0.01. SPSS 20 (Statistical 
Package for the Social Sciences, IBM, Armonk, 
NY, US) was used for data analysis.

RESULTS

 A total of 110 patients with apical prolapse 
who fulfilled the inclusion criteria were evaluated 
and subsequently surgically treated. Sixty-eight 
patients underwent abdominal sacrocolpopexy 
(sacrocolpopexy (n = 44); sacrohysteropexy (n = 
24)), 14 patients underwent laparoscopic sacrocol-
popexy (sacrocolpopexy (n = 10); sacrohysterope-
xy (n = 4)), and 28 patients underwent laparoscopic 
pectopexy (pectopexy (n = 16); pectohysteropexy 
(n = 12)). Of the 110 patients, 40 patients (36.3%) 
had vaginal vault prolapse, 24 in the abdomi-
nal sacrocolpopexy group, 4 in the laparoscopic 
sacrocolpopexy group, and 12 in the pectopexy 
group. There were 33 patients with stage 2 POP, 
48 patients with stage 3 POP, and 29 patients with 
stage 4 POP. Table-1 shows the patient’s charac-
teristics. No significant differences were observed 
between the groups.

 Table-2 shows perioperative data for the 
study groups. The mean operating time was 74.96 
min in the laparoscopic pectopexy group versus 
117.35 min in the abdominal sacrocolpopexy 
group and 178.57 min in the laparoscopic sa-
crocolpopexy group (p < 0.01). The hospital stay, 
preoperative and postoperative hemoglobin levels, 
and surgical procedures performed simultaneou-
sly were not significantly different between the 
groups. Concomitant anti-incontinence surgery 
was performed in nine patients with stress incon-
tinence. A concomitant retropubic incontinence 
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procedure (Burch colposuspension) was preferred 
in patients with abdominal and laparoscopic sa-
crocolpopexy, whereas a mid-urethral sling pro-
cedure (transobturator tape) was performed in pa-
tients with laparoscopic pectopexy.

 Complications were seen in nine patients 
(13.2%) in the abdominal sacrocolpopexy group, 
one patient (7.1%) in the laparoscopic sacrocol-
popexy group, and one patient (3.6%) in the pec-
topexy group. However, the complication rates of 
each group did not differ significantly (p = 0.332). 
There was no operative mortality in any group. 
The complications are listed in Table-3. Wound 
infection was the most common complication in 
the patients who underwent abdominal sacrocol-
popexy. Conversion to laparotomy was not re-
quired for any patient in the laparoscopic sacro-
colpopexy group or the laparoscopic pectopexy 
group. Hemorrhage from presacral veins occurred 
in two patients, one of which occurred during la-
paroscopic sacrocolpopexy and the other during 
abdominal sacrocolpopexy. Use of a Z-suture and 
application of pressure with a warm sponge were 
sufficient to stop the bleeding. These patients did 

not require a blood transfusion. In the abdomi-
nal sacrocolpopexy group, one patient had a mild 
ileus, but no additional treatment was required in 
this case.

 The subjective satisfaction rates were high 
in all patients at one week and at six months pos-
toperatively. At the six-month follow-up, there 
had been no occurrences of de novo apical pro-
lapse, anterior or lateral defect cystoceles, recto-
celes, or mesh erosion / exposure in any group. 
However, one dyspareunia, four de novo urgency, 
and two de novo SUI cases occurred in the abdo-
minal sacrocolpopexy group. One de novo persis-
tant constipation, one de novo urgency, and one 
de novo SUI case occurred in the laparoscopic sa-
crocolpopexy group. Two de novo urgency and 
one de novo SUI case occurred in the laparoscopic 
pectopexy group. Data demonstrating the short-
-term outcome was presented in Table-4.

DIScUSSION

 We conducted a retrospective cohort stu-
dy with 110 patients who underwent abdominal 

Table 1 - patients’ preoperative characteristics in the study groups.

Abdominal 
sacrocolpopexy

(n=68)

Laparoscopic 
sacrocolpopexy

(n=14)

Laparoscopic
pectopexy

(n=28)
P

Age (years) * 52.8 ± 12.1 53.7 ± 11.8 48.3 ± 12.7 0.194
Parity* 3.5 ± 1.6 2.9 ± 1.1 2.8 ± 1.1 0.192
BMI (kg/m2) * 26.9 ± 1.9 25.9 ± 1.9 26.1 ± 3.1 0.022
Menopause** 0.339

Yes 42 (61.8) 9 (64.3) 13 (46.4)
No 26 (38.2) 5 (35.7) 15 (53.6)

comorbidities** 0.171
Yes 23 (33.8) 8 (57.1) 8 (28.6)
No 45 (66.2) 6 (42.9) 20 (71.4)

History of prior pelvic surgery** 0.268
Yes 25 (36.8) 7 (50) 15 (53.6)
No 43 (63.2) 7 (50) 13 (46.4)

History of prior prolapsus surgery** 1 (7.1) 4 (14.3) 0.756

Yes 7 (10.3) 13 (92.9) 24 (85.7)

No 61 (89.7)

Values are expressed as * = mean ± SD and **: n (%). BMI, body mass index.
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Table 2 - perioperative characteristics and performed surgical procedures in the study groups.

Abdominal 
sacrocolpopexy

(n=68)

Laparoscopic 
sacrocolpopexy

(n=14)

Laparoscopic 
pectopexy

(n=28)
P

Operating time (min.)* 117.3 ± 41.6 178.5 ± 50.5 74.9 ± 34.05 <0.01

Preoperative Hb (g/dL)* 12.8 ± 1.1 12.1 ± 0.9 12.8 ± 1.3 0.049

Postoperative Hb (g/dL)* 11.04 ± 1.05 10.6 ± 0.9 11.4 ± 1.1   0.04

Hospital stay (days)* 2.3 ± 0.92 2 ± 0.5 2 ± 0.01 0.048

Surgical procedures

Sacrocolpopexy** 44 10 -

Sacrohysteropexy** 24 4 -

Pectopexy** - - 16

Pectohysteropexy** - - 12

Abdominal hysterectomy** 20 - -

Laparoscopic hysterectomy** - 6 3

Anterior colporrhaphy** 5 1 2

Posterior colporraphy** 11 3 3

Culdoplasty** 65 11 -

Burch colposuspension** 8 1 -

Trans obturator tape** - - 1

Cervical coll amputation** 4 - -

Vaginal paravaginal repair** - - 3

Values are expressed as * = mean ± SD and ** = n.

Table 3 - perioperative complications in the study groups.

Abdominal sacrocolpopexy
(n=68)

Laparoscopic sacrocolpopexy
(n=14)

Laparoscopic pectopexy
(n=28)

P

Overall complications 0.332

Yes 9 (13.2) 1 (7.1) 1 (3.6)

No 59 (86,8) 13 (92.9) 27 (96.4)

Hemorrhage 1 (1.4) 1 (7.1) 1 (1.7)

Urinary infection 2 (2.9) - -

Febrile morbidity 1 (1.4) - -

Wound infection 3 (4.4) - -

Wound dehiscence 1 (1.4) - -

Mild ileus 1(1.4) - -

Intraoperative injury - - -
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sacrocolpopexy, laparoscopic sacrocolpopexy, and 
laparoscopic pectopexy for apical prolapse. The 
current study demonstrates that the pectopexy 
group had shorter operation times. The compli-
cation rates and short-term outcomes were not 
significantly different between there groups. Ho-
wever, a tendency was seen toward fewer com-
plications in the laparoscopic sacrocolpopexy and 
pectopexy groups.

 Sacrocolpopexy has been performed lapa-
roscopically for over 20 years (6, 11). However, 
the procedure is still associated with some pro-
blems. Although it depends on the surgeon’s skill, 
the difficult surgical field at the ventral side of 
the sacrum is one of the stressed issues. Therefore, 
many surgeons have modified the technique and 
have fixed the mesh to the top of the promontory 
(9, 12), which results in a positional change in di-
rection to the abdominal wall at the vaginal axis. 
Another important point is that when working in 
the area of the sacrum, care should be taken to 
avoid damage to the sigmoid, presacral veins, and 
right ureter (10).

 In 2007, Banerjee and Noe described a 
new method of endoscopic prolapse surgery, la-
paroscopic pectopexy, that was specifically deve-
loped for obese patients due to the difficulty of 
presacral area dissection (7). Laparoscopic pecto-
pexy is not associated with a high intraoperative 
risk because, with this technique, the mesh follows 
round and broad ligaments without crossing the 
ureter or bowel, and because there is no narrowing 
of the pelvic outlet, defecation disorders are not 

expected. In addition, the hypogastric vessels and 
nerves are also a safe distance from any danger 
(7). Noe et al. compared short-term operative ou-
tcomes of laparoscopic pectopexy and sacrocol-
popexy procedures in a randomized comparative 
study of 83 patients with symptomatic primary 
vaginal prolapse POP-Q ≥ 2 (8). They showed that 
the mean operating time and blood loss were sig-
nificantly lower in the pectopexy group. No major 
complications occurred in either group, and there 
was no significant difference in the hospital stay. 
The authors emphasized that laparoscopic pecto-
pexy is a good alternative to laparoscopic sacro-
colpopexy in cases of an especially difficult sur-
gical field. More recently, Kale et al. shared their 
first experience with laparoscopic pectopexy (10), 
successfully performing the surgery in symptoma-
tic apical prolapse patients with POP-Q stage 2 
and above without intraoperative or postoperative 
complications. Over the past three years, we have 
also been performing the pectopexy technique 
described by Banerjee and Noé (7, 8) for apical 
prolapse surgery. In our practice, we have been 
choosing pectopexy progressively for apical pro-
lapse surgery with the rising surgical experience. 
Similar to previous studies, in our study, the mean 
operating times were shortest in the pectopexy 
group (p < 0.01).

 The most worrying intraoperative compli-
cation of sacrocolpopexy is hemorrhage from the 
presacral vessels, which may have life-threatening 
consequences (13). Bladder injuries, blood trans-
fusions, and wound complications are other com-

Table 4 - Short-term follow-up outcome in the study groups.

Abdominal 
sacrocolpopexy

(n=68)

Laparoscopic 
sacrocolpopexy

(n=14)

Laparoscopic 
pectopexy

(n=28)
P

Subjective satisfation 67 (98.5) 14 (100) 27 (96.4) 0.162

Apical prolapse recurrence 0 0 0 -

De novo urgency 4 (5.8) 1 (7.1) 2 (7.1) 0.456

De novo SUI 2 (2.9) 1 (7.1) 1 (3.5) 0.361

De novo persistant constipation 0 1 (7.1) 0 0.194

De novo dyspareunia 1 (1.4) 0 0 0.292

All values are expresed as n (%). SUI = Stress urinary incontinence
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plications related to the procedure. Nygaard et al. 
published a comprehensive review of 3.827 cases 
of abdominal sacrocolpopexy (14). Among these 
cases, the incidence of bladder injuries was 3.1%; 
hemorrhages, blood transfusions, or both was 
4.4%; wound complications, including infec-
tions, hematomas, or superficial separation was 
4.6%; and urinary infection was 10.9%. In our 
study, although there is a tendency for wound 
complications in abdominal group, overall com-
plication rates were not significantly different 
between there groups.

 Defecation problems and de novo SUI 
ranging from 17-37% and 4-50%, respectively, 
are the most frequently reported complications 
associated with sacrocolpopexy (15, 16). The pla-
cement of the mesh between the sacrum and va-
gina (cervix) always narrows the pelvis, and the 
cause of defecation problems may be the reduced 
space in the pelvis or trauma to the hypogastric 
nerves (12, 14, 15). In our cohort, de novo consti-
pation was not observed in the pectopexy group, 
which is in accordance with previously published 
data (7-10). However, de novo urgency and de 
novo SUI rates were comparable in both groups. 
We found low de novo SUI rates of 2.9% (abdo-
minal sacropexy), 7.1% (laparoscopic sacropexy), 
and 3.5% (pectopexy). This may be explained by 
our site-specific multicompartment surgical stra-
tegy and avoiding too much traction. Moreover, 
the recurrence rates for apical prolpasus were not 
statistically significant different between there 
groups and these data are in concordance with 
previous published data (7-10).

 Laparoscopic procedures were associa-
ted with longer operating times, longer learning 
curves, and higher costs than either abdominal or 
vaginal surgery (3, 17, 18). Paraiso et al. analyzed 
117 patients with vaginal cuff prolapse and con-
cluded that the mean operating time was signi-
ficantly greater in the laparoscopy group than 
in the abdominal sacrocolpopexy group (17). 
Furthermore, the hospital stay was significantly 
decreased in the laparoscopy group. After ex-
cluding the time elapsed for simultaneous pro-
cedures such as anti-incontinence and vaginal 
surgeries for each group, the mean operating ti-
mes were significantly longer in the laparosco-

pic sacrocolpopexy group, similar to previously 
published data. Although the hospital stay was 
longer in the abdominal sacrocolpopexy group, 
the length of stay was not significantly different 
between the groups.

 To our knowledge, this is the first study 
to compare perioperative results of various sur-
gical methods, including abdominal-laparoscopic 
sacrocolpopexy and laparoscopic pectopexy, used 
in apical prolapse surgery. Studies evaluating the 
perioperative complications and outcomes of the-
se procedures are not commonly performed, and 
only a few reports have been published (8, 19). In 
addition, most studies emphasized long-term ou-
tcomes and the efficacy of the procedures (5, 9, 
12, 14, 17). In the present study, there were more 
complications in the abdominal sacrocolpopexy 
group, but these were not significantly different 
between the groups (p = 0.332). Most of the com-
plications in this group were wound complica-
tions. Similar to the literature, the mean operating 
times were shortest in the pectopexy group.

 The main limitation of the present study 
is its retrospective nature and the small sample 
size, especially in the laparoscopic sacrocolpopexy 
group. Retrospective cohort studies are subject to 
selection bias, recall bias, and unknown confoun-
ding variables, which may negatively affect the 
accuracy of the results. Another limitation is the 
relatively short-term follow-up of patients posto-
peratively. We tracked outcomes for six months 
postoperatively, which may underestimate the 
incidence of recurrence of POP, de novo SUI, or 
mesh erosion. The strengths of the present study 
are the inclusion and evaluation of three diffe-
rent surgical routes and having no patients lost to 
follow-up in six months.

cONcLUSIONS

 Abdominal sacrocolpopexy, laparosco-
pic sacrocolpopexy, and laparoscopic pectopexy 
have comparable perioperative complications and 
short-term anatomical and subjective outcomes. 
Although the complication rates were not signifi-
cantly different between the groups, the laparos-
copic sacrocolpopexy and pectopexy groups had 
less morbidity. Moreover, laparoscopic pectopexy 
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is a novel promising method for POP correction 
that offers some practical advantages, such as 
shorter operating times when compared with la-
paroscopic sacrocolpopexy, so that it can be added 
to a surgeon’s methods to more adequately react 
in complex presacral area dissections. Finally, pre-
sent study can burden the knowledge and shed 
some light on future prospective studies with lar-
ger sample sizes demonstrating the long-term ou-
tcomes of laparoscopic pectopexy.
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INTRODUcTION

Testicular torsion is commonly observed 
among males in childhood and adolescence. Early 
diagnosis and treatment of this acute pathology 
is required as soon as possible. Its incidence rate 
among males younger than 25 years is 1 / 4000 
(1). In spite of a successful surgical intervention, 
testicular atrophy and, in following years, infer-
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ABSTRAcT 

Objectives: To evaluate protective effects of darbepoetin and tadalafil against ischemia-
reperfusion injury in ipsilateral and contralateral testicle.
Materials and Methods: Thirty 3-month-old adult male Wistar-Albino rats were ran-
domly divided into 5 groups (A-E). Sham operation was performed in the first group. 
In Group B, rats did not received any medication after creating 720 degrees torsion of 
the left testis. The rats in Group C, D and E received darbepoetin, tadalafil, and darbe-
poetin/tadalafil combination 30 minutes after creating 720 degrees torsion of the left 
testis, respectively. The testes of rats in these three groups were detorsioned at 90 min-
utes after drug administration. Both testes were removed at 30 minutes after detorsion.
Results: There were significant differences between the groups in terms of the degree 
of histopathological damage, Johnsen score, fibrosis score and caspase-3 immunoreac-
tivity in the torsioned testes (p: 0.000). The results for each parameter in the left testes 
were significantly better in the darbepoetin / tadalafil combination group. Similarly, 
there were also significant differences in the contralateral testes (p: 0.000).
Conclusion: The active substances darbepoetin and tadalafil that were used as a com-
bination had protective effects on both testes and produced out better results in pre-
serving testicular histology. Especially in cases where it is not possible to rescue the 
torsioned testis, this result was more noticeable in the contralateral testis.
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tility can develop among 40-60% of the patients 
(2). Although the first pathology is tissue ische-
mia, ischemia / reperfusion caused by testicular 
torsion-detorsion further contributes to the injury. 
During ischemia, germ cell loss occurs because of 
low levels of oxygen in proportion to metabolic re-
quirements, decline in cellular energy sources and 
accumulation of toxic metabolites (3). During the 
reperfusion phase, a substantial increase in both 
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reactive oxygen radicals (ROS) and reactive nitro-
gen species (RNS) occurs (4). These free radicals 
result in an increase in membrane permeability or 
disruption of membrane integrity through peroxi-
dation of lipids in mitochondria and cell membra-
ne, and cause damage to proteins, enzymes and 
therefore, the DNA. As a result, germ cell damage 
caused by the ischemia increases further. While the 
pathophysiologic process is clearer in the torsio-
ned testis, the tissue damage in the contralateral 
testis is currently an object of interest. Elucidation 
of apoptosis mechanisms in the intact testis may 
facilitate dealing with infertility related to testi-
cular torsion (5). Caspase family, in other words, 
cysteinyl aspartate-specific proteases, are impor-
tant signaling molecules, which have various roles 
depending on the subtype and the organ they are 
located. The activation level of caspases is used as 
an indicator of cellular damage in acute ischemic 
pathologies such as stroke and myocardial infarc-
tion (6). Because it is considered that these mole-
cules take part as leverage points in apoptosis of 
the healthy cell, several molecular researches are 
conducted about caspases. The role of caspase-3 
in this family is particularly important. This prote-
ase has been associated with the induction of de-
ath cascade and has been accepted as the effector 
of this point. As it is known that cells gradually 
go into apoptosis over time with oxidative stress, 
it is thought that the measurement caspase-3 ac-
tivation in the tissue can be used to detect apop-
totic pathway. The protective roles of numerous 
therapeutic agents have been shown in organs 
that sustained I / R injury. However, the studies 
conducted to date have shown that tissue damage 
caused by torsion cannot be fully prevented and 
there is currently no known therapeutic agent that 
could be used in clinical practice. On the other 
hand, although testis is the most easily torsioned 
organ in the body, there is no satisfactory clinical 
research in the literature regarding this subject. 
For this reason, studies using experimental models 
still continue regarding the treatment of testicu-
lar torsion. Tadalafil (Td) is a phosphodiesterase-5 
inhibitor (PDE5i) commonly used in the treatment 
of erectile dysfunction in current urology practice 
(7). The inhibition of phosphodiesterase (PDE) en-
zymes increases cGMP levels in the tissue, there-

fore resulting in relaxation of smooth muscles. The-
re are several studies in the literature investigating 
the I / R injury in testicular in rat testicular torsion 
model using different PDE5 inhibitors such as silde-
nafil and vardenafil (8). Erythropoietin (EPO), on the 
other hand, is produced by the kidneys in reaction 
to tissue hypoxia, and it increases the amount of 
mature erythrocytes in the circulation by stimula-
ting erythroid progenitor cells via erythropoietin re-
ceptors (EPO-R) and increases the oxygen-carrying 
capacity. In recent years, functional EPO-R recep-
tors have been shown to exist in cells and organs, 
which do not take part in erythropoiesis (9). In most 
of the experimental studies conducted on animals, 
it was discovered that EPO possesses a potential role 
as a multifunctional endogenic mediator that provi-
des a protective effect against I / R injury in various 
tissues and organs (10). Darbepoetin (DPO), which is 
a new recombinant erythropoietic protein, is a long-
-acting EPO analogue. It has been successfully used 
in the treatment of various types of anemia even 
if they have not been caused by EPO deficiency in 
their etiology, as it increases the oxygen-carrying 
capacity.

 In light of this information, the pre-
sent study aimed at investigating the protective 
effect of DPO, Td and combination of these two 
agents on both testes in experimentally induced 
I / R model in rats.

MATERIALS

Laboratory animals
 In our study, a total of thirty male 3-mon-

th-old adult Wistar-Albino rats weighing 200-300 
grams were used. During the experiment, the rats 
were given ad libitum access to water and bait. The 
rats were maintained in groups inside the laboratory 
under normal room temperature (22ºC).

Drugs
 Ketamine: 50-mg / kg ketamine (Ketalar®, 

Pfizer Pharma GMBH, Germany), administered in-
traperitoneally (IP) for the purpose of anesthesia.

 Xylazine hydrochloride: 10-mg / kg xylazi-
ne hydrochloride (Alfazyne®, 2%, Alfasan Interna-
tional, 3440 AB, Woerden, Holland), administered 
via IP injection for anesthesia.
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 Darbepoetin alpha: 1 mcg / kg darbepoe-
tin alpha (Aranesp ready-to-use syringe, Amgen 
İlaç), administered via IP injection in the experi-
ment group.

 Tadalafil: 0.25 mg / kg tadalafil (Lifta tablet, 
Abdi İbrahim İlaç Sanayi ve Ticaret A.Ş.), adminis-
tered via IP injection in the experiment group.

METHODS

 The rats were randomly divided into 5 
groups, each comprising 6 rats. Prior to surgical 
intervention, general anesthesia was induced by 
intraperitoneal (IP) administration of ketamine 
50 mg / kg and xylazine hydrochloride 10 mg / 
kg. In order to ensure physical inactivity of rats, 
same drugs were administered at the same dosa-
ges when required. After induction of anesthesia 
and ensuring stabilization, scrotal area was sha-
ved and antisepsis was ensured with 10% povido-
ne iodine solution. Group A was assigned as the 
sham operation group. Mid-scrotal incision was 
performed and the left testis and spermatic cord 
were released. Without creating testicular torsion, 
the testis was placed into the scrotum and secu-
red in the anatomic position, and the scrotum was 
primarily closed with 6 / 0 prolene suture. After 
120 minutes, both testes were removed and fixed 
in 10% neutral formaldehyde solution for histopa-
thologic examination. I / R injury was created in 
Group B and the rats received no medications. The 
left testis and spermatic cord were released after 
mid-scrotal incision. An experimental testicular 
torsion model was created by rotating the left tes-
ticle with its cord 720 degrees clockwise, and the 
testicle was fixed to the scrotum’s internal surface 
with 6 / 0 propylene suture. At 120 minutes after 
torsion, reperfusion was achieved by detorsion. 
For the experiment to be as close to the real life 
situation as possible, both testes were numerated 
and fixed in 10% neutral formaldehyde solution 
for histopathologic examination at 30 minutes af-
ter detorsion. I/ R model was created and DPO was 
administered to rats in Group C. Testicular tor-
sion was duly created in the rats. DPO 1 mcg / kg 
was injected intraperitoneally at 30 minutes after 
torsion. At 120 minutes after torsion, reperfusion 
was achieved by detorsion. At 30 minutes after 

detorsion, both testes were numerated and fixed 
in 10% neutral formaldehyde solution for histo-
pathologic examination. I / R model was created 
and Td was administered to the rats in Group D. 
Testicular torsion was duly created in the rats. At 
30 minutes after torsion, 0.25 mg / kg of Td was 
injected intraperitonally to the rats. At 120 minu-
tes after torsion, reperfusion was achieved by de-
torsion. At 30 minutes after detorsion, both testes 
were numerated and fixed in 10% neutral formal-
dehyde solution for histopathologic examination. 
I / R model was created and a combination of DPO 
and Td was administered to the rats in Group E. 
Testicular torsion model was created using the 
same method. At 30 minutes after torsion, 1 mcg 
/ kg of DPO and 0.25 mg / kg of Td were injec-
ted intraperitoneally. At 120 minutes after torsion, 
reperfusion was achieved by detorsion. At 30 mi-
nutes after detorsion, both testes were numerated 
and fixed in 10% neutral formaldehyde solution 
for histopathologic examination. Then, the rats in 
each group were decapitated under anesthesia via 
guillotine and the experiment was finalized.

Histopathologic Analysis
 Tissue samples from each rat were fixed in 

10% neutral formaldehyde and a sample was ob-
tained by a pathologist from the midsection of the 
testis as to contain the widest surface. Each sample 
was taken into tissue processing in one cassette. 
The tissue dehydration, clearing and infiltration 
processes were conducted with fully enclosed Lei-
ca ASP00 S tissue processing device. Each of the 
processed tissues was transformed into paraffin 
tissue blocks with Thermo Shendon Histocentre 
3 device. Three slides containing 4-micron-thick 
sections were prepared from each paraffin block 
using Thermo Rotary Microtome and one of the 
slides was stained with hemotoxilin-eosine (H-E) 
in Sakura Tissue-Tek Film enclosed system stai-
ner and film cover slipper device. Another slide 
was manually stained using Masson-Trichrome 
(M-T) with Bio-Optica 04-010802 kit, according 
to its operating instructions. The third slide was 
transformed onto polylysine slide and was immu-
nohistochemically stained with Caspase-3 (CPP32, 
Ab-4; Catalog #RB-1197-R7 Thermo Scientific) in 
Leica Bond-Max automated immunohistochemis-
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try device. The stained slides were evaluated and 
scored by a pathologist according to the above 
tables using the Olympus CX41 Japan light mi-
croscope. In addition, each examined section was 
digitally photographed.

 In assessing the histological damage, 
each seminiferous tubule observed on the cross-
-section of the H-E stained slide was summed 
by grading the tubules between 1 and 4 and the 
scores achieved by dividing the sum to the total 
number of tubules.

•Grade I: Shows the normal testicular 
structure and organization of organized germi-
nal cells;

•Grade II: Shows less organized, non-co-
hesive germinal cells and closely packed semini-
ferous tubules;

•Grade III: Shows irregular structure con-
taining non-living germinal cells with shrunken 
pyknotic nuclei and indistinctive seminiferous tu-
bule borders;

•Grade IV: Shows seminiferous tubules ti-
ghtly surrounded by coagulation necrosis of the 
germ cells.

 For Johnsen score, each seminiferous tu-
bule observed on the cross-section of the H-E stai-
ned slide was graded from 1 and 10 and the case 
score was achieved by dividing to the total num-
ber of tubules.

 For fibrosis scoring, uptakes on M-T stai-
ned slide sections were scored as; (0) none, (1) mi-
nimal, (2) mild, (3) moderate and (4) severe.

 For Caspase-3, five areas containing at le-
ast 1000 germ cells excluding the interstitial cells 
on immunohistochemically stained slides were 
examined randomly under light microscope at 400 
x magnification. The ratio of germ cells with cyto-
plasmic and / or nuclear staining in this area were 
scored as; (0) no staining, (1) 0-1%, (2) > 1-5%, (3) 
> 5-25% and (4) > 25%.

Statistical analysis

 IBM SPSS Statistics 22 (IBM SPSS, Turkey) 
program was used for statistical analyses of the 
study findings. During the evaluation of study 
data the normality of parameters were assessed 

via Shapiro Wilks normality test. In the evaluation 
of the study data, Kruskal Wallis test was used for 
intergroup comparison of non-normally distributed 
parameters found in the assessment of quantitative 
data, and Mann Whitney U test was used to deter-
mine the group that caused significant difference. 
Significance was evaluated at the level of p < 0.05.

RESULTS

 The level of histopathological damage, 
Johnsen’s spermatogenesis scores, fibrosis rates 
and immunohistochemical tissue caspase-3 levels 
of both testicles in a total of 30 rats in five groups 
were detected as shown in the tables (Tables 1 A 
and B). When the left testicles were compared be-
tween groups, there were statistically significant 
differences in terms of the level of histopatholo-
gical damage (p: 0.000; p < 0.05). The values of 
the sham group were significantly lower in com-
parison to the other groups (p: 0.000; p < 0.05). 
In addition, the values in the I / R group were 
significantly higher than the values of the DPO / 
Td combination group (p: 0.038; p < 0.05) (Figure-
-1A). There were statistically significant differen-
ces between groups in terms of Johnsen score (p: 
0.000; p < 0.05). The values of the sham group 
were significantly higher than the values of the I / 
R (p: 0.000), DPO (p: 0.000), Td (p: 0.000) and DPO 
/ Td combination (p: 0.035) groups. The John-
sen score values of DPO / Td combination group 
were significantly better than the values of I/R 
(p: 0.000) and Td (p: 0.019) groups (Figure-1B). 
When the fibrosis scores between the groups were 
compared, there were still statistically significant 
differences (p: 0.000; p < 0.05). The fibrosis score 
in the I / R group was significantly higher than the 
scores in DPO (p: 0.005), Td (p: 0.002) and DPO 
/ Td combination (p: 0.001) groups (Figure-1C). 
There were also statistically significant differences 
between the groups in terms of immunohistoche-
mical caspase-3 levels, which is the last parameter 
compared between the groups. While the values of 
the sham group were lower than the other groups 
(p < 0.05), the values in the I / R group were sig-
nificantly higher than the values of the DPO / Td 
group (p: 0.006; p < 0.05) (Figure-1D).
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 All parameters were also compared with 
the right testis in which testicular torsion was not 
created. There were statistically significant diffe-
rences in terms of the degree of histopathological 
damage (p: 0.000; p < 0.05). While the values in 
the sham group were lower than the values of the 
other groups (p < 0.05), DPO / Td combination 
group values were significantly lower than the I / 
R, DPO and Td groups (p: 0.004; p < 0.05) (Figu-
re-2A). Similarly, while the Johnsen’s spermato-
genesis scores were higher in the sham group in 
comparison to other groups (p: 0.004; p < 0.05), 
the values of DPO / Td combination group were 
statistically better than the values of I / R, DPO 
and Td groups (p: 0.004; p < 0.05) (Figure-2B). 

Evaluation of tissue fibrosis rates also showed 
significant differences (p: 0.001; p < 0.05). The 
fibrosis rate in the I / R group was higher than 
the fibrosis rates in the sham (p: 0.005), DPO (p: 
0.005), Td (p: 0.005) and DPO / Td combination 
(p: 0.027) groups (p < 0.05) (Figure-2C). There 
were also significant differences in terms of the 
last evaluated parameter, caspase-3 immunohis-
tochemistry levels (p: 0.002; p < 0.05). The va-
lues in the I / R group were significantly higher 
than the values in the sham (p: 0.006), DPO (p: 
0.006), Td (p: 0.027) and DPO / Td combination 
(p: 0.004) groups, whereas the values in the Td 
group were higher than DPO / Td combination 
group (p: 0.018; p < 0.05) (Figure-2D).

Table 1 (A and B) - Analysis of study parameters in the left then in the right testis between groups.

Table A

Group Left Histopathological damage Johnsen’s score Fibrosis score Caspase-3 levels

Mean ± SD (Median) Mean ± SD (Median) Mean ± SD (Median) Mean ± SD (Median)

A) Sham 1.23 ± 0.07 (1.2) 8.83 ± 0.27 (8.8) 0 ± 0 (0) 0.42 ± 0.51 (0)

B) I / R 2.42 ± 0.91 (2.4) 5.78 ± 1.04 (6.3) 1.17 ± 0.58 (1) 2.42 ± 0.79 (2)

C) DPO 1.96 ± 0.66 (1.8) 7.48 ± 0.7 (7.7) 0.42 ± 0.51 (0) 1.67 ± 0.98 (1.5)

D) Td 2.09 ± 0.64 (2) 7.05 ± 0.79 (7.1) 0.33 ± 0.49 (0) 1.83 ± 0.83 (2)

E) DPO+Td 1.79 ± 0.7 (1.7) 8.06 ± 0.93 (8.2) 0.25 ± 0.45 (0) 1.17 ± 1.03 (1)

p 0.000* 0.000* 0.000* 0000*

Kruskal Wallis Test* p < 0.05

Table B

Group Right
Histopathological damage Johnsen’s score Fibrosis score Caspase-3 levels

Mean ± SD (Median) Mean ± SD (Median) Mean ± SD (Median) Mean ± SD (Median)

A) Sham 1 23 ± 0.09 (1.2) 8.88 ± 0.19 (8.8) 0 ± 0 (0) 0.67 ± 0.52 (1)

B) I / R 1.6 ± 0.19 (1.6) 6.61 ± 0.31 (6.6) 0.83 ± 0.41 (1) 1.83 ± 0.41 (2)

C) DPO 1.45 ± 0.13 (1.4) 8.04 ± 0.19 (8) 0 ± 0 (0) 0.83 ± 0.41 (1)

D) Tada 1.52 ± 0.18 (1.5) 7.79 ± 0.23 (7.9) 0 ± 0 (0) 1.17 ± 0.41 (1)

E) DPO + Tada 1.13 ± 0.08 (1.1) 8.88 ± 0.32 (8.9) 0.17 ± 0.41 (0) 0.33 ± 0.52 (0)

p 0.000* 0.000* 0.001* 0.002*

Kruskal Wallis Test* p < 0.05
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figure 1 A) I/R group, Left testis: Irregular contours, seminiferous tubules that only contain Sertoli cells and spermatogonia 
(H-E x100). B) DpO/Td combination Group, Left Testicle: Tubules on a hyperemic background, Johnsen score partially low, but 
organized tubules (H-E x100). c) I/R Group; Left Testicle M-T: Diffuse fibrosis in basal membrane of deformed seminiferous 
tubules (arrow)(M-T x200). D) I/R group, caspase-3, Left testicle: Distinctive staining on germ cells (arrow)(IHk x200).

A

c

B

D

figure 2 A) I/R group, right testicle: Spermatogenesis arrest at spermatocyte level and seminiferous tubules containing only 
Sertoli cells (H&E x400). B) DpO/Td combination group, Right Testicle: Regular sized seminiferous tubules with slightly decreased 
Johnsen score (H&E x100). c) I/R Group; Right Testicle M-T: Severe fibrosis on basal membrane of deformed seminiferous 
tubules (arrow)(M-T x200). D) I/R group, caspase-3, Right testicle: Staining on several germ cells (arrow)(IHk x200).
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DIScUSSION

 Darbepoetin alpha and tadalafil have alre-
ady been studied in ischemia - reperfusion injury 
but as far as we know, our study is the first one 
in which these both drugs were used together and 
their combined protective effects against ische-
mia-reperfusion injury in ipsilateral and contrala-
teral testicle were investigated.

 It is known that the torsion / detorsion 
model which was created experimentally on the 
testicle is a mode of I / R injury and germ cells 
are the cell group that is the most sensitive to I / 
R injury (11, 12). As a result of a set of reactions 
triggered by the tissue hypoxia and the following 
oxidative stress caused by reperfusion, these cells 
undergo an irreversible apoptotic process. A large 
number of cytokines and mediators take part in 
pathophysiology of this process. A common sig-
nal transduction pathway has been the subject of 
several studies in the literature in recent years. Al-
though the actual mechanism in the initiation and 
progression of apoptosis is not known for all cas-
pases, the involvement of caspase enzyme family 
as a sole indicator and a potential leverage make 
them the center of interest particularly for new 
drug investigations. Caspase-3, which was also 
immunohistochemically measured in our study, is 
considered an effector in the beginning of death 
cascade and an important marker for cells under-
going apoptotic signal pathway.

 It is reported that in similar studies in the 
literature using I / R injury model, the damage 
does not only occur in the testis on which the mo-
del has been created but also in the contralateral 
testicle, and the presence of chemicals that could 
be used to protect particularly the contralateral 
testis continues to be the subject of interest. It is 
without a doubt that the protection of non-torsio-
ned testis plays out a significant role in fertility 
potential. While higher levels of lipid peroxida-
tion, low antioxidant capacity and high histopa-
thological damage levels are reported for contra-
lateral testicle on some of the conducted studies, 
there are also opposing studies which claim that 
no significant damage occurs in the contralateral 
testis (13, 14). Also in our study, the histopatho-

logical damage level, fibrosis rate and caspase-3 
immunohistochemistry levels of contralateral tes-
tes, especially of those in the I / R group, have 
been found to be significantly higher than in the 
sham group; in addition, also the spermatogenesis 
level in these testes were significantly lower than 
the sham group. Autoimmunization against sper-
matogonium, disruption of blood-testis barrier, 
decrease in tissue perfusion by reflexive increase 
in the sympathetic response and increase in the 
production of ROS can be implicated in the pa-
thophysiology of the damage that occurred in the 
contralateral testis (15). It is another interesting 
point that the death of cells in the non-torsioned 
side occurs not through pathological necrosis but 
rather through caspase pathway, which is an in-
dicator of apoptosis. The results of our study can 
also be explained by similar mechanisms.

 Effectiveness of several different chemical 
agents for minimizing the germ cell damage and 
contribution of torsion to infertility after an early 
detorsion process following the testicular torsion 
have been investigated in numerous studies; ho-
wever, a very few of these have been introduced 
into clinical practice due to their tolerable side 
effect profiles (16-18). In recent years, studies on 
tadalafil have been added to earlier studies using 
I / R injury damage model where sildenafil, var-
danafil and other PDE5 inhibitors have been used. 
The results of these studies are contradictory in 
general terms. In one of these studies, it has been 
claimed that the use of Td combined with arginine 
could be effective in protecting both testes from 
I / R injury (13). Beheshtian et al. make reference 
to the protective effects of sildenafil administe-
red prior to detorsion and they based this finding 
upon the increased antioxidant enzyme levels, de-
creased lipid peroxidation and germ cell apoptosis 
they have found in their experiment (17). Similar-
ly, there are studies showing that the use of low-
-dose sildenafil could contribute to the protection 
of contralateral testis and better histopathologi-
cal results could be achieved by administration of 
vardanafil at 30 minutes after torsion (8, 19). In 
contrast, there are publications reporting that sil-
denafil and vardanafil have not protective effect 
after 1 hour of ischemia followed by 2 hours of 
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reperfusion (20). EPO has also been used in simi-
lar experimental models. DPO, which is a recom-
binant analogue of EPO, is a more useful agent 
due to its easier administration and its long-term 
effects. There are several studies in the contempo-
rary literature regarding EPO, which main mecha-
nism is increasing the capacity of carrying oxy-
gen to tissues by increasing the amount of mature 
erythrocytes in the circulation. In some of those 
studies, it was shown that EPO receptors to which 
EPO binds to exerts its effect are not only found 
in erythroid progenitor cells but also in tissues 
with no erythropoiesis task such as brain, spinal 
cord, heart and the testis (21, 22). In addition, it 
is known that EPO contains antiapoptotic, antio-
xidant, anti-inflammatory and angiogenic effects 
(23). From this point of view, the use of EPO for 
protective purposes in I / R injury models where 
hypoxia takes the main part has been one of the 
major focuses of our research. In some contem-
porary publications, it is reported that EPO exerts 
a protective effect on spinal cord, eye, intestine, 
lungs and liver damages caused by I / R injury 
(24-26). The mechanism of this protective effect is 
yet to be elucidated. However, it is considered that 
the receptor-related tyrosine kinase pathway is the 
main intracellular pathway in hematopoiesis and 
neuroprotection (27). Moreover, Abdelrahmanet et 
al. have provided evidence that protecting the tis-
sues with EPO that are exposed to oxidative stress 
is  secondary to inhibition of caspase-3, 8 and 9 
and hence the antiapoptotic effect of EPO (28). In 
our study, the histological damage levels, Johnsen 
spermatogenesis scores, fibrosis rates and caspa-
se-3 immunohistochemistry levels of both testi-
cles in the experimental group where DPO is used 
in combination with tadalafil were significantly 
better than the other experimental groups.

cONcLUSIONS

 It is known from the experiments conduc-
ted on animals that acute unilateral testicular tor-
sion bears the potential to negatively affect both 
testes and as a result, to cause infertility because 
of the impaired spermatogenesis. In our study, the 
active substances darbepoetin and tadalafil that 
were used as a combination have protective effect 

on both testes. The combined use of these two 
molecules results in better protection of testicu-
lar histology, better spermatogenesis results, less 
fibrosis and less caspase-3 accumulation in the 
tissue. Especially in cases where it is not possible 
to save the torsioned testis, this result was more 
noticeable in the contralateral testis, which is vi-
tal for the protection of fertility potential; in our 
study, it was observed that the contralateral testis 
is affected by this pathology, and this effect can 
be minimized with treatment. However, it is a fact 
that for the analysis of usage of these molecules in 
clinical practice and to obtain more accurate and 
reliable results, there is a need for further animal 
experiments as this study comprises small sample 
of animals.

 And also there is a need for further clinical 
studies in addition to the animal experiments.
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ABSTRAcT         ARTIcLE INfO______________________________________________________________     ______________________

Objective: To evaluate the effect of intravesical hyaluronic acid (HA) treatment on 
inflammatory cells and the severity of inflammation in an interstitial cystitis rat 
model created with hydrogen chloride (HCL) via immunohistochemical studies and 
myeloperoxidase activity for the first time in the literature.
Materials and Methods: A total of 30 adult female white Rattus Norvegicus rats were 
divided into 3 groups as the HCL group, hyaluronic acid treatment (HCL-HA) group 
and control group. Chemical cystitis was created by administering HCL(400 microL,10 
mM) except control group. A single dose of intravesical HA(0.5 mL,0.8 mg/mL) was 
administered to the treatment group. The bladder tissues of all subjects were immuno-
histochemically stained. The cell surface markers were used to evaluate inflammatory 
cell infiltration. Mast cell activation and IL-6 was evaluated to assess the inflammation 
and severity of inflammation, respectively. Myeloperoxidase activity was measured as 
it shows neutrophil density. Statistical significance was accepted as P<0.05.
Results: It was observed that there was rich monocyte, T lymphocyte, B lymphocyte, 
and Natural Killer cells infiltration and high IL-6 levels in the bladder tissue after the 
intravesical hydrogen chloride instillation, especially in the stroma layer(p<0.005). In 
the HCL-HA group, severity of inflammation had statistically significantly regressed 
to the levels of the control group(p<0.005). An increase was observed in the bladder 
myeloperoxidase activity of the HCL group compared to the other two groups(p<0.05).
Conclusions: Single dose intravesical hyluronic acid instillation reduces inflammatory 
cell infiltration and the severity of bladder inflammation in the rat model of bladder 
pain syndrome/interstitial cystitis.

INTRODUcTION

The European Society for the Study of 
Interstitial Cystitis (ESSIC) and the European As-
sociation of Urology (EAU) define Bladder Pain 
Syndrome (BPS)/Interstitial Cystitis (IC) as the 
complaint of suprapubic pain associated with 
filling of the bladder accompanied by other symp-
toms such as increased frequency of daytime and 

nighttime urination, in the absence of a urinary 
infection or other pathology (1, 2).

 The etiology of BPS/IC is still not fully 
understood. Causes of urothelial dysfunction such 
as glycosaminoglycan (GAG) layer disorders and 
inhibition of urothelial cell proliferation have 
been reported as etiological factor (3, 4). Intra-
vesical hyaluronic acid (HA), a treatment option 
recommended by guidelines, strengthens the uri-
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ne-tissue barrier by integrating with the GAG 
layer and creates an anti-inflammatory effect 
by inhibiting the leukocyte migration, adhesion 
of immune complexes, and bonding with spe-
cific receptors (I-CAM 1) that occur during the 
inflammatory process (5, 6).

 Lymphocytes and other cells express a 
large number of different marker molecules that 
can be used to identify cells and characterize the 
cell type on their surfaces. These marker molecules 
were named CD (Cluster of Differentiation) by the 
International Human Leukocyte Differentiation 
Antigens (HLDA) Study Group (7). IL-6 is a pro-
-inflammatory cytokine produced by a variety of 
cell types including endothelial cells, macropha-
ges, fibroblasts, and mast cells and indicates the 
severity of inflammation (8). Studies revealed that 
mast cells have a critical role on many inflamma-
tory diseases. Increases in mucosal damage and 
activated mast cells in biopsies of patients with IC 
have been shown (9). Also, mast cells have been 
shown to be active in bladder injury models ge-
nerated by intravesical instillation of protamine 
sulfate (10).

 Myeloperoxidase is an enzyme found 
in neutrophil granules. A direct correlation has 
been shown to exist between the measurement 
of MPO activity in tissue samples and neutro-
phil counts (11).

 Histopathologically, it has been shown 
that there is primarily an inflammatory cellular 
infiltration limited to the lamina propria which 
consists of lymphocytes and plasma cells in IC 
cases (12). Studies on animal models of IC have 
revealed neutrophil infiltration and activation of 
some inflammatory cytokines in the bladder (13).

 In our study, we tried to show the effects 
of treatment on the rat model of IC treated with 
intravesical single dose HA with myeloperoxidase 
activity and by making an immunohistochemical 
assessment with polyclonal antibodies.

MATERIALS AND METHODS

The Animal Model
 Following approval from the animal ethics 

committee of the Akdeniz University (2013.10.02), 
30 adult female white Rattus norvegicus rats (wei-

ght 200-250 gr) were selected as subjects. The rats 
were divided into 3 groups including the treat-
ment group (HA-treated group) in which chemi-
cal cystitis was created by administering hydrogen 
chloride (HCl) and then HA was administered, the 
disease group (HCl group) in which chemical cys-
titis was created using HCl but no treatment was 
administered, and the control group (PBS group) in 
which the stress of the test subjects was mimicked 
with phosphate buffered saline (PBS), so that there 
would be 10 rats in each group. After administering 
intraperitoneal anesthesia (ketamine hydrochlori-
de 30 mg/kg and xylazine hydrochloride 100 mg/
kg) to the subjects in the HA-treated group and HCl 
group, a sterile 1.3 mm feline catheter was implan-
ted transurethrally. The urine in the bladder was as-
pirated. Afterwards, 400 microL of 37% fuming HCl 
(Sigma-Aldrich, St. Louis, MO, USA) was diluted so 
as to be 10 mM. The prepared HCl was transure-
thrally instilled intravesically in the subjects in the 
HCl HA-treated group and HCl group and was left 
to wait for 10 minutes. The acid was then aspirated 
from the bladder and removed. For bladder neutra-
lization, the bladder was first washed with 8.4% M 
sodium bicarbonate followed by 0.9% NaCl solu-
tion. At this stage, the subjects in the PBS group 
were transurethrally catheterized and 400 microL 
PBS was intravesically administered to their bla-
dders so as to mimic the stress of the subjects in 
the HCl HA-treated group and the HCl group. This 
applied solution was left to wait for 10 minutes in 
the bladder and then removed by aspiration. After 
HCI instillation, the subjects were left to wait in the 
laboratory overnight for chemical cystitis to form 
and for the inflammatory response to develop. The 
following day, the bladders of the subjects in all 
groups were catheterized and the urine in the bla-
dder aspirated, after which a single session of 0.5 
mL, 0.8 mg/mL HA (Hyacyst, Syner-Med, Surrey, 
UK) was administered to the HA-treated group and 
a PBS solution was intravesically instilled in the HCl 
group and PBS group. After waiting for 20 min, the 
bladder was emptied and the subjects were followed 
in the laboratory until the sacrification procedure. 
Two days after treatment and the placebo procedu-
re, irreversible anesthesia was given to the subjects 
with 50 mg/kg ketamine. Then, all the subjects were 
sacrificed and their bladders were evacuated with a 
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lower abdominal midline incision. Some of the bla-
dder samples obtained were embedded in paraffin 
and placed in 4% formalin. The others were then 
stored in liquid nitrogen to perform a myeloperoxi-
dase assay.

HISTOpATHOLOGIcAL ASSESSMENT

Immunohistochemical analysis
 We used CD (Cluster of Differentiation) 

system to detect cell surface markers in the area of 
inflammation in our study. CD3 was used as a T 
lymphocyte surface marker, CD14 as a monocyte 
surface marker, CD19 as a B lymphocyte surface 
marker, and CD56 as a natural killer surface marker. 
We used IL-6 to assess the severity of inflammation.

 The samples which were set in 4% formal-
dehyde for about 12 hours were then washed in tap 
water for 2 hours and dehydrated in ascending al-
cohol series. They were then made transparent in 
xylol and embedded in paraffin. In order to make 
routine light microscopic observations and to per-
form an immunohistochemical technique, sections 
with a thickness of 5 µm were placed on polylysine-
-coated slides. After paraffin removal, the sections 
were boiled for 7 min (4 min + 3 min) in citrate 
buffer (pH: 6.0) for antigen retrieval and allowed to 
cool at room temperature for 20 min. The sections 
were then left to wait for 20 minutes in 3% hydro-
gen peroxide to block endogenous peroxidase acti-
vity. After this procedure, Ultra V block (Lab-Vision, 
Fremont, CA, USA) was applied to the sections for 
7 min in a humidified chamber at room tempera-
ture. After removal of excess serum, sections were 
incubated overnight in a humidified chamber at 4ºC 
with primary antibodies: CD3 rabbit polyclonal an-
tibody (Bioss Biotechnology; bS-0765R) in a 1:500 
dilution; CD14 rabbit polyclonal antibody (Bioss 
Biotechnology; bs-1192R) in a 1:500 dilution; CD19 
rabbit polyclonal antibody (Bioss Biotechnology; 
bs-4755R) in a 1:400 dilution; CD 56 rabbit polyclo-
nal antibody (Bioss Biotechnology; bS-0805R) in a 
1:500 dilution; and IL-6 rabbit polyclonal antibody 
(Bioss Biotechnology; bs-4540R) in a 1:500 dilu-
tion. The following day, the sections were washed 
3 times with PBS solution for 5 minutes and then 
incubated for 30 minutes at room temperature in a 
humidified chamber with a biotin marked secondary 

antibody; anti-rabbit IgG (BA-1000) in a 1:500 dilu-
tion. The slides were washed 3 times for 5 min with 
PBS and the emissions obtained were developed 
with diaminobenzidine (K3466; Dako). The sections 
were counterstained with hematoxylin, dehydrated 
in ascending alcohol series, and examined under a 
light microscope (Zeiss, Oberkochen, Germany) after 
closing them with Kaiser’s glycerin gelatine (Merck; 
OB514196, NJ, USA).

Semi-quantitative evaluation
 The immunoreactive cells positively stai-

ned with the markers studied in all groups and their 
immunostaining densities were semi-quantitatively 
assessed by two observers with the method mentio-
ned below.

Detection and count of mast cell
 Toluidine blue powder (0.5 g) (Toluidine 

Blue O, Merck, 115930) was dissolved in 100 mL dis-
tilled water. Formalin fixed paraffin embedded sam-
ples were cut into 5 µm sections and placed on sli-
des. After deparaffinization, sections were taken to 
water and were stained with this solution for 1 min. 
They were rinsed in water for 3-5 min, differentia-
ted respectively in 95% alcohol, absolute alcohol, 
and were cleared. Finally, the sections were taken 
through graded alcohols to xylene and mounted in 
entellan. Sections were examined by light micros-
copy (Zeiss, Oberkochen, Germany). Photographs 
of PBS, HCL and HCL+HA groups were taken with 
an Axioplan® microscope (Zeiss, Oberkochen, Ger-

No staining = Grade 0

Cellular staining 
between 0-25%

= Grade 1

Cellular staining 
between 25%-
50%

= Grade 2

Cellular staining 
between 50%-
75%

= Grade 3

Cellular staining 
between 75%-
100%

= Grade 4
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many) and mast cells were counted through the use 
of the Image J (http://imagej.nih.gov/ij/) program.

Measuring of Myeloperoxidase activity
 Because the measurement of myeloperoxi-

dase in the environment indirectly indicates neutro-
phil concentration, MPO was used as a neutrophil 
marker in our study.

 The other half of the collected tissues was 
stored in a nitrogen tank at -196ºC. The Myelope-
roxidase Activity Assay Kit (Abcam, ab111749) was 
used to detect neutrophil accumulation and activity 
in tissues. The tissues were removed from the nitro-
gen tank and placed in 400 µL of assay buffer to be 
homogenized with a sonicator and were then centri-
fuged for 10 minutes at 14000 g. The supernatants 
were taken into Eppendorfs and 50 µL of each su-
pernatant was added to the 96-well microwell plate. 
50 µL of the positive control was added to one mi-
crowell and fluorescein standard was added so as to 
be 0, 10, 20, 30, 40, and 50 pmoL/microwell in it in 
the given order in 6 microwells so as to form a stan-
dard curve. Five minutes after the standard micro-
wells were stirred, they were scanned at 485/525 nm 
by an ELISA Reader. Finally, 46 µL of assay buffer, 2 
µL of myeloperoxidase substrate solution, and 2 µL 
of myeloperoxidase probe were added to the other 
microwells except for the standards to start the re-
action and these were scanned at 485/525 nm. After 
this scanning, the plate was incubated in a dark pla-
ce for 30 minutes and re-scanned at 485/525 nm to 
determine the MPO concentrations of the samples.

Statistical analysis

 The immunohistochemistry datas obtained 
from Image J analysis were compared with Stu-
dent’s t-test. Comparisons were made among PBS, 
hydrochloric acid and hydrochloric acid+hyaluronic 
acid structures. Probability values of less than 0.05 
were considered significant. All statistical analyses 
were performed using Sigma Stat 3.5 (Statcon, Wit-
zenhausen, Germany).

RESULTS

Immunohistochemical and Semi-quantitative 
Evaluation Results

 The immunohistochemical assessment sec-
tions were semi-quantitatively evaluated by two di-
fferent observers. After immunohistochemical stai-
ning, it was observed that there was infiltration rich 
in monocyte cells and very rich in T lymphocyte, 
B lymphocyte, and natural killer cells in the blad-
der tissue of the HCl group, especially in the stroma 
layer. Levels of IL-6 correlated with the severity of 
inflammation were elevated to peak levels in the HCl 
group, especially in the stroma and smooth muscle 
layer. In the HA-treated group which was treated 
with single dose intravesical HA, it was observed 
that the rich infiltration formed in the stroma layer 
of the bladder by inflammation cells and the se-
verity of inflammation had statistically significance 
regressed to the levels of the PBS group (p<0.005) 
(Figure-1). Likewise, the increase in the number of 
activated mast cells in the HCL group significantly 
declined to level of the PBS group after intravesi-
cal HA treatment (p<0.005) (Figure-2). In light of 
these findings, it has been determined that 0.5 mL, 
0.8 mg/mL of intravesical HA instillation adminis-
tered to the subjects in the treatment of chemical 
cystitis statistically significantly suppresses the 
inflammatory response (p<0.005) (Figure-3).

Myeloperoxidase Assay Results
 An increase was observed in bladder MPO 

activity in the HCl group compared to the HA-tre-
ated and PBS group (p<0.05). MPO activity levels 
in the HA-treated and PBS groups were found to 
be close to each other (Figure-4). It was observed 
that a result close to the pre-disease condition was 
achieved with HA treatment.

DIScUSSION

 BPS/IC is a clinical diagnosis based on 
symptoms of chronic pain originating in the bla-
dder, with widespread prevalence. The uncertain-
ty of its etiology causes difficulties in treatment. 
There are various theories on its pathophysiolo-
gy. It has been hypothesized that IC/BPS could 
be pathophysiologically related to a defect of the 
GAG layer of the bladder mucosa (4). The rele-
vant components of the GAG layer include HA, 
heparin sulfate, chondroitin sulfate (CS), dermatan 
sulfate, and keratin sulfate (14). Among the many 
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figure 1 - Images representing immunohistochemical staining of cD3, cD14, cD19, cD56 and IL-6 in Hcl group (A) and 
Hcl-HA group (B). Black arrows indicate stained infl ammatory cells. It is observed that infl ammatory cell infi ltration is more 
common in stroma and smooth muscle.

figure 2 - Image representing mast cell count between three groups. Arrowhead shows mast cells.
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figure 3 - Relative density of cD3, cD14, cD19, cD56 and IL-6 immunoreactivity. Infl ammatory response was found to 
regress to the control group (pBS) levels signifi cantly compared with Hcl group after intravesical HA treatment. The number 
of activated mast cells is signifi cantly reduced after intravesical HA treatment.

*p <0.005.

reported functions of the surface GAG layer are 
the prevention of surface entrapment of substan-
ces and the regulation of transepithelial molecule 
movements. These polysaccharides containing ne-
gatively charged sulfate form a thin layer in the 
form of a physical barrier between the cell surfa-
ce and urine because they are highly hydrophilic 
(15). Parsons has shown that the GAG layer is sig-
nifi cantly reduced in BPS/IC patients and that the 
normal permeability barrier is thereby impaired 

(16). Subsequent animal experiments have shown 
that destruction of the GAG layer of urine can lead 
to bladder infl ammation and hyperactivity (17).

 The fact that urologists are prone to drug 
administration into the bladder, the inability to 
achieve the desired level of response from oral tre-
atments, and the belief that this disease is based 
on impairment of the bladder mucosa have brou-
ght up the topic of intravesical treatments. The 
advantages of intravesical therapy are that it can 

HCL

HCL

HCL-HA

HCL-HA

PBS

PBS
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provide more intensive use of therapeutic agents 
in the bladder and limit systemic side effects while 
being invasive and carrying the risk of infection 
are its disadvantages. Many agents have been in-
vestigated in BPS/IC treatment with the purpose 
of intravesical use. When heparin, one of the in-
travesical agents that support the GAG layer, was 
intravesically administered at 25000 IU in 5 cc 
sterile water, improvements were observed in 72% 
of patients (18). In a non-randomized study with 
chondroitin sulfate, another agent that supports 
the GAG layer, approximately 70% improvement 
in symptom scores was observed (19). In the stu-
dy by Kallestrup et al. (20) on HA, another GAG 
supporting agent which is accepted for its long-
-term efficacy, improvement in the symptoms was 
observed in 65% percent of female patients who 
underwent instillation treatment once weekly du-
ring the first month and once monthly afterwards, 
and full cure was achieved after 3 years in 50% 
of patients. Another study involving 48 patients 
is also noteworthy due to demonstrating that HA 
treatment is also urodynamically effective and 
having a long follow-up period of 5 years (21). 
The formula for increasing the amount of HA by 
administering it from the outside can restore the 
integrity of the GAG layer by strengthening the 

barrier function. However, there is no objective as-
sessment tool other than some surveys to assess the 
effectiveness of GAG replacement therapy (22). To 
the best of our knowledge, there are no other stu-
dies in the literature which demonstrate the results 
of HA treatment by assessing inflammatory cells 
in the tissue via immunohistochemical studies and 
MPO activity. In this respect, our study carries the 
distinction of being the first to do so.

 Until recently, the only clinical material 
could be used in IC research and animal models 
has been created with the advent of experimen-
tal studies. It has been shown that when chemi-
cal cystitis models which have been created were 
compared in terms of both leukocyte counts and 
mast cell counts, they were found to be similar to 
IC and that therefore an animal model of IC can be 
created and studies can be done in this way. The IC 
model can be created with protamine sulfate (PS), 
cyclophosphamide, HCl, acetic acid, lipopolysac-
charide, and uroplakin (23). In our study, we used 
HCl to create IC and pathological similarity with 
IC was found to be consistent with the literature.

Studies on animal models of IC have poin-
ted at neutrophil infiltration, activation of cer-
tain inflammatory cytokines in the bladder, and 
increased expression of inflammatory genes as 

figure 4 - Image representing MpO activity increase Hcl group

HCL

HCL-HA

PBS

*p <0.05.



ibju | Hyaluronic acid in interstitial cystitis rat model

1021

the source of symptoms (13, 24). Lv et al. (25) 
assessed results after intravesical HA in a PS-
-induced rat model of chemical cystitis with the 
immunohistochemical method and looked at IL-6 
levels for the severity of inflammation. IL-6 le-
vels which correlate with the severity of inflam-
mation reached peak levels in the chemical cys-
titis induced group, while a significant drop was 
observed in the IL-6 levels of the group which 
was treated with single dose HA after chemical 
cystitis. We also found a significant decrease in 
mast cell count and IL-6 levels in our study with 
single dose intravesical HA treatment compared 
to the disease group and obtained a result consis-
tent with the literature. In addition, the MPO ac-
tivity level and the other immunohistochemical 
markers, namely CD3, CD14, CD19, and CD56, 
were found to have reached the level of control 
group rats in the group receiving HA treatment 
after the procedure and near normal mucosa, in-
tact epithelium, and basal membrane layer pre-
sence were observed.

 The limitation of our study included small 
number of experiment animals, evaluation of effi-
cacy of single dose treatment and lack of histopa-
thological results of long-term treatment. Long-
-term symptomatic remission with intravesical 
hyaluronic acid treatment has been shown in IC 
(26). Future works should investigate the long-
-term effects of intravesical hyaluronic acid treat-
ment on bladder inflammation in patients with IC.

cONcLUSIONS

 Our study has shown that single dose in-
travesical HA instillation in the rat model of IC is 
effective in treatment by reducing inflammatory 
cell infiltration and the severity of inflammation, 
preserves the mucosal integrity of the bladder, and 
thus achieves histopathological improvement. The 
low cost and the lack of side effects may enable 
HA to be among the first drugs to be preferred for 
the treatment of IC. However, extensive research is 
needed to determine its functional effects on blad-
der capacity and compliance, and to determine to 
which extent its combined use with other methods 
enabling GAG layer repair will affect the topical 
effects of HA that we have identified.
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ABSTRAcT         ARTIcLE INfO______________________________________________________________     ______________________

Objective: To protect the urethra from instrumentation related urethra injures and stric-
ture, we developed a new surgical technique which can be defined as transvesical 
resection of prostate without using urethra.
Materials and Methods: Our study included 12 consecutive bladder outlet obstruc-
tion patients treated with transvesical prostate resection in our clinic between March 
2016 and May 2016. Detailed anamnesis, results of physical examination, digital rec-
tal examination, routine lab tests, international prostate symptoms score, transrectal 
ultrasound, measurement of prostate-specific antigen  levels and uroflowmetry was 
performed in all patients prior to surgery.
Results: Hospitalization period following surgery was 1 day. Foley catheter and supra-
pubic cystostomy catheters were removed in a median period of 3.6 days and 1 day. 
Median mass of resected adenomas was measured as 21.8 gr. Median maximum flow 
rate was measured as 6mL/s. Median postvoid residual urine volume was 70.6 cc and 
median international prostate symptoms score and quality of life scores were 9 and 
1.4, respectively.
Conclusion: In this study, we would like to show the possible practicality of transvesi-
cal resection of prostate technique in this patient group. However, we think that this 
technique is very useful in special patient groups such as patients with bladder stones, 
priapism and penile prosthesis.
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INTRODUcTION

Bladder outlet obstruction (BOO) is a com-
mon condition seen in males over 40 and its inci-
dence rate shows an increase with age. The preva-
lence of BOO is measured at around 8% in males 
at age 40, but it increases to almost 90% in males 
over 90 (1). Medical treatment for relieving BOO 
- related lower urinary tract symptoms is the first 
line of treatment in those cases. However, surgical 

intervention is recommended for patients who did 
not benefit from medical treatment or for patients 
with BOO - related complications such as recurring 
urinary tract infections, acute retention, hematu-
ria, and bladder stones (2). When surgical inter-
vention techniques are considered, a transurethral 
prostate incision is used in patients with prostate 
volumes < 30 cc, and a transurethral prostate re-
section (TURP) is chosen for patients with prostate 
volumes between 30 and 80 cc. Finally, an open 

Vol. 44 (5): 1023-1031, September - October, 2018

doi: 10.1590/S1677-5538.IBJU.2018.0113



ibju | Transvesical resecTion of prosTaTe

1024

prostatectomy procedure is recommended for pa-
tients with prostate volumes > 80 cc (3). Other 
options include Holmium - laser enucleation of 
the prostate and laparoscopic removal of adenoma 
tissues from the prostate (4-6). However, all the 
surgical techniques mentioned above have diffe-
rent early - and late - term complication risks. Di-
fferent studies have reported post - TURP urethral 
stricture as 2.2 - 9.8% and bladder neck stricture 
between 0.3% and 9.2% (7-9). The main reason 
for those complications is thought to be the scar 
formation caused by mucosal lacerations during 
the use of the urethra for surgery (10). However, in 
daily practice, difficulties are experienced in spe-
cial situations where transurethral prostatectomy 
is a challenge, such as with patients with penile 
prosthesis, patients with bladder stones, patients 
who develop priapism during surgery, and patients 
who cannot be positioned due to hip issues. In this 
study, a new technique (transvesical prostate re-
section) for prostate resection is defined and its 
outcomes and practicality are assessed (Figure-1).

MATERIALS AND METHODS

 This study was approved by the Ethics 
Committee of the University of Harran (17.09.2017, 
Meeting: 09 / Decision: 1), and the written, in-
formed consent of all patients was obtained. Our 
study included the observation of 12 consecutive 
BOO patients treated with transvesical prostate re-
section (TVRP) in our clinic between March 2016 
and May 2016. All surgeries were performed by the 
same surgeon. Patient inclusion criteria included a 
prostate volume of at least 30 g, a recurring acute 
urinary retention or maximum flow rate (Qmax) < 
10 mL / s, and an international prostate symptom 
score (IPSS) of at least 12. Detailed patient his-
tory, results of physical examination, digital rectal 
examinations, routine lab tests, IPSSs, measure-
ments of prostate - specific antigen (PSA) levels, 
and uroflowmetry results were recorded in all pa-
tients prior to surgery. For comparison with pre 
- operative results, IPSSs and uroflowmetry were 
repeated 1month, 3 months, and 1 year following 
surgery. In patients with PSA values of 4 or more 
or with other risk factors (such as nodules obser-
ved during a digital rectal examination), a prosta-
te biopsy was also performed prior to surgery to 
eliminate the possibility of cancer. A histopatho-
logy examination of all samples confirmed benign 
prostatic hyperplasia (BPH) in all cases.

 Statistical analysis was performed using 
IBM’s SPSS (Statistics for Windows, version 22.0., 
Armonk, NY, USA) program. Cases were divi-
ded into two groups and a definite data analysis 
(mean, median, range and percentages) was per-
formed. Two sample T - tests were used for inter-
group comparisons. Statistical significance level 
was set as p < 0.05.

Equipment Used in Surgery
 All operations were done under either 

general or spinal anesthesia, and a bipolar resec-
toscope was used. A bipolar TVRP (Olympus 24 - 
channel rotating continuous flow type from Tokyo, 
Japan) was used in a 200 W setting for resection 
and a 100 W setting for coagulation. Continuous 
irrigation was done during the TVRP, and 0.9% sa-
line solution bags were hung at the lowest height 
allowable for proper fluid flow (max 60 cm).

figure 1 - percutaneous puncture of the bladder and 
placement of the renal sheath and resectoscope.
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 All interventions were done in the lithot-
omy position (except for the first patient due to a 
hip prosthesis) under general or spinal anesthesia. 
No issues were detected when surgery was per-
formed in the supine position. However, most of 
the patients were operated on in the lithotomy po-
sition for quick intervention in case of any com-
plications during the first cases where the tech-
nique was used.

 Just prior to surgery, a cystoscopy was per-
formed using a 17 FR scope to rule out possible 
comorbidities such as bladder cancer or urethral 
stricture, and to assess the resection percentage of 
the prostate. The procedure started after completely 
filling the bladder with a saline solution to ease su-
prapubic access. To ensure continuous intravesical 
guidance during the percutaneous approach, the 
front wall of the bladder was examined using an en-
doscope. Bladder entry was done by inserting an ac-
cess needle from the suprapubic midline, 4 cm above 
the symphysis pubis, through the skin.

 After proper insertion of the guide wire, 
the canal was dilated using a 12 Fr Amplatz dila-

figure 2 - A) Retrograde view of bladder neck and intravesical prostatic protrusion, B) 1- verrumoontanum, 2- Right lateral 
lobe, c) 1- verrumoontanum, 2- Resected right lateral lobe, D) Resected left lateral lobe.

tor, and the canal was formed by using a 28 - 30 
Fr Amplatz dilator (one - shot technique). A renal 
sheath was inserted into the formed canal. Then, 
using a 24 FR resectoscope shaft, the bladder was 
entered through the renal sheath. The bladder 
neck and the prostate were identified. The prostate 
resection began from the middle lobe (if present). 
It continued on to the ventral sides (between the 
directions of 11 and 1 o’clock), then to both lateral 
lobes, and finished with the apex (Figure-2).

 In order to get a better view of the apex 
and the sphincter, a 18 Fr Foley catheter was in-
serted, and the tip of the Foley catheter was used 
as a land mark point in some cases. Lateral, an-
terior, and apical prostate tissues were resected to 
the prostate capsule (Figure-3). This method al-
lowed an almost unnoticeable angle between the 
prostate and the urethra, which did not affect the 
surgical intervention at all. Second generation 
intravenous cephalosporin was used for prophy-
laxis in all patients. An 18 Fr two - way urethral 
Foley catheter was placed at the end of surgery 
for drainage. Following the insertion of a 16 Fr 
nelaton catheter through the renal sheath, it was 
attached to the skin using 3 - 0 vicryl.

A

c

B
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 In the cases where irrigation was neces-
sary, irrigation fluid was introduced via a su-
prapubic nelaton catheter. Urethral catheters 
were removed at the 3rd - 5th day of surgery 
after urine output became clear in color, except 
for patients who developed complications such 
as hematuria or clot retention. The suprapubic 
catheter was removed 1day after surgery and pa-
tients were discharged. In all patients, complete 
blood count and serum electrolytes were mea-
sured after the surgery. Signs and symptoms of 
possible transurethral resection syndrome were 
also clinically reviewed. In addition, postopera-
tive and perioperative complications, operation 
period, resected prostate tissue mass, catheter 
removal time, and hospitalization period were 
all recorded on file. Post - op assessments were 
done in the first month, third month and first 
year following surgery. During the follow-up 
period, uroflowmetry, postvoid residual urine 
volume measurements via ultrasonography, IP-
SSs, and quality of life (QoL) scores were mea-
sured for post - op assessment.

RESULTS

 All TVRP surgeries were successfully 
completed without any complications that mi-
ght have required the surgery to be changed to 
a standard TURP or an open prostatectomy. The 
hospitalization period following surgery was 1 
day in all patients. The Foley catheter was re-
moved within 3 to 5 days after surgery, and the 
suprapubic catheter was removed the next day 
after surgery. The preoperative median maxi-
mum flowrate (Qmax) was 5.5 (4 - 10) mL / s. 
The median preoperative postvoid residual urine 
volume was 77.5 (20 - 100) cc and the median 
IPSS and QoL scores were calculated as 23.5 and 
5, respectively. A month after the operation, the 
median Qmax increased to 17.5 (12 - 28) cc / s, 
and the median postvoid residual urine volume 
was 52.5 (30 - 75) cc. The median IPSSs and 
QoL scores were found to be 9.5 and 1, respec-
tively (Table-1). The median resected adenoma 
mass was 22.5 (18 - 45) gr. No major complica-
tions related to surgery or anesthesia were seen. 
None of the patients developed TUR syndrome. 
Only 1 patient developed erysipelas at the cys-
tostomy entry point and was treated with first 
generation cephalosporin. There were 2 patients 
who developed stress incontinence within the 
first month of surgery and were relieved after a 
month of Kegel exercises. Only 1 patient deve-
loped epididymo - orchitis on the seventh day 
of surgery and was treated with second genera-
tion cephalosporin. A new catheter was placed 
in a patient who used anticoagulants for co-
ronary artery disease after seeing macroscopic 
hematuria 5 days after the Foley catheter was 
removed. Hematuria was cleared with irrigation 
and the catheter was removed 3 days later. None 
of the patients developed urethral stricture in 
their mean 1 - year follow-up period.

 Except for 4 patients with urinary reten-
tion and bladder stones prior to surgery, IPSSs 
and QoL scores increased significantly with the 
surgery (Table-2). In addition, except for the 4 
patients mentioned above, there were signifi-
cant improvements in maximum flow rates and 
postvoid residual urine volumes following sur-
gery (Tables 1 and 2).

figure 3 - Retrograde view of resected prostate. a) 
Resected right lateral lobe, b) Resected left lateral lobe, c) 
Resected median lobe, d) verrumoontanum. 
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Table 1 - comparison of preoperative and postoperative data.

 Preoperative Postoperative

case IpSS QoL
Q MAX
(mL/sn)

pvR
(mL)

IpSS QoL
QMAX

(mL/sn)
pvR
(mL)

complications

1 AUR AUR AUR AUR 12 2 12 50

2 AUR AUR AUR AUR 11 3 15 80

3 22 5 7 80 10 2 17 60 Hematuria

4 25 5 4 100 5 1 28 75 Epididymo-orchiditis

5 18 5 10 20 7 2 18 30 Erysipelas

6 25 5 5 50 10 1 19 30 Stress Incontinence

7 22 5 4 100 8 1 18 60

8 Bladder Stone Bladder Stone Bladder Stone 10 2 18 45

9 AUR AUR AUR AUR 13 1 17 40 Stress Incontinence

10 20 5 6 60 8 1 16 55

11 28 6 5 75 6 0 20 30

12 30 5 7 80 9 1 17 60

Median 23.5 5 5.5 77.5 9.5 1 17.5 52.5

IpSS = International Prostate Symptom Score; QoL = Quality of life; Qmax = Maximal urine flow rate; pvR = Post-Void Residual urine; AUR = Acute Urinary Retention

Table 2 - preoperative and postoperative data expressed as median.

 Preoperative Postoperative P Value

IPSS 23.5 9.5 <0.001

QoL 5 1 <0.001

QMax (mL/s) 5.5 17.5 <0.001

PVR (mL) 77.5 52.5 <0.001

IpSS = International Prostate Symptom Score; QoL = Quality of life; Qmax = Maximal urine flow rate; pvR = Post-Void Residual urine

DIScUSSION

 The main factors that affect surgical tre-
atments are the patient’s age, health status, ex-
pectations of surgery results, and prostate volume. 
TURPs, open prostatectomies, transurethral pros-
tate incisions, and finally, transurethral prostate 
electro - vaporizations were defined as conventio-
nal surgery techniques by the European Associa-

tion of Urology (11). Transurethral resection con-
tinues to be the golden standard for the surgical 
management of bladder outlet obstructions throu-
ghout the years. TURP can improve lower urinary 
tract symptoms up to 70%, but it comes with a 
morbidity risk of 20%. Urethral stricture is one of 
the most important postoperative complications of 
a TURP. Different series reported urethral stricture 
incidence rates between 2.2% and 9.8% (8-12).
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 Urethral stricture continues to be a chal-
lenge for urology for its repetitive nature, the need 
for patient care, treatment difficulties, and follow-
-up problems. The main causes thought to play 
a role in urethral stricture development are large 
prostate volumes and related longer operation pe-
riods, the size of the catheter used, infected urine, 
usage of a thick resectoscope with high energy, 
unnecessary insertions and removals of the resec-
toscope, insufficient lubrication of the resectosco-
pe (which causes friction in the bulbous urethra 
from the penoscrotal angle), and energy outbursts 
that develop on the resectoscope shaft, damaging 
the urethra mucosa (7, 13, 14). About 60% of 
strictures redevelop within a year after the initial 
treatment, which requires complex interventions 
such as urethroplasty and dilatation. This compli-
cation risk is severe enough to worry about ure-
thral stricture developing following TURP.

 In our technique, the urethra is not used, 
and the prostate is removed through the bladder, 
similar to open prostatectomies. For this reason, 
we believe that it has an advantage over TURP 
for urethral stricture development. However, pros-
pective studies with longer patient series are ne-
cessary to make a clear comparison between our 

technique and other those methods and validate 
our results. The urethral stricture occurrence rate 
in open prostatectomy is reported as 1.9% (7, 15). 
The most important reason for this is not using 
the urethra during surgery. In a TVRP, the ure-
thra is not used, except for very short periods of 
time while using thin instruments for checking 
the bladder and urethra. The fact that none of the 
patients developed a urethral stricture during the 
mean follow-up period of 1year supports our the-
sis that the risk of urethral stricture can be redu-
ced by using our method.

 Penile tumescence and priapism can be 
seen due to anesthetic agents used in spinal or 
general anesthesia, or due to an imbalance betwe-
en sympathetic and parasympathetic nerve syste-
ms (16). This situation can cause interruptions in 
transurethral approaches or a complete cancella-
tion of surgery (16). The main reason for this is 
the hemorrhage risk and urethral trauma caused 
by the transurethral operation. Similarly, transu-
rethral passing of the resectoscope can be difficult 
in patients with penile prosthesis implants (17). 
In such situations, although different approaches 
such as transperineal urethral resections are pos-
sible, those approaches increase the complication 

figure 4 - position of the surgeon at the left side of patient.
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risks during the post - operative period. Also, in 
patients that cannot be placed in a lithotomy po-
sition due to having a hip prosthesis, transurethral 
techniques are almost impossible to perform. For 
those patients, open prostatectomy is preferred. 
However, TVRP can also be performed in the su-
pine position, which is advantageous for this pa-
tient group. TVRP can be used in these situations 
to provide a barrier for such complications. TVRP 
seems more advantageous over TURP in this sen-
se. Except for one patient, all patients included in 
this study were operated on in the lithotomy posi-
tion. The main rationale behind this was to enable 
faster intervention for possible complications that 
could arise during the first few uses of this new 
technique. However, as our experience increases, 
we will start operating on patients in the supine 
position as well.

 Bladder stones, caused by a bladder blo-
ckage related to BOO, can be seen in 5% of all uri-
nary tract stones (18). This might cause an addi-
tional cystolithotomy operation prior to prostate 
surgery. This situation complicates the surgery 
in patients with multiple or large bladder stones. 
Open, transurethral and percutaneous cystolitho-
tripsy are the most used methods for bladder stones 
(19, 20). Recent publications report a preference of 
percutaneous over transurethral cystolithotripsy 
for bladder stones due to urinary stricture risks 
and shorter operation times (19-22). In this tech-
nique we developed, both surgeries can be percu-
taneously performed from the same entry point. 
We used the TVRP method for the first time on a 
patient who had bladder stones and could not be 
placed in a lithotomy position due to a hip pros-
thesis. After successfully treating this patient, we 
used the same method, as planned, for our other 
TURP patients. In patients with BOO - related bla-
dder stone formations, an intervention from a sin-
gle - entry point to both the bladder stone and the 
prostate can be beneficial. However, prospective 
comparative studies with larger patient series are 
necessary to make a clear statement about effecti-
veness of TVRP.

 Since this technique has been developed 
and used only by us, we cannot compare our re-
sults to any other previous studies. However, stu-
dies assessing the efficacy of TURP reported Qmax 

improvement by + 162%, significant decrease in 
IPSS by - 70%, significant decrease in QoL scores 
by - 69% and decrease in post - voiding residual 
urine volume by - 77% (23, 24). In our technique, 
we observed an increase in Qmax by + 298%, a 
decrease in IPSS by - 62.1%, decrease in QoL by - 
69% and decrease in post - voiding residual urine 
volume by - 27.5%. When our results were com-
pared with those results in the literature, related 
results show the postoperative efficacy of TVRP. 
However, the low number of patients in the as-
sessment of early and late - term post - operative 
complications is one of the limitations of our stu-
dy.

 The main limitations in this study whe-
re we explain a newly developed technique in-
clude a low number of patients, and insufficient 
follow-up periods to assess complications such as 
urethral strictures and bladder neck strictures. In 
addition, the inability to use this technique during 
the surgery on BOO patients with coexisting bla-
dder tumors can also be considered a limitation. 
The technique can be challenging in cases with 
prostate volumes over 80 cc as it is a relatively 
new method. Moreover, it might be impossible to 
place the resectoscope in the desired angle in mor-
bidly obese patients due to the fat tissue on the 
anterior abdominal wall. Finally, in the transure-
thral method, surgeons are positioned exactly at 
the patient’s midline (lithotomy position), whereas 
in our technique, surgeons are positioned on the 
left side of the patients, which can be considered a 
difficulty (Figure-4).

 Claiming that TVRP is as effective as TURP 
is a relatively bold statement that is based on a 
single study. Prospective comparison studies with 
larger patient series are necessary for the clarifica-
tion of this subject.

cONcLUSIONS

 In this study, we would like to show the 
possible practicality of the TVRP technique in pa-
tients with BOO. We think that this technique is 
very useful and has potential for daily practice, as 
it has a low risk of urethral stricture development, 
does not employ the urethra and is utilizable in 
special patient groups (such as patients with bla-
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dder stones, priapism and penile prosthesis). For 
a clear assessment of urethral stricture develop-
ments in such cases, larger series with longer pa-
tient follow-up periods are required.
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Laparoscopic management of paraganglioma in a pregnant 
woman: a case report
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ABSTRAcT         ARTIcLE INfO______________________________________________________________     ______________________

Introduction: Paraganglioma is an extremely rare catecholamine-producing tumor dur-
ing pregnancy. Paraganglioma carries high risks of fetal and maternal mortality during 
pregnancy. We report a pregnant woman with paraganglioma in the second trimester.
Case Description: A 24-year-old pregnant woman presented with severe hyperten-
sion in the 17th week of gestation. Hormonal examination and Magnetic Resonance 
Imaging (MRI) confirmed the diagnosis of extra adrenal pheochromocytoma (paragan-
glioma). She underwent laparoscopic tumor excision successfully.
Conclusions: A high index of suspicion is needed to diagnose paraganglioma in a preg-
nant patient with hypertension. Laparoscopic tumor removal for paraganglioma seems 
to be a feasible and safe procedure during pregnancy.

INTRODUcTION

Paraganglioma and pheochromocytoma 
are extremely rare catecholamine-producing tu-
mors during pregnancy and have been estimated 
to occur in one in 54.000 pregnancies (1). Extra 
adrenal pheochromocytoma (paraganglioma) is 
less common than adrenal pheochromocytoma in 
pregnancy. The incidence of paraganglioma dur-
ing pregnancy is about 19% of catecholamine-
producing tumors (2). Paraganglioma carries high 
risks of fetal and maternal mortality during preg-
nancy. Therefore, early diagnosis and appropriate 
management decrease the maternal and fetal mor-
tality. Definite treatment of paraganglioma is sur-

gical tumor removal but before decision of surgi-
cal intervention, maternal and fetal safety should 
be considered (3).

We report a pregnant woman with para-
ganglioma which was diagnosed in the second tri-
mester, and underwent laparoscopic tumor exci-
sion successfully.

cASE DEScRIpTION

A 24-year-old pregnant woman 
presented to a local private clinic with severe 
intermittent headache. She was at the 17th week 
of her first single fetus pregnancy. On physical 
examination, the patient had systolic blood 
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pressure at 220-240mmHg and diastolic blood 
pressure at 140mmHg. No other abnormalities 
were noted. With diagnosis of pregnancy-
induced hypertension (PIH), antihypertensive 
treatment was begun and patient was referred 
to an obstetrics clinic. Gynecologist refused the 
diagnosis of PIH, because, PIH develops after 20 
weeks of gestation. Past medical history revealed 
a history of palpitation and sweating for about 
1 year and she has not undergone any medical 
workup. During pregnancy, her blood pressure 
ranged from 125/75mmHg to 145/85mmHg. 
Despite the maximal dose of antihypertensive 
treatment, BP persisted uncontrolled. Abdominal 
ultrasonography showed a mass measuring 
31x33mm medial to left renal hilum. The results 
of laboratory studies, including blood cells count, 
blood chemistry, urine analysis, urinary albumin 
and blood electrolytes, were within normal limits. 
Hormonal examination showed markedly elevated 
24-hour urinary excretion of metanephrines and 
normetanephrines. The other hormonal assessment 
including adrenocorticotropic hormone, cortisol, 
aldosterone and plasma renin activities were 
in normal range. Magnetic Resonance Imaging 
(MRI) of abdomen showed a round soft tissue 
mass measuring 3x3.5cm medial to left renal 
hilum, anterior to renal artery and vein (Figure-1). 
This tumor was compatible with extra adrenal 
pheochromocytoma (paraganglioma).

Alpha-adrenergic blockade with phenoxy-
benzamine was performed for 10 days and blood 
pressure was maintained under 140/90mmHg. At 
19 weeks of gestation, she underwent laparoscop-
ic tumor removal. Laparoscopy was done by the 
transperitoneal approach in left flank position, as 
it best exposes the tumor and renal vessels. We 
used the Hasson technique to create pneumoperi-
toneum and the operation was done by four work-
ing trocars. It was necessary to mobilize the colon 
and tail of the pancreas. The tumor was located 
very adjacent to the major blood vessels of the 
left kidney (Figure-2). The tumor was excised ef-
fectively without any renal vascular damage. The 
operation was uneventful and the patient blood 
pressure was controlled without medications. She 
was discharged after 5 days with a blood pressure 
of 140/75mmHg and a heart rate of 86 beats per 
minute. Microscopic histopathology revealed ex-
tra adrenal pheochromocytoma (paraganglioma). 
The patient had a normal vaginal delivery of a 
healthy baby at 39 weeks of gestation.

DIScUSSION

During pregnancy, the prevalence of 
pheochromocytoma and paraganglioma is ex-
tremely rare and has been estimated about 
0.007% of all pregnancies (4). These tumors de-
rive from chromaffin cells. Paraganglioma (ex-

figure 1 - Magnetic Resonance Imaging (MRI) of abdomen showed a round soft tissue mass measuring 3x3.5cm medial to 
left renal hilum, compatible with extra adrenal pheochromocytoma (paraganglioma).
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tra adrenal pheochromocytoma) is less common 
than pheochromocytoma in pregnancy, and has 
been reported that paraganglioma accounted for 
only 19%-25% of chromaffin cell tumors, where-
as the majority were pheochromocytomas (2, 5). 
Maternal and fetal mortality in undiagnosed and 
untreated pheochromocytoma and paraganglio-
ma is cited about 40-50%. In contrast, after early 
diagnosis and appropriate treatment, maternal 
and fetal mortality is decreased to 5% and 15%, 
respectively (1).

Although some patients with paragangli-
oma remain asymptomatic, some patients present 
with life-threatening medical problems. The typi-
cal clinical manifestations of paraganglioma are 
paroxysmal symptoms such as hypertension, head-
ache, sweating, and palpitations. The most com-
mon symptom is paroxysmal or sustained hyper-
tension. The diagnosis can be easily missed during 
pregnancy because some signs and symptoms of 
paraganglioma specially hypertension, is generally 
appearing to pregnancy-induced hypertension. This 
similarity in clinical manifestations and the rarity 
of the disease, leads to delayed diagnosis. There-
fore, the diagnosis of about 20% of the patients are 
made during labor or immediately postpartum.

The most prevalent cause of hypertension 
in pregnant women is pregnancy induced hyper-

tension (PIH), which develops after 20 weeks of 
gestational age (1, 6). In the present case, hyper-
tension developed before 20 weeks of gestation; 
accordingly, complete medical history and physi-
cal examination were mandatory in the present 
case for diagnosis of secondary causes of hyper-
tension.

If clinical signs and symptoms are sug-
gestive of pheochromocytoma and paraganglio-
ma, immediate biochemical tests should be done. 
Pregnancy does not change plasma or urine level 
of metanephrines (normetanephrine and meta-
nephrine). Measurement of metanephrines, either 
in blood or in urine, is the preferred test to rule out 
or to confirm the diagnosis of pheochromocytoma 
and paraganglioma (7).

After clinical and biochemical diagnosis of 
paraganglioma, the best imaging modality for lo-
calization of the tumor in pregnant women is the 
magnetic resonance imaging (MRI). Metaiodoben-
zylguanidine (MIBG) scan is contraindicated dur-
ing pregnancy period (8).

Due to the rarity of paraganglioma dur-
ing pregnancy, existing recommendations for the 
management are based on case reports and ex-
pert opinion. Based on these evidences, the ideal 
management is directly related to gestational age. 
When diagnosis is set before the 24th week of 

figure 2 - Laparoscopic transperitoneal tumor excision is shown. The tumor was adherent to the underlying renal vessels.
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gestation, the best treatment is surgical tumor re-
moval in the second trimester. Laparoscopic tumor 
removal is the preferred surgical approach (2). In 
these patients, after successful tumor removal, ce-
sarean section and vaginal labor are equally safe. 
When the tumor is diagnosed after 24 weeks of 
gestation, surgical tumor removal should be de-
layed after delivery either immediately or at later 
dates. These patients should be treated with an-
tihypertensive drugs until delivery and surgical 
tumor excision. In these patients, cesarean section 
is the preferred mode of delivery, because vaginal 
labor leads to higher fetal and maternal mortality 
than cesarean section (1).

Pregnant and non-pregnant patients with 
pheochromocytoma or paraganglioma should 
undergo appropriate preoperative catecholamine 
blockade. Alpha-adrenergic blockade should be 
started as soon as possible after diagnosis. In both 
pregnant and non-pregnant patients, phenoxy-
benzamine is the alpha blocker of choice. An 
alternative drug for alpha blockage is prazosin. 
Establishment of appropriate α-adrenergic block-
ade generally requires 10 to 14 days of treatment. 
The target blood pressure in pregnant patients is 
controversial because very low blood pressure can 
compromise the uteroplacental circulation and 
impair fetal growth. Tachycardia or arrhythmia 
can be treated with beta-adrenergic blockers only 
after some days of appropriate alpha adrenergic 
blockade (3, 6).

In conclusion, early diagnosis and proper 
management of paraganglioma significantly de-
crease the rate of fetal and maternal mortality. De-
spite all diagnostic and therapeutic improvement 
over the last decades, a high index of suspicion is 
needed to diagnose paraganglioma in a pregnant 
patient with hypertension. Laparoscopic tumor re-
moval for paraganglioma seems to be a feasible 
and safe procedure during pregnancy.
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ABSTRAcT         ARTIcLE INfO______________________________________________________________     ______________________

Standard radical cystectomy (RC) in women involves removal of the distal ureters, 
bladder, proximal urethra, uterus, ovaries, and adjacent vagina. Furthermore, pelvic 
organ-preserving RC to treat selected women has become an accepted technique and 
may confer better postoperative sexual and urinary functions than standard RC, avoid-
ing complications such as incontinence, prolapse, neobladder-vaginal fistula (NVF), 
and sexual dysfunction, without compromising oncological outcome.
This article reports a different surgical approach: a patient who underwent a cutane-
ous continent reservoir and neovagina construction using a previous ileal orthotopic 
neobladder after RC. Patient presented no complications and she has no evidence of 
recurrent disease and is sexually active, with a satisfactory continent reservoir. This 
case is the first report of this procedure that was able to treat concomitant dyspareunia 
caused by short vagina and neobladder-vaginal fistula.
In conclusion, standard radical cystectomy with no vaginal preservation can have a 
negative impact on quality of life. In the present case, we successfully treated neoblad-
der fistula and short vagina by transforming a previous ileal orthotopic neobladder 
into two parts: a continent reservoir and a neovagina. However, to establish the best 
approach in such patients, more cases with long-term follow-up are needed.

INTRODUcTION

Bladder cancer is a common disease in 
women, with ~100.000 newly diagnosed cases 
each year and > 35.000 deaths per year worldwide 
(1, 2). About 25% of cases comprise muscle-inva-
sive bladder cancer and are treated using RC with 
pelvic lymphadenectomy, which is the “gold stan-
dard” management in cases of high-risk urothelial 
carcinoma of the bladder. Standard RC in women 
involves removal of the distal ureters, bladder, 
proximal urethra, uterus, ovaries, and adjacent 

vagina. Furthermore, pelvic organ-preserving RC 
(POPRC) to treat carefully selected women has 
become an accepted modern technique and may 
confer better postoperative sexual and urinary 
functions than standard RC, without compromis-
ing oncological outcome (2). Interest in patient’s 
health-related quality of life has promoted the trend 
towards pelvic organ-preserving techniques (2, 3).

Several complications of neobladder diver-
sion have been described, including incontinence 
or urinary retention, pouch calculus, prolapse, 
neobladder-vaginal fistula (NVF) formation, and 
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sexual dysfunction (4, 5). Sexual problems are 
prevalent after standard RC, especially in younger 
patients (2, 3), and quality of life and psychologi-
cal well-being are markedly reduced in women 
who lack a normal functioning vagina (6, 7).

 In the literature, there is no consensus re-
garding the best surgical method to create a neo-
vagina (6). However, the use of intestinal tissue 
may even favor good vaginal sexual function: the 
intestine provides suffi cient tissue for the required 
vaginal depth, it is self-lubricating, and it resem-
bles the vaginal lining in texture and appearance 
(7-9).

However, to our knowledge, no cases of 
neovagina construction using the intestine have 
been published. The present article reports a dif-
ferent surgical approach: the management and 
outcomes in a patient who underwent cutaneous 

continent reservoir and neovagina construction 
using a previous ileal orthotopic neobladder after 
RC at our institution.

DEScRIpTION Of cASE

A 37-year-old woman who was married, 
sexually active, and without comorbidities was 
submitted for standard RC and extended pelvic 
lymphadenectomy due to pT2 high-grade urothe-
lial bladder carcinoma (7 cm in diameter) after neo-
adjuvant chemotherapy (four cycles of “M-VAC”: 
methotrexate, vinblastine, doxorubicin, and cispla-
tin). An ileal orthotopic neo-bladder was construct-
ed to allow urinary diversion. Pathological exami-
nation of the specimen confi rmed high-grade MIBC 
(pT2N0M0) with negative surgical margins.

After 6 months of follow-up, the patient 
presented with a vaginal-neobladder fi stula that 
required 7-8 diapers per day, as well as dyspareu-
nia. The vaginal orifi ce of the fi stula was located at 
the short vaginal cul-de-sac (4 cm from the vaginal 

vestibule; Figure-1A) A correction of the fi stula us-
ing labial fat fl ap rotation (Martius technique) was 
attempted, but the fi stula relapsed a few weeks later 

figure 1 - A) preoperative appearance: vaginal cul-de-sac (vc), neobladder-vaginal fi stula (f), and urethral meatus (UM). 
B) postoperative speculoscopy of the neovaginal cavity (Nvc).

A B
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and remained for more than 2 years, at which point 
the woman was still complaining of dyspareunia 
that had led to problems in her relationship.

 Surgery was scheduled after the patient 
had completed a multidisciplinary discussion 
and signed the consent form. She was submitted 
to general anesthesia and placed in the dorsal li-
thotomy position for the duration of the proce-
dure. An infraumbilical laparotomy incision was 
performed, the neobladder was identified, and the 
adhesions were released. Using the transillumina-
tion technique (Figure-2), the neobladder vascular 
pedicle was identified. We then divided the neo-
bladder into two parts using a meticulous, vascu-
lar-sparing technique: the upper two thirds were 
used to shape the continent cutaneous urinary di-
version, similarly to Macedo’s Technique (Figures 
3A-D) (10), and the lower one third was used to 
construct the neovagina. The upper part was de-
tubulized again, and a 3-cm flap was made as an 
efferent conduit (tube), following Macedo’s tech-
nique, to create the continence valve mechanism 
(Figure-4). The distal end of the tube was anas-
tomosed to the skin. A silicone Foley tube was 

allowed to remain for 4 weeks as an efferent tube. 
The proximal edge of the lower part was closed, 
creating a “pocket”, and the perineal time then be-
gan. An incision was made that joined the orifice 
of the fistula to the urethra, augmenting the vagi-
nal cul-de-sac forward to the “pocket” and creat-
ing the neovagina (Figure-1B) To prevent prolapse, 
the neovagina was fixed to the sacral promontory. 
The final length of the neovagina segment was 15 
cm, and a silicon stent was placed 3 weeks after 
surgery. Antibiotics were given for 7 days after 
surgery, and long-term dilatation was performed 
for 6 more weeks until the patient was sexually 
active. During follow-up, the patient presented 
no complications, such as vaginal discharge, mal-
odor, vaginal introit stenosis, or dyspareunia, and 
there were no signs of rupture or abdominal pain 
related to surgery. At her last appointment after a 

figure 2 - The neobladder is shown exposed and released 
from its adhesions. The yellow arrows indicate the vascular 
pedicles, which were used to identify the level of division 
(green line) between the future neovagina (Nv) and the 
continent cutaneous urinary diversion (ccD).

figure 3 - A) previous neobladder and ureteres. B) Neobladder 
division and flap made from the anterior surface of it. c) 
creation of the efferent conduit with placed of a urinary 
catheter. D) creation of the antireflux valve and closure of distal 
end of continente cutaneous reservoir. Moreover proximal end 
of future neovagina it was closed too.

A

c

B

D
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10-year follow-up, she had no evidence of recur-
rent bladder cancer and was sexually active, with 
a continent reservoir 400 mL in volume.

DIScUSSION AND fUTURE pERSpEcTIvES

 Undoubtedly, the ultimate goal of bladder 
carcinoma treatment and RC is cure of the dis-
ease. However, it is also important to provide pa-
tients with the best possible functional outcome, 
because the procedure has an obvious impact on 
quality of life. In a standard RC, the vaginal vault 
is incised, and a portion of the anterior vaginal 
wall (AVW) may even be removed with the speci-
men. However, a less radical technique has been 
described-POPRC, which preserves the neurovas-
cular bundle, vagina, and / or uterus. Numerous 
publications have reported the perioperative and 
oncologic outcomes of vaginal-sparing radical 
cystectomy (11), showing potential improvements 
in quality of life and sexual and urinary function 
after POPRC. However, the evidence level was low 
in all of these studies. Furthermore, even if such 
benefits can be obtained, it is important that on-

cological outcomes not be compromised (2). Oth-
ers benefits of POPRC have also been described, 
such as decreased fistula rate and improved conti-
nence (11). NVF is an uncommon but devastating 
complication that occurs in 3.6% - 10% of women 
who have undergone RC (4, 12, 13). Its predispos-
ing factors are poor tissue vascularity and dam-
age in the AVW, proximity of suture lines, pelvic 
radiation, local recurrence, bulking agents used in 
incontinent patients (4, 5, 14), and local cancer 
recurrence (13, 14). Several technical modifica-
tions have been described that can be used to treat 
NVF: preservation of the AVW, double vaginal 
cuff closure, interposition of a well-vascularized 
omentum flap between the neobladder and va-
gina, avoidance of overlapping suture lines, and 
preservation of the clitoral vasculature (2, 11).

Unfortunately, not all patients are amena-
ble to a vaginal sparing approach. Specifically, it 
is crucial that such a procedure be avoided when 
the palpable tumor involves the vaginal wall (11), 
and when no natural surgical path can be negoti-
ated between the posterior bladder and anterior 
vagina (15).

figure 4 - continent cutaneous urinary diversion (ccD) and anti-reflux valve (ARv).
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Quality of life and psychological well-
being are affected in women who do not have 
a physiologically normal vagina (6, 7). Intesti-
nal vaginoplasty has become an accepted part of 
modern vagina reconstruction techniques because 
it provides enough tissue for the required vaginal 
depth, self-lubrication, appropriate texture, and 
an appearance similar to the vaginal mucosa. Fur-
thermore, there is little need for dilatation as there 
is only a slight tendency to shrink (7, 9). Many 
women are interested in preserving a good quality 
sexual life despite having undergone major pel-
vic surgery (10). In fact, this is one of the main 
sources of self-reported distress among patients 
undergoing RC.

No consensus exists regarding the optimal 
approach or technique to repair naïve or recurrent 
NVF (5, 13). In the present case, we innovated an 
ileal-based reservoir technique that used part of a 
previous neobladder with a continent, catheterizable 
stoma (10). Even though it was a unique case, the 
procedure was performed successfully, and we were 
even able to treat concomitant dyspareunia caused 
by short vagina and neobladder-vaginal fistula.

cONcLUSION

Standard radical cystectomy with no vagi-
nal preservation may lead to worse postoperative 
sexual and urinary functions and has negative 
impact in quality of life. In the present case, we 
successfully treated neobladder fistula and short 
vagina by transforming a previous ileal orthotopic 
neobladder into two parts: a continent reservoir 
and a neovagina. However, to establish the best 
approach in such patients, more cases with long-
term follow-up are needed.
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2. Veskimäe E, Neuzillet Y, Rouanne M, MacLennan S, Lam 
TBL, Yuan Y, et al. Systematic review of the oncological 
and functional outcomes of pelvic organ-preserving radical 
cystectomy (RC) compared with standard RC in women 
who undergo curative surgery and orthotopic neobladder 
substitution for bladder cancer. BJU Int. 2017;120:12-24.

3. Ali AS, Hayes MC, Birch B, Dudderidge T, Somani BK. Health 
related quality of life (HRQoL) after cystectomy: comparison 
between orthotopic neobladder and ileal conduit diversion. 
Eur J Surg Oncol. 2015;41:295-9.

4. Rosenberg S, Miranda G, Ginsberg DA. Neobladder-Vaginal 
fistula: The University of Southern California experience. 
Neurourol Urodyn. 2018;37:1380-5.

5. Tunuguntla HS, Manoharan M, Gousse AE. Management of 
neobladder-vaginal fistula and stress incontinence following 
radical cystectomy in women: a review. World J Urol. 
2005;23:231-5.

6. Bouman MB, van Zeijl MC, Buncamper ME, Meijerink WJ, 
van Bodegraven AA, Mullender MG. Intestinal vaginoplasty 
revisited: a review of surgical techniques, complications, and 
sexual function. J Sex Med. 2014;11:1835-47.

7. Selvaggi G, Ceulemans P, De Cuypere G, VanLanduyt K, 
Blondeel P, Hamdi M, et al. Gender identity disorder: general 
overview and surgical treatment for vaginoplasty in male-to-
female transsexuals. Plast Reconstr Surg.2005;116:135e-145e.

8. Henningsohn L, Steven K, Kallestrup EB, Steineck 
G. Distressful symptoms and well-being after radical 
cystectomy and orthotopic bladder substitution compared 
with a matched control population. J Urol. 2002;168:168-74.

9. Mane SB, Shastri P, Dhende NP, Obaidah A, Acharya 
H, Reddy S, et al. Our 10-year experience of variable 
Müllerian anomalies and its management. Pediatr Surg Int. 
2010;26:795-800.

10. Macedo A Jr, Srougi M. A continent catheterizable ileum-
based reservoir. BJU Int. 2000;85:160-2.

11. Chang SS, Cole E, Cookson MS, Peterson M, Smith JA Jr. 
Preservation of the anterior vaginal wall during female radical 
cystectomy with orthotopic urinary diversion: technique and 
results. J Urol. 2002;168(4 Pt 1):1442-5.

12. Ali-el-Dein B, Shaaban AA, Abu-Eideh RH, el-Azab M, 
Ashamallah A, Ghoneim MA. Surgical complications 
following radical cystectomy and orthotopic neobladders in 
women. J Urol. 2008;180:206-10.



ibju | OrthOtOpic ileal neObladder cOnversiOn

1041

13. Carmel ME, Goldman HB, Moore CK, Rackley RR, Vasavada 
SP. Transvaginal neobladder vaginal fistula repair after 
radical cystectomy with orthotopic urinary diversion in 
women. Neurourol Urodyn. 2016;35:90-4.

14. Rapp DE, O’connor RC, Katz EE, Steinberg GD. Neobladder-
vaginal fistula after cystectomy and orthotopic neobladder 
construction. BJU Int. 2004;94:1092-5.

15. Large M, Prasad S, Patel A, Jayram G, Ganshert C, Steinberg 
G. Can vaginal-sparing cystectomy be safely attempted in all 
women undergoing radical cystectomy? A single institution 
study of perioperative and oncologic outcomes. J Urol. 
2012;187:e473-e4. Abstract 1168.

_______________________
Correspondence address:
Cinthia Alcántara-Quispe, MD

Departamento de Urologia,
 Hospital do Câncer de Barretos,

Barretos, SP, SP, 4784-400, Brasil
E-mail: uroalc@gmail.com



1042

RADIOLOGY pAGE

cASE pRESENTATION
 

Anti - neutrophil cytoplasmic antibodies 
(ANCA) associated vasculitis (AAV) are severe 
multisystem diseases characterized by necrotizing 
inflammation of small blood vessels, few or no 
immune deposits, and circulating ANCA with spe-
cificity, chiefly against myeloperoxidase (MPO) or 
proteinase - 3 (PR - 3) (1).

 A 61 - year - old man with hypertension for 
about 15 years was admitted to hospital with a 4 - 
hour history of left lumbago. On presentation, he was 
afebrile and the blood pressure was 162 / 84 mmHg. 
Physical examination revealed painful percussion 
on upper left lumbar region. Complete blood count 
showed leukocytosis (28.9 × 109 / L) with neutrophil 
(89.9%) elevation and decreased haemoglobin (60 g / 
L). Dynamic contrast enhanced computed tomography 
(CT) was performed and showed a large left - sided 
perinephric hematoma, multiple saccular microaneu-
rysms were also observed in bilateral renal parenchy-
mal, as well as in hepatic and mesenteric arterial cir-
culations (2) (Figure-1). Then, left nephrectomy and 
retroperitoneal hematoma removal were performed 
in emergency. Histology showed segmental fibrinoid 
necrosis of small vessels without necrotic granuloma. 
Polymorphonuclear leukocytes and monocytes infil-
tration were found in arterioles, capillaries and ve-
nous walls with thrombus formation observed. The 
following laboratory test found high levels of ANCA 
(1: 128) and MPO (+ + +), while other specific antibo-
dies were negative.

 According to the patient’s symptoms, im-
munological, pathological and radiologic manifesta-
tions, the disease can be identified and this patient is 

A rare case of spontaneous renal rupture caused by ANCA - 
associated vasculitides
_______________________________________________
Yongquan Yu 1, Jiatong Li 2, Hongjun Hou 1

1 Department of Radiology, WeiHai Central Hospital, Affiliated Hospital of Qingdao University, China; 
2 Taishan Medical University, China
_______________________________________________________________________________________

Vol. 44 (5): 1042-1043, September - October, 2018
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indeed suffering from microscopic polyangiitis (one 
type of specific ANCA positive vasculitis). Microsco-
pic polyangiitis needs to be differentiated from gra-
nulomatosis with polyangiitis and eosinophilic gra-
nulomatosis with polyangiitis (other types of specific 
ANCA positive vasculitis), as well as from polyarteri-
tis nodosa. Pathohistological examinations show no 
pulmonary nodules or granulomatous inflammation 
in this case, so the possibility of the granulomatous 
polyangiitis is excluded. On the other hand, eosino-
philic granulomatosis with polyangiitis is characte-
rized by asthma, peripheral and tissue eosinophilia, 
however, the symptom and the results of laboratory 
examination of the patient did not support it. Besi-
des, the level of pANCA is very low in patients with 
polyarteritis nodosa, but microscopic polyangiitis is 
usually strongly positive for pANCA. This is the main 
point of identification of these two diseases.

 To the best of our knowledge, this is a 
rare case causing multiple aneurysms in the re-
nal, hepatic and mesenteric arterial circulations 
associated with AAV (3). Moreover, it is possible 
that hypertension might also has a role in contri-
buting to this undesirable result.

Statement
The study was approved by the ethics com-

mittee of WeiHai Central Hospital (NO. WH2017 
- 66) in 8th March, 2017 and written informed 
consent to publish the material was obtained from 
the patient.
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figure 1 - A) Non-enhanced cT shows a mass (white arrowheads) around the left kidney ,which is crescent and sharply 
marginated with un-homogeneously high attenuation (60.4 Hounsfield); B) Axial-MIp shows a large left subcapsular 
perinephric hematoma (white arrowheads) and renal aneurysms (black arrows); c) 3D-removing bone MIp of the kidneys 
shows disseminated bilateral intrarenal microaneurysms (black arrows), multiple intrahepatic microaneurysms (black 
arrowheads) and scattered mesenteric arterial circulations microaneurysms (white arrows),which are like hanging nuts on 
twigs; D) Segmental fibrinoid necrosis of small vessels without necrotic granuloma. There are multinuclear leukocytes and 
monocytes infiltration in arteriole (hematoxylin and eosin, x 100).
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A 56-year-old female presented with a com-
plaint of left flank pain for two weeks. Her past medi-
cal history was unremarkable. A left pelvic calcifica-
tion was observed on abdominal X-ray (Figure-1A). 
Ultrasonographic examination (Figure-1B) revealed 
a grade II left ureterohydronephrosis and heteroge-
neous cystic mass in left ovary, and CT was perfor-
med to confirm diagnosis, showing a well-defined 
5.4 x 4.3 x 4.5 cm left adnexal lesion (Figure-2A) 
with fat and calcification, compressing distal ureter 
and gonadal vein that were dilated (Figure-2B) as a 
consequence of the compression by ovarian mass. 
Tumor markers (CA125, CEA and CA19-9) were with 
in normal range. Under a clinical diagnosis of ovarian 
germ cell tumor, laparoscopic salpingo-ooforectomy 

An unusual cause of renal colic: ovarian teratoma
_______________________________________________
Pablo Garrido-Abad 1, Miguel Ángel Rodríguez-Cabello 1, Arturo Platas Sancho 1, Mairena Coronado Ruiz 2, 
Juan José Ortiz Zapata 3
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was performed. Histopathological examination of the 
specimen (Figure-2C) revealed mature hair follicles, 
sebaceous glands, fat cells and mature nervous tissue, 
typical features of a mature cystic teratoma (MCT).

Ovarian MCT is a cystic or solid tumor (com-
posed of mature, adult type tissues) which accounts 
for 10-20% of all ovarian tumors (1). Malignant 
transformation occurs in less than 2% (2). Ovaries 
are close to pelvic urological organs, such as ureter 
and bladder, so ovarian masses can often impinge 
upon these adjacent organs and develop symptoms 
like pain, urinary and gastrointestinal complaints (1). 
Ovarian cancer is described as the most common cau-
se of malignant extrinsic ureteral obstruction (16.6%) 
(3), but the exact prevalence of ureteral involvement 
by ovarian MCT is still unknown. The differential 
diagnosis of calcifications in abdominal plain films 

figure 1 - A) Abdominal X-ray with left pelvic calcification (white circle); B) Ultrasound image showing grade II left 
ureterohydronephrosis.
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of the female pelvis include: vascular calcifications 
(atherosclerosis, calcified aneurysms, phleboliths), 
those originating from the urinary tract (ureteroli-
thiasis and vesical lithiasis), inflammatory masses 
(epiploic calcifications, dropped gallstones, foreign 
bodies) and nodal calcifications (4).

Early diagnosis and treatment in terms of 
a conservative surgical approach is recommen-

ded. Ovarian MCT should be considered in the 
differential diagnosis of distal ureteric obstruc-
tion causing proximal hydroureteronephrosis in 
young female patients (5).
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figure 2 - A) coronal abdominopelvic cT scan image revealing 5 cm left ovarian McT (red arrow); B) dilated left gonadal vein 
(yellow arrow); c) Histology of ovarian McT: mature hair follicles, sebaceous glands, fat cells and mature nervous tissue.
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Complete supine percutaneous nephrolithotomy with 
GoPro®. Ten steps for success
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ABSTRAcT         _______________________________________________________________________________________
Objective: To show a video of a complete supine Percutaneous Nephrolithotomy (csPCNL) performed for the treatment of 
a staghorn calculus, from the surgeon’s point of view. The procedure was recorded with a GoPro® camera, demonstrating 
the ten essential steps for a successful procedure.
Materials and methods: The patient was a 38 years-old woman with 2.4cm of left kidney lower pole stone burden who 
presented with 3 months of lumbar pain and recurrent urinary tract infections. She had a previous diagnosis of polycystic 
kidney disease and chronic renal failure stage 2. CT scan showed two 1.2cm stones in the lower pole (Guy’s Stone Score 
2). She had a previous ipsilateral double J insertion due to an obstructive pyelonephritis. The csPCNL was uneventful 
with a single access in the lower pole. The surgeon had a Full HD GoPro Hero 4 Session® camera mounted on his head, 
controlled by the surgical team with a remote control. All of the mains steps were recorded. Informed consent was ob-
tained prior to the procedure.
Results: The surgical time was 90 minutes. Hemoglobin drop was 0.5g/dL. A post-operative CT scan was stone-free. The 
patient was discharged 36 hours after surgery. The camera worked properly and didn’t cause pain or muscle discomfort 
to the surgeon. The quality of the recorded movie was excellent.
Conclusion: GoPro® camera proved to be a very interesting tool to document surgeries without interfering with the pro-
cedure and with great educational potential. More studies should be conducted to evaluate the role of this equipment.
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robot-Assisted Nephropexy
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ABSTRAcT     
_______________________________________________________________________________________
Introduction: Renal ptosis is defined as the renal descent when there is a change from supine to orthostatic position, usu-
ally with a change of two vertebral bodies or more than five cm apart. Although rare, it is one of the causes of chronic 
flank pain or of upper abdomen. The typical patient of renal ptosis is young, female, thin, with complaint of pain when 
in an upright position (1, 2).
Objective: Demonstrate a robot-assisted nephropexy technique in a young woman diagnosed with symptomatic renal 
ptosis on the right kidney, confirmed by imaging tests.
Materials and Methods: A 29-year-old female patient with a history of chronic right-sided pain and palpable renal mo-
bility on physical examination. The diagnosis of renal ptosis was confirmed by ultrasound imaging, excretory urography 
(Figure -1), and renal scintigraphy with 99mTc-DTPA (Figure-2). She was submitted to a robotic-assisted right nephro-
pexy with a polypropylene mesh fixing the right kidney to the ipsilateral psoas muscle fascia.
Result: We reported a 96-minute surgical time. The patient was discharged in the first   postoperative day. At the one-
month follow-up, there was an important improvement of the symptoms, with normality renal function and imaging tests 
describing adequate renal positioning.
Conclusions: Robotic-assisted nephropexy is feasible and can be an excellent minimally invasive alternative technique 
for the proposed surgery. We reported a shorter hospital stay and a faster postoperative recovery compared with the 
opened procedure.

vIDEO SEcTION Vol. 44 (5): 1047-1048, September - October, 2018

doi: 10.1590/S1677-5538.IBJU.2017.0390

figure 1 - Excretory urography. figure 2 - Renal scintigraphy.
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Laparoscopic dismembered pyeloplasty combined with port 
entrance flexible renoscopic lithotripsy
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ABSTRAcT         _______________________________________________________________________________________

Introduction: Ureteropelvic junction obstruction and concomitant calculus disease may coexist. We demonstrate our 
use of flexible renoscopy during laparoscopic pyeloplasty for caliceal stone removal.
Patient and methods: A 28-year-old female patient presented with recurrent attacks of flank pain of two years dura-
tion. When noncontrast-CT and DTPA were performed, the patient was diagnosed with ureteropelvic junction stenosis 
and 3 stones with a total burden of 14mm in the lower pole of right kidney. After pneumoperitoneum was established 
in right flank position, three 10mm trocars were placed including one camera port. 5mm trocar was placed for con-
venience to retraction and dissection. The surgery was uneventful, with no operative complications or evidence of 
intra-abdominal bleeding.
Results: The duration of the surgery was 110 minutes. The amount of bleeding was 30ml. On the postoperative 2nd 
day, the urethral catheter was removed and the patient was discharged on the fourth day postoperatively. Stent 
removal was done on the 3rd postoperative week and retrograde pyelogram showed normal ureter. Post-operative 
follow-up with ultrasound showed that hydronephrosis had regressed.
Conclusıons: Laparoscopic pyeloplasty and concomitant flexible renoscopy through lowermost trocar with basket 
extraction is a simple, attractive alternative for the simultaneous treatment of ureteropelvic junction obstruction pre-
senting with coexisting nephrolithiasis. This method is useful and feasible, with minimal invasiveness and an early 
post-operative recovery.
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Completely endophytic renal tumor: A laparoscopic approach
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ABSTRAcT         _______________________________________________________________________________________

Kidney cancer is the third most common urologic malignancy and a 2% annual increase in the incidence has occurred 
over the past two decades, largely because of the increased utilization of imaging. The majority of these tumors are small, 
so the indications for nephron-sparing surgery and for minimally invasive surgery are continually expanding. Complex 
kidney lesions, such as those completely endophytic, are still a challenge even for experienced surgeons.
Our objective is to demonstrate the operative technique for laparoscopic partial nephrectomy with the aid of intra-oper-
ative ultrasound in a man with a totally endophytic renal lesion.
Case: A 52 years old man, asymptomatic, with incidental renal mass of 2.9 cm, completely endophytic (R.E.N.A.L score 
9p) submitted to partial laparoscopic nephrectomy. Surgical time was 2 hours, with 20 minutes of ischemia. Pathological 
anatomy confirmed tumor of clear cells T1a, free margins.
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ABSTRAcT         _______________________________________________________________________________________

Introduction: Only few reports are known about the use of robotic surgery for prostate benign enlargement. The robotic 
surgery can be improved by laparoscopic tricks. We show a video of robotic adenomectomy where a laparoscopic dissec-
tor is used to help create the plan between prostatic capsule and adenoma.
Materials and methods: A 62 years old male had severe urinary flow outlet obstruction. Medical therapy was not effective. 
Ultrasound detected a 92gr enlarged prostate with a large middle lobe. Robotic assisted adenomectomy was scheduled. 
The procedure followed this sequence: opening of Retzius space, superficial suture of the Dorsal vein complex, horizontal 
cistotomy. The plan was created with electrocautery and blunt dissection with the laparoscopic dissector. Haemostatic 
sutures were placed between prostate fossa and the posterior bladder neck and closure of the cistotomy.
Results: Whole operation time was 160 minutes, with a blood loss of 80cc. There was no perioperative or post-operative 
complication. Catheter was removed after 4 days. Post-operatory uroflowmetry shows a peak flow of 30ml/sec. Pathologi-
cal examination is negative for tumor. After 60 days IPSS was 8.
Conclusion: Robotic prostate adenomectomy using the laparoscopic dissector is a safe and effective minimally invasive 
treatment for benign prostatic enlargement. It is a novel technique to find and dissect the plane between prostatic ad-
enoma and capsule. This could be one more use of laparoscopic technology to improve surgical outcomes in robotic field.
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Manuscripts submitted for publication should be 
sent to:

Sidney Glina, M.D, PhD
Editor, International Braz J Urol

by e-mail with attached text fi les and fi gures to: 
submission@brazjurol.com.br

Manuscripts must be written in current En-
glish or Portuguese. Non-native English speakers 
should ask a native specialist in medical English for 
checking the grammar and style. Either American or 
British English may be used but should be consistent 
throughout the manuscript.

A submission letter signed by all authors 
must accompany each manuscript. This letter must 
state that: a)- the paper or portion thereof have not 
been previously published and are not under consi-
deration by another Journal, b)- that all authors have 
contributed to the information or material submitted 
for publication, and that all authors have read and 
approved the manuscript, c)- that the authors have 
no direct or indirect commercial fi nancial incentive 
associated with publishing the manuscript, d)- that 
the source of extra-institutional funding, specially 
that provided by commercial companies, is indica-
ted, e)- that the study had been reviewed and appro-
ved by a certifi ed Ethical Board or Committee, inclu-
ding the nmeber of the approval dociment and the 
date of the approval, f)- a non-plagiarism statement 
( I (We) declare that all material in this assignment is 
my (our) own work and does not involve plagiarism). 
g)- Clinical trials must be registered on any Clinical 
Trials Registry and the letter must bring the number 
of registration and the name of the registry. After 
accepted for publication, the manuscript will become 
property of the International Braz J Urol.

Confl ict of Interest – Any confl ict of inte-
rest, mainly fi nancial agreement with companies 

whose products are alluded to in the paper, must be 
clearly disclosed when submitting a manuscript for 
review. If accepted, a disclosure will be published in 
the fi nal manuscript.

The requirements for authorship and 
the general rules for preparation of manuscripts 
submitted to the International Braz J Urol are in 
accordance with the Uniform Requirements for 
Manuscripts Submitted to Biomedical Journals 
(International Committee of Medical Journal Edi-
tors. Uniform Requirements for Manuscripts Sub-
mitted to Biomedical Journals. Ann Intern Med, 
126: 36-47, 1997). An electronic version of the 
Uniform Requirements is available on various we-
bsites, including the International Committee of 
Medical Journal Editors web site: www.icmje.org.

In response to the concerns of the editors of 
scientifi c medical journals with ethics, quality and 
seriousness of published articles, a Committee on 
Publication Ethics (COPE) was established in 1997 
and a guideline document was published. The Inter-
national Braz J Urol signed, approved, and follows 
the COPE guidelines. The Editor strongly encourages 
the authors to carefully read these guidelines before 
submitting a manuscript (www.publicationethics.
org.uk/guidelines or www.brazjurol.com.br, vol. 26 
(1): 4-10, 2000). 

Peer Review – All submissions are subject 
to editorial review. Typically, each manuscript is 
anonymously forwarded by the Editor to 4 Reviewers 
(at least 2). If the Editor receives confl icting or in-
conclusive revisions, the manuscript is always sent 
to 1 or 2 additional Reviewers before the Editor’s 
decision. If considered necessary by the Editor or 
by the Reviewers, statistical procedures included in 
the manuscript will be analyzed by a statistician. 

 The International Braz J Urol contains six 
sections: Original Article, Review Article, Surgical 
Technique, Challenging Clinical Case, Radiology Page 
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and Video Section. The articles should be written in 
Portuguese or English offi cial orthography.

Abbreviations should be avoided, and 
when necessary must be specifi ed when fi rst 
time mentioned. Unusual expressions may not 
be used. A list of abbreviations must be provided 
at the end of the manuscript. 

Every manuscript submitted to publication 
should have a cover page containing the title, short 
title (up to 50 characters), authors and institution. 
Up to six key words should be provided. These 
words should be identical to the medical subject 
headings (MeSH) that appear in the Index Medi-
cus of the National Library of Medicine (http://
www.nlm.nih.gov/mesh/meshhome.html) .
One of the authors should be designated as cor-
respondent and the complete correspondence 
address, telephone and fax numbers and E-mail 
should be provided. 

If any fi nancial support has been pro-
vided, the name of the institution should be 
mentioned.

Original Article: Original articles should 
contain a Cover Page, Abstract, Introduction, 
Materials and Methods, Results, Discussion, Con-
clusions, References, Tables and Legends, each 
section beginning in a separate page and numbe-
red consecutively. Original articles should cover 
contemporary aspects of Urology or experimen-
tal studies on Basic Sciences applied to urology. 
The manuscript text should contain no more than 
2500 words, excluding the Abstract. The number 
of authors is limited to fi ve. 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.

Review Article: Review articles are accep-
ted for publication upon Editorial Board’s request 
in most of the cases. A Review Article is a cri-
tical and systematic analysis of the most recent 
published manuscripts dealing with a urological 
topic. A State of the Art article is the view and 

experience of a recognized expert in the topic. An 
abstract must be provided.

Surgical Technique: These manuscripts 
should present new surgical techniques or instru-
ments and should contain Introduction, Surgical 
Technique, Comments and up to fi ve References. 
An abstract must be provided. At least fi ve cases 
performed with the technique must be included.

Challenging Clinical Case: These ma-
nuscripts should present relevant clinical or 
surgical situations which can bring or consoli-
date our understanding of genesis, natural his-
tory, pathophysiology and treatment of diseases. 
Structure of the articles

Abstract (maximum 200 words) and should 
contain

▪ Main fi ndings: Report case(s) relevant aspects
▪ Case(s) hypothesis: Proposed premise subs-

tantiating case(s) description
▪ Promising future implications: Briefl y deli-

neates what might it add? Lines of research that 
could be addressed

Full text (maximum 2000 words):
▪ Scenario: Description of case(s) relevant pre-

ceding and existing aspects;
▪ Case(s) hypothesis and rational: precepts, 

clinical and basic reasoning supporting the case(s) 
hypothesis and the raised scenario. Why is it im-
portant and is being reported?

▪ Discussion and future perspectives: what mi-
ght it add and how does it relate to the current lite-
rature. ‘Take-home message’ - lessons learnt;

▪ Table and/or Figure limits: 2 (plates aggre-
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 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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